7 N AR OGNERE &AM O AEAEA

H AR RZFERF B A& IR R 2 5o R

HE A

2021



B
1 A7 b AVEROEEERNTYOBBRR & kR
1.1 RAske FHik
1.1.1 fHECE H

1.1.2 L& EmOHIE

1.1.3 B 5808 (WHE 1) 2V 3 s Rofs

1.1.4 500
1.1.5 C/NEHIE
1.1.6 HEaTEAT
1.2 fHE
1.2.1 {HbEHE
1.2.2 SRR R OREL L A REE
1.2.3 g FEOEEEL
124 fRFE, BEHFKL CN I
1.3 BE

1.3.1 3Esh DR EZL L IRE - EEEHE

1.3.2 C/N IS & » TH S LIz A O i

HEF ]

10

10

12

12

12

14

14

16

16

17



1.3.3 S DER 77 OEE & #A)

1.4 /NE

2 BT FATVHROBRNEE L BERTENE
2.1 HEE JGEE
2.1.1 BB OfEE & HLEH R
2.1.2 pH l7E
2.1.3 A A 2 oHT
2.1.4 ERERA A E
2.1.5 HERKE AT
2.1.5.1 FEOFRH
2.1.5.2 Fik
2.1.6 ZHE R FIE M E
2.1.6.1 3K
2.1.6.1.1 F&
2.1.6.1.2 FE R E O
2.1.6.1.3 FEFEHR

2.1.6.2 FEFEKTHHRL

il

18

22

23

23

23

24

24

25

25

25

26

27

27

27

28

28

29



2.1.6.3 {EMERIE 715 KX OVEMH AL
2.1.6.4 WiEVEERE ST

2.1.7 A& AT

2.1.8 HAGAHT

2.1.9 BHRIZET DL iR RIS O R

22 fER

2.2.1 pH

222 A A

223 EKEEA A

2.2.4 FHk

2.2.5 T AGHT

2.2.6 HERKE

2.2.7 SBGEIZIT D2 WE O RIESR R I KO AT MEpE

2.2.7.1 35E|NGE

+
S
®
P
|
5
3
N

2.2.7.1.1 EiEpH
2.2.7.1.2 ZHES g M
22713 7Y as X —EiEk

2.2.7.2 10537EMGE F D 2 HE 5 il 3R R & Rl b

il

29

30

30

32

33

35

35

35

36

36

37

37

38

38

38

38

39

40



22721 B13-7)VH o RIS T
22722 [-1,4-% T RIS
22723 &M
2273 7 N LUNTBT D LR RS RS T
23 BE

23.1 BT VAV RSy

2.3.2 HiE

2.3.3 ZHE RIS

2.3.4 BERTWHEINL DR E

2.4 /NFE

3 AT MAVHROBNMERE
3.1 ke HiE
3.1.1 ShlioofeE, ERETOEF, i
3.1.2 DNA #ilitH
3.1.3 PCR-DGGE fi#4t
3.1.4 TR T
3.1.5 ZhRMES T

3.1.6 7 a—rTA4 77 ) —fiENT

v

40

41

41

41

43

43

44

45

50

52

54

54

54

55

56

58

58

59



_N
=

3.1.7 RHfRAT

D LR 53 RIS S B DRRER

ﬁ

IES

=

3.1.8
3.1.9 16SrRNA BIZ FESNDOT 7w v a v &5
3.2 fER
3.2.1 PCR-DGGE S #TiZ8BIF 207 b AT gh DN O AY
RS
3.2.1.1 S ORI 2 M5 5 OHER

3212 fEBEEL, THENEY, BBNEY, FEOMGE

3.2.1.5 HIBRGEBE D E R

O

*

3.2.1.6 “RENEY, ®“EHERE 3O RS
3.2.1.7 T BRIG~OHEE OBENI O MR
s DAL
322 XKL D7 a—2rT4 77U —fRhr

3.2.3 BEAFOME T/ b OWE S REEF B s 1

33 E8

60

60

60

62

62

62

63

63

64

65

66

66

67

70



3.3.1 AT b A TEHR OGN O R

3.3.2 BT N AT H RO TG CREER 72

3.3.3 GTD B8l & FF- oMl OFERE OHEE & IHNEREL IR IS 5
Z B OB Z B R O SRR R 7R B ] O Btk

3.3.4  GTD BlHIRoAth D ERALIZ Fr 220 722 Ml B OFEREIZ DUV T D
EAR O HER

3.4 /NFE

B
wTE
E IS
BECER

vi

70

73

75

75

77

78

126

135

137



v

517~ b (Trypoxylus dichotomus) 1%, AADKREH R H R LY
BoRRTHY, TohhiL, BHOKERDICKESFETLHZ L
R, HOFEIZ L - T LEAY PIEMEIL S, KM BER AL
~ ADSRERET S Z LD (Niijima, 2002) , FRRAERER THME
ELTOHREZRIZLTVWEEEBEZLNTWD,

AR RICBT D ARMHER AL A~ 2%, FHA, ZE, % CHRK
ENTEBY, ZThLOAEBHEBY ORI RIX, ks WEIEER O
OICIHFICHETH S, TFE, BIRICE > THEES NI AMBREDY
TR E—RARAAL G AEFEE LTS A 2 ) — LB
HDHNTWNDLA, WETr XD PTRELSEET L —D>DOER DB
FOMETHY, A= —HROEIBIL-HKOIZEHMTH D
(Takimura et al, 2013). L7223 > T, FPROFAIRENELZ & D FE L
LT, RMHBRNAA A~ ZAOHBEIERT 21201, ZOFRISHFET
DEERSHERE TN O OMEEEICER T 5720 OEIN 2 BT
HVENDD.

ZZTHEBEEND2DON, EEOBHRFIZENT, Ktk & of KAk
Wt U, EESZEMENICHAT ZET, EALTVD
SPEHE DML CVDEBEZLNTVLIHMERRTHY, ZHET
(Z AR 2 723 & S S 4L T X 7= (Martin, 1983; Terra & Ferreira, 1994;
Watanabe & Tokuda, 2010; Ni & Tokuda, 2013). L2>L 723 6, KA H K
WA T ZADFIRIZ IV AR SN D2 & DORFIHAEMEPIZ D0
TOHMETD 720,

BHRMER R Z S0 B AEY O F T, RIHEDMERO —>THDHE
MEEEL TWDAEMIL, —fELT (9 SMESTh, BTE
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X, MAEMERE - WIELHRE - ARRULEE LW IHI3ODERENER Y
=TI ENTWD (Lavelle ef al, 1997). RO GHEWE L, &
PNCHIESSEBE 2 X O HEMAMC L > TR, T b3k,
JRAEEY, ¥ =R EOMENEEOMEL 2D, HEBAEYE 5E
SHD. WIS, HEBAEYEMAEMREEICE > THOMIZOMRE LT
HHICHRTIRENEH/DL LT, P TIF=, vaT Y, ahx
AUB 7 E O ERBEITAEFT D, Rk, IIXREDETE
RWEFIT, TEYHERREZWE - L7222 LIk THOEHD
AERBBEICRKREREEBEZRIZFL VDS, TNOLDOAERRUEE THD
AW OELE L, —KAICHN CHEBWE % 5 S8 5 AR R4
B L TV % (Kaneko, 2007). £ O L 5y 72 EAL3 D AR AR ME R R
X, BB V- DL, BELARETSEBRUEFIC
BLTW5.

HHELEME THH T YV OFR T, EmEva T VBT 58O
BT, a7 UBRARMMIHOERLEELrr—X L, MAOELT —
PIZLOpMEND &E&E 25Tz (Slaytor, 2000). L L, =D
DR TIE, ME a7V ETFTEra7T Y O®%EONEIEAMES,
a7 UNRERT S0 — RN — 2O S RS R O Sy 72 B 5
LTWBHZENREINTUWD (Tokuda et al., 2007; Hongoh et al., 2011;
Ransom-Jones et al., 2012). 512, a7 VOHKBIZ~I L E — R
Oy R DIELESe (Schifer et al., 1996), F D D% < OWFFEN &%
o7 VOBBOMERELZRE L 7-HE TH Y (Rossmassler ef al.,
2015), a7 U OHEAD FEZRFMITIEHE THLEE5LLTVNS.

—7J7, Li & Brune (2005b) |2 XA, ¥ H Sk O#HE DR IE, I
IHFATEHBRICE D EBROENTNDR, 2RI, #HOR
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MG R, BRAM e EOBMEEZFI AT 58, Ern—RiT
FIHET, BRHICEENLI2WMED EMPBROREBIIKFEL TEY
(Scholtz & Chown, 1995), EICHELMHE L L TORNEZRFS2EEXD
nNTWn5%.

R LR RIC BT DAY Ry O RIE, T REESR O F1E
EEBIT, HWEEDHEE L HNREIZKFL TWD EEX LN, Hib
EOBBLEMT 2701201, SR OWEERIGEFEICI W THEAR L 72
Z, BB HALE Z2 @i £ 72T 2 DI D R, ShHR ok
BOHEE OE, £ L CAMTPABRESEOFEZEEMNIT L Z &N
RNA[RTHD.

I H R LR ROWAE LR E FiE, B, %BD3I D
NTW5 (Wiedemann, 1930; Wildbolz, 1954; Crome, 1957; Bayon, 1980b;
Lemke er al, 2003; Egert et al., 2005; Huang et al., 2010; Zheng et al., 2012).
BA LT, WEZBEIL, WAL D &R ORIy Z L - )
L, #EExa#ke LTHET 5.

ZDOWELEDOH T, FIBEOpHIZE T VA VETH S, a TR LY
EL &) U ClX, Oryctes nasicornis (Bayon, 1980b) ™ pH 11.7, Costelytra
zealandica (Biggs & Mecgregor, 1996)® pH 10.9, Pachnoda marginata
(Cazemier et al., 1997)DpH 11.7, Pachnoda ephippiata (Lemke et al., 2003)
DOpH 10.772 F, HGEOpHNE W E WD HEN L H 5. Terra (1988)
%, IR VESBROF O EpHIX, BRI TH MM FICH =
MEBBILEENTVWD Z L EHERD Y, MM L~I /LD

AL EET AT DICEE TH D Z L, £72, Li & Brune (2005a, 2005b)
I%, P.ephippiatah WP ERMEDOEERZEE LSS, YA EpHTH
L%G, XTFRESPERP L TOWMENOSBESH, FoneR
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AR L T TRIH S, BHEWE OFERRE L 2 D LR
NTWND.

ZOEIRGBNREZ b O3 TR L URS RO &M Z S LRES
TF BT DR NRRTTEDIOL, SO kBERER R+ 25 2 &
THDH. aAF ARG ROMEEBERICET LHEHRIT, hRTLOR
P DMWY (Ritcher, 1958) &, £ b D pEZEF|H D 72 8 O £ 4t O fife 57
(Koyama et al., 2003a) X ZIZT 5. THNETIZ, a xR HR
DHLEIZRB T 2L FEHOELER OWMEIZLLTO®EY THD ; BV
7 — B iE M P. marginata (Cazemier et al., 1997), Xylotrupes gideon
(Mishra & Sen-Sarma, 1985); 7 X 7 — B {&:: C. zealandica (Biggs &
McGregor, 1996); ¥ > 7 F — B {EE: P. marginata (Cazemier et al.,
1997); p-glucosidase: O. nasicornis (Bayon, 1980b), P. marginata (Cazemier
et al., 1997), X. gideon (Mishra & Sen-Sarma, 1985).

U ED X SIZ, aldxs s Ba i o EESR OBFZEIE, HEY) i
HlREECTH LB — R~ I e —RX, WEESZECTHDL T v
TAZONWTATOATE R, amxsvgiig, By loR
EIZ K> COf SN Z HELE LTV D, 20 XK 9 mEpHS
X, HFER ORI ECHDL13-T 0 RNEEIZEEN T
HEZEZBLITWDN, P1,3-T I H 3D A 5 = X KB P58
(T 70,

T, ZHEIZHESMROMAIC L > THEFE 0V, T OBRAKR
CETHfEIND ETRIN, aTx LR ROEIE TERT D
AHEBIZOWTHmE SN T WS, BElE: P. marginata (Cazemier et al.,
1997), P. ephippiata (Lemke et al., 2003); ¥LW2: P. marginata (Cazemier et
al., 1997), P. ephippiata (Lemke et al., 2003), Melolontha melolontha (Egert
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et al., 2005); /N7 l&: P. ephippiata (Lemke et al., 2003), M. melolontha
(Egertetal.,2005). L)L 5, 2k TOHRSE TIX, BRI H
FEREAE UTTHEE 2IRICHER TS L SN TR Y, AL L 25 2%
FIEHE I T VR0,

SO, a TR LTVHY RIS E NI EWAEM L,
WAEMB LT OF HIGEHEELEOMGIRE 72D 9 5 (Huang et al.,
2010). W< DD 33 L UFES B OB IZB T DM FEERME
WEINTWD : P.ephippiata (Egart et al., 2003), C. zealandica (Zhang
et al., 2008), Holotrichia parallela (Huang et al., 2010).

Ihboo, alxAUENROEEICET D25, BN EL
H—ABLONI e —RAHEIMDOFEFMNTHLZ EE2RLTEY
(Huang et al., 2010), EH DO GNME B L OHELFERE I 258D 1Z
ErER, BIBIERZEDETVS.

BT ZBRDMT HDEELBEOME L, hoEWICBIFREREE
AED T ARBRREREFRE L WHIES LIME 2 KA HA TWD A7 b
LAvghbld, Mo a Tx ARG R LY b HEAEENE, 3T,
P. ephippiatah B OKIN0FEDE S TH Y (Lemke et al., 2003), FERA B
ELTHLTWD., ZTRETOWMEICEDIE, I7 hovihRoiHi
BERERIZB T 2 b TOWRINOIES) & B2 M3 5121, SBALF:
HEANZHEE 2 REOT A0 ERNH L. S 61T, ZRERICHEKRT L
[ ACE ) D JRAL R R 7 (b2 R 22 8, EABICBAE T 2 M 8 72 & 2 B
SNITHZEHEETHLEEZEZDND.

ZZTAMZETIE, ULF3ODEBIZOWTHRHMNZINZ -,

1) 7 FAVHHBIZEB T A2EEHI LD ERIZOWT, HILE DA E
BICHATL2EANT —%, HIELELCREZEREYNEET HDOICET S
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RrfE], ShR DL EICK T 2 ERZ G OFETOIRIT OV TR L.

BEEYERFFHEOFANCERE L T, HILENEY O L2 I T 5
AT, ERPICEBOZEEZITV, TNENOEEE & HEHFEDOC/NE
ZEHT 5 2 & T, RO BRI 2P ST HEE & ok,
2) AT M ATVHBROBEEEZSEIL, WELFR B X AT SR
% LT AT LT

pH, BhA A BepE, BRMEA A HE, KK, AZ2, BEOLX
NEYEALFRERE UCEIRL, AR s 2R OWELEERE % 41t
FHER L L CERLE., b OAEMFEERIL, FEMEYIZH XK
T 5 LM R OEAL R L ORIUGEMEICEE T 2R 7T e 7 7 A L %
S H7DICAFIRTHY, WEHAFRERIT, b OJEEIN I
AT HREEZRFMUSIT2OICLETHDH. RKFETIE, ZHEO
fRIC B B9 2 B OIS ME, AR A, HALE O AL RIS HIE Lz,
3) BT P AV OWLERNDOSIE MR OERZREL, 2 b
DEEZZEEBOICHERAT 720120, MIERIVCE#ET % &5 25
5 S O HALE OME L OREIE L BEEORES T RKLETHD.

Z 2T, MIEBEREO KM E L THENRFIETH 5 AR
JE A7 VRS VKB (PCR-DGGE) % AW, 1AL EBAL B o Al B RE4E %
AEARIC AR L7,

FROBEAZEETHZLICEY, BT FAvSRoAR - Ay
HIPKRE 2 MR L, ARMERR TORFZMH LT D L3k, KA
FRELTOAT LU BEBLOZDIENMAY O TRENEZ /3
ZEEHAME L.



N
1. A7 FAVHHROHECEARMOBRFFE L REE

G FEVEN R DOHERNAAL I 2ADHERER Y, BIKEEZ~D
WELHET HDIE, EOMH - SRR EZRAT 20 ER’D D,
SR EREEL, BEYNHELLELEE (FY) 720111 5KHEO
HEEL, ShEN TOELBER OIE-KR e 2 H#ET 5 L TEET
H 5.

BT RV EETea R LY ERNT, B < SR O A3 L
STV 5 (Ritcher, 1958). /INE (2019) X, 77 N AT PRI b L
TINAIZE TIRITRKRDIKE (X AK22 g, FAK32g) &0, *
D% DL B ORE T/ S A IR, Wi/ 5 £ TDTA M
FIFELEDLPICHEFTSNSE LTS, LaLLra (2006) 1%, F
BIRE L IEREREE T AZT20T7 b AV R % 3 1+ CT26 B [H
BLEEZA, BRI ESINIOETH HDITK L, BERITEENK
20gl 720, BHERKEBEEMEZBD TWD. ZRICKY, BT baTsh
HIZZFORKEIZETHETIE, M THo THLREORMEH 5 &
25D, LEERoT, AR TIE, BHELZEBAICEREL, 2B DOK
HEIMA PRI D R KREEMEL T O35 2, JH L& 58 R R E
D EERIZHE L 72,

1.1 REhE HiE
1.1.1 AR R

B X HH0E & W E %, BROKREME NG, 2019) [Z#ELTWHW 2RV
7T N AV R A ERRICHE Lz, 3imshHIE, Rt E LT H o E
DIFE L (ARSI M) #5077 2AF v 27— (31.5L; 10%)
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i/ =) TPREAE LT

1.1.2 {HILFEEORIE

T NAVHBIZET S, EEOELEBRIEREREHET 5720
BT —42 L LT, MEERICEAT 200 & 30EEEHNT, £
OFRE, HEEREELZRE Lz, Shhix, KETHAL T HHEK
Ty L, BEES, 5, BIBICMH L7 (Fig. 1).

HibEEEIL, BEELGTEE (PG - %5 - 2EEE) (n=28)
&, BERBEEZRWTZIBENEY (PEANEY - BHBAEY - 2H0E
NEY) (n=6) ODEEZHELT.

1.1.3 R2288 (HFL) 2AVWINSGHBOFET

T AL A8 38 Ry R R 8 0 72 oD D i B 52 IR U7 1 OIS & Fig. 2127~ L7z,
SHHIT1LNIE S X, 2019 FE TRREAFT L W iz3Esh i (n=10,
il B BRAGET R E (18.0714.97 g)) ZHBICEE L 7=,
fiml B S 1

fil B WML, 201910 A28 H-11H25H D28 H [ & L7=. {EAIEE D
KIRNORILE %7 — 4% 1 H— (Thermo Recorder TR72U, T&D Corp.)

i
o}

THIE L7 (REE @ 20.8+1.2°C 5 M @ 48+7.7%) . ILO T T AF v 7
ReslZHBELE L THN200gD 7 XX~y b (1553 EMaxZ XX~ v
M®7y:y%%5mg@@5m%wa CRER L2 (EKZEKIT0%) .
THZEIZ IZHOKT D2 LIl BBK SR L. ShlkE L
HEiH 3 B BRI (0, 6, 22, 47, 72, 93, 168, 334, 501, 670K}
F) WEL, 7X¥~vy b (HF 1) OoFEEZFZEROFE CTHIEL

8



7o, RERK T, PR L EBRBOMTE LITELHSTE L, S
DEEZME L. Bar ta— e LT, MFEBRABREO 7 X
X¥~vv b m=3) bRKOELEENEZIT- .

il F S F2

il B WX, 20194F11H25A-12A23 8 028AfM & Lz (n=6) . i
I &2 F M1 e RARICHEE L7 (IR 16.2+1.5°C, & .
50.847.1%) . K{HhHIT, ILOT T A F v 7 FEBICHB &L L TH200g
DEE L (BRIGHBI M) L100gD BB KEZRAL, HEBLE. &
L (fWE L) ORIE, FERMELE RERICIT> 72 (GKRER64%) .
Shb R & PRt EE &4 REIC (0, 6, 22, 47, 72, 93, 168, 334,
501, 670Wff#%) MIE L7z (MBHRMF1EE8HRE2E 8K LI E O
R 201X, 670, 676, 692, 717, 742, 763, 838, 1004, 1171, 1340
Kl & L7o) . L (S L) oFE&EIE, ERITZICHE L. FEiR
BT, Pt RBRBEORIEL (FEF L) TEEHRKTEL, WE
SRl RRICELEEZWE L., 2 ba—v & LT, & EREM
BREDIGEE L (n=3) bFRROBRLEENEZIT 7.

=i}
i),

1.1.4 BEHH

BRI LORICBW T, X0 r kT 20 5EERE
AT o T

F7o, MEKTRIZORE (7 XF¥~vy b, BEL, #£) 28
ZERKE L, ML TS DLW (40X Yy v, e 3= R L —
vay) AEMESEL n=3) . KFCHBELZF T IC L
CTHEFE» LN EET (NF555, BABO TEMRKSH) %

9



BT, KPR IEDesE BN L, HE10°L L, L*a*p" E— FIT XD
HEL" (00BN 51000H) , AZEHERE” (ADHKENHIED
R) BLO (AOFNPLEOH) ZHELE. £7a™B LU
*EHWT, BE (C*=a"?+b") V2, AfHIZh=tan! (b*/a") =&
L 7=

1.1.5 C/NHE|@E

BRI CHB- LY V2L T, %R - RRFAEERE
(Sumigraph NC-220F, {F{botrtr % —) ZHWTEKRE - BEFH
ZERL,CNEZBE N L MESRMFIXFEED~ =27 it 7z,
NG, HEREMITRESR - RRFBFRIKRIE T1295 /1508 (purge 60F),
pump 300%>, MEAS270%)) & L, *x U7 HAHAEME~NY 7 L HT A
(F£99.995% 1L |) & BRI mdi EEfe 38 0 X (#E£99.99%) Zfli [ L
7.

1.1.6  HEEEHT

FER T EICHWEEERIZLL To®EY Ths - HILEEE (BEREZ
Gl E 28 fHIR, BEEZRVWEBENEY 6 K) |, flH S5t
(IRE & E & 6 HIK, A% 3 #EK, CN 6k, fMERME2 (K
e HEEE 6 HE, ¥ 3EE, C/N L3 EE).

KT =20, PR EEREREER L. £, HEEEENEORK
RITIE E RISV TR L, Spearman O AN FH BE M E CHFE FFH A BEAH
L, p<0.05 TAEZbV L L7 SEEBROATHE R, BEEB X
VB EEICESWTCRL, Yool Y UDIENIBREE t BT %
U CRFHIIZREM L, p<0.05 THEZH Y & L7=. Spearman DJI

[E—

k=1
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AR EE T vy Vo OEMFI#EE L, Bell Curve for Excel (¥
At (L2 ERT—BER) TIiTo 7z,
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1.2 R
1.2.1 {HILBEE

7 b AT BICB T2 EEYOEE R A HE T 5K
T —X2 L LT, FTHMHLEERLNE L. ShBKREDFELIE
142442 ¢ (n=28 ; ‘FHHFEMERZAE, LLTRER) , HALE AL EED
SEE, FREN4.1x12 g, HBBN3.5£1.0gTH o=, KEICKT DHH
LB 2RO EREA1354.427.2% TH o7z,

WIZ, DB OBERELZRWIEBENEYDOALOEE 2 E L
2. HHBAKREOEYIF21.4+2.6g (n=6) , FHENEYEEIX, F
AN EE3.940.8 g, BN AMWEE2.7+08 gTh o7z, TG
NEMEBRBNEDZ A L2 EENRDE RO Y BIFEIC
X35 E A, 30.724.2%TH - 7=,

HIT, ShBROREKEICHT 25EREOHEER OMBARREZ KD
EZAH, TRTOMAEDLREICEHL THAERIEOHBBEMRPED b
7= (p<0.05, Spearman®DJENAHEIH &, Table 1) .

1.2.2 FBEERSIBOKELLLEEEEER

S RE & PR E & A R RERICHE LS R A Fig IR Lz, 7
XX~y el LEFBESRIOES, MBERGBRFOKEICH LT,
B TRIZIZDO TN DR, T TIToBELZ8E L
T BB R 2O A IR E N BEIME R 2R Lo, RICABEZIT R D)o
7= (Fig. 3A) . ZNETNOLRMETOEFK THRHZB T 2R EEE MR
BAL T, fBERMH2OATHEEZENAONT (p<0.05, tRE) .

fEFEBRIE 22 BE LA EE IR EE TI187.1£32.5g, # R HE
B C57.6x134gCTH o7 (Fig.3B) . 7=, MBERH L OHEEBERE

12



WX, BB SR TIR303:5.1 g (/K 72.1£3.8%) , BEHRMH2T
1327.348.6 g (G /K=FK:73.7£16.8%) (n=6) THo7-.

B SME1TIE, MBEHBREO 7 XX~y M EE2Y90.4443 g 72
DIkt L, BB TR CTH 5670 1% O # izl & 1 7330.3+5.1 ¢
T, B AR O OR34% 083 L L CHEM S, ghh o KR E T A
BB MGEE L 0 K98%E» L Tz (Fig. 3A, 3B) . fBES&M2TI,
BB AEHE O 2+ i R A3 105.942.3 g/ DICx L, fEK THOE
vz R 0 4)27.348.6 ¢ T, BB BMAEFF O DKI26%0 % & L CTHEME S
U, Yy EITE BB AR L 0 K 14% 0 L Tz (Fig. 3A,
3B) .

BRI OEBESRME2ICD > THEFER 21T - 23K
B WT, fMBELRMF 1o & EME (FZRERE) (£39.0£73gL 720,
i B AR OB DO FI43% M F & L CHRilt s iz, — 05, A 20 3%
PEm & (fER) 1£36.5+1103 g& v, B BHIEK DOEFDKI34%
NHE L L THRME S L7z,

I, IRBIREMG VIS o2 EHEEAF A LILL A, @
B, 28 bICHBRBZIINME TILHEMENBM L=, 20
BT AR L, SHICHCENS R (Fig 3C) .

T, HEBEEERGROERED30.7%ZHILENEMERE L L,
et s n-&EOMAEERE (BHEE) L L (Table2) . fiH S
DR BRI AR OHE T L E HEEIT4.4:1.0gTH Y, HOBEEREN ML
BEHEZBEZT-OI22BM% TH-o 7. HESRMELIHE O TIT> 72 F
M2 ERMEFOHTIHLE EEII4.1£12gTH Y, HOBEAHEE
PIEILE HEE AR - OITEIH 2 %R47RH (BB TITRR) Th
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-7~ (Table2) .

1.2.3 S$BBEOAEEIL

HHRFED AL, FE R TIE22-47TH I ORI K& < B4k L7273,
FOHORKERETR N> (Fig.4) . il CTEHEZBEELIC
B2 T-EBESRM2TIE, B2 %22-47HF CTdH 5 il B B hh 1% 692-71 78
FMICEE N ZEl L7 (Fig. 4) .

SIEEF TN B Tz 2 A, HOBE (LY 1%, fHEHRMHF1T
Z22-47THRFRIDOBIIZ RELS B L2, TOHDORE2EBLIT R L
2o 7= (Fig.5) . e CEHZEELICE 2 -MEF M2 T, Bz %
6-221R¢ [ (&7 B BH 4672 676-6921F[H) DO MIZ A AL L7z (Fig. 5A) .
EE (C*) M (b b, HE (L*) tREFEOEEZR LT (Fig 5B,
5C) .

1.2.4 [RK, 2FEFRLC/NKL

B EBREBHOBEL L 7 XX~y FOC/NEDOHEIEZIT- 12 &
A, BELIF29.9£2.5, 7 XF¥~ v ME903£1.4ThHo7= (n=3) .
T, BELTOGBRERI22.6gIEH SINDLERERIT43.7833 g,
EEFZEILL5200gTHY, 7 XX~y Mz EESS0+3.4 gill & A &
D RREREIT41.6£1.8 g, REFEIF0.5£0.0gTh - 7=,

WICE B RELCB W T, BEFMICERIIL7Z#OCNKEZWE LT
(Table 3) . fill BOREMR] L DC/NIZ31.422.3ThH v, fill B LB A EE D
JEE L OC/NEE EIZIERIZETH D, 470 % OC/NEIX96.9£14.2L 72 1
fil B EBRBMBEEO 7 XX~y hOC/NEEEIFIEFRE LY, KK
C/NEbIE, 168FFfH £ CTITRFEFMICEIM L7, ZORITIFTIE—TE &

pay
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72> 7z (Table 3) .

Z D®%MET THT o T2l B RIF2THRIZY 725N T, FERICC/N
WOREEIT>7 (n=3, Fig.6) . fAHRM2TOMRE MBI % T
B 5 6T6HER H OC/NHIZ171.248.1C, fABESRMEITOKRTEE (670851
H) OC/NE XV IZbT M L. & OICEEH X 15470 (815 B
% TITRER B ) OC/NEIE34.31.6 L 72 0, G B FEBRBAMAKEOEE L O
C/NF29.9+2.5 L IFITA % E T Lz, EMEIICC/NEIE, [ E 562
D R4 2 1% 935 ] T & 2 R T B 4R 12 763 ] & TIRRRIFAY 1T L 72
2, [A168-6708 [l T d % &6 H B 47 1% 838-1340WF Al TIXIZIZT—E & 72 -
7= (Fig. 6) .
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1.3 B8
1.3.1 3EMHBOKEER(MERR-BEREAE

/N (2019) 12X DL, kALY RESKET DI
DIEOENTCHEOERNPEE TH L. GF, 2N EAL TR
R TH D XX~y FERAWERBESRMELE, bR EL TV D
R CHLIBELEHVWIEEBERMI22LET 2 L, SMERMFLIO
VXX FEVEELAEA L -RICERERINEm 2R L. #
Mz ~2% &, 7 hAvhhoFEPMEICKT D HRELLIL, EF
BRIV XX <y MEAE T, MERBREO S XX~y MNRE
B0 g7 DITxf L, 28 H M THEM S 7 iz EH & 330 ¢ T, i H
MRIRF DR DI34% 23 3 & U CHEME S av, Sh i o SRR (3 A B BH 4A I
UKW L. 7 XF¥F~y bV, BEEHOSZVWEELEHE I,
fRl B BRAGHF O B LR E BN 106 g7 DIk L, 28 M CTHE & 7z
HHLJRE BE(I27 g T, S F MR OK26% N E L L TS 20Xk
TH DD, hhOFEHREITFETHRIGR L0 K14%E N L Tz (Fig.
7) . Fio, BB INEZRICEENDIIRE - EF BT,
hh o FEPEM B (MBRER L L) PERELHETH D ENE
LA, MBSO XX<y F39.0gh D ERFEELNILS g,
LEFEN02gTH Y, it s N2 (MR ERE39.0£73g) 12
GENDERFEEILITOL3.6 g, EEFEIT0.1£00gThHo72. —
7, WERME2OBIEL365 ghOEREZENI4 g, EEFZEN0OS gT
HY, PRt sh7-2#% (ZBEEE365T103g) KEENDIERFEE
1£15.344.4 g, REFEIT0.5202gTh o 7.

LR oT, BERMIORIERD 7 X F~ v b &EIZEI

FEIEIFREF >N, ZEOLEEBITIZI XX~y FOF¥HITHD LT

NS
N
>
SE
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Wio., =07, SERM2ICENT, BELLBEORRKHF L AEREITZ
ERIETE -T2,

— BN IR BEBM O EZEIZOWVWTOMAIZE SN TWD 2, L
TEXDEIFD RN, TTHOBREGAKTHLAZ VA DI ED 5%
FOEIE120.75%, RKFOEIE1T46.26% L 720, ZEDC/NKIZ61.7E 72
5 (&6, 2008) . AWFFEOEBERMFITEHLE LTHEHNLE XF~
MO XXFHEAXZALE LT TR THLN, TOEROEEITH
0.5%, IKFEDEIGIT4T3% Lo TEY, AX A LRERLLERDOEE
IZIRETH - 7.

LEDND, 7 FAVIRMBOKREICIE, EENKRELEE
T 52 NI, BT 5% HEEDYROKEENO G RK T
272> TWDHA[EEMENEBZ LN L, KEOENMKNFO—KE THI S
NDEEORFBLIZONT LMo BALETH 5.

I
H
H

1.3.2 C/NEBIEIZ X o TH LN HENEY O & iE

7 N AV REEE O EEICOWTHRF Lz 2 A, HLERE
ERRWTEHEILERNBREDITEREONI0%NTH D Z LR RmE Nz, LR
ST, hBEEDKZ0%ICAHYTL2EOENEHIND &, HIEENE
MNP ANEDLLLDOEHE SN, KR THERICH L 2O oK
HOT =00, NEYOWALE @5 2 R E1322-478R [ & #EE
STz,

FERICEDOBZITAN TH 2247 TELL TWVWDHDONRRD i
lo. SHICEOEARHIIL, WHRMEITIT22-2RMICHE (LY |, ¥
B (Cc* , B (b)) ICEERALNT. —F T, MESRMN2CIXHHR
2 6 22 T H D il B B AR 676-6928: ] THLIZZALN B - 7228,
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WLUT, £OBMESITOMBRIT, HhhOWLENFYERIZESMHE
b5 PN 2 g IRF FH] oD HE E I 2 A 1T Tz,

FCNEEOFRER T, MERMTFICE W THEERMBERO 7 X X
~ v b EFEOCNIERFZE & 725 OI322-470f# TH o 72, Z D1k,
EEA B TR Lo B &2 T H R X $ 470 C b 2 fill B B 4h
TA25[H T, FEOC/NILBFE LDOC/NE & F%E L 72 o 7.

UbLXy, AEHICHEDORRDEEZHMLTEZXLZETHT
LYY HOBEERNETMOIZIET X THERERATEREM THH IS Z
ERIREI T

IHF LR ROWAENEYOBEIBICOWTIEX, A - FER
AW CEE LT20. nasicornis (A7 2% AT WAy, BT AT
R DR BT bE O RYEEILI8KH15 L STV D
(Bayon, 1980a). ARG o 7= A7 N AT R OEB Y EIEIT47R/E T
bV, FHEFTH-o THHHROMKREZ LI K- TR S ATREMEN
EzbNT.

F, INETa S RLY EROAERIIZEICET S C/NEHIEIE, 2=
Ty SRS O HEEL (5i4Y, 2002 ; Holter & Scholtz, 2007 ; Holter, 2016)
R, MR OO BT AT L OBEEMEDOHE D J7iE (Koyama et al.,
2003b) & L CTHWOHN TE 2R, AL TIE, CNEEZHWD Z LIZ
Ko THILENE D OPE LR OB gk 28 /TRE & 72 o 72

1.3.3 SHOERSOEBMLEIR

AR TIL, BEAERE T & Lo B &2 TiE, $hh o (RE N
BZH T, 7 XX~y e LEFBESRMICET 5288/ T, 17
N A U3lRgh R 6 EHOKRE TR L, BfOER L EOHEHE L TN D O
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CHE ML O THRERR Lo,

3 B OEREPREICEZB LW & (UM, 2019) 1%, #RIC
KOMEERBDOIERREELRET LD THL. TR0 126 Tl
FREDTEDIZH S IEHEAELZITY, 3WICR D LREET, #a2THE
HLOIIRRANEEET HDDOEEE - KRADTZHIZOAHRFIH S
NHENWIRIEBHEREZEZOND. LPLERL, WTo@miZdh > T
bEFRS ERFBHOBRUINLAE L E 2 D, 3EICTE T 2 R AR LA
O TOEBERMICHENFE-NS.

—ICEAR B ORZRBWIIFTICRETHY JRIRIZT~v IV E—F
BRI L THMW S, T M-1% I5H 65 TR AR O %, 18 7 1L 3 Tk
MWL, AMBREE 27 VX7 U T REBIZNEVIIRIZ D72
DOBRBEICERBTHIAREEND D E Vbl TW5D (Brune & Ohkuma,
2011). F£72, Fi (2003) 1L, EREKEDEFELLZLWVWRERE T TH
WHINZAEBT DU AT 779 L0 X970 BROEZNREBI AT A
MEDDODTRENTHY, ERMNPEDOHRMZ MG L, "3R4 L/E
WMAEMDORI R Z I LT, KREFZHICHAMIED mWKLET I/ BI
BT HIEFICEmERER VYA 7V U THRENPEREL TWD Ll
TW5. FEEIZ, Anderteral. (2008) & Li & Brune (2007)1%, A
P D P. marginata¥s X O'P. ephippiata D3R TIL, HEFOTF
R ZRBRELTEBY, 7LD UMEOHIGETH 7 B RIC
Ko T REOEM? I /VBHAELCDHZ L, o, BIHETLT I /B3
BEMEMIEEIC L0, EHET X VBT V=T ~OERIe T I BB
ORIV a B VBN EL TVWDL ZEEREL TS, 2D DY)
HOBENTIE, BEDOFEEBERICHEY, AHRERE EERERITM
BN T v E=T L0, ELICREEE (N)) &7 TERWF
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S S, BITEROVIEFICORNVEZ IO TS, ARKEHR
ZBIT DR EE OC/NILIEK3-6T, OB TIIN6TH S (Bennett
& Hobson, 2009). FHH TIX, 7 I XU A VEHHRKRDC/NEIZS-8TH
D, EFEEAEITT-8% (MILS, 2019) TH Y ShhDAMmMERICIE% <
DEFERDMLELEIND.

AR BELREITHEE L L2 XX~y PO X ) IC0RBEHREMED
Ly, ERICHM SN DIBEN I/ XX~y N THILEHLVEL TS 2
END, BRESERBELTENICITEL, ZhEzkOEREORICH
ALY, RO Ax DR WERLLEWEMIZ L > TEBI N
TIJBELTHROENIZEMNL TWD ERBEINT. L LR
S, SHROEERBA L &b, T OEEZLT TIE, Shan
BRTDEZEDERRTDHIENTERhoTEEZEZLND. — 7,
BB RIF2CTERE LR Lo GA 1, R O ER P40 71
L, BFH - REFE L L TRILL, FHEARNICIFBET 22 X-TC, &
B ECTOERERBICENTDH I LB OERENREMLEZ EH
b,

b Zens, EBOAMERIREICE > THHILEICB T 2%EH
WD EAENNR T hr— LI TWD EHEE I .

Flo, MBEREIO XX~y FTHE LESGS, ONLEOEIITER
W OEALE BB TE T 247 A LES A L, CNEERZET S %
TIZ500RFM A L7z, ZhICk L, BELZEBRE IS HESM2C
BWTIE, fABERIMBA7TRERI B ICCONRRME F L TLE L. 0L EL
i, BEITLO2HICKIIMEEDOEIN TERIND N, aTxsTF
RO DENZEBIT HMEFEDEWIZOWNTOHREITIFEFITH R
V). Huang & Zhang (2013) (X, H.parallela® 1§ 215 - 3550 B D # G N
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MEELPEENOEL RFERICOWTHE LR RIL, EHZ LI
MR o5 OEVE, HHEOpH, AMRKRF R, REFRE, K &2 E%
LTWD ERRTWD., KFFEDO D 7 b A HBICE T D RE &M
BWT, fHEEORFELEEREOLILIT DA oT20, AEF KA1
BT, L EORFEIIZMRD R NDIZHED LT, C/NH DO
MARENT 2D EEMEET S 2 L0, BHEEOELAHLE
NOMEHDOREMICHE L PHEINZ. BT MATHRORE
AEFIZBIL T, S HICHBNME RSO L BREDEIZ DWW TEED
ERBELOBREBATOILENDHD.
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1.4 /NfE

BT R ATO 3SR E RV, ERY O E @iE e 2 A
NI T L7, 2HBEOMZERLEIETHRELEOAER
CNDOEEDH LIz, ZORE, EREREEZICHEHLE»L
TRICHM SN 20T 47TRREHE I N, £, B OKE
®BiX, BELTHBELEGSIIERENENLLZY, 7 XF <~y
FTIEBA L., MBICHWEEEO C/N ALK T 5 &, B
TR0 THLIDOICKH LTI XX~y MZHNIOTHDL, 7 X
F~vy FCTHBELES R ORERDICEDOER DN EEZ RIZT
LTWADZENnRBIni.

BT A TVHBOMEENORRKEOMEF LR ICIE, BEY
BERMAEEL TWE B2, HOME (BFE
) IbFEVREELZE I o, —F, ELED C/N LD E
Mo, JBHNMEE~DOEZBENREI N,
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2. 37 P AVHIBROBNRE & BERIG

7 b ATHROEE RERICE T A HE L ORI O IE B & B EE
R 25120, T OMGNRE Z A ROICHREST O 0ERD D .
FRICZPERRICH KT 2 PRI O R R 7 28 2 53 5
ZENEETH L. RKETIE, BNICEBIT 22O S & W IIZE
BT LRH T e T AV EFET D00, BEEEME, PEAHY,
AL O AL FE B IZ >V TR L 72,

2.1 MEHE G
2.1.1 R B DOEHF & LMK

ik, gERE LT AR EDRBTEELLZEL T I AF v 7 —
Y (31.5L) TI0BHZT LIZEE Lz, BHREIZOWVWTOHERTIT,
)50 BHD 3 s A Uc. fRSIRE O R RE SRR 2= (FPH)
1£20.9 £ 6.2 (12.8-33.0) g THho7=. BERIEMHIZOWVWTOEERTIT,
10 80D 3 finsh i A2 H U 7. R RE oD X (R B R VAR 22 (HiPH) 20.7
+3.9 (16.6-26.8) g TH»7-.

ShaUE, 112 [ICRE S HIECHE Lz, AL ZRreeE L ks
BT 2ZNLOREEDOREERE S LICEHMT 57 HIT, Bayon
(1980b) ZZMW L, EEDOMEIZIKE SN, HIFLEBEE TN T TE
(L& 3EMICHFEILTE. FBB L OB, TNENAMBEIOHEL
TaoL, TORIZHFINGE ZFHK S Txr LI (Fig. 8A, 8B) .

M1 2L, B GER & FRGO RO N E TN TWDH. M2 15 M6
X, MI 2o FIFETH D, M7 21X, FIEORIEAM L, FiFL %
WGaEmd 2 MlnwFa—7] O—8FREZENTWD. HLIZIE THIW
Fa—7) O—HEBGORPOTMALNE E4, H2 76 H3 IZIFFRDY
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DHEREGEENLTNS. M4 & M5, BXOH2 & H3 X, AUEZICHS
L7,

2.1.2 pH HIE

HALENO pHIEICIX 3 SEOS AR Lz, B Lo &%
BF1%, ki o2 E CHEETHAL, DEILE. KBESNNEO
#70.2-0.4 mL O ¥R IKNE Y % 2> 37 RB/KpH A — & — (B-212,
UG ERAERT) O 7 F v R pH B U —ICE#E E, B AZEE D N —
TPHL (Fig. 9) , ®ETOHERICE > TpH ZHE L. MEH L7
YR OO R E O pHAEIXE I E £ DRI D pH E & FARI L T
Wiz, FO R OMmEEO pHIEZ ST ICEH Lz, S 612, o> T
LD pH b, FARICHIE L.

2.1.3 BBA

B A A AT CIE 5 O A Lz, IBE % 10 SN2 072
%, B ORGEREZ B RV TC RN A Y & 8 BE 1 1 AL C RS
BT, BEBIMELTILrOHBRERIE. BA 3o,
Yasuda & Hasegawa (1976)D HI1EICEH 2Nz THE M L 7-.

1 g DEHAEFLIEY > 7 V% 50 mL @ IM #{L7 > F =7 A (NH.CI)
IR L, TR A 15 o HIR TR LA S 70°C T 1 REHEINE
L7et, |BIE T WA v F2X— kL7, KIZ, BBIRE T T Ak
7 4 V% — (GFP) Tl L, LE® % 50 mL © 1M NH4Cl iR
T Lo, kI, JEiR%E 1M NHLCl 3 T 200 52 AR L, K
DANy Z7IHEELTHMALEZ. ZDR My 7 EIEIES R EH

7.
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TRV TLAF IV T LA T OREITRESHIETHIE L,
NN T EAFT =T R T AAF 2 ORFEITR WO
(2 CTHIE L 7= (A-1000/ A-2000: Hitachi High Technology, H 5, HA) .

2.1.4 HRBRA F HIE

HRIRA A AECIEL, 10O R AR Lz, ShRofHEbE % 10
AL B Lo, SEAoBEZELME L. BEREA A (HCO3)
I, JIS K 0101 : 1998e (Japanese Standards Association, 1998) (Z il =
NTWDoBEREEZZEZE L THE L. FEApic, EEISKL 10
BEDOA L UMK EMZ TRBE LT, BEEIKIZK L, pH 4.8 1272
LFET, 0.0IMElEA Nz 7z, T XTOEIL, o7 LolREEIZED
WT/r L7 (umol/ g of organ) .

2.1.5 HERRHE 53T
2.1.5.1 ABOFHR
REECBE AT 11X, 3OS A EH Lz, %0 o GE % 5
ERIGD2EIE L, BEREEZRWEBEANEDEREE LTHER L.
7, S0ml F=2—TIZHENEMEmRERE I Y Q/KE 20 ml Il 7=,

RIZ, AVvT >y 7 A FH—"T5 SR L, 10,000Xg, 20 57, 4C
TELTEELT RFIEE Rl OF#wIZB L. (I B AR <Y

Q/K%AZ 20 ml Nz, WEHB IO LIERINOEEL 2 EiVIRL. £
D7 FiE REK S0ml) Z KM E L, W2 K REMEREE L
7o IKATVEVENE 2 & A TSR Ix, Wile — M2 HWTHT 7 2 Mk~
14 )V 5 — (GFP) TVRIEM DIREZIT > 7RI, WiRE T AT T 22
BEL, a—% U —= XKL —%—% N T40°CLLF CRMRZE L 7.
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£70, KRAEVERE TR o L7z,

2.1.5.2 ik

R RHE 4> #T 1%, Borchardt & Piper (1970) ; #£ M -fgdE (1985) 2L 5
TN h—=NAT 7T — MEEZ—HKZEL, UTOEBETHONTEZITo 2.

AV F—=L g ZWNEEEL L THERELT, 50mlICARAT v 7L
o, %102 g OB RS L TOMNMIBEREICE D, 72%0iEE 3 mL & /N
Z, 30 CTHRE 2 NEIRERNL S 1 FEERE L. Z 0% 200mL =
A7 I Aafl, AHK B ml o TaEEE L. VU aBTH
BLT 120004 — b7 L—7HT 1 BFEQAE L. mHITE, NHETE
ELELTCEROA 7 P = SmL 2R — L EXy FEHWTNz,
F<IRA L. L EOBERXETEREMIIITo 7. ZOWIKR LY 20mL
BEZE—I—IZHY, KBV U LARK (& OAmRIER) %
MAWT, pH551CL, RIFFICHENZEELRWE ST B UEIZRD
Dz kT To. EOLOBEEZITY, EEZIK 25 mL & 100 mL ) AR~
FZAaWZEY, KFEAKFTFZFT N VA8 mg &Mz THAL, =il
T 1.5-2 BFfl & L, B2 7 vy b— & L.

WRIOKFAARTFZT NI U LAZGRT D720, KEERZKFET
ADBENRLETMZAT, v—F ) —2NRF L —F—%HW\WT 60C
UTFTHWKRERMEL, vay ke L. &&IZ, A%/ —/L 10 mL
ZMZ CIRMELE L7z, ZOEFEZ 2 BT Th Uz A F LR LA
RELTHRALE. ZO#% 105COMEM T < 15 i L, +oak
oo S BEOKEERR 7.5 mL JRBTE2 0.5 mL OIE SR Z A, 50-60°C
OIRBEH T 1R S®, ABt2T7vF b L. 5 olkn®k, 7
T TF A E KK TOg IR LN O ARA FE2HWT, o< D &
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WrFLE. @282 e — b NZBL, 7AWV F—AT7T 17— F%& 25mL,
15mL XON10mL Y7 mnm 20 Z2RGCERMmE Lz, iRz
A, BEBRETHEZOICKI0mL THHF L., LY 7 oo
AA VK ED—H ) =2 NR L — X —Z T 75CLLT TR L,
vayRE L. K ImL 2 CREMERE L, ZEICT ' > 2mL
ZIMZTENL, ZTOWK2uL 2 GLC (GC-9A, EEBIERT) THOMr
L. KFERA A fbitiss (FID) #EHL, ¥x V7T AL LT
F Ny ZFEHLZ. 2mx33mm ID.OF T 24 T AiZiE, 10%Reoplex400
% &% S 72 3%ECNSS-M ChromosorbW / AW-DMCS (60-80 A v 3 =,
Ve A 2RS4 2 RE L. T AIREE 200°C, A &
Vx4 — AR OREIIM I &b 240°CE L.

2.1.6 ZHESTARERERTEERIE
2.1.6.1 AEK
2.1.6.1.1 H£E

MEREDOEE L L THEHLEZEEB L Sp-= a7 == 17
2R (pNP-Z U a2 R) [ZLLTFTO@EY TH 5.

ZHE S FRIGE DI LI BB Z U NICR L. AR F T AT
Lo —2F FY A (CMC ; Cellogen®BS) , FIIEMEE, $F
(T a— xR F )%, ERERE - LERE, OnMIETE, &
LT ENLEALT.

U Ul v o — 21X, Green (1963) D JFIEIZHEVY, BLAER &2 41
BHZHBL U7z, p-1,3-7 V71 1%, Cirelli & DE Lederkreemer (1976)® J5
FEIZHEW, IREMEDL LI —FT7 2 (FOEMEETE) 27000
AR S HC, NaBH, C#&oo, Hf1, &4 L, EoRumE oM 28 L
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2. B-14-F T 0%, HIRI 7 ALX XU T (FfxIT¥E) b LL
T4 —h2F Ly hF T (Sigma) & 7V h VAR S H T, NaBH,
TiEoe, R, EHTL, EiooRumiEoc M AR L.

B-1,4-~ 2 F %, VERED b T 2 L H B 1Iriki & Miwa (1960) D F7 ik %
RLTHB L, X7 F 0%, Y F T AR T (FemiskT3)
My, Kamimiyaetal. (1974) O FFIEIZESNT, 70% =% / — /L T3H]
evg LEEH L7z,

COMETHA LY av XA —BiEAEREZEE, p=Ftn v
==/ (pNP) a-Z /=2 K, pNP -7 /L2 K, pNP g-F 1 K,
pNP -~ >/ > K, pNP g-N-7&BF /L7 /a4 I = K (Sigma) % ff
L.

2.1.6.1.2 EEBWRKIREOTE
ZHE o FRIE PRI E R E IO W TIE, SO KBRS 5 VO I3
W2, TOWREL 7 = /) —/VIiEEYE (Duboisetal., 1956) THIE
L, &ZHE0EEMREREERE CT1% (W) 12725 X 9 ICHERE % 1%
Lz, EELEF TN TIE0.04%1072 D K O ICIRE 2 L=,
TV ay A —VEENEHEE oW, SO 7Y a v X —FiE
PR E 2 E 010 mME IR 2 15 PERE R E IR & LT L.

2.1.6.1.3 FRE K

fi S5 Hh A AE ETI21X, 500 mM O LT B Y v A (NaCL) %2 &
100 mM®ON- -7 F7 I K) 2-7I /)X AR (ACES ;
Sigma) OFfEMEHK (pH 7.5) H L <1X500 mM NaClFK i H L, BEE
IEVERNE ARBERICIX{3, 3-UAF AT A Z A, P X (B K fxy
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AFNT I ) AFy (FEHMIETER) ;2-7 I ) 2-AF /-1, 3-7
aNy VA — b (R iEE T 38 L K 0 sk 5100 mM O GTARE i (pH
3.0-11.0) £200 mM DB A EE-EAEET ~ U U LFRE K (pH 1.0-4.0) %
A L7,

2.1.6.2 SR

FRIZHR LR WIRY, X TOFIRIZ4CTEITSN, TXTOHE
WITFRNZ4ACITHA LT,

ABE ORI HIE2.1.1ICE > TITW, ELE 2Rl (BEISZ &) , F
N, %2 Bt L7 (Fig.9A,9B) . S I T 2 £ T, FELZ2
fERAr (-80CHRN) L. NEWE &M LS BE %2 Kk | TRl
L, BERAITESAEZMEHNL TN EIY, sk AMMETHEL, H
H#E @ iR (ACES/NaOHIFER) (2 L 7=, ik 410,000 X gT15
Sy ODREL, RIEABERIESATICEN L. £, ZOERT
[Z6FAD L B & L7z,

SR DOBEFR ML Z B BT D201, & SICAFHD S R % i L,
HILE (NEMELEREEZZT) 2T G705 %, %IB35E O10EALIZ )
Lz, U R 2k & ABETHEL, M HEER TH 5500 mM
WAk R U oA (NaCl) iR LT, a2 L7z, &
WK 410,000 X g T155 M Lo BE L, £ 2D LG & BERTE T
WA L7z,

BERRT DK X7 EREX, FMiETNT I EEEYE L LT
CBB-G250 (Sigma) % H W\ 7= AE#E A% (Bradford, 1976) THIE L 7-.

2.1.6.3 IEHRIEFT L L OVEEEAL
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ZHE 3 FRIEME DM EIZLL T O L 51297 = 7=, A FH50 nL o B Nl H iR
500 uLD 1% FE AR, 250 uLD300 mM GTA N v 7 7 —, 1 X 1200
WLOH, 0L RAE L, 30CTA »FaX—h L7z, BEXHOEE X
Somogyi-Nelsoni% (Nelson, 1944; Somogyi, 1952)% &2 L, Anzai et al
(1988, 1991)D £ THIE LTz, BUSIRE Y % 1000 uLd Somogyi-Nelson
I LA L, 150MAEWH L, KETRFEIZHA L, KIZ1000 pL>
Nelsonid# LB S L7, 15971, IBEW %3000 pLOH,OTHR L, 47
JEIEEEEE (UV-1200, EEEAERT)Z M H L T500 nm T O W E 2 J1 &
L7z, ZHESIRISTEDTRALL, EEZHEN D10 57201 pmold Kk
WCAHY T A2 AT A7 OIS LB REEE L CER L.

7Y av B —PIEMRIEIL, Anzai ef al. (1988, 1991) O J5 ik % i
LCEBELE. REBETSmMp-= 7=/ —/L (pNP) 7' U a3 K,
100 mM GTAN > 7 7 —, B X OS50 Lo 5Nl R & & e &4 51200 pL
DINER Z#30CTA »FaX—h L7, KIZ, 4 mLO100 mM Sk &
T RU T LAKBEKREZBRML TS ZEIL, 420 nm TOWNEEIZIED
WTpNPETEE L. 7V a v A —VEEDOIENMIL, 14 H 729 1 umol
DpNPZ AT H DI ERIEEE L TER L.

2.1.6.4 FIBEMHEBESHT
BEER KO IR &1, 7 = / —/L-HifE1E (Dubois etal., 1956)
Lo THIEL .

2.1.7 BB
ST CHRER L7 I R TR TS0 AL
. FEFRVERS NI EE D 45 HT 1 Gorbach er al. (1976) D FF1EZKZE L TIT
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> 7.

BANEYZ B 13mm DA77V a—F v v 7 fF& 07 ZARBREICA
A7z, WRIZ, 200 ul @D 50%Hilig 2 R RBRE M2 CTpH < 212 L, fHW
T004gDNaCl & ImLO=F Lo —FT &M TERALE. 1,132X
g, BIRT 10 pHZELDBEL®E, = F L —TNVEE AT IVICE
L, CaCL Z¥RI L, GLC (GC-9A, EEHRIERT) #HEH LT T
ot L. KIBRA A bktds (FID) 2zHL, v VT TR L
LTC&EHE (N) Z2FEHLAE. 2m3mmID.OF T AH T AL, 10%
Reoplex400 % & {2 S 72 3%ECNSS-M ChromosorbW / AW-DMCS (60-
80 A v a, VAU AKRASH) 2RE L. T AEE
1% 130°C, A ¥ =7 Z— L& DIREIIm )T &b 250°CE - 7.

WERR, w v W, A VESEE, BREE, (4 Y EHEE, HEE, A V0
Tu U, BRI e U AEREL L CHER L. SEEIT 10 mM

(1mEq/100mL) &K E LT L, Sfro7zoiZ 10ul oH 7 v
AN LTz, REFRERH & ©— 7 WK SWTEESITZITV, MR
% pumol / g of organ & L T/R L7z,

RERMEEN RS X O oMo G O 1E, Cropper & Heywood
(1957); Japan Oil Chemists’Society (2013) 2 & L TiTo 7=.

WBNEY &= d s L, B 13mm DA 7 Ja—Fx v 707 A
BEICB L. A% /7 —/ 2mL) ¥ 7LIZEML, 60CT 3047
WA FaX—h L7z (AF ) —)L-FilgE) . 1mL OREKE 500 uL
D7 uraRVAEEMZTZ%, Yo7 VERS L, 1,132Xg T 10 4=
HCELDE L. 7aakR /L AJEE2 GLC HOH T AL T IZB L
7. 2uL oY > 7%, GLC (GC-14B, EEHIERT) & H L CTHHr
L7z, KFERA AT Abigs (FID) ZEHL, ¥ UTHTRAELTE
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# N R LEZ. SWHOL T 20%, 30mX0.25mm [.D.7> DB-FFAP

(Agilent Technologies, 7 U 7 /L =7M) ZHW, f V= X—L
B ER O EIXM 5 & b 250°CE L. T NREIE, 40CD 0 7 A4
— 7 U OPHEE & 10 2 BIMERF L, RN 250°CIZET 5 £ T5C/Hhy
DORHRET EH S, 22T 10 MR LIz, a7k, v e g,
¥V ofifg, Yo Uik, vo Ui, BXO T~ ABRAERE L L CE
U7z, BRI, BELEi% 10mM (1mEq/100mL) WiKIZ, 7%
D OEREL SmM (1 mEq/100mL) &R E LT L, fREFEFM & B
— JEBICESS EESWNOEDIZ 2uL DV T EFEALE. R
I, pmol/goforgan & L CHEFLL7-.

XEEIL, F ¥ v I (JK International) ZfEH L CTHIE L7=. FEEIL,
NAD "OFE FTXBT & Fa ' —8lZ X > TRIEKFEEICHRL S
5. ISk > TAR SN D NADH O B X80 BITLFERNIC
35 7=, NADH O#N&E %, 340 nm (UV-1260, SEHERERT) T
DWW CTHIE L7z,

2.1.8 T AL

AH L EKRFBEOGHINIRD X HICEIT L. ShBRDOHLE (n=6)
& BRI OEALIZ A EI L (Fig. 8), B 4 E8NL & /N1 7 VIZ AR,
TFNT L E LI, AT, MEBEL, 5, %5, B XOEE
IZFE > TV B #EEFEH LIz, XA TILVRNOIFBE EFEIL, Rcn DE SO
PrEMEM L THEI L. |E T2 BEKER, XA T A0~y KA
—ATAFRE) o VEFEH LT T 7L, 7oK
#L A XL, GLC (GC323, Y—x %A R) %ML TR
AT LT, BVREERHEE (TCD) &, ¥ v U T H AL L TEHE (Ny)
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AEMA L. 3mx32mmID.OAT U VAN T AIZiE, 13XSELF =
T——7 (60-80 A v, V—T)H AT UR) ERELE.
RO CTlX, FOXY BBt o —T X7 (A7 MU 72k
Stk AL, IBERFEIEE % Salazar&Nanny (2010)D 7k Z2 k& L
THIE L7z, A 790 um, £ X 90mm O A7 > L AE (21G) %R
FTm—T L THERALE. VW= AR EEL N7 74 3 — (H
2300 um) ZEH LT, #HCHl E A ENTCEEITINE LIk ot
RIEE Db AR Uiz, AN, BETr—71F, KK (21%0,)
E0.1% A Rt LTy A FF R TA (0%0,) ZEtef 40 M
KZEMH L TEIE L7z, JIER OGS EEEIL, Brune et al. (1995) @
HEELELTIT o772, 0.6% 7 7 0 LEKR (FItMETE) 277
UERICES, £ 5mm O S ZEE S 7. ISR 2R L, 4
WEZEL LT o A BB L. &5, HIbED LIy T v
HAEREEZFE LR, BETo—T2EHLT, SEIERBG

BN DA FEIEE (umol /g) ZHIE L 7.

219 BHRICKTLZHESHERBELTOREK

W N T D 2 B8 55 f i VE O ok 2 R~ % 72 912, NCBI GenBank (2
THAT b LUITRT D ZHE 0 RICBEE T 5 Bs TR DR 21T - 712,
72%, NCBI GenBank (21X 7 & ¥ 7 /L & L7 whole genome shotgun
sequence (GCA _014905495.1) , RNA-Seq 7 — % (IADJ01000000,
IABQ01000000 72 S Bgk=NTEY, LLFOI T FATHBEL T
HaBRrAVERBRHKROBEZEER TS E query & L72 BT —
Y #fs 1 (Oryctes rhinoceros, QGX749671); 7 X 7 — B #E Iz 1 (O.
rhinoceros, QEI22884); p-1,3-7 /L 1 7 — B @& {x ¥+ (Tenebrio molitor,
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ACS36221); p-14-% v 7 F+ — € B In ¥ (Hypothenemus hampei,
ADN94682); -7 /L2 s X—P&IET (T. molitor, AAG260208).

F£7, Boa b x AU ERBROBRBERFESZ query (2,
Database % Transriotome Shotgun Assembly (TSA), Organism % T.
dichotomus (taxid: 273928, 77 b A& L, tblastn fRE 24TV, 7 3
J WRELA O FH A ME % MERS L 72 (Stephen et al., 1997).

KIZ Hit L7 %% query (T, Database % Whole-genome shotgun
contigs (wgs), Organism % T. dichotomus (taxid: 273928, 57 7 ~ L) &
L, blastn R ATV, U7 b AT ) DTHIGESI N & 2 0 A iR L
72 (Zheng et al., 2000).
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2.2 HER
2.2.1 pH

ET, AT N LAV OMHCEE PG EEEO 2 5FIC L, pH HIE
%ﬁot.%@%%,mﬂwM%WM%Gmm,%%W@%f&%f
bolo. 6, BEZFETH5H - %3 2% O 10 SALICHS S 4
T=IBEINEY O pH % HIE L 7=,

KHALO pHHIEMEFABERBE LB LOE (n=3) % Fig. 1012~ L
. TV TCTpH 7 a7 7 A MO T NREWVRH Y, T
BAEARCTHRO X5 e — B2 Em A EE S iz, FIGRTEE (M1 B X
O"M2) TlX, pH 2 7.57 7» 5 8.55 12 B/ L7z, G &8 (M3-MS5)
T, pHIZIFIE 10 T—EL -7, FHE L (M6 8 LU M7) T pH
PMMET Lagd, #0% (H1-H3) Tl pHS8 T TNy, 5 iE
+ @ pH (5.60) IZHEANEH D pH LV bK<, #D pH (7.80) (X415
@ pH L FEET - 7=

2.2.2 BA A
WIZ, AFVREN pHIZED LI IZHETLINERALNT DD

2, HEEANEDO T DA T, TR DAL T, ANV T LA T,
BLO~ I X UL A DREETe 7 7 AV EHELE (n=5, Fig.
11, Table 4). M1 225 H3 £ TCOF NV U LA AL, TV TALF
v, YT XU LAF T35 umol / g R DOERE TIHFEE LN, BV
U LA AL 35 umol /g AR, BEORIICH - TELLE. H 5
DM2INOHM6ETDOH YT LAFLDOIREIL200umol /g ZH % TH
D, OGO BFRE LLECTHESNALLRELY BARICH
Mol BRIC AV DDA FREDT 07 7 A VX, HERKD pH O

35



T T ANV EBEZEICKB L TV (Fig. 12).

223 ERBA TV

IDlZ, BV ULEERTEERT =4 & LU THRBA A D
Ez b=y, WEEIT->7= (n=10,Fig. 13). HRXBA 4+ b,
BEELTRORIGEEEL T, T TOMEMNIEFITEmNoTe. MR
LT, BERBAAOTFa 77 A00%, BEOEMTED pH O F 1o
TrAN, ABVUAAFTVREOT O T 7 A4 )V EEHIZKBEL TV
(Fig. 14).

2.2.4 HHEm

N7 hLVHROGEIZRT DA (BAA4y) 2oL, &
P11 oA LZHEL (n=5) , #FRIX Fig. 15, Table 5 IZR L7,
FEINTAEBEO >SS, iR, a2 U, anIBidXTot
TATHRI S RS ERAERBRIIFER CH o2, BN ORE
ey AilZiEB L7z (Fig. 15, Table 5) .

FABEEE LT ORBREEIT 6.82umol /g TH Y, EEIX ML 5 M2
SNERAZIZHIML, M3 THRERETHD 13.63 umol /g &7 0, &mW
HERS VR 1 M6 £ CTHEFF S L=, M6 O, EBEIX 0.99 umol /g 2725
H3 £ THRx 24 L7z (Fig. 15) .

FERZ & Ll U C, o GAHEER DOIREIIN R VKD > 72 (Table 5) .
XTI —MRAICH I CTHRE S, M1 225 M6 £ T 0.5 umol / g LA ED
BETZ>72. M7 OXBERIEEIT MI-M6 O LV B, BB TIES
BRI S Nle o 7o, EEROXE L FAERIC, T TH a T BE K
M U7, BB TITRENMEN o7, =2 UEEIE M1 26 H3 (M7 %
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fR<) £T1umol /g ZBADEETHRIBIN, 2 UBORKEITE
ff CHEFF SN, TGO 7 o B VBB EIIE o 28, %15 (HI)
DIEE T EF L.

—77, B, A VEE, SLAVEE, A Y NSNVAVEE, A Y T m
VR, T m BT S o, B THE TR S,

2.2.5 H AT
WA RFE (DO) B L RZE DM O H ARPE DFEF % Table 6 128 L7-.

15 O DO ¥ FE 1 0.001-0.036 pmol / g DEIPHIZ - 7243, %D DO 2
FE1X 0.001-0.013 pmol / g DA > 7= (Table 6). DO HIE D #E F i,
MILBEEURDNEREZECTHDL L ERLE. 20O X9 REMETTIE, £
2B TORBE SN (0.12 umol / g), A X UFEEEIZ X o THERK
SN &MLz, —J7, KFIZHE TOHLE S 47z (0.22 umol
/g).

2.2.6 HEALKE

TNV FETOBAT, BRLERGDED I SIZHESh
WDLMMEBONICT o700, STEAPEELTWLETHLIEEL, |
BERNEY, BEXOEOPTITHZENDIHEITONT, KIZAEMEDOR S (7]
MERE) & ARNEMEOR Sy (OREEMERE) &2 T TR A 21772 -
7z

BEERGE RGO 2 5B LGA O RER DT, BEL L2
RS D HEI, RIVEMERE DS REMERE L 0 Do e, G IR RE M
W% 0r o 7= (Fig. 16A). —J7, BB TIEIAEMEENZ <, JTIEA
VEVERE & RIETERE M IZIER & CTH o 72, HREE O EIE, FIIRMERE T

~

Sfm
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T a—2nkbE<EaEh, BIChBETEZRIIGEAL TV, —
5, AEEETEF e —2ARNRBEZEENTEY, RIZTVa—
A T¥ 7= (Fig. 16B~16F).

2.2.7 SHRIBE TR T 2B HW0MERRB X ORI
2.2.7.1 3 HBIBEF OLWELSREER T
2.2.7.1.1 £ pH

3% O £ 3 pH 1%, Fig. 17 & Fig. 18, Table 7 & Table 8 (ZF & 8
7z

B13-7 01 b B1,4-% 2T U fRIGHE O B pH IFIEFHMTE - 70
TR L, X7 F o EREMNET T IR O EE pH XN
TN UM o7, —F, CMC, UV vt re—2X, gl14-~
YFy, FUOSEMEITES <, BiE pH ZHE TE o7 (Fig.
17) .

fTNavH—BLlpxrn X —BDOERE pH X 5.5-5.9 OFFHAN
Tholeh, p~vr /) X —BEBN-TEFN-TVahI=F—ED
pH X 4.1-52 O&PHANTH 7=, —JF, ETOBEBIIZB T D a-7
a Y X —BRRiG IR O F v A =B OIEMEIEIEEICH <,
ZOEE pH IFHE TE -7 (Fig. 18) .

2.2.7.1.2 Z¥E5IRIENE
WIZ, Ei pH TOEBRIEMEER X OIEMES Table 7 12F & D 7.
BIRE LT, 2O MIEEITRIEEZIIRE LD bR CE o .
EREE LTSN 8 FOZHEHO T T, EHITEMET 7 7
BbE <, WICA1AXT T, Bl3-TAH B L UST F i
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XFHREYIZ, CMC IZx LT WIS S, UV Uiz L e
— R, fla-~rFr, BEXORFF U2 LESE, MK HIENM
T A ERB SNz,

CMC IZxtd4 5B/ T —BIRMHITIIEFICH D> 772, i pH Z H
ETERMNoTz. LT -> T, CMC OIS MEREIL, pH7.0 D GTA #%
R AR L CTHRIE L., ZRESMEMRICEL TX, o7 7
— P OREMHIZE L@, BIBOREEEOR 0 FIE 72, &5
FRGDL13-T N F—FEBILOB1,4-F 2 7 F—VIEMHIL, BIHEOK
345750, LinL, 7 FF—FoRiEHIZ, BEmMIc X 52k
X720l T 7 —8BlL, T XTOBEBAMI O O DL HE
DIRIEYEDO R TR LEWIEEEZ R L, WRIZE1,3-7 v hF—F, p-1,4-
XTI T —EBRBIORTITFF RN\, oM\, HEALY N
7 Y470 OIEM (mU / mg Protein)X°, HAIfas EH &4 72V O i M
(mU /g Organ) TH AR TH - 7.

22713 7Y av X —EiEHE

£ pH TORMRIEME RIS L O IEM: % Table 8 I/~ L 7.

AR L5 EEDO pNP-7' U =22 RO T, pNP BN-7 EF /LT L=
PI=FICH L THRbEWEESBEE S, RIZpNP g~/ T K,
;mPﬂfwﬂVP,m@ﬂ%ynyFﬁ@ﬁéﬂkﬁLMWm7Wz

SRRIEMEIIRE SN o2, FBIBTIE, fFFvu ¥ —BiEk
DO EJE pH NHIE TE R -o727=28, BIEMEIL, pH6.0 D GTA Ny 7
7—ZEH L THIE L.

B-N-T v F N7 iahI=F—¥TiX "ilpORIEEZITBORK 2

T, BIBEORK TRBEELLEN-T. £, FIBCB T 7 vay
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F—BLpFra X —BORIEEEI%EON 1.5 FTho, FHIC
BL~y ) X —EBEREIBRBOKN33ETH . B-N-TEF L
InhaI=F—BExRNT, FHOT Y a X —EOEEITEE
XV bmmnoi,

f-TNavH—F, powr ) A=, BIOBF R —F DK
bR VG TP IR TR E TR, BN-TEF ATV at I =
X —EDOmb | WIEMEIZATIGR R TR S .

ZOMEMNIE, HALZ %7 4720 O EIEYE (mU / mg Protein)X°, H
MBS ER E Y720 O iEE@mU / g Organ) THIRIETH - 7-.

2272 10 5BIBETOLHESMREER R L TR

L-13-7 v H & f-1,4-F T 0%, HICEE L FEMEDICHE KT S
JEHED ER 7 Th D720, SHBROEHIZEAR STV D ATREM 23 I
LMo T, 202 FDOLHESREFRERIZOWNT, RO
NTOLfEZ X DFEMICHL7201, BEEZ105% LT, b
2 W50y RIS PE B8 K OV N O ATV I b B & oy AT L 7.

HIEE 1L Table 9 & Table 10 |2 F & &, MM FFRM 2T a7 740
X Fig. 19 (2R LTz,

‘+

7

=N

ﬂﬂ}

s

S

2.2.7.2.1 f-1,3-7 VT Uy iREER T

B-1,3-7 071 2 fRIE MR, M1 Tle b 1 <, M2-M7 iI2y 1 Tl L,
Z D% HI THOEMEN EF L7, 20K H2 B X OH3 TEEAD L
7= (Fig. 19A) . F£7=, g7 navZ—BiZ o0 Tix, $E Ml &%
H1 2B W T, @WaoiEENSRE S e (Fig. 19A) .
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2.2.7.2.2 f1,4-F%F 2 T U TREER R

f-1,4-% 2 T VO RIEMEIL, M1 The b <, M2-MS5 (22 T L,
Z D% M6-M7 THOEM®ENS EF L=, £0O% HI-H3 TR Lz
(Fig. 19B) . ¥ v r ¥ —BOMxiE%Ed M1 THE <, M6, HI, H2
THWHAIHEMES R SR, 2 < OMA TIEESHBE SR o
7= (Fig. 19B) .

2.2.7.2.3 &R

GE N OLIEREDN, ZHENMERICL > THEE THoMInT
WHNERBT D701, JREOESBEZHIE L. TOME, &
FEIL, Ml TRbEL<, M2-M5 20T T L, 0% M7 THO
EMEN R L7, 0% HI-H3 T4 L7z (Fig. 20) .

2273 BT PAVICBIT IS HESMREBERERLT

AWFFEIZBWNT, BEEEZ BN IR I DWW TREZREMERIE %2
ToTe iR, BT b HBIEN TEREOREIC X - CTHMEESE RN
Bleb Z ENRF ST BRSBTS M®IT, A D0
FHENMEIC L 22 SMEBERZOTWNEBEZL NS, £2T, 77k
AV OAFBETIERIC, BERO 2 AR R RO L8 fif % 5
G1 & B R BB FAET D a2 i A LTz,

PFHEORKER, BEHOa T AR AOZEESMREFRBLR DOV
OO UT HESN N D0y 7= (Table 11) .

O. rhinoceros (A 17 FA) OENLT—E (QGXT74967) & H#EE
7 2 BRECHI T 90% (421/467) DIE— M A R EAIN R oo 7.
ZOEHNE, BTk A3 ESh B spindle shaped cell THBL L TUW 7=,
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F£ 72, O. rhinoceros M7 X 7 —1Y (QEI22884) L HET T I / MREIH| T
75% (369/393) DRl —MEZRTEINIDB RO ->7. ZORINIE, 7
N A&y 3 RS D horn primordia (A DJRIE) THRELL T\ .

T.molitor (Fx A uax ) AI LT E~<Y) D13V F—EL
HeET 2 BRECHIT 56% (212/378) DR —M &2 ~TEAS, -7 L=y
A=V LHETET 2/ BEECH T 82% (364/468) D I[al—k & /R 9 EL I 2 %
NENROSNY, Zhb 2 SDOESNIX, 77 FAY 3 [EshHO horn
primordia (A DOJFIHE) TRIL Wi, —F, fl4-FT7F—FIiZ
YT HEFNIMH TE R o7z,
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2.3 BE
231 BROT B Y RS

BROFBEIT AT IETHDLZ ENEZ DI THESINL TS
(Lemke ef al., 2003; Brune 2014; Sustr ez al., 2014). % H 5 = FH 5o
EW pH X, AR K -ATPase IC X - TR SN D 4 VU 7 Ak
CBE L TRy, BBARSDBROPGIITRET Y UV LARERL TV
(Dow, 1984). % 7= Bayon (1981)I%, O. nasicornis (A V> a2 7% A BT
FAY) OFBBLIOCEENO IV DAL T DB RWIND T L a2l
HLle, =75, a7 U TiE, PHEEBORD “IBREGE 7 A R L
FEENAEHATH IV U LA T BRI OERBENBGOT VI VILIZE
W H 2 TW5DH LIRS TV 5 (Bignell ef al., 1983; Kappler & Brune,
1999; Kumara et al., 2016).

AT b LVHBROBGN pH L, TP RE (M4 & M5) THbE<
Y, FBOBEH TR o TS, e, IO Y U AREMN
%, BEBIOEEBEHELON YV VARELVLELI G & &R
LTWe., LER-T, BV U LAAF U ATHFGRTES (M1, M2, M3)

WS, FEEHEE (M6 B L UIMT7) TIRIRE D & bR S
. Lo L7e’ 5, Bayon (1981)I231F D O. nasicornis %) B oD H figs #ll ficd
CEAT 2 WETIE, BERBESRTH Y U AR TOBIEE b ORI
fzF-9, Zohhod IR X5 icEmEICa L
ARG 2 70 < THMRMI & 7 C&EI 2 R-TrREEDH Y, &
U LAGWIZOWTHIEAE SO L 1822 652 6h,
AT RLTHRTHREROTEEENE X b,

ST NAVHRIZB T2 Y UAIKT HEKBOE/NVLE
pH IZHOW T T 5 L, pH OEWHAETIX, TOE/LEHIT 1 KiE T
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YU LPBEEITH LD L, %G TIEEE/LIT 2 DL ETEKRBERR
WREIE o Tz, 72, MBERELEETIE, U U LREIZRRE
FEC, %G & FRRICERRBRIBE & 70> Tz (Fig. 21) . L7zd-o
T, W7 FAVIBENIZE T 5 pHHNIL, EICpHS LU FTOMBFEE L
R TILREE, pH 8 LD GRTHER - % 84 L O I TII R BEK
FAV UL, pHOLL EOHIGH R TITRBE S YV v AL 0T T
WHEEBEZLI, BN pH IV UL EHERBVLEGT 520U 7 LR
VAN Ko TR SN D Z LR &7z (Fig. 22) .

T RLAVHBIZBTD2HERNON Y U LA F O pH ~OBEHEME %

SICHEMET 2720121, ShROGEREOEMEBIBESH Y v AR

ZRA59 5 V-ATP 7 —EB MR MBELE LB LT,

2.3.2 FHgE

Bayon & Mathelin (1980) 1%, /L — RO A& I3 3 2 FERE C
HO, BRIZLD2Z0H%OFMHDOIOICHGEZEE L TWd Ll
TEY, IO EMRAT 52 81X, 17 hAvSh o EboRE
EAN AL EBRETLDICEETHLEEZEZDOND. LALLM
5, ZHET, thoaxs B oW bE IR T 2 FERRIRE DR

X, PR E W o823 T4 (Bayon, 1980b; Lemke et al., 2003;
Egertetal., 2005), HGBIGIC KD 00 OEWSLE DOFEMIZ DWW T
O s TWole., 8, BRMED N TH 5 Penthetria
holosericea (BUMA = 7 /N FL) Shih O BN FERE IR B A, R Rl 40 <
0.9 mM, i REET0.4mM Th D & A S 7= (Sustretal., 2014),
Hliggs D ENEI SN2 OB THMR MOV TIERE STV
oz,
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KW TIEL, 7 F AR DOGEIZRIT D HEEE O R EAERIZ-D 0
TREAZ AT 24TV, FEOEAMIZ L - TREARN S 5 2 & % iR
Li=Z &b, BB %G Tl PiEEZER L, =X L
LTINS TWAHAIEBENRNZ 2 biic. £72, 7 hATHhok
G OEERREE X, G LT L, 22’ anizZ &
5, BERMERBEN DT P AVHBOBB TRETWHWDIEEZ LN,
— ), EEBUANOFHIEO T T, XL, KFE L ZMBILRFBIZHHET
XL LETFHEEIN, FHTHRHINTEKFBIEIFTBICEKRT D EHESIN
7.

2.3.3 LHE D REERTEME

KEEGED D, BT N AR ORGNEWY | D& FE L HE 55 fE R RIS
N Sz, ZohHROT7 I 7 —8IEMEIL, Yamane et al. (19651 &
STTTICHEENTWD LIS, E@EpH IZFHTHD. B 7 bay
BT, BEBMICEST T 7 -8R S, 82BN pH
NEWHIBIZEBWTT I 7 —BIE%IER b E» o7 (Table7). 77 k
AVHBTOENWT I 7 —BIEKER, Moa bl xavBahThsda
7 X% a R HE D Melolontha vulgaris (Courtois et al., 1962), ¥ X O
F 7 U R D Cetonia (Schlottke, 1945) & Potosia (Schlottke, 1945) &
—HLTWe, =5, A7 AR ER—DRETH D X. gideon (7
7 b AVHEHE) OEA, BBICT I 7 —BIEFEE LR D572 (Mishra &
Sen-Sarma, 1985).

Cetonia aurea Y1 TIiL, T OFEEEO pH (11.0-11.5) XV 7 I 77—
YO EE pH #HIX 6.5-8.5 LMo 7-Z 1%, BRLEZEMDOEET
5 LR TUWS (Schlottke 1945). £ 7=, i pH & FEFD pH DR —
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Bix, FRhogBoERICER TS EVSHE S H D (Johnson &
Rabosky, 2000). AHFFED B 7 b L% B g N bR T D £ 8555 fR 1%
Mo pH 1, BN pH &R — TiZe o> 7208, BN pH F TOZ Pk
Oy R SE OTEMEL, il pH OWEHED 50% 22 TEY, Zhbo0%
WESTRIETEDS 7 7 b A DIFE TIHEFITIEEDN SV & 2RI LT
L. Fl, ZVavF—FEHICoOWTH, pHIOIZBWT, S~/
VA —PBILUOAF VU BB W TR KIEEDK 50%, BLO
PN-TEFALI N A I =L —P B LU L as ¥ —PIBW T
KIEEOR 20% 2 HRF L T2 Db, BEMEATIHBNRED
pH & i pH #iH & OB OR —BUIBF CTid/e <, EHFEM %W T
HOLAREEDZE X DL,

— 7, ZHERMRIERB L OIS T 27 avdy—8, bbb p1,3-
NN F =BT BTN AL F =, fl4-F T F—B I
THLXY X —EOEE pH MEIZTZNETNTHmIETH - 7=, TG
HIRFDL1,4-Fv 7 F—F¥TiE, EdipH 2N 62 & 76 D2EE—7
ELTHRH SN, f1,4-% 2 T U RIEE O BRI O v — 2 (pH 6.2)
%, X v X —BOREELEZ T -ARERNZ AN, ZThET
DHFFEIZFB T Y, Shirahoshizo rufescens Roelofs $1 D T 1~ D~
Tk —R (Fvr—RE~vr ) —REET) NREEFOEE pH IZ
2EOEY—7XH Y (Yamaneetal., 1963), ¥ 7 b AT EHHRDOX T T F —
BLREBEOHENE X b,

F, BT M ATVEHHRTIE, CMC ORI T HIEFICTH NEL T
— BRI, ZoHRRE, a7 a b xERO Polyphylla
fullo (Debris et al., 1964), M. vulgaris (Courtois & Chararas, 1966),
Sericesthis geminata (Soo Hoo & Dudzinski, 1967)X>, /~F A 7 U BE D
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P. marginate (Cazemier et al., 1997) OfEFR & —F L Tz,

AFRLTHOROF T o RICET 5 HmEIC K D L, Cazemier
et al. (1997) 1%, EHIMET®H 5 P. marginata ¥ O W jig & %15 O Wl )7
TX Uo7 —BiEEERE L. £, TEEREETA Y a b xER
Td % Anomala polita B DGFNED NS DIHF v 7T —BIEEZ KR
HLZR, NFAZVHERERIEZI T bAVER» LIRS AN
- 7= (Mishra & Sen-Sarma, 1985). —J7, TEERMEO a7 % a1l
B CH % C.zealandica ® 3 s Tlix, BB TCOH ¥ 7 F—BiEM:
ZRHL, ZHIEMEER CH D EHEE L T\ 5 (Bauchop & Clarke,
1975). L)L 72eh b, BIWOELEERE L TWDL~ 7Y a il o
Aphodius rufipes 1% 7 F—E ZFFi- 72 (Holter,1974). UL B X 5
2, a TRV RR DX T F—BIEMHITFEIC L > Th2R Y Bl o
Tz,

gV avZ—BIEEod T, N-TEFALTvat I =F—+F8 (BN-
TEFLARYFI=F—F) I2OWTIE, BTG TEWRIEHE
REMEN R S . BN-T'BF v at I =X —BIXINK iR
FERTHY, WX NI BHEOREHEZREIZ/EA LT, FN-TEF LTIV
At I EEHSELIBAETHD. W7 FAVHBROBNIZE N T,
N-TEFnAIraprI=F—EOTHEINOHEEE L TIX, HEKRY
R FUEDPEAH L TWESGE O REESR OB, EF OB~
DG TH 5.

F9, EHERDICONTEZD L, BT N AVHRIE, SEKE R
Oft D BB/ B ET 2R T < EMEMET, BELF
DHEFEHBEHKDOL13- TNV EZRHHLTWD EHEESNL TS,
THEBEIZIES13-I D UM E T T Ui 4-8%&H S, (HH
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5, 1996) , A X7 TlL, FREEBERFFIZEN-TEF LT Y P I =
H—BEEHEL, REELATOXFTF U ELN-TEFLAF Y H I =

SEL, FEEFFUOOERLTXAF—JICFIH LTS (&
B, 2013) . L7 o T, 7 b A VHHRNEEEE L TAN-T & F L~
XYV I —VPEEGALEBELZEBAELEZ LT, HilG TOB-N-
TEFAAF Y I =L —BIEERE RSN ARENE Z 5
5.

WIZ, B OPE~DOE5Th 22, HE (1986) IZXiX, Rk
X, BEZOFELHMMOBRHE W BIROHN DO DIZ, T
—BENTEFA TV I =B EERFEEOR R L X F

SRS T OBRZ/ERR L TWD LI T 5.

F7, WA aGBICBITAN-TEF AT Vay I =2 —P L, ik
FUTIEA 722 <, MREB L OB RIKIZZ EITHFEL, TOMWEIZL - T
MARICAFIET D 2 A 7 (MiRA) & BEIRICHFEIET D2 A 7 ()
D2 EEND L. TOWMFEOHBICIIT HlEaT TOHoME LT
PR AEAS, PR, REARSRAR, BRI IRE K ORI & % < OFfLIC

SAL TS, MEOHEILEGRE ThoHEMHETIX, BRPICEmiRE
DMEMDL-N-T TN T NahI=F—EREM Tl S, $hif
TS B W ~E BRI II R L D p-N- T F L T a I =F—F b
FFF—ENLICHE L T2 ORF, 1977) .

BRI, ¥F U oicEMET5%FF—BE N-TEF LT LY
R ==k, BERICERTLETREIRDDN, T UEELEI
BERVRIBR I KO GRS, R A LI B R O B-N-
TEFALT VA I = —ERFTF B LLEBITHBE LTS, 2
o OFRRICH T D AT ARSR IR, ATBCEMBIEL, T U OEENT
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HMENDTATHEEDLINEEFESZ L h, RIS D MMk O
R & W RIEYE OB & ICBE AN R S LTV D ORF, 1977).

L L2 s, BRoxF o aMmiEdiL, MYk & oBEUER & 13
BERERDIZ0, *F UoIITEEEEE T, BERIFICERT L&
WoRLE HD (FE, 1986) . AWFFEO L BERERIEMERIE TH W 3
S, 2ol E%, 1 AU EEEINZEERTHY, KO
KToho “thk” FTI2E3dn< ey 2 0AUEOWMA®H HHH T
HHTD, ZOBERVBMEIZEELZEEB I W, £, A=
HROPIGHE BN TREREZPICHBEEDLN-TEF LTV aH I =
F—PRERTHRESIN TS Z G, EEOERIZK > THN-T
EFAT Nt I =X —BOEESRIE S .

W& % 3 &N U TT o Te 2 HE o R e B IR HE OfE R IX, 7
LAVHHROGEZRB TS, 13-V bp14-F T BFNEN
DOHERETEICE THOMT 2R RMRV AT LAEMATND Z & &R
LTWie, 22T, SHIIEEEZ 1058+ LT, SHROBEICE
T OBEFR DO WEN DR E R AT, BEE 10 0B L5460 M1
i, AR E RO RI DM ZEZA TS, TR LTFY)
O MEFE IR O RIEIZ R TH DA (Crome, 1957), B 7 b AT EHHICE
DRI T D E WO RIEYEN M1 TRE Sz, 2 OHML
IR A G EN TV A AN DS, ZhET, BRIZBITSZ
W REEZRIZOWT, T2 a7 U T, WMRREZENRET LI Y
X —BOEERGWEHAMTH DL EDRHRE I TWD (Veivers et al.,
1982; Inoue et al., 1997). F 7=, Mishra & Sen-Sarma (1985)i%, =4 % A
B A polita Sh A TIE, MERIC S EIERMEIERELGENTND
EIBRTNWD., ThbDOTF—2%BET DL, BT FMATHHROER
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AR2S M1 (RIIG2R & RIS ORI OEAL) ([2H D HEMERH D2, &5

CRERR R T TR L 7R D

BT RAVHBROBNICBITDL-13-7 00 BILOB-1,4-F T
SYFRTEMEIL M1 226 M3 TRIEIZIE T L, WAT LT, AIEMEREORE
DR T L, ZOIREBIL M6 £ THEFFS L. S BIT, ZHEoMiEME &
AT PERE OIS IS 2 K 902, BERRIREE IS M1 726 M2 128 L
e, LTEmoT, BI3-IN A BLOL1,4-F2 T 0 DORICKDH
WEDERL T D% OFFE~OMH L, BT T b AT R oh G
o M1 THRAELEZ L ZRB L TWe (Fig. 20).

— 707, TEEFEEHB I ORBATESICS N TE, WS OMLE L
7 HBERIEEOE NP E S . Bl 20X, g-1,4-F 2 7 F—8 TlE M5
nH M7, 13- F—EBBLUB- I rary—ED M7 6 HI
~OHBTHD. 2121, 2D 0L T, AIRVERE & HERR O E O
I T 7 AMIONTIE, ST DM R, T OEEFREMEO N
X, FEORMICEEEZE X oot E XL,

2.3.4 BER D WERNL DReE

Tokuda (2019) I LT, a WX AT BO P E - 1XHBEO VT )
TSNzt Lrg—¥, ~IkvLT—F, BIOXIFF—FDIE
PEITBA O ELAEMEICHRT 2L I THDHE2, FEMITH LNk
TV, a7 UDKZE T, E5Eo 1 75 fF 25 WE i T oot S
N7 —BIZLoTEZIY, ZOBMEIZL > TERDMNEZ
HEEINTED (Brune, 2014; Brune and Ohkuma, 2011), #7 kAT %)
HTHLRAEBEEMEONGTOBBICEL > TEHERN DML EEB X
YR
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A TIILHE D MEZOHRRIZONWT I HIZELEENMZ D7D,
NHT —FRXR=RZBEEINTNDHT VAV ST ) L, RTURATY
7 — LAERICBERR O = R A B RS BE o AR SR & B O B 81 A3
GENDLINERE L.

HEDOREK, W7 FLAVHHRDONT AT VT h—LFT =22
FLVEHEKELT —¥, TIT—8, BI3-ITNAHF—F, BTz
VHEA—BEENENFHUOBIN R b, OIS T D850
TRLAYT ) LA br 2B LB TROD -T2 N6, IBHHNT
DEEEL D 3 RIS M EH & D53 W$ D BER DG EZ RO RRIENE 2 5
iz, —F, NCBLIZBFKINTWDL T AEFIOHR T, 17 M ATIC
—FITHE TH D 0. rhinoceros DIV T7 —PEEFITFEBRITITIFHL T
Wi E DA B S (Shelomi et al., 2019).

NT NEVTF ) WENT VAT YT b— KNSR REER BRI
PT 2BANTI R SN, BAINO T AS—F, FA—HOKb o
NZ 227 U7 k— A0 3 HEi%sh o spindle shaped cell X2 horn primordia
(AOFRE) ICHKLTEY, ShBROBNTREEL T\ 2203k T
Xhehote., £, B7 AV TTHlanNsEBLT —BEE RS L
O. rhinoceros D&/ 7 — B BB FI1FH 90% & @R~ TH L0, &
T RLAVHBOENTEL T —EBEHREIRESATELT, EF0
BEI N TWRWARRERE X b, FRiC, BNAWTXF L 75—
BIEHENE > T=DIZH b 6T, H hampei DX 27 7 —8 & & IHE

— ML R TESNEN T P AVEBIRTFREERNOROT LT ENTE M
ST, BNEMTOX T 7 F—BIEMHITME S oW LT 5 Al i
WREZ b, AR THRIHEN KRR, MEHKTHL Z L
AT H200E, MEODHEE - BB EZRAADILERND D .
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2.4 /NE

BT AV ROIBERNIZET D, BBE IS REE 2B L
KX OAEFZRFHEORIE 21T > 7 (Fig.23). I 7 FATHHDOKE S
X, thoaTxATBGR X LB KE VD, SHhoWbE %
ATAALTEY TNV L CEEMNDOIEM R TR AIRE Td - 72,

HILEEZZOREIICho THABICHEITHZ 12Xk, pH, BV
VLA Ty, BERBRAAY, WFE, BLXOZEROSHR, T XTH
LEDOESICH>TELIELL, THARRREREZF->TVWDE 2
EERTIENTEL., T AIX, ZHEHEO 5N T O AL
ICRFHREITH Y, M1 BFFICIARE R AR > TV D 2 & &R LT
5. EBIT, SEEEOSE, BEEOAR, BLOTFmoMNHEIL, Hich
T RLAVHBORBORPERTREE DL THY, BIEAELE—2R
BLONI BV —2RDOFHERTMTH DL EDBRINTAMD = T
I B BB IZ B 3 5 LR O WF %8 (Huang et al., 2010) & F )5 L T
AV

A A v 7 VU (Hodotermopsis sjostedti) @ BC fEikt /L v — X & fif
ALIEERTIE, Bra—2AONKSHBREIBTIHEY, KT T
MORBMBBIGTE D Z E N/ RENT (Tokudaeral.,2014). £7=, T
Fin T VoEFAEAYD, BIBICERT L2 LT LN TE
» (Honigberg, 1970; Inoue et al., 2000), REEOERN A =TV
(Coptotermes formosanus Shiraki) Tt #7& T\ 5 (Nakashima et al.,
2002). L7223~ TC, FTEvu7 U T, ZHEOSME TIROMRHEIX
FILBRB TR TNDHEELLNTND.

RIFFEDFEFIL, BT~ A TERIZE T D SO Y fE O FE R
Ly, %IBETIERSHBETHY, EHEHIHEIS Lot by AT A& 5L
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L, THAX— %R BTV REEEZRB LTS, £k, WHiLE
DHEEZ DI D= DICZN G ZMAMET 5 FIEE, BhoMbEics
I T L DB B AR AEE OB VCEMICERT 5 LB bR,
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3. 7 P AVHHHRDOBNMEE

A7~ ATVHHROGNEREOWE TR X VAR MR O JlE
CRD, TR E BRI TIEBNERENTAAERANTH DL Z LRI
HALVE O —EIZ B E ITHKAF L TV 2 aTREPE N HEE S v Tz,

L7eR =T, BT bAvH oM bEIZIT DR L DR & Hhe

b, WMFRRICRR L EEZ 20N

L&D ERIZ

%0,

FIZT, BT bAUHEDON
ST, EALBIOMIEREEMEE 2T L. ¥, HE
E G OB R G O AL R R E WA S )

T A7=dlT, Z
NS DOEHNZZFF 7 EAE 3 EAICHS L, M REE W
|

it
I EITH> 28T, BARESCZHESMICHEEN ED X 9 ICH
HLTWLhEHLMIT 22 L2 BMICEREIT /-T2,
3.1. MEtEFHiE
3.1.1 IR O®RE, ERETOHEF, @R
BRI B DWW TIE, 13 fsh a2 L7z, ERICEH LY Hh
(X, 2004 5 2019 FFITH T THIAR

SN ERIR T (dbfeE 35 BE 23 4y
R 139 F 27 4

) ODBFELOZNHRIRPOER L., BEIZEU T,
B Hm#EIH¥ES (DOS Corporation, Kk, HA) O HHEA L. JhHR
T, R LCHEHUZEOHFRIELZZL T 7 AF v 77— (31
S5L; 10 $hi/r—v) TEE L

1Rl KON 2 sh L, BB - (K& - SEE D
HL, #RE9 DA

SHE L. 3K
EFERRICIT - T2

, BRERK 1 »HEEE i3 T EE, 2.1.1

ST RIINEY & & e 2IEbE &, 2 mshHh e 3
BTN EY % G i E “IBICoEI L THEHALT-.
é% El,—'ﬁ;_z.

W EHALIC K DFEM 7R 2R ZAT D 72

L.

(2, 3 ERHRTIE, M
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B ZHRG 7 oEl, %53 0B L%, NEYERERE (Fig. 24) I
e, oI vaE, PIEREDIL CML-CMT7, %N EY % CHI-
CH3 & L7, BEREAIT 2561, FUR ZWEABEBEK T2
< &b 3mEE L, FGEEREE 2 WMI-WM7, % 1515 % BE 2 WH1-WH3
& L7=. DNAZ, CMI-CM7, CHI-CH3, WMI1-WM7, WHI-WH3, fi
BEEL (BH) Lok (F) 2o bl L, LTOERBRICER L Z.

3.1.2 DNA HiHd
ZOFEBRTIE, | EshimE 38, 2 #shihEd 3 5H, 3 #ighihiz 6 §H
(Pl ERR : 380, RFEBR3IUH) 2MEHL, I XToOHESRY TV %
BB ALEE L 7. DNA flitHii%, ISOIL Beads Beatingkit (= v R ¥ —
V) HEBLEITL ORI S THEH L.

BTN (KGHEIALN S ONEY 0.5 g b L < IEXFALBIOGE
BE) Z B — X AN F=2—7 TR L, 65°CIZ/NE L 7= Lysis Solution BB
% 950 uL, Lysis Solution20s % 50 uL if§IL7=. A7 v 7 AT 10 #
PRE L, 65°CT 15 0MA &% 2~X— K L7=%, 20°C, 13,000 rpm T 1
gy oy BE L 7=, BYE 600 uL % 2 mL = — 7 (Z# L, Purification
Solution & 400 pL #IN#%, #sffE#H L. S 6127 mrR/L A 600 uL
ZINNE, ATy 7 AT 15 BHEEE#HE L, 20°C, 13,000 rpm T 15 59
e BEL 7=, 7KkE 800 uL % 2 mL F = — 7|28 L, Precipitation
Solution % 800 pL #INT%, ®EIHEEEL, 4°C, 15,000 rpm T 15 4yl
D BEL 72, BV %24 C, WashSolution % 1 mL RN, EEEIEH L,
4°C, 15,000 rpm T 10 /7l L oBEL 7. BIEZET70% % / —)v
Z 1 mL, Ethachinmate Z 2 uL i8I L72. AT v 7 AT SEHEL,
4°C, 1,5000 rpm T 5 4rffiE.OmBE L7, EiEZH T, 60°CT 10 57[H
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JE\g: L 7=, LE% TE (pH 8.0) 100 pL ([ZVEfE X W 7=, fhiH DNA X
4°CCTIRIFE L 1=,

3.1.3 PCR-DGGE f&#T

Wz, MIE O 16S rRNA #Ei& O V3 k% % — 4% v &3 2% PCR-
DGGE %, Watanabe et al. (2001) O 5iE#kZ&E L T{T->7-. PCR I,
M D 16SIRNA BIn D77 A4 ~v—1k v I (341F B3 LT 534R) % ff
AL CHEME L7. DGGE ZfH L TkIIE9 5 PCR EW & HRHT 579
\Z, GC 7 T 7% 341F 77 A4 ~—® 5 "KL 7=. £ 50uL @
PCR S&GEIZIE, 25 pmol D& 7 T A ~—, 4uL @ dNTP mixture (£ 2.5
mM), 5uL @ 10xEx Taq /N> 7 7 — (Mg? " plus), 2.5U ® ExTaq DNA
R U A7 —+E (Takara Bio, Inc. ), 3 L O 1uL O A DNA Z AN L 7-.
PCR gLV —~ /L% 1 27— (Bio-Rad Laboratories) THT72 > 7=.
ZyFHETME T T 7 A NVITROLEBY THDL  £F, H1 A7
v 7L T9°C, 1004 FaxX—hK LK. H2AT v 7L, mAIZ
BRI E L T96°C, 147, 7=—VU 2 I7KiktE LT e64°C, 1747, fif
G E LT T72°C, 2 &7V, TD%, 7T=—V 7iRE% 2 V%A
7 VEEZ 1°CT D T, &EEICT =— U ZREN 55°CIZ732 5 £ T
OGS EBVIR L. 3 AT v 7, BYEKGELTI6C, 14y, T
==V 7S ELTS5C, 157, MERMIEE LT T2°C, 245 DKIS
28U AT AT o Tz

PCR HEIEEME 1.5% 7 Ha—AF L TOEBEBRIIKENC L R L,
H B D BEHE 2N > R % QIAquick PCR Purification Kit (Qiagen) THHI L,
I #% & 200ng @ PCR FEY) & 157-.

DGGE (%, Universal Mutation Detection System (Bio-Rad Laboratories)
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ZREAL T, 30-70%DRFELHRNLLT I RARL (40%[v / v]HIL LT
I RETIMIRFZFD 100%EMEIK) OHD 10%RY 727 U7 I
RZPVEMHFHAL TITo. 7Z7UNLTIREERXRTZIUNLT I ROk
F1X37.5:1 & L. EXUkENX, 58°CT 3.5 K¢fi], 200V O EELET
fF>72.DNA ~— 4 —Z DGGE ¥~ —# —II(= v R ¥V — &)
AW, BRIUKENR, 7% SYBR®Greenl Nucleic Acid Gel Stain (%
71T N4 ) T30 7Y%t L, Typhoon 9410 variable mode imager (GE
Healthcare) Z MWW TR L 7=,

DGGE /N R O3 ) 72 F/E &1, Quantity One Ver. 4.5.2 ¥ 7 ~ 7
= 7 (Bio-Rad Laboratories) Z#f#H L THEEMIZIRE L. T72b b,
125D L —rDEFHRE (TD N, T DOBEE ISV T3 K (IEB)
DI L & HITHEE LT, &30 ROMSFER (RA) 1, koKX T
FFHE L7 RA (%) =IEB/ TIx100.

DGGE 7'V LD & —75 > b3 RiE, UV S T Tl £7,
SR LTSN RETE 2Ny 77— (200ul) % 37°CT—WiA % =
N— kL7 I, B b Y 7 A (3M, 20uL) & =% /7 — )1 (99.5%,
400uL) Mz, Yo7 NAEIRE L, -20°0C THOR< &b 2 BEMMmAIL
7=. Wz, 7% 15,000 rpm T 4°C T30 = OoBEL, G
frE L. =& 7 —L (70%, 400uL) % EE LIz TRA L, 15,000
rpm, 4°C T 20 3 RELDSBEL CTH o 7Lz i L=, LD 2 KRE
L7c. BRI, 60°C TR, LW % TE Ny 7 7 — (20uL) (25 F
L7z,

DGGE 7Bl LicNy RaF L, Efto PCR &MFE#2HW
T, HE PCR 1T 7=. FF-H#IE L 7= PCR PEM X, QIAquick Gel Extraction
Kit (Qiagen) ZHEITLOFRITE > THEH L TERE L. > —F X
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77 M1 1% BigDye®Terminator v3.1 Cycle Sequencing Kit (Life Technologies)
ZEFA L, &% UkENT ABI PRISM ®3130xl Genetic Analyzer (Applied
Biosystems) TAT o7z,

BT S4L72 DGGE /N FORLHNE, MEIZIS U Torkic FE# T
EXih, EERHIEZ GENETYX Ver.14 (GENETYX Corp.) ZffH L C
Bt L 7. B #lX Find Chimeras (Wrightetal, 2012) %z L CTHER
W, FATEINIZDOZRD LRI LIz, KEESZ AL AT 7
rY—EWtE % — (NCBI) @ BLAST 7 —# X—2 &ML T, 200
WHS O R 2 U OS2 RE Lz, b1, B LB IW
MFEYET — 213, BLAST 7 — 4 RXR—=ZnblfG L. 7—2ZRGD7%-
¥ 1Z, NCBI nucleotide collection @ 16S ribosomal RNA gene sequences

(bacteria and archaea) & 15 WA [FI P 2 7= 3 BE 41 & fliHE L 7.

3.1.4 ERSHHT

DGGE /N> R 2 — o UL, Eikms o (PCA) & Mvy, A
YN Z =BT LI Lo THE L., MEHOTE T r Y
K&, R software package version 3.3.3 (www. r-project.org) i L T

1T 71~

3.1.5 RS
Quantity One Ver. 4.5.2 ¥ 7 k7 =7 (Bio-Rad Laboratories) % f#

LT, ZNANNY REfr Lz, £7, MEmEOEAZFMT 27201
DGGE /N RO %+ F5 %% Shannnon-Wiener index (Shannnon, 1948)
B X O Simpson index (Simpson, 1949) ZfEH L CHE L 7=, SIZ%£ 4
NL— DN R &R LT,

58



s S
Shannon — Wiener = —Zpi Inp, = Z(Ni/N) In (N;/N)
=1 =1

S
Simpson indexes = 1 — Z P,
i=1

316 70 —25 475 Y —4Hr

PCR ¥, PCR-DGGE Z3#r TfEH L 72 ® @ & [A U DNA ¥ > 7L & fiff
ALTITol. ZHTRALAFT™ME Y hAZ— IR —=T g (XHTA
A %) & MyCycler t—~ /L% A 7 7 —PCR ¥ v | (Bio-Rad Laboratories)
ZfEM L7=. 16SIRNA Bin 1%, N7 T VT ZENLT LT T A ~—
7 27f(5'-AGAGTTTGATCMTGGCTCAG-3 "', Escherichia coli 16S rRNA
Bin T 8-27) B LU 1492r (5'-TACGGYTACCTTGTTACGACTT-3',
Escherichia coli 16S IRNA =1 : 1513-1492) = L CTHNEM ) 5
it L7 DNA 2> HHiE L72. % 5472 PCR EE#IE, Wizard® SV Gel
and PCR Clean-Up System (Promega) ZfEH L TR L 7=.

RIZ, M D 16S rRNA Bz DR EY) 2, pGEM-T Easy Vector 3
A7 A (Promega) % HE L DOIERIZHES THHAL T, KiBE DHSaZ
rm—=v 7Lk, JUFLNTERLIZ /e —r%2F =y 7 LT, 1E
WRa Ry 24— —5 v FPCRB IO VESIKE 2/ L TA P —
M A X &M L7, DNA (%, ABI PRISM ®3130x] Genetic Analyzer

(Applied Biosystems) T, #i&E5t (Applied Biosystems) DfFEIZHE -
T BigDye®Terminator v3.1 Cycle Sequencing Kit (Life Technologies) %
LTy —4 > A L7. FindChimeras (Wrightetal.,2012) Z{#H L
TRE L72F A T BANIERS LTz,

%12, DNA 7 — 2 X—2NORLH| OB R IT, KEESL AL AT 7
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Juay—E#RE X —O blastn 72 7 T LA EEHL TI{To7-. BYIT
T A4 A2 M ClustalW2.1 Z i L CTir-o 7=

3.1.7 R

W REECH T — X fRHTIX, 16S rRNA iR -I2 DWW TV, il B o HE Jk
AL ¥l % ClustalW 2.1 (http://clustalw.ddbj.nig.ac.jp/, Thompson et al., 1994)
EHERALCERINT 74 A bEEIT L. TO%, TBEHEAGE
(Saitou, 1987) I L % R #ifl 2 Megab (Tamura et al., 2013) THEHE L 7-.
B Oy N Z — 22T 1000 B0 7 — 2~ T v FHE

(Felsenstein, 1985) #1772 > 7=,

3.1.8 M DLBENIRBER BT DBRR

7 MATVHBROBNTERE SNTZMEOEEEIZ DWW T, BEHR O
B @ Complete Genome 7 & & D FEHE D HER 2 5l I 72 .

£ 9, DGGE N> R/ 1 — ¥ % query |Z, Database % Nucleotide
collection (nr/nt) & L, blastn #8582 1TV, DNA BAHIDRERZ1T -7
(Zheng et al., 2000). XIZ Hit L 72F# D H T, Complete Genome 73 & &k
SNTWHLMETY /7 —3 3 Sz Protein name 205, XIS 5
FERER R0 R L.

3.1.9 16S rRNA BB FEFIOT 7By a v BEF

DGGE /N> RIZH KT 547172 16S rRNA BEix 7-AL, B L7
=747 7V —=nHICHRT L5827 16S tRNA Bz FEAIE,
7% v va &S ABT35679, LC375133, LC375134 (DGGE /X |)
B L ONLC373224-L.C373238 (/v —2) L LTHADNA F—&Z 7
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(DDBJ) IZ&ELT-.
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3.2 R
3.2.1 PCR-DGGE I BII B0 7 ATV AOBNOMEREEE
3.2.1.1 STHOBEREREIZRIT2BNMEEOHR

KREBROBRMGATNIC, 110 3 EOHHRIZHONT, 438 3250
biological replicates; 1 %t : A-C, 2 #ssh H: D-F, 3 fish d: G-I) D
BENEYOMEBEEME % PCR-DGGE Tk~ THfTLZ. 2 b
I ORERIE, THEEBOMEREMENR LD LaRLTE
(Fig. 25).

TIHEROM KL S L2, KEBREZIToT. BN 3D 3 s Hh
BWEEJ1K1J3O@bm%mﬂmmwm)@% X BTy
L (7 3 F, %153 580, PCR[XHHE\E?%fTof;(ngé
Hgﬂ)3i DHHBD S HD 1P LHELNTARENRT —F % Fig.
26 (Bh D) IR L, O 28D EN B/ LT — & % Fig. 27 (4
MK-L) IZRLE.

Fh DR TEZ DN PR S, TONY FARZ—3F T
R BB CTIREEI L TWie, & 510, [ UBE ELO DGGE /N Ri%
EBRILICFEUBEELE 7. b7 —21%, fHx 0L hE oM
FHEMEDEVWEBET AILEN RN LEZ R LTV, Lo
T, DAERIZ 3 sh i J IO W CEEMIC BT 21T - 7=.

3.2.1.2 WMEREL, TBAEY, BRBAEY, EOMERERE
7, MEREL, TIHBNEY, BIBNEY, EOMBEFERED
L &1 T > 7=, 5% 10 0FID DGGE 7’1 7 7 A /X, WG e g4
e EOME#IL N A% < (Fig. 26, Table 12), # L1k
HAEIC BEWR A ST, £72, DGGE IS < PCA 34T, CM,
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CHIZZFNEFNFE L F oI N —T%E 0TV, ZDO T ) — T3
MLUTHELTWE., FIZCH ORBEONEIZH > 720, BH MO T
XTOY T bEEN Tz (Fig. 28).

3.2.1.3 FERELOMEHERE

BH OMIEREE DS TIX, 2 DO TFERAY FRBR SN (Fig.
26). 73N> K 2%, Uncultured bacterium clone SBYB 2224 (JN438659)(Z
LT 98%DAMHFEIMEZ/RL, N2 F 3 BILO 17a-17b 1, Uncultured
bacterium clone 1112855455242 (HQ118362)IZx} L TEALE I 95%D fH
[Al: % < L7z (Table 13).

3.2.1.4 FIBABEYOMAHEEE

CM2-CM6 TiX, BH TIIMH SN2 o7c 1 DOFFIZEE o N R
(N2 R 1la-1le) & 3 2OFEFERNU R (N2 K 12, 13, 14) B
Hani.

N2 R 1la-1le @ 16S tRNA Bin FEHIOEWIL 2% K TH 0,
Operational Taxonomic Unit (OTU)2Mf§ &L X 41 72. OTU X, Protaetia
aurichalcea OG> H 7 v — =2 7 X L7~ Uncultured bacterium clone
Paud (KT251043)IZ%F L T 98%LL EDOFAIE M % 7~ L 7= (Table 13) . £ 7=,
2 #F H & & W B2 A 1L Uncultured bacterium clone ANTPL TC57
(HM192939)ToH v, FOMHEMIX 90%TH-7=. /N K 1la-1le I3,
CM1-CM5 TO b & WK FIE R D 25.9-56.9% TH Y (Fig. 29), CM6
BXOCMT THLEIRINT. 7V R 1L OFBNEMICE T 5
AR AR XS B J-L @ 3 ERCHEEL L =#B 2~ L7 (Fig. 30).

o> 3 >OEERNN R, 12a-12¢, 13a-13d, B L O 14a-14d TiF,
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ZZ 1, Uncultured bacterium clone FFCH1250 (EU134638)IZ%f L T
96% M FH [F1 4, Uncultured bacterium clone Paul3 (KT251047)IZ%F L T
93% D FHIAIMH:, 3 L O Uncultured bacterium clone Paul9 (KT251051)(Z %}
L T 97% DA A % 7= L7z (Table 13) . 4 DO ELHI D 5 6 3 -5 (Bandll,
13, BXWN14) O b WVECHIIE, P.aurichalcea O 52 H K3 5 B4
2oz,

XTREYIZ, CM7 OMIEREEMIEIL, CMI-CM6 DMl EFEEMIE & 1T
L Fip o Tz (N2 R 19, 20, BX 21, Fig. 26, Fig.29). CMI
D CM6 TIEMIE SN2 T2 DN DFEEZR N RH CMT TH
I, 2056501 >CTh 5DV R 191X, Uncultured bacterium clone
PeM18 (KT251050)(Zxf L T 93% D AH[AH: Z 7= L 72 (Table 13). CMT7 IZ
BIFTD/N0 R 19 O FERIZ 164%TH Y (Fig.29), Z OfEiE N
Rl OfEEHEBIL TWiz, £/, XU R20&211FM G E S, Pragia
sp. CF-458 chromosome, complete genome (ZXF L, 99%35 &L Y 100% D +H
FIPETH Y, X FAERIT25.0%TH 7.

3.2.1.5 FBGREREOMAMEREE

WMI1-WM7 Ol & fEEE G 2t L7z (Fig. 26 3 X U Fig. 28). &
/N RTHD Sla-5le 1F, WM2-WM6 TR Sz, 2 b0l
FIDOE T 1%AR0 TH Y, 1la-11e 12 K > THE X172 OTU & 99%]H
—Tbobbv, lla-lle EFA—THLZ EZRLT. T ORI,
Uncultured bacterium clone Pau4 (KT251043)IZ5%F L T 98%LA b fH [ £
ok L= (Table 13). & 512, 232 K 5la-5le 1%, WM2-WM6 THi b
m A EE R (18.6-38.7%, Fig.29) Z/RL7=.

fihod 3 DOEH RN K (V32 K 53, 54a-54b, 55a-55b) 73 WM2 &
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WM4 TR SN2, 2502 RiX, FIBNAEY TIImE S n
Sl ZTNHOESNDEWIT 1%AKRIH TH Y, OTU (L3 F 53, 54a-b
BELW 55a-b Ik THEis /=, 2 b DEHNIL, Enterobacter sp.
strain BHUJPCS-20 (MNO078054){Z%f L T 97% D fHIA M % 7/~ L 7= (Table
13). /N2 K 53, 54a-54b 35 KO8 55a-55b O A IFETE R D A FHT 16.1
N5 40.8% D ThH > 7= (Fig.29). —JF, CMI-CM4 TlI/N 2 K 53-55
ERBEDBENE Z/RT /N RABE SN, N2 R 53-55 LIRS
DE > T,

3.2.1.6 BEBENEY, RIBRERE, EOMERERE

32.1.LICRT K 91T, &I, BIBNAEWIR KOO ME LG
FEHEICHEL LTz (Fig. 26, Fig.28). H“BNEM O N2 K%,
BNEM DN REE Y %7 o7 (Table 12).

N R 34a-34c & 44 @ 168 rRNA B RS OEVVT 1% A0 T dh
D, O0TU S X u7=. Z @ OTU X, Uncultured bacterium clone Cast045
(GU450372)1Zxf L T 99%LL EOMFIMEZ R~ L7z (Table 13). Z DN
N, CHI-CH3 & L O % THEZ T, tHx F7E & 1% 10.9-22.0%72 - 7= (Fig.
29).

S HIZ, N F34a-34d LRI CBEE 27”33 N 16a-16c & CM5-
CM7 TR &4, /N K 34a-34c BL 44 L RIBEOBE SN ¥ — 2 & oR
TANURDY, BBAEYB L OETEEINT. LELARERL, £0
icix, BIBNED BB EREL OB CHET 2NV RiZRH S
o T

N2 K31, 32, 33, 35, 36, BL W37 (Fig.26) &< DD
N R, BENEMB L OV ETITERICFRNTE 572, N R 33 1%
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% NE WY O H T B 2 S L, Uncultured bacterium clone
denovo2668 554 38588 (MF221998) L AHREIME 238 - 7=. /Sv K 31b 8 &
N 31c¢ I, Bacteroides sp. HAWD3 (KU886094)(Zxf L T 97%® |7 — 4 %
~ L7z (Table 13). F£ 7z, /N2 K 32 |3 Uncultured Clostridiales bacterium
gene for 16S rRNA, partial sequence, clone: RsW01-074, 3 X XX | 35a-
35¢ 1% Uncultured bacterium clone denovol12739 575 17323 & 96% D [F]—
PEZ R LT, LInLZRR G, /N R 36 & 37 O 16sRNA EA=FALHIE
T TCERNo T,

— 7, BIGIGEBE DK RAL DN RAXZ — A 3FIE R — 72 - 7= (Fig.
26).3 OO FFp N K (/N2 R 62a-62c¢, 63a-63c, 5 LN 64) 75 WHI-
WH3 Tdkl L TR s ien, WA Y (CHI-CH3) Tidkith i
720> 72 (Fig. 26). 732 K 62a-62c 1%, Uncultured Bacteroidetes
bacterium clone Ec167 037 (KM650706)(Zxf L T 87% D tH[AI 4 % 7~ L,
63a-63¢ B L N 64 X, Porphyromonadaceae bacterium enrichment culture

cloneB. MM 12 (KY101560)(Z%xf L T 87%D AR % 7~ L 7= (Table 13).

32.1.7 HEBLPOLBB~OHEALEFOBEICH S HEBEREOEL

RN ER LCEEENT, 2D od B oZBIcBEi+5 &
Exbondld, MEHEOHBZHRFI L. TORE, CM6, CMT,
CHI CRILBEEZRT /NN K (DFD, CM6 D/ K 16b, CM7 D
16¢c, CH1 @ 34a) WEIE SN2, CHI D32 FEIE CM6 3 X T CM7
TR KLY %057 (Fig. 26, Table 12). F 7=, #lEAEEMEE
%, CM6 776 CMT7 ~E R4 IZZE{L L, CM7 7»H CHI ~& K& < £1k
L 7275 (Fig. 28), CH1 THllE w5 D A{LITHE T L, F £ THERF S 7z (Fig.
26, Fig. 28).
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322 XU RN DIa—rF4TF Y —04F

DGGE N RO T, iz TS L TWD /N FILICHSE T
% 16S IRNA Bin F DO EEREINE 7 n—= 7 L7z. CM3 bl
LTZDNAZHWTHE L Z7e—0 T4 77 —=02hb, XF11O
16S rRNA s 7@ 1468bp BLAIN D5 17D 7 v — 2 2 HG LT,
IO 17 ED 7 va— o 16S rRNA #&{x F-EH O FEMEE 98%
LETH-T=.

17D 7 v— 233 hd, BEM® 16S rRNA LA 3 L TH E 72
MHERIMEZ RS 722> 7. LrL, Wb Adnaeroplasma abactoclasticum
(M25050.1) & 88% D FH [FI M4 % 7~k L, Uncultured bacterium clone Pau4
(KT251043) & 98% ORI A /R L7z (Fig.31). 246 OfERIE, A
PERRRICBWNT, N F I THIELLEOERCBEMERLIZTZD, AN
YRFUNICHRT /e —r bbb eBE2. FHE b0y —7
> A% [GutT. dichotomus] (GTD) & E#H L7-.

323 BEEOME Y ) AOMEELMBERERLRT

AT MLV BOBEN TR S E L TS Uncultured bacterium
gene for 16S ribosomal RNA partial sequence clone: GTD (LC373224 72 &)
[ZDOWTUX, 7/ LESIT — 2 B nTo s, MEOREREIZ DU TILfF
Ty, €2 7T, GTD ELSID 16S rRNA & s AL A HH R %
ZFFO M O MIE O Complete Genome 2> & Z D FERE D HEH| 2 3 A 7.

GTD B %1%, BETFE @ 16S rRNA & 15 + T % Anaeroplasma
abactoclasticum (M25050) 25 — & Bl L T\ % (Identities: 1284/1463
(88%) Gaps: 37/1463 (2%)). L 2> L7225 &, Anaeroplasma abactoclasticum
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(M25050)D 7 7 AEEHNITBER S LTV 2. £ 2 T, NCBI Genome
THRBE LI L Z A, [AC Anaroplasma J& @ Anaeroplasma bactoclasticum
ATCC27112 ® Whole genome shotgun sequencing project 73 & &k 41 T
. 22T, 7/ 7—varyITW5 Protein name 705, HEE 75
RECHET LIMREBRTREEIToT. TOME, -7 I 7 —F,
a-7 Ay X —BICET 2B TFBNEEL TR, 13-V h ) —
¥, f1,4-F 75 —8, BAT—ER, TNOOZEICHET LT
a v =B FIIMmETE 22> 72 (Table 14).

16S rRNA B s FIZ 87.5% OFHFEIMED & - 7= Acholeplasma palmae
J233 (NC022538) @ Complete Genome (21X, 4 [EI/3HT 21T > 7= % HE 5y
ISR RICB G DMK B m I3l S v/e > 72, 16SIRNA i1
(2 87.2% D FH RN & - 7= Acholeplasma brassicae (E0681348) O
Complete Genome (Z1%, a-7 I 7 —B L a- NV a v ¥ —EERTIHHR
S h7z. 16S rRNA BI5 112 87.0% DAHFEMER H v, 15K H kD
Acholeplasmataceae bacterium Mahy22 (AP024412) @ Complete Genome
i, -7 27—, - Nvavd—RB g ar X —BBIE TR
S 47z, — 757, 16SIRNA B Ax 71T 87.2% DO AH[AEIMEDS & - 7= Terenicutes
bacterium MO-XQ (CP017948) ® Complete Genome (Z1%, a-7 X7 —%F
B FOAPBRE I,

HG b %, #EE THE S/ L T Wi Clostridium diolis
(NZ_CP043998) @ Complete Genome (213, #J 30 @ glycoside hydrolase
family ° 9 fiD 7V a2 v ¥ —BiEHEE TR S, £, %5
THE 51k L TV 7= Bacteroides thetaiotaomicron (NZ_CP040530) TiX, £
18 @ glycoside hydrolase family X° 4 fi> 7 U =2 & ¥ —BIGE & 105
frt &7z (Table 14).
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¥, ARMEDICEASA T2 Y 7= nRIcEE T2
glutathione peroxidase (EC:1.11.1.9) 75, Anaeroplasma bactoclasticum
ATCC27112, Acholeplasma palmae J233 (NC022538), Acholeplasmataceae
bacterium Mahy22 (AP024412), Terenicutes bacterium MO-XQ (CP017948),
Clostridium diolis (NZ_CP043998) , Bacteroides thetaiotaomicron
(NZ_CP040530) 7o S 47 (Table 14) .
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3.3 EBE

AT M LTHRIZOWNT, PBE OB FEE O E & RE L T LTz,
ZORERI, R OHEE OEALIZ L > THEHEBEOENEH D,
Uncultured bacterium clone 238 G Th D Z & Zm LTz, FFIZ, AL
T W IR BAfR 72 < G O Sk A ok 16S tRNA AR T
FFI N & (DGGE: N> K11, 7 ue—=27:GTD E%]), Z®
v —2 v A% [GutT. dichotomus) (GTD) & L CEHR L.

331 77 FAVEHROBNOMBERERE

FHENEY (CM) O DGGE 7'u 7 7 A )L & Z 2 H-5< PCA i
X, BBNEY (CH) THROLNTELDOEIFEFELLRRY, BT Fay
SR D RGN A RE R LB A A ISR SN TV D Z LB LTV .

FAEBELCTREHESNTEANVR3E, AT =R RTHDHHR, F
BNEHTH A R 17T E LTRSS, BEIBFE—-THo7Tz. LR
ST, BEBELPTOMENFIENEYOME#ICHELY 5 X 25 6
EnZEx o, LrLaenb, MEEELLOFHENEYE T, #
it L CHET DMEIL D 22 <, AW CREEIICHE ST 5 M
NEIBHEShbL212725.

FelZ, 7 P AV BROENMEERTC, kbERT~Z1E, F
BENEY (CM) @ PCR-DGGE TR SN F 11 THDH. TR
Gz FEOME L, SROEFICERZRLS, o LiEEA T XTo
AT FAVHRTHRIEINE. —JF, ZTONC R 1L DAY R,
ORI ENFERB THR2 > T2, 25112, ZO/FIZFED
MR HIENEM TELSH TH Y, X REE R X o TH
BENCBb T EboRn L. £, ZOFRIBRNEMONNC R 1L,
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PG EBEIZ S N K51 & L CAEfE L T/ (Fig. 26, Table13). 1.
32 C/aRLICE@Y, 7 b AVHROEARE LERD, EalditEh
HONE 47T R TH D, 0. nasicornis (A7 a0V A BT KNAY) B
BT, PRt D 18RRI, FGIC 8.5 KFfH, #IGIZ 4 FFfA], i
BMLTWDEENTUWD (Bayon, 1980a). Z OFEEMNSLHEM TS L, &
7 b ATE R OWRRETIEA 22 BFIE, BB THK 17 IR TS £ B &
bhd. Lo T, BELEEHIFBIC 22K LAEE TE 20
fed, N R ZROMEIINAYE L HLICEB~BEIT2LEE 26
NWHHR, B TEAY R ILIERE SR ol. LOLRRL, i
NEY DR R 11 EREAN 2RO R 5125, HIGHIEGERED & H
SN, T OME T i i GG e R E - RSB IO
WS 22 nBx Oz, £, THBNEY ERICHRBICBE LT
N R, BIBNTETOBNREICESG TS, AFTE RV
DI & 720 RS, N RPBRE SN2 WATRBERE X b,

— 5, /N R 16, 34a-34c B LN 44 OME L, FHENEWIZE £,
Hib LI HEBICBE L, BicbRE SN2 &b, STROBA
BREOEICHIS LAERFT L2 ENRm®mIn.

¥ 72, DGGE fi#r TRt S22 o I E S TN EMICHFIE L,
BN EIFET HMEHEICTFS L TV LAEELE XD D, H
B (pH10.7) 726 1% M5 (pH8.5) ~DORaE 7 pH DAL, FHNEY
TO~ATFT—=TholcMiEmDn, BENEMTOWEMIZTEE L TWDH A
REMER B 5. Bl 2L, THEONEMITHET 2 FREFROME L, %
BFIZ Ao 72t%, pH DX FIZ X o THZET 5 K 9 IcFHE s 5 alsetEn
» 5.

B 7 b AT E BT, R 5 O B R AR AR G DS 5 o0 B R SR AR S
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DHLEHETHDZENHENTE. SHROBBENEM M LR S
X R 310%, Bacteroides sp. HAWD3 (KU886094) & 97% A8 [Fl 1 % /1<
L, BE& M E TiX, Bacteroides thetaiotaomicron strain JCM 5827
(NR112142)IZxf L T 96% O AHIAIME %2 7~ L 7=. B. thetaiotaomicron 1%, &
EH EMERARADHENS SEESNLIZME CTHD (Xu et al., 2003). —
XL, Bacteroides J&1%, ZMELIRRBEMNMEM SR 2R+ 52 &
DL TUWD (Xuetal., 2003).

Tz, BRBNEWMTIX, N R317ET TR, /N2 R 34 BREST
2N RTo® o7z, /N2 K 34 1%, Uncultured bacterium clone Cast045
(GU450372)iZxf LT 99% O AHIAEMEZ R~ L, BEEOME O H T, N R
341X Clostridium diolis strain SH1 (NR025542) (2% L T 95% o #H Al
o L7o. C. diolis strain SH1 |X, B L7-&ENO oS, A£F pH
HPHIX 5.5-8.5 (£ pH:7.0) TH 5 L HiE ST 5 (Biebl & Sproer,
2002). Z OHEEEIE, ZHEEEERRAKEE L ORAKEFEER (Flx
X, Z7va—x, vue—R) EEBEIELILENTE, Jra—x
D DRBELERRWIX, HiEk X OFE#E TH 5 (Biebl & Sproer, 2002).
AKIFFEICEBWT, 7 bLTHROE THWEREYfRIEME & BEER 2
RSN TEY, ZHUbOFRAIE, T b OMEOBFREN S B O G
RE L WAL DHEFFICH 5T 22 L 2R LTWND.

72, NV K 62a-62¢, 63a-63c, BL 64 BHKRT HME D, T
NEDCIEREICAFE LN & D, BIBRERERERS X O/ E 20
NIIWCEBLTWDEEZEZLND. LLEnD, RIBENEYICRE
DN R (DF Y, N>R 31, 32, 33, 35, 36, BLU37) BEEGE
EREICHRT 2ME L LCiImE ST, —&iTrEL Twd (Fig
26).
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B DOGE T, FE M7 o ®EE HI 2072 SMWEIR, FBo—
HThdEBEZLNDIZD, CMT TGO OEANL & [FER O A FEE
HiEEF-o-TWnWsEELZbNS. LL722 b, PCR-DGGE OfEHIC
KoL, MEMEMSEIL CM6 205 CHI O] TKRIEIZZ/L L7z (Fig.
26, Fig.28). Zauix, T & %G DBt o0 2 M & & Lo E 2N i@l
THIETHIY, TRENOFHMNBERDGNRELRS>Z L NE
ML TWVWDLZERRBINT.

TR, i M7 OB LR X OV ERTFRRERR, FBOMmO
AL L X LT R A>TV D (Fig. 23). HiH M7 @ pH & BRI &1L,
Hs O At DAL LV b HEE AR <, BB OBEERIREE OfE & FHELL T
7=. LTERo T, 1l M7 OB L3 X OVER RIS DE WD,
FREN Y O CM1-CM6 & CM7 O [ O Ml B REE M & TR Sz idEwn
BB L TCWAHREMERHDH. L LR oG M7 &% HI 257
HEVNG & D Zr D B REEE A & & W) B AL PRI R ICA SR IS o 37 5 2
EMTE o le. LENR-T, BIRFR TR, ZOBE OHKE & ME
HEBEOLEN L OBERIIAATH LS. 62505 T, HLE DM
P RE AR I & RIS ME & OB EME A R T T 2N ER S D

332 07 FAVHBOFIBCRENZREE

AT NNV BROHFIFIZIBNT, WAL A & RO RE ORI O
F 272 DGGE N FOFME %2 X 0 WfEIZ T 272012, 16S rRNA Eix
FOEERINE 7 u—= T L=, Ju—rI4A4 770 —CHbhiz
16S IRNA B s B4 2 W TR R SR 1L, Z OB &2 FFo /M E o+
#7/2 DGGE N> RCTHRHE LZES ER CEmME R LD, F—07
0— EEDLZENTEEN, ZoRINE, BEEOME & 3 E M
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Ko 7.

HBi{E, Uncultured bacterium clone Pau4 1%, Z ORELH]% FFOHE D 4y
LR ZHNT 572D HTE2ME—DHERTH 508, BAIDH
BEVR DS 2 TR DB D P.aurichalcea DR E DN A TH LS. P.
aurichalcea £ 17 M AT E L L b a TR ATHRIZERT L7290, Mk
D BINIE =X > e BEEZFF-> TWVD EE X LN TV D (Gujarathi et
al., 2014). L7 »->7T, BEHROEMEICHEEL THE LZMENBANT
ARLTWS EEZEZ BN

INET, a X LVHAROBNMEICONT, W DO
DITHOI T & 7= (BEgertetal., 2003; Zhang et al., 2008; Huang et al., 2010,
Egert et al., 2005; Pittman et al., 2008; Huang et al., 2013; Ziganshina et al.,
2018). L2rL7en s, TGOEERNZMEIZE L TIE, 13&A8RE
S TWedro 72 (Egertetal., 2003; Zhang et al., 2008; Egert et al., 2005).
P. ephippiata 35 1. H 5 Tl, Actinobacteria 238 5/ T&H - 72 2% (Egert
et al., 2003) , M. melolontha (Egert et al., 2005) & C. zealandica @ 2 #in
W (Zhang et al., 2008) Tl%, HFHTHE SN Z2ME IZBEZ I N2 o
.

L2~ T, aARLATHGROBGRME#EIZET 50 < 2o hf
Zel, BIBOMEHEEOHEE L MEKICEREZ S DY TVt (Pittman ef
al.,2008; Huang et al., 2013; Ziganshina et al., 2018). Z 1L 6 O#E TiZ,
%G o ME 5B 72 M B 12 1%, Clostridiales (Pittman et al., 2008),
Ruminococcaceae, Lachnospiraceae, Enterococcaceae, Enterobacteriaceae
(Huang et al., 2013), Bacteroidales, Actinobacteria (Ziganshina et al., 2018)
N Eh Tz,

O. nasicornis %1 . O 1% I ¥ T |¥, Actinomycetales,
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Porphyromonadaceae, Rikenellaceae, Turicibacteraceae, unclassified
Clostridiales, Lachnospiraceae, Ruminococcaceae, Desulfovibrionaceae,
Enterobacteriaceae 73 # &7 & L C\ 7= (Ziganshina et al., 2018).

D DORFZE L FE LT, ARFSED T T A S B o i N AR
ATF LB BEDO PGS HMERFEEMES @B ENRMEO XY
MR o Rk T2 L FE X TV D.

3.3.3 GTD Bz & OoMEDHEEDHE L BHNREICK TS ZhbD
B 51 % R0 Ml B 0 H AL e R RO FEAE B o0 BA£R

N7~ L ORRGEREE & TG RE 0O W T 2N AL R R IYIC R D,
pHE WU U LA A DHAREILEDORIICTH>TELIZELL, &
NHOEWIIEE OKEICHEK T2 Z 2R LTS,

DGGE 3 #ric31F7 5 GTD Bl % £¢ DMl B O 8 5t Ay 22 fFAE &I,
150 pH, %1V U LRE, FHIRIRE, EREA T O7 a7 7 A )LDOE
fb&mezIcBaE L Tz (Fig. 32).

BENNT A IMETHDZ L, thoax A B oOHE (Bayon,
1980b; Biggs & Mcgregor, 1996; Cazemier ef al., 1997; Lemke et al., 2003;
Engel & Moran, 2013), 72 b NZEAH Y RIEB LT 27 U (Engel &
Moran, 2013) T—HHTH 5. BB R L EERIZ, BT FAav gl
FHETEWPH(B XAV U ARE) ZHF L TS EEXAbND.
ZOWETIRR LT —Z D% L ZHS W T, GTD Bl & o HlE H
B OFPIFREICHEIST 22 L0k s TESHEMIC/ o7 EHEH L 7.

3.3.4 GTD B DM ICRHEN 2B OHEIZ OV TOEREBFEN
HEH
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AT F AR OBNTE S/ L TWS M E I, Uncultured
bacterium clone 231X & A & Th D728, 16S rRNA B fx 7 EFI I FH [F] 4
23 5 BEA OFE D Complete Genome 7> B % D HERE D HEH| 2 5 7 7=
ZDRER, BT LT BOFGENTE H{EL TS GTD ELFIIZ B E
& D Anaeroplasma J&=<° Acholeplasma J& D Complete Genome (21X, a-
TIT9—Bla/NalX—FEEIFHDIFEL TV, LEXR-T,
BT N AVHEOFIENIZEBT DT 7 o fRIE I S 53 RS 1 O
FCwxbm<, ZOEMEICIE GTD BldZ £ 2w O B 528 R S 4
7=.—, Anaeroplasma J&=<° Acholeplasma J& ?® Complete Genome (Z I3,
a- 7N Ay E—PREGEFNHDLIDOICHEED LT, 7 o hhGN
BT D7 v a vy A —BiEHIIBE I TRy, LER-T, &
T RAVHBOEAEY (BERES ET) DM S L7 2055 iR
FRDHKIZOWNT, SR ME BRI EZELE LT,

BT LAOWREMAT & ME 7 7 SRS OSSR, FEEDRIZHOWNWT
X, Shi L IENMEICHEE S MERE R RO RN S D720,
WIERHBOBNTHEESMIZTEEL TN EEXLNLN, BELR
— AR ONTIE, BEBR TN H > THHEIEL TV 722 W ATHEME S
= SV (W e

F72, V7= 025+ % glutathione peroxidase (EC:1.11.1.9)
B, AT FLAVHROERNICERT L LMD 6 FEOME IZH K
7% Complete Genome 2> LR Sz, L L7eRNs, BT AUy,
HOEEEEFTTY 7= w7 < ORIE, 2020), ZOBNTIE
TREINTWEWeEEZ N, LER-T, V7= 0IcBEET
% glutathione peroxidase &, SH DOIEE THAE L TW AR WATREMED &
D, SHBRFPLETH D,
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3.4 /NFE

A7~ LT R OTEACE O M RGO NG E AL XD E W & fif
N o720, e Brenen 780 3 HAIZH2 L TH
ML ZA, RO ENHLMIR -7 (Fig.33). 1) FHENEY &
%N AW O M REEREE S KIEIC B2 5, 2) FIGE M b &I
M OMBEREREIIRE AL, Zo&ix, HbashzwEn
G & %G AE BT MO E A @R T 5 2 L TAEL, FOEKIT,
BWNBREOEIZL D, 3) Shh oM bE I, #Fia, fid, BIOE
TAXRFOME N ER LTS, 4) GTD BLF % £ D HE X° Bacteroides
J&, Clostridim JBME LT 7 b A BEOGRNOWE S RIZHET 5.

BT NAVHRIE, BELICEENDIZHEEE DM TIEINH D
e, BT FAVHBITHEMRMEIORBRICEE e RE 2273, Lk
WoT, ZHODOREIZ, BT AT ROWILE ITELET D ME %
EH LT, AMHBEKAL I~ AL DZHEEE L0 R0 F A
TELZLZRBELTWVWD. ZOMEDKRYO B BITZER LT, W
S OMDOARRAMER BB FE > TWD. HALE BRI - T2 EFELE OB
BEZ & DICHRT D 7201, BN NGS DHT-CHlE O 7 ) LRAT B3 &
HTHDHEERD.
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Fig. 1 The digestive tract of Trypoxylus dichotomus 3rd instar larvae.



Pre-experimental breeding

Breeding Condition 1
28 days (Oct.28—-Nov.25, 2019) (herein designated as 0—670 hour)

Weight measurements of the whole body and feces (n = 6)

Spectrophotometric test of breeding matrices and feces (n = 3)

© C/N ratio measurements of breeding matrices and feces (n = 6)

Breeding Condition 2

28 days (Nov.25-Dec.23,2019)
(herein designated as 670—1340
hour)

Weight measurement (7 = 6)
Spectrophotometric test (n = 3)

C/N ratio measurements (n = 3)

Ea==t=1

Fig. 2 Flow of breeding conditions of 7. dichotomus 3rd instar larvae.

(A) Before starting the breeding experiment, ten larvae were reared in a plastic cage (31.5 L)
containing adequate amounts of humus as a breeding matrix. (B) Next, the larvae were bred by
changing the matrix from humus to 200 g of "Kunugi mat" (+ 100 g of distilled water) (Breeding
Condition 1: 28 days). (C) During breeding, each larva and its feces were successively weighed.(D)
Breeding matrix and feces were freeze-dried, and then each sample was crushed for C/N ratio
analysis. (E) After completion of Breeding Condition 1, the breeding matrix was changed from 200 g
of “Kunugi mat” (+ 100 g of distilled water) to 200 g of humus (+ 100 g of distilled water) (Breeding
Condition 2: 28 days). The larvae and their feces were weighed, and the samples were prepared in the
same manner as in Breeding Condition 1. (F) During breeding, each larva and its feces were
successively weighed. (G) Breeding matrix and feces were freeze-dried, and then each sample was
crushed for C/N ratio analysis.



Table 1 Comparison of wet weight of each part with respect to the whole body weight of
Trypoxylus dichotomus 3rd instar larvae.

midgut hindgut Total gut weight Weight excluding gut

Body weight P <0.001 P <0.001 P <0.001 P <0.001

The third instar larvae of the beetle (n = 28) were bred under Breeding humus.
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Fig. 3 Results of breeding experiments of 7. dichotomus 3rd instar larvae.
Bars represent standard deviations. Breeding time indicates the elapsed time for each breeding
condition. Breeding condition 1 is specified as 0 to 670 hours. Breeding condition 2 is specified
as 670 to 1340 hours. The total continuous time for the two breeding conditions is specified as 0
to 1340 hours.
(A) Changes in larval body weight (A) during breeding experiments (7 = 6).
(B) The accumulated weight of feces during breeding experiments (n = 6). All values are means
of fresh weight (@) or dry weight (O).
(C) Weight of feces excreted by the larvae per hour (n = 6). All values are means of fresh
weight (@) or dry weight ().



Table 2 Comparison of weights of whole body and whole gut and cumulative wet weight of excreted feces of
T. dichotomus 3rd instar larvae (n = 6) reared in two different conditions (average = S.D.).

Weight of Cumulative wet weight of excreted feces (g)

Larval weight

larval gut
at the start of &

Breeding time (h)b)

h i at the start of
the exl(jge)r "M the experiment 6 22 47 72 93 168 334 501 670
(g)” (670) (676) (692) (717) (742) (763) (838)  (1004)  (1171)  (1340)

C]z’;fleigglngl 148+3.4 44+10 00+00 1.0+04 47+14 98+32 143+47 19.6+63 351+10.764.0+17.8 89.4+22.0 110.9 +26.4
Breeding

. 13.7+3.8 41+1.2 00+00 1.1+£0.7 28+16 52+25 82+38 10.8+5.1 17.8+8.0 37.1+15.1 564+24.6 77.0+32.5
Condition 2

 The gut accounts for 30.7% of the total body weight at the start of the experiment (see text).

® The experiments were carried out, first in Breeding Condition 1 (0—-670 hour), and then in Breeding Condition 2 (670—1340 hour), consecutively.
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Fig. 4 The color change of excreted feces of 7. dichotomus 3rd instar larvae.
The collected feces were freeze-dried before the analysis. Scale bar 10 mm.
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Fig. S The color parameters in the spectrophotometric tests of excreted feces
of 1. dichotomus 3rd instar larvae.

Bars represent standard deviations (n = 3). (A) Brightness (L*), (B) Saturation (C*), (C)
Hue (4). The values of the color parameters at the start of the breeding experiment (0
hours) were shown by the dotted line for “Kunugi mat” and the broken line for humus.



Table 3 The time course change of C/N ratio (average = S.D.) of feces excreted by 7. dichotomus 3rd instar larvae under
Breeding Condition 1 .

Larval weight at the start of the experiment (g)

0 6 22 47 72 93 168 334 501 670

C/Nratio 299+25” 31.4+23 421+84 969+14.2 128.72+20.2140.7+17.4 1504+18.1 167.8+6.9 176.4+7.3 178.0+7.3

Yn=6

® The C/N ratio value of 0 hour was for that of humus at the start of the experiment (n = 3).
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Fig. 6 Time course change of C/N ratio in consecutive breeding from Breeding

Condition 1 to 2.
Bars represent standard deviations (n = 3). The value of the C/N ratio at the start of the

breeding experiment (0 hours) was 29.9 = 2.5 for humus and 90.3 £ 1.4 for “Kunugi mat”.



Breeding Condition 1 Breeding Condition 2
Breeding of Quercus “Kunugi mat” with Breeding of humus with a high nitrogen
mat mat
34% of food was excreted as feces, but 26% of the food was feces and the larvae

low nitrogen content content
0g 60g 30g
larvae lost weight. increase weight.

ces
S —

Kunugi Kunugi peces
decrease of 8% increase of 14°|i ‘

(n=86)

Fig. 7 Weight change with respect to fecal excretion of
T. dichotomus 3rd instar larvae.
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Fig. 8 Digestive tract of a Trypoxylus dichotomus larva (A) dissected and (B)
schematic. The digestive tract was divided into three general regions (head, midgut [including
foregut] and hindgut), with the midgut (M) and hindgut(H) further divided into seven and three
sections, respectively. The M1 section contains the entire foregut and the first section of the
midgut. Sections M2-M6 are the midgut continued from M1. Section M7 contains the terminal
section of the midgut and part of the “thin tube” that connects the midgut to the hindgut. H1
contains part of the “thin tube” and the first section of the hindgut, and H2-H3 is the rest of the
hindgut.M4 and M5, as well as H2 and H3, are of equal length.BH, breeding humus; F, feces.



Light shield cover

Flat sensor with sample

Fig. 9 pH measurement of gut contents in the gut from 7. dichotomus

larvae.
Since the weight of the gut contents was less than 1 g, the pH of the gut contents was

measured using a compact pH meter.
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Fig. 10 pH distribution in the gut of 7. dichotomus larvae.

The measurement was performed with a Compact waterproof pH meter (B-212; Horiba, Kyoto, Japan).

The abbreviations for gut sections (M1-H3) , BH, F are taken from Fig. 8.
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Fig. 11 Potassium ion distribution in the gut of 7. dichotomus larvae.
Potassium ion : frame luminosity method,(A-1000 / A-2000; Hitachi High-Tech, Tokyo, Japan).



Table 4 Cation concentrations® in the larval digestive tract of T. dichotomus larvae.

n BHY M19 M2 M3 M4 M5 M6 M7 HI H2 H3 F9
Potassium ion 16.53 £1.57  183.11 £30.02 208.55£26.19  236.48 +£26.50 304.02 +21.67 300.09 +£30.56 227.64 +£20.65 196.15 £23.37 61.38 £13.36 52.35+3.30 36.78 £ 4.65 19.86 + 3.65
Calcium ion 4420+£547 26.10+4.13 32.80+3.74 29.19+£4.01 2225+1.83 21.72+£2.01 23.62+1.10 20.90+549 2531+£520 31.17+237 33.28+2.88 54.32+9.89
59
Magnesium ion 1528+2.14 1240+1.10 12.97+1.66 11.51£1.96 7.13+0.78 7.02+1.12 868+0.64 8.16+2.08 10.02+233 1191120 12.57+1.01 19.55+3.70
Sodium ion 494+041 4474126 442+£285 4.69+372 3.78+254 3.79+252 349+174 6.09+£425 129+£059 1.42+055 191+053 520+0.96

% umol/g of organ: A All values are based on the sample fresh weight and are reported as the mean + standard deviation for n larvae.
® BH: Breeding humus
® The midgut and hindgut regions were denoted as M and H, respectively, followed by a number indicating segment position number.

DE: feces

® In cation analysis, sample size for BH and F was 3 individuals.
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Fig. 12 Profile of pH and potassium ions in in the gut of 7. dichotomus larvae.
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Fig. 13 Distribution of bicarbonate in the gut of 7. dichotomus larvae.
The separation titration method described in JIS K 0101: 1998 was slightly modified.
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Fig. 15 Distribution of organic acids in the gut of 7. dichotomus larvae.

Undetectable : Butyric acid, isobutyric acid, valeic acid

Undetectable or trace detection : Isovaleic acid, isocaproic acid, caproic acid




Table 5 Organic acid concentration® in the digestive tract of T dichotomus larvae.

BH" M19 M2 M3 M4 M5 M6 M7 H1 H2 H3 FY
Acetic acid 6.82+157 7.78+208 13.61+1.71 13.63+291 11.59+0.87 9.88+125 1159122 620+249 471122 3.16+173 099+048 8.04+4.19
Oxalic acid 2.10+0.58 1.90+£024 2.55+0.34 228+040 1.71+048 190+036 2.54+027 037+0.16 1.38+023 2.46+095 2.01+0.76 1.49+0.39
Formic acid N.D.9 1.82+0.07 2.21+0.08 2.00+0.09 0.60+003 1.18+0.06 1.40+0.11 0.17+0.01 N.D. N.D. N.D. N.D.
Succinic acid 0.02+0.01 046+0.11 0.49+0.05 046+0.05 036+0.04 046+0.09 0.70+0.07 0.10+£0.04 0.05+0.01 0.05+0.03 0.04+0.02 0.04+0.02
Propionic acid N.D. 0.15+£0.09 022+0.06 024+0.02 022+0.05 0.25+0.10 0.39+0.13 N.D. 0.52+0.24 0.45+021 0.03+0.03 0.01=0.02
Isovaleric acid ND.9  005+003 0.13£0.05 022+0.15 0.16+0.05 0.09+0.03 0.11+0.04 0.02+0.01 022+0.13 0.08+0.03 0.02+0.02 N.D.
Isobutyric acid N.D. 0.02+0.02 0.12£0.03 0.12+0.03 0.11+0.04 0.04+0.03 0.01 £0.10 N.D. N.D. N.D. 0.05 +0.02 N.D.
Butyric acid N.D. 0.01£0.01 0.02£0.00 0.02+0.01 0.03+£0.01 0.03+0.01 0.05+0.02 N.D. 0.10+0.05 0.04+0.03 0.01 +0.00 N.D.
Valeric acid 0.04 +0.07 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.02+0.01 0.01+0.01 N.D. N.D.
Isocaproric acid 0.02 + 0.05 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Caproic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.03 +0.05 N.D. N.D.

9 nmol/g of organ: All values are based on the sample fresh weight and are reported as the mean =+ standard deviation for n larvae.
® BH: Breeding humus

® The midgut and hindgut regions were denoted as M and H, respectively, followed by a number indicating section number

DF: feces

' N.D.: Not detected by analytical methods (<0.01 umol/g of organ)



Table 6 Gas concentration® in the digestive tract of 7. dichotomus larvae.

n BH M1© M2 M3 M4 M5 M6 M7 H1 H2 H3 F9
Dissolved 0.004 0.003 0.005 0.007 0.009 0.025 0.036 0.013 0.001 0.001
2 N.T? N.T.
oxygen 0.009 0.002 0.001 0.012 0.002 0.010 0.025 0.006 0.002 0.000
Methane N.D.D N.D. 0.12+0.03 N.D.
6
Hydrogen N.D. 0.22+0.07 N.D N.D.

9 nmol/g of organ: All values are based on the sample fresh weight and are reported as the mean = standard deviation for n larvae.

® BH: Breeding humus

© The midgut and hindgut regions were denoted as M and H, respectively, followed by a number indicating section number

DE: feces
9 N.T.: not tested
D N.D.: Not detected by analytical methods (<0.01 pmol/g of organ) without dissolved oxygen.
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Fig.16 Composition and distribution of monosaccharide of gut contents in the
gut of 7. dichotomus larvae.
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Fig. 17 The pH profile of glycanases from the gut of 7. dichotomus larvae.
The activity is weak and the optimum pH cannot be measured: CM-cellulose, phosphate swollen cellulose,
[-1,4-mannan, chitin.
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Fig. 18 The pH profile of glycosidases from the gut of 7. dichotomus larvae.
The activity is weak and the optimum pH cannot be measured: a-glucoside.



Table 7 Glycanase activities from the larval digestive tract of the 7. dichotomus.

Organ Substrate Optimum Total Activity Spec%fic Activity
pH (mU) (mU / mg Protein) (mU /g Organ)
CM-cellulose ND @ 188D +£259 4.79 +£0.55 164 +23
S-1,3-glucan 6.15 194 + 24 4.95+0.69 169 + 26
Foregut S-1,4-xylan 7.63 1733 £ 415 4425+ 11.37 1514 +9
Pectin 6.11 2540 + 360 64.86 +£8.20 2219 + 8
Soluble starch 8.66 127 £ 26 3.23+0.63 111+ 19
CM-cellulose ND @ 319+ 28 8.11+£0.77 52+6
fS-1,3-glucan 6.22 3066 £ 220 77.95+4.15 502 £ 36
Midgut -1,4-xylan 6.18,7.69 7094 + 543 180.36 = 16.14 1162 + 3
Pectin 8.53 2982 +£261 75.80 +£7.18 488 + 1
Soluble starch 7.07 13,520 + 569 343.74 +13.19 2214 + 85
CM-cellulose ND @ 80+ 14 5.85+1.02 16+4
fS-1,3-glucan 6.14 856 + 87 62.63 £6.94 170 £ 20
Hindgut  S-1,4-xylan 6.98 2039 + 311 149.19 +27.82 404 + 8
Pectin 6.76 2836 £ 105 207.51 +£13.08 562 +4
Soluble starch 8.69 145 £ 36 10.61 £3.02 29+ 8

9 Not detected; ® total activity for the carboxymethyl cellulose (CMC) degradation was measured
using GTA buffer at pH 7.0; © SE, standard error (n = 6); the organ weight used is as follows: foregut,
0.7759-1.8733 g; midgut, 3.7972-8.7650 g; hindgut, 3.1010-7.0759 g.



Table 8 Glycosidase activities from the larval digestive tract of the 7. dichotomus.

Optimum Total Activity Specific Activity
Organ Substrate
pH (mU) (mU / mg Protein)  (mU /g Organ)
PNP p-glucoside 5.89 5.099+0.83° 0.13+0.02 4.4+0.83
Foregut PNP p-xyloside N.D.® 3.10£0.38 0.08 £0.01 2.7+041
pNP f-mannoside 4.10 3440 +£4.25 1.75 £0.61 244 £3.61
PNP B-N-acetylglucosaminide 4.10 1397.83 £127.30 71.08 £7.56 992.5 £ 99.64
PNP p-glucoside 5.50 94.70 £ 3.21 2.41+0.13 15.5+£0.81
Midgut PNP p-xyloside 5.89 2591 +4.23 0.66 £0.09 4.2 +£0.63
pNP S-mannoside 4.33 301.72 £50.75 18.03 £8.35 43.1 £8.91
PNP pB-N-acetylglucosaminide 4.33 702.00 £51.74 41.95+4.12 100.3 +14.39
PNP p-glucoside 5.77 59.04 +£3.80 4.32+£0.38 11.7+£0.54
Hindgut PNP p-xyloside 5.77 17.20 £2.59 1.26£0.18 3.4+£048
pNP f-mannoside 4.13 91.18+11.74 8.29+1.18 15.2 £3.60
PNP p-N-acetylglucosaminide 5.24 198.57 £45.04 18.05+4.09 33.2+13.76

% Not detected; ® total activity for xyloside was measured using GTA buffer at pH 6.0; © SE, standard
error (n = 6); the organ weight used is as follows: foregut, 0.7759-1.8733 g; midgut, 3.7972-8.7650
g; hindgut, 3.1010-7.0759 g.



Table 9 Glycanase activities in the larval digestive tract of 7. dichotomus.

p-1,3-glucan f-1,4-xylan Soluble

Gl-lt Total Specific activity Total Specific activity stl(: tzlr

section activity activity (mg /g

(mU) (mU/mgproteiny  (mU / g organ) (mU) (mU / mg protein)  (mU /g organ) organ)
MI®»  360+61.5Y 22.7+50 174.7+40.1 1243+0.8 17.0+£1.0 133.5+11.6 323=+2.1
M2 77.3+£20.9 11.6 £1.0 80.4+£19.2 99.1+£0.8 12.1+0.7 91.7+3.7 23.9+4.0
M3 36.5+2.6 52+04 28.00+3.8 253+10.2 29+04 263 +5.2 19.5+3.2
M4 16.4 +4.9 54+£09 33.3£5.8 11.4+3.8 0.6£0.5 155+94 173 +£4.5
M5 253 +8.1 6.6+09 25.7+6.4 16.7+4.4 4.8+0.5 22.1+1.9 184+1.4
M6 78.8 £14.7 8.8+23 56.2+5.6 775+3.5 108 £1.7 63.6 8.5 156 +2.4
M7 26.7+4.2 64+1.0 51.5+25.1 434+243 13.8+4.5 129.4+£19.9 21.0£3.3
H1 1733+69.8 533+22 116.1+£355 67.7+84 11.8+0.6 43.0+£12.8 134+14
H2 133+1.8 2.0+0.3 74+1.0 39.8+9.1 6.7+0.5 289+5.4 143+1.5
H3 84+3.7 1.7+0.6 49+19 274 +8.4 44+15 104 +6.4 141+14

9 Midgut and hindgut regions are denoted as M and H, respectively, followed by a number indicating the

segment position number.

® Each value represents the mean + standard deviation of three replicate gut sections.



Table 10 Glycosidase activities in the larval digestive tract of 7. dichotomus.

DNP p-glucoside DNP f-xyloside
Gut Total Specific activity Total Specific activity
section - .
a(clt:l‘li};y (mU / mg protein) (mU /g organ) a(clt;:};y (;ri,gté;:)g (OI:;‘:I;;
MI1¥ 10.7 £3.1» 1.2+0.2 9.0+13 21+14 0.2+0.1 1.7£0.5
M2 5.8+3.1 1.0+£04 56+19 N.D.9 N.D. N.D.
M3 33+09 0.6+0.1 43+1.7 N.D. N.D. N.D.
M4 1.1+£0.8 03+03 1.6t1.3 N.D. N.D. N.D.
M5 1.0+0.5 0.2+0.2 1.3£1.0 N.D. N.D. N.D.
M6 55+£13 0.7+0.1 3.6+04 02+0.0 0.02 +0.01 0.1+£0.0
M7 1.7+1.5 0.5+0.3 48+3.0 N.D. N.D. N.D.
H1 18.1+0.4 2.6+0.3 14.5+2.0 1.1+0.2 0.2+0.1 0.7+0.1
H2 6.7+2.7 0.9+0.0 31+£0.6 09+0.7 0.1+0.1 04+04
H3 2.1+1.1 0.3+0.1 1.1+£0.5 N.D. N.D. N.D.

9 Midgut and hindgut regions were denoted as M and H, respectively, followed by a number indicating the
segment position number.

® Each value represents the mean + standard deviation of three replicate gut sections.

9N.D.: not detected (<0.1 mU).



(A) [S-1,3-glucan-degrading enzyme system

—>= p-1,3-glucan degradation activity
@+ p-glucosidase activity

150

-1,3- glucan degradation
activity (mU/g organ)

50 | 1
0 J R 0
M1 M2 M3 M4 M5 M6 M7 HI H2 H3
Gut section
(B) [-1,4-xylan-degrading enzyme system
g 250 50
S —/\— f-1,4-xylan degradation activity
S 200 -4+ f-xylosidase activity 140 _
8 5 R i ivi 3
_§0 %n 150 L A+ p-xylosidase activity not detected 130 &
03
5E 100 | 20 i
22 5
<& 50 r 10 ~
< 3
0 0

Ml M2M3 M4 M5 M6 M7 H1  H2 H3

Gut section

Fig. 19 Site-specific distribution of polysaccharide metabolitesin the digestive tract
of T. dichotomus larva.

Specific activity (mU/g organ) of (A) B-1,3-glucan-degrading enzyme system ( ==, f-1,3-
glucan degradation activity, -4 , f-D-glucosidase activity) and (B) f-1,4-xylan-degrading
enzyme system (= f-1,4-xylan degradation activity;--#--, f-D-xylosidase activity;==:A-*', no
detection of S-D-xylosidase activity [<0.1 mU]). In all experiments, error bars indicate SD (n >
3). H, hindgut; M, midgut.
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Fig. 20 Distribution of Soluble total sugar and acetic acid, which are
polysaccharide metabolites in the gut of 7. dichotomus larvae.




Table 11 Identity of putative amino acid sequences in polysaccharide degrading enzymes between 7. dichotomus and Scarabaid insects.

Enzyme name

Accession food habitat

Identity*

(%)

Cellulase
(GH9)

amylase

[S-1,3-glucanase
(laminarinase)

[-1,4-xylanase

[-glucosidase

larva: decayed wood

QGX74967 adult: Coconut tree

Oryctes rhinoceros

larva: Dead tree

QEI22834 adult: Coconut tree

Oryctes rhinoceros

larva: Vegetable waste, Dog food

ACS36221 adult: Grain

Tenebrio molitor

Hypothenemus hampei ADN94682 adult: Coftfee berry

larva: Vegetable waste, Dog food

AAG26008 adult: Grain

Tenebrio molitor

90%
(421/467)

75%
(369/393)

56%
(212/378)

Not
applicable

82%
(364/468)

* The number in parentheses is the number of matching amino acid residues between 7. dictotomus and other Scarabaid insects.
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Fig. 21 Molar ratio and pH of HCO; (bicarbonate) ion to K *.

Molar ratio = HCO,7/ K *. The increase / decrease in apparent bicarbonate concentration was linked
to pH and potassium ion concentration. In the midgut of CM4 near pH 10, K *: HCO; = 1: 0.64.
In the hindgut, K *: HCO;= 1: 2.
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Fig. 22 pH regulation in 7. dichotomus larvae.
Breeding humus: H,CO; M1: KHCO; M2-M6: K,CO; M7 & H1-H3: H,CO, Feces: H,COj;,
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Fig. 23 The gut environment of 7. dichotomus larvae.
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Fig. 24 The gut structure and gut wall from 7. dichotomus larvae.

(A) The digestive tract is divided into section samples designated M1 to H3. Midgut
contents are designated CM1-CM7 and hindgut contents are designated CHI1-CHS3.
Enlarged view of M1, which includes the foregut. (B) Gut of larva after washing with
saline.
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Fig. 25 Results of PCR-DGGE analysis of gut bacteria according to growth stage in

T. dichotomus larvae.

The gut bacteria of 1st to 3rd instar larvae were analyzed using PCR-DGGE. M, BH, and F indicate
DGGE markers, breeding humus, and feces, respectively. CM and CH show results for the contents of
the midgut and hindgut, respectively. Three larvae were used for each stage (1st instar: A-C, 2nd
instar: D-F, 3rd instar: G-I). The larvae were housed in plastic cages (31.5 L; 10 larvae/cage)
containing adequate amounts of breeding humus as a food source. Breeding humus was collected from
the plastic cage of one larva from each stage (1st instar: A, 2nd instar: D, 3rd instar: G). In the case of
Ist instar larvae, the total contents of the gut were used for the experiment. On the other hand, for the
2nd and 3rd instar larvae, the gut was divided into the midgut and the hindgut (see Fig. 3-1) and the
gut contents were analyzed.
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Fig. 26 PCR-DGGE profile of the bacterial flora in the gut contents of and the gut
wall from 1. dichotomus larvae.

CM1-CM7 and CH1-CH3 show results for the contents of the midgut and hindgut, respectively.
Bands are numbered in each category: BH (1-3), CM1-CM7 (11-21), CHI-CH3 (31-37), and F
(41-44). When the gut wall was provided, each section was washed with sterile saline at least 3
times. The gut wall of midgut was designated as WM1-WM7(51-55) and the gut wall of hindgut
was designated as WH1-WH3(61-64). Bands with the same number exhibited the same mobility
and were sub-categorized from “a” to “e” by sample.
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Fig. 27 Results of PCR-DGGE analysis of gut bacteria when the digestive tract of

T. dichotomus larvae was divided into 10 sections.

Except for the typical data (Fig. 3-3), the DGGE profiles of two larvae are shown (Samples
and L). M, BH, and F indicate DGGE marker, reproductive humus, and feces, respectively.
CM1-CM7 and CHI1-CH3 correspond to the dissected section of the digestive tract of

T dichotomus larvae between CM1 and CH3.



Table 12 Diversity index of the contents of the digestive tract from 7. dichotomus larvae
based on DGGE band analysis.

S Shannon-Wiener index Simpson's index
BH 33 3.258 0.953
CM1 29 2.986 0.932
CM2 26 2.308 0.818
CMm3 23 2.390 0.865
CM4 30 2.835 0.913
CM5 28 2.794 0.916
CM6 30 2.834 0.922
CM7 25 2.720 0.917
CH1 28 2.866 0.918
CH2 30 2.984 0.932
CH3 30 3.153 0.946
F 31 3.119 0.943
S Shannon-Wiener index Simpson's index

WMI 30 3.015 0.940
WM2 27 2.677 0.906
WM3 31 2.987 0.936
WM4 21 2.260 0.855
WMS5 31 2.846 0.919
WM6 19 2.436 0.889
WM7 17 2.266 0.873
WHI 36 3.346 0.960
WH2 31 3.194 0.952
WH3 34 3.304 0.957

We examined the gel bands using Quantity One version 4.5.2 software (Bio-Rad Laboratories,
Inc.). S represents the number of bands in each gel lane. We calculated the diversity index of
the DGGE bands to evaluate changes in the microbial flora. The diversity index was

calculated using the Shannon-Wiener, and Simpson indexes.
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Fig. 28 PCA analysis of the DGGE profiles in the gut contents and gut wall.
Sample details are described in the Materials and Methods. In (A) the plot of CM3 is hidden by that of
CMY7; therefore (B) is additionally shown. (C) and (D) show the results of the gut wall.

Percentages on axes denote the amount of variance explained by the principal component.



Table 13 16S rDNA sequences showing maximum identity to the major bacterial

populations identified by DGGE analysis, as shown in Fig. 26.

Maximum Ga NCBI
Band identity o P Closest sequence accession
(%) (%) no.
159/166 0/166 . .
1 (96%) (0%) Microvirga sp. CDVBN77 MK938302
) 1 g3£(}/6)6 ((){) 10/6)6 Isjgilétu;(;;acterium clone IN438659
(] (] »
et Gy o insssisse ol 18362
- 0 0
11a-11 179/182 0/182 .
5 12_5 lil’ (98%) (0%) Uncultured bacterium clone Pau4 KT251043
185/192 1/192
12a-12¢ Uncultured bacterium clone FFCH1250 EU134638
(96%) (0%)
157/169 0/169 .
13a-13d Uncultured bacterium clone Paul3 KT251047
(93%) (0%)
190/196 5/192 .
14a-14d (97%) (2%) Uncultured bacterium clone Paul9 KT251051
190/196 5/196 .
15a-15b (97%) 2%) Uncultured bacterium clone Paul9 KT251051
16a-16¢
’ 165/166 0/166
34a-34c, Uncultured bacterium clone Cast045 GU450372
44 (99%) (0%)
158/176 8/176
18 (90%) (4%) Cellulomonas sp. S3-166 JQ660127
19 178/191 0/191  Uncultured bacterium partial 16S AJ576387
(93%) (0%) rRNA gene, clone PeM18
20 190/191 0/191  Pragia sp. CF-458 chromosome, CP034752
(99%) (0%)  complete genome
191/191 191  Pragia sp. CF-458 ch
21 91/ 09 0/ 09 ragia sp. CF-458 chromosome, CP034752
(100%) (0%)  complete genome
31b-31c 181/186 0/186
’ Bacteroid . HAWD3 KU886094
41 (97%) (0%) acteroides sp
164/171 2171 Uncultured Clostridiales 'bacterlum
32 (96%) (1%) gene for 16S rRNA, partial sequence, = AB198500
° " clone: RsW01-074
13 164/166 0/166  Uncultured bacterium clone ME221998
(99%) (0%)  denovo2668 554 38588
166/183 3/183  Uncultured bacterium clone
35a-35 MF306562
TC T 91%)  (1%)  denovol2739 575 17323



53,
54a-54b, 187/192 17192 Enterobacter sp. Strain BHUJPCS-20  MN078054

0 0
ssa556 077 (0%)

61 179/186 0/186  Uncultured bacterium clone KP690958
(96%) (0%) MgKI1c002F01
622-62c 165/190 6/190  Uncultured Bacteroidetes bacterium KM650706
(87%) (3%) clone Ec167 037
175/186 0/186  Porphyromonadaceae bacterium
(94%) (0%)  enrichment culture clone B MM 12
175/186 0/186  Porphyromonadaceae bacterium

(94%) (0%)  enrichment culture clone B MM 12

63a-63c KY101560

64 KY101560

DGGE bands are numbered in each category: BH (1-3), CM1-CM7 (11-21), CH1-CH3 (31-
37), F (41-44), WM1-WM?7 (51-55), WH1-WH3 (61-64). Bands with the same number

[1P4)

exhibited the same mobility and were sub-categorized as “a” to “e” by sample.
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Relative abundance (%)

o

Relative abundance (%)

(98%) Uncultured bacterium clone Pau4, derived from DGGE band 11

(95%) Uncultured bacterium clone FFCH1250, derived from DGGE band 12
(93%) Uncultured bacterium clone Paul3, derived from DGGE band 13

(97%) Uncultured bacterium clone Paul9, derived from DGGE band 14

(97%) Uncultured bacterium clone Paul9, derived from DGGE band 15

(99%) Uncultured bacterium clone Cast045, derived from DGGE band 16,34,44
(95%) Uncultured microorganism clone 1112855455242, derived from DGGE band 3,17
(98%) Uncultured organism clone SBYB_2224, derived from DGGE band 2

(99%) Pragia sp. CF-458 chromosome, complete genome , derived from DGGE band 20
(100%) Pragia sp. CF-458 chromosome, complete genome, derived from DGGE band 21
(93%) Uncultured bacterium partial 16S rRNA gene, clone PeM18, derived from DGGE band 19
(91%) Uncultured bacterium clone denovol2739_575_17323, derived from DGGE band 35

(99%) Uncultured bacterium clone denovo2668_554_38588, derived from DGGE band 33

(96%) Uncultured Clostridiales bacterium gene for 16S rRNA, partial sequence, clone: RsW01-074,
derived from DGGE band 32

(97%) Bacteroides sp. HAWD3, derived from DGGE band 31, 41
All bands that could not be identified in each lane

Il EEE0O00EEO0EOEOOME

(98%) Uncultured bacterium clone Pau4, derived from DGGE band 51
(96%) Uncultured bacterium clone FFCH1250, derived from DGGE band 52

(97%) Enterobacter sp. strain BHUJPCS-20, derived from DGGE band 53
(97%) Enterobacter sp. strain BHUJPCS-20, derived from DGGE band 54
(97%) Enterobacter sp. strain BHUJPCS-20, derived from DGGE band 55

(Not analyzed) derived from DGGE band 56

(94%) Porphyromonadaceae bacterium enrichment culture clone
B_MM 12, , derived from DGGE band 61

(87%) Uncultured Bacteroidetes bacterium clone Ec167 037,

derived from DGGE band 62

(94%) Porphyromonadaceae bacterium enrichment culture clone
B_MM_ 12, derived from DGGE band 63

(94%) Porphyromonadaceae bacterium enrichment culture clone
B_MM_12, derived from DGGE band 64

Ml M2 M3 M4 M5 M6 M7 HI H2 I All bands that could not be identified in each lane

\
u

H O B B B ODOODODOOM@

Gut section

Fig. 29 Relative abundance of each bands in the gut of 7. dichotomus larvae.

The Y-axis shows the relative abundance (%). The percentage distribution was calculated based on the
relative abundance of all PCR-DGGE bands in each lane. Except for the typical data (Fig. 3-5). Relative
abundance of each bands was calculated based on Figure 3-5.

(A): gut content, (B): gut wall.
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Fig. 30 Relative abundance of band 11 in the gut of 7. dichotomus larvae.
The Y-axis shows the relative abundance (%). The percentage distribution was calculated based on
the relative abundance of all PCR-DGGE bands in each lane. Relative abundance of bands 11

were calculated based on Figs. 3-3 and 3-4.



Family

Anaeroplasmataceae

Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD07 (LC373230)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTDO08 (LC373231)
8PUncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD06 (LC373229)
7k Uncultured bacterium gene for 168 ribosomal RNA partial sequence clone: GTD09 (LC373232)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD05 (LC373228)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD10 (LC373233)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTDO03 (LC373226)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTDO1 (LC373224)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTDO02 (LC373225)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD04(LC373227)

Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD14(LC373237)
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD13 (LC373236)

Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD15 (LC373238)

Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD12(LC3732352
Uncultured bacterium gene for 16S ribosomal RNA partial sequence clone: GTD11 (LC373234) _

86~ Uncultured bacterium clone Pau4 (KT251043)

Uncultured bacterium clone ZD3 F06 (KT952868)
Uncultured bacterium clone C4-35 (GQ897174)

Uncultured rumen bacterium 16S rRNA partial sequence clone: R-B-31 (AB555180)
Uncultured rumen bacterium 16S rRNA partial sequence clone: R-B-171 (AB614908)
9¢{Uncultured rumen bacterium 16S rRNA partial sequence clone: R-A-CA168 (AB614815)
99Uncultured rumen bacterium gene for 16S rRNA partial sequence clone: D-B-144 (AB616356)
Uncultured rumen bacterium 16S rRNA partial sequence clone: R-A-119 (AB614669)
Uncultured rumen bacterium gene for 16S rRNA partial sequence clone: D-C-54(AB612753) |
Anaeroplasma varium (T) A2-T (M23934)

Anaeroplasma bactoclasticum (T) JR (M25049)
Anaeroplasma abactoclasticum (T) (M25050) Genus Anaeroplasma
Uncultured Anaeroplasma sp. EMP L44 (EU794312)
100~ Uncultured Anaeroplasma sp. EMP E27 (EU794313)
Asteroleplasma anaerobium (T) 161 (M22351) Genus Asteroleplasma

0.020

Fig. 31 Phylogenetic analysis of bacteria with GTD sequence from the gut of
T: dichotomus larvae.

Bootstrap test (1000 replicates) . Evolutionary distances :Kimura 2-parameter . The optimal tree
with the sum of branch length = 0.94271124. There were a total of 1464 positions in the final
dataset. Species used as the outgroup was Asteroleplasma anaerobium (T) 161 (M22351).

Uncultured Cytophaga sp. gene for 16S ribosomal RNA partial sequence clone:JTB220(AB0]5266)

ncultured rumen bacterium 16S rRNA partial sequence clone: R-B-127(AB614864) Environmental

Sample



Table 14 Genes of enzymes that degradate the components of humus derived from bacteria.

Accession No. NZ_CP040530 NZ_CP043998 GCA_0024\550015 NC 022538 NC 022549 AP024413 CP017948
. 1) Bacteroides Clostridium Anacrop la.sma Acholeplasma Acholeplasma Acholep lasr'nataceae Tenericutes
Strain thetaiotaomicron diolis bactoclasticum palmae brassicae bacterium bacterium MO-XQ
ATCC27112 3233 Mahy22 acteriu -
Isolation source Human feces Rotten straw b e No description No description Lake water Subs;aﬂoor
sheep sediment
Protein count 4698 5008 1923 1449 1708 1779 2092
. . 0”30 O18 04 (o} 05 5
glycoside hydrolase family (GH10,20,43) (GH1,18,31,43,127) (GH3,53) (GH28,43,88) (GH10,16,18,20,78) x x
cellulase X X X X X X X
cellulase family glycosylhydrolase X X (@) X X X X
a -amylase 02 @) (@) x @) o3 o
J -glucosidase » « « y «
(EC:3.2.1.21) e 0
S -mannosidase o « « « « « «
(EC:3.2.1.25)
Cellulose and b ;32'_2‘3“2“?“;23‘“ o1 o 02 x 02 o x
hemicellulose (EC:3.2.1. )
degradation xylan 1,4-f -xylosidase X X x X x x x
enzymes (EC:3.2.1.37)
B -N -acetylhexosaminidase o3 X X O3 X X
p -N -acetylglucosaminidase (@) X X X O X
S -mannosidase X X X X X
a -glucosidase X 02 (@] X o3 (@] (@)
a -L-fucosidase 03 y « « y « «
(EC:3.2.1.51),
o -mannosidase
(@) X X X X X X
(EC:3.2.1.24),
a -N -arabinofuranosidase o o « « « « «
(EC:3.2.1.55)
glutathione peroxidase
(EC:1.11.1.9) E = o = o © =
catalase/peroxidase
Lignin o x O x x x x
EC:1.11.1.21
degradation ( . K )
enzymes chloride peroxidase < % % « % % «
(EC:1.11.1.10)
glycolate oxidase « y « « y o «

(EC:1.1.3.15)

D Strain the guts closely related to the bacteria detected in the digestive tract of T.dichotomus larvae.

? Indicates the presence (O) or absence (x) of the gene. The number attached to the circle indicate the number of genes.
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