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Starches are a major commercial food source, and different starches have distinct properties that
result in part from their associated proteins. We examined the starch surface proteins (SSPs) of rice,
maize, and wheat, sweet potatoes and potatoes. We identified a strong correlation between the color
(b*) of various starches stained with Coomassie Brilliant Blue (CBB) and their protein content (r =
0.965). Protein was extracted from various starches using 0.1 % sodium hydroxide. The percentage of
the decreased protein using this procedure differed depending on the source: Rice, maize, wheat,
sweet potato, and potato yielded 71.6, 29.8, 21.6, 60.0, and 40.0 % of their SSP, respectively. The SSPs
were separated to 19 protein bands by gel electrophoresis, and we successfully identified 16 of the 19
proteins. A granule-bound starch synthase or precursor was identified from each starch. The wheat
SSPs included an alpha-amylase inhibitor. The potato SSPs included aspartic proteinase inhibitor
homologue and cysteine protease inhibitor 7. Furthermore, several storage proteins were identified
among the SSPs, including glutelin and prolamin from rice, gamma zein from maize, globulin from
wheat, and sporamin from sweet potato. Since storage proteins are commonly hydrophobic, we suggest
that these proteins affect the pasting characteristics of various starches.

(Received Aug. 18, 2016 ; Accepted Sep. 21, 2016)
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Starches are a major commercial food source.
Starch granules are synthesized and stored within
amyloplasts, and differ depending on their plant of
origin. For example, the granule size, amylose
content, and crystallinity of starch differs between
plants” ™. These factors affect the pasting properties
and digestion of the raw starch by amylase ;
however, the relationship is not well understood”.
Starch granules contain amylose and amylopectin,
along with small quantities of other components

~8)

such as proteins, lipids, and minerals” Cereal

starches are approximately 0~0.25 % protein, and

up to 1.0 % lipid, while root and tuber starches (e.g.

from sweet potato and potato) are 0~0.05 %
0.05~0.1 % lipid"?~". Even though the
protein and lipid quantities are minor, they affect
both the

protein and

pasting properties (viscosity, swelling

capacity, and gel formation) and the granule as a
Wholelz),lfﬂ
Wheat bound

proteins™. Soft wheat possesses more starch surface

starch contains starch granule

protein (SSP) than hard wheat, and this protein is
associated with a softer endosperm texture”. In
addition, Nierle et al. reported that removal of
wheat starch SSPs by treatment with
dodecyl sulfate (SDS)
result led the authors to suggest that SSP might

sodium
increased viscosity”. This

affect the properties of the wheat starch granules.
However, it has since been suggested that SDS
might interact with amylose and amylopectin, and
that these interactions might explain the effects of
SDS on the properties of starch'. Accordingly, the
effects that SSPs have on the properties of a given
starch are completely unknown. Therefore, it is

§ Corresponding author, E-mail : 96tsujii@nodai.ac.jp
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important to understand the relationship between
SSPs and the properties of commercially important
starches.

We previously elucidated the relationship between
SSP and raw maize starch digestion by alpha-
discovered  that SSPs
and affected the
digestion of the starch; we also proposed that SSPs
To date,
there have been relatively few studies examining

amylase”. We maize

interacted with alpha-amylase

affect the starch granule characteristics" .

SSPs. In this study, in order to better understand
the relationship between SSPs and starch properties,
we extracted the SSPs from rice, maize, wheat,
0.1 % sodium

determined the

sweet potatoes, and potatoes using a
hydroxide solution. We then
composition of the SSPs from these starches using
liquid chromatography coupled with quadrupole time

-offlight mass spectrometry (Q-TOF) (LC-MS/MS).
Materials and Methods

1. Materials
Rice starch was purchased from Sigma-Aldrich Co.
(Japan), and maize, wheat, and sweet potato
starches were purchased from WAKO Co. (Japan).
Potato starch was purchased from Nacalai Tesque
Co. (Japan).
2. Preparation of starch surface protein (SSP)
Starch surface protein solutions were prepared
starches following the methods

from various

described by SHUJUN et al. with minor modifications™.

Various starches (10g, dry weight) were added to
150m¢ of pure water, and the mixtures were left at
room temperature for 20 min. The supernatants
were discarded after a 5 min centrifugation (9,000
x g) at 20C, and the above steps were repeated.
The precipitates were then resuspended in 0.1 %
NaOH solutions (100 m¢) by stirring at 4 C for 12 h.
The supernatants were collected after another

(9,000 x g) at 20 C. The

supernatants were then each separately dialyzed

5 min centrifugation

against pure water using Spectra/Por 3 Dialysis
Membrane Standard Grade RC Tubing (molecular
weight cut-off 3,500 Da). The resulting SSP solutions
dried. The
centrifugation were washed using pure water until

were freeze precipitates from the
they reached pH 7. These washed starches were
starch samples were
with the

in pure

then freeze dried. Control

prepared using the same procedure,

exception that they were resuspended

water rather than 0.1 % NaOH before centrifugation.

3. Measurement of protein content in starch

The protein content was determined by based on
nitrogen and carbon content using CN coder
(Yanaco Technical Science Co., Japan). The amounts
of nitrogen from 500 mg (dry weight) of the 0.1 %
NaOH treated and control starches were measured,
and the amount of protein in each was calculated
using the appropriate conversion factor (rice, 5.95;
maize, sweet potato, and potato, 6.25; wheat, 5.70).
4. Staining the starch surface

Coomassie Brilliant Blue (CBB) staining solution
was prepared by mixing 0.25 % (w/v) Coomassie
Brilliant Blue R-250 (WAKO Co., Japan) dye, 50 %
(v/v) methanol (Kanto Chemical Co. Japan) and 10
% acetic acid (Kanto Chemical Co., Japan). The
0.1 %

NaOH treated and control starch samples (100mg

CBB staining solution (1m¢) was added to

dry weight), and the mixtures were incubated for
30 min at room temperature. The solutions were
centrifuged at 16,000 X g for 1 min at 4C, and the
resulting supernatants were discarded. Subsequently,
1m¢ of destaining solution (50 % (v/v) methanol, 10
% (v/v) acetic acid) was added to each of the
precipitates, and they were resuspended with
mixing. The centrifugation process was repeated as
described, and the precipitates were again obtained.
The centrifugation and resuspension cycle was
repeated five times before the pellets were finally
resuspended in 1mé of water. The color of each
CM-5

spectrophotometer (Konica Minolta Co. Japan), and

resulting slurry was analyzed using a

the b* values were determined for each slurry.

5. Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)

The extracted SSPs were dissolved in 10 mM
MES buffer (pH 6.0), and the supernatants were
collected after a centrifugation at 16,000 X g for 1
min at 4 C. Laemmli sample buffer was added to
the supernatant SSP solution, and the SSPs were
resolved by SDS-PAGE in a 5~20 % polyacrylamide
gradient gel (ATTO Co., Japan) according to the
Laemmli method". The gels were then stained with
CBB staining solution, and subsequently destained
using destaining solution.

6. Statistical analysis

Analysis of variance was conducted using Statcel

(OMS Publishing Inc., Saitama, Japan).

subjected to

software
Data
(ANOVA), and if the means were significantly

were analysis of wvariance

different (p < 0.05), they were then compared using
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Fisher’s protected least significant difference
(PLSD) test. Pearson’s correlation coefficient was
also calculated”.
7. Protein identification by LC-MS/MS

The protein bands separated by SDS-PAGE were
digested in-gel with trypsin. The gel fragments
were excised from the gel, and were then decolored
with a solution of 30 % (v/v) acetonitrile and 25
mM ammonium hydrogen carbonate. The fragments
were then reduced with a solution of 10 mM
dithiothreitol and 25 mM

carbonate, and alkylated with a solution of 55 mM

ammonium hydrogen
iodoacetamide and 25 mM ammonium hydrogen
carbonate. The treated gels were then digested
with trypsin (Promega Co., Japan).

All of the mass spectrometry experiments were
performed on an Agilent 6,530 Accurate-Mass
Quadrupole Time-of-Flight (Q-TOF) LC/MS/MS
1,260 Infinity LC high-
pressure liquid chromatography system ( Agilent
Technologies, Santa Clara, CA, USA). The analytical
length InertSustain C 18
column with a 1.0 mm internal diameter and 3 um

coupled to an Agilent

column was a 100 mm

particle size (GL Sciences Co., Japan). The mobile
0.1 % formic acid (WAKO Co., Japan)
( Kanto
Chemical Co., Japan). The injection volume was 5.0

phase was

with varying amounts of acetonitrile
14 . Peptide separation was carried out at 70 pf /
min with a mobile phase linear gradient of 2~90 %
acetonitrile for 30 min, followed by 90 % acetonitrile
for 5 min. The mass spectra were compared to the
subset in the NCBInr database using an in-house

MASCOT search engine.
Results and Discussion

1. Protein content and b* values of various

starches

The protein content (mg protein per g of starch)
and color (b*) of 0.1 % sodium hydroxide treated
starches and untreated starches were analyzed, and
the results are shown in Table 1. In untreated
starch, the protein content was highest for rice,
followed by maize, wheat, sweet potato, and lastly
potato. These results are similar to the findings of

1),9)~11)

previous reports . The b* values were highly
correlated with the protein content (r = 0.965), and
this result suggests that the b* value of CBB-stained
starch is an accurate indicator of starch protein
content.

The protein content of various starches was

Table 1 Relationship the b* value and the amount of
protein remaining on starch granules after 01 %
sodium hydroxide (NaOH) treatment
Results are the means calculated from three experimental
replicates. Data marked with the same superscript letter
within a column are not significantly different based on the
results of Fisher’s PLSD test (p<0.05).

Amount of protein

(mg per g starch) b* value
Samples
Control 0.1% NaOH Control 0.1% NaOH
treated treated
Rice 0.67¢ 0.19 —37.1° -32.1
Maize 0.57" 0.40¢ -30.3 —28.5¢
Wheat 0.37¢ 0.29" —22.1° —18.0°
Sweet potato  0.15¢ 0.06' -16.7¢ -125"
potato 0.10° 0.06' —5.7¢ —3.5

significantly decreased by treatment with 0.1 %
sodium hydroxide (Table 1). The amount of protein
removed during sodium hydroxide treatment was
calculated for each starch type as a percentage of
the total protein in the starch, based on the protein
content of the appropriate untreated control. Rice
starch had the highest protein loss (71.6 %),
followed by sweet potato (60.0 %), potato (40.0 %),
maize (29.8 %), and lastly wheat (21.6 %). Overall,
the amount of SSP that dissolved in 0.1 % sodium
hydroxide differed depending on the starch source.
These results suggest that maize and wheat SSPs
may be more hydrophobic and therefore less soluble
in the sodium hydroxide solution. Additionally, the
b* wvalues were also highly correlated with the
protein content, with the exception of rice starch.
and the
amount of rice SSP that remained after sodium

This correlation was expected, small
hydroxide treatment may explain the difference in
the degree of CBB staining.
2. ldentification of individual SSPs

The SSPs were separated and visualized by SDS-
PAGE (Fig. 1). Several proteins migrating at distinct
molecular weights were evident from each SSP
sample. We analyzed 19 bands by MS (numbered 1-
19 in Fig 1), and successfully identified 16 proteins
(Table 2). A granule-bound starch synthase or
precursor thereof was present in each SSP sample.
identified
among the wheat SSPs. Both aspartic proteinase

An alpha - amylase inhibitor was also
inhibitor homologue and cysteine protease inhibitor
7 were identified among the potato SSPs (Table 2).
Furthermore, we identified several storage proteins
including glutelin and prolamin from rice, gamma
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(kDa) Mw R M A Sp P suggest that the hydrophobicity of storage proteins
250 likely affects the pasting properties of the starch
150 granules. In addition, some of the potato surface
™ protein that matches on the database was not (15,
75— 14 17 and 19 bands: Fig.1). It will be necessary to
50— 1 O 8 . analysis of these protein.
37— y ig We examined rice, maize, wheat, sweet potato,
2 - and potato starch surface proteins. The protein
25 amm— 6 12 17 contents of their starch granules were different, and
20 M- - there was a strong correlation between b* values in
15— colorimetric analysis following Coomassie staining

18
‘- 7 10., 13, 10
Fig. 1 Analysis of SSPs by SDS-PAGE

The SSPs from rice (R), maize (M), wheat (W), sweet
potato (SP), and potato (P) were resolved on a 5-20 %
gradient polyacrylamide gel and visualized with coomassie
brilliant blue dye. Molecular weight markers were loaded for
reference (Mw), and their sizes are indicated along the left
edge of the gel (Mass). Numbers indicate individual protein
bands that were excised for further analysis.

zein (glutelin-2) from maize, globulin 3 from wheat,
and sporamin A from sweet potato. Collectively,
these results indicate that SSPs are primarily made
up of storage proteins. HAMAKER et al. reported that
adding dithiothreitol to reduce disulfide bonds in
rice powder slurry decreased the viscosity?”, and
DERYCKE et al. showed that SSPs covering starch

granules interfered with water absorption”. We

and protein content. Treatment with 0.1 % sodium

hydroxide decreased the protein content, and
accordingly b* value, for each of the starch types.
However, the amount of protein extracted by
sodium hydroxide was different for each starch type,
and we hypothesize that this difference reflects the
variation in hydrophobicity among the SSPs of each
starch. Further, we identified proteins including
starch synthases and storage proteins among the
SSPs. Storage proteins are commonly hydrophobic,
which may explain why SSP content affects the

pasting properties of starch granules.
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Analysis of Bacterial Biota Determined Using MiSeq
Sequencing and Culture-based Investigations
in Kishu saba-narezushi (mackerel narezushi)

NAKAGAWA Tomoyuki*®, KAWASE Takato*
and HAYAKAWA Takashi*

*  Faculty of Applied Biological Science, Gifu University, Yanagido, 1-1, Gifu 501-1193

The microbiota of Kishu saba-narezushi (mackerel, Scomber japonicus), which is manufactured in the
Hidaka region of Wakayama Prefecture, Japan, was analyzed using MiSeq sequencing and culture-
based investigations. The dominant microbiota in Kishu saba-narezushi was Lactobacillales (98%), and all
isolated strains were identified as Lactobacillus plantarum. From these findings, we concluded that

including Lb. plantarum
fermentation of Kishu saba-narezushi.

Lactobacillales

is the major component of microbiota

in late stage for

(Received Jul. 25, 2016 ; Accepted Oct. 27, 2016)

Key words . Kishu saba-narezushi, the Hidaka region of Wakayama Prefecture, bacterial biota,

lactic acid bacteria, Lactobacillus plantarum

MGz L, ABRILEH S, AW, ILERIN, Lactobacillus plantarum

Narezushi is a fermented food made from salted fish,
mammal, or bird flesh with a cooked carbohydrate,
usually rice, and it is found only in regions of Sout-
heast and Northeast Asia”. In Japan, narezushi is a
traditional local food, and thus several types of
narezushi have been developed by the indigenous
populations using various kinds of local fish, e.g.,
samma (saury, Cololabis saira)?, ayu (sweetfish,
Plecoglossus altivelis altivelis)”, aji (horse mackerel,
Scomber

Trachurus japonicas )"™", saba ( mackerel,

)P and other fishes, and these recipes

Jjaponicus
have been handed down to successive generations
in each of the regions for many years.

Generally, narezushi is processed by lactic acid
fermentation. In this fermentation process, lactic acid
bacteria play an important role. Lactic acid bacteria
produce a large amount of lactic acid in various
narezushi, and the pH of the narezushi is kept low
after the fermentation process. Therefore, narezushi
utilizes one of the best preservation methods for
perishable proteinaceous foods, especially fishes.
Indeed, bacterial biotas in several types of narezushi
from some regions have been analyzed, and lactic
acid bacteria were the dominant organisms in all of
2)~9)

these narezushi

Kishu saba-narezushi 1s mainly manufactured in

people’s homes during the autumn season in the
Hidaka region of Wakayama Prefecture (Kishu),
Japan. In the case of Kishu saba-narezushi, salted
saba is placed on cooked rice, wrapped up in leaves
of Arundo donax (Fig. 1), and then placed in layers
in a wooden tub while being weighted down. Kishu
saba-narezushi is fermented from a week to several
months under anaerobic conditions. As a result of
this process, the flavor of Kishu saba-narezushi is
distinctive compared with that of other narezushi.
Fujm et al. reported on the bacterial biota in Kishu
saba-narezushi, and its dominant microbial flora was

Fig. 1
mackerel)

Image of Kishu saba-narezushi (narezushi made of

(A) fish portion (saba [mackerel]), (B) rice portion, and
(C) leaves of Arundo donax.

§ Corresponding author, E-mail : t_nakaga@gifu-u.ac.jp
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composed of Lactobacillus (53%) and Streptococcus
(33%) strains”. However, these strains were identified
only by phenotypic characteristics, and there is no
detailed data on the microbial population in the Kishu
saba-narezushi.

In this study, we analyzed microbial biota of Kishu
saba-narezushi in the Hidaka region of Wakayama
Prefecture, using MiSeq sequencing and conducted
culture-based investigations using the 16S rRNA

gene sequence.
Materials and Methods

1. Kishu saba-narezushi sample and contents of
organic acids

Kishu saba-narezushi, the fermentation and maturation
periods of which were 5 days (2015, Nov 26-30),
was collected from a local manufacturer in the
Hidaka region of Wakayama Prefecture.

Contents of organic acids of Kishu saba-narezushi
were analyzed by the method described in the
Standard Methods in Food Safety
Regulations™. In this study, we used two samples of

of Analysis

Kishu saba-narezushi (n =2). Thus data was shown
as average of measured values and absolute error.

2. Isolation and identification of lactic acid bacteria
(10g) of Kishu
emulsified in 90mé of sterile water and blended for
60 s (Stomacher 400 Circulator, Seward, London,
UK). The sample suspensions were diluted in sterile

Samples saba-narezushi were

water and appropriate dilutions were spread on
MRS plate (Lactobacilli MRS Agar ;
Dickinson and Company, Franklin Lakes, NJ).
The 16 S
bacteria were amplified from the colonies via the
colony PCR method using the primers 20F and 1500
RY.
3. MiSeq sequencing

Becton,

rRNA genes of isolated lactic acid

From samples of Kishu saba-narezushi, we
extracted total DNA wusing a NucleoSpin Soil kit
(Macherey-Nagel GmbH & Co. KG, Germany). The
V3-V4 variable region of the 16S rRNA gene was
DNA using the 16S
metagenomic sequencing library protocol (Illumina,
CA)™.

assembled using fastg-join (ea-utils version 1.1.2-537).

amplified from the total

San Diego, The paired-end reads were
The primary processing of sequencing reads and
clustering into operational taxonomic units (OTUs)
were accomplished in the context of Quantitative
Insights Into Microbial Ecology (QIIME, version
1.8.0)".

Results and Discussion

At first, we performed a general chemical analysis,
i.e., the pH and contents of organic acids. The pH
of Kishu saba-narezushi was 3.93+0.08. Fujm et al.
previously reported that the pH of Kishu saba-
narezushi was 3.95 (fish portion) and 3.75 (rice
portion)?. Additionally, the organic acid contents
such as lactic acid and acetic acid in the fish portion
were 9.85*0.15 mg/g and 0.51+0.02 mg/g, respectively,
and those contents in the rice portion were 8.70 =
0.00 mg/g and 0.48 =0.05 mg/g, respectively. These
findings are similar to the data obtained from
commercially available samples reported by Cuanc
et al. (lactic acid, 11.4%0.76 mg/g; and acetic acid,
2.06=0.12 mg/g)"”. These results suggest that lactic
acid fermentation occurred in Kisyu saba-narezushi
and that the lactic acid contributes a sour taste to
Kisyu saba-narezushi, as it does in other narezushi.

Next, we tried to determine the count of viable
lactic acid bacteria in Kishu saba-narezushi. In Kishu
saba-narezushi samples, the maximum viable plate
counts were 3.3X10°+2x10* CFU/g.

We also identified the microbial biota in Kishu
saba-narezushi. For our sample of Kishu saba-narezushi,
83,959
phylogenetically. These clones were classified into

sequences were obtained and analyzed
336 OTUs. However, only two major orders were
found in the bacterial biota of Kishu saba-narezushi
the dominant order was Lactobacillales (98%) and
Bacillales ( Table 1). The
dominant family was found to be Lactobacillaceae
(85.4%), followed by Leuconostocaceae (3.7%) and
(Table 1).
genus for most reads belonging to Lactobacillaceae
could not be identified (78.9% ), although these
reads did include the genus Pediococcus (4.0%),
(2.5%), and Weissella (0.1%) (Table

1). From these results, it was suggested that Kishu

the other was most

Streptococcaceae (3.6%) However, the

Lactobacillus

saba-narezushi contains a Lactobacillales - dominant
microbiota.

Finally, we attempted to identify the dominant
Kishu
selected 12 single colonies from the narezushi using
the MRS plate, and the 16S rRNA sequences of all
strains had high homologies with the sequence of
Lb. plantarum subsp. plantarum NBRC 158917 ( >
99%) (Fig. 2). On the other hand, strains of genera
Leuconostoc, Streptococcus and Pediococcus were not

although 16 S

species in saba-narezushi. We randomly

isolated from Kishu saba-narezushi,
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Table 1 Read statistics of Kishu saba-narezushi
Order (number of reads) Family (number of reads) Genus (number of reads)
Lactobacillales 82,259 (98%) Lactobacillaceae 71,688 (85.4%) not identified 71,688 (78.9%)
Pediococcus 3,394 (4.0%)
Lactobacillus 2,072 (25%)
Weissella 79 (0.1%)
Leuconostocaceae 3,107 (3.7%) not identified 2,582 (3.1%)
Leuconostoc 446 (0.5%)
Streptococcaceae 3.015 (3.6%) Lactococcus 3,004 (3.6%)
Enterococcaceae 604 (0.7%) Enterococcus 604 (0.7%)
Bacillales 1,607 (1.9%) Staphylococcaceae 1,601 (1.9%) Staphylococcus 1,601 (1.9%)
Strain 10 (LB47) LC159535
Strain 6 (LB43) LC159531
Strain 12 (LB49) LC159537
Strain 5 (LB42) LC159530
Strain 7 (LB44) LC159532
Strain 4 (LB41) LC159529
Strain 1 (LB38) LC159526
L. plantarum subsp. plantarum NBRC158917
Strain 3 (LB40) LC159528
Strain 8 {LB45) LC159533
Strain 2 (LB39) LC159527
Strain 9 (LB46) LC159534
0.05 Strain 11 (LB48) LC159536
L. plantarum subsp. argentoratensis NBRC 1064681
L. pentosus NBRC 1064677
L. paraplantarum NBRC1071517
L. fermentum NBRC15885~
L. homohiochii NBRC15887T
L. kefiri NBRC15888"
L. brevis NBRC1071477
L. sakei subsp. sakei NBRC 158937
L. sakei subsp. carnosus NBRC1078687
1. casei NBRC15883
L paracasei subsp. paracasei NBRC | 58897
1. rhamnosus NBRC3425"
L. pobuzihii NBRC1032197
1. delbrueckii subsp. lactis NBRC102622"
i _@ddhrwck:‘x subsp. bulgaricus NBRC139537
1. acidophilus NBRC139517
Flavoba fuin algicola NBRC 1026737

Fig. 2 Phylogenic relationships of the isolated strains from Kishu saba-narezushi and
several related species based on 16S rRNA gene sequences

The branching pattern was generated by the neighbor-joining method.
The bar indicates 0.05 nucleotide substitutions per site. The sequence data are cited from

GenBank.

rRNAs from these genera were identified in the
These

metagenomic

findings support the result of
that is
dominant microbiota in Kishu saba-narezushi.

In this study, we showed that the dominant
in  Kishu

acid bacteria, Lactobacillales

sample.

analysis a Lactobacillales -

saba-narezushi was lactic

(98%) .

microbiota of several narezushi have been reported ;

microbial biota
Recently, the
saba-narezushi® ,  Mie-narezushi® , Mie
Noto
samples, Lactobacillales was the dominant microbial

in  Mie ayu-

~7) 16)

narezushi®, aji-narezushi”’™", and  funazushi
biota just as it was in Kishu saba-narezushi. Taking
indicate that

bacteria belonging to the Lactobacillales may play

these reports together, our results
important roles in the fermentation of various types
of narezushi.

isolated from Kishu saba-

Moreover, all strains

narezushi were identified as Lb. plantarum (Fig. 2).

From all findings in this study, we concluded that
Lactobacillales including Lb. plantarum is the major
component of microbiota in late stage for
fermentation of Kishu saba-narezushi. It was reported
that the dominant microbial flora of Kishu saba-
narezushi was Lactobacillus (53%) strains, and they
were identified as Lb. plantarum, Lb. alimentaria, and
Lb. coryniformis via the colony picking method”. In
contrast, MATSur et al. reported that the most
abundant species found in Mie saba-narezushi was Lb.
curvatus (51.1%)%. At this time, we are not able to
determine the exact cause for the difference in
microbial biota between Mie and Kishu saba-narezushi.
We speculate that one of the causes for this
difference is related to the leaves, Arundo donax,
which are used for wrapping up the salted saba
that is placed on the cooked rice. Our next study

will focus on @ identifying the origin of the
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microbial biota of Kishu saba-narezushi, @ observing
transitions of microbial biota in Kishu saba-narezushi
during its fermentation process, and 3 refermenting

the saba-narezushi using isolated Lb. plantarum strains.

The authors thank Mrs. Junko
Nakagawa who provided Kishu saba-narezushi samples
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A Gene Expression Method for Evaluating Freshness
of Spinach (Spinacia oleracea L.) Leaves
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To date, the freshness of vegetables is evaluated mostly by appearance. In addition, several quality-
related compounds are used to estimate the freshness; however, this approach is challenging because
the initial amount of these compounds is affected by the cultivar or environmental conditions. In this
study, we demonstrate a new method to evaluate the freshness of vegetables based on gene
expression. Subtracted cDNA libraries were prepared from spinach (Spinacia oleracea L.) leaves before
and after storage. Nucleotide sequences of these genes were determined. Expression of these genes
was verified by northern blot analyses of RNA samples from leaves with different storage period.
Specific marker genes, suitable for evaluating freshness, were selected. We developed a method of
semi-quantitative multiplex PCR with combinations of these genes that can visualize the changes in
freshness during storage. Using this technique, detection of the physiological changes in spinach was
possible, even before the appearance of leaf yellowing. Application of this method enables the detection
of differences in freshness under different packaging conditions based on gene expression.

(Received Aug. 18, 2016 ; Accepted Nov. 7, 2016)

Key words : freshness evaluation, gene expression, spinach, subtraction, multiplex PCR
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Ly 7 ZAPCRIZE o T, HFEH OEETFHBIOZE %]
AL, WK ZEERIFR KT L EATE
72D THET 5,

MRS LU HE

1. % #

AL ryywid, HROFY L Y7 4] (20094E 5
HI1IABA) 2Hwi, RYF L 4 (PEL, 280mm
X 390mm X 0. 03mm) (ZHT Y & AW L T10C Tl L 72%

AL ryyol, FEo HE, Eo—FHIZReReilss
BOOSNDL 4 ICTEES Y T) Y7 LTC, GWET
-80C THRE L7,

2. BIZTHEIR

BFEOH 4H @ % » 7 )V % # # 12, RNeasy
(Qiagen) Z#HWTRNAZHM L7z IFELOHE 4 HD
S S U 72total RNAIWE, Super SMART PCR
cDNA Synthesis Kit (Clontech Laboratories, Inc.) T
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F£1 ATV Yy EEHNNS— b —FEHEET OBlastf#ir
ra—>% Accession # & ELYp T)—F—a v (EE -y N ES) KL s

SO_F130 LC164192 469 Beta vulgaris

SO_F167 LC150043 951 Ipomoea batatas

SO_F175 LC164193 577  Amaranthus cruentus

SO _F185 LC164194 821 Suaeda maritima

SO _F188 LC150044 393 Atriplex nummularia

SO_F304 LC164195 773 Ricinus communis

SO_F308 LC164196 429  Arabidopsis thaliana

SO_F309 LC164197 777 Quercus robur

SO_F325 LC150042 1317  Ricinus communis

SO_F326  LC164198 787  Populus trichocarpa

SO_F327 LC164199 618  Mesembryanthemum crystallinum
SO_F332 LC164200 799 Arabidopsis thaliana

SO_F337 LC164201 613  Populus tremula x Populus alba
SO_F347 LC164202 1236  Artemisia annua

SO_F372 LC164203 817 Ricinus communis

SO_F376  LC164204 740 Theobroma cacao

SO _F382 LC164205 555 Atriplex nummularia

SO _F392 LC164206 361 Ricinus communis

SO _F402 LC164207 775 Beta vulgaris

SO _F410 LC164208 586 Ricinus communis

SO_F422  LC164209 579  Mesembryanthemum crystallinum
SO_F440 LC164210 553 Ricinus communis

SO_R137 LC164211 507 Ricinus communis

SO_R141 LC150041 801 Spinacia oleracea

SO_R156 LC164212 804 Arabidopsis thaliana

SO_R163  LC164213 669  Solanum lycopersicum
SO_R169 LC164214 740 Spinacia oleracea

germin-like protein

cysteine proteinase-like protein
metallothionein

catalase

salt-induced hydrophilic protein
ATP-binding cassette transporter
phospholipase C

formate dehydrogenase
polygalacturonase precursor
calcium dependent protein kinase
salt-induced AAA-Type ATPase
esterase/lipase/thioesterase family
drought-stressed

2-alkenal reductase

copper ion binding protein
aspartic proteinase
S-adenosyl-L-methionine synthase
lactoylglutathione lyase
germin-like protein
wound-induced protein

vacuolar ATPase subunit G
endo-1,4-beta-glucanase

uv excision repair protein
chlorophyll a/b binding protein
translation elongation factor
stress-associated protein 3

CP12

283/354 (79%)
456/653 (69%)
212/260 (81%)
395/451 (87%)
178/256 (69%)
364/492 (73%)
326/429 (75%)
505/625 (80%)
607/871 (69%)
579/740 (78%)
542/611 (88%)
438/644 (68%)
118/134 (88%)
558/743 (75%)
431/606 (71%)
498/665 (74%)
517/557 (92%)
124/166 (74%)
536/660 (81%)
263/360 (73%)
308/381 (80%)
402/551 (72%)
133/160 (83%)
701/717 (97%)
210/237 (88%)
135/171 (78%)
516/521 (99%)

H HBIETORYIRIE, Blastii®%, Accession#Z ki lCF—ALH % & L EE T OME L KON & —EHIHIRZ 1T o 72720, 4F
FrHERORYE CHk6) xR e s, WM, 7/ —7—Yary (BHE- ¥ 0 378%), FUEIHERO S O,

5794 ~—%xat L, Wl HBD % % 35 ORNA
WHIk9 5cDNA%ZF > 7L — k& LTTaq polymerase
(TaKaRa Ex Taq HS, # #9354 + X&) 2 H
WTPCREZAT, IR B b e L CTHRINITRED &
PHET L2 (5F— 7 B8 o

EHIL, HBRETIHS L THEBEISNLINFOREH
R BHAET, FROOBIEAIM L TIThs D,
HBEVEFENLDT T A X — DB RAILFE LG L
7oo MHMTH WS % 3K 2 1R T

PCRIZ, H—~ V#1755 —(TaKaRa PCR Thermal
Cycler Dice, TP600, % 71 554 F#&4t) #HW T,

F# 3R TEMTIT o 720 PCREWIX, 2% Agarose S
(ZvEYY—V) ZHWT, 1 XTBETEX K %17
W, EtBrogefn L CHIIE S N2DNADN Y FEHH L
720

E5Z, BRLAETEZHWT, 10CT7 HER AL
Wt LR YLy vy (B vyaoE s
(FHh Dy A), WRIEVIEIT LR BT &M
THEE, 20154 2 H1I0HHE) o T nizonwT,
R E AT o 720 WEGAERTIE, RYZFL V4 (PE
4%, 280mm < 390mm X 0. 03mm) (ZEAE 5 mdD /¥ FRE 8
I 72d0 (KYF47arrva—i), PEHRY &

%2 RTPCRIZE 2k LYy HEEHRI~ — 7 — ORIV ISBET 70— Y 4B X O
TIAI—BHEWIEINE T 7 XA MR

ru— 4 v AR 7 v F v AE RS T AVE
SO_R141 TTCTAAgAACCgTgAgCTTgAggTg AggTTAgTTgCgAAAgACCAAgCAT 509
SO_F325 CCggAACACgATTTgAAgAATTACA gAgTgACAgggTCCAgAgAATTTgA 403
SO_F167 gATCTAAATCCgTCCCACACTCTCC ACAgAgTTCgACgAAggTTgTgAAg 309
SO_F188 TAgTAgACgCggTTCCCgTATTCAT AACCAAAgCAAACCCAAgCAATAAT 170
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#3 PCREREMEEB L UPPCRT T T A

PCRIUS

Template 05 £
10 X buffer 1.25
dNTP 1.0 we
Mixed primers* 3.25 wl
H,O 6.4 1l
Ex Eaq 01 0
Mixed primers* i BEHE
SO_R141 & ¥ A 20uM 2
SO_R141 7 ¥ F+& ¥ A 20uM 2
SO_F325 ¥ Zfll 50uM 8
SO_F325 7 > F+ ¥ A 50uM 8
SO_F167 ¥ Zfll 20uM 2
SO_F167 7 v F+t ¥ Al 20uM 2
SO_F188 > 2l 20uM 1
SO_F188 7 > F & ¥ A 20uM 1
PCR7u 7 7 A

96T 2 min

96T 30 sec

62C 1 min 25 cycles
72C 1.5 min

72C 7 min
4T 00

W, PERMUELT, £THRELLY YT VB X
O, WrEBItARE (0 H) o> 7vE, —80TC THMSMHE
frL, Eit& Bk L3 CTRNAZ M, 1xg®RNA
P HcDNAZ SR L CPCROT » 7L — bt & LTHW,
TOVESKKE) O BB, How Sz VOJPEGY
7 A4 WV &, 7 VN Y 7 bGelAnalyzer 2010a
(GelAnalyzer.com) %W TiTo72,

BRBEVEE

1. YT b33 ic&BEshi-yO0->

AL YYD THREBEIZLT 2851
DITATI)—=EHT, Bohizru—rOEIERT
AT L, BESWINT 2BMEETFOIATTY) —
(F¥ V) —X) 25153M, FII»WAT 2 BMEE T O
FA T — RV =) %53V @BART-BLH A
57z,
FNHDTRTIZOWTBlastRRFE 2T 72 & 2 5,
S »OFUEETHe Yy b LEEETOI B, FUY
— AT, 7ur7—EZ2a—FLTwbEEzZoN15
bop2rra—r, PEIKGHEZEEZI—-FLTW5 b
D6 rua—r, FoOMILTNVI—Fe FarF—
YR, MALEITRER, BRI Y Y808, ¥+,
A3 F X ANETI—=FRLTWABIILTRERD -7,

7, RVY—XTiE, 70u7 4 va/bkia sy w37
B EhfEohiz,

Blast#i3 T, BEAIOBIZ TR & OFUMEA <, No
significant similarity found & 7 - 72 & O 5348 & - 72
B, INSIRESHE, BEETICEDLIICHES LTS
DS O BIENDFEI2 N5,

2. /=¥>rJOv MEHR
tRcELN7a—rvohys, RIIORT 2D
70— 20T, ) TR0 L ) —
Fr7ay MOHTHNZZE 2, IS THH
A S AT 5 2 v — > L LT, SO_130, SO_F167,
SO_F304, SO_F308, SO_F325, SO_F332, SO_F372,
SO_F402, SO_F410, SO_R1372%# 5N 7z (M1). F
7z, WIS PE - THRBHA T 70— L LT, SO
R141, SO_R156, SO_F185» % &7z, —7F, SO_F175
RSO_F188D X H 12, FHmELI D ru— v bAE
e L720 SO_FORFNIRFE - THBABEIN T 2 i
{ZF, RO_RDZAKIIIFHIAE > THRBSHA T 5 #1E
TR L7294 T5)—THDH, i, WOFH
F—VRRTIU—=UYPBHY, S —F IR ET- T,
RHNG — VBT HIEIE ST, HOFB Y —
VERTBIET /70— T 5 2 e STE T,

WAL > CRAR RIS 2 85Tk, A

74 r7as7r7—*¥ (SO_F167) KRV A S 7 F=2aF

-

SR (H) SR (H)

012314 012314

SO_F130 - SO_F372 -
SO_F167 - SO_F376 -
so.vrs [ o+ [N
SO_F185 - SO_F392 -
SO_F188 - SO_F402 -
SO_F304 - SO_F410 -
SO_F308 - SO_F422 -
SO_F309 - SO_F440 -
sorzzs [

SO_F326 - SO_R137 -
SO_F327 - SO_R141 -
SO_F332 - SO_R156 -
SO_F337 - SO_R163 -
SO_F347 - SO_R169 -

K1 YLy EEHN~ — A — s E T o

J—=¥rTay M
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—VPHiERR (SO_F325) 7 EXHERTE 7z —J7, W
o THEREAPBAT L2EETTIX, 7207 14 )ba/b
Way vz (SO_R141) % EDHERTE 72,

INLOHRPS, BESHEBETS54 I VPR L
HEEFEMAGDLEDL I LIZE 5T, BHEOBKBOT
MUREEEZ bz ThbLEINLOBIETE, I
HElw—A— & L THBOBETORAZ KT L
W&o T, MERKTOERARLGEZLHLXLIENTES
botEZ NI,

72, GEEOAMBIEEE T, # b EAMBlO LS
ETHOTHERTIRMEIND D, SRMH LTS
FHETIE, FICEZ > TRIETRHEIZLT 2 8%
R L T2 720, SMBUTEEABIN S BT
DOMABEZEBEIICHRHLTEBY, #ELThLby
HOTIERL, BHICHEILOREEZ L L2 ENTE
52 L, BIRENERETSIZTHAY v b
hbeEZLNT,

3. YILFTL v APCRE

BEOBET ORBEE B EICRB TR R s L
TlX, v VF 7L v 7 APCRICE BN ASE Y &£ 2 5
niz7z9, Wt THRBE WA T 27007 4 )va/
b¥si& ¥ 8278 (SO_R141), HFICHE - TIEH A
mssy254v7a57—+¥ (SO_F167), KU A5
7 F2uF—VHikkk (SO_F325), B & OIFEIZfES
FEBEALDVN S WIEFEBUKE S ~ 32 H (SO_F188)
a2y bhua—)LE LTHWT, ZN5%20E&DDOPCRK
IR TR T BB 22 5 & WaT L 72

BARMIZIE, ¥—7y MEIEFIEIC, 2% BPCRY
STAYMPHWIREINE LI, TIA4~—%FEEIL
(F2)e TNLEDTFTA<—ky FTLICEIEBYD
T IRV IAVEERWICHIES N A PR L7214, &
HERAE L TCPCRIGE LTORERIGARE VW &
R L (F—F AW, 512, FHTFORB%
BIET 25610, BROBHENRE(RLLLVE)
2, 794 ~v—ty bE, RIITRTEHETRAL,
U< % 3IRTEMTPCRZ AT o720 B L7zk Y L
YV EHWT, FEETORHEZIELHREZX 2
[N

raa7 4 Vva/bfEa s vy Ea— FLTW5ASO
R4, 7 =% 7 oy MM & EERC, EERMPCR
THIFRI - TRBAPWA L2 —F, YATA VT
a0y 7—¥%3—FLTW5ASO_F1671%, MIyek 1 HH D
LHEMPBALNT-DIZH L, RUFTF 7 Fa2ud—EH
BRfk%Z 2 — F LCTWwbSO_F325id, Hrei2 HH» S5
MBI L 72 F72, EFHEBOKM: S > 87 B SO_F188i3,
IR > THRBlEO 2L D % {, PCRIUSDHERD
OIEHTER D EEZ BN,

INRSORRIE, BB OFRY LYYy TR, BEN
KT LCaBliciE b Z b ins £ Clz, 7uuo7 4
WAEE S N HBIEFORHAPRA IR T T 5L LD

(Bifiriets)  BRFRINCEHED BRI % 251
(A) (B)
iRk I ()
01234 Sy REI (1)
SO_R141 01234
SO_F325 \\\\\\\\

o

e

K2 FvlLryyotEEHil~—h—#ato/ —Fr7u
v b (A) ERERB<VFTL v 2 APCR (B) & Ot

SO_F167

SO_F188

2, BROVFA I NVIHEKRTE VAT Ta T T —
YHRIZTFR, OGS HFFRBIZF OB 28
BREFNENRL LA IV TRETE), Thbk
HAEDELZEIZXY, WG S EOFLHI U F
5 TONEPSHFI LIS WIEITY, @ifnTR3lx
HRHZ LWL T, HEKTO#ARLGZRBTE S
boLEZ NI,

IFE SR L BT, 7 HT, U FREH
\F7-PE4ETIE, ZEAELORNENENLL, FrhA
ATIE—HORNEICHT PIHEHLSA SN, BHTIE
T A LEALD o 720 BFRBHIARICZ S BBIL T
72SO_R1411%, I ¥ MO — @8 v F K % BT 7-PE4S
TIRFEBAWMAT 5 —75 T, SO_F1672%5H < FEBLL, SO
_F325855 K BB L 720 BRIKE LA27X VB XU,
GelAnalyzer2010alZ X % 57> ¥ b A F ) —f# M7 O 5 B
3R T, I HIAKEIC LR, PERM @O
TRBEAPCBIZAL R, ROTPEHR ) Z AwE
DETH 5720 TDZ &%, PESHALEE D LB E
Modified atmosphere (MA) JRFEEIZZ Y, XK\ TPEH
N 2 ALENTYOMAIREE, /S FREZMITZPETIZ,
2R L[ U ARE D 72 OMAIZ X 5 G AR Rh 513 70
WwWhorkEz oz, SO_R141ik, 2 uua 7 4 va/
bEET UN B a—FLTWAZ RS, HEICE
AR E R L TWwAbDEEZ SN, $77,
SO_F1671%, Y A4 v 7us7—FE42a—FLTW3
ZEND, FYDOEBIHEY 7T IV BOY A 7 IVIZH
HLTwasE#Z25N, SOF32BERI AT F2aF
—PHilMAZ 2— FLTWB I 25, MBS
RICES L Twa o LS b,

J =W U, HERNES EORNADLET, &
W32 F TCOEBRTFIMEIEMECTRER D255 ) 212,
il # DI T DV TENZIEGNARI T 2 LES D
5720 FNICH L CTPRERMPCRTI, SEALZRNAR
WL, GHOBIEDSHET, BV FTLy s
LT HZLIZE - T, —EICHEEOBETF ORI
WTHERHE T bTs 2 LB TEZAY v b
WEZ LNz,

PEDXHIZ, 22 TIZ4A2DEETFOHETIZES
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SO_R141
SO_F325

SO_F167

SO_F188

(B) 4,000
3000 | SO-R141

2,000
1,000
0

4,000
3000 SO_F325

2,000
1,000

0
4,000
3,000
2,000

1,000 -
0

4,000
3000 SO_F188

2,000
1,000

SO_F167

AXFI > 7 F VR

0 A B C
K3 WESLMEORLZLZEYL Y yEREE 7 HB10C T
HL7AOENN~Y — 4 —BIETORE (A) &
GelAnalyzer2010a% Ji\v 727> ¥ b A b Y — TR (B)

0 : IFiBnE, ARV FROBHLEYTZFL Y (PE) A,
B:PE# ) A%, C:PEREHAYE, M:~—7H—

T, WEBGER»S, bTHLRTSAOND T TOERR
MM 5 L ASTED, SRENOBET I -
OMERFIZLY, SHICHERAT v 7 THERT O
AEGERFTELLOLHERING,

L, INSOBEETREOERIE, Mo #ics
FAEERHEEREZEE TSI LICL T, K DEEE
KT O VEFHEHDOREIZOHVSE Z EAhELE
oMb, E5I2, BB~ —H—ThAEEHN~—7
—OfEHE L LS, ERTOEERE & 58570504
FETENL, EROBHER L T-HIEZ OFEY 2 FH
LT, TREBAYICEERE IR (BN 7275 W o R 81
DRPVBLIREEDL DL, SHOWFEDILADITHIIFEL
72\,

Alnl, BIZFRIOZE BN, THALT 52 L2
HLA, FRMIIEZO L) KT TS
%2 b% FEMIEM IR T & UL, REOHYR A — 8
—DEHTOFH SN RN D 50 T D720 DIERE
ELThH, BIETRBICX AEEFMIZOWT, 512

LT =8 Z RS 2 LEND Do
E I

INET, BROMEEINBII LS TEHishsZ &
DL olze EBIT, WHIZH Db DEE L TG Hsik
DHENH DN, MR ER LM L > T oS
EOPKELRELR LD, GEETCTHELH#ET S
LIZHNEETH o 720 SRIORERT, 2B, #ET5%
BlARH L CHREORBE LT 28 L ke BEt L
2o AT LUV TEHWT, UERHROY TS 27 Vg
YcDNAFA 77 —%HEL, WWKOH# THRIAIE
L9 % Bn T OIS % R~ 7 e Bk 2 HE O
TN LI LAZRNAZ T/ =T uy My
WICHEIETRREMRL T, BHEFMICE L 2~v—h —
DB OBIETERE L. INOOEMETEHA
HhET, PERNTILVFTL Y 7 APCRETH 2 &I
Lo T, WEICHE D SFEOELE WAL T 5 k% %
L7ze SOHEZHCLIEIZE ST, SMREIZHEDOR
LSBT BHI DR T, ALy o TIHEGROZ%E
LIS T 2 BT OZLE R TRETH 72, EH
2, ZokEE T, SEFESGORLRLY TN
BT AEERTOREDENE, BInTHRHETEHEE
LTHI$AZENTE,
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