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Papaya seeds are considered as a recalcitrant material for protein preparation in two—dimensional gel
electrophoresis (2-DE) because of abundance of interfering compounds. We examined two protein extrac-
tion methods, the classical trichloroacetic acid (TCA) / acetone precipitation (TCA-A) and phenol ammo-
nium acetate-methanol precipitation (P-AA-M) methods, to evaluate their compatibility and efficiency of
extracting papaya seed proteins in SDS-PAGE and two-dimensional (2D) gel electrophoresis analysis.
Compared with TCA-A method, P-AA-M method showed better results, i.e., it increased at least five distin-
guished bands in SDS-PAGE, reduced problems of streaking and smearing in 2D gel, and enhanced resolu-
tion of detectable spots from 124+27 to 717+32. Comparison between traditional Coomassie Brilliant Blue
R-250 staining and zinc-reverse staining was also conducted. The result showed that seven times more pro-
tein spots could be identified from 2D gel stained with zinc-reverse stain procedure. The resolution of 2D
gel analysis for papaya seed proteome was further improved by utilizing pH 4-7 isoelectric focusing gel
instead of pH 3-10 one. The protein spots picked from 2D gel through the protocol that we established were
compatible with identification assessments of LC-MS/MS. Our data will serve as a platform and reference
for future research in proteomics of papaya seeds or other recalcitrant plant materials.

Key words: papaya seed, protein extraction, proteomics, two dimensional gel electrophoresis, zinc-reverse

stain

INTRODUCTION

In proteomics research, a crucial step to obtain high
resolution of the protein profile is to improve the qual-
ity of protein sample preparation (Gorg et al., 2000).
Usually, plant tissues, unlike bacterial and animal cells,
are rich in carbohydrates, organic acids, proteolytic and
oxidative enzymes, and secondary metabolites such as
pigments, phenolic compounds, and terpenes, which
often interfere the resolution of protein separation on
two—dimensional (2D) gel electrophoresis. For example,
the high levels of secondary metabolites in distinct devel-
opmental stages, such as leaf senescence or fruit matu-
ration, have strongly affected protein extraction and, as
a consequence, interfered with the results of the 2D gel
electrophoresis analysis with horizontal and vertical
stripes, viz. streaking and smearing, as well as decrease
in the resolution of the protein spots (Saravanan and
Rose, 2004).

Typical method used for extracting plant proteins
is grinding the plant tissue in liquid nitrogen in extrac-
tion buffer, followed by trichloroacetic acid (TCA) / ace-
tone precipitation (Carpentier et al., 2005). For woody
plants and other plant tissues that are rich in polyphe-
nol, the extraction by phenol is recommended because
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the hydroxyl (OH-based) and protein—-hydrophilic func-
tional group of phenol could be used to separate the
protein and the interfering substances within the tissue
(Mijnsbrugge et al., 2000; Wang et al., 2003). The ear-
liest phenol extraction was done by Hurkman and
Tanaka (1986); the ammonium acetate / methanol solu-
tion was further used for protein precipitation prior to
increase the number of protein spots and resolution on
2D gel electrophoresis.

Papaya (Carica papaya L.), an herbaceous peren-
nial fruit crop belonging to the family Caricaceae, is
commercially cultivated throughout the tropics and in
many subtropical regions of the world. In the past dec-
ade, the global production, market demand, and inter-
national trade in papaya fruit have shown buoyant
growth (Singh 2011). Unlike that most of fruit crops are
propagated vegetatively, the propagule of papaya in com-
mercial cultivation almost entirely depends on seeds
(Paull and Duarte, 2011). Seed dormancy has long been
an obstacle for the reproductive propagation in papaya;
therefore, both illustration of the germination biology
and establishment of the technologies for dormancy
breakage have been extensively explored (Andreoli and
Khan, 1993; Bhattacharya and Khuspe, 2001; Chacko
and Singh, 1966; Salomao and Mundim, 2000; Wood et
al., 2000).

Proteomics has been widely adopted in the research
of biology, medicine, and agriculture in recent years
largely due to the advances in mass spectrometry and
methodology development (Miernyk and Hajduch, 2011).
Two—-dimensional-gel basis proteomics has also been
utilized in seed biology field to provide an overview of
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protein dynamics during seed development and germi-
nation as well as to elucidate the molecular mechanisms
of postharvest treatments for the effects of seed vigor
and longevity (Gallardo et al., 2001; Miernyk and
Hajduch, 2011; Pawlowski, 2010). Along with the infor-
mation from completed genome sequences of various
organisms, further understandings in physiological and
molecular mechanisms and gene-related reactions can
be established as systems in biology scale. The whole
papaya sequence was completed in 2008 (Ming et al.,
2008), and can be retrieved from NCBI database (http://
www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.
cgi?id=3649) to facilitate the genomics and proteomics
research. Indeed, Rodrigues et al. (2009) has published
the procedures for sample preparation and 2D gel elec-
trophoresis to study the proteome of papaya leaves.
However, the methodology and proteome analysis of
papaya seeds has not yet been reported to date.

The objective of this study was to evaluate the qual-
ity of protein samples of papaya seeds prepared by two
different extraction methods in terms of protein number
and resolution of gel profile. Effects of gel staining pro-
tocols and pH gradient ranges of Isoelectric focusing
(IEF) electrophoresis on protein separation and detec-
tion were also assessed. The results may contribute to
facilitating the employment of proteomic approaches
for the research of seed biology in papaya.

MATERIALS AND METHODS

Plant material and seed germination condition

The papaya seeds utilized in this research were
extracted from ripening ‘Tainung No.2’ papaya fruit.
After water floatation to sort out pulp and immature
(white) and empty seeds, the arils of heavy and sound
seeds sinking to the bottom were removed via scrub-
bing and washed thoroughly. The papaya seeds were
then sterilized in 10% Chlorex® bleach (0.6% sodium
hypochlorite) and 1% Tween 20 solution with sonica-
tion for 5 minutes followed by thoroughly rinsing with
distilled water. The seeds were dried in an air—circu-
lating oven at 36°C for 48 hrs. The dried seeds (seed
water content around 7.93%+0.03%) were sealed in plas-
tic bags and stored in a desiccator chamber at 10°C until
use.

For germination, the papaya seeds were soaked in
deionized water at 26°C in dark for 24 hrs before sowing
25 seeds on two layers of Advantec No. 3 filter paper in
a 9—cm—diameter Petri dish moistened with 10 mL of
deionized water. The seeds were incubated at 26°C
without light for four days prior to protein extraction.
Because of seed dormancy, there was no seed germina-
tion after the five—day incubation. Each protein sample
replicate was prepared from 2 g (about 150 seeds) of
papaya seeds. All experiments were independently
repeated at least three times.

Protein extraction
Two grams of papaya seeds were grounded in liquid
nitrogen with a pre—chilled mortar and pestle and trans-

ferred to a tube containing 10 mL of extraction buffer
[20 mM Tris—HCI (pH 7.5), 2560 mM sucrose, 10 mM eth-
ylenediaminetetraacetic acid (EDTA), 1 mM dithiothre-
itol (DTT) and 1% (v/v) Triton X-100 and 2% (w/v) of
polyvinylpolypyrrolidone (PVPP) (Sigma, USA). After
thoroughly vortexed, the sample was homogenized by
Polytron for one minute, and then centrifuged at 13,500 g
for 15 minutes at 4°C. The homogenate was filtrated
through a layer of Advantec No. 3 filter paper and the fil-
trate was collected in another centrifuge tube, with addi-
tion of PVPP to 2% (w/v) and mixed thoroughly. The
sample was incubated on ice for 10 minutes and then
centrifuged at 13,500 g for 15 minutes at 4°C. The super-
natant was filtrated through filter papers. The protein
samples were then further precipitated by TCA/acetone
method or extracted by phenol followed by ammonium
acetate/methanol mixture.

TCA/acetone precipitation (TCA-A)

The trichloroacetic acid (TCA)/acetone precipita-
tion method was adapted from Yang et al. (2007) used
for rice seeds with minor modifications and referred as
‘TCA-A’ in this research. The filtrated protein solution
prepared above was mixed with 3x volume of 10% TCA/
acetone solution followed by overnight precipitation at
—-20°C. After 13,5600g centrifugation at 4°C for 15 min-
utes, the supernatant was removed and the precipitant
was washed three times with 80% and 100% acetone,
respectively. The pellet was dried at room temperature
for three minutes.

Phenol extraction, and precipitation with 0.1 M
ammonium acetate/methanol mixture (P-AA-M)

The P-AA-M method was performed as described
in Rodrigues et al. (2009) with modifications. The fil-
trated protein solution prepared above was mixed with
an equal volume of phenol (pH 8.0) for 10 minutes on a
vortex, then centrifuged 13,500 g for 15 minutes at 4°C.
The upper aqueous layer was removed by using a micro-
pipette and 5x volume of 0.1 M ammonium acetate/meth-
anol mixture was added and precipitated overnight at
-20°C. After 13,600 g centrifugation at 4°C for 15 min,
the upper aqueous layer was removed without touching
the white precipitants, which were then washed twice
with 10 mL of 0.1 M ammonium acetate/methanol mix-
tures followed by twice with 10 mL of 0.1 M ammonium
acetate/80% methanol mixture. Finally, the precipitant
was washed three times with 80% and 100% acetone
separately to remove excess salts and any interfering
substances. The precipitants were dried at room tem-
perature for three minutes.

Protein solubilization and quantitation

Dried protein samples prepared from Section 2.1
and 2.2 was dissolved with 3x volume of rehydration
buffer containing 7M urea (Amersham), 2 M thiourea
(Merck), 4% (w/v) CHAPS (Sigma), 60 mM DTT (Sigma)
(Gorg et al. 1997) at room temperature. Protein con-
centration was determined by the Bio—Rad protein assay
(Bio—Rad, Hercules, CA, USA) according to the manu-
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facturer’s instructions. The standard curve was plotted
using bovine serum albumin (BSA) (Bio—Rad) as stand-
ard.

Sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE)

SDS-PAGE was performed using a 4% (w/v) acryla-
mide stacking gel and a 12.5% (w/v) separation gel
according to Laemmli (1970) on SE 400 Sturdier Slab
Gel Electrophoresis Units (Hoefer) apparatus. Equal
amounts (b0ug) of the soluble protein samples were
applied to each lane. The electrophoresis was ran with
running buffer (25 mM Tris-base, 192 mM glycine, 0.1%
SDS) at 110 V of constant voltage until the bromophenol
blue tracking dye had reached the bottom of the sepa-
rating gel.

Two—-dimensional (2D) gel electrophoresis

The procedure for 2D gel electrophoresis was per-
formed according the wuser manual (Bio—Rad or
Amersham). An aliquot of 800 ug protein sample was
mixed with 5% (v/v) immobilized pH gradient (IPG)-
buffer (Bio—Rad) and then rehydration buffer was added
to a final volume of 500 L. The sample was loaded
onto an IPG strip holder with a pre—cast IPG gel (pH
3-10 or pH 4-7) strip (Bio—Rad) and covered with 2 mL
of mineral oil (Bio—Rad). The holder was placed on the
Ettan™ [PGphor™ 3 IEF System (Amersham) to be
rehydrated at 50V for 14 h. Isoelectric focusing (IEF)
was carried out with 3h at 150V, 1h at 300V, 1h at
600V, 1h at 1,200V, 1h at 1,200-10,000V (gradient),
and 6 h at 10,000 V. The IPG gel was then rinsed with
distilled water to remove the cover oil. The IPG gel is
used for SDS—-PAGE directly or stored at —80°C until use
within two weeks.

Prior to SDS-PAGE, IPG gel was equilibrated in
5mL of SDS equilibration buffer I [6 M urea, 0.3756 M
Tris—HCl (pH 8.8), 2% SDS, 20% glycerol, 2% (wW/v)
DTT] for 15 minutes with orbital shaking and subse-
quently for 15 minutes with shaking in 5 mL of SDS equi-
libration buffer II [6 M urea, 0.375 M Tris—HCI (pH 8.8),
2% SDS, 20% glycerol, 2.5% (w/v) iodoacetamide]. The
separation in the second dimension was realized on the
Mini-Trotean (Bio—Rad) or the EttanDALT System
(Amersham) with a lab—cast 1.5 mm SDS polyacrylamide
gel (12.5%) at a current of 45 mA - gel™ for 5 hr.

Gel staining and image analysis

2D gel was stained with either zinc-reverse stain
method (Fernandez—Patron et al., 1995, 1998) or
Coomassie brilliant blue R-250 (CBB) (Neuhoff et al.,
1988). For reverse staining, the acrylamide gel was
soaked in an equilibration solution [0.2M imidazole,
0.1% (w/v) SDS] with shaking for 15 minutes and then
transferred into a developer solution of 0.3 M zinc sul-
fate for 30-40 sec with gentle shaking. The stained gel
was either scanned immediately or stored in a storage
solution of 0.5% (w/v) sodium carbonate.

The stained gel image was scanned at a 400 dpi res-
olution and the gel image analysis and comparison were

performed with ImageJ 1.43° (National Institutes of
Health, USA) software for SDS-PAGE gels and with
PDQuest™ 8.01 (Bio—Rad) software for 2 DE gels,
respectively.

In-gel digestion and protein identification

In—gel digestion was conducted as described by
Hellman et al. (1995) with modifications. In brief, pro-
tein spots of 2-DE gel spots were excised with cut tips
and transferred into eppendorf tubes individually. After
adding 200 uL destain solution [50% (w/v) acetonitrile,
25 mM ammonium bicarbonate] and incubated at room
temperature for 15 minutes, the tube was centrifuged
at 10,000 g for one minute. The destain solution was dis-
carded and the destaining step was repeated until the
gel was completely colorless. The gel piece was then
covered with 200 L acetonitrile at room temperature
for 5 minutes and subsequently centrifuged at 10,000 g
for one minute to remove acetonitrile. The sample was
allowed to dry for 10 minutes in SpeedVac (Savant).
Dehydrated gel particles were incubated in 40 uL of
25mM ammonium bicarbonate with 100ng trypsin
(Sigma) at 37°C for at least 16 h. After proteolysis, 50 zL
elution solution [60% (w/v) acetonitrile, 5% (v/v) trif-
luroacetic acid] was added and incubated for 1h fol-
lowed by centrifugation at 10,000 g for one minute. The
supernatant containing digested peptides was collected.
The gel was extracted again with 50 uL elution solution
to collect the remaining peptides. The supernatants
from the two extractions were pooled together in a new
eppendorf and vacuum-—dried in SpeedVac for 1 h. The
eluent was determined with liquid chromatography—
mass spectrometry (LC-MS/MS). Proteomic mass spec-
trometry analyses were performed by the Core Facilities
for Protein Structural Analysis located at the Institute
of Biological Chemistry, Academia Sinica. MS/MS raw
data were processed and searched against a target pro-
tein sequence database using the Mascot (http://www.
matrixscience.com/). The following search criteria were
used: (1) the database was set to be Swiss—Port or
NBClInr; (2) taxonomy was set to be green plants; (3)
enzyme setting was trypsin; (4) MS/MS tolerance was
set to be 0.25Da; (5) data format setting was pkl; (6)
instrument was set to be ESI-QUAD. Protein hits with
Mascot score >50 and P value <0.05 as well as matched
molecular weights resolved on the gel were then identi-
fied as significant proteins.

RESULTS AND DISCUSSION

Effects of extraction methods on papaya seed pro-
teome analysis

It has been reported that the papaya seeds are rich
in phenolic compounds and p-hydroxybenzoic acid
being the major one (Chow and Lin, 1991; Kothari and
Seshadri, 2010). To remove these phenolic compounds
interfering the efficiency of protein extraction and res-
olution of 2D analysis, we have employed both TCA-A
and P-AA-M for isolating proteins from papaya seeds,
independently. The extracted proteins were analysed
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by 1D SDS-PAGE. As shown in Fig. 1, the amounts of
proteins extracted by P-AA-M method were signifi-
cantly higher and resulted in at least five more protein
bands on SDS-PAGE than those extracted by TCA-A
method. These extra bands were resolved with molecu-
lar weights at 75, 37, 30, 25, and 20 kDa.

The same protein samples were also analysed by 2D
gel electrophoresis with first dimension in pH 3-10 IPG
gel and second dimension in 12.5% SDS-PAGE. As
shown in Fig. 2, the proteins isolated by P-A A—M method
(Fig. 2B) revealed much better separation between pro-
tein blots and higher resolution than those precipitated
by TCA-A method (Fig. 2A), in which serious streaking
and smearing were evident on the 2D gel. Consequently,
P-AA-M method was able to resolve 717+32 protein
spots as compared with only 124+27 protein spots were
detected from TCA-A method. The result clearly indi-
cated that phenol extraction combined with ammonium
acetate/methanol precipitation was a better method
than typical TCA/acetone method for papaya seed pro-
teome analysis.

While proteomics plays important roles in research
of plant biology and agriculture, not all the organs or
cell types were actively investigated at proteome scale.

kDa
250
150
100
75
L <
50
ol -
<K Band A
-
25
<K Band B
20

Fig. 1. SDS-PAGE analysis of papaya seed proteins prepared by
10% trichloroacetic acid (TCA)/acetone precipitation
(TCA-A) (lanes 1 and 2) or phenol extraction followed by
0.1M ammonium/methanol precipitation (P-AA-M) (lane
3 and 4). The arrows indicate the different protein bands
between the two extraction methods. Marked band A and
band B are distinct protein bands prepared by P-AA-M.
Fifty microgram of protein was loaded per lane. M: molec-
ular weight marker.

In view of the importance of proteomics research in
understanding the molecular mechanisms and path-
ways underlying the papaya seed germination and
responses to various environmental signals, we have
now established the methodology for protein extraction
and 2D gel electrophoresis of papaya seeds. This pro-
vides an important platform for further in—depth seed
proteomics analysis of papaya or even other plants. In
particular, this platform shall be most useful for pro-
teomics study of woody plants or tissues with high con-
tents of secondary metabolites or phenolic compounds,

Fig. 2. Two-dimensional profiles of papaya seed proteins extract-
ed by using two different extraction methods and visual-
ized by different staining processes. (A) Proteins were
extracted by 10% trichloroacetic acid / acetone precipita-
tion (TCA-A) and the gel was stained with zinc reverse—
stain. (B) Proteins were extracted by phenol extraction
followed by 0.1 M ammonium/methanol precipitation
(P-AA-M) and the gel was stained with zinc reverse—stain.
(C) Proteins were extracted by P-AA-M method and the
gel was stained with Coomassie Brilliant Blue R-250.
Molecular weight markers were indicated on the left.
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which are the interfering substances that may be not
efficiently removed by the typical protein extraction
protocol (Wang et al., 2006).

Most popular protein extraction/precipitation
method used for plant materials is the utilization of 10%
TCA/acetone for protein precipitation prior to 2D gel
electrophoresis of plant tissues. This method has been
widely used in a variety of plant species and tissues
including Arabidopsis plantlets (Santoni et al., 1994),
rice seeds (Yang et al., 2007), and papaya leaves
(Rodrigues et al., 2009). This method has been demon-
strated to efficiently remove non—protein macromolecu-
lar polymers such as water—soluble cell wall polysac-
charides and polyphenols and thereby prevent their
interferences on 2D gel electrophoresis (Saravanan and
Rose, 2004). However, TCA/acetone precipitation is not
sufficient to remove the interferences of papaya seeds
and thereby results in significant horizontal and verti-
cal streaking on the 2D gel (Fig. 2A). This poor resolu-
tion may be caused by the existence of phenolic com-
pounds that are rich in papaya seeds (Chow and Lin,
1991; Kothari and Seshadri, 2010) but could not be effi-
ciently removed by TCA/acetone precipitation. Even
2% PVPP was added as the phenol compound adsorb-
ent in the protein extraction buffer we used, no further
improvements in the number and resolution of protein
spots on 2D gel electrophoresis could be detected. This
result may be caused by the incapability of TCA-A pre-
cipitation step in avoiding the co-—precipitation of the
interfered compositions of papaya seed from its pro-
teins. In contrast, when the buffer—extracted proteins
were extracted again by phenol followed by 0.1 M ammo-
nium acetone/methanol mixtures to perform precipita-
tion, the interferences were significantly suppressed.
Moreover, since proteins were partitioned into the phe-
nol phase, phenol extraction step could remove most of
the water—soluble contaminants and salts. Wang et al.
(2006) incorporated phenol extraction process to their
extraction protocol and gained protein samples with
lower interferences for 2D gel electrophoresis from olive
(Olea europaea L.) leaves and fruit, as well as apple
(MalusXdomestica Borkh.) fruit. Furthermore, Zheng
et al. (2007) pointed out that protein samples of straw-
berry (FragariaXananassa Duchesne) fruit prepared
by method including phenol extraction step showed more
distinguishable protein spots and better resolution on
2D gel profile than the sample without phenol extrac-
tion. The success in the use of phenol for protein extrac-
tion from cotton (Gossypium hirsutum L.) seed that is
rich in polysaccharides, polyphenols, nucleic acids, and
secondary metabolites was also demonstrated for
reduced background interferences and increased pro-
tein spots on 2D gel (Xie et al., 2009). Additionally, the
chemical reagents of the P-AA-M method we used did
not include any organic acid, thus the pH of sample was
less disturbed during extraction and precipitation proc-
esses (Wang et al., 2006) and, as a consequence, mini-
mized the frequency of washing steps as well as pre-
vented interference of IEF electrophoresis.

Comparison of zinc-reverse stain and CBB stain for
protein separation and detection on 2D profile
analysis

Two staining methods, zinc-reverse stain and CBB
stains, were used to reveal the protein profiles of papaya
seeds. We observed seven folds or more of protein spots
on zinc-reverse stained gel (Fig. 2B) than CBB-stained
gel (Fig. 2C). This result is consistent with higher sen-
sitivity of zinc reverse stains for detecting 1 ng of BSA,
as compared with CBB at sensitivity at 100 ng band™
(Patton, 2002). Importantly, zinc reverse stains also
revealed linear range of sensitivity from 1 to 100ng of
BSA, suggesting that this is a sensitive and quantifiable
staining method suitable for 2D gel analysis.

CBB with minimal sensitivity 100 ng band™ (Patton,
2002) is routinely used in protein gel staining because
of its high reproducibility, simple operation, and wide
compatibility for most of proteins. However, proteins
accumulated in a low abundant level cannot be visual-
ized via CBB stain, thus silver stain or fluorescent dye
SYBRO Ruby with a higher sensitivity are used as a
substitute technique (Miller et al., 2006). Despite its
high sensitivity (1ng band™) to protein staining, the
reproducibility, narrow reliable linear range, and spot
intensity highly influenced by the timing of staining
procedure are problematic and therefore easily render
in an incorrect estimation for silver stained 2D gel when
the profile is analyzed (Miller et al., 2006). On the
other hand, the sensitivity of SYBRO Ruby is compara-
ble to silver staining. The former displays better repro-
ducibility and reliable linear range than the later.
However, the fluorescent dye is expensive and images
have to be analysed by the specialized fluorescent
machine such as Typhoon Imager (Amersham), thus
caused many restrictions. Zinc-reverse stain used in
the present study showed comparable in both the time
required for staining process and detection sensitivity
as compared with other two staining methods. The
intensity of protein spots on reverse—stained gel was
almost independent from the incubation time of stain-
ing. In addition, reverse—stained gel was less likely con-
taminated by chemicals during the procedure and was
feasible for destaining and restaining, which is an advan-
tage that CBB stain and silver stain lack. According to
the results we obtained, the profile of reverse—stained
2D gel showed more distinguishable protein spots than
those of CBB-stained one (Fig. 2B and C). The fact
that proteins invisible on CBB-stained gels were
detected on the zinc-reverse stained gels proves that
zinc-reverse staining enhanced sensitivity of protein
detection. Moreover, if gel staining was overdone and
was not in an optimal situation, zinc-reverse stained
gels could be destained and restained again to optimize
the staining intensity or restained with CBB without
any obvious interference. In considering its comparable
sensitivity and several advantages, zinc-reverse stain
may be considered as the most convenient, speedy, and
affordable staining method for proteomics study.
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Effect of the pH gradient range of IPG gel strip on
the resolution of 2D profile

The pH 3-10 IPG gel was initially used for 2D gel
electrophoresis (Fig. 2B), which exhibited that the
majority of proteins are resolved in the pH range
between 4 and 8. To further improve the resolution of
2D gel, the protein samples extracted by P-AA-M
method were separated in the pH 4-7 IPG gel prior to
SDS-PAGE. The protein profile significantly increased
the resolution of protein spots in this pH range (Fig. 3)
when compared to those in pH 3-10 gel (Fig. 2B).

High quality of protein samples is absolutely essen-
tial for good result of IEF. The presence of interfering
substances, such as nucleic acids and salts, would cause
proteins focusing incompletely during electrophoresis,
resulting in blurry and distorted 2D gel images
(Saravanan and Rose, 2004). Protein samples extracted
by P-AA-M method enhanced the resolution of the 2D
gel profile of papaya seeds protein when compared to
those by TCA-A protocol (Fig. 2A and B). The protein
spots of papaya seeds on 2D gel were found mainly in
the region between pH 6 and pH 7.5, when a pH 3-10
IPG gel strip was used for IEF electrophoresis (Fig. 2B).
We, therefore, further successfully improved the
number and resolution of protein spots on 2D profile by
separation in IPG gel at pH 4-7 (Fig. 3). Our data also
suggested that the pl values of the water—soluble pro-
teins of papaya seeds were barely resolved in extreme
pH ranges (Fig. 2 B). The lower representatives of acidic
and alkaline proteins could be due to the technical issue
as proteins with extreme acidic or basic pl or hydropho-
bic characteristics, such as the membrane protein and
ribosomal protein are poorly extracted or resolved in
IEF. Alternatively, the proteins from papaya seeds may
contain less highly acidic or basic proteins. Future

. pH 4 — > pH7
a -~

130
95
72
55

43
34

26

Fig. 3. Two-dimensional gel profile of papaya seed proteins pre-
pared by phenol extraction followed by 0.1 M ammonium/
methanol precipitation (P-AA-M) after first—dimension
separation using a pH 4-7 immobilized pH gradient (IPG)
gel strip and visualized by zinc reverse—staining. Spot
numbers corresponding with the numbers in Table 2 are
labeled with white arrows pointing to each protein spot.

work to use IPG gel with narrow range in acidic or basic
pH may reveal more acidic and basic proteins.

The efficacy of protein separation by IEF was also
affected by the amount of proteins loaded. When pro-
teins was over loaded, it spends more time for each pro-
tein to move to its isoelectric point; smearing or aggre-
gation of protein samples at a certain region on the 2D
gel was observed especially in case of electrophoresis
process was not long enough. We found that the optimal
concentration of protein sample for IEF electrophoresis
was 1.6ug uL' (ie. 800ug proteins in 500 uL IPG
buffer solution).

Protein identification by LC-MS/MS

To further compare the differences of extraction
efficacy between TCA/A and P-AA-M methods and to
examine the compatibility of the P-AA-M method with
LC-MS/MS analysis, two outstanding 30— (Band A) and
20-kDa (Band B) protein bands on the SDS-PAGE anal-
ysis (Fig. 1) were chosen for protein identifications by
LC-MS/MS. A total of eight and five of proteins were
identified from 30-kDa (Band A) and 20-kDa (Band B)
bands, respectively, as significant hits (Table 1). For
the 2D gel analysis, five protein spots were selected for
protein identification (Table 1).

Although 15 of proteins isolated from papaya seeds
were identified from selected protein bands and spots,
only two proteins, namely small GTP-binding protein
(Table 1) and 17.5 kDa class I heat shock protein (Table
1), matched the papaya protein database whereas other
proteins were identified by matching with the ortholo-
gous proteins encoded in other green plants (Table 1).
Similar observation was also reported in the proteomics
analysis of papaya leaves, in which only a few proteins
were identified from papaya protein database (Rodrigues
et al. 2009). These results indicated that papaya genome
has been completed, but the protein database is barely
annotated for protein identifications by MS/MS ions.

In conclusion, we have clearly demonstrated that
protein samples of papaya seeds, a high phenolics—con-
tained plant material, prepared by the P-AA-M method
included more protein spots and less contaminants than
traditional TCA/A protocol via SDS-PAGE and 2D gel
analysis. Smearing and streaking problems occurred
on the 2D gel profile of TCA/A-extracted samples were
markedly suppressed when P-AA-M-prepared samples
utilized. The protein number and resolution on 2D gel
profile were further improved by incorporation of pH
4-10 IPG gel strip for IEF electrophoresis and zinc-—
reverse stain technique. The protein samples of papaya
seeds isolated from the protocol we established were
compatible with LC-MS/MS analysis. The high-resolu-
tion 2D map with identifications of several proteins from
papaya seeds shall serve as a platform and reference for
future research in seed biology of papaya or other plants.
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