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<Invited talk>

Pharmaceuticals, Perfumes, and Bioproducts: Discovery of plant
diterpene biosynthetic pathways using an integrated metabolomics and
transcriptomics approach

Philipp Zerbe & Jorg Bohlmann
Michael Smith Laboratories, University of British Columbia, Vancouver, Canada

Abstract

Plants produce more than ten thousand different diterpenes of specialized
(secondary) metabolism, and fewer diterpenes (e.g., GAs) of general (primary)
metabolism [*!. Specialized diterpenes are important in ecological interactions of plants
with other organisms. They are also of great relevance for human health and well-being as
pharmaceuticals, food additives, fragrances and other industrial bioproducts 2. Examples
of widely used and novel diterpene therapeutics comprise the anti-cancer agent taxol, the
cAMP regulator forskolin, and anti-viral diterpenes, such as prostratin and stelleralides.
Other high-value diterpene bioproducts include industrial resins and inks or ambroxide
fragrances ®. Yields and purity of diterpenes obtained from natural sources or by
chemical synthesis are often insufficient for industrial application. Improved agricultural
or biotechnological production of diterpenes requires knowledge of relevant pathway
genes and enzymes!*. However, specialized diterpene biosynthetic pathways are
extremely diverse across the plant kingdom and often taxonomically restricted to a few
plant species, genera or families. To address this challenge, we used a set of ten different
plant species, ranging from several angiosperms to species of conifer forest trees, to
develop a general strategy for diterpene gene discovery in non-model systems. The
approach combines metabolite-guided transcriptome resources, custom diterpene synthase
(diTPS) and cytochrome P450 reference databases, and phylogenies with in vitro and in
vivo enzymatic validation of relevant candidates. We identified 46 new diTPSs and 394
new P450s in a resource of nearly one million different transcripts of diterpene
accumulating tissues for functional characterization. Here we present select examples,
demonstrating how integrated gene discovery strategies can be employed for developing
combinatorial metabolic engineering and synthetic biology platforms for the sustainable
production of diterpene pharmaceuticals and bioproducts (cf Scheme 1).
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Scheme 1. Integrated gene discovery and bioengineering approaches for the

sustainable production of diterpenoid bioproducts
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Alkylation of aromatic compounds by prenyltransferases
from fungi as new resources of bioactive products

Shuming Li
Institut fir Pharmazeutische Biologie und Biotechnologie
Philipps Universitat Marburg

Abstract

Plants and microorganisms are important sources of new drugs in traditional and
modern medicines.!! Monoterpenoid indole alkaloids derived from tryptophan and
geranyl diphosphate, e.g. camptothecin, quinine and quinidine, vincristine and vinblastine,
reserpine and vincamine, occur widely in plant kingdom and are used for treatment of

different diseases.?

Prenylated indole alkaloids are also hybrid natural products
derived from prenyl diphosphates and tryptophan or its precursors and widely distributed
in filamentous fungi, especially in genera Claviceps, Penicillium and Aspergillus of
ascomycota.l® These compounds represent a group of natural products with diverse
chemical structures and biological activities.® The availability of the more and more
genome sequences accelerates the identification of genes involved in the biosynthesis of
secondary metabolites including prenylated indole derivatives from fungi by genome
mining,!”’ which provides the prerequisite for molecular biological and biochemical
investigations on their biosynthesis.

Prenyltransfearases of aromatic substrates such as indoles, flavonoids, hydroxylated
naphthalenes and benzoic acids are key enzymes in the biosynthesis of prenylated natural
products and play important roles in the diversification of secondary metabolites.[*%®
One of these enzyme groups show significant sequence similarity to
dimethylallyltryptophan synthase (DMATS) in the biosynthesis of ergot alkaloids and was
referred to as prenyltransferases of DMATS superfamily.l” These soluble enzymes are
involved in the biosynthesis of diverse fungal secondary metabolites and mainly catalyze
prenylation of diverse indole derivatives like tryptophan and tryptophan-containing cyclic
dipeptides. [¥78 Several members of this group prenylate, instead of indole, tyrosine,!”
xanthones!'® or anthraquinones and other polyketide-diverived aromatic compounds.*”
Most of these enzymes show promising flexibility towards their aromatic substrates and

catalyze regio- and stereoselective prenyltransfer reactions.®! These features were

030



successfully used for chemoenzymatic synthesis, not only for production of prenylated
simple indoles and cyclic dipeptides,!® but also of prenylated hydroxynaphthalenes,!*?
flavonoids'*® and indolocarbazoles.!**

By modification of the prenyl donor, a number of unnatural alkylated indoles has also

been produced with prenyltransferases of the DMATS superfamily (Figure 1).**
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Plant cells as important green factories

Kirsi-Marja Oksman-Caldentey
VTT Technical Research Centre of Finland, B.O. Box 1000, 02044 VTT (Espoo), Finland

Eukaryotes such as higher plants have evolved to produce a diverse range of
low-molecular-weight compounds — described as secondary metabolites — that can be used
as food and feed additives, flavours, fragrances, cosmetics, agrochemicals and
pharmaceuticals. There are approximately 298,000 species of higher plants® less than 10%
of which have been chemically characterised to some extent. The first secondary
metabolite isolated from plants was morphine (>200 years ago) and many other natural
compounds have since become important pharmaceuticals in modern society. It is often
difficult to find synthetic substitutes with the same efficacy, pharmacokinetics and
specificity as natural compounds. The dominant role of secondary metabolites in the
pharmaceutical industry is demonstrated by the fact that approximately 50% of novel
anticancer drugs have been discovered from nature including blockbusters such as taxanes
(paclitaxel), Catharanthus alkaloids and camptothecin. During the past 30 years, 1355
new drug entities (NDES) were introduced into the market? of which 27% were either
natural products or their derivatives. In addition, 20% of the drugs were synthesised after
the molecule was first isolated from a natural source. Table 1 shows the recent
discoveries in the four major therapy groups®.

The chemical diversity of plants is more complex than any chemical library made by
humans. The detailed exploration of plant biodiversity and the use of novel and
innovative bioassays to evaluate natural compounds for their beneficial effects is
therefore of great scientific, medical and bioeconomic importance. Many companies are
undergoing a renaissance in their interest in plant-derived compounds, especially the
pharmaceutical industry is looking for new drugs, and the cosmetics industry which uses
plant extracts, oils and even plant cell cultures in some products. However, many plants
that produce high-value secondary metabolites are difficult to cultivate or endangered
because of over-harvesting. The chemical synthesis of plant-derived compounds is usually
uneconomical because the complex stereospecific structures are difficult to replicate.
Sustainable and cost-effective production systems for high-value plant-derived

compounds must therefore be developed, and the best outcome can be achieved by
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integrating biotechnology-based approaches into more sustainable production chains
featuring cutting-edge innovative technologies. Spectacular advances in characterising
plant metabolic pathways using functional genomics and through the development of
large-scale cultivation processes have offered for the first time unprecedented
opportunities to explore the extraordinary complexity of the biochemical capacity of
plants in entirely new ways. State-of-the-art genomics tools can now be used to improve
the production of known natural compounds or to synthesise entirely novel plant
constituents by combinatorial biochemistry in cultivated plants and cells. Therefore, the
utilisation of plants and cells as green production factories is becoming more realistic and

more attractive also from a commercial point of view.

Table 1 Number of new drug entities (NDEs) discovered during 1981-2010 belonging
to the four most important therapy groups®.

N+ND+NS

N ND NS B S Total (%)
Antimicrobial 12 74 34 13 60 230 52
Antibacterial 10 64 1 0 23 109 69
Antifungal 0 3 0 1 25 29 10
Antiviral 0 2 31 12 8 78 42
Antiparasitic 2 5 2 0 4 14 64
Anticancer 9 25 17 17 30 100 51
Antihypertensive 0 2 34 0 41 77 47
Anti-inflammatory 0 13 0 1 37 51 26
Total 21 114 69 31 168 458 48

Abbreviations: N, natural product; ND, derived from natural product, semisynthetic product;
NS, synthetic but pharmacophore is from a natural product; B, biological origin, usually a
large protein or peptide either isolated from an organism or cell line or produced by
biotechnological means in a heterologous host; S, derived from total chemical synthesis.

In this presentation the above-mentioned opportunities and challenges will be discussed
in the frame of three current research projects at VTT. Metabolic engineering aspects to
discover bottlenecks in the biosynthetic pathways and direct the selected pathway towards
the desired end-product will be discussed using examples of our large EU-project
consortium SmartCell which focuses on terpenoid indole alkaloids. Secondly, it will be
shown how we have integrated high-throughput screening (HTS) and high-content
screening (HCS) technologies to systematically test a broad spectrum of bioactivities. The
key strategy is to use afirst line of general, rapid screening platforms and then a second
line of lower-throughput, increasingly complex three-dimensional (3D) or organotypic
models and assays combined with imaging. This approach will be demonstrated in the
discovery of novel derivatives of betulinic acid possessing strong anti-cancer activities.

Final example shows the potential of Nordic berries for human health. We have recently
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Final example shows the potential of Nordic berries for human health. We have recently
developed unique cloudberry cell cultures, scaled up their production in various types of
bioreactors, and applied them in commercial cosmetic products.
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BTHMEMWTHDL LN RBINTE, £Z T, Fr. FICHFEETLIREDO 7 =/ — )b
(EMCV & DIRAWEFT TIX 1%97 = /7 — ) ZHWT EMCV RIE{LFEBRZIT o7& 2 A,
Fr.5 & [AARIZ EMCV O EHtE%L 1/20 BEICK TS ® 22 &b, 7=/ —JL8 Fr.b
DITANAREACTEMEICKLE « +5THDLZEBHALNER ST (X 3b),

T, MBI, TOERYTHIEERICLVBEOEEE2AET D720, BEfE K
W7 =2/ = VDOUANVAREIERICKRBEELEA5WMREND D, £Z T, £TH
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BROHRDEBEERT LI E 2 A, 1%L T OFEEER L EMCV O J&k et 2 2L S &2y 5 7=
(F— X RSP, FZCHBBE 72 ) — VOB ESDENR YT A L AREIEMEICE 2
HEBEAMBLIZLE A, 1%7 = /) — /DK TIE EMCV D& Yett %2 1/50 F2E £ TIK T
SHDDITH L, 1. 4%EEE & O A A DHIT L > T EMCV ORGP H R AR DL I 7
S>72(3b), F£72.0.5%7 = / — L% EMCV D JEMEIC R A BB E 5 X ey o 7258,
1 A%EERR & O A/ DI X > TEMCY OS2 10 T4 1L FIZHEd & w72 (X 3
b), THODRERIT, BIBRN KB 7 = 7 — 1D U A NV ZARETEMEZ K& < #HT
52 HERLTND ) 4]

eWT, B/ XFBLIOH T~ Y HKAEKE, FIXHFHESEM T TH EMCV RIELTE 4
AL, TNUOOBKERZICEWVWT YA NV ARNFERIEER R T2 B, B
FEBELON T~V HRARHEWK O EMCV ANEREIL Y7 =/ — VTR R LIMWETHD Z
ERIRFEN, ZOEMEMBEOREEZITo72, KRFFIRE (B %) XK 4allR”3 A F
— LIS THE L . ZENENDOHE 3 OH T A N AiEMEZ R B L7z (X 4b), £ DR R
ANEER E DO A NV ARIEACTEEIZKEMEB 5 E —Fr. 1 1I2H 5 —FH T, KEEKR C (7T
) O Fr. 1ICEZ0EMETEL T, L EORREIZ, KEHKE OBLY A L ATEEY
B, MHRO A NVARENHE CHD 7 = /) — L ETRRDZEERBLTVD,

ZIZ T, AEIWK E DU A NVARTEWEERBT D720, A — LT v 7L, W
ATV, S 507 E-Fr. 1 (126.77 g) % DIAION HP-20 Z /3B H{A L L7=h 7 A CTHy i
L E-Fr. 1-1~1-3 #4537 (K5), TN DHHEEHDO U A VARG %2 B L 72
REMG6ICRT(LLTFOT ANV AREREENS 2 ha— L& HEPES KRR & 9 5),
ZORER, E-Fr.1-2 HEFBICEB W THRNT AV ARFEEEZH#RE TE L, £, %
LD EE A HPLC 38 X WY GC-MS T ic CEHEA KD O RE Z R AR, E-Fr.1-3 1
hydroxymethylfurfural (HMF) 3 X N maltol OFEEAZMHR TN (K7)., Th b
BIXUANARTFEATEEZ RS b ole (T —42RST), S HICHWARTEIEEZ R
L7 E-Fr.1-2 (17.36 g) #WitHZ D7 u~ 75 7 4 — (RP-18) (351 % MeOH:H,0 &)
I T &7V, 3 ODAyEE E-Fr. 1-2-1~1-2-3 #7187~ (K5), L\ T, TN 5%
B D T AN ARNTEIEEZHER LB REN8IZ AT, ZORRE, 2 ToOHEEHIC
T AN ARNEACTEMED B O B AL 7o (K8 ) FriZ (E-Fr. 1-2-3 [T WEMEN RO b i,
SYBER D BN L, RNIELIEME S Ao 72 BE-Fr.1-2-2 (3.6 @) A OWHRZDO 7 o<
N27Z 7 4 — (RP-18) (¥R MeOH:H,0 &) & CTHIMNL 2y &7V, E-Fr.1-2-2-1~
E-Fr.1-2-2-7T %27, 2NOL0BEEO T ANV ARNEEEORKREZ RS (K9), TD
fER. E-Fr.1-2-2-6 ZR< W CIEMZ MR T/, VT, IO 0HEEHOEH
& RET HHBTGCC-MS o &iTo7c, TOME., FoBEEICIBWT 13.5 min &
14.5min M ICE —OMEREAEINTWVDL I ER oz b (M1 0), 20
2o —7 (ME) TEHL, ZTNOMEPZEICEENL TS E-Fr. 1-2-2-1 8B &
W E-Fr. 1-2-2-2 3 W O FEMICOWTHAELZHED 7=, 25 2 O 4y i Fr. 1-2-2-1
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BXOFr. 122227 v FUEBIOAFMbERA T, ZTORERE, Fr.1-2-2-1 128
WTIET B FEIC KD GC-MS o CBAEZE 2 Bk b o 1o (FEE — 27 8 14. 5 min - —
26 min i 7 b)) (K1 1), —7F . 4BE#E Fr.1-2-2-2 IZB W TIE A F LBz B W»
TORBEREBAN DT &b (HEOE -7 28I, 7—%5R"3F), Fr
1222 [ZIEMEOHENZBICERFAINTVD Z ERRBINT, BE, T 550
HroWE OB LOMEREIZICONVTHRATTH 5,

(a) (b)

14 BPA
—~12 il
a ~
B, dBPA
= |300 mi]

T it

%0-3 100 mL x3

20.6
6 . |
5 0.4 Fr.1 Fr.2
= 10.04 ] (200mL (2@
02 0.83M SIS Lo

- [ZT 5 200 mL x1, 100 ml x 2
0.0 T T i 7006 BB E R T pH2 (- IR
% A B C D E F A B C D E F MR FIL S
—_—— Fr.3 Fr.4
ch| Z IR T AR 1035 g] 11.08 g
(c) A

50 - LTS LASO o -

18 T 713 | i 3 |-"'>""—'l
a 16 T " . Fr. 5 Fr. 6 Fr.7  Fr8
= | [0.873g]  [0.158 g] [0.028g]  [0.017 g
z L
2., -
#
10 F
ﬁeé 08 |
=
006 |}
=
= 0.| 8

02 ¢

0.0

7K Fr4 Fr5 Fr6 Fr.7 Frs

M1 KRPTEEIR O RIEATEM & r i, (a) RPTEERITIKR (Aco XA Ty B I X T
F.CEYVUF I DB TwY, B/ X RATEY) BRI REBAKFETST MY
AL HFRLE FEREER O T A A RTE(RTEME, EMCV % Z 1L ZF 1L D A1k
WERA L, | T LRFMEH . L929 M T Y S W70, BYL 1% 6 IF i M fu 2
5 RNA Z A0, #Hi5#%, EMCV ® )7 7 A ~—72 5 (NZ SYBR Green % i\ 7z
JE® RT-PCRIZ L Y il O F &A™ A /L A RNA &% HH L7z, (b) 77K (bamboo
pyroligneous acid: BPA) D43 A ¥ — A, 788 L7 7TEEWK (distilled BPA: dBPA) %
e~ F LR o N VIV T A~ N7 74— ChBE L, YUY
NAT A< ST T 7 4—F~FV BT 7:3, 1:1, 3:75 1T 100% £ ¥
J =V CIERE L 7o, (o) VT BRI 5y D 7 A b A ARG A TE M 77 BE WK o i 43 (fraction:
Fr)) 4~8Z2HW T, LR RO T ANV ARTEALEREITSTZ, *TAT 2—FT >~ b
tHREIZL > TP<0.05TH D EERT ),

0 150



X 2

F1FL. 5 BUDNBEHEELEFr. SOEBEFEFDRE,

Fr.5 BEELFrS
No. tan v - . :
AR E (%) EE (mg/ml) X E (%) EE (mg/mL)

1 L7551 1.6 10.5 3.0 15.1

2 2 AFI-2-2HARUTFU-L-F Y 0.3 0.8 0.4 1.4

3 TEFLISY 1.0 6.2 2.0 8.2

4 SAFILIILTFS—IL 0.6 4.4 1.1 5.5

5 Jz/—) 355 155.0 25.0 98.0

6 o-JLY—JL 43 235 43 33.0

7,8 m-B&UFERIEp-ILY—IL 9.8 53.0 16.2 58.7

9 JFA7a—NL 29.0 100.0 23.8 77.8

10 4-IFLIz/—)L 8.9 475 15.6 52.8

11 AAFNITTFATIA—IL 6.1 321 5.3 35.2

12 4IFLTF7A7a—L 2.8 16.5 3.2 18.7

it 100.0 449 100.0 404.3

P NEMEERICTESR
Internal standard (IS)
9
5
3 7,8
c
3
o 10
3 H i
£ i i
© 6 | i1
; 12 reconstructed Fr. 5

7,8

1044

Fr.5

4)
o

FrLSBLOHBELEFLS D GC-MSHOMICEVESREZTICZ o~ 7T 5%

0 160

T T T T T

min




10

08

06 -

04 r

EMCVEE M DR *HE

- I
=
H
r2

#3 #4 #5 #6 #7 #8 #9 #10  #11  #12  All

AMS—DF2ENFIDIEEWESILN=H2TIL

(b)
LE+01 r

J.III

7K 1.4% 1% 0.5% 1% 0.5% 0.25%  0.125%  0.0625%
Bl Tz/—) Tz/=) T/ Fx/— Fz/— Tx/—) Tz

1E-01 ¢

1E-02 ¢

1E-03 ¢

1E-04

EMCV Bt D 4E il

1E-05

1E-06

1.4% BEBE N

B3 : A NVARENMNANFT =/ —/LOREEEZDOMELRE

(a) MR LT Fr5 DU A LV ZAARTEALIGEYE, BHEZ L2 Fr.5 (Al 225 TNZ Al KD
REFROEMEZTNZEN 2T 2EZ LW 7 (#1~12) 2 W Chifb & [F
I EMCV RiG(LEBREITo7=, (b) 7=/ — /L EFERROMEDR, LIANEERE G4
T57 =/ —NO2/HNRRINE W THIE & [FAEIZ EMCV RELFEREZIT > 72, I
AT 2a—F U MtBREICE>TP<0.05ThHDHIEERTI ),
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(a) (b)

16

*
AEERE L4 r |
[300 mi]
~ 1.2 F
BRIl -
mnrfoJa Eﬂ
3
® 10 F
*
Fr. 1 Fr.2 %HKO.S -
(200 mL 2> ’Iiil
I
0.83M BRI HD LT TR q 06
200mL x1, 100 mL x2 >
@]
703 BRI C pHal T3S, BRES T4 = 04 F
& =
Fr. 3 Fr. 4 02 F
0.0

JK Fr.l Fr.2 Fr.3 Fr4

4 b/ XHRAHEKE O HE & U A VA RNETE M
(a) AKFFWEE @4y (b) ZyEEE O EMCV R LIEME, *IF AT 2 —FT M t REIC X
S>TP<005THDHZEERT,

E-Fr.l
[126.77 g]

DIAION (HP20)
(MeOH : H,0)

0% 50% MeOH 100% MeOH

E-Fr.1-1 E-Fr.1-2 E-Fr.1-3
[47.33 g] [34.72 g] [31.72 g]

E-Fr.1-2
[17.36 9]

SNAP KP-18-HS (RP-18)
(MeOH : H,0)
3cv

0% MeOH 25% MeOH 100% MeOH

E-Fr.1-2-1 E- Fr.1-2-2 E- Fr.1-2-3

[9.28 d] (3.80d] (0.48 g)
E-Fr.1-2-2
[3.60 9]
SNAP KP-18-HS (RP-18)
(MeOH : H,0)
2CV
0% MeOH 10% MeOH 20% MeOH 30% MeOH 40% MeOH 50% MeOH 100% MeOH

E-Fr.1-2-2-1 E-Fr.1-2-2-2 E-Fr.1-2-2-3 E-Fr.1-2-2-4 E-Fr.1-2-2-5 E-Fr.1-2-2-6 E-Fr.1-2-2-7
[1.14g]  [1.56q] [0.40 g] [0.34 g] [0.09 g] [0.03 g] (0.04 g)

5 : bt/ FHEAREERE O 5,

0 180



EMCVR 4D HEXHE

—
wn
Y

—
T

0| "l 1.1

HEPES E-Fr.1 E-Fr1-1 E-Fr.1-2 E-Fr.1l-3 E-Fr1 E-Frl-1 EFrlZ E-Fr.1-3
EiRihRinE 20 mg/ mL
6 : KFEHE E 4y W &5 E-Fr.1-1~E-Fr.1-3 ® EMCV (2% 9 2 RIEALiE 2,
')
250000
o}
oo (X,
] OH
;lmm—j o / 5
200000 B OAWCHO maltol
|50|:|:0j hydroxy methylfurfural
5 |
100000 J E-Frl-1
_i,_,Jl\_A_ \ ’
00003 | E-Fr.1-2
: e UL T e _ E-Fr.1-3
e g A e T A A i — = - -
00 50 10,0 15.0 0.0 5.0 0,0 a5, 0 40,0 45,0 0.0 6. 0 nin

X7 : %

57 1#E E-Fr.1-1~E-Fr.1-3 ® HPLC %

THT (R I R 260 nm)

0 190




X 8

EMCV R D HEXHE

5
0
X 9

35
3
2.5
1l
—_
o
=
e 2
o2
i
R
)
=
=
[44]
1
0.5
0
E-Fr.l-2-1 | E-Fr.1-2-2 | E-Fr.1-2-3 | E-Fr.1-2-1 | E-Fr.1-2-2 | E-Fr.1-2-3 | E-Fr.1-2-1 | E-Fr.1-2-2 | E-Fr.1-2-3
HEPES |926mgmL|97.6mgmL|96mgmL [185mgmL|19imgmL|19mgml |93mgml |9E8mgml | 1 mgmlL

© Ay ES E-Fr.1-2-1~E-Fr.1-2-3 ® EMCV 2%t 4 8 A iE AL TE Pk,

113mg 5Tmg’ 23mg |156mg Témg 3lmg |¥mg 0mg 20mg |85mg 43mg 1Tmg | 30mg mg 6mg |10mg Smg 2mg
ml ml ml ml ml ml
HEPES E-Fr.l-2 E-Frl-2-2-1 E-Frl1-2-2-2 E-Fr1-2-2-3 E-Fr.l-2-24 E-Fril-2-2-5 E-Frl-2-2-6
2

© Ay E S E-Fr.1-2-2-1~E-Fr.1-2-2-7 ® EMCV 1%t 4 2 R iE (LG Pk,

0200



37. 5e6

35. 0eb

32.5¢6

30. 0e6

27. 5e6

25.0e6

22.5e6

20.0e6

17. 5e6

15. 0e6

12. 5¢6

!

E-Fr1-2-2-1
S— "

E-Fr.1-2-2-2
D O—

10.0e6 W%—ﬂ_ﬂ
75003 %—._EP_EE:EL
PN N ST NI
u/t) I, E-Fr.1-2-2-5
500063 . )
.||,,| E-Fr.1-2-2-6
250063 e M — R r
E-Fr.1-2-2-7
0e3
-2.5¢6
5.0 1.5 10.0 12.5 15.0 11.5 20.0 22.5 25.0 21.5 30.0 32.5 35.0 31.5 40.0 42.5 45.0
min
10 : %M &B E-Fr.1-2-2-1~E-Fr.1-2-2-7 ® GC-MS 3 #r L v & 65 7=
TICZm~ KT T A,
.
o
30 Oeb
25 Deb
20 Deb |
15 0t J
10 0e8 1 } EFr1221
5. 0ub e F._ — P P .ﬂ,,_.-‘l-\_/ L \JL_. ~ .].'..... R E— - “""IL"' - "l’,‘ e _..,.,.._.jl“ . ﬁ__
. - -~ ‘ | | 7T A
=5 Db
o 5.0 15 0.0 12.% 15.0 17.5 0.0 225 250 215 300 325 350 3.5 0 425 450
min
11 @l E-Fr.1-2-2-1 B8 L7 & F vk E-Fr.1-2-2-1 ® GC-MS 3 #r L v G 67

TICZa~ 7 4,
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6.

SHRORH
S®IT, B FAMRCERSIND VAV ARELDE & Kl - R L, ZoMiE

ERET D, £lo, MHEROM VA NVATFEENLHBONTEERENL, B T AR O

v

ANVARFALEELCB DN TOHEMEOMLEWICLDZMRDIRDPEF[TEDL I 06,

%%Lkwg&ﬁ%%%%m?m%%%%ﬁ?éoé%m\4y7wiyﬁﬁ4wx
(ANVERIZ VYV TIANZE) BRE, DT A4 02T T D ARKTEEKD 7 A L ARiEAL

7.
1)

2)

3)

4)

PERER 21T ARG O R E & i

51 A XXk

Yatagai, M., Unrinin, G., and Ohira, T., By-products of wood carbonization.
IV. Components of wood vinegars, Mokuzai Gakkaishi, 34, 184-188, 1988.
Miyamoto, Y., Takeuchi, T., and Taniguchi, K., Inactivation of tobacco mosaic
virus by “Mokusaku—eki” , Nihon shokubutsu byorigaku kaihou, 27, 261, 1965.
Marumoto, S., Yamamoto, S., Nishimura, H., Onomoto, K., Yatagai, M., Yazaki,
K., Fujita, T., Watanabe, T., Identification of germicidal compound against
picornavirus in bamboo pyroligneous acid, J. Agric. Food Chem. 60, 9106-9111,
2012.

otk e, ARER, WHAHE, BHEAEF, pHAE K, BHEE, Ki—3L,
EHDFER, KMEEERO T A NVARTECE ORE, 7B, 8, 49-54, 2012.
T3

O 2T R

Shinsuke Marumoto, Seiji P. Yamamoto, Hiroshi Nishimura, Koji Onomoto, Ryo
Narita, Mitsuyoshi Yatagai, Kazufumi Yazaki, Takashi Fujita, Takashi Watanabe,
[Tdentification of germicidal compounds against picornavirus in pyroligneous
acid)] Lignobiotech—II Symposium, Oct 15 and 16'", Fukuoka, Japan.

ARG, LWoTEkE, EAHE, BRI, BEME, AHBER, Kk —L,
Winkews], TAREKR., MTEEROF Y A v Z3EW] 5§ 62 1 B AR FaRE, LI,
20124 3 4 17 H

FR#HE, BEAMER, BEME, #HBEGR, RiF—%, EOKER, [REKR. 17
R DR it E D A v AIEMED 5 61 Bl H AR ARM 2R RE, 5UH, 2011 4 3 A
18 H

O i 1
otk s A I~ 2RO EKRGEWE - KTEFHO 7 A )V 2 RTEAYE O PR
T BIBEAEAFEI Yy a vy ARA YU A GERESS®E pl-10),201244 3 A 2 H,
HUER T
Wk, [REANA A~ 2ABEEH T AN AMALE YW O] 17 B HF 52 57 5% B 23

0220



Mot 2 —58 133 REMA—7 &I F—, Fig, 2011447 H 27T H

Hiroshi Nishimura, Structural analysis of wood degrading products and those
biological activity, Chiang Mai Univ. seminar, Feb 10th, Thailand

WA S TARERIE ., MTHEE Oy o L LD A L 2AIGPEREAG ] 55 175 [l A 7718 2
ya v URY Y A BEE, psl-44, 20114 3 F 24 B GEH)

VAT S TRV BRI D pl oy oo i & AR BE PEREAR — T o A LV A EEEZ oL LT
AR R 2 — 5 129 MERIA — T I —, TR, 20114 1A 12
H

O &

A A7 B R S B s AT 9 TR WEIR « VT EEI DB D A v ZATEPEREAM ] SRk 2 4 4 B Al
WFFERE I S F, 2012 4 10 A

A A7 B R S B sE IR A 9 TKERIR - TR OBl A v ATEMEREM ] -k 2 3 4 #% 1
WFZE R R s E, 2012 4F 3 H

A A5 B R B sE A JE TR WEIR - VT EEIR DB D A v ZATEPEREAM ] SE Rk 2 3 4 B Al
M ZE R S F . 2011 4 11 A

A A7 BB B SR B IR SE TRWEHR « PTEE DL D A v 2GR ] SRk 2 2 4 EE0F 58
AR A E, 2011 4E 4 A
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NAFTIABHEDERBEYME
2) MBERBEHYME —tEVHEEEESFORBEE -

B3 IhRER
REKRF - £EFEHER

1. AR
REH KA - @R HRES GRS - A7 AF5EAT)
KRR Rig — 5L GRS - £ E 22T

ek 0Z OLE R« KRB A 6 B 2o JE R

2. FUEERAEOXF—T—FEEEZIYvI I3 Y
ARG, MY _RREED
v varl o BREHN - HERF A

3. MEBE

TN EREST D2 LR EIEEYE LY, DRI EERBLIORELESED
CEEHEBLC, MR AET HAEEIEEWE O E - EREERICET AN EEIT o T
WD, SEEZ. MUANVAEEREOABBEEEZFET 20T oMYA I
BUOLERMELZMPT -0, _AXRY CAEEYW TH DA 7 L (Coptis
japonica) O E;FEMILZ M WTLLT 3 KON 24T > 72, 1) EST (Expressed Sequence
Tag) /"B DONLRY kS R 7 (CIMATEL) DV A Zx ., 2) CIMATEL @ J&) 1£ i
DR . 3) CIMATEL B s DMLk Fr AR BT, 40 O OfEMNT 725 CIMATEL 728 %7
HANLRY VERTH D2 ER R INTZD T, RFEE S5 &ft & CIMATEL O fi##r
ZATW, UL IZBIT LN Y CETEEE OB Z RS D,

4. AEDEEELEW
T IXBR B IE DT DI L LAk 72 R BIEYEME 2 AT 5, BUE £ TIZ 200,000
U oS HE kO AETFEEDENAH I TR, EELORBHRIER N OFR &
LTt hOEHROBESLHEMFICHAIAR TSI DR, Zb g
EWEOREAEEZBHE LT, ABEEEYE O Y NI I T 5 R3S 6 H A% 12 B
TAHFERERPTHED LN TNEEDOD, FOREBHYIIRMBADOEETH S,
R A BEE B RO EHES OEETELE LT, Mo B &t - 5
I HHEE. MO LSRR Z S L TlhFEa kT 25 A
WO OHFERAMSENTWDEIN, ZOMFIELE LR ERD2EMIZE TN ILEY

0 250



DEBMENIEFICEE LD, LoT, WP AEET HEBIEEWEOEREICET S
MR EZHET D LT, AMmBLRICHTHEBHEL L TEROHLLOIEIT TlER
X, ANA G~ 2AHKEEREDOLRERBICL 2 EOEEOERICELL, 5% OEF
BRFZORBICEBRT DL ZABKREVEEZILND,

SRR IE R E A RO B R OB BEEMEIR Y T AL GO, I kb KE.
FEICET MR EZ<ITOoNTEBY, ZAHEFEICRBEETF2HETHI LITL
D, TOEEGRENZRDIZHEDEEHRT 2L VIKRIKICLI2bDThHo7e, TOH
B LD —EORKRBH-OH L0, AAKREIORE T TILHEWILEY N E
SNVl RSN TETEBY, ABIEEMEOBAEED - DITITAEEGKEED
WAL T T, Wik - EEEBCHEITIMALLETHIEEZOLND X HITR
STETWD, 70, REAEIZHKIDLICHEDTH, REAEINTZHWLEY DR
EOEEMBM~OWEBREORETH LT, LV RO REFENTRERICRD EEX
D, EZTCARMIETIIHEMRNIZB T KRS FAEBLADORTH ., FFIZE WA BEME
EHETHLONEZNT A Iu A RO - EREEOMAEITH>, MOPHET 25D
LA OR L, MFERFICT AV e A RERETHZETCHEASINL TS ABC
VR EB IO MATE B RICE R LD . TOBE O HEE, B X2 OV RME
RHEHREOMPEITY), CALOMBICL VAL LM RIT, N1 4~ =
Mok DBEBEMIRS F ARG ORI REAEICRILSDEEZEZOND,

AKFFRTIFA Y X 7 VT A, RTHLAARY VU EHENLRET S (K 1),
ALY >k A4 v o3 7 (Phellodendron amurense) oA U L Ui EO K HAMEBD BN AEET D
FEIT LI AL RT, A MA TR VA NVRACKHT D0 A VAERE KBS, 7L
REAMLF D A VA K 2R B o AT 50 2h SR04k 57 58 0 BHL 3508 M . 00 055 16 1 72
EERE R AEER A R T 2 E RN ME SN TWD VY, 4 TIEE o A& BE M o BB
5., KIBEICHEYHERKROBLEFZ2EAL TA_IAXRY A2 REBEEETLHIZELRALALN
TV 0, RFRIIA Y L OBEME NS A~ 2B LTHWT (K 1b), F
TLUICBTARARY COEASRBENOERBE TH DB ~DHHE - EHEME
DR &= BT,

5 AROBERBSLUVUER

ARAEE T T A T L o B FRMI D EST (Expressed Sequence Tag) gl 241> 7=, 4 v
VU EMBRIZB T 2T O A~OR Y AL, BATHENDS T e b AR
EFMALTOWS LM ST WD D 5UED K% K5 B A4 i B 52 08 98 B o 1 S0 o6 4
DN SIT=A 7 L UMM EST SER 4,242 7 o — 2D HFns . 7 ua bbbk
hea—FRTH2b02HRLEEZ A, MATE Bk 2 o — R4 28T 1 1
(CIMATELl) # L L7z (X 2),

0 260



@)
< .
N
(@) ’ ]
e OH
OH
K 1(a) XY ot
©
o
§
~
[}
Q©
f=4 1)
[+ (=]
0% wBeRoBangn
%%, 0 %2 WSeeaPNESA >
SN “HZENISa Y S SY S L
O, B 5 2P (EITITE. S
s 7 %@%¢$§e < &C?D@b@‘?’
A 7@ V77, @ T S
e P ’%%gb%@ 7 @9}?@@ ® o
< - \ & ) Qe
c")r;r_c ;10.9‘_; 0500 & FE G‘ﬁq’ﬁ‘ @17
Tqn,. 70 \ / v
A2 13000 - k1299
Altggs 9055 At5338030
At1g33110 Al3g26590
080
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BICHREMZR T LN KD ARLLAT AT E FORKHREIIKS, 7 b7 AT R
W&ol (K1, 2),
TIPS LR ER, -7 XX 6.E+04 -

B=-U "Ry B-HVFT 4L a-bT T M

nLy, §-HVFR AL, ECEAFT ﬁ:g: D
NUER 25 AR SR, ERAE - § oo -
DR THY ., HEESRESRTOD 5

a-7hlLy, B-AIVAET 4L UbLEEN 0E+00 : ‘ :
TN (R N O 7 LSRR P 1 U ilmebokmeE
fi T 1 » H# T S1: 15.745, S2 : 29. 660, B3 TSR R E ORI AL
S3:52.699, N2: 10.372 pg/m* L7820 | B (AFMARMTOCL, C2 & k<)

Mg & iz L= (Cl, C2: REH).

REBEM TR E, AV vy PHMEAEOHMEELICRTRERETELS Koz, £, A
Uy "M &ELL7E S2 3R —mMEICHREMZ L L2 N2 EVRTFEERELS -2
(% 3),

&I.EH

 AREFREORZANERE - DB - BHNRIGICRIEFTEE

2.1 WO EREAM
AXWEROKEEICZHDOWE (AU vy ) ZR>TAAEZBHI LAY v
M, B TR ERA Y OB biERE, TIREREAE AT O ERH L NS
noobhs YV, EEMICBWTZOREZFESICEEIEDICE, 2V Yy MIITEH
MfhmERNEMI Thobl) KT246ERXHDL, TZTEELIX., AV vy ME
XAy IS TWRWERBM ZEERmICH > 7 RRARENEL M A, M2 B
TOWRBEOLEORENED LI ICEALT DI O NT, EBRMZRKRGFTZED T
%

MEEEICIE, AUy M EWRBM CTCINEZBET 2HBEO BEMRRKISE LW
Ry I OEAN R D L 2)/k®ﬁﬁ#ﬁﬁwﬁmﬁﬁ%fﬂﬁ® T

iTm%iméw:&\M@ﬁﬁg&m CEoTEHAY Yy PHMOGTBHRAM KDY
LAEREABMICETALLIZREBICTZZE, AU v
k@ﬁ%ﬁ@%ﬂﬁﬁ&&?%%i%bfmém:
EL R EERLEE Y, SEEIZ, BRHICHLDbLIC
ROAXMOBEBEEZEZTIC, MOBRE., #MomE,
AUy NOFEEN R D BB FEEMICHE L.
IS OERHBE S e b o H BRSO ER R
BLORMKISICRIETHEER T,

4 AUy FHAF AL
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2.2 FEBRFGIE

1) fEEPIEE  BE 100 mm O 2 X8 BB (AR
INEFE) VT, AUy MM SR (MR 6 mm,
M ESIE 7 mm, 4)., 2V v FOEVKE MR
Nk, EFRENIHTOMERLE, "RV sTiE
1% 960 mm ff T -7z, KRFEKEN OLEUER 72 52
Brex (RC X, MREFEK 20m?) DA WG - 7 B
2, AU v MMV 38, lREM SFL 3
EENENRIERNICH > THEmEREE L, £0
B, XX L ofilE (EAmE) BEO I3x
DOmE (fHEHm)] 2£E2252& T, 3FEHDOT
PA U ERE LT, /o, AXM AR LVEREL
RVHAEARIEORER A2 X RNEE L THEICHE

wEAM: N
( Rk L)

Yy ks

| HEREY - H
TEREEY L

| EREY
FRERHEY © M

HEBLY - v
hERAGY © M

L7,

X 5

NH 27°C. 50%RH., FRJE %) 800 Ix [ZFH% L 7=,
2) WEERFE : AEHp 18~27 ik (CEMJAER 20.7+2.3 %) T, BIRFESIZY T v &2
MU RERTERAR N CEHE S 0.9+0.2) # AT AER B LF/E 19 4 (B

114, etk 84) 3#kBrRE & LTERICEML,
FHEIE R R R BN B S 0K

RBMIEAT, & A DRBRB I~ EE LB,

7 FEEH O RN 2

I L 7HEOBENEZRT, ERENOEESIOCREZ LT

Il AEBRIT R KT R
WERTITOATEY , EEICEE L TETHRE IS+

*3 HEHEH
S48 15H o ERELE
WEREOIRAMEERMICE=SYLY . REBEE
OF Rk B (R R ITEY ERL, BIKESRDO
HE(RFURR) IZEYIET. E#E R MEET (Finapres model
HERE QUNFEHIME (RBME), fh3ELM T (KIE 2300, Ohmeda)
@ mE MF) ZEERHIZEZS) VY. RBEEEED LI
EFYERL, BIXBMEEHOAEICLYET.
BEMER WERE O IDIR-RERO T 8% E RN, /$T—2 s
Ri5 RO L OERRBASLF (004~0.15H2) B LURA | 2, 0 e (LRR03, 7=
@ MEZEE R HF (0.15~0.40Hz2) ZY T ILAA LIZHEHE. 32 ﬁ,,,fﬁij;ﬂM Cal
BB O FTEICLYLF/HFEA ER L, I3 B* e GMS;”‘ ale
SEEHOIEICEYHFEA LS. onaly Light,
. = [EBREOEREEAFVITERL, BRICEENET ; == s
@ BERTITY |s5 SnEELALENE. REREEBOTLIS 20 et =TT
’ KYFEHEN LR - 1=
BRRH | o sm40-00 WEREDRKEHERL. BEH— B LEBES|7Av—oLa—4 (EMR-8,
Rt F-1SAT (B8 H) £ B A= 1577 L TEHE. F94)
_ SREREEAL, BEBREDIRE-FRITN5D-% .
@ BETOT1—IL |5 o Ty TR RE E S 06on S | OMS (Point Of Mood States)
BE R AT SR (2 FER)
DR | o i ggﬁ%w ;coaaa;i[:;s%amﬁ%ﬁxm&m%wsﬁ%ﬁ Visual Analogue Scale (VAS)i
T = AT REFES
Fﬁ?%}ﬂjéng{ﬁ? mﬁﬁ%ﬁ§ﬁ§(:?ﬂb‘f:ﬁfzE@Eﬂ%’ééﬂﬂﬁ (ij‘yFPC’éﬂﬁﬁ)
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%158 (C, NHL, SVM) mE:f27°C
5T EIES EERE 55238 (C, NVM, SHM) JREE: #4950 %RH BIZE
B 2338 (C, NHM, SHL) BEE : £9 800 Ix B

*il R Rt | BRED i BE-&%F e BE-&%F e Bk R
= | 20~25min 3min 1min 1min 1min Tmin 1min 1min 8~10min

HE L BARR FARR Bl L

. @ | D23 @

HIE ® ®

=]
o) ® @ ® @ ® @® )
R
B 6 FBoyiin (LEFIEER 3 OREHE B IZKS)
3) MEHH : £ 3IZ/RT4EH

130 : [C]

B L OLEMEEIZ SN T
B E 21T - T2,

4) EB7 v haji  giER
THMEE Y REY T 5h
To MR L A R RRE LS [
BLOMERAEBRILIZH%. RA
W H OIEMER~ X 7 % % H
L. AIRIRED £ FHER T T
EBREICBE L, #BE T
EBENTLIELLSZHFHICL
7ot PARFE R 2 %1 . 2500 mm
DOHBEN S 1 SEICbhle > T
R AT O BEH 2 B BHICBLEE., Hi
< 1 mMoR@EFIc, B
IR LHEREICET 28 A
Al 24T o 7o, BLER LKA 3
[ f 0K L7tk ., #BRE 1L
IRARAE CHI=EIC R D . B K
~O A& & WK OB E 1T o
T EKBOFNE K 612 RT,
2.3 MERBLOB

1) B AR R SOS « E RS R
D 1pE LT, KT ISR
RATZAZ BT D PR 9R W i+ o
EEZE L (B&E) 2R3,
SRER RPN R E N IR
RARBZEOYHITEBNTHEID

%)

100& LIS OB E

&

3075

i

(iR

JL5RHAM |

130

110 r
100

Bf (=)

130140150160170180

250260270 280290300

B 7 H L R RS B0 D PR B i E o R By 22 AL

n=18 (B M 104, Zt: 84), mean®S.D., *x: p<0.05,
#% 0 p<0. 01, *%x:p<0.001 (KIEDH D t ME : FIFLIE
JRAET 30 FO R 0 I LRI R E OB EE & O, &K
WFZE CIXRIER R~ %D 18 T — 2 | 3 HLU LA BEEN
bVl s, ERELTHERERDN D AR L)
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KFT2mAALNTZOICH L, AXMERWEZREER CIE SR VAL &S & &
DEWVICEVERDEZEER LT, XXV OESHEICHMEREOLEILE LD L. K
A CTIETEMY O NIL B W THBIZME T L, PEAMY O NIM TIEA E R ZE TR
ooz L, AUy M TIEFEAEY O SHM THEICEK FTL, FEAEDY
®O SHL TIEHABERELERD N2 o7, £, NFX VO & BICHTERREZEOE
bz Hs e, BWBEM TIZEICH L THEEY O NVMIZB W TAHEICE T L, #E5Y o NHM
TIRHAEBEREZRO N2> T-DTx L, 4
Z Uy M CIEMERE D @ SVM & BERE D O SHM a
DIIZHEEITIE T LT,

Mz T, AXMEHWERNED LM EI1CE
MEOILEM M EOEDEBNELD L R
Uy MM &2 FEB - ML ICHE T L7z SHL &k
A Z 9B - fERE 0 12 T L7z NVM 2B W
T, HKHEFHERRRICABICKETLEZDIZ
L, BETEHAEREZLLEIRD LT, K
HA 2 F B - BRIV I2HE T L7 NHL IZH W T,
BT HBER R BRICARBICEK T LEOT) L,
THETIIAEREETRBO N o7z, 7
B, LRUAOWNESETIIMERNM TRZRD
EALIX A LI o T,

UbkozZ et [FU RO #ED
HBETH, LT 2mIR0MEIITEIVERD
HEMRESEZRL, AU vy hOFEIZLY

w

Y

Area of fixation distribution [m?]
L[5}

o

IS

Horizontal distance between fixations [m]
o = (¥ &)
E—
i i I

N

O Control
EREERRES S oRERHE R £ |C it e
LR BN LR, MAT, AXMORE  §°
R E IS Lo TP TR A B A AR § =
B % 7T AR AR IR S Ui, 5°
2) BRI ORG |5 OfNECERS  § ‘ l
NEmIEEEAOAHGHERL TS, &
CoOMMOKRE S ENERETRETS L.

B - BEHE D (NHM 35 & OY SHM) o> s 1] 23 ft Nosit St
ML D B/ X, ERESAENOREs X8 TR OGN XF AL (NIM, NV,

e SHM, SVM) o> @LE21Z 35 (F 2 15 BE &350 Afi 1hi A%
PRRE D &5 LCHBT L BN YNNG s oo g o e e o Lt

SHM) 1T A U > b OF B L BFHEME D (NVM, o R ESMEEO LB, b AKFFHHEO
SVM) LYV bEBEA/SS EFRELS (g FPHEESEEROKE, o BEGHO

45 B S T EE B O BB, mean®S.D., +:
- A B2 1 P [BR ) fE B
8a)o quXLLEﬁEhfLWK%%E;Z‘R fo_lzfj'\'@,fj‘é’ p<01’ % - p<005 (WllCOXOn *ﬁfE—.)
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JRTH BRI A2 K T ks L OV ﬁm’AiTmhﬁék K J5 1) o 45 E R THD B 0
BERE Y S HMERE D TIE & A CEDNE VA T 78 0O 45 57 8RB REAE 0 o J5 A3 HER
DX HLEWY (X 8b, ¢), H@ﬁ%:iofﬁﬁ®@%#§ML\ﬁ%@®%@?
WM OBEBBNHEIY L0 b/NAHRIZosToBZ2bND, 7L, ZOEITA

Uy FOEEICEEES I D,

3) R H o [ 9 C A N [k

W R EIBOR ST 2R, Po| = \

(5 o B 1 00 f R R BEREBE O F . T | ‘

Bt - BRHE D o N EE (NHL 38 X OV SHL) 1% © TI-" T

Pe LT THeili) Tl o, b ik Il T
e T
DR B (NN T, R U< R £

BERE D O 2 U » FEFAE (SHM) L9 % 5

AR MMk Thote, HOEXIZ 0

; . Gonirol NHM NVM NHL SHM SVM SHL
T‘ﬁ,\‘ﬁlﬂ SN BE M, BB 90 & PMIED T — R HI% % o7
HBEARNLVAEZEZIZS WD EE X mean=®S.D., *: p<0.05 (Wilcoxon fi &)

55,
wE3 REERERNOZEREFA

3.1 Mo m &AM

BERANT-HOBLZS8HULAZEATHI T EINTEY, FREEICBIT HZEX
BiX, e POREZELEZEZD L THERMETH D, EREEXE LM T 59 2
TARAIRILMEIZVOC T D, FREICE TS VOC 1X, ENOEMPLBE R EL ET-
HHEAEPRE LTS, EVDITAARICER LSS, RWEELICERLTZBAFZRE
IV b, KEEORWIERZRY AhTERES v a UBRHINL /R ERNO VOC
RENGIRoTWLATREERS D, —FH., REEFOHE TIE, KKH T VoC 23
b2 b FAXR X bR EODFEWES KA (SON) BAERIND Z
ENIELSBHENT WD, HbFEAFT X FOWBL 13, AMRICERVIAEND &M
W BREREZFR T ESNTVD, LR T, FEREEICBVWTYL, FEHICRT
% VOC B X VOC DEILENER DGREEIL, EZEPNBREIINIMETH D,
M3 T, REILZFOHESFE THOLN TWDE A > T A > O & IRE 5 0 Bl
ZIGHL, AXMZE LEFREICBTIA2ZEX[EOEMEA ATz, £V IF, VOC B X
O SOA OZEEZFH LR b, BEZEM~O FOHADRL, B FTORMAICLD
BED, FREEZREICEOLIREEBLZ L LT IEZHALNCT LI EEHIELE,
3.2 FERRGIE
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EBRIT, HEBEAREDO —HSThod TRAE LKL - %4 Tud=y MZEWTH
BLERKBEBEBY 7Y U 7AEE 26, FOTAMSB IO FOF T

—EOY T 2 IRHBIRTTF ¥ >R

ZY) 2 THRE,
—O- ke
:::t:: = ) C_. ay ha—)b
o j\
Program-controlled ¥ AR
solencid valves \ hoj
= \ =

JER T

L5 ki me s

sinosphers) WIZ R,

B 10 BAFE LIeRE D A T4 v 27 A (E) & T 7R dEE ()

A VEEEZH O TITo72 (K10), AFAV v " EZEELZTRE, BEELTW
R (2 br =) RO, WHAOZRREEZ L AL LERN L £/ D VoC
IRER X OHR A 10 nm~300 nm OK.FEEIRED U 7 V2 A L5 ZAT > 72, F5H
DALY MEESBEOFE L WS IIEAE <23, Voe MIE 15 78 8 bOS E & 5 i it
(PTR-MS) %, CO, W E 1L WO AR SN 3 5t 2L 0 BB XA NG 2. &4 Hniz,
MR- DRI ATIL, EERAS—F 4 7 VP A4 P —TEHU L 7=,
3.3 MRBILUOBL

11, AV y "MOTEDEEO R AL DR %G M L7z PTR-MS AX7 F L&
Y, B —27 L LT, BEAFT AR N06 (BERZED T T T AL A A
NEBEHRT2) BB TFond, 777 A MM AU E2EETDHLE, K 150 ppb FEE
DIWREIZELTWEZERSolz, ZHIF, BHERECTBM SN INRENREAF
TR UREE (B ppb Aifk) IZHARTHD TEV, £/, £/ 7/~ M131 X VOC g
b DO—D>ThHhoHrAZ 70 b A/ AFNALE= LT b M1 2 8B ST
%, —J. C8-Cl2 ®WFFFHF M MLI07, 121, 135, 149, 163)CmEE D A Z / — /L M33,
TR M9, P M3 BB ENZN, ZROEELELTABER., bbb,
FIRFX ¥ N ANOMMF TR D EIEBN IS Tl S EN ., 2V v b
DEDHMB~ABGKASLHAMN R 7T E2RBELTHALEZLDOEEZOND, RV LTIV
7 B K M31 % 2000 ppb & W) EWEEZ R LR, THIEEIANSDRAL, VOC O
RIS ERm E D, MEOHFEETHAH, a2 b —LHRELEOLENL, AXHH
$e VOC sy D PR EAE) - AL FNEEICET 55 LWRIT 2 BET> TV D,

7. WK FOMEEIT T ENLD, ZAV v "MOELIMEOENEZ2 45 ICHK
L7EBICEZHOY S EEBUBEEN 1.5 x 10° en® I b ET D X 9 Rk FAERB SN
o TWEZERHLNERSTZ, ZOKEIZ, BALID LEFELE Y., FAED
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EBEza L be— LV ETIT>THLIOHENREZ LRV b, BADLLHAL
=LAl (> >, tPH%V?Vﬁ”)kXUyFM®f5%E’%<ﬁET6V%

i H Il \n il

X 11 AXEM AKX VOLE D ERE CHIE L= PTR-MS 227 kLD —f

& DL B BERE AL ST o ORL AR AR D R A éhtk%z%hé UbtozZ & Xb,
= IR o> VoC 75’7??3—:’9" % EE’:’“F’E@ TiX, MR- 0B EREN., R FEICHE K
FLTWDZ ERRBRINT,
M33CH.OH
Reeh HU\*\O lI' 145 CH.CHO
l| B 2 MI107 G5 aomatics
i - 1121 C9 aromaties T
— I| 51 acetic acid M135 C10 aromatics Ll U528
1149 C11 aromatics
{ | M9 iscprene M163 C12 aomatics W05 SO
LS
o {” M7l MVEMACR  MI3] monoterpenes /
1 " A1 monoterp enes (iag) :
i ow LI93 toluene \‘
E | MlD? xylenes
3 ¥
13
1 |“‘
A

09261406 prg

FEA AL ORETEHIVOCDAEE FOERE - DEEE

4.1 WREOFFEEW

KM B RKOEFE A AAER - DEFPHICEBOICEHS ZLIEInETICbRES N

TE, LAl AMEZR L LEERICBNTHRESND T ANV EOREERE &

t MDA - LEIGEIC O W CHEE A TRET LR EFNIE D v, RAFZE T

AXMERMLTLIEEANAOT VR UEEHBEEEROAT - LDEIGEIZOWTRTF L7,

4.2 EBRIFIE

1) HEUABE & A 22

45°C TIRIR 2 /8 S W 7= AR R IR PE D £ 40

FAERAXMZMEM B L L THWEZ, K
(CHBAMEEL R IO (R Y v

M ZSRMBICOHMNT L TARD % &EH :

S b & VT EE S R L (950 X 950 HEE et

mm, 950 X730 mm) Z {EEL L . fEEUZE RN 12 £ N b3
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BE G T L 7=, BEakze MICIT A 78N — 28 (W5040 X D3270 X H2500 mm) Z i L 7=, A
XM ERBEICH L L ERRICHRE NS I IR R X2V E 5y 2@E& . %

ROX A M T oo FEHR == & LIRERIC ﬁ@w%u\f:(x 12),

2) TR O E LT

THANXCEOMBEIIATMME L6 2 @A KO 6 B IZITo 7z, wWHEMmHAMES
ORBO-91T (Sigma Aldrich #¥) & #EH A Z2 Wk 5| AR 7 (MP- X 30N, 28 H &L (BR) ) & 1
Wi, BERWBIAR T EADATH O EBICEY ST T, MEEETF 2 — 7 TR
U CHbR 2z N A e oG 8 L 7, SRS 0.1 L/min & L C 24 RefIFHZE L 72, £
D%, WIETWH L, GC-MS(F A7 v~ N7 I 7HEBESIE) oATicf L7z, e 7
A7 7V ERWTAFMBRBERLTZRE., REZREE L7,

3) A - LESEEROFIA

AR L5 6~7 0 BICEREZAT o o, BE IXERE R+ R¥4 - RFPEE 16
% (21 m~28 %) & Lo, —EIOERFEHRIZA 50 oM & L, SEBREICHL, A¥F
MELEFRECTE 1 BT HOLUTOFIRTERELIT -, AIEIC THBRE O MR % 5 I
L, DEXFUHEMEZES L, ERSICAER, #BRF IS LT 15 0M o EME
¥ EhE, WER A BRIE . 15 MO RFEELER L, BIFEEKTRIC, R
FITEBHARICHEALEBRLE, ATEICTHBREOEKAFRL, LEXGHME
MaZBAE L, B F¥AE 2FEEKTRICE SMEHFREBELROL I ITH R LT,
4.3 FMRBIOEZ

1) TAXRUCEHOER T RE

AXMBRFEREE DI LEZIBEAFTANXCEHTHY , ERSIF - T
ol AXMME LD 2 HEOZEKHPREIZ2744.3 peg/m*TH Y 6 H T498.8 u
g/m* THoTm, BENZELXHTDOT VAR RET 4 M TH 80% WA L7z,

2) FHEAEERFOIMEERR

FTEAEEICIEABE - 72 LR UEMRA (BAR - B IR 2 i, XXM
FEEXNMETOEXES I OREELZREB L. FXDEOFFMAE RSN, KL T
TAFMELFBRETOMEERFODRIZEWVWITALDL
nWiphnoiz,

3) ABTHRIGE

ABZRRINE L, BRAEBZENRT 7o —F L A&
b7 e —FommhrbomitL TWnsd, EX4
P 7 R A IS 12, D4 R0 ) R B BE O A L ° *
PR IV, LR A A I WL S0 S & e
DMETHLT I T —EDOEMERN YWY E R s . | HEE
WEZRETHY, Wb A b L AR 2R 13 WEET RS
ZRTHIEL LTES MO TWD, EEATHR O MEK 1 2 8 1% D 25 (b B

25 PL0

20 o

10 4

BHTES—E ELE (KU
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TIZ7—EBIEMHEEMEL, AEEZM 3 IR LE, AXMETOEIEIL-3.7E£6.1
KIU/1, *FHiEE CiX 13.8+£6.3 KIU/1 Th o7z (P<0.1), MERY X 7 —BIEMIZA B
VAR XD RT 22 enmon<TEy, LEOKENSL, AXMBEREAXT
R CEE, HREEICEIV ANV RAREEZEML, AHEACEDLEWTZREBICT S
RN R INT, £, FETOREMBERLOLHBOEEH IOV TS, HERT
TIT7—BIEMHOLEHE IR TILI/ETH -1,
4) LB RISE
DHFPHRISEZ D20, BREZHEL THWE, Sl MizEICx L THE R
ZATWVW, TORR, EREOHZICHAL T, BNWEHEINEVWEFED NE WS RIWIZE L
TOH, AFMEBELHMELOREREN AL (P < 0.05),
5) BRBRAEFE & AR - LEIRE
KEBRZATHOICHZY , HBREAIZITFEAMICERANRFICEHL THSICEHAL, 417
=L Fartvr brallol, ZOBRIZ, #BREOFEKR - BHREBELEET 2
DOMELEMAMZEL, LAISEL, HAF., 4 A A NVICEAT AR, ¥
ODFER, BROZT VALY —BRBORER EHRNREA, A ML ASETKOA K
REKMMREETCHS, BEHEHICHAL TELEOMER, ARMNART LLX—RHA
EHTOHEBMEN 134 W, T, ZND

BAOF— s EHCTHE, EROMAIE w0 el e
LCHAT A R, WEORSICHT 5B TE
R 72 REAE IS S W TR 14 1SR L, BBRER VN 2 Ao peon e a2
B BREART UAK—RBEGTSMR ee | e
FUT. AR ARIER A & L AT iR B
ATCWL—HFT, ERIZTLH2hEnHEHAIZ M 14 EBEOMLIZET
L CTid, e L0 bRl MRV 2 & 28 3T A b s

Mo T,

RE5  AHAXLORBENSEROEICRET HE

5.1 o R L AW

KM ORERSOREMICL 208 E LTIE A ML RAIERBEMODENH D Z L 0 10
R, AMICEENDIE R —LORAICLDEIRANEOSLER EOHE 12D NHER
ENTWVDIN, KBREINTEAMEZREEEZMICHANCTEORRE %GB L7 B O 7 #
HiI D, BEEOFERMGERLY . KM SRV Z5E L7 22HITE 7 EES RN
W2 EBHDLNE o W KR TIE, AMIC X B EIER L ORERANE O K E
RICEBL, AXRAY » MRV EZMICICHRE LGS OMEIROEICLIE T EE
FPALMICTHZEEAHRE LT,
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5.2 ZFEBRIGIE
1) FEBRMELS IO EEA

EBRIX, SEBREOHECEE T2 L, BEOMLADIC ARV EHREL L
L L0k X, @%ﬁ@uﬁ%i@iﬁﬁﬁ@%k%ﬁmhko%%mzmﬂﬁ
I1A~12 HICER L, RERIZOBERFEFHIMHEZESOKB LG TERL -,

WEHERB L LT, WER L ERZEOOLHRISOFM & LT, 0SA MEARFH A, K&iF 7 n
7 7 A VA (POMS: Profile of Mood States), EWNOFli/ Y7 v 7 — FREZAT
72 o 7o, OSA BEARGH A Tix, BEIRFFIRS ., AR & MERMERF . 2 57 [EI1E R AR IRy f)
D5 ODRFIZONWTFHME T/ o7, AEKIEOFFMELTIX, 727577 7%
WTHEHROIFE &N E LTV, TORE, O MEREER . MEIRZE (bR RER I X7
HHERKF R OB A) . ANRERE (HIT % OMERMMG E TCORM) ., TRRTEMNMZ2 E %
Kdiz, Fio, WHEHBEREHNEE L X, EENORE, HIPBEORKEHE &, R
FREMEE LT, FERi7 vy — N (FFls, MER, BB, iR, BB, AR, EER
ORMA7ZRE) ZEM L, ol, EBRTHEMA LI AR A2 0 OMBYER X OHER&E
AT EhE L7,
2) EBREM

FEEBREMIX LT O 3 &ML L, KMEABI OB TRELE L THERA L SR,
240 mm X325 mmX20 mm (HF 20 mm DFZ ZTr) Z 2HBETAEL DT, FEDO KR
Uy MITZEELE (K 15, X 16), DXL Z2gBREFEFMEEN, Fooftirics

E L7z (K 17),

SRPEA: AX (PEM ; REARIR/NE, Kl 40 4F), 45°CHzl A Mook iE

B AX AW (FEHL ; JUI, Ml 40~60 ), 130~140°C T 10 LN DR v b

T LA, Ficdedede EALTICEE

e C B E R L

MR A/ BOMM « 2% (FEM ; EARR/NE, Ml 80 4) , Hi A s 1

20mm

240mm

(t 20mm) 325mm

(R1Jwk) 7mm
| |_5mm]] |

<>
6mm
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AEROGAP-TT 1&, 2012 4 4~8 A LRI T T 7= IE « 3B EH I 72 & o U fi 1
AT, 201248 A 16 H» 5 31 HOKRKALF RIS 23 e bIEME(L S 2 B E 12 F
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mRROAFFEEOEE RN AHm LcEEFNEVE— b 73 EZ RS
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VOV EEHED L EEE 15
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(RERFF) . (d) H#b &
AT AL D D
(D= = I O B/
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Z=50,100m

BORER A

TELRHICHEL, G EESR ORTFIEEEZRDHITITO N TEDL LT LT,
AEROGAP-TT O BLHINZ v 72 ] & 24 & @~%ﬁ%i€ VISR, PSR O 5124 & 1%
EORBLE NG R EOFERIC hEEARGESE L LN TER N, Z DT,
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£ 1 2012FDF ¢ X — B AEROGAP-TT (24 FH L 7= 8L B 25 — B
) E T W E #s I 52 1 B
O3 UV absorption spectrometer RISH
NO, Molybdenum catalysis/Chemiluminescence detector RISH
co Quantum Cascade Laser Spectrometer RISH
co, Non-dispersive IR spectrometer RISH
Volatile organic Proton-Transfer Mass Spectrometry (Rental)
compounds
Aerosol size Fast Mobility Particle Sizer (d = 5.6-560 nm) GsES?
distribution Scanning Mobility Particle Sizer (d = 15-300 nm)  STEL"

Aerosol scattering

coefficient

Aerosol absorption

coefficient

Optical Particle Counter (d = 0.3 —5 um)
Condensation Particle Counter (d > 10 nm)
Condensation Particle Counter (d > 4 nm)
Integrating Nephelometer

Miniature Black Carbon Monitor

Radiance Research PSAP, Particle Soot/Absorption

Photometer

Column aerosol

properties

Aerosol profile Multi-wavelength Mie-Raman Lidar RISH
Micro pulse Lidar NIPR®

Spatial distributions  Scanning Raman Lidar RISH

of Water vapor and

aerosol

Vertical/horizontal  Doppler SODAR DPRIY

wind

Temperature, relative  Radiosonde RISH

umidity, pressure

Cloudimage . All-sky camera RISH

a) Graduate School of Energy Science, Kyoto University, b) Solar-Terrestrial Environment

Laboratory, Nagoya University, c) National Institute of Polar Research, d) Disaster

Prevention Research Institute, Kyoto University

0580



—7RWHEH R — I PFA T2 —T7 %K X HOICWMY T, EZEDHAKRIZT 78 AT
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1), VOCs L A HKRWE C R FARICHLE ST 22-2AF1-1,3-7 XY (A
VTV )RESTNARY ANBEFRPETCHLF L o072 bR EEFH LT,
A L2 EMKS O HRHE O H L, 35m oMK L8 %9 5, AEROGAP-IT ¥ v
—riE, EMEZR, MESKRER. FEOES T A (NO/N,, CO/N,, selected
VOCs/N) Z# HW T EMMICEEBEDOR EXITo7o, £, WHEIZ LD PFA F2a—7 0
REIDERN, Fa—THNTOFERTOEEICEZDRBIZONWTEH, HEET 2K
BrEHWCTERMICFFM L7, ZORER, 6 D VoCs (AX /—, TERNT AT E
K. 7 b, 47y, Py p-FTLy) OFa—7 12X KT, GiH
EBO3MLLTTHLDLI N ghole, £, Ta—T7 T L0ER T, HAMED 59N T
bolce —H., RIARVTORBELERHARLD, BETAE NI A4 K 7HEEAT
PTR-MS ~iifs L=l &a &, RIA R T2 RBETICHBE LSS L T, HEMED T
WaiTol (£2), AF /) —=LETERMAATHOWVWTIH, R THNE D O DR K
EHER SN DM KM A AT bR, TRUAOKRICE LTk, 58 2=
WTEHA e TR bNRhrole, B, AF /=T MO TIE, B
KEZOPEMEIE—E DR IEZEIT -7,

—J7. =7 Y OVEHRNC I, R RE
B OORL - Bl B LR R R R R R #2 KRIAKLT N PTR-MS (B B8 K
RLF DI « DORAFAE B LU g gy i at) 12 & 5 VOCs 0 & AT IC
HEE O T v v LR % 5 11C 5% 7 B A T e
BT EEEHVE (F 1D, &

o1 R o gt
D D 1F (AEROGAP-T TR R L 727 / Hi CH,0H 1.98 + 0. 928
TEREOHMERY ML REEICHEA CH,CHO 1.04 + 0.17
9% 7= (2, AEROGAP-II1 TiL, F/ (CH,) ,CO 119 + 0.12
BL A ORLEE o3 A % GHI S 2 72 D IR isoprene  1.00 % 0.03
HOWGZ 8. 7 /R O T toluene 1.00 + 0.03
BREZFIT 2 zat =5 A p-xylene  1.02 + 0.03

oo BREBKERTEH I L OSE 121X,
KIiEE 10 nm @D LL_E Ok 1 $0 BE &R
£ 0.3—5 um ORLEEA = G 5
=7 e Y VB ERSE . RR - R
OREMEEPIAATE R AT 0 —

1) Roy7ZFMB LI EORIEM,/ K
TEEH LW E XOHEHE
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DL &bz, LIEETICR T DBARER R & AIREFREIC L DM RN R < —
S k#ﬂ%ﬂf“éw EDD | AIRREERALE I T 2 M 2R B 0 A % R
T D720, HIEIZISVTHEEE L 72 HFSS fiftr & 7 /L & - CRESV AR AT 24T - 72,

M 62, xEES 200V > MBS, HRE B 12, 6MHz F6 KUY 13. 9MHz D
B OB AT R 2~ d 7, IR AR 12, 6MHz [ZRB W THER T A E =2 A LD
RIATTICE & 72 B okt U, H3RE WS 13. OMHz OB-AICITSICE B oA LD
HRAHECIIBR E 72D Z E RSN TWD, Fio, LIEMBEEL 12. 6MHz (2B T, Hf
BEE A8 AT B2 35U TREFUIREE 28 80A/m A BB+ % = L AR TX 1=,
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80A/m

FEERITIL

WIEET vl

ZTERDTIL

6 BRSO (A2 o MRS S 12, 6MHz, A5 HARJE %K 13. 9MHzZ)

DA HEHRJE I A 12, 6MHz (20 5 AIIAREERALEIZ I8 1T 2 KSRGS 340 O figgh %
Tolee ZTOMEKEK 7T IRT, MIREERICIE 60m 71 v 22N TEy, £
FNDT 4 v ¥ 2 (LB D R RRE 13,

NZE A 83.0 A/m + 2.0 A/m (£2.41 %)

{7 B 1 82.0 A/m £ 1.0 A/m (£+1.22 %)

fZfE C : 86.0 A/m + 3.0 A/m (£3.49 %)

P D 84.5 A/m = 1.5 A/m (+1.78 %)

Thole, BarNIIETICHIE LAY v aA ik oL < BEEE T,
BEFBRE DB —PEILEULIN TH 5727, Z D72, AL TR T 515 < BEEEIC
BWTH, E3WANOE—ME 2 A9 H(0#E A, B, D MR+ 22 & & Lz,

B 7 HIREIRE 12. 6MHz, EFEES 200 U v MBI D KR AR
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3-3-2. (I EBEEDHEEERME
3-3-2.1  {Hf#ERa

MR FEBR 21T 5 7=l 1E < BEEE L, AR C LBl ) 2 5 tE (IR,
WA, R bR R ESE )%ﬁ#éggﬂké B LZIE< BEEBEN 2 6 D&Mt
Zie LTS 2 & 2R s 270, ERRICHIlnZ W, FEEHO0 Y v b (XE
OFF) K78 e o> HYFERE 36 J ONM e & 1 4Rr M 2 54T L 72, 41 L 7= WI3BVA subclone
2RA #Efiw (JCRB Mif N 7)) 1. & SOtk OFRHEL ML T, 10%D FBS (BioWest)
BRI LT A — 7 VED B (FOEAESE) . 37°C. e b8 b%IREE, fafnim
JEHCTHERNCRE LTz,
3-3-2.2  HERIESEREETAE

AR SRGE ) OFHM L, 1%10° {E DM Z 60mm 7 ¢ v > 2 (TR Lo 7L
o, BE UIIX S BEEE & RICHW S 72— 72 CO, 1 V¥ 2 _X—Z 2B\ T,
TR 24 BERE), 72 BRG], 96 HFME. 168 MR L, KW il E 4
Tz LickviToT,

X 8 (2, M 3 BIOFEAMIZ X 0 155 - MAGEEE s — 7 2 nd, B L2
SHEBEBEBCTEBE LY T VICBIT 2B EEN—7 &, —KD CO, A »Fa—H|Z
BOWTEE LY BT 285 — 7 1I3EFE I L < —& LT, ZofER
26, BT L7 IE < B E IR RG 2 10 U CEUIZR R A2 L TWD Z &b
Do

100

[ —O0— Exposure system

[ ... CO2 incubator ﬁ

Cell number (a.u.)
[y
[

0 24 48 72 96 120 144 168 192
Incubation time (hour)

8 IIKBEBERL LV CO, A v F 2 _X—F(ZhT D MlaEIHRE ) — 7
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3-3-2.3  HERaEEASTE

AR EESE S 5128720 | DNA B & Mfu s A E IRV RS b, 20
£ O 7B A MRE I & o — ISR 32T D ML DNA AR E LD S 1,
ROV ZNDIEAIET D G ], GG 7D | G/G—=S—6,—M—>G,+ « « DX DI
EITT 5, 2085 eillaEMoRkHE A, #id oMaEEEE & FIERIZ, 24 FRFE&, 72
K2, 96 el fe. 168 ffl# CTHME L7z, 2N E N OFMRICE D 2/ & 35
72, EAOAPREREEIT, 2+10°{E, 1x10%f#, 5%10°f#, 1*#10°fE & LCTWun5,

B9z, Bon-MEHSHmOe 2 N7 A0REG 7T, EANCH DK
TRE TN G/G A, HROE—27 0 6,/MBZRT, £ LT, ZORMNSHzR
LTHEY, ZNHER N T AOIRA I L TH, B LX< BEE IRV T
LML, —M%D CO, A o F 2 _X— & THAE Lol & ORICERE N R S v
bbb, £, ML 3 BIOFHEIZ L V&L BT R 2K 10 12RT,
CORERIY . BB LZIESBEBRB LONC0, A ¥ 2 _X—F TEEE Lo Mia
JAMNZCZRIT R ORI o722 L b, B%E L7 iE < BRALE ITMILRE 2 O 72 D 12 Yl
REMEERELTWDZ ENDbND,

CQ, incubator Exposure system

i

=

=]

£

<

~

&

=
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=
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24 hours 72hours

100% 100%
90% 90%
80% 80%
70% 70%
0,
50% H - H 6
40% H H 40% -
30% H M 30% + £
o 1 H 20% + ]
10% H 10% - | =TT
0% | 0%
2 ° 2 o 2 o 2 = 2 < 2 =
> 3 & 3 & =1 3 3 @ 3 @ 3
o 2 o 2 o 2 g £ g £ g £
:lslzls]z]s 2 528|238
§ 8 § 8 § 8 L%_ &) L%_ o L%_ &)
Ll (NN L
G0/G1 S G2/M G0/G1 S G2/M
96 hours 168 hours
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% H 50% H
40% H 40% -+
30% 30% H
20% H 20% H —
10 ol s R o I o 0 Bl
0% 0%
> | S > | S > | S = | = | = o | =
o | £ o | £ o | £ e | £ e | £ e | £
2 o 2 o 2 N 2 N 2 N 2 N
e8| 88|88 e8| 88|88
i (NN} L L L L
GO/G1 S G2/M G0/G1 S G2/M

10 1F< BB L VNC0, A ¥ 2 X—Z 235 1T 2 HHH T EEAT 5 5

3-4. SRERDREH

ARFZE T ILIE A B4k 12, 6MHZ I B W T 72. 4%D R EEREFHT D & & HiT,
AR < BALEIZIBWC, EEEIEEBE AN R #EZ B S (ICNIRP) OEH LT A K
TA LV TRINDWAEE 80A/m 2l 2T 5T TEEEORBICIVMATL, £,
B L7 X< BEEN MRS RICHEY 2 &E2H LTS 2 L5 EEOMEZH
AN %EH@&%?@‘@E\ 0 R 3 EE AR I K Mﬁwtf_o

ZITBHRE Lo 1E < B3EE 2 v L 2R W THIE O BB RE S &

BHMEAEEE Ll ERS 52 kb, itﬂ%aiéé'-é BT DAEKERED
REMEAZB I LT,

gr77o



r%ﬂﬁﬂ(~j—bﬁ-6ﬂn/& %l&[i < ii%o) '?/ = n:F{ﬁE}l:J’L

4-1. ®HEREBEW

AEROEFEEEROTZOIC, Txr OERICIE, EENICTRALERYZ LK
O, RELFEINDHES AT ANGFAET D, ZOREINVIETT L5 &0 NITEE
Laglg @@ LT < 28 REZR TR DA 0TIk, 8K 2.45GHz
D~A 7 alcxtT 2 MFENEEFMO —BREL T, 1 725 0T 10W/kg @ SAR

BRI BELITV, REMIBOERNRERETH DA U A 3 WFRMEITR L
TELISAVEZ FEi L, B/ MO REREICEEL B RV E I NITHONTH
AR

4-2. MHREAESAKERICELRE

A TCHWEERIT BEEN B X 111277,
AR T, S L R RSB (37°C, 5% “MLRE. MARE) &
Z. WREEE DR T MR (8% 2.45GHz, Fv A b U GEIaAIE © o E
fe7e SAR 3 6) . _AF 2 B FIC L BIREREMEDRIER L) 22T LTH

(N5 H)

B 11 M s E R T < R AR E
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BEIX< \ERMHFIZUTO®@Y TIT o 7,
O  JAB%E : 2. 45GHz

O IE<HBEALBEM : SAR 1, 10W/ kg

O IEL BHER - 4 BERE

4-3. FERAMBEEIUVEESH

TEREICTRIBEY., 2EEOOMNBBARMEETSA bHA 2 RBICEHT IR
EHEFHEARICAVV:Z, TAETLOHMBOEERTE (K 12,13) &HBEX
HERT,

12 U937 #i fa

O i U937 (b MY o 8EHSEEIFEREMP) (K 12)
O K3 : RPMI1640 15 (10%4 it V2 ifn 1% )
O HEH LM 37°C. 5% (LR, i
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13 Jurkat # e

O #Mpa : Jurkat (B FAIMAFHE THM) (X 13)
O E:# U8 - RPMI1640 £ (10%4 ik V2 1fn 37 )
O #2388 4&E - 37°C. 5% et ik #E . fafnim B

4-4.

RBAE BRELUEE

4-4 .1
(1)
(2)

(3)
(4)

(5)

(6)

(7)

ELISA (IL-18. IL-6) EBRAFE

BRIE<EM ¥ — L2, 1840 6x10° {8 > U937 Ml i & fFfE . K&K
o

BT < #& (2.45GH2)

i Red [ 4%

FiEERE®R, AR — 12-3 U A7 — b 13-7 &7 — bk (Phorbol
12-myristate 13-acetate (UL . TPMA] &9 ,)) (50ng/me) % & A9
HEFHIICERE L, 12 7 = VARG 7 L — M2 0.8me/ ¥ = b (5x10°
fE/Y =) THERE

24 i) 1%, B B2 BRE L, B CTHRE%Z. 0.8 me/vV = /L O R HET
B A&

6 FEMfL. fsih BiE2EL. U KRZHE (Lipopolysaccharide (LLF .
[LPS] W95 ,)) (Lpgiml) #5H 7T 54 0.8me/Y = VN Z %
1. 6. 18, 24 Fpfflth, Kt Eyf A E AR L, mOkEE., EEHRIC

0 8oQ



GENDLA L F—nu A X218 (Interleukin-18 (LLF, ML-18 1 &
7.) BLOA & —n1 A % -6 (Interleukin-6 (LL T, [L-6] X9 ,)
D % R&D Systems # Quantikine® Human IL-18 ¥ X O° Human IL-6
Z 7=, ELISA (Enzyme-linked immunosorbent assay) 7% Cilll i

(8) Mz t/L A7 L—rS—TEIRE, (7)DEILEE L&D Tl %
&

4-4.2 ELISA (IL-2) =EBAE

(1) FBWIESFEH Y v— I, 1K Y4 Y 6x10°H » Jurkat I % FEff . K&K
BE#&

(2) EHIT<#E (2.45GHz)

(3) M e [E] %

(4) PMA (10ng/m@) & A23187 (lug/mb) #&H T HEMICHEB L, 12
U LHIERE 7 L — R IZ 0.8me/ 7 = b (5x10°fH/Y = L) THEFE

(5) 1. 18, 24 Kiffith. M EiEREAZEIR L, mOLKEE. EEPICH
ENbHA ¥ —1aAF2-2 (Interleukin-2 (LT, TIL-2] EWH,) @
1 % R&D Systems i Quantikine® Human IL-2 Z fi v 7=, ELISA i T
=

(6) Miazaz /L A7 L— —TEIE, (5)DREILFKIE L Ao TMldE %
&

4-4.3 UTHREICHE T B IL-1B LG LU IL-6 EE~NDEERR

U937 Ml 7> & 43 s S 72 IL-18 L IL-6 D 53 s i % [} 14~ X 1712 1= 7,
SrWEE, Mk CEREL L TR LTz,
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IL-13 (pa/10°cells)

IL-13 (pa/10°cells)

500

400

300

200

100

600

500

400

300

200

100

O Sham

OB IE<E (W ke) |

—1 ]

6 \ 24
LPS il ¥4 WF [

14 U937 fifIC X % IL-18 2y s (1W/kg 4 I 13 < )

O Sham

O ERIXLENOW/ ke)

)

1 LBs i w18 24

15 U937 MBI L % IL-18 4y Wi f (10W/kg 4 W[ 1E < 88)
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IL-6 (pag/10°cells)

IL-6 (pa/10°cells)

700

600

200

400

300

200

100

700

600

500

400

300

200

100

O Sham
] O ERIEEOW ke)

1 6 18 24
LPS i #% FF i

16 U937 Mifidic KX % IL-6 7y & (1W/kg 4 Ref X < #8)

O Sham
. O EIRILENOW/ kg)

8 24

1
L6PS Gl s

17 U937 Al kX % IL-6 sy & (10W/kg 4 BEREIE < #%)
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IL-2 (pg/10%cells)

IL-2 (pg/10%cells)

100

80

60

40

20

250

200

150

100

50

4-4.4 Jurkat MREIZH 1T D L2 EE~DEERR

Jurkat AHAE 22 B 43 S L7z IL-2 D3 W EZ X 18 72 & NI 19 (27”7,
W R, AR THERE L L TR LTz,

O Sham
O ERIET<EOW/ k)

1 18 24
PMA 35 X T8 A23187 il i e 5 (h)

18 Jurkat FIFRIZ K D IL-2 /W& (AW/kg 4 BEREIE < %)

O Sham
0 ERIECENOW/ kg) I
I L
I
"

18
PMA I X T8 A23187 il i#% [ (h)

19 Jurkat fifRIC K D IL-2 p e & (10W/Kkg 4 Wil X < #%)
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5,
1)

2)

3)

4)

5)

6)

7)

5.

4-4.5 HERBLIUEBEE

U937 i i & OY, Jurkat Mifid & v T, 2.45GHz B @ 4 FyfE e X < #&
(SAR : 1, 10W/kg) %47\ , ELISA JEIC Ko THIEMI N S EA SN D %
YA M4V E~ODEEBERMNLEZ, b0k, BRIZSEICE
ST, WThofilarbmopWahldA A icB80nTh, MitFE LAE
mEFRONR P oT, A RERNOIL, MO A NI A EA L EE
ELTBRIBSBORBIBEIN o, 5%, SRIRF Loz
A RIAUVRBERERE., S OISO REKRE~OREFTMAEED D T
ETH D,

51 3C Tk

A. Kurs, A. Karalis, R. Moffatt, J. D. Joannpoilos, P. Fisher, M. Soljacic
“Wireless Power Transfer via Strongly Coupled Magnetic Resonances” , Science

Magazine, vol. 317, pp. 83-86, 2007

T. Imura, H. Okabe, Y. Hori “Basic Experiment Study on Helical Antennas of Wireless

Power Transfer for Electric Vehicles by using Magnetic Resonant Couplings” , in

Proc. TEEE Vehicle Power and Propulsion Conf., pp. 936-940, 2009

S. Ahn, J. Kim, “Magnetic field design for high efficient and low emf wireless

power transfer in on—line electric vehicle” , in Proc. EUCUP 2011, pp. 4148-4151.

N. Shinohara, “Power without Wires” , IEEE Microwave Magazine, Vol. 12, No.7, pp.

S64-S73, 2011

Guidelines for Limiting Exposure to Time-Varying Electric and Magnetic Fields (1

Hz - 100 kHz), ICNIRP, 2010

A. Taniya, S. Kobayashi, M. Horiuchi, Y. Yokoi, “Comparison of Simulation and Real

Distribution of Magnetic Field Emitted by Magnetic Resonant Wireless Power

Transmission Demo System” , Technical report of IEICE WPT 2010-14, pp. 7-10, 2010

T. Sakurai, M. Yoshimoto, S. Koyama, J. Miyakoshi, “Exposure to Extremely Low

Frequency Magnetic Fields Affects Insulin—Secreting Cells” , Bioelectromagnetics,

vol. 29, pp. 118-124, 2008

fTa : 2012 FE D ER

JREMmIL, FE. RGLRLE

1.

Sakurai T, Narita E, Shinohara N, Miyakoshi J.; (2012) Intermediate

frequency magnetic field at 23 kHz does not modify gene expression in human
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2.

3.

fetus—derived astroglia cells. Bioelectromagnetics. Dec;33(8):662-9. doi:
10.1002/bem. 21734.

Sakurai T, Hashimoto A, Kiyokawa T, Kikuchi K, Miyakoshi J.; (2012)Myotube
orientation using strong static magnetic fields. Bioelectromagnetics.
Jul;33(5):421-7. doi: 10.1002/bem. 21701.

Mivakoshi J.; (2012) Electromagnetic fields and environmental health. An
Environmental Journal for the Global Community (SANSAI). No. 6: 53-60.

HEfFEE, FREEXR LD

1.

>

Kohei Mizuno, Junji Miyakoshi, and Naoki Shinohara; Coil design and
dosimetric analysis of a wireless energy transmission exposure system for
in vitro study, IMWS-IWPT 2012, May 10-11, 2012, Avanti Kyoto Hall, Ryukoku
University, Kyoto, Japan

Eijiro Narita, Tomonori Sakurai, Yukihisa Suzuki, Masao Taki, and Junji
Miyakoshi; Influence of a high—-frequency electromagnetic field at 2. 45 GHz
on cytokine productions in macrophage—-1like U937 cells. IMWS—-IWPT 2012, May
10-11, 2012, Avanti Kyoto Hall, Ryukoku University, Kyoto, Japan

Kohei Mizuno, Junji Miyakoshi, and Naoki Shinohara; Coil design and
dosimetric analysis of a wireless energy transmission exposure system for
in vitro study. The Bioelectromagnetics Society 34™ Annual Meeting, 17-22
June 2012, Brisbane, Australia

Eijiro Narita, Tomonori Sakurai, Yukihisa Suzuki, Masao Taki, and Junji
Miyakoshi; Influence of an HFEMF at 2.45 GHz on migration potency in
neutrophil-like differentiated from HL-60 cells. The Bioelectromagnetics
Society 34" Annual Meeting, 17-22 June 2012, Brisbane, Australia

Junji Miyakoshi, Eijiro Narita, Tomonori Sakurai, and Noki Shinohara;
Effects of exposure to intermediate frequency magnetic fields on neurite
outgrowth in PC12VG cells. The Bioelectromagnetics Society 34" Annual
Meeting, 17-22 June 2012, Brisbane, Australia

KBNS, R HSE RS, I E B, IR ER, EBE . KA (UVB) oLy
MR x4 2 BARE W RS OB EN, BAMKEFEHF=, 20124114
20H ~22H . HEMRZAIKR G BB IEBE) A —1
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THEEEHE
R7270AOXIE BRSNS TORRRES

MEEH IR 7' . Mechtild Mertz', &1L E& ', BIJ)I #2. &4 M2
IRAER K - A B SE T
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? A e BR B e AR ) B

1. AR ZE Rk

REFHFRKAL - 20 2ZF (L8RS - EFEFERT)

LFEAFIEE - & BEE (LR KPR - FARERER R
4 o (BAn R - MPEL5HN)
mZE OTER (& B U 28 )
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3. WREAEEE

AARENTOREIEMMAELEL LT, HEBZRES (FHJIR) HF o 8% 50 EE A .
FHDCFAR (JLFER) HAM OB R4, wEpAab CallR) A ok FEEk s A
726 ONTHFERMNE R B KA R (23T 208 o B FE ek n ol & . 53 5P ET (L 30 RF)
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8 H 3 RAFEMIEFTIC T TR V7
DADIAL ) & ET 5 B SOk B E
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(¥ 1), LR R ¥ H = e B8 & o LR
Jel LT, EEDOT I~V OHTHAH
BT T <D AR OfRE T &t AP
B4 ot zfet L7z, Bl RESE
Bz o LEB L LT, w#E R b
HPEVEFR AT . I\ E KR S h
To AR OB T O 1= O Il 3 A 1k
DOBFZRB L, X BEEOSITICH
7o o TIEIUNESZ W g 4 B K (bt
AKREL CT %5, 9 A 10 BIZFEBRBE4G)
LY UNRKRFEFEHE(0 A 29 H-11 A 3
H &2 123 K B G 3% 72 © OV (6 0 28 52 i
Y VR & o LRI E B bA L
Too F72 8 A 3 HeEETLIF KPR LA ER
HERFRF L OM T MU ZH#fE L7,
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OFEAMOMEEL 11 H 4B XD 12 A

2HOTETHEM L, H2b £ 2 A, 4> FHREMEROY - F v X 2P L,
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7 CHEHERNAKREL, 1A
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AT o T,

73 B SCe M BFZE T, AR AT B A 9 BT R oo Sk R A
IEE, BB MFAREREE
Gl éEblc, Xru o EUEMICKBT S

TH7D, WOAMADOF THRBEL 2o TEZARMDE
WXL 2B EOERMEIZIEFRICEETH D, HOIE &L umEE S %/
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5. WRIEOMERE L UHR
LUF IS BN T oo R il a4 oD o B8R L %IO)%H%ﬁ A FRE~ 7 ¥ Higo =y
BEHAMICBE T 2RO RICONT, HIZHE~DZ & &5,

5-1. [E PN T ok il iR A o o $5 1

i KD BRAEEE ARSI 2WAMRERREML L TS AARTIE, KEXEMO
LRI, RE -GG MTH 2 RKLEBELEEYORIEIZIE, (ML0EK - EEMEE
bOoMMBPABRSNLEBBTED, TOLIRBAILESE, BAEANTOARE LY
A e LT, HEHZEE (IR Mo MAs, BEEYDEFARE (RER) M
Mo Ra, WA Ca)llR) A ORI HEZ O CICFENRIE, REKX
O (REBAF) ISR S o BRI HAE, BB GUEN) —wmick T 2B\ - AR
oD Ff R 1) A A L IR M T U D AR AR - A RO R R 1 R A 2 AT LT A5 A RS R T
INZENHREESLERIRBRRRETARLTEILENR, RART - baEND700, KigX
TEFIE LT, fMEFFHEREAM M, EERMIBICET 2 M8 - g0 Kl ks i A o
FERICOWTHRRRT 5,

s T &i -r-ﬂ

MEIM

e O M.

2 ERYdokFFHARALER (£L), BHETHEFTONTER (ET) 25 TICH
MealopHRE A (1)
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5-1-1. HREFFMHEREEAM A

m =3 IViE
A¥

)

m 7RO

B 3 e FFF B IS A S T 72 E A o 8

BIEERIE, BEVOEH TETCORMMBRICEE L 257200 CTixe <, B OBHE
BIROMILESLY Y - EHRICBT2EMBIROZER ECOEBICLEEREHR THDL, F
o, BEEOARMMBHEOMIHIZLEN LM, HARAICOLARTHDL Z ENHPL T,
L2l BEREBEGHYEFEORESLCTHEMET, BIELHRICIZ2MEN KRB EZ LHD TV
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