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Evaluation of 3M Molecular Detection System for detecting Listeria
monocytogenes from food samples

Susumu KAWASAKI*!, Mari Mochida', Mie Saito', and Takatoshi Moriyama?
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2 3M Health Care Limited, 33-1, Tamagawadai 2-chome Setagaya-ku, Tokyo 158-8583, Japan

Abstract

The culture methods (ISO 11202-1) were compared to 3M Molecular detection system (MDS) for Listeria monocytogenes

from enrichment cultures of various types of artificially inoculated ready to eat (RTE) foods. The MDS assay was evaluated

in 12 types of spiked samples, including meat, fish, sprouts, and dairy products for L. monocytogenes. The MDS assay also

evaluated in inoculate ground beef samples. Beef samples contamination levels is 0.66 most probable number (MPN)/g were

used for recovery study. Twenty test portions (5g) of the contaminated beef were pre-enriched, and MDS assay and the

culture method (ISO 11290-1) was used thereafter. An excellent agreement was obtained for the results of MDS assay and

culture method, which suggests that the MDS assay is a reliable and useful method for rapid screening of L. monocytogenes

contamination.

Keywords: 3M Molecular detection system, L. monocytogenes, rapid detection, foodborne pathogens

* M (Corresponding author) , skawasa@affre.go.jp
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NI R—=)VF—X + + + +
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Inoculated Beef Samples (5g x 40 samples)

20 samples / \9 samples

[ 5 g of sample + 45 ml of TSBYE

Total enrichment time l

[5 g of sample + 45 ml of Demi-Fraser broth ]

———————— -——-f

___________________ v ==

1
_[ Incubate for 24 hrs. ] 1
?

Y.

[ MDS detecting and selective plating on ALOA ]

!

[ Isolate by serological test ]

2. MDS &8 5ETDL. monocytogenes 1 HILEIEER D X & — L

F 5/ L, Tha 2 3RBIX TE20MH 3 D 17ER
L7z, &FHBXIZOoWT, Hik#&5 (TSBYE, B
X U'Demi-Fraser) % %45 mL 3 2l 2, 35T T24HF
IR L7z, RGO &£REMIE, & 1oL 320
EEEFICB L, 20T THE B ISR L 72112 MDS
X BRI B X OEET RN L. I
2, BEEEW A D L. moncytogenes D e 7B Bk % S0t L
7z. TSBYE DRRERIX TlE, & 5 (Z24RERHE 8 % Mkt
L7z. —74, Demi-Fraser 55 #b O 3 EX[X TiZ, 0.1 mL
%10 mL O Fraser 55 HIC R L, B5e % 240 i kfe L 72,
INSBFEEIPKT R, £2I12OWT, FEERDIS L.
moncytogenes D FRRER % Fhi L 72. 10 mL @ Fraser
FEHIZOWTIE, S5 IC24RE B2 Mkbe L, [IBRIC
Tl AR B & FEhte L 72

_

5. EEEEMMAEX Y MK B L monocytogenes D

T S HERD

KR WA A B D L. monocytogenes i 1X, ALOA -
WIC—HEF &ML T3HT 2U~48 R ET L L
Tiio7z. Bon-dmilaoo=—i, $E L T200 uL
DOPBSIZHEH LIN160 uL %, PufhiRii¥ v b SiglePath
L mono (Merck) {2t L, L. monocytogenes T& % Z &
iR L7z,

RMEBIEIZBWTDH, FRBREICTRE LS

725 DIZIEE D160 uL % SiglePath L' mono (2t L, L.

monocytogenes T % Z & IR L7z,

6. MDSIC X 2 &ERMIEES SV BEFHEBEREIC

N:¥ ;i

MDS (2 & 2 B 7 & OV B8R 1 B i BOe A
{% 3M Molecular Detection Assay Listeria monocytogenes
(3M) & ® H # 12 T 5 i £% 3M Molecular Detection
Instrument (3M) % H\WTAT - 72.

4. THFEWAE L7z, 24WER] 3 L OMBWEfRE#E L 72
BRAgwd, BHARMBRL 721, 20 uL 2@ ol ¥ »
b ®3M Lysis tube (LLF, Lysis tube) {ZM1Z, HnffliR
ﬂ] L7z, Ihke— b7y 7 TL00C 154 fmaz,

LIZHMIC20CTHHLTBWAEF VY Tay 2

%5’ L., 105 EI L 72, Lysis tube % £ i 45 J Al
f??‘: 5 4 L Lysis tube PN OBIIR 2 HAR LR S
, MR OREZ RIS D RE L. 2o E
AH20 u L % BIAL L 72 AR - HREAE A D o FUSE 2
BL, ¥XvT7q 72X RMSE% HHEER
T-H4IEHE3M Molecular Detection Instrument (2 & 1) 5
BIAFHES S22 $72, e, fHEobmt/ B
oy bo—VildE ez T UsOMERZ T 72, 75
SO BISE, L. monocytogenes DFE = fHE Y 7 b
7= TS X Y AR R = HEER L7z,



S

1. £HRNICE T 2BRERERR

Fraser 55 #b 35 & V- 30 I A Fraser B #8102 W C L.
monocytogenes % BB A B L (10'~10" CFU/mL), %
DIGFEH20 uL A5 MDSTEIZ X B BFdlT 217\,
RFWIFRS IS L2 TomLREL RO L
A, M EBHIZ10° CFU/ML & 5 5 M7z (Data not

shown) .

2. Ready-to-eat B TD MDS ;& DR H 5Tl sX5%

10° CFU/25 g D & 72 % X 9 L. moncytogenes % %
Tl U723 A 2 © O MDS #:12 X 2 i sk ekt 1 %
FK1UIWR L. 1 RIETEETHETd % Demi-Fraser 155 Hl
TR Lok 5 Tld, AE—2H—F -
<7 uF g L - HRF - AT IRV TF— AN 5
I MDS T EETH - 7228, DMK 5
WM TE o7z, EHICTO 1 KBRK0.1 mL %
10 mL @ Fraser B M2 L, 24FERIRE 2 L 72 Bk H o
TlX, ETOAMIZBVTMDSEIZ X 2 Hi23 1] /8
ThHo7.
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3. EKBEEREXICH T ZMERERR eSSt

e EE B et B

R BEREAR XS B 1T 5 -3 A 2> © o0 At Y IRk B2 kR
DIEREFRK 21K LT, L monocytogenes D 35T 1 £
B AERET0.66 MPN/ 5 g & 3K 5172, Demi-Fraser
Bl C— W L7226, MDSEIZ X 5 Btk i %L
F200fKH 5 KT, ST HIIRF L TORE L —3
L7z, 1 BRo R T, MDSETEMEL O
MR EE (MR No.24) . S 51 Fraser I L
THEAE % 24WE AT o 7oK TIE, B TRtk & o
N7z cMpSiEcTh B e E oz 1Bk
(1A No. 33) D&, HEPE TN TH - 7225, MDS
HETHEEERB SNz, T DFraserHi 2 IZ O W T,
BB &2 i Ll O PCRILICHE L 22 25, L
monocytogenes & 1O 5 2 & MR L 72,

Demi-Fraser, Fraser 55 LLAL D FikE 255 b 0 3 H 0
WHEVE A AT S 5 720, TSBYEWCBWTH, [EED
B % FE 0 L 72, TSBYE S T 24R [ 35 28 O W 11 C,
WL 5 NI MDS BRI X At L 7248, Bisg
BT3RS %, MDSIETIIMIETE Zeh o 72,
SHOICHEELRRHE T L& 25, FEETIE
WAL GO/ DD, MDSEHEIZTHMEE
BoNRZLDE3IHRETH - 7.

%£2. £HA%EAVL monocytogenes DISHEFHE S L Ui HHERTER.

TSBYE Demi-Fraser Demi-Fraser — Fraser
SampleNo. 24h 48h SampleNo. 24h 48h
1SO 11290-1 MDS 1SO 11290-1 MDS 1SO 11290-1 MDS 1SO 11290-1 MDS

1 + - + - 21 - - - -
2 - - + + 22 - - - -
3 - - - - 23 + + + +
4 - - - - 24 + - + +
5 - - + 25 - - - -
6 - = - - 26 + + + +
7 - - - - 27 - - - -
8 - - + - 28 - - - -
9 - - - - 29 + + + +
10 + - + - 30 - - - -
11 - - - - 31 - - - -
12 - - - - 32 - - - -
13 - - + - 33 - - - +
14 - - - - 34 + + + +
15 . . — — 35 + + + +
16 - - - - 36 - - - -
17 - - - - 37

18 - - - - 38 - - - -
19 - - + 39 - - - -
20 + - - 40 - - - -
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z ¥

L. monocytogenes DI IZEIZ TN FEICL 5
Fv MPEEBFEINTEZ LELENES, <D
Yity, COBMITESIREIZOMILZ I LY, d#0tf
FERRLRRN o - T oA R L, iRt E LE
LT DMMEN TR TH 5. RPFIFEOEIC X 2%k
ThoHWR, HOGHM XD b BHEE &SV & —&1
WZEZ o, POlEGRE LE L3 IHRIBTRE &
WIHFIEED L. LALEDS, TWRLAZED
(2, ARFELEE TR & FERIZB VT, ATP AV
797 —BIZLAMNMIKIERATP E DIV Y 7 2T —
ERICOMIEE LWL T 570, EBEORMIZHEG L
A EETRIBEIIEZ D 9 200, Batd
BB o7z F 7z, ARMOIT VB R R AR R
T3 THLEOH, WRETLLERHoT. SHITL
monocytogenes D AR ML, RN 2 A% FR Pl
DPLBETH 2 2 & RBAZZTH, AT IRIC
B 2R A L 723 T100C 1590 #A 3 % D A
EWVH DTG HNERETH ), o=z
DWTH iR E EZ b

BRI RICOWTHE L2 25, MDSHEEIC
X DY, 20 uL ORI % 680 u L D ASE
DA ZRABE I 2 TG S &721%, 20 LEA
20 uL 2 HEEE TS E IS 52 &2, H
b, H#EH1235 CFU/20 uL (1.8x10° CFU/mL) f#4E
F UL 1 copy DEER AR FAPUSEICA D, BIEE
SR ZEZEERD. L2L, SROREKET
&, B EEIX10° CFU/ML & FIERME L ) LSS
Nz &5, MDSHEEIC X A4 F v b Tiddhiisy
O T & AR L7z, AR Tl 0o & 2
FLEd, HMABHEIC L A EMEREOILER & R4
NIRRT Z AFIEIEH 2 D00, MR R
A VikEAREYTH - 72,

Mo @Sl B TIiX, EWNATL
monocytogenes DM AHE SN TV B ELR L OV 2
e LT L2, GRIEREROME R, AE—2 % —%F
voexrug oz - HRKT AT IR=VF—X
TUE 1 kB B 55 Hi Demi-Fraser C2405 [ 55 &£ % 20 S B
WEN/z2S, < OMIKRTIEE 51T Fraser i & 5 2K
WRECTELEL L. 20z, BAEORHEEIZD X
5 THAI D, MDSHEIZ K S L monocytogenes I 12
BOTE2RMEETEIT) SEDPHEE L EVIHHE
Kol TORENS, ORI X 20

BRI R AR ORI 2 SR 5 720, JEEPGHTH
% TSBYER; L IZ TR L 7235 & T O BRI =R
DWW CIHBHRE L7z

AR XA BT % B b ) L BGABR O F5 -, MDS i
DOFHEART T N I — )V T 5 Demi-Fraser T24HF[H] 55 2
12 Fraser T& HIZ24RFHIET 23 5 A F — A TlE, —
UCHE T IRF 13 C OREFR L & O B R IZ BV T MDS i
TIZ I BRICBWTBEEZ B0, A% ik
LA 2RERE CORELEZ ORI #HIT,
2 WIEH R IZ B W TR Tl 6 MR 126 L MDS
BT 7R E 20, BEsRAEs—ED LI
TN LR AT 7-0, EREOF#ESMTMDS
BT ICEEEORR T U TE L L EZ BN,
—73, TSBYE TI324HF M55 2812 B W THMEBRARE
ERFEBIC BV TH DI h 3K, MDSE: TR
TE& ol ASKEMH £ CTREEAMG L TH, K
ETIE 8 MR E S NzDIZx L, MDSIET
X 3SMIEDADBEEREE LT— L7 Thwz,
TSBYE TOHiE 2 1E MDS L CTOMBITHE S v L&
b7

ko Z &5, MDS % Tlid Demi-Fraser 8 & O
Fraser 55 #i C 4 4 24RO R B fHEF v P CToOH
Zrl 7o b a—)b & SERERE FHEIERSICXL D,
L. monocytogenes & FF MMM REThH 72, £ 72,
a2 72 BRI B v T D E ORISR 3B
FLEORRE - L7, T8I LT, M5
DOHEAFHIRBRA VL EE AL EZONDHOD, L
monocytogenes D MHRAT & LT, ToMHHICTH 2
I DOEEZ LN

L. monocytogenes % T 4 7 Ready to eat £ ity | % i
L 7-tfk % v T, 55381 L 3M Molecular detection
system (2 X SRR AR L. W, £, EY Y,
FLB G 70 ST2HHC D TR L AN FRBR & FE R L 72,
F 72, A & 72 MDS O EFA RER b TR L
72, FHAOEBRTIIHEMER %2 0.66 MPN/g & L, iR
INEGRER %2 Fht L 72, &208k (5g) DN %
FiEE L, TNhZFNMDS B L O 1S011202-112 & %
B#ECIVMRIE L2, ERRvwdhd, MDSHEIC X
BIIAE R IZEE OREEOR R L —F L, MDSE
WEE S D L. monocytogenes G4 DA A 7 1) —=
FHRELTHERTHR EEZ LN
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Abstract

Pathogenic bacteria contaminating raw vegetables are known to pose a risk of foodborne illnesses. Recent studies showed

that the contamination with these bacteria may originate from irrigation water, agricultural materials, or entry of animals onto

farms. Here, we conducted a pilot study on the fate of the mixture of 18 Escherichia coli strains artificially added to 4 kinds

of soil or water with these soils (as a model of irrigation water). Water content and pH of the soils were 14-31% and 6.2—-6.6,

respectively. The log reduction in the number of E. coli cells in water (6.5 log CFU mL") 4 weeks after inoculation was

1.8-4.1 log CFU mL" under natural conditions. The log reduction in the number of E. coli cells in soil (3-6 log CFU g') was

0.5-2.9 log CFU g in the same period. No relation between the log reduction and initial load of the strains was found. These

results are suggestive of long-term survival of contaminating E. coli in a farm environment.

Key words: Escherichia coli O157, soil, water, PCR-DGGE, good agricultural practices

Introduction

Fresh vegetables have been implicated in microbial
foodborne diseases worldwide". The incidence of foodborne
illnesses attributed to fresh vegetables is increasing?.
Reported outbreaks associated with fresh vegetables are
noteworthy because of the wide geographical distribution of
the contaminated products and large numbers of consumers
exposed, and thus the large number of cases®?.

Fresh vegetables are grown in environments that

are subject to many accidental or intentional inputs that
are potential sources of microbial foodborne hazards and
may lead to contamination of produce®. Fresh vegetables
produced in open growth fields may be contaminated at
some point as a result of various intentional or accidental
inputs such as fecally contaminated irrigation water or
immature manure. The intrinsic factors of the environment
such as temperature, pH, and water activity may affect the
growth, survival, and persistence of bacterial foodborne
pathogens®.

The role of contaminated water (used for production

*Corresponding author (Tel./Fax: +81 29-838-8067, E-mail: inatu@affrc.go.jp)
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of vegetable crops) as a vector for transmission of these
pathogens to humans is less clear. Nonetheless, poor
quality of irrigation water (according to elevated fecal
coliform counts) has long been known to correlate with the
incidence of human pathogens in leafy-vegetable crops”.
Epidemiological evidence from specific outbreaks also
points to the role of irrigation water in the introduction
of pathogens into the production environment. For
example, contamination of iceberg lettuce during a large
outbreak of foodborne illnesses caused by Escherichia coli
0157 in Sweden was linked to the use of contaminated
irrigation water drawn from a small stream®. The risks of
contamination of fresh vegetables with enteric pathogens
from irrigation water have been quantified in several risk
assessment studies”!'?. Many fresh vegetables represent a
nutrient-rich and moist environment suitable for the survival
and growth of contaminating bacteria coming from surface
irrigation water or from the attached bits of soil'V.

Recent studies revealed a relation between the rate
of decay (reduction in live-cell number) of contaminating
pathogens/fecal indicators in soil/sand and the diversity
of natural bacterial flora by means of polymerase chain
reaction (PCR) with denaturing gradient gel electrophoresis
(DGGE)'™9. Unfortunately, only a small number of
inoculated strains was used in these experiments. Considering
the possible diversity of the survival ability of E. coli in soil
or irrigation water, the use of several strains may yield much
more realistic results. In the present study, we evaluated the
fate of a mixture of 18 E. coli strains added to 4 kinds of
soils or water samples contaminated with one of these soils

under natural conditions during a summer in Japan.
Materials and Methods

Eighteen E. coli strains (derived from 2 beef meat
samples, 5 chicken meat samples, 5 pork meat samples,
and 6 samples of vegetables) were used to prepare the
inoculums. All of the strains showed different patterns of
RAPD-PCR'™. Each of the strains was cultivated in 5 mL of
brain heart infusion broth (Nissui Co., Ltd., Tokyo) at 35°C
for 18 hours. All the cultures were mixed after centrifugation
and washing with phosphate-buffered saline (PBS). Four
soils (code-named “A” to “D”) were collected from
different vegetable fields in Japan. PCR-DGGE analysis

of the collected soil samples was performed according to

the standard manual from the National Institute for Agro-
Environmental Sciences, Japan'®. In brief, total DNA in soil
was extracted by means of the Fast DNA SPIN Kit for Soil
(Q-BIOGene, USA) and a bead mill homogenizer. The V6-8
variable region of 16S ribosomal RNA (rRNA) genes was
amplified by PCR and subjected to DGGE analysis by means
of'a Bio-Rad DCode system (Bio-Rad, Co., Ltd., Tokyo).
Each 95 g sample of the soils or each 90 mL sample
of water mixed with 5 g of one of the soils was placed in a
sterile plastic cup (200 mL). Five milliliters of PBS diluted
inoculums was mixed in the cup with the soil or contaminated
water. Acidity and water content of the soil samples were
measured by means of the Satotech DM-15 instrument
(Sato Co., Ltd., Kawasaki). These cups were left outside
(27-33°C) in Tsukuba city, Japan, from July to September
2011. A 10 g portion of the soil samples was stomached for
1 minute with 90 mL of PBS to prepare an emulsion (10-
fold dilution). One milliliter of this emulsion or original
water samples was serially diluted and used for counting
of viable cells. Typical purple colonies that grew on Merck
Coliform agar (Merck, USA) plates were counted. Several
colonies were picked and confirmed as E. coli by means
of API 20E (bioMérieux, France). The above experiments
were performed in duplicate and repeated 3 times during
the same season. Each of the 6 resulting viable-cell counts
was subjected to statistical analysis: analysis of variance
(ANOVA) with the Tukey-Kramer multiple comparison test

after logarithmic conversion.

Results and Discussion

The pH of the collected samples was in the range 6.5
to 7.4, and no significant difference among the 4 kinds of
tested samples was observed (P > 0.05). Water content of
soil samples A through D was 24%, 30%, 17%, and 38%,
respectively. The PCR-DGGE profile of soils A through D is
shown in Fig. 1. Soils C and D yielded similar patterns, and
soil A contained relatively fewer strains of bacteria than did
the other tested soils.

The fate of contaminating E. coli in water containing
5% of soil (6.51og CFUmL™") is shown in Fig.2. The
average log reduction after 4 weeks of storage under natural
conditions was 3.5 (samples A and C), 1.8 (sample B), and
4.1 log CFU mL"! (sample D). The rate of log reduction in

the number of viable cells in sample B was significantly



slower in comparison with the other tested water samples
(P <0.05).

The fate of contaminating E. coli in the soil samples
(6.3 log CFU g') is shown in Fig.3. The average log
reduction after 4 weeks of storage under natural conditions
was 2.1 (sample A), 1.7 (sample B), 1.3 (sample C), and
1.8 log CFU g (sample D). The rate of log reduction in
the number of viable cells in sample C was significantly
slower in comparison with the other water samples tested
(P < 0.05). Contaminating E. coli in the soil samples tended
to survive better than that in water with the same soil type.
When we compared the time points 0 weeks and 4 weeks for
each soil, the fate of E. coli contaminating soils A, B, and D
indicated decay by more than 1.0 log CFU g independently
of the range of 3 to 5 log CFU g of the initial load of E. coli
in the soil. At the same time, the fate of E. coli in soil C
was consistent with decay, but the difference from other soil
samples was not significant (Fig. 4).

Pathogenic enteric bacteria like E. coli O157:H7 and
Salmonella can persist for extended periods in a manure-
amended soil, with survival times ranging from several weeks
to several months and even up to 2 years in some cases!”2?,
Survival in a manure-amended soil is generally reduced by
higher temperatures, higher levels of native microflora',

lower levels of easily available nutrients?”, increased
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levels of microbial diversity*?, and lower clay content™.
Generally, growth activity of bacteria contaminating soils is
maximal in soils with 60% water content®. Recent research
revealed that bacterial cells enter the phase of vegetative

cells that repeat cell divisions actively under rich-nutrient

Denaturant
concentration

49-52%

52-51%

53-54%

54-55%

Fig.1 Profiles of PCR with denaturing gradient

gel electrophoresis (DGGE) of the soils

tested.
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Fig. 2 The fate of Escherichia coli in water with 5% of soil.
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Viable cells (log CFU/g)

Fig. 4 Dependence of the decay of inoculated Escherichia coli cells on the initial load. Asterisks indicate
a significant difference (p < 0.01) according to analysis of variance (ANOVA) with the Tukey-Kramer

conditions, but once environmental nutrients run low,
bacteria turn into dormant cells and resting cells. Bacterial

cells under these conditions were reported to show high
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test for multiple comparisons.

stress tolerance and resistance?. In the present study, E. coli
contaminating soil C tended to survive longer than in the

other 3 soils tested. One of the reasons may be lower water

Initial load (log CFU/g)



(and nutrient) content, which may reduce activity of bacteria
in this soil; thus, E. coli contaminating soil C may have
turned into dormant and resting cells and were less likely
to enter the growth phase and accordingly remained alive
longer in comparison with the other soils. For the reasons
stated above, the differences in the fate of E. coli between
the contaminated water samples and soil samples may be
related to water content of each sample. Additionally, it
is possible that soil C contained relatively lower levels of
some compounds that suppress the growth of E. coli because
E. coli contaminating water sample C also tended not to
decay rapidly. It is not clear whether the relation with decay
is due to the viable cells of E. coli or due to the microbial

flora of the soils used in this study.

Conclusion

The numbers of viable cells of the 18 strains of E. coli
that we tested here were reduced to 1-3 log CFU mL"! in
water with soil and to 2-3 log CFU g in soil samples after
4 weeks under natural summer conditions in Japan. The
contaminating E. coli tended to decay more rapidly in water
than in soil. Soil type-dependent rates of reduction in the
number of viable cells were observed both in soil and in
water with soil. These results point to the importance of
prevention of bacterial contamination in a field soil and
irrigation water. In addition, the collected field samples for
an assay of bacterial contamination should not be kept for
long under natural hot conditions. Otherwise, some portion

of the contaminating bacteria may die during storage.

Acknowledgement
This work was supported by JSPS KAKENHI Grant
Number 23580353.

®2F

WEREY O A L7z B3R, fhmo) X7 L
LTSN TS, EFEOETIE, ThoofE
WG g HERT KR, BESEEM, IR A L72EFE
BSERS 2 Z LI T b, RELEDY;
2B B EBEGROWMREZWN ST 57200
AERWATZE L LT, A IO KW % 4 Fio 13
Wik, BEXOHEBMHAKET VE LTI S0t LK
ZRMLUZBRITRASE, 2OHIZBT 5 KEH O

21
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ViL, pH6.2%56.6, TIEEAH®EIZI4-31% & L7z, f)
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Glutathione changes physical properties of rice batter without increasing
its allergenicity
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Abstract

In our previous studies, glutathione, a biologically ubiquitous tripeptide, has been shown to improve swelling of gluten-
free rice bread. To further characterize the effects of glutathione, we studied structural changes in batter protein in relation
to gas retention properties of the batter. Glutathione (just as dithiothreitol and cysteine) cleaved the glutelin polymers into
monomers, and concurrently improved gas retention capacity of the rice batter. Moreover, glutathione apparently did not
promote formation of disulfide bonds among proteins. This was in contrast to wheat dough where extensive intermolecular
disulfide bonds among proteins formed during kneading. Besides, an allergenicity test involving serum samples from dogs
with wheat allergy suggested that the use of glutathione did not increase allergenicity of gluten-free rice bread. Our results
suggest that glutathione modestly changes the structure of food protein while improving the physical properties of food
without increasing its allergenicity. Our findings show usefulness of glutathione for research into the development of new
foods.

Abbreviations: DTT, dithiothreitol; GSH, reduced glutathione; GSSG, oxidized glutathione; SDS-PAGE, sodium dodecyl
sulfate polyacrylamide gel electrophoresis; PBS, phosphate-buffered saline
Key words: Bread; Glutathione; Gluten-free; Rice; Sorghum; Wheat allergy

Introduction

The demand for gluten-free foods has increased
(Lamacchia et al. 2014) due to the high prevalence of celiac
disease (Green and Cellier 2007) and wheat allergy (Mansueto
et al. 2014). In our previous studies, addition of glutathione
improved swelling of gluten-free rice bread (Yano 2010;
Yano et al. 2013). Moreover, the use of oxidized glutathione
(GSSG) rather than reduced glutathione improved the smell
of the bread (Yano 2012). Although the glutathione-rice

batter had less volume during fermentation in the presence

of'salt, a key flavor of bread, addition of sorghum flour to the
batter prevented the volume reduction even in the presence
of salt (Yano and Fukui 2015). The specific volume of this
bread is ~4 mL/g, which is comparable to wheat bread.
Furthermore, purified glutathione, which is not allowed as
food material in several European and Asian countries, has
been successfully replaced with edible yeast extract that
contains 18% (w/w) of GSSG (Yano and Fukui 2015). Thus,
a feasible formulation of gluten-free rice bread has been
accomplished because all ingredients—rice/sorghum flour,

yeast extract, dry yeast (for fermentation), sugar, salt, butter,

*Corresponding author: (Tel: +81 298388051, Fax: +81 298387996, E-mail: hyano@affrc.go.jp)
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and water—are foodstuffs.

On the other hand, the effects of glutathione as well as
the swelling mechanism have not been studied adequately.
For example, although the intermolecular disulfide bond of
glutelin polymers has been shown to be cleaved to produce
monomers in the presence of glutathione, comparative studies
with other relevant compounds such as cysteine and other
amino acids have not been conducted. Besides, fermentation
gas capacity of the batter before baking is not clear. Structural
changes in proteins during the manufacturing process as
well as their allergenicity are poorly understood. Research
in this field should help to understand the mechanism of
action of glutathione. The resulting knowledge will facilitate
the use of glutathione in a wide variety of foods. Therefore,
in this study, we sought to further characterize the effects of

glutathione on rice batter/bread.

Materials and Methods

Materials

Rice flour (10.7% moisture, 0.3% ash, 6.2% protein,
0.9% lipids, and 81.9% starch) was obtained from Namisato,
Co., Ltd. (Tochigi, Japan). Sorghum flour (12.4% moisture,
0.6% ash, 9.6% protein, 1.5% lipids, and 73.6% starch) was
purchased from Nakano Sangyo, Co., Ltd. (Kagawa, Japan).
Dried yeast (Nisshin Super Camellia) was obtained from
Nisshin-foods Co., Ltd. (Tokyo, Japan). Purified glutathione
was purchased from Nacalai Tesque (Kyoto, Japan). The
GSSG-containing (18%, w/w) yeast extract, YH-D18, was a
gift from Kohjin Life Sciences Co., Ltd. (Tokyo, Japan).

Gas retention properties of rice batter

Rice batter was prepared in a commercial bread maker
SD-BH105 (Panasonic Corporation, Osaka, Japan) as
described elsewhere (Yano 2010) with some modifications.
In brief, 160 g of rice flour, 140 g of distilled water, and one
of additives (dithiothreitol, glutathione, cysteine, or alanine)
were mixed by kneading paddles for 20 min in a bread bin
of the bread maker. The batter was then left overnight in a
refrigerator (4°C). Next, 15 g of sugar and 2.5 g of baker’s
yeast (Nisshin Flour Milling Inc., Tokyo, Japan) were added
to the batter, which was then mixed for 20 min. After that,
200 g of the batter was transferred to a 1-L beaker. Finally,
each beaker was incubated at room temperature (25°C

* 1°C), and the volume of the swelling batter during the

fermentation process was recorded periodically.

Analysis of disulfide-linked polymerization of protein
disulfide-linked
among proteins in the rice batter, sodium dodecyl sulfate
polyacrylamide gel -electrophoresis (SDS-PAGE) was
carried out without dithiothreitol (DTT) (Yano et al. 2001)

as follows. After overnight incubation of the batter as

To investigate polymerization

described above, a portion of the batter (1.0 g) was mixed
with 10 mL of a DTT-free Laemmli sample buffer (Laemmli
1970). After homogenization, the sample was centrifuged
at 10,000 X g for 10 min. Then, 10 uL of the supernatant
was subjected to SDS-PAGE. The electrophoresis was run
on a precast polyacrylamide gel with a linear 4% to 20%
acrylamide gradient (Bio-Rad, Hercules, USA) by means of
the Criterion precast gel system (Bio-Rad) with a constant
current of 30 mA per gel. After the electrophoresis, the gel
was incubated (with moderate shaking overnight at room
temperature) in 20% methanol containing 5% acetic acid
and 0.025% Coomassie brilliant blue R-250 (CBB). The gel
was then destained with a solution of 20% methanol and 5%

acetic acid until the protein bands became visible.

Bread making

After adding bakers’ yeast and mixing the batter for
20 min as described above, we transferred 200 g of the batter
to an 800-mL square oven case. After fermenting the batter
at 40°C (for ~60 min) until the batter swelled to the top of
the oven case, we baked the batter at 180°C for 25 min in an
EMO-C16C electric oven (Sanyo Electric, Osaka, Japan).

Allergenicity testing of the batter/bread

Pooled serum from dogs with wheat allergy. The serum
of three dogs with high IgE titers against wheat were used
in this experiment. The wheat-specific IgE concentration
in these serum samples was 699 ng/mL, 609 ng/mL, and
755 ng/mL. These three samples were mixed in equal
amounts to obtain pooled serum with the concentration of
wheat-specific IgE of 730 ng/mL. The pooled serum was
used in the following experiments.

Protein extract from cereal flour or breads. The protein
extract was prepared from the following five food samples
by means of FASPEK ELISA II Kit (Morinaga Institute of
Biological Science, Inc., Kanagawa, Japan): wheat flour,

mixed flour of rice/sorghum, wheat bread baked in our lab,



rice/sorghum bread baked in our lab, and wheat bread from
a local store. The protein concentration in each extract was
determined with the Bio-Rad Protein Assay Kit (Bio-Rad).

Quantitative enzyme-linked immunosorbent assay
(ELISA). This assay was performed as follows (Okayama
et al. 2011). In summary, microwells were coated with the
above-mentioned protein extract (0.1, 1.0, or 10.0 ug/mL)
overnight at 4°C. Next, the wells were washed three times
with PBST (phosphate-buffered saline containing 0.2%
Tween 20) followed by blocking with phosphate-buffered
saline (PBS) containing 1% gelatin for 4 hours at 4°C.
After removal of the blocking buffer, the pooled serum
diluted 1:400 with dilution buffer (1% gelatin in PBST)
was added at 100 uL/well and incubated overnight at 4°C.
After three washes with PBST, 100 uL of a 0.5 ug/mL
solution of a biotinylated anti-dog IgE antibody (Bethyl,
USA) diluted with dilution buffer (1% gelatin in PBST)
was added to each well. After 2-hour incubation at room
temperature, the wells were washed three times with PBST.
After that, 100 uL of 0.05 U/mL Streptavidin-beta-Gal
Conjugate (Roche Diagnostics GmbH, Penzberg Germany)
in dilution buffer was added to each well, and the mixture
was incubated for 2 hours at room temperature. After the
wells were washed three times with PBST, 100 puL of
0.1 mM 4-methylumbelliferyl-d-galactopyranoside (4MU,
Sigma—Aldrich, Saint Louis, USA) in reaction buffer
(0.1% gelatin, 0.1 M NaCl, and 1 mM MgCl, in phosphate
buffer, pH 7.4) was added to each well. After 1-hour
incubation at room temperature, 100 pL of the stop solution
(0.25 M Na,CO,) was added, and the fluorescence was
detected on the microplate reader Gemini XPS (Molecular
Devices, Sunnyvale, USA). The data were analyzed in the

Softmax Pro software (Molecular Devices).

Results and Discussion

Effects of glutathione-related additives on the gas
retention properties of rice batter

First, to further characterize the effects of glutathione
on gluten-free rice batter, we analyzed the structural changes
in the batter protein in relation to the gas retention properties
of the batter. Protein bands of glutelin polymers became
thinner in the presence of DTT, cysteine, or glutathione
(Fig. 1A; lanes 2, 3, and 4). On the other hand, the profile

of glutelin molecules did not change significantly in the
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presence of alanine (lane 5). In line with the cleavage of
glutelin polymers, addition of glutathione, DTT, or cysteine
enhanced the retention of gas by rice batter (Fig. 1B). The
highest specific volumes, 4.5, 3.7, and 4.1 mL/g, were
obtained respectively for glutathione, cysteine, and DTT.
After maintaining the greatest volume for ~3 hours, the
batter collapsed to a smaller volume. Because the greatest
specific volume of glutathione bread is ~4 mL/g, our data
point to moderate shrinkage of the batter during the baking
process. This is a key difference between the rice bread
studied here and typical wheat bread, which is characterized
by “oven spring,” i.e., increased dough volume at the early
stage of baking. By contrast, the control batter and the
alanine-supplemented batter collapsed earlier (after 1 hour)
with the greatest specific volume as low as ~2.5 mL/g.
Furthermore, bubbles in the batter were larger in the case
of alanine in comparison with glutathione (Fig. 1C) or other
SH-containing additives (data not shown). These results
suggest that rice batter without the gluten skeleton cannot
maintain large bubbles during the fermentation process in
contrast to the typical presence of large bubbles in wheat
breads (such as French loaf). In addition, glutathione and
other SH-containing additives may facilitate confinement
of fermentation gas in small bubbles, thereby stabilizing
the crumb structure even without a gluten skeleton. A
comparison between our cysteine and alanine procedures
confirmed that the sulfhydryl group (SH), not the basic
structure of an amino acid, conferred the gas retention

capacity to the batter.

Comparison of protein profiles between rice batter
and wheat dough

Next, we studied the effects of glutathione on protein in
the batter composed of the rice/sorghum flour mixture. In the
case of wheat flour, the protein profile changed completely
if we compare the profiles before and after the mixing of
the dough (Fig. 2; lanes 1 and 2). This is because two major
wheat seed proteins, i.e., gliadin and glutenin, interacted
extensively during kneading into insoluble gluten. Therefore,
the level of SDS-soluble protein decreased after kneading of
the dough. The protein network of gluten helps the dough
hold the fermentation gas during the baking process. On
the other hand, in the case of sorghum/rice batter, no major
change was observed after addition of GSSG and mixing of

the batter (lanes 3 and 4), except for a decreased amount
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Fig. 1 Gas retention properties of gluten-free rice batter.

A, Profiles of the sodium dodecyl sulfate (SDS)-soluble protein in rice batter. B, Time course of the batter volume during fermentation.
C, A close-up view of the glutathione-supplemented (left) and alanine-supplemented batter (right) after the first 1 hour of fermentation.
Arrows: glutelin polymers. CTR: control rice batter (no additives); DTT, Cys, GSH, and Ala represent the types of batter to which
dithiothreitol, cysteine, glutathione, or alanine was added, respectively. The batter was composed of rice flour (160 g), water (140 g),
bakers” yeast (2.5 g), sugar (15 g), and one of the additives. The amount of cysteine, glutathione, and alanine that we added to batter was
1.3 mmol. In the case of dithiothreitol, the amount was 0.65 mmol because it has 2 SH groups in one molecule. After mixing the batter for
20 min, we transferred 200 g of the batter to a 1-L beaker for the fermentation test.

of glutelin polymers and concurrent upregulation of the
monomer. Thus, the disulfide bond-mediated links among
rice and sorghum proteins seemingly did not form even
in the presence of glutathione. GSSG simply cleaved the
intermolecular disulfide bonds of some glutelin polymers
into monomers as shown in Fig. 1. These results support
the theory (Yano and Fukui 2015) that swelling of batter is
partially due to a physical effect, i.e., the “effect of mixing”
of different types of flour as reported previously (Sanchez
et al. 2002; Sciarini et al. 2010). GSSG made the crumbs
of the rice/sorghum bread finer by facilitating confinement
of the fermentation gas in small bubbles as mentioned in
the previous section. These results confirm the complete
difference in the swelling mechanism between wheat dough

and rice batter.

Allergenicity of the batter/bread

Previously, we developed a formula for gluten-free

rice bread that involves yeast extract containing a high
concentration of GSSG (18% w/w) (Yano and Fukui 2015).
This is a feasible formulation because all the ingredients—
rice/sorghum flour, yeast extract, dry yeast, butter, sugar,
salt, and water—are foodstuffs. Accordingly, research in
collaboration with bread makers for possible industrial
production of the bread for patients with wheat allergy is
currently in progress. In some cases, however, allergenicity
of food proteins increases during the manufacturing process
(Mills et al. 2009). Thus, to evaluate allergenicity of the
bread of the new formula, a quantitative ELISA (Okayama
et al. 2011) was performed on the serum from dogs with
wheat allergy.

Allergenicity of wheat flour, rice/sorghum flour, wheat
bread, and rice/sorghum bread was analyzed using pooled
serum from three dogs allergic to wheat. The differences
between this pooled serum and that from nonallergic dogs

are shown in Fig. 3. Wheat flour and wheat breads showed
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greater fluorescence as compared to rice/sorghum flour
and bread when the protein concentration was 1.0 ug/mL
or higher. Moreover, there was no significant difference
between rice/sorghum flour and bread. Thus, our results
suggest that rice/sorghum bread with glutathione-rich yeast
extract is less allergenic to dogs with wheat allergy. Besides,
the allergenicity did not increase during the bread making
process: there was no significant difference in allergenicity
between the flour and bread. This preliminary study
suggested that the glutathione-rice bread is safe for patients
with wheat allergy.

A high degree of similarity has been reported between
the amino acid sequence of the allergenic peptide of wheat
and that of a yeast protein (Rasmussen 1994; Watanabe
et al. 1995). Another report mentions that patients with
wheat-associated allergy are so sensitive to bakers' yeast
(Watanabe et al. 1994). Nevertheless, there is accumulating
evidence that gluten-free breads that are fermented with
commercially available bakers' yeast are generally safe
for patients with wheat allergy. Additionally, in the present
study, the pooled serum from dogs allergic to wheat did not
react with glutathione rice/sorghum bread fermented with
bakers' yeast. Although further confirmatory studies are
needed, the use of commercially available bakers’ yeast for
production of breads for patients with wheat allergy seems
to be safe.

In conclusion, empirical data from the previous studies
and from the present one suggest that glutathione can change

physical properties of food without increasing allergenicity.

A. Wheat flour

B. Wheat bread

C. Wheat bread (Market)
D. Rice/sorghum flour

E. Rice/sorghum bread

Protein concentration (Llg/mL)

Fig. 3 Comparison of fluorescence intensity obtained by quantitative enzyme-linked immunosorbent
assay (ELISA) among wheat bread, rice bread, and the various types of ingredient flour.
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Accordingly, this compound is considered useful for the
food industry (Yano 2014).
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Abstract

Filamentous fungus Aspergillus oryzae is used widely for the Japanese fermentation industry. Its ability of conidial
production is important. However, mechanism of conidiation in A. oryzae remain to be elucidated. We constructed gene trap
vector and curried out restriction enzyme mediated integration. We isolated 6 transformants that exhibit conidiation defect
phenotype and recovered flanking genome region of plasmid integration site by plasmid rescue. One of them, strain 391, has
the flanking genome region, which has high homology of glutaminase in Neurospora crassa. We supposed that the gene is

involved in conidiation and tried to analysis the function.
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Aspergillus oryzae | H ARBEEFEIZ L D FHAEOH
WERESNIAHARETH L. FERY V230 H
MRS DR EEREIBVE W) 5%
Feo7z0, diR X DR, Bk & ORI
ORI E E LTHHSIRTw A, MHREED
Ay ==t LTEENRTFTHL0EF0FHAS R
THEY, WREESATRERZ TOICHRT S 2 L I13H
O DICBWTEETH L. BT L0ETEINL
L728ie, tToRiifkez5s 2 e EREV, wh
W2 [3E%L] ORELELY, TOHBOEE TIIC
VERBRE ML 2 EPHE RV, AT %=
W85 720Dk A B 2 MAPEH I TS
2V, EDFESVT L DB ET D A 5 = X 2
DI STV R\,

W% D E TV SRR Aspergillus nidulans D W 9E T,
ST IR O BN B 4o 2 2 RS ASREATIC B & 2
ZERTWBYY. HAET KO I 2% H # F F Bria
&, FIROHREG T AbaA DB %2 FHHi L, AbaA X
S TROEGRHT WetA DG 2§ 5. Zh
5O —HEDERE RO AL - R R ROH I XD
ME R 53 A F- B AR F O R B 2 HH L Tw kT
TR BRI AL ST waY. 25, BrlAZ
Hul &3 2 TR & 20 RO FluG K EEO
Flbs I 4 > 737 B2 & % BrlA o fI#%Y ", F 72,
FREFPNCERIKNG ¥ » 782 HFadA (Go), SfaD
(GB), GpgA (Gy) ICX BRFEREL AL OY Y B
KDV D X 512 A, nidulans |2 B\ TR S 7= 46
WX, A oryzae \ZB\ T ABTRIBR D I EFERE AR
HFENTBY, 4 OfliE s > 37 HORRIZOWT
&, A. nidulans & A. oryzae DRI H T ORI D 5 Y
ERBHHEINILIZEsTHL2IZENEY., —
FT, o W OKGHDEVIERETEA ML AR), B
FOESFOBREINTIZ XY A nidulans D53 HET IR
FEINDLZEPAMOENTWED, T 0OREER
T2 5 BrA IR LB 5 (R R IRITEEITHH ST
BB w ROBIEFOELOHRTE L D5 LTI
FHERk L CORRNBEFIEOMADOERD D 5 A.
nidulans \ZR U, HUEABDPRIER D A. oryzae Tl
LHRILE & R ERT 245 0 20921313 I3 R
Thotz. 77 KEW RN BB Rz FH
TEDLLIHICHho7HAETY, A oryzae MHDO A%
852 LIIMKRE LTHEETH 5.

EENYOET VAW TH LT XF AF T,

TDNAIWZL X %% 754 V5 iEtkBIcEit s n,
ZEHMORH AR SN2 LT, 2L DER
RO RBIE TR ZORBEXHAL 2SN TE ¥
XU A ERROMERIIBIC TR o7z
B3, A.oryzae D X 9 \Z AR IIFENT O K HE 720 24 O B
BT, BIRCTH AR LR D 5. &
BORTIAIFRIF YL B ERBOER &%
REETORE, YT 7uE—5 —O%IR
B FREICAT ) S e TEBERFEE L Chtfai
W VNI EGEP RV Y =V Ty TR T —
pPTREGFP1 % B %6 L, Aspergillus J& T3 #H Bl O IR 3%
NG UAR—F—F R HEFER LY. A%
TIXpPTREGFP1Z R L7V =V VT v TR ¥ —
pPTREGFP2% 27275 A I F¥F 712k, 4
TN OB AR E BN L, SR T3
WD 2 AT > 2D THET 5.

KBRME B KUTE

Eik, M RUEESRMG

PLE R & U C dspergillus oryzae RIB40 (NFRI1599)
PREMH L7z, B, vrxXvy2 - Fy 22 (CD)
FEREEH (1% (wiv) D-glucose, 0.6% (w/v) NaNOs,
0.1% (w/v) KH,PO,, 0.1% (v/v) trace element solution,
0.05% (w/v) KCl, 2 % (w/v) Agar, 2mM MgSO,) ,
LORT I FFA bu—27%— (PDA) (Difco) %
JH \» 72 . trace element solution @ #1 % & 0.1% (w/v)
FeSO, - 7TH,0, 0.88% (w/v) ZnSO, * 7TH,0, 0.04%
(w/v) CuSO, * 5bH,0, 0.01% (w/v) Na,B,0; - 10H,0,
0.005% (w/v) (NH,) @Mo,Oy - 4H,0 TdH % . F 7z,
EREEE L L CORBMTOREEZIRD L) RiETIT-o
oo TUV7 AR (EERA)%Z10g, Iemii T v —
LIZ—BICHEEDI0OmI AR KEZRIMLTA— M7
L=7L72b0l, pETHEZHNL, 4-7HHT
BHETEEE ST BRI TRTIOCHERESR
TATo 72, 79 A 3 NHIEIZIE Escherichia coli DH5a.
(TOYOBO), XL-10Gold (Stratagene) % F\ 7z, JE
FIMET T A I FOWIRIZIZE. coli SUS110% 7z
5 87 BEBUTIXE. coli Rosetta-gami  (Merck) 3 X
U Pichia pastris (Invitrogen) % Fv 7z,

—RZERLERER V) R L

7 /7 A DNA @ #li Hi X DNeasy Plant ¥ v |
(QIAGEN) . 7 Z 3 K DNA ® it iZ QIAprep Spin
Miniprep ¥ v + (QIAGEN) # W CTiRff~==27 W



W T - 72,

Y 7uy b, J—=¥r7Tuavy b, DNAY—7T
v A, DNATIREEZMEL DNAT A 75— 3 Y I,
KW E RIS — R 2 B> THT o 72, B
v7ay VRO —Fr7ay V792 —7DNAD
fEIZPCR DIG 9N\ 7% v b (Roche) 2 CTifft
ATV T2, RYURAS—E¥F2—2 T
2 ¥ a ¥ (PCR) IZKODRY) 25—+ (TOYOBO) #
HOTHERMN~ = 2 7 VIRV T - 72

N7 52 —1EEE

Y=Y bJ v T X2 H— pPTREGFP1 % Pstl THJWF
L7NAYTA AT 7 ¥ —CWHE L &t ) T
DNA, MCS5 (AACTGCAGGATCCGCGCGCAGATCTG
CAGAA), MCS3 (TTCTGCAGATCTGCGCGGATCTGC
AGTT) %7 =—1) ¥ 7 S 7-DNAWH % PselYIWT L,
FVEIDHUBRLb0% LRy ¥ =125 47—
¥ a L, pPTREGFP2& L 7-.

Pichia 5% B % \T Hl v 5 X 7 ¥ — X pPIC3.5
(Invitrogen) @ SnaBl-AvrlH 4 MZZ V& I F—EHM
[ 8 {5F cDNA % Pstl (V) Wr 4 FiE1t) -Spel Wil & 2
a—=r 7 LTk L.

KBEHEHRICH VL XY ¥ — 3 pET-32b (+)
(Novagen) ® BamHI-Xhol (YJWrtaFifk) 4 Mo
V% 3+ —EHIEEET cDNA O Bell-Spel (YW
WAk Wik s o7 a—=>r 27 LTl L7z,

RNA i

WAKKE 72 2> 5 O RNA i 11113 RNeasy (QIAGEN) %
HOWTHEf~Y =27 VI To 72, R#E»H D
RNA I, SRS DHETTIT- 7.

cDNA &R

total RNA 2 5 ® mRNA ¥ # 13 PolyA pure (Ambion)
EHOWTHRMN~Y = 27 VIV T - 72, 2K cDNA
4 % 13 FirstChoice® RLM-RACE ¥ v I (Ambion) %
HOTHRA~Y =2 7 VIV IT 5 72, 42K cDNA X
PCR ®# TOPOTA 7 U — = 7' X% % — (Invitrogen)
27 u—=r271L7. cDNARCLH X DDBJIZ & &k L
72. (dbj|AB164052.1)

BREEEHROT7 > FE AN 2—

TIVH) T+ AT 7 ¥ — LI E pGEMTEFP
Ncol-EcoRV A b (Y& k) I/ vy 3+ —¥
HF#E(E T cDNA D PCRWTH 2 RV X 7 L A F A A
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OZEHALIZXZ DY L 72, pPTRScTm O Psi-
Nol¥% 4 MZzrza—=>r 717,
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6 3 MR O Pstl Tl FE R4 (B X Z 4kb)
WKOZ 1 HOYKEE L 2w, 2O L) REHET
X33 2 kb FEE D A. oryzae D ORF I & 72 A fE =AM
Wiew, HIREERICL S5 ADNADYIK 77 A 3
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6 RO ETERBEFEREBREAOL S o7,

(B)

Nerel - 5188 . GOGGCC_GC
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FTND, WAEMRIBOGSETEERZT)RE4HH
DRICRoTham=—furHuwE T THo 7. FEE
BMEBIEIC L > TH, SETIELON VY, FEH
AW Dol ZDi2d, TS, ¥
FUTIHI LR THLEHWL, K407 L
DNA % 9 VNt L7z, 9 VI &%, 4
EDFT ) LHN—RZ1 aE—D 75 A3 FAFA
ENTVDLIEPRES72. (M3) Z22T, IhbHo
PRk 7 ADNAWCKLTT T A3 FEYIWL 2wl
REEZETOUIZ TV, BCRRILICE AT I AIF
LAF 2 —%RART.
TIAIFLAF2—I1280, 7523 FIFASM
WD) ADNAB R Z B L 72, BT o > —
U ARHFNRIE A, strain281x T T 14 7 SC111
NOEEEO GCN2IZH D H 5 KO T T 4 ~
¥ — EHEAL A XM_0018230309 ORF |2, strain56 &
I YT 4 ZSCOLNNDRAMDE ) *+ F 37 F—Ehk
Fi % 32— F9 % XM 0018262220 ORF |2, strain391
FHIEDT V7 4 7 SCOOSNDEMD 7V T I F—
Y EEELH D ORF, #1113 SC009D T /57— a »
FEINC, straind7313 SCO03DIET /57— ¥ 3 ¥ §HIR
\Z, strain5131X SCIISNDRADE /) A NVEK VBT
YAR—F — KLY 2 2 — F$ 5 XP_001824382.20
ORFIZ, ZNZEFNEELZ. strainld T I AI FL R
Fa—|2IFEK LA FIT, GON2, B/ F 7
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K= —OMEBETOHH 5, Bl FEELFEET
HDHTIVEIF =B 2 OB R T 28U,
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Kpal - 4348 . 6_GTACC
5’
2
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' Neol - 193 CCATGG
%

R1. =2 brIv TRy 42—

(A): pPTREGFPI1

(B): pPTREGFP2

ptrA: ¥ F 7 3 Vi~ — A —
egfp: R EOE 5 v X7 B O — R
sCtm:sCBfa ¥ — I h—F—
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X 2. MEEEK
A: strain 1, B: strain 28, C: strain 56, D: strain 391, E: strain 473, F: strain 513, G: RIB40 (Wild type)

Blaii~_7 WA, BARSEr S e L
7z total RNAIZHF L C, strain391 & D XL 727 5 A
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: RIB40 genome/ Kpnl, 1 : strainl genome/ Kpnl,
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Do ok wE T

DOFFRIE R ENTW B0 TR IS 5 %)
IS, VI VBT RIS LS
FELTIVBRELTOWREDTD Y, BTHEFEIW



34

DU BIETUEREEEPRECETLZE VI
BExH LY, Iy IF—VESETIREE OME
AT 5.

R A & 7 — WEALYE Pichia pastoris 7 ~ 73 7 B 5§

285 »
185 -

4. J5IF—CHEEEGFHRR
LiARE 272 S i L 72 RNA, SKREBE =2 S i L 22
RNA
A: EtBrEeft, B: glaB U —7, C: strain391 rescue plasmid
flanking region 7’1 — 7"
TO—7IFVAF2—7F5 A3 FORERGIERS % DIG 5
NV L THW.

HRRY, KBWsE v BRBRICTT VY I F—
PHABETRI— V55 U7 e ST
D, I vy IS —EiEEIIRE ISR o
7o, FO, MES URTEEITIVE I F—ETIE
%<, NoOEEZFROMETHLIREIEZLN
7o, F7, BEMZVE IF—ELEDT I VBT T4 A
Y MNOMIICXY, BV I F—BIIIFELEL LR
WY =B X, REIRAE S N FIER A T
ENTVEENDI 7205, EFRESMICLY, 2
NHDY) A=) HEND 2 LI X - TREHRIGE
WELLZOPS Lkwv, F72, CRMICEGFP % fl
HHRBTHGFPBE T VY I F— By VN7 BT
BIbR & VR L7278, GFPH#OGIX AR BIZE S e,
Pichia |\ X A 5B CTIINFE Y VX7 BNED Gy 7
FIZ XY B LR~ BB R b2/

Aoryzae TH, ¥ Y37 HAKIHWHEI I N TS

EEZONDN, GFPEELCRETa Yy ¥ v 7%
ZVF 2 XD MBI 2RI E 2 b h
5. UEHEETARRHEE, TryFer ARY, 8T
WEIER DT X, T ETF R E D L TEERO
KPR GLZENTE LD o7z, £72, strain391 &

THEMRRIBAOD B TIBIL E~ A4 7 07 L A fEAT
& DT 57295,

SHEF IR D L EELRD

glutaminasehomolog 419
N.erassa 385
R.nidulans 378
R.0.aj inomoto 372
R.o.thailand 372
glutaminasehomolog 470
N.erassa 445
A.nidulans 430
A.0.aj inomoto 432
R.o.thailand 432
glutaminasehomolog ! h IPREECGH]] 529
N.crassa 446 F '”HTI-*! »&D‘ 1 é COHy 3 585
A.nidulans 431 ! HHTIN&,IIJ "': G "|11- A 466
A.0.0] inonoto 433 YINPK Wts-‘n |nﬁ_P 468
A.o.thailand 433 YW PKEDS '_ 468
glutaminasehomolog 530 SGYFPLONLOALGG |DKQDGRUGGGRAGEHLAEKWYQRSTKLHTQ 589
N.crassa 066 WS-RSVDRY-GFOLRGHRORKTHLOTTGSKRAEKWLTRS LHKQ 263
A.nidulans 467 TAY--L-ESH 494
A.0.qjinomoto 469 HI::' L-S0H: i 496
A.o.thailand 489 vn?——.—sc;; K 496
glutaminasehonolog KanﬂsvvkxoPLTn!QN} T 649
N.crassa EDEAKHY R === T 612
A.nidulans [ E---=----0800-KMHL TN 543
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Rapid flavor profiling of heated vegetable oils by sensory evaluation

Fumiyo HAYAKAWA'*, Yukari KAZAMI', Satoko Jimbo? and Takashi URATA?
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2 Boso oil and fat Co.,Ltd., 2-17-1 Hinode, Funabashi, Chiba 273-0015, Japan

Abstract

Flavor profiles of heated vegetable oils (canola, palm olein, soybean, rice bran and corn oils) were rapidly determined.
Eleven selected assessors were asked to describe flavor of each sample oil by selecting perceived flavor terms out of the 35
candidate terms. The data was submitted to correspondence analysis and the flavor map of sample oils was obtained, showing
the characteristics of each oil flavor, e.g. rice bran oil had sweet aroma. This profiling method can be applicable to other
products and will help researchers/technologists to conduct sensory evaluation easily and rapidly by reducing panel training

for scoring.
Keywords: vegetable oil (Afi¥J7Hi) , sensory evaluation (B RERTAMN) |, flavor (JEU)
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Heating conditions effect the furan amounts in cooked miso soup.

Hiroshi Yada™

National Food Research Institute (NFRI), National Agriculture and Food Research Organization (NARO)
2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan

Abstract

Furan is classified by the International Agency for Research on Cancer as a Group 2B carcinogen “possibly carcinogen
to humans”. It is contained in many processed foods and cooked foods at low levels which are determined by the balance of
degrees of vaporization and generation of furan during heating processes.

Three heating conditions were applied to miso soup cooking. The conditions without heating after miso addition were
indicated the lower furan amounts than the condition of with heating upto 95°C after miso addition. All cooking were carried
out using the pot for home without lid. Based on this result, the furan amounts in cooked miso soup are able to reduce without

heating after miso addition.

Keywords: furan, heating condition, miso, miso soup
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Note of stored-product insect pests captured by outdoor traps in Tsukuba
(November 2014 ~ October 2015)

Satoshi Furui*, Taro Imamura, Akihiro Miyanoshita

National Food Research Institute, NARO, 2-1-12, Kannondai, Tsukuba, Ibaraki 305-8642, Japan, 305-8642

Abstract

The number of stored-product insects captured by traps at the outdoors was examined from November 2014 to October
2015 in Tsukuba. The total numbers of Plodia interpunctella (Hiibner) (Lepidoptera; Pyralidae), Lasioderma serricorne
(Fabricius) (Coleoptera; Anobiidae) and Anthrenus verbasci (Linnaeus) (Coleoptera; Dermestidae) captured by four traps were
46, 22 and 127, respectively. Although, two traps were placed, Tribolium castaneum (Herbst) (Coleoptera; Tenebrionidae)

was not captured.

Keywords: stored-product insect pest, trap, capture, outdoor, Tsukuba
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Abstract

The use of genetically modified (GM) stacked-event products combining two or more GM parental events, especially in
maize, has been increasing. This situation has made real-time PCR-based quantitative methods prone to overestimation of the
content of GM organisms (GMOs) relative to the actual weight proportion. To solve this problem, we previously proposed a
group testing method enabling accurate weight-based evaluation of GMO content in maize grains. In the present study, this
method was slightly modified and validated in-house in order to enhance its reliability and user friendliness. Additionally,
we developed a testing method for identification of GM events in the lysate samples used for the group testing. First, we
confirmed specificity of the modified method by means of authentic GM and non-GM materials. Evaluation of the limit of
detection suggested that the modified method reliably detected a single GM kernel in a group sample composed of 20 maize
kernels. Then, we conducted a blind test using simulated group samples. All of the testing results matched the presence/
absence of GM kernels in the simulated samples. Furthermore, identification of GM events in the group testing samples was

successfully achieved by DNA purification from the residual lysates and subsequent real-time PCR array analyses.
Key words: GMO, group testing, validation

preserving handling system. In this system, unintentional

Introduction

In order to give consumers the freedom of choice
between genetically modified (GM) and conventional
food products?, food-labeling regulations regarding GM
organisms (GMOs) were implemented in 2001 in Japan.
According to these regulations, “non-GMO” labeling is
permitted only when final products are made from non-

GMO materials grown and distributed within an identity-

commingling of GMOs is allowed up to 5% of content for
maize and soybeans. Therefore, quantitative GMO analyses
for maize and soybeans are needed to monitor the validity of
food labeling.

In recent years, crop varieties with stacked GM events
(resulting from crossing of two or more single GM events)
have been widely used, especially in maize products?.
Although the most commonly used method for quantitative

GMO analysis is real-time PCR, assessment of GMO

*Corresponding author (Tel.: +81 29-838-7369, Fax: +81 29-838-7369, e-mail: kaz@affrc.go.jp)
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content of stacked-event products by real-time PCR leads
to overestimation relative to the actual weight-based GMO
content®. This is because a kernel of a stacked-event product
contains the PCR target sequences corresponding to two or
more single-event kernels. Because of the increasing use of
stacked-event products, it has become virtually impossible to
accurately measure GMO content by means of the currently
available methodology.

To solve this problem, Akiyama et al. developed
an individual-kernel detection method that involves
multiplex real-time PCR analysis of the DNA extracted
from individual ground maize kernels®. This detection
system has already been adopted as an official GM maize
detection method in Japan. Afterwards, we developed a
group testing method®, as an alternative, to make evaluation
of the kernel-based GMO content easier. Recently, Noguchi
et al. reported a trait-specific real-time PCR method that
allows for quantification of GM maize content irrespective
of stacked GM maize commingling in ground samples®.
In the trait-specific method, the real-time PCR-quantified
herbicide tolerance genes cp4-epsps and pat and their copy
numbers were converted into GMO content on the basis of
surveillance of the actual GM event distribution. Certainly,
this method may be useful for analysis of GMO content in
ground maize samples including stacked-event GM grains.
Nevertheless, to make the trait-specific method less biased,
extensive surveillance of GM events in commercially
distributed grain samples as previously reported® ”, should
be conducted on a continuous basis. This approach is

expected to decrease feasibility of the method. Thus, the

Preparation of small pools
including 20 kernels

85828

22388
Bulk sample swm:: M et

of maize grains m
22328

8828
8588

\ Singhe GM event

(524

—

i

—

—

—>

group testing is a promising method for quantification of
GM maize irrespective of the stacked GMO commingling.

In the group testing, a predetermined number of
groups is taken from a larger bulk sample, while each group
contains a defined number of kernels; then GMO content
is evaluated statistically on the basis of qualitative results
on multiple small pools of grains (Fig. 1). The developed
method enabled efficient evaluation of GMO content on a
weight/weight basis irrespective regardless of the presence
of stacked-event products. The previously developed testing
method consisted of a sample pretreatment step (in which a
group of 20 maize kernels was ground in a lysis buffer by
means of a household food processor) and a subsequent PCR
assay step, in which the lysed sample was directly analyzed
as a DNA template by qualitative PCR. For the qualitative
PCR analysis, we set up two duplex real-time PCR assays,
a GM maize screening assay, and an experimental control
assay. The GM maize screening assay was designed to detect
the 35S promoter region (P35S) and NOS terminator region
(TNOS) widely introduced into commercially available GM
maize events. The experimental control assay is intended
to confirm that the reaction mixture contained sufficient
amounts of extracted DNA, and there is no PCR inhibition.
The target sequences of the experimental control assay were
designed to detect both the starch synthase IIb gene from
Zea mays (SSIIb, as the endogenous reference DNA) and an
artificial sequence in small amounts of plasmid DNA (as an
internal positive control; IPC).

In the previously conducted collaborative trial of the

group testing method®, we encountered PCR inhibition

Qualitative real-time

PCR assays
GM n
negative
GM
itiv
posfiive Statistic evaluation
. of GMO content
5 > in the bulk sample
. based on the multiple
qualitative results
GM
negative
GM
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Fig. 1 An outline of the group testing strategy.



in one sample out of 216 samples, and just this one PCR
result had to be eliminated from the analysis. To make
the group testing method more practical, the frequency of
elimination of samples due to PCR inhibition should be
reduced, and this approach will also decrease the number
of extra analyses. In order to make the group testing robust,
we recently developed a novel real-time PCR master mix
whose efficiency is not affected by PCR inhibitors from
maize grains. We found that this master mix reagent enabled
direct real-time PCR analysis of crude cell lysates of a wide
range of foods and agricultural products®. In the present
study, we attempted to enhance the method’s reliability and
user friendliness by means of some modifications including
adoption of the master mix reagent. We also validated the
modified method. Additionally, we developed a method for

GM event identification after the group testing.

Materials and Methods

1. Materials

We used the following representative GM maize events:
Btl1, DAS-59122-7, Event176, GA21, MIR162, MIR604,
MONS810, MON863, MONS88017, MON89034, NK603,
TC1507, T25, and 3272. Fl-generation seeds or ground
materials of Btll, Eventl76, GA21, MIR162, MIR604,
and 3272 were kindly provided by Syngenta Seeds (Basel,
Switzerland); F1-generation seeds of MON810, MONS863,
MON88017, MON89034, and NK603 were kindly provided
by Monsanto (St. Louis, MO, USA); and F1-generation
seeds of DAS-59122-7 and TC1507 were kindly provided
by Pioneer Hi-Bred International (Johnston, 1A, USA). F1-
generation seeds of T25 were imported from the USA. Dry
seeds of conventional maize were imported from the USA
and used as non-GM maize. For preparation of purified
DNA extracts, we used the DNeasy Plant Maxi Kit (Qiagen,
Hilden, Germany) as described in the “JAS analytical
test handbook.” DNA concentration in the solutions was
determined by measuring ultraviolet (UV) light absorbance at
260 nm. All DNA extracts were diluted to the concentration
of 20 ng/pL and then used for the subsequent PCR analyses.
The purity of each genuine GM and conventional seed was
confirmed by the real-time PCR array as reported!® 'V,

To prepare the DNA template for the IPC reaction, a
pUC19 plasmid harboring the artificial sequence Art was

constructed and named pART as we reported previously?.

59

After linearization by a restriction enzyme and purification
by ethanol precipitation, the theoretical copy number of the
PART solution was calculated from the theoretical molecular
weight of the plasmid and the mass-based DNA concentration
estimated by the UV spectroscopy. The solution was diluted to
a given concentration with a 5 ng/uL ColE1 plasmid solution
in Tris/ethylenediaminetetraacetic acid (EDTA) buffer
(Nippon Gene, Tokyo, Japan) on the basis of the theoretical
copy number. Then, we evaluated the copy number of the
Art sequence by digital PCR analysis using the QuantStudio
3D Digital PCR System (Life Technologies, Carlsbad, CA,
USA). We prepared the reaction mixture in the total volume
of 30 pL, which included 27 pmol of primers IPC 1-5" (5~
CCGAGCTTACAAGGCAGGTT-3") and IPC 1-3" (5'-
TGGCTCGTACACCAGCATACTAG-3"), 7.5 pmol of IPC
1-Taq probe (5-TAGCTTCAAGCATCTGGCTGTCGGC-
37), 5 uL of a DNA template, and 15 pL of QuantStudio
3D Digital PCR Master Mix (Life Technologies). IPC 1-
Taq was labeled with the dyes 6-carboxyfluorescein (FAM)
and black hole quencher 1 (BHQ1) at the 5" and 3" termini,
respectively. We loaded 14.5 pL of the reaction mixture into
each Digital PCR 20K chip, and two chips were prepared as
duplicates. Then, the chips were subjected to thermal cycling
on a GeneAmp PCR System 9700 (Life Technologies). The
thermal cycling conditions were as follows: 10 min at 96°C,
39 cycles of 2 min at 60°C and 30 s at 98°C, then 2 min at
60°C and an indefinite hold at 10°C. Fluorescence scanning
of the chip was performed by means of the QuantStudio 3D
Digital PCR instrument (Life Technologies), and the raw
data were analyzed in the QuantStudio 3D AnalysisSuite
software (Life Technologies). The pART solution whose
copy numbers were estimated at 17-23 copies/uL was used

as the DNA template in the IPC reaction.

2. The modified method of group testing

We modified the conditions of the real-time PCR
analysis in the previously reported group testing method?.
We chose a newly developed real-time PCR master mix
reagent, DirectAce qPCR Mix (Nippon Gene), as the PCR
enzyme and buffer. The primer pair SSIIb 3-5" and SSIIb 3-
3’ was used as a substitute for the primer pair SSIIb 1-5" and
1-3". In the previous testing method, theoretically estimated
40 copies of the pART plasmid were used as the DNA
template for IPC reaction. Meanwhile, in this study, the

concentration of the pART plasmid solution was maintained
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at 17-23 copies/pL, and 1 pL of the solution was added to
the reaction mixture. The modified testing protocol was as
follows:

Step 1. A grain counter plate (For 100 Soybeans; Fuji
Kinzoku, Tokyo, Japan) is ready, and only 20 holes are made
available by covering the plate with a sheet of a cellophane
film or aluminum foil. Twenty maize kernels are scooped
as one group with the plate and are put into glass vessels
(sample capacity, 75 mL) of a Milser 800-DG household food
processor (Iwatani, Tokyo, Japan). An analyst can determine
the number of groups in one experiment depending on the
analytical purpose.

Step 2%. One liter of lysis buffer is prepared from
20 mL of a 1 mol/L Tris-HCl buffer solution (Nacalai
Tesque, Kyoto, Japan), 10 mL of a 0.5 mol/L EDTA solution
(Nacalai Tesque), 80 mL of a 5 mol/L NaCl solution (Nacalai
Tesque), 30 mL of a 10% sodium dodecyl sulfate (SDS)
solution (Nacalai Tesque), and ultrapure water. Twenty
milliliters of the lysis buffer is added to each glass vessel.
Each group is ground for 20 s by means of the household
food processor. The lysates in glass vessels are incubated for
10 min at room temperature, and then the glass vessels are
vigorously shaken by hand. After 10 min of static standing
for separation of the solid and liquid phases, 50 puL of the
supernatant is transferred to a plastic tube. The sample of
each supernatant is diluted twofold with sterile distilled
water. The diluted solution is centrifuged at more than 1,000
X g on a personal benchtop centrifuge for 1 min, and then
the supernatant is used as a DNA template for the following
PCR assay.

Step 3. The DNA templates are analyzed by the two
duplex real-time PCR assays, i.e., the GM maize screening
assay and experimental control assay. In the GM maize
screening assay, the reaction mixture (25 pL) consists of
12.5 pmol of primers P35S 1-5" (5'-ATTGATGTGATAT
CTCCACTGACGT-3"), P35S 1-3" (5'-CCTCTCCAAAT
GAAATGAACTTCCT-3"), TNOS 2-5" (5'-GTCTTGCG
ATGATTATCATATAATTTCTG-3"), and TNOS 2-3" (5'-
CGCTATATTTTGTTTTCTATCGCGT-3");
probes P35S-Taq (5-CCCACTATCCTTCGCAAGACC
CTTCCT-3") and TNOS-Taq (5'-AGATGGGTTTTTATG
ATTAGAGTCCCGCAA-3"); 2.5 uL of a DNA template;
12.5 uL of 2 X DirectAce qPCR Mix (Nippon gene); and

2.5 pmol of

0.5 uL of the ROX Passive Reference solution enclosed
with the DirectAce qPCR Mix. In the experimental

control assay, the reaction mixture (25 pL) consists of
12.5 pmol of primers IPC 1-5", IPC 1-3°, SSIIb 3-5" (5~
CCAATCCTTTGACATCTGCTCC-3"), and SSIIb 3-3°
(5-GATCAGCTTTGGGTCCGGA-3"); 2.5 pmol of probes
IPC 1-Taq and SSIIb-Taq (5'-AGCAAAGTCAGAGCG
CTGCAATGCA-3"); 1 uL of the IPC plasmid solution;
2.5uL of a DNA template; 12.5 uL of 2 X DirectAce
qPCR Mix; and 0.5uL of ROX Passive Reference solution.
The oligonucleotides as PCR primers and TagMan probes
were both synthesized by Fasmac (Atsugi, Japan). P35S-
Taq, TNOS-Taq, and IPC 1-Taq were labeled with the dyes
FAM and BHQI1 at the 5" and 3" termini, respectively. For
SSIIb-Taq, hexachlorofluorescein (HEX) was used in place
of FAM. The thermal cycling conditions were as follows:
10 min at 95°C and 45 cycles of 15 s at 95°C and 1 min at
65°C in 9600 emulation mode. All real-time PCR analyses
are performed on a 7900HT real-time PCR instrument (Life
Technologies).

Step 4%. Data analysis is conducted in the Sequence
Detection Software, version 2.3. The manual threshold
cycle (C) mode (thresholds: 0.256 for FAM and 0.064 for
HEX) and manual baseline mode (start of baseline, 3; end
of baseline, ' are set in the “Delta Rn vs. Cycle” view of
the “Amplification Plot” option. When the C, values are
below 40, the reaction result is labeled positive. If the result
of SSIIb or IPC detection by the experimental control assay
is found to be negative, the group in question is rejected.
If both SSIIb and IPC yield positive results, the group is
labeled either GM positive or GM negative depending on

the result of the GM maize screening assay.

3. Evaluation of the inhibition tolerance of real-
time PCR analysis

In accordance with the modified method, 20 kernels of a
non-GM maize material were ground, and crude extract was
obtained. Then, the crude extract was analyzed as a DNA
template by real-time PCR in the experimental control assay
as described above except for the amount of crude extract in
the PCR mixtures. We added the crude extract in the amounts
of 2.5, 3.3, 4.2, and 5 puL corresponding to 1-, 1.33-, 1.67-,
and 2-fold amounts relative to those defined in the protocol,
respectively. For comparison with the previously reported
method?, we also performed a real-time PCR analysis where
BIOTAQ HS DNA polymerase (Shimadzu, Kyoto, Japan)
and 12.5 pL of 2 X Ampdirect Plus buffer (Shimadzu) were



used instead of 2 X DirectAce qPCR Mix.

4. Evaluation of specificity of real-time PCR under
the modified conditions
The samples of genomic DNA extracted from genuine
GM and non-GM maize materials were analyzed by real-
time PCR under the modified conditions. C, values were
determined in triplicate for each DNA sample in one PCR

run.

5. Evaluation of the limit of detection (LOD) of the
modified group testing method

We prepared simulated group samples consisting of
one GM and 19 non-GM kernels. As the GM material, F1-
generation seeds of MON810 were used. As the non-GM
material, 15 kinds of maize samples were used. Two group
samples were prepared for each kind of non-GM material;
thus, 30 samples were prepared. The samples were analyzed

according to the modified group testing method.

6. The method for identification of GM events after
the group testing

We used a DNA extraction kit, GM quicker (Nippon
Gene), for DNA purification from the residual cell lysate
generated during the group testing. First, 600 uL of each
supernatant of a lysate sample was transferred into a 1.5-
mL microcentrifuge tube, and then 4 pL of an RNase A
solution (100 mg/mL) was added, and the mixture was
vortexed vigorously. After that, the mixture was incubated
for 5 min at room temperature. Then, 75 uL of GE2 buffer
was added, and the mixture was vortexed vigorously. After
standing still on ice for 5 min, the mixture was centrifuged
for 5 min at 13,000 X g, and 400 pL of the supernatant was
transferred to a 1.5-mL microcentrifuge tube. Next, 50 puL
of GB3 buffer and 200 pL of ethanol were added, and the
mixture was vortexed. The mixture was transferred to a
silica membrane spin column and centrifuged for 30 s at
13,000 X g. After removal of the filtrate, 600 uL of GW
buffer was added to the spin column, and the spin column
was centrifuged for 1 min at 13,000 X g. After removal
of the filtrate, the spin column was recentrifuged for 1 min
at 13,000 X g and placed in a collection tube. The DNA
retained in the column was eluted by addition of 50 pL of
sterile water, incubation for 3 min at room temperature, and

centrifugation for 1 min at 13,000 X g. The resulting DNA
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extracts were diluted to 20 ng/uL with sterile water on the
basis of UV absorbance measurement, and then the diluted
samples were subjected to the real-time PCR array analysis
targeting for GM maize events (Btll, GA21, Eventl76,
MONS810, MON863, NK603, T25, TC1507, DAS-59122-
7, MIR604, and MON88017) and the endogenous reference

gene of maize, SSIIb, as reported previously!'® 'V,

7. The blind test of group testing and GM event
identification

For preparation of blinded samples, authentic materials
of MON810, MON863, MON88017, NK603, and non-GM
maize were used. We prepared groups consisting of either
one GM and 19 non-GM kernels or 20 non-GM kernels.
Groups including a MON810 MONS863, MON88017, or
NK603 kernel were named A, B, C, and D, respectively.
Twenty group samples were defined as a set of blinded
samples. Ten groups were intended for the first screening,
and three non-GM groups and seven GM groups (groups A,
B, C, or D) were randomly mixed and numbered from one
to 10.

Another 10 groups were intended for additional analysis,
and four non-GM groups and six GM groups (groups A, B,
C, or D) were randomly mixed and numbered from 11 to 20.
In total, 13 groups in the set of blinded samples contained
GM kernels. We prepared three sets of blinded samples.

An analyst (who was given no information on the
samples) performed group testing according to the testing
protocol described above. Ten groups were analyzed in one
experiment using the modified method. After the group
testing, the analyst performed the GM event identification

as described above.

Results and Discussion

1. Modifications of the group testing method

We recently developed a real-time PCR master mix,
the DirectAce qPCR Mix, which allows for stable DNA
amplification even from crude cell lysates®. In the present
study, we introduced the master mix reagent into the group
testing method. Because the reagent was optimized for
TagMan real-time PCR analysis and is tolerant of PCR
inhibitors, we expected a decrease in the number of false
negative results caused by PCR inhibition. We indeed

confirmed the improvement of tolerance to PCR inhibitors
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in a crude maize extract (Fig. 2). Under the modified PCR
conditions, DNA amplification was observed, even though
the crude maize extract was present in the 1.67-fold amount
relative to the previously reported method. Additionally,
the use of the master mix reagent made preparation of
the reaction mixture simpler because DNA polymerase,
magnesium ions, deoxyribonucleotide triphosphates, and
the buffer are already mixed in the reagent.

In our previous study?, calculated 40 copies of the
pART plasmid were used as a DNA template in the IPC
reaction. In contrast, in this study, the concentration of the
PART plasmid solution was maintained between 17 and 23
copies/pL by the digital PCR analysis, and then 1 pL of the
solution was added to the reaction mixture. A reduction in
the copy number of the target sequence was expected to
make the IPC reaction more sensitive to PCR inhibition.

In the official testing method notified from the
Consumer Affair Agency'?, the primer set SSIIb 3-5" and 3-
3" is used for detecting a maize endogenous reference gene.
Additionally, the primer set was recently incorporated into
the “JAS Analytical Test Handbook.” In order to improve

the user friendliness by means of the same reagent for the

A

existing testing methods, we chose the primer set SSIIb 3-5°

and 3-3" for the group testing.

2. Specificity of real-time PCR under the modified
conditions

In the previous study®, we evaluated specificity of
real-time PCR assays by means of 11 GM maize events.
Since then, however, several more GM events have been
approved. We used 14 GM maize events for the specificity
evaluation in the present study. DNA extracts from genuine
materials were analyzed by the real-time PCR assays under
the modified conditions (Fig. 3). P35S and/or TNOS regions
were detected for all GM maize events, and the C, values of
detection roughly corresponded to the total copy numbers
of P35S and TNOS regions in each event. Non-specific
detection was not observed among non-GM maize samples,
as expected. On the basis of these results, we concluded that
the real-time PCR under the modified conditions can detect
commercially available GM maize events and stacked-event

products derived from these single events.

3. Evaluation of LOD of the modified group testing
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Fig. 2 Evaluation of PCR inhibition by crude maize extract.

We performed an experimental control assay with various amounts of crude maize extract, and the DNA amplification curves in the IPC

reaction are shown. The amount of crude maize extract that was analyzed in the testing protocol was defined as

“one-fold” and the

multipliers indicating the actual added amounts are shown in each panel. A, the previously reported PCR conditions; B, the modified

PCR conditions (this study).



method

The LOD of the modified method was assessed by
means of simulated group samples containing a single GM
kernel among 20 kernels (Fig.4). This condition yields
the smallest amount of GM DNA in the crude cell lysate
of grains and makes it possible to test whether the smallest
amount of GM DNA results in accurate PCR detection. To
prepare the simulated samples, we selected F1-generation
seeds of MON810 as a GM material because it has only
a single copy of P35S in its diploid genome. As non-GM
material, we used various varieties of maize to evaluate the
LOD by taking into consideration differences due to the
varieties if any. All of the reactions showed the expected
DNA amplification, and all of the simulated samples were
determined as GM positive. The false negative rate was
estimated to be 0%, which fulfilled the criterion for the
LOD for qualitative GMO detection methods according to
the ISO standards regarding GMO analysis'®. Additionally,
we found that the DNA amplification was not affected by
the differences among maize varieties. Thus, the modified
method was confirmed to show sufficiently enough

performance for reliable detection of a single GM kernel in
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a group sample.

4. Design of the method for GM event identification
following group testing

The P35S and TNOS regions introduced into the GM
crops were originally derived from a common plant virus
and a soil bacterium, respectively. This situation implies that
the positive results of the P35S and TNOS detection may
be attributed to the presence of the virus and bacterium in
the analytical samples. When the group testing targeting
P35S and TNOS was performed, if a bulk sample was
contaminated by the virus and/or bacterium, then the sample
may be rejected erroneously. In order to implement the
group testing for a regulatory inspection, it is necessary to
provide a method that precludes false positive detection
caused by the contamination with viruses or bacteria. We
therefore needed the testing method to identify GM events
in group samples. The method is expected to be applied to
the samples whose GMO content was estimated to be above
5% by the group testing. We investigated the conditions
for DNA extraction from the residual lysate samples, and

a suitable procedure was established as described in the

P355 TNOS
Bt11| 2 2 " Lma
Event176| 1 0 fa |
GA21|l 0 4 = A L
Mong1o[ 1 0 iy ™
MONSs3| 1 1 -y 5
NKe03| 1 2 - i m P35S/TNOS
125/ 1 0 Am . A SSlb
Tc1507| 1 O W .
DAS59122| 1 0 o » ® irC
MONB801T| 1 1 HH »
MIRE04| O 2 . o
MON89034| 1 1 "y .
MIR162| 0 1 n o
3272l 0 1 = -
Non-GM| 0O o] [l S
20 25 30 35 40
Ct value

Fig. 3 Evaluation of specificity of real-time PCR in the modified method.

We analyzed various DNA templates by the GM maize screening assay (P35S/TNOS) and by the experimental control assay (IPC/
SSIIb). The mean Ct values of three measurements and their standard deviations are shown.
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Fig. 4 LOD evaluation of the modified method.

DNA amplification curves for 30 group samples are shown. A,
P35S/TNOS detection; B, SSIIb detection; C, IPC detection.

Materials and Methods section. For PCR analysis of the
resulting DNA samples, we adopted the real-time PCR array
method that we reported previously'® 'V, The real-time PCR
array is a multi-target detection system using 96-well PCR
plates to which the primer and TagMan probe mixtures
are added (into the predefined wells). In this study, we
implemented the SSIIb-specific detection and event-specific
detection for Btl1, GA21, Event176, MON&10, MONS&63,
NK603, T25, TC1507, DAS-59122-7, MIR604, and
MONS88017. Nevertheless, we could change the detection
targets depending on a situation because the real-time PCR
array is highly flexible in terms of detection targets.

This is the first report on a method for GM event

identification after group testing.

5. The blind test of group testing and GM event
identification
To evaluate reliability of the entire testing process,

we carried out a blind test of the group testing and of the

subsequent GM event identification.

As an official testing method in Japan'?, the individual
kernel detection method has already been adopted to
determine whether GMO content in a bulk sample exceeds
5%. The testing procedure requires analysis of 90 kernels
for the first screening. If there are three or more GM kernels
among the first 90 kernels tested, another set of 90 kernels
must be tested. If the total number of GM kernels in the two
tests (180 kernels) is nine or less, then the GMO content of
the bulk sample is below 5% and is acceptable®. According
to the published statistics'* 'Y, we previously determined
the testing conditions and acceptance criteria of the group
testing at the same accuracy of analysis as in the individual
kernel detection method. The defined testing conditions and
criteria were as follows: A group is comprised of 20 maize
kernels, and 10 groups are analyzed for the first screening. If
seven or more groups are found to be GM positive in the first
screening, an additional set of 10 groups will be analyzed. If
the total number of GM-positive groups in the two tests (20
groups) combined is 12 or less, then GMO content of the
bulk sample is determined to be below 5%®*. For the blind
test, we prepared three sets of 20 group samples (10 groups
for the first screening and 10 groups for the additional
analysis) as blind samples to perform the group testing
in accordance with the fixed testing conditions as shown
above. In order to evaluate the method performance of the
GM event identification, we used four representative GM
events (MON810, MONS863, NK603, and MONS88017) as
GM materials. Additionally, all sets of blind samples were
designed to be rejected based on the acceptance criteria and
the samples were destined for the GM event identification.

An analyst in our laboratory who did not know the
sample composition performed the group testing according
to the modified method described above. All of the results
showed the expected positive/negative determinations
corresponding to the presence/absence of a GM kernel in
each group (Table 1). The results indicated that the method
certainly detected the presence of GM kernels and that there
was no cross-contamination among the group samples.
During the group testing, it is necessary to unmistakably
detect a GM kernel in a group sample for accurate
evaluation of GMO content. We concluded that the modified
method shows adequate performance, and that the analyst
who precisely conducts the experiment can obtain accurate

results without cross-contamination.



Afterwards, the same analyst performed GM event
identification only on the test-positive samples as determined
by the group testing. The average concentration of the
resulting DNA extracts was 96.1 ng/uL, and the standard
deviation was 10.0 ng/pL. The DNA extraction method

was found to yield a sufficient amount of DNA for the
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subsequent PCR analysis. We then performed the real-time
PCR array analysis of each DNA extract. The representative
results of the real-time PCR array are shown in Fig. 5. In this
method, when the amplification curve crossed the threshold
line, this situation was labeled as a positive result. Each

sample showed DNA amplification curves both in the SSIIb

Table 1. Results of the blind test.

Set 1 Sample number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
GM kemel admixed - B - D A - D B A - C A D - A C - - B
Result of group testing - + - + + - + + + - + - + - -
Result of GM event identification NA B NA D A NA D B A NA C A D NA A C NA NA B
Set 2 Sample number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
GM kemel admixed B A C - - - C A D - A - D B B - B D -
Result of group testing + + + - - - + + + - + - - -
Result of GM event identification B A C NA NA NA C A D NA A NA D B B NA D NA
Set 3 Sample number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
GM kemel admixed - - D - A C B D A A - - - D - C C C
Result of group testing - - + - + + + + + + - - - -
Result of GM event identification NA NA D NA A C B D A A NA NA NA D NA C B C C B
+, positive detection  —, negative detection A, MON810. B, MON863. C,NK603. D, MONS88017. NA, not analyzed.
A B
101 10
| MON810 MONB863
& 10|Threshold line & 10| Threshold line 4
- -
102 BW&V 102
109 109 \
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
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Fig. 5 Representative results of the real-time PCR array analysis for GM event identification.

A, a group sample containing a MON810 kernel; B, a group sample containing a MON863 kernel; C, a group sample containing a

NK603 kernel; D, a group sample containing a MON88017 kernel.
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detection assay as a positive control and in the respective
event-specific assay corresponding to the GM event admixed
in the samples. All the results of the GM event identification
in the blind test completely matched the admixed GM events
in the respective simulated samples, suggesting that our

method of GM event identification was also reliable.

Conclusion
In this study, the group testing method was improved
to enhance reliability and user friendliness. A method of
GM event identification after the group testing was also
developed. These methods were validated on the basis of
the results of in-house evaluation and a blind test. They are
expected to be applicable to evaluation of GMO content in

batches of maize grains for verification of food labeling.
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Abstract

The aim of this study was to produce monodisperse oil-in-water (O/W) emulsions using a metallic microchannel emulsification

(MCE) chip containing 171 compactly arranged asymmetric micro through-holes. Each asymmetric micro-though-hole that was

fabricated on an aluminum chip consisted of a circular microhole with a 100-um diameter (1650-um depth on the inlet side)

and a microslot on the outlet side with a 100 X 700-um cross-section and 350-um depth. Uniformly sized silicone oil droplets

with an average diameter (d,,) of 291.5 um and the coefficient of variation (CV) of 3.9% were smoothly formed by means of

the asymmetric micro through-holes at the flow rate of the dispersed phase (Q,) of 1.0 mL/h without a cross-flowing continuous

phase. Metallic MCE chips have advantages over silicon MCE chips in terms of durability vis-a-vis alkaline cleaning and shocks

as well as modifications of through-hole dimensions.

Key words: Microchannel emulsification; oil-in-water emulsion; metallic chip

Introduction

Emulsions are thermodynamically metastable systems,
meaning that emulsion stability can be analyzed within a
finite period. Droplet coalescence, which eventually causes
phase separation, is strongly influenced by droplet size and
by its distribution of emulsion products. Emulsions with
narrow distributions of droplet sizes are usually called
monodisperse emulsions. Such emulsions are advantageous

owing to improved stability versus droplet coalescence

and easier control and interpretation of major emulsion
properties (McClements, 2004). These characteristics have
attracted researchers from various fields including the food
industry. Monodisperse emulsions are also available as
templates useful for producing monodisperse microparticles
and microcapsules.

Microchannel emulsification (MCE) is a promising
method for producing monodisperse emulsions (Kobayashi
and Ichikawa, 2015) because this approach involves
a robust and very mild process of droplet formation.

Microchannel (MC) arrays with unique geometric features

*Corresponding author (Phone: +81-29-838-8025, Fax: +81-29-838-8122, e-mail: isaok@affrc.go.jp)
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enable stable droplet formation that is insensitive to the
flow rate of each phase below a critical value (Kobayashi
et al., 2010). Previous MCE studies showed production of
monodisperse emulsions (containing bioactive compounds)
with droplet sizes of >1 um and the minimal coefficient of
variation (CV) of <5% (Kobayashi and Ichikawa, 2015).
Monodisperse emulsions obtained by MCE have been used
for fabricaing food-grade monodisperse micromaterials,
e.g., lipid microparticles, gel microbeads, and coacervate
microcapsules (Kobayashi and Ichikawa, 2015).

To date, silicon-based MC array chips have been
mainly developed for MCE, which can be ascribed to precise
microfabrication of MC arrays, extremely flat chip surfaces,
and controlled modification of chip surfaces (Vladisavljevi¢
et al., 2012). Studies on MCE have also been performed on
nonsilicon MC array chips made of a polymer (poly[methyl
methacrylate]) (Liu et al., 2005; Kobayashi et al., 2008) or
metal (stainless steel) (Kobayashi et al., 2012). MC arrays
can be categorized into parallel microgrooves and micro
through-holes (Kobayashi and Ichikawa, 2015). Asymmetric
micro through-holes that are compactly arranged on a
chip have higher droplet productivity in comparison with
the other types of MC arrays. In MCE, asymmetric micro
through-holes that are currently available are formed on a
silicon-based chip; their drawbacks include intolerance
toward alkaline cleaning, shock fragility, and difficulties
with modification of through-hole dimensions.

We therefore explored the fundamental production
characteristics of oil-in-water (O/W) emulsions by MCE
using asymmetric micro through-holes compactly arranged

on an aluminum chip.

Materials and methods

Reagents and preparation of the solution

Silicone oil with dynamic viscosity of 48.5 mPa-s at
25°C (KF96-50) was purchased from Shin-Etsu Chemical
Co., Ltd. (Tokyo, Japan). Polyoxyethylene (20) sorbitan
monolaurate (Tween 20; hydrophilic-lipophilic balance
[HLB] 16.7) was purchased from Wako Pure Chemical
Industries Co., Ltd. (Osaka, Japan). A continuous-phase
solution was prepared by dissolving Tween 20 in Mill-Q
water at the emulsifier concentration of 1.0 wt%. All the

reagents were used as received.

Experimental setup and the procedure

The emulsification experiments were performed on a
custom-made MCE system (Kobayashi et al., 2014). Figure
1(a) schematically depicts an aluminum MCE chip containing
asymmetric micro through-holes. Each asymmetric micro-
through-hole consists of a circular microhole with a 100-um

diameter and 1650-um depth on the inlet side and a microslot

(@)

| 24 mm
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Microslots by
microholes

(c) Droplets

Continuous
phase \ |

]

Dispersed phase

Asymmetric
micro through-holes

Fig.1 (a) Schematic top and cross-sectional
views of aluminum MCE chip containing
asymmetric micro through-holes.

(b) Magnified schematic top view of
asymmetric micro through-holes.

(c) Three-dimensional schematic drawing
of droplet generation via asymmetric micro
through-holes.



on the outlet side with a 100 X 700-um cross-section and
350-um depth. As shown in Fig. 1(b), the asymmetric micro
through-holes are compactly arranged at the center of the
chip. One hundred seventy-one asymmetric micro through-
holes were fabricated by microdrilling to obtain circular
microholes and by means of subsequent electric discharge
machining for forming microslots.

Prior to each experiment, the aluminum MCE chip was
surface-oxidized using a plasma reactor (PR-500, Yamato
Scientific Co., Ltd., Tokyo, Japan) to make its surface
hydrophilic. This MCE chip was fixed in a module prefilled
with a continuous phase. A dispersed phase from a 10-mL
glass syringe was fed into the module by means of a syringe
pump (Model 11 Plus; Harvard Apparatus, Inc., Holliston,
USA). The continuous phase from a 1-L plastic tank was fed
into the module by means of hydrostatic pressure. To form
oil droplets, we injected the dispersed phase introduced into
the module via the asymmetric micro through-holes in the
presence or absence of the cross-flowing continuous phase
at ambient temperature (~25°C; Fig. 1(c)). A microscopic
video system (Kobayashi et al., 2014) was used for in situ
and real-time monitoring of the droplet formation from the

slot outlets.

Measurement of droplet size

The diameters of the oil droplets formed were manually
measured using image analysis software (WinRoof, Mitani
Co., Fukui, Japan). The number- average droplet diameter
(d,,) was determined by dividing the number of the measured
droplets (n = 200) by the sum of the droplet diameters. CV
was used as an indicator of the droplet size distribution and
was calculated as follows:

CV =(o/d,,) * 100 1)

where o is the standard deviation of the droplet diameter.

Results and discussion

Figure 2(a) shows typical formation behavior of oil
droplets on an aluminum MCE chip containing asymmetric
micro through-holes at the flow rate of the dispersed phase
(Q,) of 1.0 mL/h and the flow rate of the continuous phase
(Q,) of 200 mL/h. This Q, corresponds to the dispersed-
phase flux (J;) of 10 L/(m*-h). Oil droplets smoothly and
periodically formed and detached from the slot outlets. Such

successful droplet formation was observed in ~85% of slot
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outlets, and the droplet formation rate for each active micro-
through-hole was between 0.11 and 0.13 s'. As shown in
Fig. 2(b), the formed oil droplets were of uniform size and
were closely packed on top of the compartment above the
chip surface in the absence of the cross-flowing continuous
phase. No droplet coalescence occurred during microscopic

observation for 1 h.
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Fig.2 (a), (b) Typical generation and detachment of
oil droplets from the outlets of asymmetric
micro through-holes fabricated on an
aluminum chip. (c) Size distribution of the
oil droplets obtained using the aluminum

MCE chip.
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The size distribution of the oil droplets that were
formed by means of the aluminum MCE chip is presented in
Fig. 2(c). The resultant oil droplets had d,, of 291.5 um and
CV 0f3.9%; these data are suggestive of their monodispersity.
Their size distribution also contained a sharp monomodal
peak; this pattern is similar to that of the oil droplets formed
by means of a silicon MCE chip (Kobayashi et al., 2010).
This d,, was 2.9-fold greater than the microhole diameter.
In MCE, d,, is mainly dependent on the microhole diameter
and slot depth and ranges from 20 to 180 um (Kobayashi
et al., 2010; Khalid et al., 2015), indicating that d,, of
the oil droplets obtained here is acceptable. The droplet
formation rate for the whole MCE chip was found to be
7.7 X 10*h'. The aluminum MCE chip that we used here
contained compactly arranged micro through-holes, just as
silicon MCE chips do (Kobayashi et al., 2010), suggesting
that it is possible to produce monodisperse emulsions at
high productivity in terms of droplets. The cross-flowing
continuous phase that we used here did not affect the
resultant oil droplet size (data not shown). The Reynolds
number of this cross-flowing continuous phase (Re,) can be
calculated by means of the formula

Re, = pUd,ge, M. = pU. (44, /L) I, )
where p, is the continuous-phase density, U, is the
average continuous-phase velocity in the compartment
above the chip surface, d,,, is the equivalent diameter
of the compartment, L, is the wetted perimeter of the
compartment, and 1, is the continuous-phase viscosity.
The Re, value of 0.7 that we obtained here means laminar
flow of the cross-flowing continuous phase. We believe that
shear stress resulting from the cross-flowing continuous
phase is too low to enhance droplet detachment from the
slot outlets.

The results of this study are discussed below. Although
it was possible to microscopically examine formation of
droplets from the slot outlets, the contours of the expanding
and detached droplets were less clear-cut than those for a
silicon chip. This difference is attributable to the difference
in surface roughness of silicon and aluminum MCE chips.
The surface roughness of silicon MCE chips is less than
0.01 um, whereas that of aluminum MCE chips is thought
to be greater than 0.1 um. Diffuse light reflection, in
principle, increases with the increasing surface roughness.
The greater surface roughness of the aluminum MCE chips

causes greater diffused reflection of light from the chip

surface; this situation may make the contours of expanding
and detached droplets blurry. The asymmetric micro
through-holes that we fabricated were highly uniform: the
size distribution of <4%. This result fulfills the necessary
condition of producing monodisperse emulsions. In
contrast, the size of the oil droplets that were formed in this
study is quite large for emulsion droplets; this situation is
due to the large size of the asymmetric micro through-holes
fabricated on the aluminum MCE chip. Further downsizing
of such asymmetric micro through-holes is required to attain
production of monodisperse emulsions with droplet sizes
smaller than 100 um for food-related and biotechnological
applications.

In conclusion, a monodisperse O/W emulsion with
uniformly sized oil droplets ~300 um in diameter was
reliably produced here by means of a metallic MCE chip
containing compactly arranged asymmetric micro through-
holes. The surface roughness of MCE chips is the main
factor affecting sharpness of the contours of expanding and

detached droplets during microscopic examination.
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eRF v T LEICERICEKESNIEH~YA 7OBRILZAVE
BoRkRmER T IV Y 3 > OFER

AR IR 2Nt RN RN L iR ik’

U SIARE R SR AN B - AN SE BN S R TE R AR A ST
2 MR AT BRI R
* PLWR PR F e A G BB AL 22 e

®2 F

K TIE, RO~ A 7 aF v 2 VHALF v 7 2R L2 aHokhliE (ow) Blo< vy g v ofE
FEPEIZOWTIRET L7z, Rl F v 7ohIsificid, 171EOIERF~ 4 7 o HilflAa B ICRE S Tw 5. fil4
DI~ A4 7 v E@EILIX, Ao~ A 7ok — (EL£I00 um, HES1650 um) BLOHOMO~ A 7 02
oy b (WA X100 %700 pm, % E350 um) ASEAE L72IRECTHER S CT\wb, 5B it 3% 251.0 mL/h
DYFEIIBNT, A4 A0 —% M CEEMHEE2915 um, ZEIR%3.9%) 25, #kitHoEARRL % 2
eIy f7uigy hOMORSEENIERIN. SR~ A 705 v A VA LT v 7, W7vh
UM, AR, BXOEEILY A Z0EEAESEOmICBWTY) a v saFy 2V LTy LD D
HFHTHDENVRS.
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Screening of materials that cause the aggregation of Lactobacillus brevis

Katsuichi Saito™

, Satoru Tomita, and Toshihide Nakamura

National Food Research Institute, National Agriculture and Food Research Organization (NARO),
2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan

Abstract

Screening of materials that cause the aggregation of Lactobacillus brevis was conducted in order to elucidate the

adhesion and the aggregation mechanism of lactic acid bacteria, which involved in such as expression of probiotic effects of

the bacteria. In addition to xylan and mucin, it was found that the macromolecules, especially to polysaccharides as dextran,

polygalacturonic acid, pectin, and also DNA, could cause the aggregation of the strains. Furthermore, it was revealed that the

autoaggregation was occurred by addition of fermentable sugars such as glucose and sucrose.

Keywords: Lactic acid bacteria, Lactobacillus brevis, aggregation, adhesion, polysaccharide
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n, W53 & OV RN IEIEZEA . 6 i T
WBLILIRICH 5.

UbraET 2, ML obLH &) BT, 5D
B OFEEOMHEZ Hig LEFEL P 2175 72
$EW, Lactobacillus brevis 3% ¥ T Y \AF 75 LEEE T
BEVIERZ R LY. Z R B2 L7z
EZh, WHRERBLFY I VOBEMICK ZHEN L
TERC X ORFBEERPECAZ E WML £
7z, MBEMEIAAET 2l NEY 37 E (surface
layer protein: SLP)® A3 D2 E M ICS- L, SLP O
ARFE R 55 FH DS AT DRGSR R RIFH & OPFMELR &
WS LTwaboLEz oN TICH BB
GTHELFVICOF YT VRIS - BET S
CEERMRLEY. o Ehn, L brevishS, KW,
B & v o 72 sr - BRBE R R 3 RVER N 2 R 2
ERIZ X DIRE W RICHE T D EEZ SN
FLREOMNEEHIZ, ARLEHHOBE~NOMNE L Vo
TARMERERESS B, BB D FLERE 038 A4 R 15
LEWCRELEDoTWS., LA L, ZOFMICON
TUIERPZAN LI DL, ABEFED XS WH
WA TED & ) EEIC X - THEHEIMGES 1
B DTSN R o TR

T ORI TR, FLERE DA - BESEAEH Ok
BRI, L brevisDEeSEZ I ER T F T T 7,
LF YU OWH ORFE 1T o 7.

KERTG &

1. FEHAEKRVEESE

FURRIN & LT (M) S5 R H A 2 A bR - 2Rl
{ZEIFEFRM (NBRC) & 1) 477 L. brevis NBRC 3345,
3690, 12005, 12520, 13109, 13110, 107147' » 7 %k
MW7z, KW K% MRS K (Difco™ Lactobacilli
MRS Broth (Becton Dickinson and Company)) T30C,
AR IE RS L, A OB X D Wk Z WL 72,
O NWARZ AR AKX ) SR, HAEOH
EL LT ODgDEENFKIZ20E 2 % & ) I AEFAIEK
(9.0 g/l NaCl, pHHEFIE) 1ZI8E L LA O FBRIZHE L
7-.

2. BREEROHE - ST

BWEAZOWE L LT, RIIRTHYE —H %
BiZe EOMEME, DNAZL EOBEE 7V7TIviaED
¥ URTBERT I BROEEITE R v £WE
ZABAEAK (RALE), U rEBEEEMAEK (5

Wy ) R AR R K (Sigma-Aldrich) |
0.2 g/1 KC1, 0.2 g/l KH,PO,, 8.0 g/l NaCl, 1.15g/
1Na,HPO, (anhydrous), pH7.4), & A WiZ) v %
7  (23.4 g/l NaH,PO, + 2H,0 & 53.7 g/l Na,HPO, -
12H,0 % A L pH7 21233, pH7.2) I22% & 7% 5 &
IICHRE L, =T REMRER, mOooEIick i
L7z B ZRRHE L L7z, WIS & sRHA T
AL, 30C C2MER ML, WARORE - Ik
BeoFsAz BRI TRIZE L. M2 T, —EmoBE
R % SABRAE O H I A S E Y £ D ODgye % 5E 3
5 EICEVEBEEHOHE - il 2175 72 Bl
YEM OFFIE, GUERREI (R @ 0Dy — (B
FHA D ODgy) / GREFREI G ) @ ODgy) 12 &
D ERI M EEET 2 H ML, 0 REMTRL)
~1 (BEEEHAK) OME%0.25MICX ) 4 BB TR
iz 47> 7. BRPEHOpH ZE L, pHZHEIC
T DERICIE, BREREDS) Y EERAEICS S L OD
Bt MU ZREAAEFAEIKITE WY VRS
MK 2 OG22 17V, ) & R A BT OK ©
5 A RERE DR SN R D o WEIZOWTY VR
R 2 V725 M 247> 72, L EoBEETAOHN
GE - A EOBME 2 1 IR L7z,

KEBRERRUEER

FWE OWRINC & B L. brevis DESEAEF O 545 5
#ERVIRL T, BEMAIHRTEWHEIC
DWTIE, pHEFEOAM A KE Hni2GEE)
VR AR D B i) BRI Vv pH
PRI LA OE 2 i L7z, 028y —
XY, (A) AREEK, )RR R AR S
B\ YRR O T OY A B ESHERTE S
b, (B) AHAWAKDOGEIZOAMEMIHERETEY
HARMEEOpHA AL ED B o, (C) AFAIAKDOY;
EVZO BN DR T & W BRI O pH A% 4 Kl D
bOD3IODYATIHF LT pHEB L Z4% T
B AGAIEWEZRMLU R L & DRAEIPHCEET
LHIERMRLTHBY, ZOOpHZEIREIIBEC
DX xiTo 7.

¥, ADY A 7T, pHAHE, BYEE DT,
FEANT Y, RUATITrYa B X7FU, CM
tra—2F M)A, FLTDNAZE, ZHE%E
HLETHESTTEY Ty, AF v L RABOEREN
JAR SN2, L brevis DFRIZADEMZH L THB
D, MUCADEWEATAF VIV ELF VITHER



FLEE R

MRSEFHE, 20°C, 24hi5#%
Peifr - Wi CEBEACHTR)
0D6o0 =492, 0

Fevanl ol
RIS

2%

A FR IR (pHEEREES) or
U 2 Fl il A BRI K (pHT. 1) or
U Ll i (pHT. 2)
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lmt' ohEHE

REEAOHE
(OB - TERE » @ RiRE %
@ H % PeEmy
/ R AR OFFE
- 0 —HAXHEEREIE— |
e i1 2 0Ds oo it 2 @m@Lxr FERAERI R
— GREERIRIN0Ds00 — BRI 0D600) ©:0. 7504
AR AR 0D600 O:0. 584 10, 754
4410, 258 10, 5
— 10, 254

1. BEVEOFMICKL 3 REFRAOHE - FHE5E

FOALFT V2R LMAELTVDEIDEEZ SNRTW
%°. DNAZIZ LS MEEDSHRTE A A TD
BATILEPOTHOBWMAATAODLEEZD
n, ¥37, AF v ERBRISGHENZERICE D E
K5 LEET b DEE2 SN —HT, WU
CEMEFETAHEIMBT VT I VR EA v EDY
VORZERBAET I VB TIRBEEHN SR TE R
Motz TFAMN) VRIILOEHAPMHERTE 25
TR e~V ATRERE T & 7o 2B 3 i o 15 A 7 &
DR FAREE AL EINICH D, AF ~ R DNA b HEH
PRI E G, 02, KEOME - BEICITE
BERICMZREORE RCHE D EELENTH D LE
Zohi, WMok, ¥v5v, aF U TE
AR TE 2 6 Wk TOTNOEST T LB/
DVHERTER. BRI ICBVTF YT, AF Y
TYER 2SHEER T & 7 o 72 L. brevis NBRC 107147" 1
SRHWIWE TOITERDBR SN G D572, L. brevis
NBRC 107147" CTi&, A AHKICEE L CTDNA 2%
MUZ5E S REROEBEDSIERTE 7228, ZThidpH
D21 EBREENEE e ool HEBRELZD D EE R
bz, —h, BT THBEA4 /Ty, v)TUTH

—IBRHRCRESE DR CE 72, Lo L, TEHDS R
BRICKR & 4UpH % (3 dE L 723 & 18 TR A8

TR s, I OWHORRK
B THAHp-)KR—ALTHEOBD Y 4 TIN5
EEZ LN

B, C% 4 7Tid, HIZAEFMAEHKDOEEIZOAE
EHRRONT. CH A TOYAE, pHAB L 7 31i#
ThYWEBKROEEN ZIEATE R pHIC LS H
CEETHILEEZZON. —F, BZ¥A 7Tk, H
CEHENEL L IEEDpHEMNTIE R L, K5 TWE
PHLTHYDATATOL ) BFEICLDEETDR
WwWekEzZohz BY¥ATOWEIR, FVva—2A%iE
L& L. brevis AR RE R EBEMMEE TH L. ZDZ
EMD, WIMUZWEDL. brevis I & DS N, &
WL 72FLESRIC X ) pHAYMKR T LEACEET S 2 E 2
N7z FLBEA AR LT OB 2 w2 aeh
PERE TR L 22358 I H e84 U A pHIZIE
BoRNVD, BENPELLTVWEEZON. 0L
A RFEBECAE D pHIR FIC X 2 BB T T2
Wt BIH R <, BUERM 2 2175 T 5.

B, C# A4 7T, A A TTHREMHIPRONI
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*£1. BEYEOFMIC X B Lactobacillus brevis D 4E R O S

Padii] Lactobacillus brevis NBRC No. S

AL pH w3345 3960 12005 12520 13109 13110 107147 % 4 7***
6.3 (S) o** (@) O @) © @) -
¥ 5~ (Oat) 7.2 (PBS) (@) @) © © © @) - A
7.1 (PB) © @) O © © @) -
¥*¥9 >~ (Birch) 6.0 S) A © - - (@) @) - (A)
*35 > (Beech) 4.2 (S) © @) - - @) @) - (A)
) e 4.3 (S) O O @) O O O -
RUHT2 I BRI LV T A 71 @®BS) O o o o o o - A
X et 32 (S) O ©) O @) @ @) -
Ty FhIR) 70  (PB) ©] O a A a a - A
X ey T 2.6 (S) - - O ©) - - -
Ry Fr () rd) 69  (PB) A O A A A N - A
. - . 44 S) © @) O @) © ©) -
TERART 72 @®BS) O o o o o o - A
R N 45 S) @) © O O O O -
FNATET 72 @BS) O o o o O O - A
_ - 6.0 (S) O O O O @ @) -
CMEL T =AY o Al 71 @BS) O 0O 0O 0 O o - A
6.2 (S) - O N A O O -
LF 65  (PBS) O O O O O O A
7.1 (PB) A © - A © O -
vy 2.1 (S) O O @) O @ O O
DNA (7 Fhifd) 68 (PB) o o o o o o N A
.. 6.0 (S) O - - - @ O -
trv 68  (PBS) A - - _ _ A _ A
s 4.3 (S) O - - - @ N -
A 71 (PBS) A - - - A N - A
48 S) A O - - ©) A -
73— 73 (PBS) - - - - - - - B
7.0 (PB) - - - - - - -
_ 46 (S) 7aN @) - - @ A -
AZE=A 73 (PBS) - - - - - - - B
. 4.8 ) @] - - - © O -
p-1 R—A 70 (PBS) N B B B - N B B
AT AN 4.0 (S) A - - - - O - (B)
A=W M FY) THE 4.1 S) AN VAN - - @) A - B)
<)V b THE 4.7 (S) A A - - © A - (B)
TV N ) THE 42 (S) A O - - O A - (B)
. - 3.1 (S) ©) VN - © @) -
Frat) Tk 73 (PBS) - B _ _ - - B C
e T 22 (S) @) @) O © (@) -
AT rya sk 65 (PB) N -~ ~ - B B B C
. . 3.1 (S) O - - - ©) ©) -
FEAN) ¥ 70 (PBS) N 3 B B - N B C
YT ) T 3.7 (S) A - - - @) A - ©
o ao et 3.0 S) A A - - © A -
L-T AT X Vg 61 PB) 7 7 3 B - 7 3 C
N N 3.2 (S) O - - - © O -
NEEARd 62  (PB) - - - - - - - ¢
S 2 e T 1.4 S) A O - _ _ _ _
-V AT A 63 (PB) _ - 3 3 N N _ C
= F 2.7 (S) O A - - © O _
T 64 (PB) - - - - - - - c

*(S) A EANK, (PBS) Y v R A ALK (pH7.4), (PB)Y Y EEMEM (pH7.2), PBS CHAZAMM@REL T SN aho 72 (T) 12w
TPB % %M, “*HxEERE : (O) 0.758LE, (O) 0580 F0.754, (2) 02504 F0.54, (=) 0.254, ***A : (S) (PBSorPB) THIZHEE,
B: (S) OATHESSE (pHALAL), C: (S) OHTH (pHAKGM), FEE & 13PBS, PBAEM O/ 0HE

UToWEIZ (S) IZBWTARMKTERERL () FYu—2, 795/ —2Z, ku¥+—2x, Fr7> Ck N4 Ta, WEkk), <xv/—
A, WGV =R, FH/)—A, bLNO—R, S+ =R, 574 /=X, N-TEFVTVa¥Iy, F3Y =N, ZFykta—i, YLE
b=, 42XV, FFV, FMETNVT IV, AE¥ALA Y, AELCFPITA, AFAING, RKEXRT MY, RUXRTFF, Lo7z= V7
TV, LT VFZY, coA VA VY, LI VE IV, TANTF Y, T2, T VF VR, VY I VBTN YA, -
VATFA Y, LAVFZ Y, k)Y, - FaY Y, b)Y, N Y, LRAF VY, 7)Y, L ATFASY, LYYy, )Y
VB, cuA Ty, Yy, AZUVEEFNITA, KY)YYEEF NI YA, SN YA, STV, IS VN, FIY



L. brevis NBRC 12005, 125208k CIZEHANIZ L A LR
LN holz. L brevis® HCOEE X, SLPASERGHY
WCIEBELATC 2 Z E2MERLTBY, SHHVAR
PRI CSLP O RIS Z N ENR2 2 FH L 5 7
LTWw3Y., 2ok, THLREKICE 2EHOER
X, BRI OSLPOGTHOERIZL A2 DEEZ S
N, SLPOSFFHIZL ) HOEEA U 5 pHA R %
Lo 72, AY A TORBKEOIEH
DBFIDAERIZONWT Y, DO SLP DA RN EHS
WEBLTWwLInEEZONL. LBHEOPIZIZSLP
EORFEL VWD S, REFT AT D SLP OS5
THEIZHEECEG I PO THEY. Znk)
7 KM E DL REMESS, BT ORGSR KW & O1E
M LB L, 0nwTid, ABEOZHMEE D% R
HEHoFT—HMEhoTWnb EHEINSL. —T,
Lactobacillus J&FLER W O SLP O EE T (pI) &, B X
ZIOFi L BW I MO THB VY, SHk %
1T o 720, D pH S L L. brevis DT O IEHE
WCEHELTVwWEEZ SN,

Dk, SGREOBEICEV XTIy, AFVIIMAS
PEAR L E T AEHEDE ST DRI L Y L. brevis %
BETHIENHONIC otz T2, SRR 2
WML 723A1Cd, JEECHE ) pHIK FICRRT % &
BbNLHCBENEL L E#MERL. SRIEH
L7z & il &3 5 KW A~ O LB W OFF 75 - §E
BERZIRETICHON T RWHARTH 5. 4
B O TR, FLEEW ORERTEO IR, &5
2B 2 ABREOFAERLHKEERRICEb o TWna. 2
NFE T, ABRHOMBERICHETET S L 7T Uik
DF ST HRBESA, fE BRI O L F v Rk
B, HHVIE, ANMHEO ARG Z 2 LA T 52
L ERROMERINC X 0 B AR R BEREC b A S T
B EPONHEBEN TS, HIZFLERE O &R
ik, BARERROENICBII L2 NNL 4+ 74 VAR
BRI % SIS T 525260 T0na™,
KR THESNAIRIE, ThSOBTHIEDSRE
HERICHEHZHMATH Y, FLREOMAE - Bt
DR, OWTIE, FLERW O RMEFERETE B S I AR
DFFIA 7 Ekk % 2 57 B CORMB O H AR T &
5.

B ©

iy & DOBbH ) OB, S OFRRETEOMIHE B
L INFE TITME LE, Lactobacillus brevis %
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FUTY, AFUIHE - BETHIEEZHRBL.
Z 2 THABE OB 2 KT E 3 517 -
BeEVE ] ORI, L. brevis DEetE % 5| k2
ST REMEOWEEZTo72. TORE, ¥,
LFVIMAZ, TRANT Y, RUFTT 7T Vg,
R F U EOEHER, BHSCHEEEZAG LTV
DNA 72 EDEDT ORI L O L. brevis D353 5 Z
EEBILPICL Fo WHRICK-oTiEZva—2
RAIZ U= A% EOFFIRE 2 WML 7235612, 5
FEIZHE D pHIK MR 5 L Bbh 3 HO&EN AL
L5 L aMEEL7.
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Characterization of heat-treatment properties of a membrane protein solubilized
in the presence of a surfactant

Yasushi Watanabe *

NARO, National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642

Abstract

In order to understand the structural properties of a food-related hydrophobic protein, the heat-induced denaturation of an
integral membrane protein OmpF porin in the presence of an anionic surfactant, sodium dodecyl sulfate, was characterized by
circular dichroism spectroscopy and gel electrophoresis. The cooperative irreversible transition of the mean residue ellipticity
of OmpF porin was observed between 60 °C and 80 °C at pH 7. The native B-structure of OmpF porin trimer is converted to
an a-helix-like structure of the denatured monomer upon heating. The denatured protein in the presence of sodium dodecyl
sulfate has no transition upon heating as followed by circular dichroism spectroscopy. This property will be the same as that

of protein polypeptides derived from water-soluble proteins in complex with the surfactant micelles.

Keywords: membrane protein, sodium dodecyl sulfate, circular dichroism, protein solution property
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WKEARBETH D720, KICWHELT2FEELHELLT
R OFHSE 2 b, WELT 52 &1
X0, ¥ EOBM IR T A AT E
Z)z>~6>.

RIFZETIE, BTG BIERT 5 KICAETEO A4 1k
i s 2o 7 B O EMEREO MR E 15 720, BA
F VRGN TH B K7V VRS U 7 A (SDS)
THE LS N KIGHEIME S > 737 B OmpF R —1) ~
(FMBEZNTE L THF- 260080 T D BN T 10§
HILEE TS, 77 —VOZHEEKE L TCHIERHEN
TW5.) "YOBILEIC X 5 HEEZAL 2 PR ik
A7 FVHBEIZ X B 2 RMEEZ RIS L L CRRA L
72, SDSIZ % ¥ 87 BTk L CEMAER & & D S
HHTHY, rVELKER:E LT, AMBERSEZ
LD YR HICHRT 2 0HICBWTHEE LT
IRHPICRIH SN Twb. 72, KRIGwAMEAKE
Y37 B OmpE R —"1) v O Z OFETEEANC X B W
ALIRRB I I T TR E 2 MR L 72 3|k L
THAET LI EBMENTWEY V9 KT,
CINFETTHICHRD L WRY 37 EOBILIZ X
LA X OSDSHEAEF CEM LAY Y0 &
OREEFEICOWTHRET 2.

KERT &

OmpFAR—1) %, KIBW (E coli B) 2> HAFH L
722+¥_ SDS |3 BDH Chemicals A* HHEA L 72, w7 5
B KEREE L VIMET VT I Vi, ThEhyr=
BIOTEGELRE (k) »olEALZ.

A% 1.0 mg/mL ®SDS, 50mM Y VS Y
Y AR (pH7) THEALL -7 Vil 7 a~< b
574 —=A9 5 (F— K55 LTSK-GCSWXL (¢6
X40 mm) B X O*EFH F A TSK-G3000SWXL (¢ 7.8 X
300mm), WY — (BR)) IXfit552&i2&h, 3&
KD v 7V — 7 OS5 IER % 5B L 3 RHA TR
L7 oy ERER, WEHORIVITEAT S
BRI RRL T AP LR ER CAMT 52 LI12X D
0.1 mg/mLIZFREE L7z & v X7 BiE13280 nm I8
VB WA R 41 mL/(mg - em) ZFDH L CHE L
727,

Y RERBKEEEZ & VBTV T I Y OBV
WL o7 B, 2.0 mg/mL O SDS, 50 mM )
YEEF MY Y AR (pHT) (2 v BN
05mgmLIZ7%2 X ICHE L v VMET VTR
YEWIIEIOmgmL DY FF PLA P xS 5

WML Y AN 7 4 FiEExE RN Lz, Zo%R
BamEd Sy v 7HE 077 2ARBEICAR, 95 To
B 5 A LAETRAFHERERR L. 20
AAHER E BRI L TH S, 045 umdD A T L
VI ANE— (ARIVYKRT (BR), HV) IZTHEB
#%121.0 mg/mL ® SDS, 50mM V) ¥ S ) 7 AR
W (pH7) T L7z Rt ViR H 5 223 L
T, F¥URIBEOE = 5 E SR L. 20
%, Z YN HBED0I mgmLIZE b X HICH T A
SEAALAR T CR BB RIC AN MV aRlE L. v
VIRERBOKIEFRE Y VIMET VT I 2Dy 237 Hik
J#13280 nm (2 BT ZWOEAREE, ZhFN1.90B L
0.678 mL/(mg * cm), ZFIH L CohsE L7,

MfEE =tk 2 x 27 MVl i, MIatkai
R (ARG (B, 1-720) 2R L7 B b
) 1lmmofAHELVEH T, HiEOKEZHEES
oV Ty JOREY 7Y ¥ IVIRER (FE
% (Bk), HL-200) 12X - TE=¥— L7z &M
FEC105 HEHE L 72 RIS F OIRBETARZ MVl L
720 WM, HE20mmA25200nmE T, AF v
¥ A ¥ — F50 nm/min, & 50 mdeg, &5 %4201,
D ZefF X 21 O WARFF IR S Nz i%oE T -
o, WEPSDARY MVIZE VX2 BUS DG %
BUBEEOWE T — 7 R E LTIV, PRI VS
M [0] (deg* cm’/dmol) 1344 % ¥ 73 7 H O F-3¥%
PR, OmpF E—1) > ;109 g/mol™ ", w7 ¥ h
R KRS & S iE 7 V7 X v 5 110 gimol”, % 1f
HALTHE L.

SDSHKY T 27U NT I FFIVELIKE) (SDS-PAGE)
(&, BEHATE 2 &IRE TL0 AL L 22 B iR
HF 12 Laemmli ® HEPICHE, H X 1mm, £ X
70 mm D 12.5 % 7 )V % F T 20 mA 5E B i T804 [H
KB L7z, REVEDO T NVHDY VSN FiZs <
Y—=TYYT Y MTI— RBOTYME L 7.

RBRERBLUEE

AR 5 228 7 UG HAR TR ICARBETH 5720
AU T % 72 O (I FE TG PR & FUH 3 2 B DS H
DT, AWGETIZ S v 282 B Iow LB 2R
T4+ REIEMHRISDS 2 Lz, 72, #EhA
B O SDS D #EFEIX1.0 mg/mL (3.5 mM) T, ARHFZE
L AREE SO R I L VIREE 1A mM T 5
DTSDSIFI L VEBEL TWT T v 87 B Ebic
THRMETH L. KEHIMES 7827 B OmpF K —



) F, BRI BWTIE S o FEETER 3 v
TR/NLIAEREDND % 2 R TR S 5 3 mikE
LTt shcwnaz tizmshTtnsg? ey,
X 1IZAKS ¥ 87 D SDS T L E Nz 5&HT
D ERER (200 nm-250 nm) O PR E EmE A R 7
MVERT. wEITOMEL A ART M vk s
YOS BED R R T 5. 25 TlzBWwTia,
BHETE AR D B 5 217 nm A3 D -3 5% 2 £ L FE Y
RG] oML, 206 nmiED [0] o¥ ol
LOZEEBRAELNDS. 65 TIZBWTIE, 217 nm i
D [0] OWMEDMEA25 COM L D1 E/hSL
BoTWbbOn, 206mmfFEo [0] o¥ufis
DIEHIIAFEL, BHEEICRBIN R AT PUDARS
Nab. 75 CICBVTIE, 217mmMED [0] O/
fliidd 5A%, 206 nm LD [] X afis D5l
B LW, S 512, 95 TI2HB W TIE205 nm £k
TRF—7ICHADDH 5H, 217am LD [6] O
Fi /Ml £ 206 nm LD [6] O uflis O EIEATF
TEL %\, 121, 95 CEF T L THlE L7
25 CIZHEHL T 525 CTlllg Lz RE =t
RZINVHERLTWE., TDAXY FVIX207 nm
EDOMME L 220 m A EDBED Y FFIVERL, 2
NEg v yaaf vk ant)y 7 AROENEAAYT

83

PR R N

X212, Ky 78025 COMELEmEANR
7 PIVTHEHBOH -57:2175mm &207mm® [0] D
REARGEME 2R . 2175mm® [ 6] O iz
70 T F TIHEAIEHNISEA L, 70 TH» 580 T
MICHEE A — ST 2 AN 2 BB 51
5. E5Z, 80 CULETRDLITLLEIEHELDLD
DWFEREACZ . —F, 207om D [6] DZAL
360 CETIHIZEAEZLIZZR L, 60CT25 80T
ORI R R EALRRBD 5N S, 80CLL LTIk
2175 nm & FERICEHZE 2203 v, WIS R
LD END DD, FRENOWHERIIMT 5
BN RR D 72000 Lk w, —J7, FHRBICEE
L72GaoE R, TnEFholEEko [0] offtxt
fEIIEE 2 ICEARAICHIR L, AR R 22 biX
Bigshhdroiz, ZORKRIL, SDSHELETORSY ¥
NI BOBEWLIATNHFENLHRTHLI L E2RT
B 31, A& 87 BN E BB ICSDSEY T
ZIONT I FFVESKKE LR TH Y, LI
L0 3EAPHBRICHH L TEHZ b 0s. [
WXt — 7 L OBRTIE, 3 BRI RS % A
FLTWTHBERIZIRAME & R 2L HIRETH
LEEZOND. ZOEWE MEENFT 58,

10

—25°C
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75 °C
—95°C

[£] X107 (deg*cm?/dmol)

¥ T
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X 4. SDSTEETCHRMNIEL 4> N7 BOAERBRE_BMHEZINRYT ML

BSAIZY VIIET VT I v, CARRBEBKESEZRLTWS. AKX, BSA (A 207nm, 2 220nm) & CA (H 206 nm,
(1220 nm) 122V T, FEFRIEENFMZE (0] OFRRGEEZR L.

K HL SDSHRAE T DL 7 ¥ 8 7 B KR % % #E
FLTWIKERAEZILD T A4 OMEAEH
2y M= HENRTWAEZ L&KL, SDSHEETD
Wy N BB T EENETH B T L AURIE
ENb. Fx i OmpFR—1) ¥ OZEEHEAR~D SDS
HMARRY URIE I LH016gTHY, [HEHE
G TEE L 72K S v 87 H D SDS #E A &
FRETHALILZHMELTWVEY. ZofRIEIh
SEMWSY YR EORARE YD) OffEREDNIZIZ—
ETHHIERRLTWAS. INSILEOMEY LT
A, SDS-PAGE 2S5 T HEDENTEWN Y V0 8%
SEET L LTRSS T 2 W bR 2 AR L
D—DLEZOLNDL. COXIREETOY N H
S OREMED MR OERIL, GBS V87 B
M55 EMWNA T T 7 /0y —DRBIIESTH
EDIFEFT & 2D TEML I GRITOWTHERIIZET 5
CENGHRDLELEEZOND.

B ©

B BICRFR S A KICABEO AR Y » X7 ]
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WARER B L 72 A5 827 1360 THHE E TIEp
Wiz o 3mike LTHHIbLTEBY, 60 TH5
80 COMNCIH RN S AA LN, an) v 7 X
MOMEx b o 7BV m AR 3 RS 5.
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DEWS VX7 BT DR TH H 2 EAUR
I N,
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Abstract

A multidrug efflux pump, AcrAB-TolC, contributes to multiple antibiotic resistance (Mar) phenotype in Escherichia coli.

In this study, we investigated multidrug tolerance mediated by genomic segmental duplication of acr4B locus in E. coli. In

a strain K-12 W3110, 3.8% (8 of 208) of ampicillin-resistant colonies carried the multiplicated copy of acr4 gene, thereby

exhibiting multidrug-resistance phenotype. In contrast, in a strain O157:H7 MY-29, we could not isolate such mutant. All

isolated Mar strains were found to carry the same 416 kb-genomic amplicon. Sequencing analysis showed that the amplified

regions were bordered by insertion sequence (IS), IS5. These results suggest that E. coli gene amplification occurs largely

between directly oriented homologous IS elements. Thus, our results suggest that the genomic amplification-mediated Mar

phenotype depends on the genetic background.

Keywords: genomic amplification, multidrug tolerance, Escherichia coli
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HREEH S TWD, TolCIZMBOFEH R > 7 D HL R
FrANE LTHRIELTED, LEIZS L TAcAB
BEREMETHEEZLRTVWAEY. Zhb 320
7 87 B L acrAB & tolC-ygiAB L\ 2D DR %
FRBNZT-FENTBY, IUHEETORIIL
MarA % SoxS, RobZDfEE R TIZ L h il S v Tw»
27 2 E TICRSE S N K O % HI 2 R
D% 1L, acrdB X t0lC-ygiAB DIEH # R ¥ 25 D
DTH5.

M ASSEAN I PE 2 15§ 2 A IR, 22R%
RolZdh, WERETFEELT 7 2804 3¢ —1t
(F 7 LTEH) bbb ZOF ) AEHIE, BHO2
A¥—bAT v T ZDHDLE I —ALAT v TD 2
BHOAT Y FIZE o THTTHEEZONRTNSY.
WD 2 2¥— LA T v 71 RecA \ARAE L 72 A [R5
Z X1 RecA LKA L 2 WIEMI LR 2 O Vg i
Lo TH#ITT S5, La—LRAT vy 7 TlE2aE—
LA T v TN & Y U7 FBCA I C RecA IARAE L 72
MEMIEZICE DV ETTLEEZONTVS., DX
IR AEE RN LERI LI BT, BB
ROBIVEIC & 0 AELFICHE L 722 ¥ —HomtE=T
FHTAMBAREEIND 20, 7/ AP o#EETa
Y —BUIBRBEZALIN U TR 52 2 &1k 5.

HHTH DA PEZE S B3 B I K F2ehl & i L
T, 7 AEE RS LIRS 2R %
{, ZOHMRAIIMDOTZ L. 22 THAF, 7/ A
HEH A L 72 MTE O AN IS WAL T
7. ZORE, I ABEROMERTIX, 23
E— ATy 7013 L A EDIEMFEMIEZ 12X ) 5~
FARILZDIIHL, 77 2BEFOTIVER T
BicBWwTE2a¥—bAT7 vy 7DIFE A EDFA
Feyl (1S) M CoOMMMBIZ L DR 2 2 L2V L
720 KBEICBWTIE, ShETICHEIhTw
55 ) KNEROL HHME RIS TH F M-8 Tk
ZoTWAIZEND, FVERTHERBIHED 2
QE—LAT v TDIFE A EDPHEMIEZICE D
ZHEEZOLND. KBWK-12 W3L1087 /7 A Tl
acrABFEIBIC L BDISHBAEIE L THB Y, acrdB #HIRAH
T AERICEN L AL LSRR D 5. —
77, O157:H7 Sakai ¥k 7/ & TIX, acrABHHIBAZIS X
HEDP LRSS, W3L10%k & Hoik U C acrAB 5858
D NEBEEIEVWE FETEX S, RIFE T,
W3110%k B & O R IEEEME O157:H7 MY-29%k % HI v
T, KRIGRIZBIT 5 acrdBHEIO T ) L EHEZ N LTZ
SRRSO W THRE 21T 5 72,

KBRMF B LUTE

1. EHEK

K B K-12 W3110%k B & OV 3 Ik 4R o P O157:H7
MY-29%k & v 72,

T YT VAR, HEH 2 & T v LB RS
o CIARFI R R, EWMRBEOT YY) YRS
OLBIEERE M FICHBEERMAT LI LICX > THIEL
7o, WBILZZHWHERIZFE CREOT7 Y ¥V Y 25T
LB ZERK M FICHRRFE L 72

2. MEMETEE ORIE

KWsTh acrAB BV % K4 RIREEOPAEWH 2 &4
LB#ERE M MIC®A L, VIAEMEEZE TR VWE#HT
DOAE &I L TR E DS & 5 AR 2 /N
BFRIEEE (MIC) & L7z, HuAmEICET vV
YOENrT S AT =a—), FENIHAL LY T,
zyz2au~xA{ v, hFr~4v v, JRELF TV, *®
TAFFVA, BEXYY 77 EY RV

3. 4/ LDNAGRR

7 LDNADOFREIZIE, EBRICISUT28) O
BEEZ W, auo—25E#ES /2 DNA & i #L
TAHYAIIE, 7/ LADNARBERIES, v 2y V-
N4 F 5y FH) ZHOCTHREL . BEELISF
J LADNAZ BT 255100%, A7) —= v 71l
HLZBEEOT YY) U Eat LBE b T— Kk
LRl e 0L, REXRER —BRT A
DNAFMETH L7 =/ — ),/ 70kl AHEE
WX PR

4. FEPCRICL2AE—HE=E

BIETaC—HOEEBICET 754 F - "4+
AT B AKDY TV ¥ 4 5 PCREEETI00% T L 7-.
PCR I J& 1¥, THUNDERBIRD SYBR qPCR Mix (H ¥
W) AL, 20 pL BOSBIC K T T 4 <~ — 2 %R EE
300nM 2% % X HBWML TR o7z, T ba—)Vi#
ZFELTYRY =A% X7 S10% T — N9 2% mps]
BIEFEHO BHLZTIA4 v —13F 1LITRL.

IS

1. acrABEGFEEO IE—HZEE)
KIBBK-12 W3L10¥k D 7 ~ ¥ 2 ) 233 5 MIC
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xK1. KHRTHERAL T4 7 —

Gene Forward primer (5'—3") Reverse primer (5' —3')

acrA AGCGGTCGCATTGGTAAG TTTCAGGCGCAGGAAGTC

ampC CGCCTCTTGCTCCACATT GTGTGACGGGCTGCTTTT

ampG GGTGAAGTAGGCGTGGTT TCGACAGCAGCCAGTAAC

argF AGTTCCTGCACTGTCTGC CGACTCAAACACCTCGTC

cysS GGGATGGTGATGGTTGAC GCCTGCTTCAGGTTCTCT

gltl GTGGGTTACTCGCAGGAT CGACGTTGTTGGTGGTAG

Int CGATAATGGGCGTGGAAG TCTCCGGTTGTGGGGTAA

mmuP GCTGGGTTCGAGCTTTAC ACCAGCGAGAACCAGAAC

ompT GAGGCCGAAAAGTCAGTC CATCCAGTCCTGATCGAC

ribD CCACATGCCGAAGTACAC CTGCGGGTTAGGATCTTG

rpsJ TCCGTATCCGCCTGAAAG CGCGTCTTTGTTGACGTG

sbeC CGACACGTCAGCAAGAAG GCTGCTGGCTGTGTAATG

taud AGACGGCAAGGTGTTGAC CTGTTTCAGCCACACGTC

yahD CAACCATGTAGGCTGGAC CCTGCGGCAATCAGTAAC

ybbJ GAGTGGCAAGGGGTAATG GTTGACCAGCGGAGATTC

ybdM GACCTGTCTGGAAGGTACG CTGTCCATTCCCAGCTCT

VKfC AAGGCACCAAAGCACAGG CACTCGCATCTCGCCATA
F2ugmLTHY, dpgmL DT YY) Y E2ED (A) ampC
LB ¥ b TR 25 R10°-10° 0 31 THBL$ 5. 100
KGWIEP-7 79~ —E¥BLUOLHPH Y AT 4 g0 |
ActAB-TICZ A LTHEY, Tho@EiETFowThns g
DEGIRT V) ViR ST E2 5N 5. § 607
2 CRBH W3LI0ME I TT ¥ ¥ ¥ ) ¥ dpgiml 2 40
&G LB L TR RIL, B2 ¥ —¥ 5 5]

o - .

‘7%3:1— }‘TéampC:@ofl:%b JZ‘U;acrAJEfK?‘:JE— 0] 2 -
Brwm Lz 7r¥y) vEzhoi ke % JRIPCII \q, \(,) \/\ o, I~ q;b '1,<°
W 725 MSEER Tld acrd BIZF O 2 ¥ — 5013095 + TN YN /\ N
0.1, ampCHEETOI¥—H1Z1.0£010THo7. F (B) acrA ampC copy number (ampC/rpsJ)
7z, ENS OGN, acrd BAR T 2%0.77-1.2, ampC 60
HBIZF250.89- 120 HPHNTH - 72 (K1, AT T
7). SRUSHLT, W&RLAET ¥ ¥ Ytk € 40
He acrd BAZTCE2TH (31%) . ampC T T3 g
4k (43%) ICBVTAE AL L & oTw 2.0
72 (W1, BT I7). INHOMEE, TrEYy a
U VRSB W T, acrd BARTH#IRO 3 ¥ =08 o |
ampCRAZTHFIR L D LB LA L EZRIEBL TW Q’\ FCIFOININ ,\’\ O N a2 a0
%. SAIPEM Y A F A AcrAB-TolC OB, Mot R NI AN RS

AE R FURE TR, A RERISE OIPIE 2 A S E
By, T YEYY K BBEIUEII KRR O LA

EDEH LD 155

2. acrABECFEEMRO B

KBWK-12 W31108k &2 #7212 7 Y €Y ¥ 4 pg/mL

acrA copy number (acrA/rpsJ)
1. 7>EU CHMEKRICE T SampCE LT
acrABEFIE—HOLEE)
7 ¥ ViiEK® ampC (A) B L PacrA (B) #in T
DAY —Fosndgi Rekrs 7). Aks T 713%4E
HIZBI 2 ZENZEhOa ¥ —Ho5ti e Ry,
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ZETCLBEH FICHBA L, 5208k T v ¥T Y ¥
TR PEMR 2 0 U 72—, 3 IR AL e R 1 O157:
H7 MY-2013 7 > ¥ ¥ ) 125 5 sz M As w3110k
I bFrIcEL, SpugmlOT Y ¥V Y EEGLR
WhET7 ¥y Vit z ERTRETH L. £ 2
T, KRIGH O157:H7 MY-29%k% & & & 512054k 7 ~
¥y ViR 2 S L. 155 72T ERR D acra
BETOa¥—$reaLze 25, W3L0MHIKRD
7 ¥ VI ERR208RD 9 B 84k (3.8% ) 1B W
Tacrd BT ¥ —EA2.0-25a -t o Tnwi.
L2 L&D 5, 0157:H7 MY-29%kH kDT v ¥ ¥
i PERR205Fk D HIZ I, acrd B FEEKIZE TN T
Witz 2T, W3LI0MRH R D acrdB BHIFE 8
# (No. 5, 21, 39, 47, 48, 51, 54, 58) IZ2WT,
SO RDLT R TR 572,

3. acrABEHEFEIFZDORE
Bon/8oBETEHEEFET 5729,
acrAB AT IR O BB IE T O I —$Ewm L7z

BB O M AR ST, POEs L b a¥—#
DE L AENEH 72 (M2). ZhIZOVWTIE,
FEHRIEH S Tl WS, O 4 DODIS1A8
FHEICIEATED, Kmifn T 5% 5 EATEYE
ZRILTWLIREEDZEZOND. IO OFES
5, KBHICBIF2BIETEHEO 2 I—LAT YT
D%, FPIVERTHEEFEBICISEOMERYI %
ALTHELLEZZOND. MFEFEIIBWTIE, JEH
A DL E R 23 —AbLAT vy 7T THY, ¥/ 4
FENT VT LAEL LD L, KIBHER T IVE L
THIZBWTI, 7/ AEBHOL L SRR TP F
NIPFEDFIHTHELR T o T0EH b D LEHLET
5. $abb, KBEPHIVERAITHIZBWTI,
7 WEB A LRI YEAR O MBI EEAS 7 ) A K
FHBICKELMIFL T B EEZ OGNS,

4. acrABEHEMOITEME MHE
8 ¥k D acr4 B EAIK O HUA W B i 1 % 3~ 726 R,
TYEYY YoM, sus A7 z=a—VReT hT

(K2). 2ok SHETIKBVWTERTHOW (7)Y, Z)AUIf Y, ¥7+5FT 4, Y
KICISSBHFEAEL TB Y, 396#mT 2 &Lfdlekb 77 Y ¥ VST 2 ikl AL, A%
DFEBHlEBEL TWL I AP L. T2, ToE EHRL TV (EK2)., BEIREVWI LIZ, /Bohk
o
[m]
¢ % 3 8 [
> € > = = o 50kb
oW Q 9 <« 3 5 = — 10
[e)) &) — Ke) o = c
28 2 £ 8 % 5 s ==
Strains Copy number (relative ratio to rpsJ gene)
ykfC mmuP argF yahD tauA sbcC ribD ampG acrA ybbJ cysS ompT ybdM gitl Int
4A-21 11 32 33 23 22 21 20 22 23 21 21 23 22 22 079
4A-39 12 44 34 24 24 24 23 24 20 24 25 27 25 26 084
4A-47 083 29 37 26 27 26 25 26 25 24 26 28 26 25 064
4A-48 11 30 41 26 28 25 26 26 25 28 27 32 28 29 068
4A-51 11 31 39 25 28 26 25 25 25 29 27 31 27 29 063
4A-54 12 32 36 25 27 26 25 25 24 24 25 27 24 22 069
4B-5 10 28 32 26 24 24 23 25 25 23 25 24 24 25 061
4B-58 083 31 30 26 25 24 26 25 24 24 25 24 24 24 052

2. acrABZFEEMDEEERDERE
EBZacrA BIE T RAOKEH W3LLI0MT / 2% $, 7/ A EEZR I U2 R4, B EEK RO ARS) (IS5)

EHFCR LTz KANGBEIE T O R % %3, TEBDOKIE,
FEE, aE—EB 2 E0d DRRT.

acrABIE T IEBRIZB T D acrABIE T B O K@ a2 ¥ =%



acrAB AR T EHMRO BB FIRIEF —TH 512D 20
bo3, FHEZHEENRENDOTPICRLE LT LT
bhotz Bz, HF<A4 T 126 LTiENo.3972
IS EZRL, J REF T VIR LT 8 Bk 6 Bk
TREZUDEL o Tniz, TRSDBERIZOWTIE
R THBH, 7 APICRREREPE LT B0
HEED B 5.

z ¥

AFFETIX, 7YE T VX BBIREIC X ) K
WASacrABEID 7 7 ZEB & A L CE AL L1
HZrrWHSMIL KIBRK-12 W3L10kEB L O
0157:H7 MY-29%:% M\ T, acrdAB#fnVEHIZ X 5
S FNM PR LS EE % el U 7265 8, W3110%k T 13208k
H 84k (3.8%) 2BV T acrdBEIGFEHEHI AL T
72735, O157:H7 MY-298k T3 458 L 722058k H1 12 acrdB
BETEHZRETILIRITERL o7 O
i, KB H O #EEFEEIS SEOMERSICK & <
ELTEBY, 7/ A& L > ClEETEEO B
BEPRL DI LERBTLLDTHS.

B3R T & 912, KERK-12 W3L10¥kD 7/ 2
Tl acrABFIRIZ20 D ISHBFFEL T b, TNLHIS
DH L, ISHTOMEMBZ 24 L7277 ) AEHICK
D acrAB® 3 ¥ — & N S 1% 5 A bt 348
DAL, PHENET 7)) I DK E S13252kb
(7v7)ar1l) BLXU302kb (7> 7Yav2),
416kb (7 7)) a>»3) Thsb (M3A). KWfs
THUS L7z acrAB AR EBMKRIZETT v TV a3
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MW2~3IE—=ICEHELZDDTH > 722% Nicoloff
SIEKIG W K- 12RO L F R ICBWTT v 7
Varv1x2a¥—F3rk%58EL, @iHFLTw
22 F 7 WS acrABEEZ B B lon BIETT T
T VAR Y ORI HFALELTBY, lon#fnT
P 7212 IS 59 A S 7288, lon::IS & 1S1861H (%
149kb) T# /7 AEHEZH| &I L72RIZO VT H IR
BHLTWEY, x OEBRTIE, lonBIETHWICH
WISASRA SNtz I3 2 L IXTE Lo 7275,
ISHiAZ A L {aFEEHER, BAAOISH Tk
CHBMIRTHEBEOHE LKL TRWIDLEZ LN
5.

— )7, O157:H7 Sakai ® 7/ L TIX, acrABHHIBIC
ES5MLULPISHHEAELTESY, ¥/ 2EMBEITLD
acrAB O 3 ¥ — K& BN S 15 % #l A A b2 13543 kb
OTyF)AY1IDATHDL (K3B). SHMEHL
72 MY-208k D 7 7 ZEEHNE AW Td 5 75, Sakai bk &
HPLTWBEEZLNLIEND, 7/ AMEED®E
WS acrAB RIS T EHERO MM ISEE L Twb b
DEHLBETES.

KI5 # O157:H7 Sakai ¥RiZ %7/ Ao D R7p B A& 12
20DHEBEIET (el BIVsex2) ZHLTWAD.
INOHBEBIZTDORELTIXacrdB B & 3840,
2L DISHHFIEL TWDHZ L5, 0157:H7 Sakai bk
IZBWTIE, acrABHIR X 0 B R8T D5 A
BIETEREZEZ LT WIRESD 5. HRibdfaT
D% av—{bL &t OBEIIAHTED 575 4
BHETT 2 LERH L7259 .

x2. KBEWS3110HRacrA EEROENERZM

Strain acrd copy MIC (ug/mL)
number AMP CP TC EM KM NV CTX RIF
w3110 1 2 4 15 60 1 200 <0.03 10
5 25 4 10 2 80 1 125 0.03 17
21 2.3 4 10 2 70 1 200 0.05 18
39 2 4 10 2 70 3 150 0.05 20
47 2.5 4 10 2 70 1 125 0.03 19
48 2.5 4 10 2 70 1 125 0.03 20
51 25 4 10 2 70 1 150 0.03 18
54 24 4 10 2 70 1 200 0.03 20
58 24 4 10 2 80 1 125 0.05 18

AMP: 7v¥EY ) Y, CP:Z7BFA7x=3—), TC: T +IH A2y, EM: T AUXA >, KM: AF~<A4 7,

NV: /KREF TV, CTX: k747 FT A RIF: Y7708
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4)
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e — 8
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Yol [Io} 1]
) j} 2
T iy <
Possible amplicon 2 (302kb)
L ]
Possible amplicon 3 (416kb)
(B) O157:H7 sakai
Possible amplicon 1 (543kb)
r 1
—— — —
58 & 2 5
242] () ° )
L H 1 ‘l 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ]
2 R
8
&
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Results of the proficiency testing programs for determination of inorganic
elements in milled rice flour in 2009 and in 2010
and for determination of those in hijiki seaweed powder in 2009

Shigehiro Naito*

National Food Research Institute, National Agriculture and Food Research Organization
2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan

Abstract

National Food Research Institute, NARO provided proficiency testing programs for determination of cadmium and nine
essential inorganic elements in milled rice flour in 2009 with 76 participants and in 2010 with 96 ones and for determination
of total arsenic, cadmium, lead and those in hijiki seaweed powder in 2009 with 39 ones. Reported values on a fresh weight
basis and dry weight values calculated using water content measured by each participant were analyzed according to the
International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry Laboratories. In 53 of total 64 elements
of the three programs, assigned values could be determined according to the Harmonized Protocol. The 53 elements had at
least one questionable reported value with 2 <=| z score | <3 and 49 of them had at least one unsatisfactory reported values
with | z score | >3. These results indicate that regular testing of accuracy of analytical values is one essential requirement for

laboratories.

Keywords: proficiency testing, milled rice, hijiki, secaweed, total arsenic, cadmium, lead, essential inorganic elements
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BReRE"Y ~ oz, e R i
L ORAERBEBEOVHEN TH Y, BEHKES
DEREMELE TR % it T 5 oW b Bk
BAOSBMEERShTWE . Zhid, a—Fv 72
A ZEH % (Codex Alimentarius Commission) 7%, £
D AR D B R~ O R FHDO—D L L T,
WY RTa 74 vy T AT 4 T (HipERER)
ANOBMEZRTTH VY, E=FH0EMT 5 HaERR
BT 5 2 LSO EEEERO —D D) L
L CHEBEMICEE SN TV DE7-0DTH 5.

PR $ g Bk 7 — ¥ X — Z EPTIS (European
Proficiency Testing Information System) Nckae, &
i RO AT L O FRER R, 270 B o EsL T
TS A 5 —86KE A 541871 7 F 4 (FAPAS™ $Rfit
DFAT S LZIEPTISTIZ 1 70275 AICHER), &
i - RO BAE MR O BRERER L, 170 Bofs 7
TN A ¥ —37HB 2 5125710 7 5 4 (FEPAS™ 32 fit
DT TZ T AIEPTIS TR 1 70275 AIZHER) 2542
s hTwa, LaL, WH7a st y—m4 32
HifgkBrTix, B EoBH D 5 RE O HAR~OH A
M ENTENORBRENBINTE R VWEER, H
NTHELOBWRE - oo 7a 75 A0sElgicit
IR TWARWEEYRH L. —F, ENTRIEShT
WD AT OBRERRER Y TV, R AN -
RO Db, EIT, K - BiEESME AR
B EMRAHZERT T, B S OBPRALRD 720
DIFTBRFERAEBEINTWDE A FI 721220 T,
ENCTHLOEVERE S ) v 7 ZITERL, 512
AR B L TS 0 % WAL EIER T
F O MRS 2 7z HhE AR % 20064F B A 5 20104F
FEE THE L IRAE L7277 X 51220084 121, E
EHMAR ARt R SR A L Y ¥ — (NMID) A°
W ICHR M O U &by R B\ B3 2 W FE B 38
DOHTHRE L 72 EDE 2 W0 L Efikho
Me#k HFIvLA, SRR UHERICE O R
ZARAEL 7210, 20114E 7 520134E B2 Tld, NMI A
A L 72 TR R o BT E O AR EY) B 2 v
7o BB 2 NMIJ & LA AR 1 R AL LY, 20144F
FEEA AR R T DR TCHE OB E & T 73
BEERER Y 2 NMIJ & b4 T 1 3t L 7.

FhEABRCIL, FEMH AR % ik & SR E (S
Fifd L, #%lBREITEOHE Ok, Ehigics

MriEE2FEH T 5. EhE XM EOFHMRE R (27
D) R L72HEHELE ESNABRE IR T 50T,
SRR EB D72 L0 ORNT X > TEEOFHREE 1
AL, MORBREOGH ke EE2BEICLT, Bk
HEBEDORERE SN HRED ) EICE.TH I ENTE
5. FRERBORERIIBME 72T ICHE SN2 03
H D720, ShE DI RBR R OEHE AT
5 EE—BIICHIR I TS, Lo L, MEHD
AR S NI A L, BeRE R
BHRIZIBMBELUINC L 5o TOERBERIS & F
b, 72, HERBA~OBMOLENEZERT 57
DIZYH, FERABEREZ COACHM->TH B )BT
Ndhb, FIT, AEETIE, 20094F 5 K O20104E
WCER L 7R ERT O B3 A R OW IR TE
DI EEARBROFE R, I ONZ20004EFEICE M L 720U X
MERPOBEeE HFIVL, BLUCUHEERITED
B OISOV THRET 5.

ESL WP

1. &8

20094 FE D RE R IYARFEL (BUF, 200945 K X 132009
FoRFB EWEEE) ROTO U B oREE (BT, 2009
UL & 1320090 U & 50K & BEEL) 1220094F 4 H 12,
20104E FERE R AR (DU, 201045k 31220108 K
AR L WEE) 13201045 H IS SRS IR ZEIT T & 4 iR
B 72, 200045 KB Tl Kk % FEE R KBS (BED
<A —E ¥, BR—-EA35) THEF 90 %KL
7ok AR 7z 20100 KB ClE Lok E 7 v s A
WA (5 7), REMRERE (RExr—¥Y ¥
BT — AE05) DNHIZHWTH K I 7 ABEORE VKK
MK ELRE F VR0 %ICHEATBHL, WhHOR
EoRkERA LIEEEZ W2, 20090 U & #ET
WHlROFEO L E2Hwz, HRETOCER, 74
VEOSMmMA Y Va KTy vEao—SEEy b L
728 5 OBy e % (14000 rpm, Retsch ZM200) T4 4
WL, #iods (Retsch PT100) TH K iE#K20g%
R 7L B EARE (6bmL 7Y Fa—7
VI VA4 Ty R)IZED, AEEICT NV
D, ZTO®RICKEY =) ¥ 7 (HEFESK, TOSPACK
V —380G) &A1\, Bl F CHIRRE L.

2. AIEINRED
FARDOWES R EA FI oA, FPUTA, <
FATT LA, ANV A S WS W, o h v,



AVTAR) e L, BoyoERIITEEE L. £
72, TEHMERFIZHAT LT, HARR MR 5055
HOBBETHRHL T2 ® 3g, 135C, 1M
O E 8 RN B Y DR R 2 1 g lT&EH LTk
THEZRITH) LR L.

O UL EoMERNEETITHBeRE, NI T A, 6,
B WEEY, #, <VH Y, FRMUTA AYTA <
TRV L, WV TARTY) VIZOoWTIEREE L
7z F 7z, uEMEISHHAT LT, H AR AE R 5
ENHEHOLHRS WAL TV 2R 5 105C,
5 IRE R 0 I 3 RN B ik O B = &2 2 g ICETE L
TARBDMEZATH S &R ERL 72,

3. Eoft

200945 K BEHZ20094E 8 A 5 HIZ80AIZ, 201045k
AFHZ20104E8 H24 H 1100 A 12, 20090 U & #HHE
20004E8 H25 H IZA3 NI & 2 383% L7, Mk, OL X
EDITHRAFEFTAT NSNS & & b ICHEEE
B, B RS AR, AT e A SN
EAF L7z S ofED )i, 200985k 2009411 H
4 H, 2010k : 20104£11H 5 H, 20090 L & : 2009
EITH30H & L7

4. FRETEEAR

WEEMBAT O FIHIZ, TUPAC DFRERERICE 3 5 /N —
EFA AT PV (F, N—FF 4 X TS0
v ERERD) 2Bt o 7. AMUERRIICIE, HN—FF
AZXF7a baVIBIE LTRBEEN TS il +
50 %8B Dt & AU & 5 5 J7 R O T I 2 H v
7z 7272l ORI URE + 50 %8 O & Br 2
LTHuNA MEEFEPN—FEFA A FTa ba
DFFHPICA S WA IZETH W, N—FF A4
ARTa IV THEMEZRETE Ldo 72l
A&, Hgfil £50 %O & bR 2 o YLl &
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FEMEDSEZME L, FHIRAEDOFEEAHED S widh g
D95 % FEHX ' 70 & kb 7.

AT EFET L L X OEMERAEZ, KSR OK
TEH DA 5 I B Al % Horwitz DR IZA L
TRMA L7z, sz ik 2 Fv 5 K 5500 5 3 13 RE BRI
DHED 20, 156 N72K5H1Z AOAC International
DHA I 4 2 Tld Horwitz D X O TdH 5.
L2 L, Horwitz 5713, /K450 M B EHEF 2 O
T =12 Horwitz DA AU TIEF LT & 2 HE L T
W5, ZIT, KT —% DN TS Horwitz DI\ %
v, ZoRRsZL Lz 52RO L20D
FEPSBALEZBMEICOVWTY, 2L LTz
237 R L7z, MEHTICIE Excel2013 K V7 1) — 7
I7RYDN—Y g3 ¥313% 7.

REEHBRDER

AEBEEICKGEEZEOHEE (AER) L4720
D IG K I 1L mg/kg fw 1T g/kg fw, KD K
EEAMIEL-WE ERE) Y720 onRKiREx
mg/kg dw X 1E g/kg dw &7

1. HEBE SR

200945 K X O D H FTIZ65A, fidb)h #1211
ADEFIT6N, 201045KIIHHDYI Y H £ TIZ84AN, i
DY BRIZI2ZADEEI6A, 20090 U X id3fioy) ) H
T TIZ3HA, #HEDYIY %25 AOEFBIAND S 5T H
G SNz, BB OFBEEIC L 502K 1 IR
£

2. WREBEOBIFER

AR DOWEIZIT > TR W E 25, TTEOWRE
MEIZ LRI X B HEIE LT,

N—FF AL ARTE NI NI THEM A &K

x1. REHRSMEOMELICL S0

- 2009%5K 201045 K 20090 L &

i LIRS e (%) ZInER e (%) PR #E (%)
LERER T/ Vet 15 19.7 19 19.8 4 10.3
HRTE TV DI FE A% B 22 28.9 28 29.2 6 15.4
AT Z AR 29 38.2 22 22.9 16 41.0
R At 6 7.9 22 22.9 8 20.5
P 4 5.3 5 5.2 5 12.8

i 76 100 96 100 39 100

) BEAZIN L 72D D 5 720 SN Bk it
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D 7oA Al K BRI 20 S, 2z A 3 T D53 A % 2009
Fikixz£ 2, 20105Kki135K 3, 20090 U X 13%£ 41R
T R2HHFEAIE, W SNIAKGTHIE L 26
W Y72 ) OREMEOEHTHER D RS

AR IS N—FF A4 X F 71 b 2 VIR
DRV ONT D I 72185553 % 200945 K K 12009
DL EIZDoWTIE, AIUERRIBFEN L) N—FF 4
A RTa b I VIEEERD D 5 T ILE £ 50 % B O RO
it 2) 1) OBRERIEMNTRS Hvizgaom
HORERZE2 ROFEAIR L. 72720, WhHD
FRZPR LT D 1) ORI N—FF A AT
o b a3 Vot SRR (DT CHAT 2% 2 RO
# 4 OHorRat(R)P'<12) 27z LT ni-HE#E
fiie L7z, 5 EOREATED S 1) O
I22) DL EOKRE RIZRB25 1) O 5O
AN ZON—FF A A7 b aVOFRE
(zRA A TR B 24 50 OREHEARHED S % 4
T&E5 L9, HHHEOBERE S <0.3 X Horwitz
DR 2 v 72 58 M T B R 2 0 T I 133 7
LTWwWh., WwIZ, 1) &2) ®zAa7 DO45AG% LR
T5&, 2000 KDOEYELR-D DT AT T LD
F|zAAT | =2 DBMBEBDBRELR DD, MO T
FzAAT7 | S20ZMBRRY 2237 | =30
MBEEIIF URERTH -7 (K2, £4).

AU L2 el + 50 % 8 K ONFE NI T v
THHMEMEDIZSDENKELTNHN—FEFA A F 70
NI WK o 72T 5 (Huber HIS 7 VI X A %
Mz a N2 R, E 7 — % 546 & IE B 546
= FVTHEE L7z h — R VEEOREME) 2PET
E o 72HAE, 200905k TR E 472 ) KOz
WMESZDDF NI 7L, SR HY 7LD 6 KD
201005 K CIIHTfERE Y 72 ) RO E 4720 OF MY
AR ANY T A, BCEE ML) OO 5K
4y, 20090 X TIRASD LSS Thot. THHD
AW TUE,  H U + 50 % 8 DAV Ul & Br 214
DR GEOBEME Lz, ThE Tl
L 72 B hE R o 710 T, gl o B R A
K FFHEART & L T2y, oG Tidhdio
95 % BIEX [ 2 IEAH > S (U, S&ERik=2) &
LCRME L. g5 % EEX MiZh e fiio 1
Ml & THICIEASER R 256053 505, ETRFRONEE
LC M & THOMOTFIEZ KD, ZD12% i
EOEEATENS E LTER2MHERAEWL:. £
LC, HIREOEERFED SITHR T — 5 O HR
ZHNT T 1 BRI E OBEERTED S &R 72,

F 205K AR U2 1 E ORI RS HE AT A X
X, HEORBREMEEOGIEE V72 & & DA
PEERLTRBY, HEEORBENLFHL7a b arvo
GTEE RV ZMHBESEREAEL ) SRERBE
BHERZEATHSY . SHEBMNEEFEZOKR X
E OFHGIRIE CTd % HorRat (R) % 1 B3 52 OO AR A2
RHEN X2 DO W T Horwitz DI FHHWCEIE L, 7
R B OMEMEDOIE S D X OFHliTREEE Lz, N—
TFAAXARTA b aNTIE FEMHE~NOTINZ R
¥l ORI 4 F A HorRat (R) <120 728, 54l
HPEIZHuber DHIST VT XL &2 2 ~%4
DS D HorRat(R) (&3 RTI2UFTH 5. 5.4
ANOUNZ MEEORM G Z 72 & WA
5 — 2 VEERH EEORBEZ R T 55
R, HE OREHERE O HorRat (R) <0.3 (zA 37
I BT 2 GO, S 2 W 2720 D%
1) 7z, 1 1EIED HorRat(R) <0.3x (HR7—
FEOFEFHW) b, oF 0, RHEMEE MG
TH LK OERNT— 5 Br16 L £ kb L,
FORsro 1 Al %E D HorRat(R) 112X ) K& L 7%
5. REMHZMHSMEICEHA LR 2O VY720
HRT— 7 B2 o726 1 [l E @ HorRat (R) 1Z
14TH 5. FHEOBEMICH I Z IR L 72125
2@ 1 [\5E @ HorRat (R) 131.70°549& K& v, 4§
12, 200948 K KL O201045Kk o F b V) 7 A0 1 \IEIED
HorRat(R) 39 RT4 %@z THEY, MHEMEOEISD
ENKE W,

Z =

1. | zZ23a7 | >3 DHEMEICET 34&5

2009%5 K, 201045 K K2 0F20090 U & ol #2472 1)
KO 72 ) O&64LFED ) bN—FF A AT
Ok IV TG EZRETE Lo 72110Ex
BR\ 725370 R CITEGRERHII © [BEb L] &g
ENB2<|zA37 | < 3OWEHENAEL, [ A
CHIBEND |zA 3T | >3 OHAEMEAT200985 K D ¥
fE RS 72 0 T OSREW R 2 7 ) O i § K OV LIS 0 495¢T
FIHAE Lz (K2 ~FK4). 53LEPDL9ICHET,
|zA 37 |>3 & %5720 DOKECHREMIFSE
T5HZEIE, ERONEAT ) TRTOREREILHHE
DOh7z &) 2P R T 2 BEEEZ R LT 5.
|zA 27 |>3 OWEMHE G 2 2SI BIT S
BB B OSSO W TR, W —4&tko
BUALBRE T O E R A 1 72001, H#OGX#RE, RO
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[ZA3T | |zAAT | |zA3T | |zA3T |

. HEy ) F5ME0 1 mEED 1 HHED
WAERR gy ey MU ARG s 51 " p =20 =2 =30 =3
e 0 W Tﬁd)’? Wi aarED A5 ’fv—ifggﬁ Pj;b)ﬁ;;ﬁ)ﬁ gz:{gﬁ:; HorRat(R) ngg% 0()4,‘ ?;‘pl]?’f D
%) % (%)
&Y 7 (70) 2 HI5 (11.7)  (0.05) (0.40) (3.4) (1.2) (59) (78) (68) (89)
(% (EH55E)) (76) 1 Hefli o (117 (0.05) (0.40) (34) (1.2) (59)  (78)  (68)  (89)
cd 76 74 1 HI5 0611  0.005 0.044 72 0.4 74 97 74 97
(mg/kg fw)
c)
Na 21 (16) 1 el (108) (1.4) (5.4) (50.0) (45) (8) (38 (11 (52
(mg/kg fw)
Mg % 24 2 HI5 274 4 18 6.6 1.0 22 76 24 83
(mg/kg fw) (27) 1 Hhgef (277) (7 (34) (12.3) (1.8) (22)  (76)  (24)  (83)
Ca » 22 2 BHE 411 11 5.3 129 14 18 67 21 78
(mg/kg fw) (23) 1 Bk (4090  (1.2) (5.6) (13.7) (15) (18 67 (@D (1)
c)
Fe 26 (23) 1 gefi (2.31) (0.13) (0.60) (26.0) (1.8) (17) (65) (21) (81)
(mg/kg fw)
Zn
(kg ) 33 33 1 HI5 187 0.2 12 6.4 0.6 32 97 33 100
Cu 35 35 1 HI5 335 0.05 0.31 9.3 0.7 34 97 35 100
(mg/kg fw)
Mn 30 30 1 HI5 117 0.3 14 12.0 11 26 87 29 97
(mg/kg fw)
C)
if 28 (26) 1 dikf (1.33) (0.04) (0.18) (13.5) (2.5) en () (24 (86)
g/kg fw)
E 22 22 1 HI5 120 0.02 0.07 58 11 19 86 21 9%
ga/kg fw)
cd 76 74 1 HI5 0690  0.006 0.049 7.1 0.4 74 97 74 97
(mg/kg dw)
C)
Ija 21 (16) 1 el (1230 (15) (6.1) (49.6) (45) (8) (38 (11 (52
mg/kg dw)
Mg % 24 2 HI5 311 4 21 6.8 1.0 21 72 24 83
(mg/kg dw) (27) 1 Hyefi (315) 8 (39) (12.4) (1.8) 23 (19 (20  (83)
Ca - 22 2 WHIE 467 1.3 6.0 128 14 18 67 21 78
(mg/kg dw) (23) 1 okl (465 (1.3) (6.1) (13.1) (15) (18 (67 @D (7
c)
Fe 26 (23) 1 g (262)  (0.15) (0.70) (26.7) (1.9) (18) (69) (1) (81)
(mg/kg dw)
Zn
(kg dw) 33 33 1 HI5 212 0.2 14 6.6 0.7 32 97 33 100
f” 35 35 1 HI5 379 0.06 0.37 98 0.7 32 91 35 100
mg/kg dw)
’24“ 30 30 1 HI5 133 0.3 1.6 12.0 11 2 83 29 97
mg/kg dw)
C>
if 28 (26) 1 dkfi (151 (0.04) (0.19) (12.6) (2.4) en (7)) (24 (86)
g/kg dw)
P
(kg dw) 22 22 1 HI5 136 0.02 0.09 6.6 1.2 19 86 20 91

a) mg/kg fw i g/kg fw : EHEISR S RE SOHEE (ERE) U7-0) OICREE
EAE L7 E (dE) K70 ) OuHiRE
b) K5O Horwitz DX % EITICFI L 727280, FTHERIZTRTSEME LT () TRl

mg/kg dw X1 g/kg dw : 5RFLOIK

Sttt

) N—FFAZRTE LAV TG ZRETE Lo 72720, BRI TSEMEE LT () TRLA.
d) fH5ERE LT — 5 5 WMUERERO T — 7 5)
o) 1 el =50 %l E /i E LTHAIF Ov—FF A4 X P70 b avicsbn o & LCiliko s 5 H71k)
2:1) OBERIHOTE ON—FF A4 X P70 b3 VIZERHEAR L) THRIB L 728 Uil % Bt
f) HI5: Huber ®HIS7 IV TV A A% H W20 NZ FEHE ON—FF A X R T80+ VK- 74 GAERHR T
M @ T — 5 A B AR — ROV THERE L7 — R VO (HI5TH 5iZ RETE B> HE&DON—FEF A A K7 bay
WPt o 7oA GRS 5 12
HrLfl o il £ 50 % 8 2 R BB ORIAE (ON—FF A4 X P70 NI VIHE o 22 Gl R PE T E o AR L 2B l)
TH LRI T _RTEEME LT () TRL.

g) M5 EEHEP) HISD
HGHFHE R T RAE O fr

H /\ -
Wi

h) i 5AEEHREA HIS D4 - Huber D TN A M R HE(R 7%

GRS R O £
GRS TP A DY £

Huber ® TN 2 ME#EARE VERT — 7 B
W GEHE B RO - 7 — P A b5 v THETEE L il e s
A 95 % 2 HEIX 5 0 /40 ffi

T— bR Ty FECTEE L 72 U OB X VAR T — 7
HP 95 % ZIEIX B O VADE X VER T — 5 ¥

i) 1 IHE ORI BREEARHE A S Horwitz DR & I v 72 28 W T BUA L HE R 22 00 7l i

iz
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[ZA3T | |zA3T | |zA3T | |zA3T |

; HE) ) e fF540  1EED 1 BED
LIRS g o Sl A5l py =20 =2 =30 =3
) E — ko) s THfE REHEA PR AEAN JHERHEAN N - -
B S 7 d>57 Wtk gD -5l TT@’TJE T‘¢4£E fﬁ*ﬂ‘rﬁff HorRat (R) BNE 0% BINE 0%
# »a »3 e (%) % "
e (%) e (%)
*5r®
(% (EL54)) 96 (95) 1 H15 (12.5) (0.04) (0.38) (3.0) (1.1 (80) (83) (85) (89)
cd 90 84 1 H15 0.185 0.002 0.017 9.2 0.4 83 92 84 93
(mg/kg fw)
c)
Na 28 19 1 i (7.43)  (0.85) (3.7) (49.8) (4.2) (10) (36) (15) (54)
(mg/kg fw)
Me 38 37 1 H15 241 3 20 8.3 1.2 34 89 36 95
(mg/kg fw)
C)
Ca 39 (34) 1 rpoefE (381)  (LD) (6.1) (16.0) (1.7) (27) (69) (31) (79)
(mg/kg fw)
fe 39 28 1 H15 1.95 0.07 0.35 179 12 27 69 27 69
(mg/kg fw)
Zn 46 44 1 H15 16.5 0.2 1.3 7.9 0.8 43 93 43 93
(mg/kg fw)
Cu 46 41 1 H15 2.10 0.04 0.23 11.0 0.8 39 85 41 89
(mg/kg fw)
Mn 42 40 1 H15 7.15 0.10 0.64 9.0 0.8 36 86 40 95
(mg/kg fw)
K 39 37 1 HI15 1.03 0.01 0.06 5.8 0.4 33 85 34 87
(g/kg fw)
P 36 35 1 H15 1.05 0.01 0.07 6.67 0.4 28 78 30 83
(g/kg fw)
cd 89 83 1 H15 0.211 0.002 0.019 9.0 0.4 82 92 83 93
(mg/kg dw)
c)
Na 27 (19) 1 thefi - (9.00) (1.16) (5.07) (56.3) (4.9) (1) (41) (14) (52)
(mg/kg dw)
Me 37 36 1 H15 275 4 23 8.4 1.2 33 89 35 95
(mg/kg dw)
c)
Ca 38 (33) 1 poefE (431 (1.2) (6.6) (15.3) (1.7) (26) (68) (30) (79)
(mg/kg dw)
c)
Fe 38 (28) 1 rhoefi (2.18) 0.13) (0.70) (32.1) (2.3) (26) (68) 27) (71)
(mg/kg dw)
Zn 45 42 1 H15 18.8 0.2 1.3 6.9 0.7 42 93 42 93
(mg/kg dw)
Cu 45 40 1 H15 2.39 0.05 0.29 12.1 0.9 38 84 39 87
(mg/kg dw)
Mn 41 39 1 H15 8.16 0.12 0.74 9.1 0.8 35 85 39 95
(mg/kg dw)
K 38 36 1 H15 1.17 0.01 0.07 6.0 0.4 31 82 33 87
(g/kg dw)
P 35 34 1 H15 1.20 0.01 0.07 58 0.4 28 80 29 83
(g/kg dw)

a) ~i) t 2B

(2201045K ko BAIN B WOtk (248.3 nm)
T O ICP i (371.9nm) , i o ICP & & 7047
2 (63, Co), 20090U % : &V 7 ADICPIGHHT
@ (404.7n0m) 723 TH Y, Mo FEIEFE I
PDOLEMT|z2 a7 | <2 OB DH Y BEMILR
OO Pz

N—FF A4 X RNTE NI VI TGl A P8 T
XLPEEY 2D OILHKIZONVWT, TEITEIZ |24
a7 |>3 OWMEE R FER, 2009k Kk TIE AV
YYLADG6M (BozAa7 3, EozAa7
31E), 2010k K TiZgko 121 (BozA a7 @ 31,
EDzAaT 0 9fi), 20000 L& T3 D 711
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R4, 2009FEV U EHRPEMTRORBEARBER

| 2237 | |zA3T | [zA3T | |zA3T |

. HEh . 50 1RgEED 1 HHED
0 T 5l . : ! )= = = <
WIS oy MU I g i mck momes nora? 5290 220239 =3
7 o T ERH BEY mE e (%) 2WE O Bils O
% (%) # (%)
k55
(o () 39 (B39 1 i (39)  (0.08) (0.47) (12.1) (3.7) 190 (9 (25 (64
As? 2 23 2 HI5 132 1 7 5.3 0.7 22 69 25 78
(mg/kg fw) (29) 1 rhgefi (131) (3) (13) (9.9 (1.3) (22) (69) (25) (78)
cd 31 28 1 HI5 0651 0014 0.077 118 07 27 & 28 90
(mg/kg fw)
Pb 24 21 1 HI5  1.06 0.04 0.19 17.9 11 19 79 21 83
(mg/kg fw)
Fe 24 22 1 HI5 146 3 13 8.9 1.2 19 79 20 83
(mg/kg fw)
Zn 27 24 1 HI5 126 02 1.2 95 0.9 22 81 23 85
(mg/kg fw)
f” 28 26 1 HI5 268 0.04 0.22 8.2 0.6 26 93 26 93
mg/kg fw)
Mn 25 24 1 HI5 946 0.16 0.78 8.2 0.7 24 9% 24 9%
(mg/kg fw)
Na 2 20 1 HIS 115 01 05 43 11 18 82 19 86
(g/kg fw)
K % 21 2 HI5 481 04 17 35 11 18 69 19 73
(g/kg fw) (24) 1 i (47.7) (0.5) (2.3) (4.8) (15) (18) (69) (19) (73)
M 25 2 HI5 556 0.06 0.28 5.0 1.2 24 86 25 89
& 28
(g/kg fw) (26) 1 hfii (557 (0.06) (0.31) (5.6) (1.3) (24) (86 (25 (89
Ca 26 24 1 HI5 140 0.1 05 36 0.9 20 77 21 81
(g/kg fw)
P 22 20 1 HI5 0977 0012 0.052 5.3 0.9 16 73 19 86
(g/kg fw)
As® . 25 2 HI5 136 2 9 6.6 0.9 22 69 25 78
(mg/kg dw) (29) 1 Hyef (136) (3) (15) (11.0) (1.4) (22) (69 (25  (78)
cd 31 28 1 HI5 0676 0015 0.081 12.0 0.7 27 67 28 90
(mg/kg dw)
Pb 24 21 1 HI5 111 0.04 0.20 18.0 11 19 79 21 83
(mg/kg dw)
fe 24 22 1 HI5 151 3 14 9.3 1.2 19 79 20 83
(mg/kg dw)
Zn 27 24 1 HI5 131 03 13 9.9 0.9 22 81 23 85
(mg/kg dw)
Cu 28 26 1 HI5 279 0.04 0.22 79 0.6 26 93 26 93
(mg/kg dw)
Mn 25 24 1 HI5 983 0.17 0.82 8.3 0.7 24 9% 24 9%
(mg/kg dw)
Na 22 20 1 HI5 120 0.1 0.6 47 1.2 17 77 20 91
(g/kg dw)
K % 19 2 HI5 499 0.3 1.3 2.6 0.8 18 69 19 73
(g/kg dw) (24) 1 i (49.7) (0.5 (2.2) (4.4) (14) (18)  (69) (190  (73)
Mg 2 25 2 HI5 579 0.06 0.30 52 1.2 25 89 25 89
(g/kg dw) (26) 1 e (5.80)  (0.07) (0.36) (6.2) (1.4) (25)  (89)  (25)  (89)
Ca 26 24 1 HI5 146 0.1 06 41 11 20 77 21 81
(g/kg dw)
P 22 20 1 HI5 101 0.01 0.05 5.0 0.9 16 73 19 86
(g/kg dw)

o) e FEUIDa)~1) 1 K2
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(FozZAa7 @ 6 (2MIEEHE I 20#HEMH), IE
DzAa7 1) REH) 7207 (BozZxa
7 0 6 (2MIEFHE I A OWEE), Eoz2a7

L) AEHRERBR T/ L {, INH ALK |2
237 | =3 DOFEIP% KM TH-72. MLEDOHKE
FITDWTIE, 20084F FE O H B BAE £V 12 B W T
D (zAAT [>3DOMEBNSM (ADzAa7 8
fid, IEDzZxa7 @ 0fl) TREROBRAFLD Hi7z
A, WEMEICEA DD L ) L VERIEAHTH 5.

N—FEF A X FTE IV THREGA % e T
X EL22)DOTLHEICONT, MBI LI |2
AT |>3 OMGEH A FRIAER, 2009k K 0 1
W%, 2MH» 1%, 4MH1 %0114, 2010
X 12164, 2182534, 314, 418H2
%, 8AAAY1 44 DF123%, 20000 L & : 11#2%8 44,
22354, 3MA 34, 4MA14%, SMA1%
9 A1 DRI HE LTz, 200945k 4 44
FHOLX I EOWMEMTH Y, 201045k D 8 fH,
AEONNZ20090 U & @ 5l K& O° 9 AT GAE DK 1/100
fHZHE LT 72, 20106k Tl S5O #10
oz 24 (1%316E, b9 18 250E) »F
i LTz A 5EOR /100l % #Hi5 L7z 3 4413,
SR OFEREABRTIX 1 kg472 ) OREOHE % SN
FICERLZDIZ, 1004720 DRELZHIE L L
ZZON5b. 5O O % it L2 F I
FLI ANIERIE I AEEDND.

GHEA - X B EKHE LTI, av¥Ih—Ta
v, R I A, HBUEROBEE, BREBEK O
M, ATLESoME, WESFGORESENE Z O
5. |zA3a7 |>3 OWEGMEEZ I LS oW
BEM (IQC: Internal Quality Control) ®FEJi ki 137
W TH DAY, 20114FEBE I L 7= 2K K %ot
FOHRERRY T3, WY E (CRM) ZFH L
TWERBREOREMDO KA CRM ZFIH L Twiewn
AR O LD A G W EAASRD 51T
W5, PERRE LA YIS E T U ST O A 7 &
DIZHMTELZLDD, HgRBE~OZmE LI
WIS AT 9 & &L OmENEDS S TR S 7z,

2. F5EEZRETCE L - ETHRICHET 245
Kok O MR F 00T D H AR ERT ™Y 12 20064E EE A 5
20104F B2 E CI24 o 2 [ % &dEt 5 mfgft L7z, 5
FORBERBICBVWTN—FF A X F7Fa ba
o TR G Z L2 T & o Fz % B il 7z
D OREIZOWTIHEIMNIEETTHE, S TA:

S5, ANy a: 3N, g: 3M, HUTLA:2
b, V> :1HTHorz. TRHEDTHEIZOVWT (E
B, WS, AR T8 oA TRT L, S
1) v 4t (2006, 20, 14) (2007, 20, 12) (2008, 17, 13)
(2009, 21, 16) (2010, 28,19), # ™ 4 = (2007, 21,
16) (2008, 20, 20) (2010, 39, 34), &k : (2006, 25, 23)
(2008, 19, 15) (2009, 26, 23), & 1) 7 2 : (2006, 24,
21) (2009, 28,26), Y ¥ :(2007,15,14) TH 5. #
B EAERT— 7 DAL, YL =50 %O S
HTHy, NE5MEIETE LD o 2R ITIEIh &

DOREVHIUED L W EDBBDLNDE. F LU
AEAVIIF—3a v ORELRTVIEHETH Y
CEMEELTWL EEZ DN

O U & OMERETEHE 5T OB R 20084E " 2 U8
20004EE D 2 MRt L 72, N—FF A AT Fan
WZhE o> TRH G A g T &, AR 2R o v el
ZBEMIRIN L72e#id, 20084EEDF b ) A7
JTHoz 72721, 20084EED VU & OFRERERA~
DBNMED26L &V einoizlz, 8, 8, F MU
L, INTT AR VIEEMT— 7B (12~1418)
PN—FF A ZRTa I vosp A5 %
T EME LT

ZME AR E S N7z Bk AR IC B 3 % TUPAC/
CITAC 74 FPITIE, A 2 AR & OBLE D S
AU 7oA, S AT 301 A o0 4% ik sk B o e i il
DA GAHARET 20130 F L %<, SMFEICIEIE
HI7RCCRM Z BifF sk & LCRIHT 5 2 &0 F L
WERLREN TV 5.

201045 KD H v ¥ w7 A TIRHEEADBME T L HN—F
FA XA b aVihto THSEZRETE Ldo
72, L7edSo T, BMBEENS K THRT— 5 4530
L EOFRERBRICBNTH, N"—FEF A X701k
I WAZHE > THEE D S 5 2 Yog TE L WIGEA
HbH10, BNAFHICRM UECRM E P L—% TV
R 2R R IR AT RETH 5.

C: 30 )

AR R A FZENE, R ERTb o s K3
7 5 O RS T 3R O HRE AR & 20094 B (R L
76) Je UN20104E B (5 4596) 12, 0L & Bk ofk
L®, A FITA, SRR TR OH bR Z
20094EFE (CHiS%39) (2Rt L7z, & » 5 ok
BEY 70 OFEER BB HWE L72Kg % AT
FHE L7622 72 ) ofild, TUPAC DEERN—EF



AZXRTE DIV TR L7z, =D OFRERER
TT— 7T L7 2640% D ) H538HKIE, N—FF
AZF7a baVichlos TG EERETE 2. Th
B53TLH DTN TIHRERHI T [HEb L] LHES
N52<|zR237 | <3OWEMIELEL, £DHH
A9 F I (ARl LHESND (22T |>3D
WEMEDAE L7z, SRS ORI, SRR el
N HTEDOREE S & MR T 2 LR H L I L ZRL
TW5.

#OE
FCRE BRI AL IR O BT AR £ 4R S WF ZEFT £ o 40
Bi - AL v ¥ — ROXIA AT, wity s —
FEOZHAFH LIRS L3, SRR E2 A
L T 72720 72 BT RE £ S0 AR A IF 28 T i B 1 AT
=y FOMBAETEMHRER, RBEMEK, RiE
A=y POPAHFEFERICESEH I LET.
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Automatic Discrimination of Insect Pests of Foods by Image Recognition
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Abstract

We developed a discrimination system for insect pests of foods. It consists of an originally developed computer program
that calculates a similarity between two images, and a reference image library of 8 species of insect pests: Sitophilus zeamais,
Callosobruchus chinensis, Tribolium castaneum, Lasioderma serricorne, Oryzaephilus surinamensis, Rhyzopertha dominica,
Plodia interpunctella, and Sitotroga cerealella. To characterize the discrimination system, we took 300 test pictures of 10
insect species: Cryptolestes pusilloides, Cadra cautella, and the 8 species mentioned above. The discrimination system made
correct answers to them at 89 % in the simplest discrimination method in which the solution is the insect showing the highest
similarity in the reference library. The percentage of correct answers for P. interpunctella was very low, 33 %, however. In
addition to technical problem, some other problems such as securing remained to be fixed. Therefore, we conclude that the

official service cannot be carried out by the present discrimination system.

Keywords: Insect pest of foods, Image recognition, Similarity, Discrimination
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Abstract

We have descried that the current situation and the past distribution situation of collected strains that are stored in the

National Food Research Institute microorganism bank. We are exploring a more energy-saving management methods of

strains that are currently stored.
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Effect of some flavonoids in food on liver, serum cholesterol
and 8-isoprostane in rats.

Kohji Yamaki* and Yoko Takahashi

Nutritional function Laboratory, Food function division, National Food Research Institute, NARO
2-1-12 Kannondai, Tsukuba, Ibaraki, 305-8642, Japan

Abstract

Four typical edible flavonoids, which were catechin, quercetin, chrysin, and genistein, were evaluated on body and liver

weight, aspartate aminotransferase, and alanine transaminase, serum cholesterol and 8-isoprostane in normal strain Sprage

Dawley rats. These flavonoids were given by containing in standard diet for 4 weeks, after feeding these parameters were

measured. By the flavonoids intake, there were no change of body weight and liver weight. Furthermore, healthy effects on

liver, anti-oxidant effect, and reducing effect of genistein for total cholesterol in serum. These flavonoids have good effects

for the intake for 4 weeks.

Keywords: food safety, flavonoids, high intake
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Hyper production of Acid protease by food grade fungi using food by-product
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Screening of food grade and industrial Aspergillus oryzae strains was performed and the potential strain A. oryzae RIB 40
(ATCC 42149) yielding 20.5 U/ml of acid protease on enrichment media was identified. However, productivity of the parent
strain was improved by UV mutagenesis with a lethality of 1.8 X 10, The mutant strain (F6) produced 115 U/ml, which is 5.6
times higher than the parent. Solid state fermentation of potato pulp powder and optimization of biovariables, namely moisture
(50 %), temperature (30 C) and fermentation time (120 h) for efficient protease production, accomplished using a central
composite rotatable experimental design, led to an 11-fold increase in protease activity (31 U/g dry substrate). The protease
from A. oryzae also released glycine (0.57 = 0.25 U/g) and 40.65 nkat/g carboxy peptidases activity which can enhance food
palatability. Further basic studies considering that A. oryzae is able to respond to light and as conserved light related genes
in genome sequence, light regulation with respect to morphology, growth, sporulation and protease production of 4. oryzae
strains were explored. The colonies resulted with circular stripe pattern containing white and green rings illustrating poor and
rich spores besides mycelia formation when exposed to white light than in the dark in few and vice versa. Thus, the results
indicate that A. oryzae perceives and responds to light as a trigger of conidiation and influence protease production. Hence
light as one of the variables for enzyme optimization needs to be considered. Also, molecular mechanisms of photoreaction of

this fungus would provide physiological significance for basic and also for biotechnological processes

Key words: A. oryzae, Acid protease, process optimization, bio- variables, Light
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Bacillus subtilis strains are the essential bacteria responsible for soybean fermentation. Bacteriophage contamination is
a problem, which may occur during the fermentation and spoils the product. At present the yueB is the only gene reported as
a bacteriophage receptor gene in B. subtilis and responsible for irreversible binding of bacteriophage SPP1 to cell surface. It
is very interesting to study relationship between bacteriophage sensitivity and variation of yueB in B. subtilis species. With
this preliminary study we obtained yueB gene from total 42 strains of B. subtilis including Japanese natto fermenting strain
and strains isolated from Thua-nao of Thailand by PCR. The nucleotide and translated amino acid sequence of yueB gene
were analyzed to examine phylogenetic relationship with each other. Deduced amino acid sequences of YueB revealed large
diversity in the middle part of it which was supposed to be topologically exposed to cell surface. Moreover, we constructed
the knock out mutant of yueB by insertion of erythromycin resistance cassettes and determine phage sensitivity in the absence
of yueB. The phage sensitivity assay confirmed that the yueB gene knockout mutant of the laboratory strain B. subtilis 168
is resistant to SPP1 phage, but the mutant of natto strain B. subtilis NAFMS5 was still sensitive to several phages including
phages isolated from spoiled natto. These results suggest co-evolution of yueB and bacteriophages and B. subtilis might have
bacteriophage receptor gene(s) other than yueB. The study on bacteriophage resistance in B. subtilis could be extremely useful

and applicable in fermented food industry.

Keywords: Bacillus subtilis, yueB gene, natto, bacteriophage
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Foodborne outbreaks are common in Cambodia, but only a few investigating documents have been conducted due to
the poor public awareness and the lack of scientific report. The objectives of this study were (i) to identify and evaluate the
contamination rate of microbial hazards in fermented vegetable and fish products in Cambodia, (ii) to determine histamine
level in fermented fishes as well as histamine producing bacteria, and (iii) to define targets for control histamine producing
bacteria through starter culture (LAB). Total 128 samples including fermented vegetables (60 samples) and fermented fishes
(68 samples) were purchased randomly from 5 wet markets in Cambodia from March 2014 to July 2014. In this study,
E. coli, Cronobacter sakazakii, shigella spp. Enterobacter spp., other Opportunistic Entrobacteriaceae, Opportunistic Non-
Entrobacteriaceae, Vibrio spp., Enterococcus spp., Aerococcus spp., Staphylococcus spp., Listeria spp. and Bacillus cereus
were found in both fermented foods. The contamination rates in both categories of fermented foods were different, especially
for Enterococcus spp. Coliform bacteria, Enterococcus spp., Staphylococcus spp. and Bacillus cereus in fermented fishes
were significantly higher than in those fermented vegetables. Twelve samples (20%) of fermented fishes exceeded the Food
Standards Code (FSC) maximum permitted level (200 ppm) for histamine. Enterobacter aerogenes was identified as potential
histamine producing bacteria in fermented fishes. Initial pH of fermentation and fast-growing lactic acid bacteria as starter
culture play an important role for control histamine producing Enterbacter aerogenes as well as other Enterobacteriaceae. In
this case, the combination of initial pH (6.0) with Lactobacillus pentosus or pH (5.0) with Lactococcuslactis ssp. lactis are
able to suppress the growth of Enterobacter aerogenes and minimize the content of histamine at below FSC.

The results in this works could be information of bacterial contaminants in Cambodian fermented foods that should
be prevented and reduced in the future. The quality of the raw material and good hygiene practices in food facility should
be required to improve food safety in Cambodia. The strategy of target suitable starter cultures under optimal initial pH of

fermentation indicated positive result to reduce poisoning histamine in final fermented foods.

Keywords: Fermented vegetables, fermented fishes, hazardous bacteria, histamine, histamine producing bacteria, Lactic acid

bacteria, initial pH of fermentation, biological control, Cambodia.
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Plants are known rich sources of biologically active compounds that provide physiological benefits, including
antioxidative and anti-inflammatory effects, and reduction of risks of degenerative conditions. In this work, the different
bioactive constituents in some plant foods, particularly pigmented rice (Oryza sativa L.) and some commonly consumed
vegetables in Japan, were investigated.

Unpolished forms of three varieties of Philippine indica rice differing in pericarp color and a nonpigmented japonica
cultivar (Koshihikari) were evaluated for their antioxidant potential using in vitro and in vivo techniques. Black rice (var.
Ittum) contained the highest level of monomeric anthocyanins, 27.0 mg/100 g fresh weight (FW), but red rice (var. Saluyaw)
had the highest antioxidant capacity among the samples, as measured by hydrophilic-oxygen radical absorbance capacity (H-
ORAC) assay, 7,284 umol Trolox equivalent/100 g FW. This indicated the presence of other antioxidants in red rice. Feeding
of Balb/c mice with diets containing 65.95% rice for 30 d did not induce changes in the antioxidant status in serum and liver,
nor in the anti-inflammatory markers in adipose tissues.

In order to explore naturally occurring antioxidants in various foodstuffs, antioxidant capacities of spinach (Spinacia
oleracea), komatsuna (Brassica rapa), and Japanese parsley or seri (Oenanthe javanica) were assessed. Seri exerted the
strongest antioxidant capacity, 4,085 umol TE/100 g FW. Further study on the effect of location and seasonal variations
in seri indicated that the mean total ORAC value of 22 seri samples cultivated in three regions (Kyushu, Kanto, Tohoku)
was 3,287 umol TE/100 g FW, with 82% attributed to hydrophilic antioxidants. The major hydrophilic antioxidants in seri
were chlorogenic acid (CGA) and quercetin derivatives, namely, isoquercitrin (quercitin-3-O-glucoside), rutin (quercetin-
3-O-rutinoside), hyperoside (quercetin-3-O-galactoside), and quercetin- 3-O-rhamnosyl-galactoside. CGA was the primary
contributor to antioxidant capacity of seri. Seri samples cultivated in Kanto area contained higher levels of CGA, corresponding
to higher H-ORAC values. Lipophilic ORAC values tended to increase in December to January, but this did not affect the total
antioxidant capacity of seri. These results provided information on seri bioactive compounds and the conditions favorable for
cultivation of seri possessing higher antioxidant capacity.

The potential effect of unpolished rice cultivars in modulating the intestinal bacterial population in mice was examined.
Bacterial community in cecal contents analyzed by Polymerase Chain Reaction (PCR) amplification of DNA followed by
Denaturing Gradient Gel Electrophoresis (DGGE) showed distinct DGGE profiles between the control (AIN-93G diet) and
rice-fed groups. Banding patterns of samples from rice groups were similar, although intensities of the bands varied. Cluster
analysis showed two separate major clusters for AIN and rice-fed groups. Results of quantitiative PCR and DGGE showing
various microbial populations further confirmed differences in microbial diversity between AIN and rice-fed groups. This

work showed that diets containing rice resulted in shifts in the composition of intestinal microbiota of Balb/c mice.
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Background

Elevated blood levels of TG and Cholesterol are two very important factors for hyperlipidemia symptoms. Blocking
cholesterol biosynthesis and TG hydrolysis are two most effective mechanisms to cope hyperlipidemia.
Rationale

A number of plant polyphenols showed potential lipase and HMG CoA reductase inhibitory activity. Therefore, it is
important to evaluate local dietary for their anti-hyperlipidemic activity.
Objectives

Searching inhibitors from local dietary sources was the central focus of the present study by conducting: (1) Screening
of selected local agricultural produces for lipase and HMG CoA reductase inhibitors; (2) Extraction and quantification of
selected inhibitors by HPLC; (3) Screening standard flavonoid and non-flavonoid phenolics for lipase inhibition potency; and
(4) Diagnosis of lipase inhibition modality of the resultant high potency inhibitors to evaluation the enzyme structure-activity
relationship.
Methodology

Selected foods were first extracted with different solvent systems followed by measuring their IC50 value as an index
of their inhibitor potency. Standard phenolics were screened for lipase inhibition and high potency inhibitors were further
analyzed for their enzyme inhibition kinetics.
Results

Nine bean extracts showed insignificant HMG CoA reductase inhibitions while, out of 16 bean, cereals, and fruits,
only few showed significant lipase inhibition potency. HPLC assay identified presence of free gallic (GA) and ferulic acids
(FA) in cereals as well as anthocyanins in black rice. A number of standard flavonoid and non-flavonoid polyphenols when
screened for their lipase inhibition potential, only GA and gallol moiety containing catechins, namely, Epigallocatechin
and Epigallocatechin gallate were found significantly inhibiting pancreatic lipase (IC50 are 387.2, 237.3, and 391.2 uM
respectively). Analysis of lipase inhibition modality by these polyphenols identified a mode of inhibition that were best fit to
competitive inhibitions as revealed by visual inspection of Lineweaver-Burk and Dixon plots.
Conclusions

Structural similarity and a common pattern of competitive inhibitions exerted by the studied polyphenols pointed to a

role of their galloyl moiety in enzyme binding and inhibiting the substrates competitively.
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Effects of Concentrations of “Shoyu Koji” and Egg on
Quality of Fish Sauces of Squid and Sardine

Hanako Shokuhin', Senta Fukami®, Katsuo Suisan”,
Tkuo Chikusan® and Eiko Nogyo®

"National Functional Food Stuff Institute, 4-5-67
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Seinan 288-9999
$Zenkoku Prefectural Agricultural and Livestock
Experiment Station, 5432-10 daizugaoka, kazamidori,
Zenkoku 123-4567

Fish sauces were prepared, using Japanese squid
and sardine caught in the sea near Oni-ga-shima island.
The quality of fish sauces was studied by changing
Shoyu Koji and Ukokkei-egg concentrations during
fermentation.-----
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EMBOEEIL, 6221 THEZH T v, %
72, AbEMoatE LT, — IR ESE b ox AT
D L,

624 MEIONG, SHHELREEITVT 7 Xy MRRLE
$5H. 72720, Blo L), BEHOMGEE 2o TWwb A%
A HFEETD I, AR DT 2.

B rvy =i, VEX—HE BV

AL IV 3

625 AXHICH, KETIHTLHE, K, £E0ELT
EPNTWEYEIE Fig 1, Tablel & L, fixTENN
TVAHEAIINL, K1 LT 5. HAMEZERIKOL
AENC [ Fig 1], [ Table 1], [ B1 ], [ #1 ] o & 5 icdvr
5.

6.2.6 WEHEORLTB L OHEHLOHBIE, & bHL
IUPAC Ofh5I2HES . R 1B LY WY LFETHN S
Nz - B4 - 585 ] () B AL SR MR B R E
B, WEH=ER GEREYI A 70 710 vy, HED)
(1991), M, b2t e T3, 42 (3), 498-506 (1989).
LIF [TUPAC F51 & LWEfR) 2B 5.

6.2.7 HiALIIfHER 2 12T 5.

6.2.8 EHREYI AL [SCERFFE S R SR « Al
FIRES-BWIAR, PR -—K 0 ARXKE | [R=550 - EEE
MR- 2 ARSI, Ay hFEELET L. F4
BBl oXH g GElFHE2RLFET D), M, ZH,
TERDOEHTIA T ) v 7 ERET D,

B 1) V) ¥ I— Malus domestica Borkh.

a7 I Y= Citrus unshiu Marc.

EYAROM TR (B12) O L) IFEAE LTOBA

HEZIFETEHWA.

() 2) aAF-ZEEH, IEH
s 1)
629 MEMOLTE L OCHEICOWTIE [HAHREY:

KHFEZRASW AR RE Y RS CGERT
W, BECER T XS 1-8-13 AT Y V) | 2 &Iz &
b, EFIBMEMOFRE, BIOLHA5) v s HEEET
5.
) WAEMOIELO A% LT 556

Aspergillus sp.

& - AR TR DA

Aspergillus oryzae

Wi - 2R E T A E



Bactllus cereus var. mycoides
FEOWG R T A E
Escherichia coli K-12

6.2.10 MR OHHAEE, FHMEEOME L OIS HICHE
T Hm LTI, NEBEOBEFTB L URHH T LEE
FriZitdd 4. BREEFTB L ORKAITEBALEEE
(LUB.) E#EZRES#HE “Enzyme Nomenclature Recom-
mendations (1984) of the Nomenclature Committee of the
International Union of Biochemistry, Academic Press
(1984)" |ZHEHLF 5 .

(B 1) Zva—zxA 25—+ (EC.5315 p-Xylose

ketol-isomerase)

MCTHOWT W ABERAWRIMA E R D L h, B
Fhe L Aaril 5.

(2 rU7vr (EC. 34214)

WL THWTWAFEAIWRTG L —D720, HEE
BT ERRLART A,

6.211 B IUHE o, [FE3BLU6.26 D
[TUPAC F51& ] 227 5.

6.2.12 BIHEFESIFIHIAGELES & L, ALH
OFAE R [V, [V, 79797 o &5 12 B & THRR
T, RXOHwBIZ [CHR] L LTFEDTEL. Lo
FEHIARBAIHES . TIHTACITERSZR L7200
2R %,

6.2.13 ALPOMIEIEALE L THWZWY, R4z
B W EICIEASTHOEHBOGEIZY, 2w, flo
EHcEL.

(1)

(qgi) OOOOOO “‘ OOQ ....................
Eﬁ‘ﬁ * O O O O O O O O ............................

6.2.14 ARLFEFIIWICR—DFFE OIS,

6215 HR—VICEHETEDT L.

7 B, BEEBLUX

7.1 HEREIRARIZE &, FA—ANEDL DIV
Mm—HE3 5.

7.2 CBEEERIE, AMYA XA ESTO LT
L. WLTHEREZERT L6, RILEMT L THE
PHFETE D L) HALEMHRICEL.

73 MBIUEHE

731 EToOMIE, F—MRE%25 I ITTHELLTD
FIR SN S 2ZEL, RESIZREMIT5. FIRlEn
X FOMES1S5mm U T ERLRWwWEIITE. 75
7 OME OB TR/ BALX T S LN
o T, HHOZFNEELS A EEE LT L (2720

169
HEOKTIZZ O Th\).

717 — OROEREEIE, R 1ICL5.

732 M- -BEEFEIILE 21— FHlHETHEEEE
UL O LT 5.

T2, INSIEERIFIC L Y REEOBVL DL 2= LE
ABHZENHREETHD. BT —FIRILWEETH 275, Flk
WHIZZEPEET L. 79 —HREEICOW T E 1
12 5.

74 F

741 FIFFEHIE LCTALHZ 5.

742 FOEAZZ, #1E Tablel & LTED FEBIZ,
AL EOFRITTEICE . EXOBEG, FEBLIUE
HOFEMIIRMOLF 2 KLFE L, TR TFET 5.

8 iEEE

BREHIfIFE 2128 %

9 BRI

SR OEE TR SGE ] 12k > T .

BRI 3128 5.

10 Zoft
Y 230 1HIE, AXDE, 702 7550 O A 31K,
MEERmOY &, 4 BITHET 5.

BRI 2T . BLERB LR TEIN
7HEIZOWTE, EIXRFETELETNWLDT, I

B .

FR1) YEELZOEE

1.1 WHEORTIE, Ml EICERZTHRLT2S
AW, BFds 7y rEEF) vy gao 157 (727

L pH FEIAY) &L, RELHEISRT (77 v 3LF, FY
VXWE, TIETHT, a—~ETHhLER), FoMmo
HTEOITFLIENTE D,

1.2 PEEORTIE, 41429y 7& (FHMEF) THREIT %
D, T OVWTIEENHE e FEDT L XIIA 4
Uy gkl L, £H)ThrwHAEO—<v2 % (k) &7
5.

1.3 WHEEOMIE, BELHEEOMTHL. WHES
L FEN RIS L, HFEOHMORHATERT L0
THhoTEWITRw, (Fl:“BSZ 1 &35 1ZIE LW,
‘em Cllo 72 EEE 1 E$5 133 TH D)

1.4 WHEEOR 512626 @ [TUPAC Tl & | @ 2|2
HHEINTVBEHDIZONTIE, TE L) Iz
L. I TwihnwEEOR S, 1.2 OFENICHE -
ThHRHBXLBEHENTVELDEHWA.

[TUPAC Fil & ] @ 28 Sk Lzit 5 2 LT IR
¥
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(1) Z2f & IR
£ & length /
[ height h
O radius ”
[T diameter d
[T area A, As, S
LEN Y volume 174
S| time t
M velocity v, U, w, C
(2) T35
g & mass m
= B (mass) density )
AR R relative density d
7 force F
= pressure b P
H = weight G W
JEB)T 4V F—  kinetic energy E. T K
R modulus of elasticity E
REPESR - RHEE viscosity n, u
(3) —fAbss
EEHR T O number of entities N
LR, amount of substance n
EVEE molar mass M
k7B & relative molar mass, Mr
rFa) (molecular weight)
X E T2 &  relative atomic mass, Ar
(1) (atomic weight)
(AE) BOEVEE amount (of substance)
concentration of B, cg, (B)
(B L C B ®i#fE) (concentration of B)
fiE e BE degree of dissociation a
(4) #J15
£l heat g, Q
= work w, W
B)2AEE  thermodynamic temperature T
B = heat capacity Cp C,
B osmotic pressure 17
(Mix}) = (relative) activity a
S R equilibrium constant K
(5) BR LM
CA ] electric charge Q
B Ut electric current I
A VA electric potential 1%
A4 ®  capacitance C
FHEE  permitivity €
K PL  resistance R
P resistivity p)

(6) RIS

W £ wavelength

st 4 )V F—  radiant energy Q
%= transmittance, transmission factor T
WG absorptance, absorption factor R

a

WEEE (F X% (decadic) absorbance A
WA, WUREL  absorption coefficient €
EOVISERREL CF R XD

absorption coefficient

molar (decadic)

(5 2) $1ﬁ$s$lﬁ$1ﬁ§ﬂ%®%’a‘ il

2.1 BUE, BAZEREAC ST (ERREA R RIS
(symbol) T&H > T, W5 Tl ;ttcw@f EDEFETH SI
LEJHEAIK—SNOo205H 25 (BELH D 2 2H),
CCTEHSIBLIOEHEINTWLHMOE R L O % LK
L7 ?ﬁ?ﬁ@ﬁf&b:%f:of . CZIZFELHR L 7o LA A o8
ATHERTZ. 2B, ZIGERLTRVWEEOETRT
HATIZDOWTIE, FE1H B‘CEP CEFRZWIORL TS
iELAYA)

22 Hfiglmldu—~ ok (k) CHRIL, Bt E
RS AATOREZZ TdWiTaw, X, THIZL B E
EPAHIE ) F P DT,

(1) 5ecm & L, 5cms, Scm., Scms. &1L 72w,

2.3 RHHRE L B RL T OMICIEAR—= 2% B,

24 2ODHMNOEERTEEF Ly - S V&
B<.

(1) N'm &L Nm & L7%&Ww.

25 2DO0HEMOWEIAT v v a (/) XITEEORH
(—), AL TTRY. /FPE LT 2EBLEEE L 2.

(%1 m/s,%,m's’1

J/(K'mol) £721% J'K "mol™ & L, J/K/mol & L Z2\>.

2.6 SI #EUHRE

K& TRUHRE e | OREE FRUERE Nz
107! v v d 10 a 7 da
10°* t v T c 10° ~N 7 b h
10°° 2 D) m 10° + = k
10°° ~4 70 n 10° A 7 M
10°° + J n 10° & i G
107 ¥ o D 10 F 7 T
10°% AN f 10 ~ b4 P
107" 7 v b a 10% I 7 E

2.7 HAfL & HAFL T OFE

Fd o * L ST FEARBAL 27~ L, ™ 1% SI A B CE

BEOXMELETTELDLDOER LT
(B% LK)
1) EFEHALR (S -7 a—rOufkika o
HASFEIREIRS SCESE 7 M, A A ZRAT

IV — )b~
(1998)
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HAr & HATRL 5 0k
ke HALo4Fr (ST OESR) Hfrst s
= & | A= IV (meter)* m
~A 2718 A=)V (micro meter) um
F/ A=}V (nano meter) nm
T B | ¥ A — bV (square meter) m’
7= (are) e a
~2Z % —) (hectare) ] (E L2 BRE) ha
ZES & | M A— )V (cubic meter) m’
) My (liter), (dm®) 1L
Fu1) vy b (kiloliter), (m®) kl, kL
29U v bV (milliiter), (cm®) ml, mL
<A 271 v bV (microliter), (mm?®) ul, uL
¥ | | Y7~ (radian)* rad
fE (degree) °
43 (minute) ’
# (second) g
oMk | A7V 7 (steradian)* sr
&2 M | # (second)* s
4 (minute), (60s) min
¢ (hour), (3600s) h
H (day), (86400s) d
J W |~y (hertz)*™, (s7) Hz
A H NV (megahertz) MHz
i ¥ | [|\l4g5 (revolutions per minute) rpm
= W | #1279 24 (kilogram)* kg
75 . (gram) g
2 77 4 (milligram) mg
~A 27 1v%2Z 2. (microgram) ug
k> (ton), (Mg) t
W B # | £ (mole)* mol
(gmF, glit, gA4+ >y, THUgE] & EOFFEIE ST TIRBEIE S e)
-3 BE | - BV (molar concentration F 7213 molarity 1L OBEREOPIZE TN S | mol/1, mol/L

BHoENVE)
(REREE N HV )

- )8—x v b (percent) -+ (EHHFD2O0EOE) X100, ¥ EWHT L. /—+
FEE BT, RO LI, EEEEROLY, AEEAROTHEIZL T
A5,

S VARGV

EaS VAR

- (FE®/Hm) S—t b

- (Fm/ Ewm) /X—+t b

SR 100g BV OBEED I TT A

ST 100mL B2 OWED 2 5 A (mg% i HW W)

- parts per million

- parts per billion | (fTDIFEIHRT 2)

- parts per trillion

%

% (w/w)

% (v/v)

% (w/v)

% (v/w)
mg/100 g
mg/100ml, mg/100mL
ppm

ppb

ppt
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= AL O 2R (SIHEALOESR) HALFLS

il Za—F> (newton)™, (kg-m-s™?) N

= J7-0 J1| 28AH ) (pascal)™, (N -m™?) Pa

bk JE | S A K VFE Pa-s
I A F — Ja—) (oule)*, (kg m?-s? ]
B &= | 701 — (calorie), (41847]) (%% - RRFHIIRE) cal
i JE | vy (Kelvin)* K
FEIC (Celsius), (0T = 273.15K) T

L Wit | 77T (ampere)* A
B -EAE| 27—~ (coulomb), (s-A)™ C
R T kb ol AT s v
B OE A E|779F (farad), (A-s-V )™ F
w4 | H | A—2 (ohm), (V-A D)™ Q
T Y | 7y b (wat)™ W
A5 5 A | ~»1)— (henry), (V-Al-g)* H
aAVF I F A | V=AY A (siemens), (A-V'i=Q )™ S
i JE | 777 (candela)* cd
3 H | W—2 Y (lumen), (cd-sr)*™ Im
it Blovz A2 (lux), (m™-cd-sr)* Ix
¥ o % E|~4278X— b (micrometer) um
F/ A= M)V (nanometer) nm

HgtRE, BRL | X2 LV (becquerel, BUSHMAERFEDORETRE) ™, (7)) Bq
7 A (gray, WIHE)™, (m* s’ (=] -kg")) Gy

717~ Mgy (counts per minute) cpm

=L b (sievert ; #i4E) Sv

(e 3) HEHBAX

3.1 /NEOSIZ 0101 &L, 101 &id L 7w,

3.2 UJ72EoIXEgHi£5530000 & L, 5530000 & L 7%
W,

3.3 13 101.3256x10° & L 101.325 - 10° & L 72\,

34 #HRHZRIEAIX (1.0~15)x10° Lix (25+05) T
LEL

35 HEFWEAT (d ARk L) BILUOKFWER (e, .
i7:8) &, B—~< K THRIT .

3.6 HEAEERbLIR (/) vV LE, REAZEITS
720D T ELELET S,

ca+b/ct+d (=a+be'+d ERETA) LTI (et
b)/(c+d) &35,

“(ab)/clEabcl LTIE R LR,

37 _HEHORTIChAHEEHIEITEZMY ##T 5.

(a2 4)
41 FEHN
MXHEELL, wEdcEs, WEEEL I3 kIcL,
DWW first B £ 1" middle name DA =¥ ¥ V&2 EL . &
BEWEBOLE, KEBLOMIC], ]2 ANS. 72721,

5 AR OE R E

WXL DY E, WHEOXETOHIL and DA LT A5,

42 FRCE%

IR O#EL T E L.

4.3 HEES

AISCHERE AT RAN & LTS S 2o, OCHERE DO WE A4 135
Al & LT O EFEHE O 1S04, B L 2L <
ISSN Elfst > & — e % Bék~ = 2 7 )L [ISSN Man-
ual. Cataloguing Part| & #&EEZE [List of Title Word Ab-
breviations ] (http://www.issn.org/2-22661-L'TW A-online.
php) 269 . WL AHOY AL, MRl 3 Il 4aRE
LEFLIRT .

[ CHERSE AN e L ColH SN A6 0 “F L7, “bid %
AV ek L& <.

14 B, HE FEITE

BRI R =V FETEH . B ERLL 2 WHEETIE,
BROMEBEIZEITELEBETE . BRI AR ORY
ERBOHEME - THATHE, RWTHETEEL () T
<.

45 HATROWE

HHG, BOy A MV, EHORE, B WEES,
WAL, ZEATHL, B Or® & RfR), BITEOMEIZHE <.



4.6 FERFo¥e

Rt L0344, EHA, R0 EnEE
5, EHHONEIZE <.

47 FEHEEREFOYE

FRERFIFEAE LTIHLARY, RO S35 IHT
LypaE, WEAYG, Y, FRRESERYS, B (B
HOBE IR L REOHEE Y - TS, B, Ffed
DIEIZE <.

4.8 SCHRECHS

D =7 HiRTF, EEEX ENarAOIOF /A F
B A 078 (5 2 ) SmaRIHRIRETIC X 2R 3
v REATTF A FOEE, HAREmAE LS
FE, 48, 123-456 (2001).

2)  Yoshida, K., Kirimura, O. and Danna, G., Change in
the amount of SDS-insoluble membrane components
by oxidants during breadmaking. /. Food Sci.
Technol. Res., 9,99-999 (2001).

3) MEREEHE, WROMIE, [MREOA&BY ] 51K (G
A, B, pp.1-22 (1991).

4) Mendel, D.S. Gene and chromosome. In “Introduction
to quantitative genetics,” 1st ed. (Ronald. Press. Co.),
pp. 9-99 (1999).

5) =JHHERE], BESM—M, [ EFR-FEER - B
OFFIE], B2, A F=MWE, EEE, W),
pp. 93-150 (1988).

6) Yokota, T. Brassinosteroids. In “Comprehensive
natural products chemistry,” Vol. 8, eds. Barton, D.H.
R., Nakanishi, K. and Meth-Cohn, O. (Vol. ed., Mori,
K, Pergamon, pp. 99-107 (1999).

7)) BEILEE], ROREL, LR, ANIEA, BE
JEDREE T R OR T, FRRFSS 2802344 75 (2001. 1.
11).

8) BB, ERET, KEMRE, HEBHE RRE
MEF DR B & UV 70 2 Y S Sl o an B &
PRI R, HARNF LR 48 ks
R4, p. 47, &) (2001).

4.9 HEREIES B

K=V FEIORFEL, 45 v 7 OFFIINET. HEE

DB THE L7283 ) + FEF]D

Agricultural and Biological Chemistry

Analytical Biochemistry
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Bioscience, Biotechnology, and Biochemistry
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Biochemistry
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Carbohydrate Research
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AR OREAEFT, [, [P0 [ o X Iz B &
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F%F1 H7— (FEekk) BR#EE (M) F%2 B #| #H (M)
-2 AL B CTREAMRE 22 5 % WIGE, " ¥ oL, Fiiam e e/ — b, HER
LE 60000 | - FHEFIR & 2 5%, 1M2HT 5 = 000 17000
260000 4 4 5000 29,000
C2EP L TEEAR Y 25 Wia, 5 5000 41000
2t 5 —FI AT E 729 20000 [ 6 17 000 *
1 & 40000 1 CFIER & 2 BT, ITX2HT 7 29 000
2x40000 *
* PR 1 EMA A Z 1212000 HZ2MNET 5
F%3 BIRIMEEE TR (M)
50 & (FEAEZR L) 100 %6 (#) 150 %6 (#) 20055 (7)
28 2800 3800 5 300 6800
4H 3800 5 300 7300 8800
6H 4800 6 800 9300 10 800
8 5800 8300 11 300 12 800
FHAT &N 3000 3800 4700 5600

(JE) — 2o & Tk 800 &
TN T —HEEGRHIRY OBEE, 1HIZo& 40 HZINET 5
20 7 —HEeEUHR ) OREE, 1HIZo& 30 2 INET 5

ftR4 ZXKEF (M)

1 i

2650
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