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Effects of Paste of Fermented Plant Extract SW on gut microbiota in mouse

Kazuhiko Hondou" *, Naoko Suzukiz, Shin-ichiro Yamashitaz, Yusuke Yoshida®

"Yagumo Kousan Co., Ltd., *Corresponding author., 2ORTHOMEDICO Inc., *ACEL,Inc.

Key Words: Fermented Plant Extract, intestinal environment, dietary fiber, good bacteria, bad bacteria

Abstract
Objective

The Paste of Fermented Plant Extract SW (PFPE-SW), obtained via the fermentation of a mixture of various
fruits and vegetables, contains rich water-soluble dietary fiber. Therefore, it is expected that it is beneficial for
the proper functioning of intestinal flora. In the present study, we investigated the effect of PFPE-SW on the
intestinal flora in mice.

Method

We divided 5-week-old C57BL/6JJcl mice (10 males and females each) into the PFPE-SW administration
and non-administration (control) groups. The mice in administration group received oral PFPE-SW (1.06
mg/day) for 14 days; the dose was calculated based on the 3 g/60 kg/day intake in humans for 12—17 g body
weight in mice. Identification and occupancy of intestinal flora in the feces of mice were measured using the
Terminal Restriction Fragment Length Polymorphism.

Results

Although the effect of PFPE-SW administration on the occupancy rate of Lactobacillales was 3.456%, no
statistical difference was observed between the groups. The occupancy rate of Clostridium cluster XVIII in the
female administration group was 1.025% and 1.126% higher than that in the male (P = 0.046) and female (P
= 0.030) control groups, respectively, whereas that of Bacteroides differed between the female administration
and female control groups by —12.163% (P = 0.072).

Conclusions

PFPE-SW administration increased the occupancy rate of the good bacteria Lactobacillales and decreased
that of the bad bacteria Bacteroides in the gut of mice. These findings demonstrate that the daily intake of
PFPE-SW (3 g/60 kg) may improve the intestinal environment in humans.

New Food Industry (New Food Indust.) 2019 Vol.61 No.7 491
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®B58 (5) NBE () 0.154 0.473 0.748  -0.849 1.158
st o ST WHREE (R) 0.255 0.473 0.597  -0.748 1.258
wER (9) wEEEE () 1.025 0.473 0.046*  0.022  2.029
WEEEE (R) 1.126 0.473 0.030%  0.123 2.129
R () NEREE (R) 0.101 0.473 0.834  -0.902 1.104
®ER () 5238 3.964 0205  -13.641 3.165
K58 (&) B (5" -4.903 3.964 0234 -13306  3.500
WEREE (R) 3.141 3.964 0.440  -5262 11.544
others N
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NEREE (2) 8.379 3.964 0.051 -0.024  16.782
WEREE (&) WA (2) 8.044 3.964 0.059  -0.359  16.447

Fisher's LSD *P <0.05

496 New Food Industry (New Food Indust.) 2019 Vol.61 No.7



Effects of Paste of Fermented Plant Extract SW on gut microbiota in mouse

100% 1

90% 1 N
80% 1 (e

70%

60% 1

50% 1

40% 1
30% 1
20% A
10% 1

0%
B (2)
SE{E (n=5)
oEER
W EEHE

BEH# (2)
FHIE (n=5)

O eaRE B #FH

B EXEH: Clostridium cluster XVIIl, Clostridium subcluster XIVa
[0 BFMR&E: Prevotella, Bacteroides

B ZEH: Lactobacillales

M2 XZAXTRcHIT2BEAMEEOEN (BEE, BUIRE ZEH)

Lactobacillales O 5 GO AP E LR (F
W) OEIEGHEL %Y, BN pH IZIEIGET &
DHENpH IZH - - BRSNS, BHTIH
MR D REA SN AT OMEIZ L - T
FElE, 70 Yk CEE, BB & O SHARELIE IC
FEENT, TOE I WREEER L KNS
HICAEAD B EHEESNTWS 202D $ 7,
EEH RO EF DT & L7z Clostridium cluster
XVI b KR OISR RS S Tng 19
ZEhn, THEWFERE~X—Z b SW] 3P
WHEIZB A ELE (LK) X Clostridium
cluster XVIII O 5 AR % &0, iEtkReom b
SO THREMED D o 720 FFIZ, X AFGHE
\ZBIF % Clostridium cluster XVIII 134 A -« X A
W NDOXFREHE L U & Clostridium cluster XVIII
DOEEFRIIEHMEEZRLIZZEDNS, [HYWERE
N—=2 F SW] DIGNEREIZE 2 58T A X
WCBWTHFICBESNLIFRTHDL L ER
bitd,

[HEPFERES — A+ SW] 1Z X AR T ADN;
PATA HE Z0 L TR TH B LM SN D
Z & /B, Lactobacillales, Bifidobacterium %
¥ & W, Prevotella, Bacteroides % H 1 H. T,
Clostridium cluster XVIII, Clostridium subcluster
XIVa ZE LW &L, 58 LG RBEOR
BRHIE T I L7z RGO EERRA Lz L
Za, BERHOEINS L, HGHEICBWTE
EHIEE <, BMERE P ZWHERTH - 72,
HHREIETE LR P ER LG ICAERIEH
BATT & S NB05, AR TIE [HYTREEES—
A b SW] #GBETEHELERES P OHMARED
B EDRL LN LRI NI D, [1E
WBEEER— A b SW] 12X o THMNMEZE DN
T VAN RTINS LSS N,

AWEFETIE, 7 2D BEAMEOGHIE
TThbN7zhs, R—AFAL DT —F kv
DT ADMEEEIL DS D% DI ADR)
BIL2b0L00EFRHTH- 22 L

New Food Industry (New Food Indust.) 2019 Vol.61 No.7 497



YT — 2 + SWHS= 7 R WGINEEIC 5. 2 % f28

b, 5HOMFEOHREET L, LIrL, ¥V
ANz [HEFEEE~N— 2 b SW] (& b 60 kg 2
BT3g/H)Z 14 HHROKRSG T 52 LT, [l
WBEEENR— A b SW] OFGIZL Y EERHTH
% Lactobacillales D3 AR E &ML, EERH
T & % Bacteroides O 43 #i E) & A3k A>3 % {1
PHERENLZEIEETHLI NS, [
WEEE R — X T+ SW] OEND NN OUE
WCHGTHMREMATR SN, X AITBWTIE
Clostridium cluster XVIII DZAL b R S, [l
WEBEA— A b SW] DIEPIMTERER IS S 2 %
WEBIIAZIZBWTRICKREWEEZ b,
WLE, BB ORI T MR V| OB
R INTBY 2% R M5
2 BRI VW TUIHEDIFAEDITRIE S LT
5, L7zd o> T, M5B ~<— X » SW]
E A ZNZBWTRIRNICHENREOSER R %
IRTHREMED D 5, F 72, BPHME#E O
LRI IRV D D AH Y 1Y, KN
B OB RIERAEICE L 5256 2
EHHLMIIENT WS D Z s, 440D
WgeCid [T SEEE R — & b SW] DOFERL L G2
EWRREOMELTRET S, /2, BNESEE

BEXHA

xR BEHBICIR D ERIBE N AP, B 7%
AHZALEHLED TR WL ODBNERE L
FRARRE OB L RIBEN B Z L6 2, K
MR~ DR B L RET 5 2 L b Bk R
HMTH5b,

)

[TEY SR — A b SW] OF5 12X ) EE
Td 5 Lactobacillales D 53 Ai E) & 25880 L,
H#1 " T & % Bacteroides O 53 4i E & WS4
T OISR SNz, T2, AAYTATI
[HEWFEEE R — A b SW] 12 & = T Clostridium
cluster XVIII O 5 HZAS LH 95 2 L AMER S
N7ze 612, AATT ADLEDS 5
E— 2 SW] 3B EEEL <, HAIRKZ
Ll SEBREDVD LTEEEND 72, Th
5OFERNPS [TYFHEER—A b SW] DR
DVIBWNIRBEOUEE 2 S- T 5 W HetED 7R S 1,
tMIBWT60kg THNIELH3 g BT
LI LTEDHRRERMEONG LEZONDL, T
7o, [HEWEEEN— X b SW] 12 & 2 B BRE:
DUERN RIS L TR WRIERAS N
B EHEREIND,

1.

Jumpertz R, Le DS, Turnbaugh PJ, et al.: Energy-balance studies reveal associations between gut microbes, caloric
load, and nutrient absorption in humans. Am J Clin Nutr 94 (1): 58-65, 2011.

2. Goldsmith JR, Sartor RB: The role of diet on intestinal microbiota metabolism : downstream impacts on host
immune function and health, and therapeutic implications. J Gastroenterol 49 (5): 785-798, 2014.

3. Wang Z, Klipfell E, Bennett BJ, et al.: Gut flora metabolism of phosphatidylcholine promotes cardiovascular
disease. Nature 472 (7341): 57-63, 2011.

4. Greenblum S, Turnbaugh PJ, Borenstein E: Metagenomic systems biology of the human gut microbiome reveals
topological shifts associated with obesity and in fl ammatory bowel disease. Proc Natl Acad Sci U S 4 109 (2):
594-599, 2012.

5.

Yatsunenko T, Rey FE, Manary MJ, ef al.: Human gut microbiome viewed across age and geography. Nature
486 (7402): 222-227,2012.

6. Goodrich JK, Waters JL, Poole AC, et al.: Human genetics shape the gut microbiome. Cell 159 (4): 789-799, 2014.

Kuang Y, Lu J, Li S, et al.: Connections between the human gut microbiome and gestational diabetes mellitus.

. Sonnenburg JL, Biackhed F: Dietmicrobiota interactions as moderators of human metabolism. Nature 535 (7610):

Slavin J: Fiber and Prebiotics: Mechanisms and Health Benefits. Nutrients 5 (4): 1417-1435, 2013.

7.
Gigascience 6 (8): 1-12,2017.
8
56-64, 2016.
9.
10

. TapJ, Furet J, Bensaada M, et al.: Gut microbiota richness promotes its stability upon increased dietary fibre intake

498 New Food Industry (New Food Indust.) 2019 Vol.61 No.7



Effects of Paste of Fermented Plant Extract SW on gut microbiota in mouse

17.
18.
. Atarashi K, Tanoue T, Oshima K, ef al.: Treg induction by a rationally selected mixture of Clostridia strains from
20.
21.
22.
23.

24.

25.

in healthy adults. Environ Microbiol 17 (12): 4954-4964, 2015.
Martinez I, Lattimer JM, Hubach KL, et al.: Gut microbiome composition is linked to whole grain-induced
immunological improvements. ISME J 7 (2): 269-280, 2013.

. Deehan EC, Walter J: The fiber gap and the disappearing gut microbiome: implications for human nutrition. Trends

Endocrinol Metab 27 (5): 239-242, 2016.

HLIFRRHES @ KA M B YIMRME O TR E LR RSRE. AR BYIRHENTZE 255 5 (1): 129, 2001.

BEHRA, ILHATOAH, wES, Mt BREICEES 2+ / J0FE L EEEER TOEHEE. HARR
R T 2255 62 (9): 445-453, 2015,

. Hand TW, Vujkovic-cvijin I, Ridaura VK, ef al.: Linking the microbiota, chronic disease and the immune system.

Trends Endocrinol Metab 27 (12): 831-843, 2017.

. Nagashima K, Mochizuki J, Hisada T, et al.: Phylogenetic Analysis of 16S Ribosomal RNA Gene Sequences from

Human Fecal Microbiota and Improved Utility of Terminal Restriction Fragment Length Polymorphism Profiling.
Biosci Microflora 25 (3): 99-107, 2006.

LR INAIE ORR L B - TORSNizges & U TORAE. HARNRZSMEEE 104 (1): 29-34, 2015.
TEIERED © B L ERICEINT D [ Oy, BAREGHEE 107 (5): 282-291, 2012.

the human microbiota. Nature 500 (7461): 232-236, 2013.

Smith PM, Howitt MR, Panikov N, et al.: The microbial metabolites, short chain fatty acids, regulate colonic Treg
cell homeostasis. Science (80-) 341 (6145): 569-573, 2013.

Maslowski K, Vieira A, Ng A, et al.: Regulation of inflammatory responses by gut microbiota and chemoattractant
receptor GPR43. Nature 461 (7268): 1282-1286, 2009.

Harada N, Hanaoka R, Horiuchi H, ef al.: Castration influences intestinal microflora and induces abdominal obesity
in high-fat diet-fed mice. Sci Rep 6: 1-9, 2016.

Harada N, Hanaoka R, Hanada K, ef al.: Hypogonadism alters cecal and fecal microbiota in male mice. Gut
Microbes 7 (6): 533-539, 2016.

Bolnick DI, Snowberg LK, Hirsch PE, et al.: Individual diet has sex-dependent effects on vertebrate gut
microbiota. Nat Commun 5: 4500, 2014.

PHEEACE, iR, ILARERE, i LBl AMEZMH L7723 — 7))L DR EHRESE RIS
BIRGE. B NANE PMERS 22 (1): 1-5, 2008.

New Food Industry (New Food Indust.) 2019 Vol.61 No.7 499



500 New Food Industry (New Food Indust.) 2019 Vol.61 No.7



Pyrroloquinoline quinone activates autophagy
in tobacco BY-2 and HelLa cells

Akihiro Takahashi ?, Riku Matsui * °, Yuko Inoue-Aono *°, Kazuto Ikemoto <, Yuji Moriyasu *°

Faculty of Science and "Division of Life Science, Graduate School of Science and Engineering, Saitama

University, Saitama 338-8570, Japan

“Niigata Research Laboratory, Mitsubishi Gas Chemical Company, 182 Tayuuhama Shinwari, Kita-ku, Niigata

950-3112, Japan

‘Correspondence author. E-mail: kazuto-ikemoto@mgc.co.jp

Phone number: +81-25-258-8081
Fax: +81-25-259-8288

Akihiro Takahashi: akil9mei@gmail.com, Riku Matsui: matsui.riku.0806@gmail.com

Yuko Inoue-Aono: yuinoue@mail.saitama-u.ac.jp, Kazuto Ikemoto: kazuto-ikemoto@mgc.co.jp

Yuji Moriyasu: moriyasu@mail.saitama-u.ac.jp

Key Words: PQQ, autophagy, tobacco BY-2 cell, HeLa cell

Abstract

Pyrroloquinoline quinone (PQQ) is a redox substance with a reduced form (rPQQ). The effects of PQQ
on various mammalian physiological processes have been reported; however, only few reports on the rPQQ
exist. Currently, we found that both PQQ and rPQQ activate autophagy, which is a degradation process of the
cytoplasm in eukaryotes, in plant BY-2 and mammalian HeLa cells.

Introduction

Pyrroloquinoline quinone (PQQ) is a redox
substance with a reduced form (rPQQ) (Fig. 1). PQQ
is ubiquitous across bacteria, plants, and mammals 1-3)
and has been reported to affect various physiological
processes in mammals ' 2 %Y. PQQ deficiency in
rodents can result in growth impairment, immune
dysfunction, decreased reproductive performance,
and reduced respiratory quotient > ®. However,
reports on the effects of rPQQ on such biological
processes are limited.

Autophagy is a degradation process of the

cytoplasm in eukaryotes and is important for normal
cellular homeostasis . Autophagy is performed by
autophagosomes (APs) and autolysosomes (ALs);
thus, the appearance of these organelles is used to
estimate autophagic activity in cells. Autophagy can
COOH
HoOC HN\\

S5

\ OH

HOOC OH
PQQ rPQQ

Fig. 1 Chemical structures of pyrroloquinoline quinone
(PQQ) and its reduced form (rPQQ).
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be activated by various stressors including nutrient
starvation and oxidative stress "%

We predicted that PQQ activates autophagy via
its effects on the cellular redox state. To test this
hypothesis, we first assessed whether PQQ activates

autophagy in cultured tobacco (Nicotiana tabacum

been developed for detecting its activation '©. Next,
we confirmed the case in HeLa cells because we

observed the activation of autophagy in BY-2 cells.

Materials and Methods
PQQ disodium salt (BioPQQ) was obtained

L.) BY-2 cells; these cells have a pathway similar to from Mitsubishi Gas Chemical Company (Tokyo,

that of mammalian cells ®, and several methods have Japan). rPQQ was prepared by reducing PQQ using

10 mM rPQQ

100 mM rPQQ

100 mM PQQ

10 mM PQQ

+ suc

- suc

IM

0 20 40 60 80 10
Cells accumulating ALs (%)

Fig. 2 Pyrroloquinoline quinone (PQQ) and its reduced form (rPQQ) activate autophagy in tobacco BY-2 and HeLa cells.

(A, B) BY-2 cells expressing the green fluorescent protein—Atg8 fusion protein at the logarithmic growth phase were transferred
to a fresh nutrient-sufficient medium containing 100 uM PQQ (B) or 1% (v/v) dimethyl sulfoxide as the solvent control (A). After
24 h of culture, fluorescence images were taken. Arrows indicate autophagosomes (APs). Bar = 20 pm.

(C) Wild-type BY-2 cells were transferred to a fresh nutrient-sufficient culture medium containing 10 or 100 uM PQQ, 10 or 100
uM rPQQ, or 1% (v/v) dimethyl sulfoxide and then cultured for 16 h. In parallel, cells were transferred to a sucrose-free culture
medium and cultured for 16 h to activate autophagy. Cells with very large (solid bar) and large (blank bar) amounts of accumulation of
AL were counted in each treatment after 16 h of culture and are shown as percentages. + suc, nutrient-sufficient medium without PQQ;
— suc, sucrose-free medium without PQQ. Chi-squared tests for the effect of PQQ and rPQQ on the numbers of cells accumulating
ALs (sum of cells accumulating high and low amounts of ALs) show *p < 0.05 and **p < 0.0001, respectively.

(D, E, and F) HeLa cells were cultured in a nutrient-sufficient culture medium supplemented with 150 uM PQQ (D), 150 uM
rPQQ (E), or without any supplementation (F) for 24 h. Cells were then stained using the Cyto-ID autophagy detection kit and
observed under fluorescence microscopy. Bar = 50 pm
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ascorbic acid V. Tobacco BY-2 cells were cultured
in Murashige and Skoog medium containing
2 4-dichlorophenoxyacetic acid and sucrose 2.
HeLa cells were maintained in Dulbecco's modified
essential medium (DMEM + GlutaMAX-I, No.
10569-010; Thermo Fisher Scientific, Waltham,
MA) supplemented with 10% fetal bovine serum,
streptomycin, and penicillin. Cells were then
incubated at 37°C in a 5% CO, incubator.

The emergence of APs was observed by
fluorescence microscopy in BY-2 cells that
continuously express a fusion protein of green
fluorescent protein and Arabidopsis Atg8 that is
located on the AP membrane. The accumulation
of ALs was also observed in the presence of the
cysteine protease inhibitor E-64c (Peptide Institute,
Osaka, Japan) and the endocytosis marker FM4-
64 (Invitrogen, Carlsbad, CA)'?. For detecting
autophagy in HeLa cells!?, the Cyto-ID autophagy
detection kit (Enzo Life Science, Ann Arbor, MI) was
used. Cells (5 x 10%/100 pL), cultured in medium
containing various concentrations of PQQ or rPQQ
for 24 h, were stained with the Cyto-ID fluorescence
dye for 30 min according to the manufacturer’s

protocol, and observed by fluorescence microscopy.

Results and Discussion

Autophagosomes (APs) were not observed in
BY-2 cells 12-24 h after they were transferred to a
fresh nutrient-sufficient culture medium (Fig. 2A).
However, APs appeared when 100 uM PQQ was
added to the medium (Fig. 2B), which suggests that
PQQ activates autophagy under nutrient-sufficient
conditions. The activation of autophagy by PQQ
was confirmed by the accumulation of ALs; limited
AL accumulation was observed when BY-2 cells
in the logarithmic growth phase were cultured in
a nutrient-sufficient medium for 16-24 h (Fig.3).
The addition of 10-100 uM PQQ to the nutrient-
sufficient medium increased the accumulation

of ALs after 16-24 h; however, the accumulated

ALs were less than those observed under sucrose
starvation conditions (Fig. 3). rPQQ (10-100 pM)
also increased the accumulation of ALs (Fig. 3).
Percentages of cells with large AL accumulation
for each treatment are shown in Fig. 2C. Taken
together, these results show that both PQQ and
rPQQ activate the accumulation of ALs and that
rPQQ is more efficient than PQQ.

The effect of PQQ on autophagy was also studied
in cultured human HeLa cells. APs appeared when
the medium was supplemented with 1.5 pM PQQ
or rPQQ. An abundance of APs was seen at 150
uM in both compounds (Fig. 2D, E, F), suggesting
that both PQQ and rPQQ activate autophagy in
mammalian cells. Notably, cell proliferation was not
affected at these concentrations (Fig. 4).

The concentration of PQQ in plants is estimated to
be 10-170 uM ¥, which is within the range of PQQ
concentrations required for the activation of autophagy
in BY-2 cells. Thus, it is possible that autophagy is
activated by PQQ in plants under normal physiological
conditions. In contrast, the concentration of PQQ that
activates autophagy in HeLa cells (1.5 pM) is much
higher than that in human serum, which is estimated
to be 1-50 nM ' 9 Thus, PQQ does not appear to
be effective at activating autophagy in mammalian
cells under normal physiological conditions.

The present study showed that both PQQ
and rPQQ activate autophagy in plant BY-2 and
mammalian HeLa cells. Various chemicals have
autophagy-promoting activity ”, but few of these are
permitted for use as food ingredients. PQQ naturally
occurs in several food products such as human
milk, vegetable and green tea. Thus, PQQ and
rPQQ can be used for the development of foods that
promote autophagy. Furthermore, using PQQ as the
basic structure, drugs that more efficiently activate
autophagy can be developed.

Conflicts of interest: All authors have no conflicts

of interest.
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Fig.3 Pyrroloquinoline quinone (PQQ) and reduced PQQ (rPQQ) promote the accumulation of ALs in tobacco BY-2 cells.
Wild-type BY-2 cells were transferred to fresh nutrient-sufficient culture medium containing 10 or 100 pM PQQ, 10 or 100 uM

rPQQ, or 1% (v/v) dimethyl sulfoxide, and then cultured for 24 h. In parallel, cells were transferred to sucrose-free culture medium

and cultured for 24 h in order to activate autophagy. Fluorescence images were taken.

(A) the solvent control, 24 h; (B) 100 uM PQQ, 24 h; (C) sucrose-free medium, 24 h; (D) 100 uM rPQQ, 24 h. Arrows indicate the

accumulation of ALs. Bar, 20 um.

120 ~

100
80
60
40
20

0

Control PQQ rPQQ rPQQ rPQQ
75pM 150pM SOOpM GOOpM 75uM  150pM  300uM  600pM

% of control

Fig. 4 Viability of HeLa cells in various concentrations of PQQ and rPQQ.

The cells were incubated in the culture medium containing various concentrations of PQQ or rPQQ for 24 h.
The HeLa cells (5 x 10%/100 uL medium) was added to well in a 96 well microplate. The plate was incubated for 24h. The cells
were incubated in the medium containing various concentrations of PQQ or rPQQ for 24 h. The cells were washed by the medium
(100uL) twice. The medium (100uL) including assay solution (Cell counting kit 8, Dojindo) was added to a well. After incubation
for 1h, the absorption at 450nm was measured by plate reader.
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M2 u L 250 REMIZT TR, ALY
0L INRESNI-ERTH, ZOEKTICY
oL IofifarEnZirEEncw s el
T&LYV— VORFEIRDOLNG,

FITCARRTIE, VT NVF A L%ERPCRE
PHWCAEN O/ UL IR ERET 5 L2
BLIOTHET S,
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focl

1 7=Z—YU Y BRE 60-69CHIBIRHER (A) 7=—VUV7BE 60-65C, (B) 7=—Y V7 RE 66-69°C
a:66C, b:67C, ¢:68°C, d:69C
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1. Y721 LEE PCR O&EFi&5t
1-1. DNA D
- a3

DNA HHEE & LTy oL Sk, HA&
139 NAEE i,
- WA E

%k L b CTAB #:? TDNA % i i L
7zo fliH L7z DNA 13579665 (Gene Quant,
Biochrom Ltd.) CTWGEZHIE L, EE % &N
L7z il L7 DNA (X)) 7V %  L5%EE PCR
W72,

1-2. U724 LEE PCR
- HEORE

1) 7 ) % 4 2 PCR i Applied Biosystems®
StepOnePlus™ ') 7V % £ L PCR ¥ A 7 4
(StepOnePlus™ Real-Time PCR System Upgrade,
Thermo Fisher Scientific, Inc.) T 1T » 72. H
w7275 4 < — ®PEY L Forward primer:5'
-GGGCCTTTTCAGGTCTGGTA-3', Reverse
primer:5' -GCCAGTGCACACCGAAAC-3' & L
72 %5 PCR BUIGE 1 25 uLiwell IZFAEE L, %
@ # B 13 SYBR™ Green Master Mix (Thermo
Fisher Scientific, Inc.) 12.5 uL, Forward 7 7 A
~ =& (10 kM) 0.5 uL, Reverse 77 A ¥ —
% (10 uM) 0.5 uL, DNA ¥R 2.5 pL, IR
AR 9.0 uL THEEL 720 V) T8 A LER
PCR O & MEf ICH W7 DNA W IE 7 12 L
B, IINAED3IOT, RET1 oD
DNA %4720 3 DD well & W\ T{T 572,
*PCRY17)IV

PCR %&:fF1x, MR T v 795C 3 55k, %
P95 C10F, 7T=—1) 7 xC458, HE
NC60HE 1A 7L, ThE40KHEL
720 PCR DI Gt 2 Mal§ 4720, 7= —
Dy ZiE (x) &2 60CTHS 69CET1ETD
LV, PCR 217572,

78 L 70DNA ZHWTY 7TIVF A 4 PCR
AT TAERER VIR T . 7T 7 Ot
ARn (PCR 71 ¥ 7 b, #tw), Ml
A7 VvEERT. BT (A) &, 7=—1) 7

mEZ 0CHS 65CETIETD LD
WighiREZ, B1 B) 37=—1 vy FimE%
66T 5 69CE T 1 ET D LI 7Kg
WERT. BT (A) o7 =—1 ¥ 7iEE 60-
65CTlL, HIEHAR SR W1 7 VTt b
BNoTETWwW/, LML, B2 (B) TRL7
BY, 66C, 67C, 68C, 69C&, mE% LIF
HIZHE VI O B E2SD BN A 2 &8
Shrolze £oT, U7V A LPCRZATYH
o7 ==Y v Z7iBEIZSTUTIRETH
LEEZLNT,

K2, 7L T EIF)NAE, HID DNA
 HV, fREER R EANT 24T 5 720 PCRY A 7
WATHIHA 7 v 7 95C 3 531%, 2514 95C 10 #5,
T=—=1) 7 60C 458, HMET2C60H%E 1
HA 7 VEL, Tk 40 KME L7, PCRI A
7OV DE R TG IEEY) % In#h L C5eas 2 ekl
BT — % w s, EEMSEAT 2 AT o 7o, TR
MFLfEAT & 1%, PCR BB, RIS OIRE %
60CH 5 95CE THEAICEA S, BED LR
HITPE W FE DTS L 72 A DNA 25— Al
DNA |ZHHES A BRICEBBE SN b 8tz 7 5
Tib L, UBHsREEZ#HRET 2 HETH L, 7
== ¥ ZIREE 60°C TEHE BT 24T o 72
HRER 2 IIRT,

#Edh lX Derivative Reporter (-Rn) (&= D
— KRG, Zfbi), #EIREER T, K2
(A) 1278l 7&i3) NAHEDMFEIMG %,
X2 (B) (271l T &PRIEDMEEMME RT,
7L T EIE) NATEOMFEEIRIZEZ 2 i)
WEH VTV, 78 L F1F TmEA82.74 T
PUTNVE=THBRENTD, 1Z)NAEIL2
DY — BB o, 7L T LD
WMLRZLZMBERH TV, 7L I IEY
SN =T RR NN, HWEAIF2oE —
RGNz,

DiEoiER LY, Hniz7I4~—Tldrn
LI LizonA, EEDHECETBY, 77
4% — DR DR T E 720
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(E@E)
20
y=6E+10x
R=09965 .7 i
% =
E e
D
E;, s
s | T
2 e
8 51—
-.-'.‘.'
0.
0 @& } } } } } !
0 0.005 0.01 0.015 0.02 0.025 0.03

ZigEE (g/ml)
K3 70LS0MigezigES

2, 7OV S0ORBEERESE
2-1. 70Ol S OMRBOAE
ryaL s OMEYRIT7 5 A 3T 14 HEGE
L7zd & 50 mL F = — 72l % BN L 720 %
LB ORISR DR L, B2 Y B
W7z UL Z2MIBEIE 5 BRBEA IR L, F N Eh
10 uL % 5 14 AR —F 70V MERFHEM  (C-Chip,
NanoEnTek Inc.) OB T4 7 « F ¥ v IN—
2372 L, Imm X Imm O X P & 5 /a5
AR L7 Y Y MIAREIZOWTIT -
720 MIBZ%L (cellsymL) (ZLLT @
FERICY IO THEB L,
AL %E (cells/mL) = (4 [X ] ol
Rtk ME) X AmHE=E X 10*

2-2, V7OV SDEBREEDRTE
VIREROWNEIX, EEtdD
L Ol o TBV 73R 12 2-1
T 5 BB IR L 72/ o BB i %
ZFhZFN ImL AN, 105CT—Hf
KGERIZL7:, BHRBEOE
mrfilEL, MliohEsrH
HL7, B3i270al Itk
LH R EROWEHEERT i
BT (cellsymL), AEENIZE
BER (mL) 2R L, KHIO
77 7 HME NIz,

QfEE R—7FY
M4 JOLSNAV7ANRTT—EETIA—Y

3. U721 LEE PCR DA

3-1. DNA D

- F

DNA fiHiEk & LTra L I< 4 7 a8y
F— %ML BET- 41 H OfFa3, @
TAAZ ) —h, QBEE F—Fr, @72 F
F—%xfHwvi, BETOREZIIEING Y
Lo~ runy¥y—n&ahReEld, OEF 3
T2g, QT7AAZY—22g, OBEEF—Fv
llg, @S> Fr—F20k L7, 72, 7

@IV R —%
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oL I EEn il LTy (53
aF v FAF o, LGN @) % Hwis,
DNA Offi iE 1-1 & FIARICAT o 720 I L 72
DNA 13V 7V % A L% & PCR ICHW- (K] 4),

3-2. Y724 LEE PCR

- DR

120 ~ 0.012 pg/mL @ #i B T 10 15 B By A7 R
L7zzual <427 ua’X¥y ¥ —0DNA G
SHEVYT VY A LE®RPCRICAL, HEMH
ZVER L7z, DNA X, 3-1 THiH L7 5 FsE
D DNA B E AW (raL I~ 703y
=AY ;QEFaa, Q7427 )—4u, @
REF—Fv, QXY Fr—%, JulL &
L WD %), PCR B & 25 pl/well 12
R L, ZOREIE SYBR™ Green Master Mix
(Thermo Fisher Scientific, Inc.) 12.5 uL, Forward
7T A4 ¥ (10 uM) 0.5 uL, Reverse 77
A~ =¥ (10 uM) 0.5 uL, DNA V&K 2.5 uL,

100 ¢

0.1+

0.0001

0.00001 ¢

0.000001

WRBAIK 9.0 uL THREEL 720 HBRIZ 1 2D
DNA #4720 3 2D well & HWTIT - 720
*PCRY1)IV

PCR 5:1H1%, FIAR T v 7 95C 3 451k, 250k
95C 10 %0, 7=—1) 27 60C 45 %, i 72C
0 zE 1A 7 0E L, ThE 40 KHEL
PCR A 7 )V DB SR AR 21T 5 720

H5ic7ulLyxEbime, 7ul 7%
GELVNOBIEMRE TR T, UL T EE
LEMIIHEERASND, 70V T2 &F R
VO IR AR SN 0o 72,

s L I<wA4 7/ ¥—0DNA, O
Fad, @Q7AA7Y—L4, OBEE F—F,
@Dy Y T —FODNAZHWTY 7TV ¥
4 L PCR %47 o 72 IEHEMIM 2 B 6 127”37 #fE
Bl Cr fl, MBS DNA MR 2 78§, A i
WOME X 13 -3.435, REfHIX 0.994, BEIERHRIZ
95.469% Td o 720 FHTDOFER, DNA IRIE (mg/
mL) % X,Crfli% Y &35 & X=10~ ((18.837-

4 6 8 10 12 14 16 18

20 22 24 26 28 30 32 34 36 38 40

Cycle

5 7O0L2%&50BRESEL/VEBROIBIEHIR
a:Z7ALZ, b:7OLZEEFHWVWIY
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37.01- — e — - S— P
365
36.0
355
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34.5
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335
33.0
325
32.0
3151
310
305
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S 290
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255
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245
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235
23.0
225
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| JOZZER
W @725U—0
|

B 9o vRr—=*

0.000001 0.00001 0.0001

0.001 0.002 0.01  0.02 0.1 0.2

DNA 2 (mg/mL)
Slope:-3.435 Y-inter:18.956 R%:0.994 Eff%:95.469
6 7 OL 5 DIFEERL#R

X1 BRAPOERBOI/AOLSYA7ONXKIT—DEEEEDRNEDEDHUIEE, LT
0L S O

O%&F30 2
@742 ) —LA 2
QpEER—FY 1.1
@IV Rir—= 2

2.54 15.25x10"10
1.83 10.97x10710
1.75 10.47x10°10
2.84 17.04x10"10

Y) /3.435) twHyRADESLN, 72, CrfE
DFIHIIOETF 3 32291, Q7 A4 A7) — A4
2317, QBi& F—F 2544, @/)X7 ¥ Ko —
¥ 2487 TH o 72

WNT, DML LELNLIAEGRDIBL TV
A runxoy—oghae (g) 7, BELHD
BEFOESR () A, 7Ol <A 7us
7 ¥ —1ghbEN/zDNA (mg/mL) % B, 7

UL I~ A 27U/ 5 — DNA IO KEE
(ML) #C, zub <A rzuxy5y— A&
i DNA o KER (ML) #D 45 L,
Z= (AXX) XD/ BXC) &7%o7 &5
B3 R LY, MlaEk (cells) 1, Mk
(cells) =6.0 X 10010 X Z & 72572,
HMTOEBOZ7OLI<A 70T T —D
GHBEL)TIVY A LEEPCROSH LD E

New Food Industry (New Food Indust.) 2019 Vol.61 No.7 513



V7Y A LERPCRIEZHWZREMT D7 v L 5 DERIEDHFE

WHIL7-7alL o< 70Xy ¥ —D8, 55
TogEiyL-AERTo oL SoMaMER
1I1TR T,

3-3. ¥&&

REELD, 7ulLynEaxH s LY
T ¥ A LR PCR DIi# 7 PCR 5% ffsE
THIENTE, $72, zul <A oS
VY- EEUEMLV UL IOEAEB LDV
sualLyofilaEtEmnd b LN TE,

BER
1. B IE=  BARREER A5

EbWIC
TV A L%ER PCR &1, PCR DHEIEE
DEEME Y TIVI A LTEZS Y 7L, B
TLHPFETH D, HERKD PCR & LRERA K
B A AT ) BN L, Bl EEICENRT
WL EPF R Th L, FRTFEERIGHL, 71
LI 2 gbaEMPIMEED 7 0L I8 Eh
LZhrBEMT 5 FEERE TSI LATE T,
s7ULSOBEFRRT LI ERIMHEHICEST
Y VWML E b7z, TV —VIZIER

WWHEHTHLLEEZLNS,

35 (12): 375-378, 1979.

2. ZH Fh, FIEE, HR BT REFEMRREIC BT 2 DNA fiEORET GE1#H) XU - M

DN, AR EERE L > 2 — RS,

47:47-53,2010.

3. Richard F Fowler: Development of a Specific Quantitative Real-Time PCR Assay to Monitor Chlorella DNA. A
Case Study from Mammoth Cave National Park, Kentucky, USA. Acta Carsologica, 40 (2): 381-390, 2011.
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T 833-0056 RABRERHRE 1343

TEL: 0942-52-2191

Email: sayaka himuro@chlorella.co.jp
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Key Words: & & 9 &0 JakdsE WHE

IFL&HIC

B HEWIE, A ARHIBT D LERT, B
i AT HIS IR (R S, HATIIRER
B B OBM TS HLICEE S hTw
%o FACEBERECE L LTI & BT~ &
Fo b, B TR CRENES & JENREE 512550
bNb, ZOIEMEDSICIE, SLH) ZVHRED
Ty AW TEHBEL At — L Rk
BB CHLE) 72— VE? L, flix
DR E G ENTVWBE Z EPASNTEH
D, &) EWIELHBFMHATRER N+~ A
BiFHELTORERTHEMEZF > T,

M EE T CRAET A RFIHEROA
G % 5 ICE A i b & v 57—~
T, RS &S Z RO A AR
BT ATRICI) LA TE 2y 2ILE TONF
R LY, &) EERFRICHEEOAR RS
i L, ZoxpEOENCEIY TALE (8
BRELERR) |, TWHEH (HEZFR) |, [HRH
(PEEERE) | o 3D [X &9 & UHhHY ]
s - WSE L T &7,

RO BEMERTIE, BEEMICE 2872
FMBSE, LB EaE Bl o4, Ka A
MEIZ & ) 7z R AR 4 L BISS - BGE S 1L
flAE R BRAETE 72 T SRR L S1THT 2 HE
FENSDOERKED EAT>TETWD, ERL
XoBERIIMES &0 EN L ETH KR

ERMEE > TBY, ZOMERHRT LK
SRERD AR ERA L LT, WS L) &
IS SE 2 BAMARICERASNTE
7oo ARTIE, & &9 ZUHIIBY R BREHERD
R&EREAHM & RFRREE TH DR v —
(WA 7)Yz rr—5r7 0y —)
% BV TR L 7o R IO W TRAT %,
—7, ERLSOERICER-HIEETH
D, ERLZ)ICRZ AL RBEOEIFLE
PRSI BT 2 EEGHEE b, AmAS L
I EHIEIZE L ) ECHRDORY) 72/ —
Ve FL, L2 o2 L RSN T
W3 Y, ARETIE, & &9 X UHIY oML
TN & BBEIHREICONT L, BHIDTF—
5 EZEZTRHNT 5,

1. BRAS LI TV HHDORKIEHR
MHECTOBRCIRA, PIREELZ & Ot 2E
WIEEMESFH ST 72, BRI ERea”s
RE5 L7205 TR, TNOHBEORLAREZH
A, BBREUES DRRDD B HLIE,
M ORERELIN O F R Rl L, B B A
PR BFEOMREFFORRLEA L LTORE
& &) SRR 2 s L7z,

FaH S &) Ui, AR & hlit
TAHBIHED LI 2 RET L7720, HIRRPHE
PRAYE < BAERR DT ) LHFFEOWHREA T b,
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& &9 EOHHY) O JIRSGERI AL &R E iR

F®1 BEREE
I &S ECHIEY EETL—/\—
MSX-100 MSX-1MF
RN —fROMIEMS - &kt BERER - REAERR
AAR - & - BEER - BEK - RBER B - EEARFICHEVWDOD
Bk - BERAER - RET D, Kz . o
PR H<TE NTUABEERLS, ifi’fvfff:g%;
AT —R UP =
e IS ETHEY EHH
£2 IESETVHMEYONEL EEBEINIHEY
Vx| FIEEH 2E  AINE (ppm) HFIh30R
- =23 MSX-100 50 ~200 BRI FEIOER
BRERY VY MSX-100 20 ~ 500 EBHKEMSIF, BEZT1ILRIC
REH JL—77)L—Y MSX-100 20 ~ 100 ZBR, EERHVETR
8 BrEf MSX-100 100 ~ 500 AERSHAERL TERNPILLRS
REER F—Y—E—7T  MSX-IMF 100 ~ 500 4528, BAOEHHIEH
P AYROAFY  MSX-IMF 100 ~ 2000 EV\WPEERHNERL TEZo1EDTS
e MSX-IMF 100 ~ 2000 S\PEHEARRLTE >EDT 2
mTE LMNILNES MSX-100 20 ~200 L kJLhEDER
A S MSX-100 50 ~ 200 H¥ZIREHER

fE AR N AT ppm HLAL & MR O 720, &k
) FUHIEY EAROKEREFEY U5 Z &<
FAOBEMR AR ETE L, AMHS & S U
WMPITIE, BEL ZORIROEN LY, KRBT
HL2O000 M (8 &) & VY MSX-100
B OHEE 7 L —/3N— MSX-IMF) %58 5%, ik
2 MSX-100 (J) &\ 9 KELASHTL %95, K
Bl BEHL A 72 B D A TR HIE MSX-100 &
MLCThb, FTI1ICHBILEERT,

L EUMBYOFRAEI2R2 IZRT, &
&) EUHIE Y MSX-100 13X F EF RAMIC
ffi) 2N TE, ZOMEDSFTEETH 2,
REW LB 20T 5 &, T OFFOFH - BRI -
R EOWRRIR, SRR SORBR, WM
REDERE, BERLL MV N EIZXBINLE
HoOBX, REICEIBIELR EFEREL,
R BRDINTG v A %2 DS %D, xt
LAEGIZH X BAHT20 ~ 500ppm & AR WIRIIE
THIRERT 5, FRULEORINEILE L
WA IS T L — =0t BRoT 5 Y,

B 7 L — /¥ — MSX-IMF (¥ MSX-100 & It

LT, BBRCGER)REE C, —RAEmICfED
Wi A 3N = O FHET A EE L vy MSX-1MF 1,
FRICERRFEE O RS EM L RINRA R
M EONOFIFICHE L TWAD, & 5IZBRZT
T BVIFT2MWEIR S IFTE S, &
e HZ:E, 50 ~ 2000ppm TH 5 ¥,

2, REtE Y —TORKIEHREOFME
BAFEFUIB W THROREMN 25 EbiZIE
WCEENE T > TETW5, HEk, BRIZEEHM
GIREECH ) Sl RE L Vb LT & 7228 [BE
Bl o — | 3EROKEEHRA N AL 2 ET
WAL L72BREEREETH D), b PR L HW
MBS 559, 22T [HRELH— (W1~
TNy My =770y —) | #HnT,
S L) F UMY O RIRIGEERN R = [RSCERD
RoffEsd] & LTEH) A0S % 550 L 72,

21, BREELH—(CDONT Y
e —1E, ERE Y —, fRkE
-, HEkt ¥ —, Bty —, EHkE
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& &9 EOHHY O JRREBGERN AL &R iR

£3 KEEYVY—TERLESNTVBHKREER >
HREEE BRI T %
Mk IV OBAR HEISET MK Bk Y —
EGRME  ELRMERRT, ERETEIS, MK BUK EhEyY—
g RERRUB SRORMIMERR T, (BRECRME BN el >t —
BB 7S/B MEEROLTE Bkt Y —
B BSOS REIEERO B > —
HER FrE J)L3—X, E\FIIL3I-)L Bk v —
0 —RRmICE SN 2EK EHREYY—
B ATFY, SUSVENZT B etz >t —
B0 OS5 5Kk Hhkt Y —
@M%f By, B1I3AEEIC MSX-100 % 200ppm RN
L7-& & OERMAICL 23 (n=10) #R
SRR - ERL72e S8 UMM ERNT 52 LT
BEDHIBI R B D R L, EH0DTE 5
<88 D L7zOH7-0 12k -7,
e KIT, & & ORI O BRI HA)
M eI EORVE EVRE L ¥ — TR L 720 0.2% BRI IS

BEFICHT %S &5 S CHBY ORKKE
MR (BEERE)

X1

F—BLOEEL -0 b, FNENL
FEARBRIBINEATE W21 T2 <, BROFH =
MEEHS e PO ER L &) IBmTE
bo RIWLK Ly —TERILSN TV L
HIEHHZ R T, Bk (ROSHR) 3o —F
W ZWAE T AIE DS, £ o —FKEh S B
THEAY = FalET 5 Z & TRl

LTWh, [HRMER | (X, #HRYHE

HEKTH 225, REEETIE72 Lk 0
B2 =T ICETEEIN L EHRICH

v rar, RELHEERL, B 05

71 IEA—=TRDADW DG DR

BRI L SNTVD, g
%15

2-2. BEARRDIERZhE
NI BV TR o FE o ERLk -2
LWMETMT 5 A5 A LRI HED
DIV RBEREZINZ e n) =—
RFFEFICE v, S &) FUHEY
FEEIR 2 T AR R AR S T

-25

MSX-100 (J) 1500ppm, 3000ppm, 6000ppm |
BT 2 S &) SO (5K) 2anL 7z
TN ERBELUHE R T o 72, BRIRE 2 —
THIE SN AERRIZ S & 9 & UHiH P rs 124K
FLTRL 222 LD ERTE7: (B2),

2-3. fEDEBREE T B%0F
BIEHEIZRPE LR WEMTH Y, -2
FERTHELIDbN L, —J5, FAHEBOEM

MSX-100(J)) 184EE (ppm)

2000 4000 6000 8000

K2 MEBARICHTZIESECHEYARNE EBE (KE
oY)
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BRIRDELH

3 BB ICNT B &5 EUHIEY DR
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e TERI LARIPWT D, LR
WELRETIIADOIERL SR b A EDS
BHb, SLHEVMBEHIZIZIDAERSPHRES
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500ppm AN L 72 B3 K I 10 20 FE T 2 A TRE
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(n=10) OFERZER L7z, &5 S0 %
WS A2 & TIEDAER S & MR S PR S
n, AT hoTWnh,

FRLE FBRICRIE L 72 DR E % 4 52D
FK A N2 BB Lt b BER O K8 x R
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PIUS =] 3uk

B4 HBOEREZICNT2EESESTHBY DKL
EWR KEEVY-)

PORKRDPER L 722 L 2RL, BRI 7K
WETHAHZ LI, BRI L2 &2 RT
EEZEZBbNS,

2-4. MSX-100 (J) & MSX-IMF OB EHE
DIEL

TR, EEEN T - ZDEWEMTH S
P, BRERPFRIPHEINLVEENTAFD,
JEIRCLH DOED D 5, B 512, MSX-100 (J),
MSX-1MF % % 1241 200ppm 0 L 7 4 5 4
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LREROHLIEbZENLICEEND, YL
A NEFEETOY VS LAEIFREDORZ I,
BEESGRE N R EFREEM B D Y VA L 2 hF AT
A€, B IHREER 2 b7 (Bajomo
and Yong,1992; Agu and Palmer, 1998a, Goode and
Arendy,2003) , ¥ )L L EIFITIIMAK S RS
ZHaRo L) IH#ELI RS 2 LITE, Zh
FarvFrr I Ny A4 7O —) L EEEMICHEE
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