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Abstract—Cocosin, the 11S globulin of coconut, is the major storage protein that accumulates in the 
endosperm during seed development. This work describes the gene structure, derived amino acid sequence, 
structural homologies, and developmental expression profile of cocosin. Two full-length cocosin cDNAs 
spanning 1,641 and 1,623 nucleotides and encoding for 466 amino acids were isolated through PCR cloning 
strategy coupled with 5′ and 3′-RACE technologies. Both sequences displayed 92.3% nucleotide identity 
and 91.5% amino acid identity. They both exhibit the following conserved regions among 11S globulins/
glutelins of various seed plants―signal peptide targeting storage vacuole deposition, highly conserved 
asparaginyl splice site dividing the polypeptides into acidic (32 kDa) and basic (21 kDa) subunits, bicupin 
domain and four cysteine residues involved in intra- and inter-chain disulfide bonding. Phylogenetic analysis 
showed that cocosin is more closely related to Elaeis guineensis glutelin, both of which form a distinct clade 
in the tree between the divergent clades of dicot and cereal 11S globulins. The predicted three-dimensional 
structure of the cocosin exhibits the bicupin domain separated by a less conserved loop. Relative PCR and 
western blot analysis showed that synthesis of cocosin started at 6–7 months after pollination (MAP) and 
increased continuously up to 8–9 MAP. Western blot analysis further showed that majority of cocosin was 
deposited at 11–12 MAP.
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INTRODUCTION

Over  the  past  two  decades,  extensive  research  efforts  have  been  directed 
towards the isolation and identification of the members of the 11S globulin gene 
family. The 11S globulins are saline-soluble storage proteins, which constitute the 
major seed storage proteins in many plants (Shewry 1995). These plants include 
several legumes, oats, rice, and some oilseeds, which serve as source of dietary 
proteins for man and livestock. Hence, the study of these proteins is important to 
characterize their nutritional value, functional properties and potential allergenicity. 

The 11S globulins are generally hexamers of around 320–450 kDa assembled 
through  non-covalent  random  association  of  monomers  which  are  coded  by 

multiple  genes  (Casey  et  al.  1986)  Each  11S  globulin  monomer  is  initially 
synthesized as a polypeptide of around 500 residues, which is post-translationally 
cleaved  by  an  endoplasmic  reticulum signal  peptidase  and  subsequently  by  an 
asparaginyl  endopeptidase between a  highly conserved asparaginylglycinyl  site. 
The  truncated  N-terminal  portion  forms  the  larger  acidic  subunit  (30–40  kDa) 
which is linked prior to cleavage by a disulfide bond with the basic subunit (20–25 
kDa) (Staswick et al.  1984; Jung et al.  1998; Shewry and Halford 2001).  The 
aforementioned structure and mode of biosynthesis are also exhibited by the dilute 
acid/alkali-soluble glutelins, which also belong to the 11S globulin family despite 
having different solubility behavior (Shewry and Halford 2001). 

Coconut is an important oil seed crop widely cultivated in tropical regions. 
The key products of the coconut industry comprise oil, copra meal, and desiccated 
coconut,  all  of  which  are  derived  from  the  coconut  endosperm.  The  coconut 
endosperm at different stages of development consists of 27–44% oil and about 8% 
(dry weight) protein (Mendoza et al. 1982). The protein  is  mostly  retained  in  the  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residue after oil extraction. Thus, coconut proteins constitute a bulk by-product of 
the coconut oil industry. The coconut 11S globulin also known as cocosin is the 
major  protein  comprising  more  than  50%  of  total  seed  proteins.  We  have 
undertaken  biochemical  and  molecular  studies  on  cocosin  to  elucidate  the 
nutritional and functional properties of this protein that may lead to its increased 
utilization.  Carr  et  al.  (1990)  earlier  reported  the  purification  of  cocosin  with 
molecular  weight  of  300–360  kDa.  We  further  purified  and  conducted 
physicochemical  and functional  characterization of cocosin (Garcia et  al.  2005; 
Angelia et al. 2010). Cocosin was found to account for 86% of total globulins and 
be successfully extracted with 0.35 M NaCl. Anion-exchange chromatography of 
cocosin separated at least three and up to eight isoforms (Carr et al. 1990; Garcia et 
al. 2005). The native hexameric form has a molecular weight of 326 kDa and is 
composed of 6 subunits of acidic and basic chains linked by disulfide bond (Garcia 
et al. 2005). Cocosin was resolved on SDS-PAGE into two sets of bands: 32–35 
kDa acidic subunits and 21–24 kDa basic subunits (Garcia et al. 2005). The basic 
subunit  contains  a  carbohydrate  moiety  and  is  more  resilient  to  chymotrypsin 
digestion. The hexameric form of cocosin is relatively heat stable with a thermal 
denaturation  midpoint  temperature  of  100.5°C  (Angelia  et  al.  2010).  The  N-
terminal sequences of the selected acidic and basic bands are SVRSVNEFRXE and 
GLEETQ, respectively (Garcia et al. 2005). 

The  physicochemical  and  functional  properties  of  cocosin  have  been 
adequately established at  the protein level  but  its  genes remain unreported and 
uncharacterized. In fact, limited efforts have been undertaken to identify important 
genes in coconut as compared to other agronomically important crops. Using PCR 
cloning strategy coupled with 5ʹ′- and 3ʹ′-RACE technologies, two cDNAs that code 
for distinct cocosin were identified. Analyses of the gene structure, derived amino 
acid sequence and structural homologies are reported as well as the developmental 
expression profile of cocosin at the transcript and protein levels.  Emphasis was 
given on the comparison of cocosin with other monocot 11S globulins which have 
not  been  well-studied  as  a  group  unlike  the  other  11S  globulins  in  the 
dicotyledonous family.  

MATERIALS AND METHODS

Plant Material 
The coconut endosperms were obtained from nuts of the Laguna Tall variety 

in the experimental field of the Institute of Plant Breeding, Crop Science Cluster, 
College  of  Agriculture,  University  of  the  Philippines  Los  Baños.  Coconuts  at 
different stages of development were used for the corresponding parts of the study: 
8–9 months after pollination (MAP) for RNA extraction and cloning experiment; 
11–12 MAP for protein extraction of cocosin for use in antibody production; 5–6, 
6–7, 7–8, 8–9, 10–11, and 11–12 MAP for the developmental expression studies.

Total RNA Extraction and Reverse Transcription
Fresh endosperms from nuts at 5–9 MAP were ground in liquid nitrogen to a 

powder using mortar and pestle. Total RNA was extracted using TRIzol® reagent 
according to  the manufacturer’s  instruction (Invitrogen,  USA).  The quality  and 
quantity  of  the  RNA  extracts  were  evaluated  through  1%  agarose  gel 
electrophoresis and spectrophometrically (A260 and A280). Total RNA extract (3 μg) 
was subjected to first strand synthesis using Superscript® III Reverse Transcriptase 
with  oligo(dT)  primers  according  to  the  manufacturer’s  protocol  (Invitrogen, 
USA). 

TABLE 1. Primers used in the isolation of the cocosin cDNA isoforms through the 
PCR Cloning Strategy coupled with 5 and 3-RACE.

PCR Amplification and 5′- and 3′-RACE
The primers used in this part of the study are summarized in Table 1. Three 

gene-specific forward primers namely Csnfor-1, -2, and -3 and the reverse primers 

Csnrev-1,  -2,  and  -3  were  designed  and  synthesized  (Life  Technologies,  Hong 
Kong) based on conserved regions among 11S globulins. PCR amplification was 
carried out using the different combinations of the forward and reverse primers. A 
standard 20-μL reaction mixture was used for each primer pair combination before 
the components were varied one at a time. The PCR profile consisted of an initial 
denaturation at 94 °C for 3 min, 35 amplification cycles of 1 min at 94 °C, 1 min at 
45–60 °C and 1 min per kb expected at 72 °C, and a final extension step at 72 °C 
for 5 min. The PCR reaction that yielded the cocosin amplicon consisted of the 
following components: 1x PCR buffer, 2.0 mM MgCl2, 0.20 mM dNTP, 0.75 μM 
Csnfor-1, 0.75 μM Csnrev-2 and 1 U Taq polymerase (Vivantis) The PCR products 
were resolved on a 1.0% agarose gel stained with 0.10% ethidium bromide. 5ʹ′-
RACE was carried out following the manufacturer’s protocol (Invitrogen, USA). 
Two  reverse  primers,  namely,  CSN1-5RACE  GSPA and  CSN2-5RACE  GSPA 
were designed based on the partial  sequence obtained and used for the reverse 
transcription and PCR amplification of the 5ʹ′-portion respectively. The 3ʹ′-RACE 
reaction  was  carried  out  according  to  the  manufacturer’s  protocol  (Seegene 
Capfishing  Kit,  South  Korea).  For  this,  two  forward  primers  namely 
CSN1-3RACE GSPA and CSN1-3RACE GSPA were also designed based on the 
partial sequence obtained.

Cloning and DNA Sequencing
The  PCR  products  were  cloned  using  the  pGEM®-Teasy  cloning  system 

according to  the  manufacturer’s  instructions  (Promega,  USA).  The transformed 
cells  were  plated  on  Amp-LB-IPTG-x-Gal  plates  (1.0%  tryptone,  0.5%  yeast 
extract, 1.0% NaCl, and 1.5% agar at pH 7.0) followed by incubation at 37°C for 
20  hours.  The  transformants  were  screened  through  blue-white  screening  and 
colony PCR. The positive transformants were grown overnight in 10 mL Luria-
Bertani  Broth  (1.0%  tryptone,  0.5%  yeast  extract,  and  1.0%  NaCl,  pH  7.0) 
containing 100 μg/mL ampicillin. The plasmids were isolated using PureLinkTM 
Quick  Plasmid  Miniprep  Kit  according  to  the  manufacturer’s  instructions 
(Invitrogen, USA). The recombinant plasmids were sequenced under the BigDyeTM 
terminator  cycling  conditions.  The  products  were  purified  through  ethanol 
precipitation and were sequenced using Automatic Sequencer 3730 XL (Macrogen, 
South Korea).

Characterization of the Full-length Cocosin cDNA
The cDNA sequences obtained were analyzed in silico. The deduced amino 

acid sequences were derived by translating the nucleotide sequences at different 
reading frames using the Translate tool (http://expasy.org). The composition of the 
nucleotide and amino acid sequences were analyzed using ApE and ProtParam 
(http://expasy.org).  The resulting sequences were aligned with known 11S–12S 
globulin genes from the database using BLASTp and Clustal W to establish their 
identities (Altschul et al.1997; Thompson et al. 1994). The presence of the highly 
conserved regions in the nucleotide and amino acid levels as well as the percent 
similarity and identity to known 11S globulins were noted. Evolutionary analysis 
of  cocosin  together  with  highly  homologous  sequences  was  performed  using 
Neighbor-Joining method (Saitou and Nei 1987). A molecular model of CnCos-1 
was  constructed  through  homology  modelling  using  Phyre  server  (http://
www.sbg.bio.ic.ac.uk/phyre/).  

Developmental Expression Analysis: Relative RT-PCR
Primers  targeting  the  cocosin  cDNA were  designed  using  Primer-BLAST 

(http://ncbi.nlm.nih.gov/tools/)  and  Primer  3  (http://frodo.wi.mit.edu/primer3/). 
The actin gene, a housekeeping gene, was used as the internal control. Relative 
PCR was optimized by varying the annealing temperature through gradient PCR 
(Tm±5ºC) using 8–9 MAP cDNA. 

The first strand cDNAs obtained from coconut endosperm at different stages 
of developments were used as templates for relative PCR.  The components of 
relative PCR are as follows: The reaction mixture was initially incubated at 94 °C 
for 3 min, followed by 35 amplification cycles of 40 s at 94 °C, 40 s at 60 °C and 
40 s at 72 °C, and a final extension at 72 °C for 5 min. The intensities of the 
amplicons corresponding to the cocosin and actin genes were semi-quantified using 
QuantityOne software  (Biorad,  USA).  The relative  expression was obtained by 
getting the cocosin : actin amplicon ratio at different stages of development. 

Antibody Production Against Cocosin and Characterization
Cocosin was extracted and purified according to the protocol described by 

Garcia et al. (2005). Polyclonal antibodies to cocosin were raised in white rabbits. 
The  immunoreaction  of  the  polyclonal  antibodies  against  purified  cocosin  was 
determined  using  double  immunodiffusion  assay  and  enzyme-linked 
immunosorbent assay. 

SDS-PAGE and Protein Content Determination
Electrophoresis  was  done  according  to  the  method  described  by  Laemmli 

(1970). SDS-PAGE was performed on 11% discontinuous denaturing gels using a 
minigel electrophoresis apparatus (BIORAD). Protein samples were run at 110 V 
for 1 h and 30 min then stained with 0.25% Coomassie blue R250 for 20−30 min. 
The gels were destained with 40% methanol-7% acetic acid in water solution. The 
molecular  weights  of  the  subunits  were  estimated  using  BenchMarkTM  Protein 
Ladder  (Invitrogen,  USA).  The protein  content  of  the  samples  was  determined 
according  to  the  dye-binding  method  of  Bradford  (1986)  using  bovine  serum 
albumin (BSA) as protein standard.  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Nucleotide sequence Conserved 
oligopeptide

Orientation

Csnfor-1 CCTGGGTGTCCGGAGACCTTT PGCPETF FORWARD

Csnfor-2 CGGTGTGCGGGGGTTTCT  RCAGVS FORWARD

Csnfor-3 CGGCGGGTTATTGAGCCG RRVIEP FORWARD

Csnrev-1 NGTYTCYTCYAANCCRTT NGLEET REVERSE

Csnrev-2 RTGNGCRTTDATRTTCCA WNINAH REVERSE

CSN1-5RA
CE GSPA

 CAGGATTCTCCCCATCGTTGT Actual cDNA REVERSE

CSN2-5RA
CE GSPA 

CCAAAAGCCGCTGCCAGCAACTC Actual cDNA REVERSE

CSN1-3RA
CE GSPA 

CGCCGTGAGGAGAGCATCAAGGA Actual cDNA FORWARD

CSN1-3RA
CE GSPA

GGTATCGCCCCACTGGAATATCAAT Actual cDNA FORWARD

http://expasy.org
http://www.sbg.bio.ic.ac.uk/phyre/
http://ncbi.nlm.nih.gov/tools/
http://frodo.wi.mit.edu/primer3/
http://www.philscitech.org


International Journal of Philippine Science and Technology, Vol. 08, No. 1, 2015 49

____________________________________________________________________________________________________________
www.philscitech.org

5’-UTR START SITE

INDEL 1

INDEL 2

INDEL 3

INDEL 4

INDEL 5

STOP SITE 3’-UTR

Figure 1. Pairwise nucleotide 
s e q u e n c e a l i g n m e n t o f 
CnCos-1 (KP902412) and 
CnCos-2 (KP902413). The 
start and stop sites, 5′ and 3′-
UTRs, and the major gaps 
(INDELS) are labeled. The 
DOFCOREZM cis-elements 
are boxed.
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Western Blotting 
Coconut endosperms at different developmental stages (6–7, 7–8, 8–9, 10–11 

and 11–12 MAP) were defatted using the protocol described by Garcia et al (2005). 
Total proteins were extracted from 1.0 g ground defatted coconut endosperm by the 
addition of 18 mL extraction buffer (18 mL 0.4 M NaCl in 35 mM potassium 
phosphate buffer, pH 7.6 with 0.1 mM phenylmethylsulfonyl fluoride (PMSF), 10 
mM β-mercaptoethanol and 0.02% sodium azide). The mixture was stirred for 1 
hour on an ice bath and the resulting homogenate was passed through four layers 
of cheese cloth, and was centrifuged at 23,500 x g for 15 min using a Beckman-
Coulter T-28 Rotor Refrigerated Centrifuge. The supernatant containing the total 
proteins was collected and subjected to further analysis. Total proteins (8 μg) were 
subjected to 11% denaturing SDS-PAGE at 90V. The resolved total proteins were 
electroblotted  onto  polyvinyldifluoride  (PVDF)  membrane.  Electroblotting  was 
carried out at 45 mA for 3 hours. The PVDF blot was recovered and screened with 
the polyclonal  antibodies coupled with an anti-rabbit  IgG-alkaline phosphatase-
BCIP/NBT detection  system.  The  air-dried  blot  was  scanned  and  the  resulting 
images were analyzed using ScionImage Software (Scion Corporation, Maryland, 
U.S.A) to determine the pattern of cocosin protein synthesis in coconut at different 
developmental stages.

RESULTS AND DISCUSSION

Isolation and Characterization of Two Cocosin cDNAs
Homology-based  PCR  cloning  strategy  was  employed.  Conserved 

consensuses among 11S globulins of Elaeis guineensis (Q9SNZ2), Avena sativa 
(P14812),  Oryza sativa (Q09151)  and Zizania latifolia  (Q0Z945)  were  used to 
design and synthesize  primers.  No PCR product  was obtained out  of  reactions 
having Csnfor-2,  Csnfor-3 and Csnrev-1 as one of the primers.  A distinct  PCR 
product of expected length (700 bp) was obtained using the primer pair Csnfor-1 
and Csnrev-2 which was subsequently subjected to cloning and DNA sequencing. 
DNA sequence  analysis  identified  two types  of  cocosin  cDNAs,  designated  as 
CnCos-1  (KP902412)  and  CnCos-2  (KP902413),  from  eleven  and  ten  clones, 
respectively, of the 21 clones sequenced. The 5ʹ′- and 3ʹ′-ends were cloned through 
5ʹ′- and 3ʹ′-RACE PCR, respectively. CnCos-1 and CnCos-2 cDNA sequences span 
1,641 and 1,623 nucleotides, respectively, and share 92.3% identical nucleotides 
(Figure 1). CnCos-1 and CnCos-2 both have 5ʹ′-untranslated regions of 40-bp, open 
reading  frames  of  1401  bp,  and  182–200  bp  3ʹ′-untranslated  regions.  PLACE 
analysis  identified  the  presence  of  DOFCOREZM  consensus  along  the  5ʹ′-
untranslated region of both cDNAs (Higo et al. 1999). This consensus was reported 
as the core binding site of the maize  transcription factors, one of which is found to 
mediate endosperm-specific expression by binding to a prolamin box (Yanagisa 
and Schmidt 1999). Both cDNA sequences are GC-rich and have high preference 
for  adenine  at  the  wobble  positions.  Two  major  insertion/deletions  that  are 
multiples of three are present within the open reading frames of the aligned cocosin 
sequences, which mostly account for most of the difference between the two. 

Figure 2. Sequence alignment of the 2 cocosin isoforms with the most 
homologous monocot 11S globulins (CnCos-coconut cocosin; OS- Oryza 
sativa, EG- Elaeis guineensis, ZL- Zizania latifolia and AS-Avena sativa).

Analysis of the Derived Amino Acid Sequences
The derived amino acid sequences of CnCos-1 and CnCos-2 both span 466 

amino  acid  residues  and  have  molecular  weights  of  52,597  and  52,956  Da, 
respectively (Figure 2).  The functional properties of the primary structure were 
characterized. A hydrophobic signal peptide comprising the first 30 residues most 
likely directs the post-translational targeting of the cocosin into storage vacuoles as 
predicted  by  iPSORT (Bannai  et  al.  2002).  This  prediction  is  consistent  with 
previous studies which showed that 11S globulins are targeted into plant storage 
vacuoles via the Golgi complex (Sanderfoot and Raikhel 1999). The N-terminal 
sequence, SVRSVNEFRXE, previously reported closely aligned with the 38th–48th 
residues of the two isoforms, with 7 identical residues out of 11 in CnCos-1 and 4 
out of 11 in CnCos-2 (Garcia et al. 2005). The presence of multiple isoforms may 
have interfered with the precision of N-terminal sequencing result.  Considering 
this N-terminal sequence, the presence of the propeptide, spanning 7 residues, can 
be noted as the signal peptides in both isoforms do not directly precede the N-
terminal residue. 

Sequence alignment of the two cocosin isoforms with reported 11S globulins 
revealed  the  presence  of  4  conserved  cysteine  residues  (Figure  2).  The  two 
cysteines (C45 and C77) near the N-terminal portion form an intrachain disulfide 
linkage within the acidic subunit. On the other hand, the other two (C121 and C228) 
are  responsible  for  the  formation  of  the  interchain  disulfide  bond  between  the 
mature  acidic  and  basic  subunits,  as  exhibited  by  the  well-studied  legumins 
(Staswick et al. 1984; Horstmann 1983). The highly conserved asparaginyl splice 
site is identified in the alignment as N281-G282 of both isoforms (Dickinson  et al. 
1989; Jung et al.  1998). It  divides the precursor polypeptides into the expected 
acidic and basic subunits with 281 and 185 residues, respectively, corresponding to 
pI values of 5.6–5.8 and 9.6–9.8, respectively. The predicted sizes for the acidic 
and  basic  subunits  are  32  kDa  and  21  kDa,  respectively,  which  are  in  good 
agreement with the values earlier obtained (Garcia et al. 2005; Angelia et al. 2010). 

The  CnCos-1  and  CnCos-2  amino  acid  sequences  share  91.5%  identical 
amino acid residues. BLAST analysis revealed that both sequence exhibits close 
similarity with glutelins and 11S globulins of monocots, dicots and a magnoliid. 
The two isoforms exhibit highest homology (58–93% and 56%, respectively) with 
Elaeis  guineensis  glutelins  (Q9SNZ2  and  Q9M4R4)  and  11S  globulins  of 
Magnolia salifocia (Q40346 and Q40347). In addition, the two isoforms manifest 
43–51% identity with glutelins, 11S globulins and 12S globulins of other monocots 
including Oryza sativa, Avena sativa, Musa acuminata and Zizania latifolia and 
considerable  identity (<50%) with dicot 11S globulins.

The  11S  globulin  sequences  of  reported  monocot  orthologues  of  cocosin 
exhibit  distinct  regions  of  variability  and  similarity  (Figure  2).  The  alignment 
reveals  that  the  N-terminal  portion  of  the  basic  subunits  is  the  most  highly 
conserved region in this subunit while the acidic subunits consist of alternating 
conserved and variable  regions.  On the other  hand,  the  presence of  five major 
regions  of  variability  is  also  noted  in  the  alignment.  Of  these  regions,  a 
hypervariable segment is  particularly noted along the C-terminal  portion of the 
acidic subunit.  This hypervariable segment has also been identified among 11S 
globulins of dicots (Jain 2004; Argos et al. 1985). Cocosin together with glutelin of 
African oil palm contains runs of glutamic acid residues within this portion (amino 
acid  residues  number  321–327)  which  is  not  observed  in  other  non-Araceae 
monocots (Figure 2). On the other hand, the 11S globulins/glutelins of the other 
monocots belonging to the cereal family contain extended oligopeptide not present 
in the two palm species. It can also be noted that these hypervariable regions of 
cereal 11S globulins are glutamine-rich having an average of 33.5% glutamine, 
which is observed in other dicot 11S globulin. The second and third regions of 
variability span 139 to 152 and 215 to 231, respectively. These regions were also 
noted among 11S globulins of legumes (Jain 2004; Argos et al. 1985). Both regions 
in palm 11S globulins/glutelins are rich in glutamic acid and arginine, which is not 
observed in other monocots.

Evolutionary analysis of CnCos-1, CnCos-2 and their orthologues (Figure 3) 
revealed that these proteins form two subfamilies, one composed of monocots and 
the other composed of dicots. The monocot subfamily forms two subclades. The 
two cocosin isoforms form one subclade together with similar proteins from Elaeis 
guineensis and Musa acuminata. Within this subclade, it can also be noted that the 
two cocosin isoforms together with one of the E. guineensis glutelin (Q9SNZ2) 
diverged from other reported Eg glutelin. It is possible that there are other cocosin 
isoforms belonging to this divergent clade that have yet to be isolated. The other 
monocot  subclade  on  the  other  hand  is  composed  of  cereal  11S/12S  globulin/
glutelins. 

The deduced amino acid sequence was mapped for the presence of conserved 
domains. A bicupin domain, a conserved barrel found in 11S and 7S plant seed 
storage proteins,  is  detected along the  primary structure  of  both  isoforms.  The 
cupin domain is comprised of β-strands separated by less conserved loop. Figure 4 
shows  the  predicted  three-dimensional  structure  of  CnCos-1  with  the  bicupin 
domain illustrated in red and blue. CnCos-1 and CnCos-2 manifest high levels of 
similarity with cupin domains at the N- and C-terminal portions contributed by the 
acidic and basic subunits. The N-terminal motifs of CnCos-1 and CnCos-2 consist 
of  127  and  129  amino  acid  residues,  respectively.  On  the  other  hand,  the  C-
terminal  motifs  consist  of  135  and  134  residues,  respectively.  CnCos-1  and 
CnCos-2 are both classified under the 00190 Pfam family of 11S plant seed storage 
proteins when compared with the conserved domain database (CDD). The presence 
of the bicupin domain may be able to account for the high thermal stability of 
cocosin.  Our previous study showed that  the hexameric  form of  cocosin has  a 
thermal  denaturation  midpoint  temperature  of  100.5°C  which  was  higher  than 
those of other 11S globulins (Angelia et al. 2010).  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Figure 3. Phylogenetic tree analysis of cocosin and selected monocot and 
dicot 11S globulins

Developmental Expression Analysis of Cocosin
Cocosin  transcripts  were  analyzed  through  relative  PCR  in  the  coconut 

endosperm at four developmental stages: 5–6, 6–7, 7–8 and 8–9 MAP (Figure 5). 
The constitutively expressed actin gene was also amplified to serve as  internal 
control.  Actin  had earlier  been shown to be an appropriate  internal  control  for 
coconut studies (Dela Cruz et al. 2011).  

���

!  
Figure 5. Relative PCR of cocosin with actin as internal control using cDNA 
templates derived from endosperms at different stages of development 
(MAP).

Results of relative PCR confirmed the constitutive expression of actin across 
the developmental stages considered (Figure 5). On the other hand, it was shown 
that cocosin transcripts were not yet detectable by PCR at 5–6 MAP. The initiation 
of cocosin transcription started at past mid-maturation stage, as indicated by the 
very  faint  cocosin  amplicon  at  6–7  MAP  (Figure  5).  The  level  of  cocosin 
transcripts  increased  dramatically  at  7–8  MAP.  The  high  level  of  cocosin 
transcripts  was  maintained  in  the  next  stage  of  development  considered  (8–9 
MAP). The first and second phases of seed development are marked with rapid cell 
division and differentiation,  respectively (Weber  et  al.  1998).  These phases  are 
highly exhibited by the coconut endosperm at 5–6 MAP, during which the coconut 
endosperm is starting to undergo a transition from a liquid to a gelatinous state. 
This transition continues and is almost completed in the next stage of development. 
At 6–7 MAP, the nascent solid endosperm has fully covered the inner endocarp. 
This phenomenon is demonstrated by oil palms once the embryos have completed 
their cell multiplication period (Ferdinando et al. 1985).  The initiation of cocosin 
transcription starts at this stage. The initiation of seed storage synthesis has been 
previously shown to coincide with the end of cell division, or the  start  of  the  cell 

Figure 4. Homology model of CnCos-1 showing the predicted bicupin 
domain in red and blue. The red and blue regions correspond to the 
domains contributed by the acidic and basic subunits, respectively. The 
model was constructed by the Phyre server using recombinant Cucurbita 
maxima pro-11S globulin (PDB ID 2E9Q) as template with an E-value of 
1e-40.

expansion or maturation in developing embryos (Dure 1985; Millerd and Spencer 
1974). In addition, seed storage protein synthesis has been regarded as a marker for 
maturation (Weber 1998). At 6–7 MAP, it can be inferred that the coconut fruit is 
entering the third phase of seed development which is marked by the assimilation 
of storage protein reserves and cell expansion. This is further validated by results 
showing  that  the  coconut  endosperm  continues  to  accumulate  11S  globulin 
transcripts at 7–8 MAP and 8–9 MAP (Figure 6), with the concomitant expansion 
of  the  coconut  endosperm.  Transcription  level  of  cocosin  in  more  mature 
endosperm (>10 MAP) could not be ascertained as attempts to obtain high quality 
RT-PCR grade RNA from samples of that age were unsuccessful. 

We  also  determined  the  developmental  expression  at  the  protein  level  of 
cocosin using antibodies prepared against pure cocosin. At an early stage of fruit 
maturity (6–7 MAP), minute amount of 11S globulins (~4.5% of total cocosin at 
the end of seed development) was already detected in the Western blot (Figure 6). 
This confirmed the relative PCR results demonstrating that cocosin transcription 
was initiated at this stage. The level of cocosin manifested a 4-fold increase to 
17.6% at 7–8 MAP, which correlated with the sudden accumulation of cocosin 
transcripts.  The amount  of  cocosin detected in  the blot  as  well  as  the level  of 
cocosin transcripts gradually increased from 7–8 to 8–9 MAP. Furthermore, it was 
shown in the immunoblot that the gradual increase of cocosin transcripts continued 
until 10–11 MAP, reaching 45% at this stage. The blot further showed that majority 
of storage protein deposition (~55% of total cocosin) took place at the end of fruit 
development  (between  10–11  and  11–12  MAP),  right  before  post-germination 
where these proteins will be needed to nourish the seedling.

!  

stage of development (MAP)
Figure 6. Cocosin levels in coconut endosperm at different developmental 
stages (MAP) determined by western blot. (a) Western blot of cocosin; (b) 
relative expression of accumulated cocosin.

In this study, we report two isoforms of the coconut 11S globulin gene family. 
The presence of other isoforms cannot be disregarded given that 11S globulin gene 
families commonly consist of multiple members. The presence of at least three 
cocosin  isoforms was  noted  when cocosin  was  resolved on an  anion-exchange 
chromatography column (Garcia et al. 2005) while Carr et al. (1990) noted at least 
8 cocosin peaks on anion-exchange chromatography, indicative of the presence of 
multiple isoforms.  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The 11S globulins exhibit three characteristic features which are all present in 
the primary structure of the two cocosin isoforms: the asparaginylglycinyl cleavage 
site, four conserved cysteine residues involved in intra- and inter-chain disulfide 
bonding and the bicupin domain. The SDS-PAGE profile of the cocosin protein 
under reducing and non-reducing conditions showed the presence of the two sets of 
bands corresponding to the dissociated acidic and basic subunits which are linked 
via disulfide bond (Garcia et al. 2005). The first set is composed of two closely 
migrating bands of 35 and 32 kDa (Mr), corresponding to the larger acidic subunit. 
On the other hand, the second set of closely migrating bands of 24 and 21 kDa 
(Mr) correspond to the smaller basic subunit. These two sets of acidic and basic 
polypeptides may have originated from at least two precursor polypeptides cocosin 
isoforms upon the action of the asparaginyl endopeptidase on the aforementioned 
cleavage site. The expression profile of cocosin was also reported in this study at 
the transcript and protein levels. It is found to be comparable with the expression 
pattern of the major storage protein of Elaeis guineensis and coffee 11S globulin. 
At around 14 weeks after anthesis (WAA), the Elaeis guineensis endosperm begins 
to accumulate 7S globulins while its endosperm changes into a gelatinous state. 7S 
globulins continually accumulate in the next three weeks prior to drying stage at 
17th WAA (Morcillo et al. 1998). In addition, Elaeis guineensis accumulates over 
two-thirds of its total 7S globulins at a later stage of seed development (between 
14th  and  17th  WAA).  Coffee  11S  globulin  transcription  begins  at  past  mid-
maturation stage of 126 days after flowering (DAF) and is maintained at high level 
until 189 DAF and become undetectable at 245 DAF (Roger et al. 1999). Cocosin, 
like most  11S globulins,  was found to be produced at  6-7 MAP and increased 
steadily up to mature stage of the endosperm at 11-12 MAP.

CONCLUSION

We have isolated and characterized two isoforms of the coconut 11S globulin 
gene family, which is a first report on the genes of the coconut storage proteins. 
CnCos-1 and CnCos2 together with Elaies guineensis glutelins constitute one of 
the two subfamilies of monocot 11S globulins. The  full-length  cocosin 
isoforms,  CnCos-1 and CnCos-2, are both composed of 466 aa (91.5% identical). 
These isoforms are similar (58–93%) to 11S globulins/glutelins of monocots and 
dicots.  The  conserved  residues/domains  were  identified  as  bicupin  domain 
separated by a less conserved loop, thus, bridging the gap in knowledge on the 
biochemistry  of  coconut  proteins.  The  developmental  expression  profile  was 
elucidated at the transcript and protein levels. It was shown that cocosin is initially 
expressed at past mid-maturation stage of   6–7 MAP (cell expansion), gradually 
accumulated as the fruit matures up to 10-11 MAP (continuous cell expansion) and 
massively deposited at the end of fruit development. These data provided insights 
on the molecular events related to coconut seed development.
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