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Breeding season prey items of young Northern Goshawks
Accipiter gentilis in central Tokyo

(OHaruka Mizumura*

*Faculty of Environment and Information Studies, Keio University SFC
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1. Abstract

In 2015 and 2016, I investigated prey items
delivered to young Goshawk during breeding season
at an urban park and Meiji shrine. In the urban park,
direct observation was made for one pair of goshawk
from mid-May to mid-August 2015. In the shrine, I
collected pluckings and pellets around a nest from 24
May to 5 July and 5 June to 5 July 2016, respectively.
Prey items White-cheeked ~ Starlings
Spodiopsar cineraceus, Feral Pigeons Columba livia
and mammals.

mainly

2. Introduction

The Northern Goshawk Accipiter gentilis has been
at risk of extinction in Japan. By 1993, it was
designated as nationally endangered species of wild
fauna and flora (Ministry of the Environment 2016).
However, the species population and distribution
have recently expanded (Kawakami & Higuchi 2003),
including in urban areas (Horie & Endo 2013). Even
in the special wards of Tokyo, representing the
metropolises of Japan, the goshawk population has
increased (Kawachi 2012).

It is known that by the late 20th century in Europe,
abundance and distribution of Northern Goshawks
had increased compared to the past century (Rutz et
al. 2006). Moreover, during the last 30 years, the
species has colonized urban environments throughout
Europe (Rutz et al. 2006). One of the factors of urban
colonization in Hamburg was the increase in avian
prey abundance (Rutz 2008). This species was much
more flexible in its choice of nesting and foraging
habitat (Rutz et al. 2006). Thus, existence of
available prey species and diet adaptation is one of
the substantial characteristics of urban colonized
goshawk. To understand its urban colonization, diet
information is important. However, urban breeding
goshawk diet has not been reported in Japan.

Fortunately, I had a good opportunity to study prey
items delivered to nestlings by a pair of goshawks at
an urban park (surveyed in 2015) and Meiji shrine
(surveyed in 2016) in central Tokyo. Here, I reported
the results obtained through direct observation, pellet

collecting and Plucking scanning.

3. Study sites and methods
3.1 Study sites

The study areas are located in an urban park in
Nerima Ward (35° 44’ N, 139° 39’ E) and Meiji
shrine (35°67'N, 139°69'E) in Shibuya Ward, in the
special wards of Tokyo (Fig. 1). The details of the
urban park nest site was not disclosed based from
the request of the local cooperators and to protect
the goshawk nesting from many photographers
and birdwatchers.

Nerima ward has a land area of 48.08 kmz, total
human population of 727,252, population density of
15,126 persons’/km® (Tokyo Statistics Division
Bureau of General Affairs 2016). On the other hand,
Shibuya ward has a total population of 217,456
persons, land area of 15.11 km® and population
density of 14,392 persons/km® (Tokyo Statistics
Division Bureau of General Affairs 2016).

The urban park has a land area of 60.8 ha, including
7.6 ha amenity grassland and 23.7 ha of continuous
plant coverage. Japanese False Oak Lithocarpus
edulis and Chinese Hackberry Celtis sinensis are the
dominant species in the vegetation (Tokyo
Metropolitan Park Association 2016). The park is
isolated from other large parks and vegetated areas
by urban land use. In a 1-km radius around the
goshawk nest, land use composition comprises
80.6% wurban (residential and industrial), 12.9%
forest (deciduous broad-leaved secondary forest,
vegetated parks, and cemeteries), 5.0% amenity
grassland, 1.3% farmland, and 0.2% water bodies.
This land use composition was calculated using
vegetation maps (Biodiversity Center of Japan 2016)
at a scale of 1:25,000, using ArcGIS Version 10.2.2
(ESRI 2014).

Meiji shrine has a total land area of 70 ha, mainly
covered by evergreen broad-leaved forests and
dominated by Camphor Laurel
camphora and Japanese Chinquapin Castanopsis
cuspidata. Majority of the forests are restricted to
citizens. The nest was located on a Sawara cypress

Cinnamomum



Chamaecyparis pisifera. Residential and commercial
buildings, as well as tower buildings and the Yoyogi
park (54.1 ha land area) surrounded the shrine. The
land use composition consists of a 1 km radius
around the Goshawk nest, 64.9% urban land use
(residential and industrial area), 32.8% forests
(evergreen broad - leaved forest, deciduous
broad-leaved tree secondary forest, vegetated parks
and cemeteries), 1.6% grassland (lawns), 0.4% water
body and 0.3% farmland.

Tokyo Metropolis Tokyo station

Meiji shrine

Special wards of Tokyo

A ~p
‘, 4%{{:’(/\‘

ag 5
\;/.A‘

7
i 4

Fig. 1. Map showing the location of the study sites.
The area of diagonal lines corresponds to the 23
special wards of Tokyo Metropolis, and the
black-shaded area is Nerima Ward and Shibuya
Ward. The white square is Meiji shrine.

3.2 Prey item analysis

In the urban park, Prey item delivery was observed
daily from hatching to dispersal within May 13, 2015,
to August 14, 2015 (except for May 14 and 15) at an
approximate distance of 60 m from the nest tree
during the daytime (from 0500 to 1800). Prey items
were photographed whenever possible.

In the Meiji shrine, pellet collecting under the nest
and plucking scanning around the nest were
conducted from approximately 7 days after hatching
to 7 days after fledging. Pellet collecting and
plucking scanning were conducted from 5 June to 5
July and 24 May to 5 July, respectively. Plucking
scanning and pellet collecting were conducted once a
day, three to four times a week. Both site pairs
reproduced successfully and three youngs ultimately
fledged, respectively.

Pellets were analyzed based on Sabo & Laybourne
(1994). Hot water and gentle soap (liquid dawn) used
to wash and recover the feathers and bones. In Meiji
shrine, for each method (pellet collecting and
plucking scanning) and when pooling prey items
based on both methods, items were identified

assuming the minimum possible number of
individuals per collection event (Marchesi et al.
2002).

I identified each prey species when possible. When
I was unable to identify an item to species, [ used any
diagnostic part to categorize the item into a more
general category (e.g. genus or family). Several
unknown bird species used as prey items were
classified as either small birds or minimum-sized
birds, which comprised of birds similar in size to the
White-cheeked Starling Spodiopsar cineraceus and
Eurasian Tree  Sparrow montanus,
respectively. Small bird biomass values
expressed in terms of White-cheeked Starling
biomass and minimum-sized bird biomass values in
terms of Eurasian Tree Sparrow biomass. Biomass
values for birds of identifiable species, Brown Rat
Rattus norvegicus and Small Japanese Mole Mogera

Passer
were

imaizumii were determined according to reports by
Enomoto (1941), the National Institute for
Environmental Studies (2012), and the Forestry and
Forest Products Research Institute (2007),
respectively. Small-sized mammals biomass values
were expressed in terms of Brown Rat biomass. The
biomass of Eastern Spot-billed Duck Anas
zonorhyncha nestlings was estimated based on
predation photographs, and the biomass of adult
White-cheeked Starlings, which were approximately
equivalent in size. I was unable to identify the
Rose-ringed Parakeet Psittacula krameri manillensis
biomass information, hence I used Azure-winged
Magpie Cyanopica cyanus biomass. Both species are
similar in size. In central Tokyo, Corvus species is
approximately identified like Large-billed Crow
Corvus macrorhynchos. 1 used its biomass for
Corvus sp. biomass. The taxonomy and nomenclature
used were based on the Check-list of Japanese Birds
7th Revised Edition (The Ornithological Society of
Japan 2012).

4. Result

According to the observations, 300 items of seven
prey species were collected in the urban park (Table
1.). Prey consisted of birds (88.3% of the total
number of prey items), mammals (two species; 4%),
and unknown species (7.7%). The diet was
dominated by White-cheeked Starlings and pigeons
(mainly Feral Pigeon), which together accounted for
81% of the 7 total prey items.

In the shrine, I collected 32 pellets and 32 pluckings
and totally 111 items of seven prey species were
identified (Table 1.). Many of the prey items were
Feral Pigeons Columba livia (18.9% in number and



32.6% in biomass), mammals (23.4% in number and
29.4% in biomass) and White-cheeked Starlings

(29.7% in number and 18.3% in biomass) (Fig. 2).

Table. 1. Prey item numbers and biomass for breeding Northern Goshawks Accipiter gentilis in central Tokyo,
from May 13 to August 14 2015 (Urban park) and May 25 to 5 July 2016 (Meiji shrine). The total number of
each prey species is listed (N) and the percentage contribution to the goshawk diet is given for each (total
percentage does not add up to 100% due to rounding). % Mass contributions to total biomass were calculated
using the masses for each prey species (masses based on previous studies and our own observations). Pooled
shows added the pellets and pluckings number (Calculated by pooling pellets and prey remains and assuming
the smallest possible number of individuals per prey species per collection event.).

Urban park Meiji shrine
Observations Pellets Pluckings Pooled
Prey Category N (%) % Mass N (%) % Mass N (%) % Mass N (%) % Mass

Birds: 265 (88.3) 95.0 69 (73.4) 65.1 28 (87.5) 90.3 84 (75.7) 69.8
White-cheeked Starling 150 (50.0) 33.1 25 (26.6) 17.8 15 (46.9) 239 33(29.7) 18.1
Columbidae 93 (31.0) 572 17 (18.1) 339 6(18.8) 26.7 21(18.9) 322
Eurasian Tree Sparrow 0(0.0) 19 (20.2) 36 3(9.4) 1.3 20 (18.0) 29
Corvidae 0(0.0) 1(1.1) 55 3(9.4) 371 327 128
Brown-eared Bulbul 5(1.7) 1.1 6(6.4) 43 0(0.0) 6(5.4) 33
Rose-ringed Parakeet 0(0.0) 0(0.0) 1(3.1) 1.3 1(0.9) 05
Eastern Spot-billed Duck 2(0.7) 04 0(0.0) 0(0.0) 0(0.0)

Small-sized birds 14 (4.7) 3.1 0(0.0) 0(0.0) 0(0.0)
Minimum-sized birds 1(0.3) 0.1 0(0.0) 0(0.0) 0(0.0)
Unknown birds 0(0.0) 1(1.1) 0(0.0) 0(0.0)

Mammals: 12 (4.0) 50 24 (25.5) 349 4(125) 9.7 27 (23.4) 302
Rattus sp. 10 (3.3) 45 0(0.0) 3(9.4) 9.7 3(9.4) 34
Mogera sp. 2(0.7) 05 0(0.0) 0(0.0) 0(0.0)

Small-sized mammals 0(0.0) 24 (25.5) 349 0(0.0) 24 (25.5) 26.8
Unknown mammals 0(0.0) 0(0.0) 1(3.1) 0(0.0)
Unknown 23(1.7) 1(1.1) 0(0.0) 1(0.9)
Total 300 94 32 111
open paved areas, while White-cheeked Starlings use
Meiji shrine

Urban park n=300 (Pooled) n=111

100.0

90.0 *'.White-cheeked Starling

80.0 ¥ Columbidae

% Eurasian Tree Sparrow
70.0
I .Corvus sp.
60.0
++.Brown-eared Bulbul

50.0 “ .Rose-ringed Parakeet

40.0 “. .Eastern Spot-billed Duck

A .Small-sized birds
30.0
= .Minimum-sized birds
20.0
B Mammals

10.0 Unknown

0.0

N (%) Mass (%) N (%) Mass (%)

Fig. 2. Prey item composition (%) and biomass (%)
of urban park breeding pair and Meiji shrine pair
(pooled pellets and pluckings). Each number shows
the major prey item category percentages,
respectively (total percentage does not add up to
100% due to rounding).

5. Discussion

In both nests, White-cheeked Starlings and Feral
Pigeons dominated the diets of the nestling and
fledgling goshawks. These species are common in
urban areas of Tokyo. Feral Pigeons mainly inhabit

grassland for foraging. Both species form flocks.
Goshawks tend to hunt along forest edges and in
open habitats (Kenward 1982). Therefore, Northern
Goshawks may forage selectively for species that use
open habitats and are found in high density at our
study site.

However, the two sites had different diet
composition. In the urban park, White-cheeked
Starlings and pigeons dominated the diet. While in
the Meiji shrine, goshawk fed more on other species.
Remarkably, Meiji shrine goshawk hunts many
mammal species. There is also an environmental
difference between the urban park and Meiji shrine.
The urban park is surrounded mainly by residential
area, while the Meiji shrine is surrounded by
commercial area. In addition, it is known that
goshawk is flexible in its choice of foraging habitat
and opportunistic predator (Rutz et al. 2006; Horie &
Ozaki 2008). Thus, each goshawk has adapted to its
nest site habitat and hunt more easily to get there.

The goshawks in both sites hunt more amounts of
typical Synanthrope species such as Feral pigeon,
Rattus species and Tree sparrow. Goshawk
increasing in urban area may relate to those prey



population Indeed,
changes its prey items with the prey population
fluctuation (Linden & Wikman 1983). To
demonstrate the goshawk’s wurban colonization,
further researches on the correlation between
goshawk urban colonization and prey items
population changing in urban area are needed.

items dynamics. goshawk
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TR SEMICB W TS 19 FEF 14 FEO T
J S0 § FRE T 6 O BHHICRB W TET B DT
EDNZONTHMB RS TND.
BESSEDIIEIHEZA LT LI TY
HZEEEENRBINS.

6 EBE

A B AR — LMEN 2O TIRENSEDZ JE
THI LWL T, ADORIED LIEWITINT. L7
OREE OFFHL ST R AREL 225, ZHIT XY
BN TREORBE/ILS X CBENSEDO T
7V FLICEBRT SRR H 5.

Bt

AW EITHICHTZ0, R HEe & THREL 72
SWVWE LIEBERBRRTEBOR - AT 4 THHEROE
I IE PR AR IO L D L U B 3. 151F
MEDOY T el TiRftWEExE L, At
AT, 1 RS I TR M M — B O AR IS &
DI L B Ed. £, BEOIEEZ v
HESECTRMERC/ARY £ L, BWKEAZRo—
LT NV—TDOWRE EEIRB OB, A4 ARe—A
TI—T DFEDOERE, BIERBR T mA MR T
WFFERr DEREICEIALE U BT E3. HRBICEBES L
W EE P E 2 5.2 TS WE L7 g
FHER, EHBERZICEHLRLETET. Y
NEHITINWELT.
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1 RU®IC
1.1 HAEKH
DAMIIETIE, IR AR & 13 R 2 BE KR,
& pH MOME 7L a — 2 Lo 2 s 2 B o
17 BT % 720, RiRNAERHZET 2 2 &3
LTV 5, A, BREaoWESasREL, N
REE ORI O E B ZINENE L 22 D,
DA 2 AR DRI S O, Z DA 2 R
ELEHIDBARIDOBFEPED ST\, HlZ21E,
L-7 A28 7 X+ =X 2 A & By v o0 #
WNOT AT Xy 2iig 352 LT, PillEziH
ERIET 2PDAA (v A4 F—X¥®) &L THKRIG
HAEZhTn»3,

1.2 LRAZEGRREHADRE

b Bz M ZE #5 # (Epithelial-Mesenchymal
Transition s EMT) & (& bRz ASHIEE RIS 1 1k
RIaT 2R TH 5. EMT EMFEICE W TR
AR - SETRICEETH 27T, DBAKE
VTR, BRI g A E) - RIEEE D U, FiaSA
AT S OV I DM 70 &, DA D BIEALICE
B33 2 DG SN T B[], IRER i FE L
BRI B VT Y, PN A A DR, iR
BXOHAED, PRICBADLLI2ERLMETH L7,
2D EMT Z IR & L 72 IGRERDOBFEDI K 64T
W5, —HT, I, EMT ICEIT 20340 OREE
E2EHIN TS, 2014 FiiFEY 22 A
BT 2R#EEED D> THEYEFREYY I
¥ 7 kt wu F % 4+ — 4 (Dihydropyrimidine
dehydrogenase ; DPYD) D¥BLDY, 23A D EMT I8
WTHETH 5 2 & FEALFAMMERE Cell 12 TH
HINKR]. L2 Lads, EMT DR R
B TbNTE 53, ZOHMABEIcOVWTIE
THZEEDIZ,

1.3 #HxRAN

LR RZEE Z, AT, FrEFY—
A vk B - R AT IR [ B E & o) BT EE (Capillary
Electrophoresis-Time-Of-Flight Mass Spectrometry ;
CE-TOFMS) #H\» 7z X ¥ xu — LRt 21T\, i
DSAMIBIC 8T 52 EMT OREREZRAL, BE
B LD 9 2 REREEZAET 5.

2 WREFE
2.1 HELHpEE
FERICIE, & FIASAMINE AS49 KUY HCC827

(American Type Culture Collection & D H§A) % Hv»
7o, AAIIEIE 10% FBS, 1% D3 EYE (Nacalai
Tesque) % & & RPMI1640 {5 (Wako) 12T, 37°C,
CO, 5% DKM TR T 21T > 72, 4 X, EMT %236
BI85 0ETHDL T VAT — 3 v I
J[Kf--B (Transforming Growth Factor-B; TGF-B, R&D
systems) ZfiH L 7.

2.2 Real-Time qPCR

TGF-B #li#%IC X > T EMT 2558 X 11 % D> 2 il 2
9 % 72912, Real-Time PCR % H\» T EMT ¥ — 7 —
BEFORMEZFAXR, 6well 7L — FicHiffaz
1x10° cells/well THERE L, 24 WipiksE217-> 7.
B A%, TGF-Bp % 5ng/mL & 72 % X 5 IHRINL,
24, 48 MO T2 WiliRsEE L7z, 2 0%, V) v IBEE
AR (PBS) T 1 [B[¥E#E L, TRIzol reagent
(Life technologies) % FHI\>T mRNA Zfliii L 7z,
cDNA D& IX, RT-PCR H ¢cDNA & ¥ v b
(ReverTra Ace a ; TOYOBO) @ 7°'1 b a—)LIiZfiE-
T{T> 72. Real-time PCR |, SYBR Premix Ex Taq Il
(TaKaRa) O 7’0 F a2 — )LIZfE>THio7, N7 A
¥ — Y v NEIE T RPL27 % FA\>, AACT 75 CENT
L 7.

23 FIYRDILVEETZVEAL

TGF-B Hl L 7= A549 flfiT, EBIRELSLHE L T
WA, b T YR 2 )lEET v A & VR
L 7. A549 #ild% TGF-p 2 ng/mL T 2 BRI
22T EMT 238 L7, iz vy —L 256 b
V7oL, IR TR L 7o, Ml
fid% 0.5x10° cells/100 uL/well & 72 % X H IZFHRL,
upper chamber (CA#17z. lower chamber (213 10%
FBS &6z A3 Z & Ciilgz#HE I ¥ 72,
WEERMRD & 4 KB ZFEEL, 747 - 7
Ay 7% tx v b (Sysmex) & Tl % ettt L
2. FPIUVATZILDAY T L VD lower chamber
s L < & 2z fifa Sz Gl L 7.

24 WREER7ZYEA
TGF-B Hl3# L 7= HCC827 Mg, $ids A AHES



BARINTWED, MIT 7vtA %2 CHHEL
7. Ml %, 3x10° cells/well T 96 well 7L — b I
B L, RPMI B5HiC T 24 RIS E%21T- 7215,
PiH3 A Erlotinib Z ¥R L 7=, 72 WifERE#E L 7218,
MTT & (2 mg/mL) Z ANTE 512 3 KRG E
L7, 2D, Bz FrEL 100 ulL DY X F L A )L
F ¥ F (Dimethyl sulfoxide ; DMSO) CHllfid % /&
L, <4 27a7L— bt —%"—7T570nm DWW
ZHET S Z LIk MR Er A, %
BRIZSMEBIZ N=4 TfTo 72,

2.5 XyMRO—LgE

EMT %28 L fildics 1 2 REE Lz 23
ooz, MRNOREYIRE % CE-TOFMS THlE
ZITo 7z, A549 fifd%x 6 well 7L — I 3x10°
cells/well TIEFHE L, 24 RFEIHIRGEE L 7, REHb SR
#%, TGF-p% Sng/mL & 7% X5 IIRML, 24, 48
KO8T 5 2 E CEMT 2358 L 72 (%5
fEN=4). 5%~y =F— L THilZBEHEL, 25uM
B E A HEYE (IS ; L-methionine sulfone,
2-monopholinoethanesulfornic ~ acid , )6
camphor-10-sulfonic acid) Z & X ¥/ —)L % 600
uL/well I « BULL 72, W OBRAE 5
ZITo 7244, A% 40°CT 4 W), =DM X 4,
25 uL D Milli-Q KIC X &R L 72,  CE-TOFMS %
o CHifaNIc & £ 02 Y OREE 2 JE L 72
[3]. Master Hands V2.17.0.8 % f\» CTY/EE &= /& fij Lk
B Ok B IRf [ % T6 12 B O [l 78 B OV ARG i e
DEtEZ T 72[4]. B OREZ, 1/ildd 72
DRGEYER (fmol/cel) TR L 7.

2.6 fRETEEIT

WEHMRHT 1 Microsoft Office Excel 2016, MeV
version 4.9, JMP version12.0.1 X UO'R %= w7z, 2 B
BOFEEABEICIE Student D t BREZ W, P
value <0.05 (£ 721, FDR<0.05) ZF®EE L%, T
— Z IR E TR L7, A RAe—L4AF
— & DB IHTTIE, KD 50%DL LY
RN IR E, B 7R Ic > T 21T -
7o, HRGEYHEICB S T 2 AR 1 Metacore

(Thomson Reuters) % F\ > CRENTZ 1T o 7=,

3 #®R
3.1 TGF-BRIAIC &2 EMT OFEHR

Z U ®IZ, A549 MilfdIC B\ T TGF-p ¥ T EMT
DEEINL, MIEEELE EMT v —4 —#{5 1
DFEBLR TR L 72, MR D A549 Ml DT REDS
METH 5 DIz LT, TGF-p Hll#k L 2 Mz
WIBREICZ L L 72 (1M 1A). Tmage ] %2 F\ > CEME
ZR9fl (Circularity) 2R L2 E 25, M
WOMBIZEM 1 1 1GEWETH 2 DICHL T,
TGF-B 3 L 7-fi}&i%, Circularity 2ME ML 72 &
0.6~0.4) °5, HETOMRELFMKIC, EMT Ik

BN Ml O Z LR Sl RIT, %A
IZ EMT 2558 XN T3 iR T 50, EFE%
FOMERZRME~—» —8EroRkHE%
Real-time PCR IETHN7-. ZOR, MO
il & T, TGF-B CHIBLL 7 A549 #ffiEix bR
i< —%—"1Td& % E-Cadherin (CDHI) DFEBLED
N L, WcHERME~ —5 —CTd % N-Cadherin
(CDH2) t Fibronectin (FNI1) OB L 72,
X5z, BAflEoRBEIZES $ % Matrix
metalloproteinase (MMP)2 JX X MMP9 D FHla & 3
ML7 (K 1B). 216 DfEHRD» 5, A549 #ifidT
TGF-B ¥ k& 3 EMT OFEREIF I i,

Unstimulated | 1 - ,ﬂ‘ rﬁ\ rﬁ\
%
v LY 0.8
’ii‘ Sy
v 2
® < 0.6
©
=5
TGF5ng/mL |~ “A% 1 =04
b \ "‘( ©
".;L S 0.2
. 5\ ¢
‘, L3S
N e 0
24 h 48 h 72h
CDH1 CDH2 FN1

Relative CDH1mRNA level
o 2 N
ch-bnhwa s
Relative CDHZmRNA level
canwbsaD~N®
Relative FN7mRNA I
oN s o @3

. Unstimulated
§w Il 7GF-B (5ng/mL)

Relative MMP9mRNA level
onsro®3 R R
tive MMP2mRNA I
2nwsaaN
3888883

X 1. TGF-p fll¥#iz X 3 A549 DO EEL R EMT @ — 4 —
BinTFOFEGR D B,
(A) A549 MIED BEMER G B, EBOSHERIE (Unstimulated), TE¥
»Y TGF-B 5 ng/mL T 24 WL L 7z oM, Mt 5 E
(Circularity)(% Tmage J Z W TER(LZ /T > 72 (1 EM). 15
fEIzo E, N=3, 1well H7: D 30 HlfE(E 90 M) I THIGE
L7, BEMEO VR CHRGEL, ARERE R
Student @ t REXIT> 7. * P value < 0.05. (B) E-Cadherin
(CDHI), N-Cadherin (CDH2), Fibronectinl (FNI), Matrix
metalloproteinase 2 (MMP2) & O Matrix metalloproteinase 9
(MMP9) DIZT-FBIR, HBHIIKE © MHEY, B TGF-B
Tz RS, fithl, 24 RFREOMENEHEZ 1 & L2 ROKHD
MRMED P %2R L, Ml TGF-p ZIFM L TH 6 DI & #
A

3.2 EMT Ic & 2 EFHEEDTTER VD A AT IEDES

EMT %, #5f%IC B2 B)6E S N Pihs A Al
EVOLDBADEEEZTLEI T S 2 LGS
T\ 3[5]. %2 °TC, TGF-p TiHE L 72 EMT »5iE
BhHE X O LS A K E % T0HE T 2 23X 72, SEB)RE
DFFRHTIZ A549 HliE, H1H3 A FRE O fi#HT 12 HCC827
ffEZ - CBET L 72, TGF-p #li L T EMT %%
H L 72 A549 #lifid (Mesenchymal) &, HlI L Tz



V> A549 flliE (Epithelial) O EBEIAE D Ll % 7o 72,
Z DFER, AS549/Mesenchymal DIEE)HEHDAG EIZIT
HEL T (X 2A). KIZ, TGF-p T EMT % iE L
72 HCC827 #MifiEd (Mesenchymal) & Hlli L Tvaze\s
HCC827 #il il (Epithelial) THL B A Al TH %
Erlotinib 12 R § 3 EZ1E IO W THNT, Z DFER,
HCC827/Mesenchymal (% Erlotinib {2 %9 % Az 03
N L TE D, Erlotinib 12K $ 5 ik % #E L Tw»
L2 EBbhrot (K 2B). I DRI,
TGF-p ¥l X 32 EMT 13, fiids A MM BeEE T
BIZFS LTS EREIEI N,

(A) ®)

120

* = ‘e Epithelial
% 100 #Mesenchymal
8
« 80
S
g 60
>
= —8—
8 40 ‘\?*‘
=
3 20
o
o
Epithelial  Mesencl hymal 0.001 01 10

Erlotinib concentration (uM)

X 2. TGF-p Hl#kic & %3 ESHBER T Erlotinib E3ZDZ1L.

SR DA A MBS (Epithelial) & TGF-B CTHIEL L 7 Hilins A
il (Mesecnhymal) O 3EBNHE K O Erlotinib 5214 0 HEL. (A) A549
I OEBIBE LS. X >~ 7L v D lower chamber flllc & HE) L T =
TR DBEMIREE, B 7 7 18T H- 0 IcBEH L TEX
HIHBL D LR 7 % K50 (N = 3).  HEZSWME I Student
D BREEIT> 7. * Pvalue <0.05. (B) HCC827 Ml Erlotinib
JEAZ LR, el LA A AE SR %, Bl Erlotinib JRE % R T
BLME T DV EEHEfR 22 & R (N=4).

3.3 TGF-BHIHIc &2 MIADRKHAZEIL
INFToOMmMNT, MAAMEIZE VT,
TGF-B 23 EMT % #6589 % 2 L DMERTE . %
Z T, EMT I & 2 WA L2 Gt % 7% &, TGF-B
THIW L 72 As49 Hi N o YR %,
CE-TOFMS % M\ CilllE L 72, 193 EHE O [FH
EERT LI ENTEL, RN ERH 07 7
ANDECETENT 272D ERT T EIT-
ToAEEL B 2 T IC B THERIBLRE & TGF-B Ik
BEIEVDEED o 7z (X 3A), RIZ, HEHIE &
HeE U C TGF-B fMHEE THE (FDR < 0.05) 121
LR %2t L7z (X 3B). 57 REHWHED
TGF-p il B, AREICELLTED, ZhsD
R#Y1Z TGF-p ALEEEE o RS EICE > TR L L
TWwih, 7, ARICZL @ Wicov T,
Metacore Z FHWOWT AT 2 A V) v F X ME
Wafro7 (X 3C XU 3D). ZDfGH, 7R
XVB-7 AT X RH, RERK, oy R
#H, CTP/UTP RERUINY I VEBB- VY S R
HHEE I L Tz,

Score Plot Loading Plot
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Aminoacyl-tRNA biosynthesis in
mit ion

Aminoacyl-tRNA biosynthesis in
cytoplasm

Cannabinoid receptor signaling
in nicotine addiction

Glutamate links

Gamma-aminobutyrate(GABA)
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X 3. TGF-p Hl#kic X 5 A549 SN O REE1L.

A) B OAa7 7uy bR —=F 1 v 77y B
DR, R (A E) 2% TGF-p HR L 7=MlEZ Rd. o
24h, A :48h, m:72h. (B) TGF-B Rl CHE (FDR<0.05) IZZ
L@ E e — b~y 7CRT. ZREPMOIRES TGF-p
RSB/ D % D%k R Lk, Bl SREmsz =L,
7Y v OMBRETY A8 ) v T o . fitlillid TGF-p
BB ORI ZRL, 150> % N=4 2/.87, (C-D) /A7
ATV v F A MENT. M RERERES, B2 FDR ©X%f
B %73 . Metacore ZH\ T, A L 7MY %2 & LR
B () KO, #mL 2Ry %E & REEE D) 2H#EL .

3.4 EMTIZ&BZ VLY S (GIn) REEBDITHE

TGF-B HIIZ & > TZL L T 2 AR E% o+
T, 4l Gin REHTEH L 7. TGF-B FIBLL 7
JECIX, Gin BEHEA L, ¥ 7V 8 2 Vg (Glu)
REDEML Tz (M 4). 22T, Gln 205 Glu
~NORFTGEDR TR I N, Z O RIG % i3 2 6
RIS I F—X1 (GLS1) OFBEE TN,
Z OFER, TGF-p fll¥IC X > T GLSI DFBLEDHY
MmLTwk, Zhoenl &5, TGF-p HIEIC X 3
EMT TiX GLS I DFEBIIGEL, Iy S R
PIELTVS Z EPRBI N,




--------------------------------
s

"""""" Membrane

Glycolysis
Pathway

Relative GLST mRNA levels
°
o & - b ow

Unstimulated  TGF-B

a-KG —mMmMmMm sy

P yGlutamyl
Oxaloacetate [ #4% cycle
Asp 1000
50
500 o o0
= e Torg
™
o
)
100
o0

X 4. TGF-p Rl Xk 2 ifaN D v s & v RE@E0ZEAL.

MR (Unstimulated) SO TGF-p Hlli# (TGF-p) L 7= A549 flifc
KBF BNV 2 (Gh), VY 2 VEE (Glu), TANTXV
i (Asp) DMIFLMNIEE (fmol/cell) KUY, 7'V % I F —+
(GLSI) @ mRNA OFFE. Student D t MiE 2175 72, ** P value
<0.01.

4 ERERE

AWML T, ids AMIIERE I 3 > T TGF-B 1& EMT
ZAE L, MigoEEhEECHi A RIE % IRE-9 %
Z & & YEEEL 72, CE-TOEMS % i\ 7= il 72 AR 35
fENTTIE, TGF-p 1T & o TELT 2 fRUEHRIE 2 5L
FEELZ., &2, 20y 3 AVEREEICED 3
Gln, Glu MO Asp DAIRINIREEE RICZL L T
B, 2023 GLSI OFEBEINKEE L T
L EBTRBINT,

AR ICEL D A £ 472 Gln 1%, GLS1 12 X - T Glu
IC A1, o-KG IS X, bY AL ER Vg
(Tricarboxylic Acid ; TCA) IO & L <
WOiAEN 5 Z EDHISNLT WS, TCA [T,
BEGE - BFFIC T T 2L X — 431 (ATP) DFEE
ZHHIZ DS, GnlFZFZALF— Dt & LT
HETH LI EPHEINTVWDE (V¥ Y
T A)6]. £, Glu i, FigLWE TH 2L
JIVEF A (GSH) DERICHEbILE, A
7z GSH %, HilEANOIEEBEZREL, A
B - BRRBICHBRT 5[7]. £72, GLS1 3EFEER
T, EEEERIES 2 TOET 5 2 LG ST
5[8]. TNoDHANS, TGF-BIC X % EMT Tl
GLS1 OXBITUED, vy I vREtETEL, X
SACIEDBA D, EENMOHEICHBRL TW»w5b 2
EREZ NG, S5, MindAMILICE T, GLSI
ML 3V F —EE R OBLEIT NN T v A5 T
% 7>, EMT OERBA GHEENEE D TUE K O hios A Al
oG 5T 20 2i7). £, (VY
S VBRI LA D) SR U 2 ARG IO v
TbH EMT ORBIANCHERT 2 05t 2179 PET
b5,

AHEIZ, TGF-B FHEEMD EMT ICBI5 3 % U
EEEERHL, EMT ORBEEZBH L LA RE

DERFEICHBRTE 5 AlBEMED D 5.

E i

K ZITHICH D, BIEZRIBAFBER X T 4
7 W R AR B B I id KA BIERIC 2 D
FL& Fh AR —L7 0 —TOHMEDOH
BRI I1E CE-TOFMS JIE M OVEERD Tl 1772 &
FL ZLTC, ZFESLOFRREE LSR5 2
T RS o EHBESRE, SRINEBEIL, NWERE
WEBFZICEGE L £ 3. AR, 1TEED S Off
ZeRiiBh 4, SRR AEDS A IR ZE T 4t R ifF 7 3
RO E 7Y =7 FXEHE?» S 0 2%
BEZIITnET,

51 A>T
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1. AFEBE

Euglena gracilis (= — 7" L) i3 &k - BREHERE
BRADOEING, Fil-efGlmEAeEs & LT
HEHZEDTWD., £z, A X UREERIAA
A I ADEIFEY & L CTHER S D LRI ITBE
FEYHROEFR, VN EBEEICEFIATWY
L. 22— VI ERIZ K D RFEE KLU
i oER, VA EEL THEMAT LD, K
MRTIIHE R E LR Lo — 7 L OkEsR )
LEEE L., AMENEXECHAHINDZ &
&Y, BREHE, BEAKOD RV X)L
X—AE, RBBE/REON ER EFL RIS
ME~DT 7u—FBNABIZRD.

2. FFig
21 MREE

211 A Z UREE L HLKR

A B BT = D TTHBEBEIEM G
NAFHAEELFH M THHIN. 2 TBEBRE
A K AZIEE I IS AT 5 2 &
BATETEHAED TS, £, 2016 4 9 AIC
PSS S ALT2 N1 A~ ATE FAHEE LA B 1o

BWTHE AL T HRAORHHEER T TR,
A X RO E I D MBI TS,

AR REBEDEE, NA AT ADRIEY & LTH
L ERR SN D . LIRS IR IE ok D
HHF -V UPERECRKESNATEY, H4E
BT RLEF—=NRELTWND Y TIHEEN
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HAE PN TIRiAm T REZR ] - AR BT
BO, EEELTHERNLEARWIESEEL
BAE ST B

212 =2—7 L #&

Euglena gracilis(=— 7" L )X LI R 5
ThO, B - N OREEAET D =—
I THD. T LT, B - W TT D%
TEREFRDMATEY, BIRLZEOHIEREN
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3. }RLFIE
3.1 AR

SRR ITEE B IRIRAT RS C & 5 ESLBR BT 7R
AT B 53 V7= Euglena gracilis NIES-48 % ff]
AYS

32 A X UREBEHEAKR TOR R REERE
321 JRIRD A Z U REHEGKEZ AV-HEER
A BRI (pH9.0) 1T R4 T 3 & 7
LS bDEHAWE, MbiRDESRE, V
YOREEF 1ITRT.
# 1 LT OEHE, U R (m/L)

Total N NH4-N Total P

T (mg/L) 2100 1400 190

322 AL Z BMAK THR L 72 5%

LR DR &, LR & BRIKT 3 f% 10
¥, 30 fi%, 100 AR LI-bDE, A— 7 L
— 7 PRE % pH 6.0 ([ZFHHE L CHW .

3.23pH &4 % R Lo i
Wik A Bk T10f5AmRL, A— 27 L—
TIK#E % pH % 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 [T
BLTHWE.

3.2.4AF-6 5% #t

AF-6 FEH T e TarzeP o sk 2 ht > CTHERR
L7=.

33 HRRE

BRI 14 WEfH], WEHI 10 BEfE], 25°C, St
TR 250 pmol m? s DA LR LR T T H
M EREZITo7. 50 mL OEHET7 7 23|
30 mL ORFHIZ AL, YIRS 5.0x10°
cells/mL (2725 &£ 9 1ZHE 2 Mk 72,

3.4 S HE

BEIX, CDA-1000(Sysmex, HA)Z fC1:H
Mg, SEERLTRAENE L. £, Zhb
OFEFR S 1 mL FUSE Eh 2 MRS & &
L.

4. FER - ER
4.1 FIROMALIKZ AV 5%

a2— 7 L & B OMLIKT 7 BRIEE L
B, BIA RS ot (1),

~
n

log,o(mm3/mL)

6.5

1 IR DVEALIR TEAEIFIC 1T 2 22— 27 L) O #Eg i #3

ZOEHE LT, OWLIROBEERETHNS.
WARGEFETH DY a a7 4 L% 400~500 nm,
600~700 nm DR DN EWRINT 5. B OB E
IZHWBILD AF-6 E5HED ODygo.s00, ODgoo.700 23
0 IZIEVMEZ 7R L7215t L, 1E{KIE D ODago-s00,
ODgo0.700 1FE #LE 4L 0.289~0.631, 0.128~0.184 T
Holz. Lo THEILKEDERIZ L NE RN
EXNT-Q2— 7 L OEE pH G135 R IES
thcdH a7V L s pHI.0 DEMIZa— 27 LT D
BIHCMRBHCE R R L 5 2 - Q@fIfa 1 X0
fMa/NGE 2 LT e REBEORENRT X
T DRBERE L AIIITON R Do T2 &
EMEZLND.
# 2 FUK OB CREEIFIZEBIT 5
a— 7 U ORIk 1FR

SR (um)
Day 0 13.940.19
Day 1 11.14+0.13
Day 2 10.15+0.14
Day 3 9.39+0.1
Day 4 8.95+0.15
Day 5 8.6+0.1
Day 6 8.41+0.1
Day 7 8.2+0.07
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LI CRE% LR 2 X 2 129, 7 B 5%
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WAL CTIE B X 5 MBS RS- &



Bz bbb, L Leh bREEOREDH
7 5 HAETICREBR AL ERIHE LT VWL
MU NE T L CLE-TL EEZBND.
10 FEAIRTIIEESEE S R b DR, BN
AR LTEBEZDBND.
85 1 =O=[F#
=35 R R
80 | =O-10f8 AR
--30fEHR
= 1005 %R

75

log,o(nm3/mL)

6.5

6.0

Dav
X2 IR, 3fEAR, 10 f5A7R, 30 53R, 100 f5A7R L7-
WAL CRERIFIZB T 5 22— 7 LT sl dh
(pH 1% INHCI T 6.0 ICFHHE L= b 0 & )

# 3 R, 35, 10 5478, 30 547, 100 f5A R T8y
FWIFIZ BT 52— 7 LF Ol K S (cells/mL),
I KRR (um’/mL), e KB (um’/mL/day)

~O=pHa.0
~~pH6.0
—4-pH8.0

o
wn

~pH5.0
--pH7.0
--pH9.0

8.0

75

7.0

log,o(nm3/mL)

6.5

6.0

3pH % 4.0~9.0 [ZFH4E L 72 HILIR CEE B IC BT 52—
L O FER BB LR O A RAERIL 10 5L U, pH OFHEEIT
INHCI # AV TfTo7)

% 4 pH4.0~9.0 M THERRICB 1T 52— 7 LI DR KA
(cells/mL), FRAFE(um*/mL), B KHIE(um®*/mL/day)

B K%L I ONEN B RN &

(cells/mL) (um®/mL) (um*/mL/day)
pH 4.0 1.94x10°+ 1.97x10% 5.11x10"+
9.61x10° 1.61x10’ 2.83x10°
pH 5.0 1.48x10°+ 1.65x10%+ 5.12x10"+
1.88x10° 2.33x10’ 2.16x10°
pH 6.0 1.99x10°+ 2.46x10%+ 6.57x10"+
1.08x10° 1.38x10’ 4.96x10°
pH 7.0 7.56x10*+ 8.26x10"+ 1.81x107+
5.62x10° 6.45x10’ 8.29x10°
pH 8.0 1.63x10°+ 1.58x10"+ 2.86x10°+
1.89x10° 2.88x10° 6.18x10°
pH 9.0 7.6x10°+ 5.68x10°+ BNz L

7.0x10 7.75x10°

B KM% IEONEN e R &

(cells/mL) (um*/mL) (um*/mL/day)
JK 5.88x10%+ 8.52x10% 4.41x10°+
4.33%10 5.66x10° 1.05%10°
3 (5T 1.65x10% 3.74x107+ 1.2x10"+
1.41x10° 2.76x10° 2.76x10°
10 fiF AR 1.37x10°+ 1.64x10°+ 4.85x10"+
1.25x10* 1.52x10’ 2.26x10°
30 fEAIR 5.32x10% 6.05x107+ 2.11x10"+
5.98x10° 5.65x10° 1.97x10°

100 {54 2.39x10% 2.94x107+ 1.15x10"+
1.84x10° 1.5x10° 1.08x10°

43 EiE pH &4 OB

HALIRD pH % 4.0~9.0 [ZFR¥E L= C2— 27
VHEEE LR EZK 3 ICRT. 7 HREEED
fER, =—27 LI pH % 4.0, 5.0, 6.0 [ZFHEE L
7o LI CBRAF R GE & ox Lz, JefTiFsECTh
2= 7 LTI HBIELIE TSR Th o
TR, =S LFTOEBBECHOYLND
Cramer-Myers B HIR®> AF-6 £5#l, HUT £5thi7e &
DOpH 55, 64 ThDIENLARIT -T2 ER
X, AT —ET b0 THY, S
FEFOHFRTYH pH6.0 DOWHALIK Thie b BAT 70 HE 5
DR I LT,

4.4 B L7-E1bHKE & AF-6 55 THEE RIS
BT 5 HEFE L

2— 7 L FEHE L A X UFEEHEALIR & AF-6
Bei TR LR 2 4 12T,

7 B EOMER, KB LIHbik ce— 27 1)
EEEETH LTI, AF-6 55 CHE&RE & [F]
O A R 2 EDVURE I LT, HIRIR, AF-6
Brt CHEEBIFIC T A INEIZE BIC4 HHET
BRICD Z EPERINT(FRS). HLRF D
FREFRFIIT L E=THREZETHY, AF-65
i O FE e BRPFUIMREELETHDH. WA
THIEICEN R LN -T2 Z LB ERFD
EWHIEIZ B 2 DR BIT DN LRI S
ni-.
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o 80

£

a

£

2 s O-HRLIEILR
°§ (10f5% TR, PH6.0)
o ~I=AF-6

70

6.5

X4 B LB 54K, pH6.0) &
AF-6 B Ml CREBIFICRBIT B— 7 L o B Fi iz

# 5 R LHBIRA0 5478, pH6.0), AF-6 B5Hli TR
BT D — 7 L O K%k (cells/mL),
I RAFE (um’/mL), i KB (um’/mL/day)

B K%L I ONEN e K &

(cells/mL) ( pmS/ mL) ( um3/ 'mL/day)
HR LK 1.19x10°+ 1.6x10% 4.23x10"+
LR 1.13x10* 1.74x10’ 1.71x10°
AF-6 £ 1.17x10°+ 1.3x10% 3.63x107+
6.93x10° 8.94x107 5.09x10°

AR TIEL, A& UREEEGIRE o2 —
TV T OREEMREEEZRE L. TORE, K|
WOWLIREZDFEFEa2— 7 LT OEEEIZHN
THHZ R ERNZ ERER SN, DIk,
A OB RICEHE R R TH HE O R &I
BELpHZHLR LIZE 25, LK ZBHAKT
10 7R L, pHZ 6.0 ([CHETHZ L Ta—7
L oMiEsm E Lz, £, B L72EbK
EHWT—7 L) E2EET 5 & AF-6 15 & [F
HEOWR AR LT,

6. ZERLICMITAHRE - BE

WMIBEAEEITH BT, Ra X N CTAE%RDR
WHIIROBFRII AR TH D, 2—7 Ll
DOWAMEER AR T L HEE LTRNERE LB
IEERND D, BNERITREREDN—ETH
HIeOAEERZ —EIRDOZENTE LN, &
BEERNEZHET 222 bRERTHD. —FHE
SEERITBRBEER A HIHT 53R F AL 2L
MTEDLENLE R NEEED AR D D3,
WA DOa L Z I x—a R lick Y EE
WE—TBIESZ ENRETHD. Ka A KT
APEMEZ D D T2 DITIZ RS R TOEED

A ENARAIRTHD. 22— 7 L FH1d 40%CO, & 5
HiCEA LR THAEFRETH A, o
D XD TR RS & B 7 D A B R A R O BRAR &
M5 = L TRV TOAEEMR LA REEIC R D
EEZD.

B
Kﬁ”%L@éLT B R 3% B R S A A B
ZEHT DGR A 1T AR SE D BRI A R
tht%%&@7bﬂ4x%wtt%ibt
Flo, FANVEAMER T V—7 O 2121k
TN—T =T 4 77 E %@ CTRARER,
T RANA RE L TCWEEEE LR, 2 ZIZEGH
HLEFET. &&ic, 2ok iRk,
1‘%%4:\%351T<héohmﬁﬂﬂé’$%t&_ < R
HLEFET.
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