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B1E
DA D 2 FEODOKEIROF I F7RY > DERIEE]

fii kB oMSe xS s v 7)) TROWGICHEA TV (Chapman, 2013) . 5 HF THH
BAEMMESIRZ Lz BN TER, L DEZYIZDBRTELB 2 LA, BUEZ DM
I NTL AT 170 SREICOIEY) (KK, 2010) , R - RIFEEOFITFHHE L,
# 1,000 JTHEICET 2 L ST 5 (Mora et al., 2011) , ZDHTRHICHL BT EBWTESE
ZHE->TWV 2D ERM (Insecta) TH 5, ZOMLIFSD6E X% 48 THIERTICH
BiL 7z & &4 (Misof et al., 2014) , BE REIGZIROBWAD A A =T INHFETD %,
BHRIIFEOE, RO MEOBEY) & X THIA IS K, BEH (54 7294 0) 3%
MIEICEATY 2, BIER 95 HOBRH S, I3 In-24Eo R L 24
Bz s (AR, 2008a) , ZOK) BEROERIZ, HSOEIA X2/ - ERL
L7282k B EIABRE, FRBEOZLIGEIET 579, RIKEERCLRBENE . &
ZHREIREEL 2RI LD ‘PERLOEHE L XITNB IR~ HTH A ),
D—JT, A RO/ X D NI ZRREESE L, Ao DiiclEshs L
oo, AFRIIIHTEREIOZB)C W L, I FIE L2 A CNERE 2 1313 —E 1T fR
D, BE RICHOEIEY DEGFIC L > TRELRE LR 2WHRADMMEIXE ) £ THRV, B
T3k R 2 2 7 B REE & SPTIC X 2 0 A55Hs, 2 LTREICADbE SR EIRT
7 Rk A iR 2 T 21 R o o (I, 2007; <11, 2009; LLJE, 2009)
RGP 2 @Y ICFHE T 2 2 & HEFEROHERICEETH 5, KiZZ0ilElE, 2
NN THEYIC E S TEHEREDPODAUREYETH 5, MIAIMNE T 2 ARG 5T
Ly, MlENGETFPEREPEBEONEZiF 2, 2 L THEWHOMERZ{T) kL, &
HE IS (IR, 2014) . S S ICHBADEGIKIE SR IR EE 2L O R Al & LT )
(o TOX Y ITKIFHMIEANIZ MDA TEEICHE, ERELTwS, LaL, FHPE
B3V VIREZ TR & T RE"HKTH D, —MBIVTKROZEIBMEIZE Y, 72238, FRIBR
WiZs EVZRITAARROMED S FHSI NS L) bEwAKEEEZH L TED SHUEREDM
Thole, KT ZELHITEBT 2% 21377 7R v (KF ¥ F)L: Aquaporin :
AQP) & XEN2KGTFHEMOREIEICH 57, AQP 3%  DFTEIRIHERET 5 2 L2y
220, ZOFFI K > TERNDIK NN T v 2 & Z OWREICBE§ 2 LA e g 2 0L



LOVTHE - R T 2 HEMER Iz (Agre, 2008) . S HIZKANT VY A% FEiwT 5 ET
KGFDIEL SN L DNIEETH 5, AQP 2/ L 727K T O J5 ik 1 B
Z BT 7o Nl & Ml D IRE Y 7 IR FE RIS K > CTREIVICIRE SN 5,  DIREARLIE T
IZNa+ DELALENEN 72 (electron-chemical potential difference: Adp) ZEKE)I I & 5 2%
FIVAR—=Y =R F 2 A4 C S (1, 2000)

% { DAYIT Nat 1 & 2 BEEITLTE A CHRBEL T 228, A4 a (WA a) Dk
BHEYEZEBRET2F a VHERIG EZBLTF P Y720 Z L WERETHET 2720,
RN Nat IREEIZOTHTH 2, DAITAA 2% LTS MRS Twv 5

(Petschenka et al., 2012) . TIEF FU LRy 7T E A EBERE L T W AEY) il
fel - A & D & 5 I E NS DEKE) ) 2 L TWw» 5 D,

Z D Z 1319904 LA, H DBX#E) /1 (proton-motive force) 1ZBI9 278 & D BH S 2>
thot, H* Z8EH% 5% 70 + &K~ 7 (Proton-translocating vacuolar-type
ATPase, H* V-ATPase & % \»i3 V-ATPase) ZllldANTOZ RV XF —HEZERL, 4
F VAR % (solute transport) 1A AL T %)L ¥ — “proton-motive
force” ZAIH LT 25DTH %, BifE, EYFITLSAHET 2 H@ie Ry 7 & LTil4x D
ffEA B B 1) 2 BEMEZFER S 1, EF LT3 (FRIl, 2000; ££ 5, 2002; Beyenbach
and Wieczorek, 2006) . FIPEMIIES 5 HY V-ATPase (3fllgstic H* 2L, J5EiE
Bli% /L C pH ARLZ T 5, H*V-ATPase IZFERHIIEOW I TR FER I 1

(Ohsumi and Anraku, 1981) , MlEAERD 7w >R > 7 (endomembrane V-
ATPase) tEZonTwl, Lo LEkA 2B - #lfk<FH F Y 74K 7 (Nat, K+
ATPase) EWFAILTA AL DERXFRAY S AITHEREL T3 Z S5 7z (Harvey et
al, 2010) ,

AQP 13 T DEAALANERAIC X > TR S N2 RBIE AR Z 2T, FIFEEZ /L 7
Kk 2419, T2 THLFELC AQP R £ ToOME 2R, BYIDMRIMERER L5\ KE
HHEZ & OB Z DR A Z AL AATH > 7, 2D, HIMHKELICIZ 7 T& 28 kDa DARAl
T UNREDPREBICHEET S Z 030 H ), CHIP28 (Channel-like Integral Protein of 28
kDa) L#4fHT &4 (Agre, 2006) . 1992 fEICKED Y 3 v X 7% v A K% D Peter

Agre Zid% 3, CHIP28 D52 cDNA Z7u—=v 7 Lt 225, #ET I/ BHES DS



6 DDOREBHENZ AT 5 Z LB FHI NS (Jungetal,1994) , ZLT, 77U A VXA
ATV % FH O 7 SRR TR BLR T OKERERE I X D KEEHERE 2GR S, KRS+
YFNZURIETHDZ I EPWHS L ER ST, SHTIEZDKF ¥ 2013 AQP & X3
N, BPICHE SN D AQP 1F AQP1 EfA STV % (Agre et al., 1998; Borgnia et
al., 1999; Fig. 1) ., Z D&, 13 & A EOEY THEAEIRE S, BRIy ILED KT
YR ELTAL O 6NTW S, WA TIE 13 M DAQPs (AQP0~12) MRS

(fi1%, 2005) , AQP1 (XFfls CEOZIRME) - IR - iz &Kk IcBRE LT %, fiwe
TR 57 AQP2 IZFROEAE ICHEEL, IRIEMHICIEN 2@ EZ R LB, 20
BIRTFOERER T EBEWERINE & V) SRS IRE R TRREOFRE %2 (s K,
2005) . KIIHE% EDOFTTPEMERIOA A VR EICHARS LIRE EEA2ER LT
VW, WZIZAQP Z NI 2 THWo < & Liditt (£7213233) 13l 228, AQP 23H

SEBICHEAET 5 2 LI K-> CEMEEE X 10~100 50 Eicf@E s s (Okhd, 2008) . %
D AQP DMENITHAE L, Kk A 2 ifds < IX B DOE BRI T 2 2 L b F
HRINTWD, AQP IFHREREIC X D REL 220D 84 Ficmiloind, KD AZIERNIC
HEXELHD (KERE7Z 7K Y ~, orthodox aquaporin) &, KZFTHL 7V kR
—WRRFE VS BT OEEMOYELERIEE 7777 )R v

(aquaglyceroporin, GLP) T® D, ZNZNWHVICHHFAL 203 6@wTw3 EEZ 6N
TWw3 (fEx K- AfG, 2008) . AQP OFRIFEMEFAICEBIT 2 KRERIETHD, Agre
1% 2003 D /) — ALAEITHEW 7 (Agre, 2006)

AQP FZE 3P % IR IIIED 5 T E 7228, T4, hodwfETd o1k
R T2 2 OAEHENERDPER I NO2H % (Campbell et al, 2008) , REHD AQP ®
BAIOWE 134 A4 2 234 (Cicadella viridis) TdH H, D (Filter chamber :
FC, Aiti=) THET 5 2 L2VRE sz, Z LTcDNA 7 v —=r7ic &k h e ER SOk
EHfrbitz (Le Cahérec et al., 1996) . Z4LLK, EHRTHROICHEIEAR, AQP 1F
BT LY & R HERRWRIN & v o 72 BB O B A e #l 2 H > T B ERIE
TNT»3,

EHAQP 127 3 7 BBESNDRMRMANTICE D 4 DD V=712 % (Kambara et al.,

2009; Goto et al., 2011) ., TV —7 1 1ZAKE RN AQP, /=7 21ZiFy a7y ay



NI TG E N7 Bib (Big brain) D AQPYS, 7V —7 3 1ZRE GLPE LU T &/
FRRCHI DA S 7V — 7" 3 IS N 508, BIRHTRAKDAZBHI W5 T I N
72 AQP 23S N, S ok AMEELNDE, V=7 4 1Mo 3 7v—7 L IZHIAE M
DME L, NPA €F —7 23 —H2Z1t L 72 unorthodox AQP 23& £ 41, BRREMNTIZIZ & A L
ATORG, £ 4207V —7DN, KERFNAQP (F/V—7"1) ODANISHIT2DOD
Y777 IV —, FA0>avYaINLTHRE N7 Drosophila integral
protein (DRIP) # 7 7 7 3V — (Kaufmann et al., 2005) &, 7¥ < FHR¥ )L
(Pyrocoelia rufa) 753t X 417z Pyrocoelia rufa integral protein (PRIP) ¥ 7' 7 7
1) — (Lee et al., 2001; Campbell, 2008) 1762 Z LW E LS, BRI 2 H
4 a® AQP 13 AQP-Bom1 %3 DRIP, AQP-Bom3 73 PRIP IZJET %, /1A 2 TI3BIfE 3 fil
D AQP 237 u—=v7ENTEDH, Zd DRIP (AQP-Boml) %4 7& PRIP (AQP-
Bom3) ¥4 73 TOHMRLSEHEDE ORI N, $7-H9 12D AQP, AQP-
Bom2 (3 GLP #4 7 Th ), BRTHESN/AWD GLP TH 2, U4, 443 anLDp
LG INTmDER AQP BAGEIRINAQP 72572 b H D, Xfusawvyayn
I (Drosophila melanogaster) D77/ NE®RD & FAESHER S LT 7253, BERTOFE
WL TIERENTH -7, LL, FiS (Kataoka et al., 2009a; b) 2344 a2k )+ &
2> 74 (Grapholita molesta) 7> GLP %35, - BB L, FEERWICIKELE 7)o —
NS EZGEHL 7., 20 2 oHtE 7 I/ BBECHNIHTFLE & & oy S e — ki 7z
GLP L8274 ->TED, 2012 FICBERT3FIHELRS GLP LY FY X+ AT 77 4
> (Acyrthosiphon pisum) TH#ts I 7z (Wallace et al., 2012) , 2D GLP 127 k1
—)Lc REBICMAY=Z b=« X2 P =AY ILE =LA EDORZLEHEIE S, F
7z, RRALT7Y A A (Rhodnius prolixus) THE S 4172 Rp-MIP (Major Intrinsic
Protein; Echevarria et al., 2001) 134 E 27V —7 3 IC@T 2 DD, KOAZEXEIE S
EEZONTE R, EHEHE, N 7Y b D Rp-MIP-A 258E{LAk#E (H.00) % iS¢
% Z & DV S (Staniscuaski et al., 2013), #F17: ZHEREMER I 117z, WFBHZ LT
I% GLP ICBT 2 BE LA H 51 b b 67, Bl GLP BT 20581308 Th 5,
B GLP L iDL D GLP & OMERZMRGEEY 2 72 DI b H i 2 M Hifs s n s, #
BERFATEDRER AQP, H 2 WIZFATE Iz AQP DY) 7 M KA OEEEEZ 50 b



DVBFEL TSRS & 5, 5%, BH AQP DMLY Z 2 12iE->T, WAL L LT
W INT W 24X (Gomes et al., 2009; Verkman 2011) , Z L CHifa#EE~D
B95. (Neely et al., 1999; Engel et al., 2008) 7 ESRHTHHL N E RS20 Ltk o,

#4 2DAQPs (AQP-Bom1, AQP-Bom2 ¥ % 8 AQP-Bom3) (%I #{L& ToHBIH
MRS, /—Fr7my MEFIZX D AQP-Boml 1348 (W15 L E) TR FHEHL,
AQP-Bom2 I3 FEICHEHI L 2w L E—XFETHILL Tz (Kataoka et al., 2009a; £ 3 %
Z) . B2 6 KRR AQP (AQP-Bom1) (EBENEED & K ZINT 2 7z d DT
2957 CTHYH, GLP (AQP-Bom2) 3EEHREOWIN L PHIICBIE L TW52DTHAH, D
AQP7A Y 7+ — L 3BE LIS, Z LTV E—FEOMICET 2K v 2ADHER:, %
LTHHROPEMIED X H IfTb T 2 0% "B T 2 1[REED & %,

AA 2ITBIT S AQP D5 D L 2 AfEAECH I, BECEVWHGIEINTY S

(Miyake and Azuma 2008; Kataoka et al., 2009a) IZ¥ £ ), Z DR E ORI/
FRZL, 7, HBECEVCCGEEFOFBIIMER S Dy, FEHoTL LToy 3
7B Ol - Ml TOREEA 4 EAR LR K->TWw S, 2 T TR TRIHIE ICE T
% Bombyx AQPs ¥ VNV EHDOFBE A aDIEKICE T 5 AQP OAEBNEE L 2 Dk
REFHET B2 b THAL .

BFEAEDF a v HEROYHRIIMHEETH Y, BT IENLSKEZR/TVE, V3R
AAA (Manduca sexta) DYIR%Z 72K N T v 2D AFEERIZETIEBEEG IS B \WTKDS
RN 0, M) o320 LTHENEY & LT S N EHEE S 17z (Reynolds et
al., 1985) . Z DRITPIUZBEIGEALIHFET 2L E—FEHEDORETH %
cryptonephric Malpighian tubules (cMT) 25EMz B2 %5 L, WATICHET %
perinephric membrane (26 F 1172 [E5-cMTHE G ##% (cryptonephric rectal complex) 7%
RELKEHZHS TV S ERBEI TV (Ramsay, 1976; Bradley, 1985; Liao et al.,
2000) . BIfE, ZOMMOMEEIX K Cl D k) %A & v OB > Tl 2 2 %15 e
2> 5308 T % cMT ~D LR ORI KDL Z T ) 72 DI LT b LEZoN

(O’ Donnell, 2008) , BBHEWEN THIK S N7 NEWIFBOEIZAIROIE L LTHRt S 0

%,
ZOKE, KIFED L) N —FZWDBIBEVEND S I YR NERIRI NS DD, L
gz AL 2 koBEnc ik, Mgz (transcellular) , MUk %Z @ %



(paracellular) , % L CHEND & HINEFIBR~ & 1229  (transcellular and
paracellular) W — F23HFEZ 6015, EVPRBEHKMERTH Y, DIDLRERDIFHNL
LD &7 %, W 21T FECHIIEN 2 R 12 /5 55 septate junction & X IEN 25 2 K6,
paracellular ZBENIFHIRI NS, 2D Lo, BZ 6 {KiF transcellular 7 fE#% % 8
2LEZ6NS, TEEDX ) ICEED LRI Z & THEBENAN E BB L TW» 5 Db,

9, B 1EICBOTHAL aDBRIGHMIZE T 3 transcellular 22K DBE % HAF T 2
AQP-Boml, Z LTHA ayHOERE»S 7n—=v 73Nk 3FHD AQP (AQP-
Bom3) DFEBLE AT OWLTHE, BEEL 72,



COOH

® water passes

(C)




Fig. 1.

Aquaporin molecular structures.

(A) Aquaporin (AQP) has six transmembrane regions and NPA (N: asparagine, P: proline, A: alanine)
motifs exist roop B, roop E respectively. C-terminal and N-terminal domains reside in cytoplasm.
(B) AQP is folded on plasma membrane, then NPA motifs located roop B, roop E form single
aqueous pathway. Many AQP is mercury sensitive (mercury ion inhibits water transport by AQP),
and in AQP1, C: cysteine 189 amino-acid residue is mercury sensitive site.

(C) AQPs form homo-tetramer, each AQP transports water separately.

(A) and (B) figures drawing based on (Jung, et al.,1994), (C), figure drawing based on (Verkman,
2005)



M & B E

ERRER
A4 AL LT (BExsiH £ 7 13 ocEER]) 1c ALk (KIT-2515M15, fRE A > R 7 A HFERT,
W) %52T24~26°C THIE L7z, SH (H) B 7 AMEAEL, ZoHRMIc A%, 5HsHo3~4
Hiigih & ARG U 722205808k (R85 colon, % rectum) , <)L E¥—X% (Malpighian tubule: MT) , &&%
(trachea) ZEH L7z, %28, MENCHELZEY 2y b - IREH Y 2 72 OSBRI RHOBELBZ LT
7,

PRIP #17 AQP 751 XA> M&tHREMDLEE
AQP-Bom3 (Genbank accession no. NP_001153661.1) :fhDRHD 65HESIN T2 PRIP YA 7AQP DT 2/

8RS % clustalW I2T7 74 X >+ L, MHEEZ L 72, AL 72 AQP EFIIZLL T DM D TH 5,

PRIP (Pylocoelia rufa integral protein : AF420308.1) , Aedes agypti (AaAQP2 : XP_001656932.1) , Anopheles
gambiae (alternate isoform of AGAQP1 : AB523397.1) , Belgica antarctica (BgAQP1 variant B: AB602340.1) ,
Eurosta solidaginis (ESAQP1 : F1489680.1) , Polypedilum vanderplanki (PvAQP1:AB281619.1) .

HA JHROZIEBEBEDSD mMRNA FRAE
fifS51V2 1% diethylpyrocarbonate (DEPC) ALH% 175 7- B AIE/K (Phosphate buffered saline : PBS-DEPC*) % fifi

FAL 7, fiih L 7 ##%% PBS-DEPC* % ii7: L 72BN A 77 A F v 78y % — 1L (60 x 15 mm, FALCON® 3002,
CORNING, NY, USA) Hic# L, k99L& bICME L iz PR EAEIc 2 2 X CE2 T Bvw L9
KHER LU TERCID BWe, RBICHTHOFGH ISR 2 0¥, Rk 2D BRO-CZEGE L7 7p
W7 AA4NICDETO0Lg ZHEIHRLZE, X 7L T7—EOHERICRE DT TA— 7 L—7F (121°C,
30~40min) LZHHDZ Yy RV FA7F2—7 (15 %413 20ml %) 2B L, mRNA OREELCELD 22023 £ T
ZOEERPICE N, EBICHAL ZWEAE, WESEFRPICRA LB € 72%, -80°C 7V —#—T
PR 72,
i L 7 #H#%2> & Acid-Guanidium-Phenol-Chloroform % (AGPC %) % i\ T4 RNA % f5#t%, & 2 I3

S EEE, poly(A) RNA DA% BlET 2 X 951274 » Z 417z QuickPrep™ Micro mRNA Purification
Kit (Amersham Biosciences, Buckinghamshire, UK) 7% FI\>C mRNA Z 3L L 72, Zh Z N oRE8lhE% DT IR
L7,

*PBS-DEPC (1 x PBS, RNase-free)

50 ml?10 x PBS-DEPC**IZ 450 mI? DEPC-H,0 %Ml 2 7=,

£ RNA Dt

2 RNAE X O mMRNAKEICH7--T, T 24 T A BEHIIWZERFELBE L 72 (190°C, 2hr) » 79 A F v
7BOBEKL, MEFA2ORMEO DR Z0F FMHEH L2, Ty XV FLV7Fa2—7, f20—Fv 7, 7N
—F v 7%, FROLDICRODF— 1T 7 L —7 (121°C, 30~40 min) % LT 6L, %8, FEEBE
R4 OHEEMEIZIZ RNase DVESDH 2 2 L ZHHRIC L, RNAKEICBE O 2 TXTOA I ABMER T v FEHGRD
HRERX PNV ZEBEPZVEIICT B0, EBE RICERABE L7 A v —L (EFE9cm) ZBHHE
L7,

(1) 4 i

(@)% RNA % fili i E 5 12 mRNA % }58 3 2 72 8 QuickPrep™Micro mRNA Purification Kit % & & 7> U d=RICE
LTV,

(DY E R DFHAE, F721% -80°C THAEIRE L TH - 72 KB T IcE W,

(c)37°C izt v b L7A v F 2~—4% (Multi-Shaker Oven HB, TAITEC, %) PIC Extraction Buffer % 584212 I 7
I,



() WEWHE L 727V 2 7 4 A VORI Z 8 ¢, MoEE (0.1 gmigg) 2D, ZEWEL 207 A
o 7arELF A — (0.1~1 ml H, Radnoti LLC, CA, USA) ~&L 7=,

3) AT ED 10 f58 (0.1 gD | m) OEMWIERE T ZMAE—2FEY = 2 — F2/ERL 7%,

T4 M GTCIAHE (Z1EER) A& I L
Guanidium thiocyanate (GTC) 2363 g 4M
2MZ ZVBEF F Y7L (pH 7.0) 6.25 ml
Sarcosyl (Sodium N-lauroyl sarcosine) 25 g 0.5%
Total 500 ml

-1 LBE®D <A T)LIZ Guanidium thiocyanate (GTC : f5fiR) 2363 g ZR D HLD),
280 ml DZEAKZMA 72,0

125mlD2M 7 ZVERF B U T A (pHT7.0) ZINZ 7,

-2.5g ® Sarcosyl ZMZ, 4 ¥ % 2~_—% (Multi-Shaker Oven HB, TAITEC)
(65°C) T GTC 2RS¥ 72,

FREUKE A, 500mlIZ A A7y 7 LTz,

SfEARFIC 5 ml DA R L35 ul @ 2-mercaptoethanol 2l 2. 7z,

tHR2M 7 Z VBT Y L

294g D7 T[T MY U A% DEPC-H.0 IIEEIE, 100ml X ATy L%,
(AMZZVBFFYTLRL v 7ER)

-192g D7 TV (fEK) % DEPC-H,0 ICIEfREE, 100mliIc X ATy 7 L7,

AM 7 ZVBA Ly 7R

SEMEDOIM 7V FU D LAR Ly ZVETRIS, Bl TOIM 7 VS Y YA
AbMy 7RRERHILTOE, pH% 7.0 IAbE %,

@ FEYzF—1 %, CAWE L7 SAY =V ERY FC, MV THEVEICTEHII2ADZ Yy RV L7 Fa
—7" (Safe-Lock 2.0 ml, Eppendorf AG) (23358 L7, (HA®RTHI 7, 0.05 g DFF%IC0.5 ml DA
EMZT EARE LT, UROEELED, )

G) BMAEBD 110 BDO 2MEHEF Y 7L (pH4.0) (2K F 2 —7WiAz, K SEERMIL 72, (BHREs
0.5 ml £ D T50 ul)
PMEEEEF Y7L (pH 4.0)

-54.4 gDEEEF b ) 7 4 - 3H0 % 20 ml @ DEPC-H,0 IZVAfR S ¥ 72,
FEEEW S KD EMAT (B 150ml) pH % 4.0 I2&bE %,
-DEPC-H20 T200ml IZX A7 v 7 L7z,

A —bF 27 L —7 (121°C, 30~40 min) £, TR THEFEL 7,

(6) EMIAW & HROKEM 7 =/ =) (EMIEKH05ml 2D T05ml) ZMATRLT v 7 ATk RN
7,
B0gDEELT7 2/ =% 50ml Fa—TICEERD Lo,

KERT 7 = ) =)L

7z /= (FERgfhitim) 30g
g-tFu¥s ¥/ (8-HQ) 0.03 g

0.03gD8HQ%2F 2 —7DF vy TICED Lo,
F =72l % £ TDEPC-H0 (F20ml) ZMZ,

9



SHQ Z ZIFE Rk Hicskz L,
65°C Ity b L7cA v F 2_X—% (Multi-Shaker Oven HB, TAITEC) IZHHE L,
7x/)—NVEBRIET,
ST E TS ZEEMEREL, ML zA 7 Lk, @Il -0 Rm 7 BE
OKE) 27 AL —% Tz,

72722L, 7=/ —NoOLziIET 5720, 1emFEKEEZEL %,

ORI DENZED & 72 { x> 7R AUTRAIR & L 72,

KIED 72 7% 23546012 DEPC-H,0 % & Sg WIS Z, Z ot 2 £ THROIKE LT 72
STIVE T AANTHIEL, 4°C TREL 7o,

8-HQ 23 (1 5 AR E DL - 72 b DML L T 2 DT, FEICMEH L Tidwidzwn,

(7) BMEK D 1/5 BCIAT (BHAKDS05ml 2D T 100u) 2&F%F 22—z, RLFv 7 ALT,
TCIA (Z7ma74Lh 1AV 7 INTNIa—)L=49:1)
ZA=0=/E D WA 49 ml
AT INTILa—)L 1 ml

DEPCHUFE L 724 5 A8HE Y (100ml &) I L&z mz 7,
STV ET7 AANTENRL, B (B CHREFEL %,

8) K ET 15 min FHE S ¥ (ZOBBT7 =/ —)VEEKEPTEELTL 3) , 2D 20miniEh L7 (4°C,
15,000 rpm)

) TREZ RO VX I ICEZRELEMNS EE (400~450p) ZH LV 2mIBOT Yy XY FL7F2—71cBL
7o (ZOEMET, @T22XTTEI Y INEVEODFa—TIcEtdl, )

(10) RFIDEMERR EHROA Y 7 LTIV a—)L -7,/ —)) (BUAEKS 1ml 20T 1ml) Z2Z
HREREM X724, =i T 15 min #i& L 72,

(11) 4= RNA DEINEZ LT 572912, RETDH 30 min izl (4°C, 15,000 pm) L7, EEZ7AEL—4FT
PrElL7, L, ZRNADE FTHEBRICHVIEAEIE, 1ml D80% ¥/ —)ILTY ¥ A (4°C, 15,000 rpm,
5min) % 2 [TV, BBRICEEELED (4°C,15,000pm) L, 7AY L —F TRO KD ZTZEIGREL 7,
mRNA DRERL%Z 1T 9 BA1380% .4/ — T 18] v A L7, BPRELD (4°C, 15,000 pm) L, 7AEL —
8 TR IR " SERITBRE L Tz,

(12) #L#120.1 ml ® DEPC-H0 Z M Z 65°C T 10min f ¥ F 2= a3 v L, SERKAMBS L,

%E, BONLERNAMSZELICHEAL2VEEE, A7y 711 O, 1mlD80% =¥/ —ILEA,
VB S E 72 % £ -80°C THRE L 72,
FEERHBAR 3 F 2 — 7RO FH UM EICE I 2 L) ICF2—T7% Ly P LT DAT Y T%FfTo7,

MRNA DFR
(1) Oligo(dT)-Cellulose (Oligo(dT)-cellulose (25 mg/ml) containing 0.15% Kathon™ CG/ICP Biocide) DJffix & { 2> &

RETHEL, B LSETHH I L2MERL 7 LT, ZOMBIK Iml 2Ty X F)L7F2—7 (Safe-Lock
2.0 ml, Eppendorf AG, Hamburg, Germany) 1277 HX L 72, T2 RS- 29 v 7VERZTHAEL 2,

(2) 4= RNA DIERLD 2 5 v 7°(12) T % IK# X ¥ 72 F 2 — 712 [E#2 Extraction Buffer (¥v b 7@ b a—L7T
1, #HA% 0.1 g 12 L C 0.6 ml D Extraction buffer Z 12 % &G I LT\ 3) ZHIC0.6ml Mz, W Th\v X
I TR I ERR S ¢ 72,

10



(3) BEfEIE A4, Extraction Buffer @ 2 f55& (0.6 mlI$™> 2 [B[I2 431} TAEF 1.2 ml) @ Elution Buffer (10 mM Tris-
HCI; pH 7.5, 1 mM EDTA) %5222 2, Extraction Buffer 128 £41C\» % N-lauroylsarcosine 12 & % VU325 % fx
ANRIZT 2 LI ICHERLTW - ) EEEEIRFIS Y, RNAAEKZ SR L3k, ZORERKTE,
Elution Buffer /N (77 281 %, 68°C (¥ D70 b 2 —)LIZid 65°C &ALl 41T\ 3 25 & ICERE)
WICREEH L 74 v F 2 _R—=FNTRIRL 72,

(4) %D (2) T/ L 72 Oligo(dT)-Cellulose A H DF 2 —7 & RNAIBHA D DF 2 —7 250 LT, HEORIZ
Oligo(dT)-Cellulose B D F 2 — 713 1 min, FEY 2 F—FrFa—7IoLTREFy FO7r ba—icizl
min 0 & H 503, BMEI MR S v o 0 BHig EBUI D b D2 SRR LRE IS 7201, 15 min &
L7, b OVLER I | IR s A B (MR-150, BEA U2tk b S — 1L, im0 2 H v, FRCH o 2w D, iR
JERE IR =R (20~25°C) T, 15,000 rpm TfT 5 7z,

(5) OB Imin BB L 2 5, wih%E—HEILZHE, [H5I12 Oligo(dT)-Cellulose B F . — 7D Lg%,
RNase free DA T 0 —F v 7 &G I SN 7 A L —2IcTkEIBRE L7z, %8, RNAEKRD A->
72 F 2 —71ZBI EHE 15 min DELEIT o 72,

(6) RNA AR D 0% T #, RNasefree D 7V —F v 72D 77 EXRy b= T, BEE B BiF (1Y
1.5ml) %, Oligo(dT)-Cellulose XL v b D A7 F 2 =712 L7z (AGPCIEIC Lk ) KD ¥ v A 7 EsEEShTE
DB ZRER T 2 2 L I3 TER VY, YR H 2 EEZ 15mOABLE, )

(7) Oligo(dT)-Cellulose & RNA B Z B IC T I RIEHIIR S ¢/, 22T, ¥y bo7a b a—)Licid 3min
KEEHIFR & & 25535, Oligo(dT)-Cellulose £ MRNA ZEFICHEAZIE 272012, 10min DR & H FHiIRE{To 72, Z
DI, Oligo(dT)-Cellulose VNI WELZ BT 2 2 L b H 5D, TIUIHEICEELTUEI e 7m a—L
ICEHBREINTWEDOTEEHRLZ, IRE IBEENET LS, BWhE 10secfTo7:, mOETHREDIC EEZID
Bvatz, DU, FRCHiS Z2WRD, EEDERZEICIE, RNasefree DA zu—Fv 72O 377 AL =4I
o TRKEIBRE L 7%,

(8) £ 9, High-Salt Buffer (10 mM Tris-HCI; pH 7.5, 1 mM EDTA, 0.5 M NaCl) % 1ml iz, S 3 2 R Sisi
a7V, B, 10seciEO LEBL I HEERILD v, ZoffExEF5 liT-> 72,

(9) XiZ, Low-Salt Buffer (10 mM Tris-HCI; pH 7.5, 1 mM EDTA, 0.1 M NaCl) % 1ml iz, JEo (10) & FRICE
W9 2RI RREIR 21T, IR, 10secmD L, EHIC LEZID Rz, ZoEfEZE 20T 7,

(10) Z @ Oligo(dT)-Cellulose A ) F 2 — 712 Low-Salt Buffer 2 0.3 ml il Z # S ¥ 7,

(11) # L \> RNase free DL v X F)L7F 2—7 (2ml %) (Z MicroSpin™ Column (¥ v M%) 2+ ML,
e (12) T Low-Salt Buffer TR X ¥ 7z Oligo(dT)-Cellulose Z ¥ L, 5sec @iy L7z, @i, Fa—7IcH~
PEi 2 PRE L 72,

(12) 4@ (12) T Oligo(dT)-Cellulose D A>T\ 37z T v R F)L 7 F 2 — 7~ Low-Salt Buffer # 0.5 ml il Z,

F 2 —712% P F > T % Oligo(dT)-Cellulose DA 7 V) — (slurry) & 3£ MicroSpin™ Column 126 L%, ZD
B, BEIC MicroSpin™ Column @ Oligo(dT)-Cellulose D5 7 ARy FEELZ 20 X ) ISP L 72, 5seci#
DL, Fa—7lIcHPtiRZ2BE L, ZOEREZHE 2EEDIEL, 3 3[EfTo 7,

(13) MicroSpin™ Column % RNase free D A 7 Y 2 —% v v 7 &F 2 —7 (Cat. No. 72.692 S, W, Bk &L 7
AN HR) ICBE) S 7, BB®TE V7 Elution Buffer (68°C) 0.2 ml % MicroSpin™ Column NN, Oligo(dT)-
Cellulose DA T Ly FRELI v X I ICFELHICHML, 68°C TIZ 5min ##E L 7z, 68°C T5min, HFHET 5
BEEFy Fo7a b a—LiciZEINTweRwnds, mRNADEHZ X DEEICT 2 -01cfTo, Z0%K%, &
D% 5sec T\, MRNAMEIZ AN I ¢/, COBMELZ DI LEEDIRL, &t 0.4ml ® mRNAER %57,
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(14) [ L 72 0.4 ml © mRNAVER %, EHICZDEFE, rEREEEE (Ultrospec 3000 UV/Visible Spectrophotometer,
Pharmacia Biotech Ltd, Cambridge, UK) (2 & > THE & IREEDMIEICAEL 72, HIERR T2, mRNA VAT 2 2 [E]IY
L7, &8, MEHEOD Reference 1213 ¥ v M IZHA 41T\ 3 Elution Bufferz a7z, F72, 4GGESTOHl
FILHD, IVbIef70RY a—bsal—Fa—T7k)l (50uH) 2 mRNAKELCEY > TFy DT
0 =i, RERE XY — (1:1) 1T 1hr 2, DEPC-H20 THIAIFIr I ¥ LT RNase free ®
Faxy FELTHOW,

(15) 2O mRNAEIR (Fy400ul) ARSI NTED, 20 FHEHT 2 IEREMESOT, HIEKTE, =5
J = IVIRBIIRIC K> TR L 72, T7bb, Z2NFND mRNARIK (F9400 ul) ~LUT D (a)~(c) DA % IIE
KM Z 7,

(a) 10ul @ Glycogen Solution (glycogen at 5~10 mg/ml in DEPC-H,0)

(b) 40ul D K Acetate Solution (2.5 M potassium acetate; pH 5.0)

(€) Iml ® 95% =%/ —)L (RNase free, & 5 %> U & -20°C IZ{E\2 72 b D)

70 b a—TlE, ZDH -20°C PICRIK30min FrE L & 228, HERICZY /) —Vik%2179 729, -20~-30°C
T OV IZ T —BaERE L 7=,

(16) —WiERER, 70 b a—nNI2iF 4°C, Smin @D E %R >T 555, MRNADEINEZ TEBR) ED 570
12, EOEOIRERESR 0~2°CI2 LT, 2hri@Ed L7,

(1) TAEL =8 T LiEZWEIBRELE, SSIEMHEELL, BIKHELLy/ -V ETAEL —% T
ETkREL %,

(18) FED A NNEFTHIC &k 5 mRNA B D BATDH D IHEDWT, JREEDY0.5 ug/pl & 7% % X 9 12 RNase-free D7K
(DEPC-H.0) IZiEfFES ¥ 72, %8, Bon mRNAEISZZESICHAL R WEAICE, A7y 7 (18) TOEL

%, 95% ¥/ —VHhTOWBRYID £ £, -80°C THRE L 7=,

FEREFIE T 2 — 7 EMOF CAEICIBR I L) IcF2—7%2ELy FLAT v 7 (16)~(18) 2fT> 7,

JUt0-IVA MY ODIER

Yoo LR RS 025, AL a7 s 7R e S LHEINkLs 0 — v 2 RORBE2EIEELTE
(i, Z7V2a—nNVA Ly 7287, HEEDMTIRL 7,

FIURZ A=A =2 a VOIRHMERIL 7L U AT L= B 7 ) = RUFNTERICEL 72,

LB/ampicillin (LB/Amp) &k /ER
WAREEZITHEIH, LT 1 HUPICER L 72852 A L 7%,

(D) FEXZMAT RV 250ml D LBEMHIZ F IV A7 4 —X— a VOHEIZHE>TERL, pH 2&bEd L
200 mI® Duran € 12125 ml §2o43 L, 121°CT20min A — 7 L—7WHE L7z, DK, Duran €D F %
AINF AT D AR T LVIZ L7 44V 2 EVDBICHEPE L 5 WETHIAE T,

@ A= r7L—=7%%, WEHKTEXTHY, WA ERBEEICE TS Eo 2 L 2MHELTH» S Duran £ v %
BOmL, 7V—ryxRyFHNT 125l @ ampicillin (100 mg/ml) Z1Z, EvD#HZES 37°C HilRZE (W) <
—WiEE L, BHMEZEDA VY I 2= a vy ERER L, 0%, BERICHEHTEAIZZ0E

F37°CICEME L, BT L 2wEaiE 4oc (BERT) CHRE L%,
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Anti-sense probe F Sense probe F

Plasmid DNA (10 pg f&E) Xul X ul
Autoclaved H20 (up to 50 pl) Y ul Y ul
TaKaRa 10 x M buffer 5ul 5ul
0.1% BSA 5ul Oul
Restriction enzyme Ncol 2 pl Spel 3 ul
Total 50 pl 50 pl

(3) TR & 9 K554 (Bio Shaker BR-13M, TAITEC) # 37°Cictk v kL7,
@) BHEATE LTV RRAY =L =27 ) = RUFHAE LK,

G) RV FrELYF 2—7 (Falcon® 2059 F 721X [H% M, CORNING) %2 170 —IiZo& 2 AT OHEL, LB/
Amp TR Z 5 ml 70053 L 72,

6) Tt CHIND am =—%2 SR L, HI7HRY) 7R EL VT 12— 71D MmH T %2 wite, KTl
S0 TN,

Anti-sense probe Sense probe

(a) linearized vector DNA (1 pg) X ul X ul
(b) NTP labeling mixture 2 ul 2l
(c) Transcription buffer 2 ul 2l
(d) RNase inhibitor 2ul 2ul
(e) RNase-Free HO (18 pl IZ %) Y ul Y ul
(f) SP6 or T7 RNA polymerase Xul Xl
Total 20 ul 20 pul

(7) 37°C, 280 rpm IZFXE L 7-HIRIR & ) A4 CTREE L, KIBFH D 600 nm OWGEEDS 0.7~1.0 5 \»IZ7 5 £ ThE
# (6hrfRE) L7,

(8) y MBHFHAD 15ml 7> A b F 2a—7 (No.72.692S, 7L A b)) #17u— it o 5 AHEL, 2nFhIC
BB % 425 ul oL 72,

Q) BIRREBRD A>T F 2a—7ICA = 7 L —=7FAD 100% 7'Vt —1L% 75 ul $O AN, HERETICE ¥ v
TETICRLRILT Y 7 A CHEHBEERE 7YV e — L2 RTICEANLEZ, Fa—7IcHNE 70— 4%
T, WERERICRALTABERL, 14% -30°C T, BhD4AK% -80°C THEFEL 72,

RNAZ'O—J DR

AL AOHE DT I TR DY o8y a— Rl (Open Reading Frame : ORF) Z# 77 n—=v 7 L7
77 A 3 FEERIZ LT DIG RNA Labeling Kit (SP6/T7) (Roche Ltd, Basel, Switzerland) % F\>C, Digoxigenin
(DIG) -UTP THEi#k & 117 DIG-labeled RNA Z{EHL L 72, 4K, mRNA ORI IE anti-sense probe D 4T X 323,
A TIZ anti-sense probe DRF L2 FERTE 2717 Tld & £, anti-sense $4IC & 2 (L T OFHEBHFH OFEAG IO
THERESS Z ED3TE 5 sense probe b FIRFICIERLIL 72, fE%EDITITRL &,

(1) K535 2 —7 (Falcon 2059) (2 5mIDLB/Amp 243 L, 227 VEu—)L Ay 72 EE LA H%
TTE, 3T°CICERE LR E 9 K588 (BioShaker Br-13FM, TAITEC) T—Mghs#¢ (250 rpm, 12 ~ 14hr) L 7,

(2) Al OB CD-100R (b = —tE1) THHE (2,000 rpm, 15 min) L 7= {4%> 5 QlAprep Miniprep (QIAGEN
GmbH, Hilden, Germany) % A>T 79 Z 3 F DNA ZHliHi L 7=,
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(3) in vitro transcription IZIXEHFIL L7277 A S FDNADSRELE 25, 22T, MTOZ EIZHEREL, 77A3F
DNA Z LR L 7z,
- EHLT B 7o B HIREESE O R34 3 — b+ (ORF) 127\,
c KIES RS L IFFE RIS T 206503 2 (3 RN T in vitro transcription %
#7 L 72 RNA polymerase 23858 DNA 2> S 4 s, 1§60 % 70— 7@ IHET)
. 7»%7 O—=Y 7% 4 b (MCS) 2% 2L AFEHVAE, 2F D MCSIFIAZINTLS
ORF [T WAZECTYIWT§ 2 %D H 5,

PpGEM®-T Easy Vector ® MCS H1Z 25D 5% & 729 Neo | #if7 & Spe | fALHHAAENTE D, SP6 RNA
polymerase % {19 24541 Nco I, T7 polymerase % i3 2 54513 Spe | % > CTIESH{L L 72, Bombyx AQP D
ORF &, T7Hlic s K (X FA=>) , SP6Mlic 3 A (F&ika Fy) OFATHAZIN TS, Anti-sense 7
0—7%E31213 70T —F —FERICE WTISEE T O 3 RKHSHE L TWLiuX X\ wo T, SP6 RNA polymerase
ZHAL7, TRROKIGEZ 1L5m BF 2 —7ICHBLL, 37°C ICHRE L 2% A v ¥ 2 _X—% (Multi-Shaker
Oven HB, TAITEC) W T—MifiE & & 72,

(4) TIBREER IS O KR Z 1.5% O 7 A8 — A 7 VERIKE) ¢ L 72, <—7%— (200 bp DNA Step Ladder,
Promega Corporation, Wisconsin, USA) % [FARHCIKEI L, HINDOKE I TH 549 3.8kbp (3015bp DR ¥ — L 766
bp DA ¥ — 1) DILEICH R 237 2 L2 MR L 72, HWEYZ 7L LI D L, MinElute Gel Extraction
Kit (QIAGEN) ZH W T2 6HiH L7z, it L7245 9 pl ODNABES S 1 ul 2 59 plod D.W. THRL,
260 nm DK% 7366 EEE (Ultrospec 3000 UV/Visible Spectrophotometer, Pharmacia Biotech) THlE L, % DfiEidh:
SiREZREHL 7,

(BBl EHE XY Y IRIEZEITI DI, 15mIEF 2 —7ICLUTD @) 225 () ZIEXIMNA 7,
(6) 37°C FRE DM A > ¥ 2 X—% (Multi-Shaker Oven HB, TAITEC) T 2 hr IKIGE X ¥ 7,

(MRNADBEHEINT WL ZHERT 572012, 05mADF 2—7IC T I v 7V 2L, 2%
1.5% 740 —A 7 VEKRIKE oM S92, < —7»—I213 200 bp DNA Step Ladder (G696A, ¥ 1 734 A A&
fh, W) ZERL 72, vk, KD ORISR Z 4°C TIRE L 72,

SO 1pl
TAEE 7K oul
6 x Dye 2 ul
Total 12 pl

(8) AL E N T 4UL DIG-UTP DSEFIHICHL D IAE N B DT, ORF £ MCS Z R L7284 Xk h b REFVLMEIC
PEVIZ RS 2 2 D TE D, AT E 2o 7858 DNA % BRE T % 72 I KBHEIC 2 pl @ DNasel (Roche)
ZMZ, 37°C (Multi-Shaker Oven HB, TAITEC) T 15 min KB & ¥ 72, fEIZ 2 ul @ 0.2 M EDTA (pH 8.0,
RNase-Free) ZfllZ, EXy 74 v 7 T35 L TCRIGZEIEI T,

(9) SUBHRICEET 2 R EREEE & 8 DNAW 2 k%9 % 72912, RNeasy Kit (QIAGEN GmbH) % fif
AL THHL 2%, Bohk 7 a—70iEE% DIG Application manual for Filter Hybridization (Roche) &
Estimation of Probe Yield by the Direct Detection Procedure (Z5¢ > CHIE L 7z,
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Northern Hybridization

Northern hybridization 12 1%, FFEME - S, P73 74 B n e ST w3 DIG fE
WD LARBRNA 70 =7 %2 i, BEFIEZLTOLEE)TH S, kB, FHCHS 2R D EEIZ RNA F25
WA 2 L, FAR L Z2IAIE, TG U C RNase free 129 % 72 © 12 DEPC LR % 175 72,
DEPC % IRf%iRIE 0.1% &% 2 X 9 IMA, #I37°C I 2hr LL L7, Rk =247 T3 LT* vy 78510 F T DEPCE X
CATEESYE, BRI, BooAt—1 271 —7 (121°C, 40~50 min) T DEPC % AiGfh & €7z,

()7 HO—-RS I ERIKE

Sub-Cell® GT Agarose Gel Electrophoresis Systems (Bio-Rad Laboratories, Inc. CA, USA) % > CE&IkE % 11>
7
(1) bLA (7x10cm) TO5cm DEI D 1.2% ¥V 2HHT 270, ZEGEEFAD Erlenmeyer flask (100
ml) 127 e —2Z (Molecular Biology Certified Agarose, Bio-Rad) 0.36g ZHI D HL D, WZEVRREFEA X ALY v ¥
—%fifiv> 21.6 ml ® DEPC-H20 %A 72,

@) ETLvyT 1Mo ER 156~30sec DIV AZHAITH T, EMICER L CRERX T AU —R 2 AR I
o BT, 60~65°C £ THA7%, 3ml®D 10x MOPSt & 54ml @ 37% FILATILTFTE F (IREKIEE 6.66 %
=22M) 2z, XRAIE,

T 10 x MOPS : 0.2 M MOPS, 50 mM sodium acetate, 10 mM EDTA (pH 7.0)
(DEPC MLILFEADHBHEE Y IIRFET 2D TH 50 L DEPC-H0 2ZDE VT LTEL T k)

MOPS 20.927 g
sodium acetate « 3H20 3.402¢g
500 mM EDTA (pH 8, DEPC) 10 ml
DEPC-H20 450 ml

-pH IZ 2MNaOHT 7.0 K &b -

- DEPC-H20 T500ml IZ XA R 7 v 7

- autoclave (the solution will turn yellow-green)
@) M¥fHIZy — L Z > TB W P LA LIAA, Yy Tva—b%z2xy b, Y7V 7y 7 TEHSTTIVEK
W CEL S 7 (RART S 30 min ML REHE L 72) .

(4) T2 mRNA D L < IEA RNAGELE, & 52U % RNAsample buffer] % 15.5 pl fll 2T % RNA
Markers (0.28~6.58 kb, G3191, Promega) % -80°C 7 V) —¥ =25 h L, Kb TIHEMI 7,

RNA Marker @ Fi#!

RNA Markers 3.0 ul (=3 ug)
RNA sample buffer{ 15.5 ul
RNA loading buffer{{ 2.0 ul

EHICAE Y7 LT -80°C (T (WIRFHER IS LTE L)

(5) RNase-free DTy XY F)L7F2—7 (05ml%E) 29> 7VEZFHEL, ZiZ41~ RNAsample bufferf
% 155 ul Nz 72,

TRNA sample buffer

deionized formamide* (RNA H) 10.0 ml
37% formaldehyde (12.3 M, RNA H) 3.5ml
10 x MOPS 20ml

*Formamide (Fluka 47671) % Z @ % £ fliff]

-dispense into single use aliquots in tightly sealed screw-cap tubes and store at -30°C
(3~6months, do not freeze-thaw)
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(6) 7V b LA ZUREEEAL Yy b L, KEBZALD LIPS 1-2mm & 7485 X912 1x MOPST Z2iEE AN (A
TURE 20 X HIZHER) o 30 min DLEWKEME R CIRIE L 7258, 7ADBHBNP T OO THERES Y Iva—o%
gl EPoasz, Aie < & B IKREIFHL 30 min B % TI2I3 1 x MOPStTT T/ )L % il X & 7,

t1x MOPS containing 0.74 % formaldehyde

10 x MOPSTt 25 ml
37% formaldehyde 5ml
DEPC-H.0 220 ml

(7) mRNA R L pg F2I32RNAGR 10pug L2 X9, D B) THELLZF 2—7~INL 72,

mRNA B 1 F I LTA % < &b 2 58D RNAsample buffer Z i1z, ZdO4® (20 pul) ZEAKENCHET 2, LI
IZEEINTVRS

(8) Al & RNA Markers % 65°C T 15 min JLFE L, RNA Z&M ¥ 7, ZOMEWLIERICE Y F L7V %E 30V
T#Y 10 min, pre-run I 7z,

(9) MnEVLEESS, SRHIE B ISKHICER L, &30BHT 2 ul @ RNA loading buffer Z A2, ZNFNDF 2 —7 D
BEEEL—VICHML 72, TRTOHERHHIECKE, 30V CEXWKEIL, 7~8 EfE (BPB 237 Lo 2/3 &
) M ek 2R T 38k,

1 Prehybridization solution (Corning® tube 50 ml% fii )

50% formamide Fluka 47671 25.0ml
5x SSC 12.5 ml
0.1% N-lauroyl sarcosine 10% (w/v)* 0.5 ml
0.02% SDS 10% (wiv)** 0.1ml
2% Blocking Reagent 10.0 ml
Blocking Reagent stock solution{

DEPC-H:0 19.0 ml
total 50.0 ml

TIRNA loading buffer

50% glycerol (glycerol autoclaved) 5ml
1 mM EDTA 500 mM EDTA (pH 8, DEPC) 20 ul
0.4% bromophenol blue = 300 bp 0.04¢g
0.4% xylene cyanol FF~ 4k bp 0.04¢g
DEPC-H:0 5ml

- make up to 10 ml using a very high grade glycerol
- dispense into single use aliquots and stored at -30°C

***Maleic acid buffer : 0.1 M maleic acid, 150 mM NaCl; pH 7.5 (DEPC)
maleic acid 11.607 g
NaCl 8.766 g

(b) Northern blotting

Q) KB T, FALTATE F2ERL DI/ (30ml F8) % DEPC-H.0 (150 ml) 2 5~10 min 2 L,
TNz 3MFEDIRL 72, DUF, FHCIWI S Z2WVERY, YEEEEIE 7 VAERICH LT, Zuikwn 5 FROBKT, @
BOBE L 72> v — L (EfE15em) THH L 7z, ZFVIZIERICS 200 TRPIICIRE S ¥,

(2) 50 MM NaOH 2 20~30 min iZ L, % D% 5 min &% DEPC-H20 T#i- 7,
(3) 0.1 M Tris-HCI (pH 8.0) (Z 10min &L, % ®f 5min f2f DEPC-H,0 THE- 7z,

(4)20 xSSCt (pH7.0) 2 15minZL, Zh% 3MMEHIKL 7,
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+20 x SSC (pH 7.0) (RNase-free)

3 M NaCl 87.66 g
0.3 M sodium citrate 44.115¢g
(= trisodium citrate dihydrate)

- well mix, make up to 500 ml with D.W.

-add 1 M citric acid (pH 7.0-7.1)

- add 500 pl of DEPC

- mix overnight, then autoclave at 121°C for 30~40 min

(5) £ @) oI, ZVERIL YA XD 3MM 7 4 LY —_R—r{— (Whatman®, GE Healthcare,
Buckinghamshire, UK) 58 &NA 7)) ¥4 ¥ —2 a Y X 7L (Nylon membranes, positively charged,
Boehringer Mannheim, Germany) 1 % & L7z, 7, 7V EIRIERIC YA X2 2 X I I2F L7 4 L% &M
L, ESHScm T ORZHEML 72,

6) iz, i @) DEERIZ, 3MM 7 4L ¥ —_R—s8—13 20 x SSC IZIRE L TE W, N 7Y FLE— 3
VHRA VTV U, £T2xSSCIZIEL, HEVT 20 x SSC IZIEE L TE W,

7N 7ayiq4ryr7EE (G YT Y —7Y v ¥ —3I= TAITEC) ZMAIT, BEE%ERLT—WiT-o 7,

(c) Hybridization

(D)EBEL Ty T4 Y HEEZRONL, N TV IS L= avHRA VT LY EXLPEE LT BIRAE
T, REHEIM L7z well DL —UfiEZ XV 7L v BElicR =Xy liEH) Tv—727 L%k (=—2{llic RNA DS
éﬂfb‘%) )

(2) 5 x SSC T 5 min PEV>, 3MM 7 4 L& —X— =T KGZED, ZABEE L7V I=TL7 44V EIC
RNAM% EIC L CiEE, GS Gene Linker UV F % >»¥— (Bio-Rad, C-3 damp membrane D&, 150 mJoules, ~60
sec) “C UV-crosslinking %175 7z,

(3) RNA Markers (0.28~6.58 kb, G3191, Promega) ZIKEIS ¥ 72 L — v Z2HEOHM2AH v ¥ —CTUHID, 2D
AVTVLYAR) Y TINFZBED TV 7 A VICHRAT, DL ETHE L, MBEOEBIREOAGTIZ, RNA
Rptazfrol (Bah (e) DEHZZSR) .

WA TVFL =2 a Ny JICED DAY T L% AN, 20~25 ml @ Prehybridization solutiont % il 2.
T, 68~70°C T3 hr iR I¥7 Q0ml/ X~ 7L 100 cm?) , JAMA ~F 2 _X—4% (Multi-Shaker Oven HB,
TAITEC) %L 7=,

* 10% (w/v) N-lauroyl sarcosine sodium salt (Fluka 61743)

- filtrate through Millex-GV 0.22 um
**10% (w/v) SDS : strong inhibitor of RNase and DNase, not necessary to sterilize
- filtrate through Millex-GV 0.22 um

9 Blocking Reagent stock solution (10% solution; 50 ml x 2 bottles) :
-dissolve 10 g Blocking Reagent (Boehringer 1096 176, vial 11)
in 100 ml Maleic acid buffer*** with several 30 sec heat pulses in the microwave
-50 ml aliquots, then add 50 pl DEPC, mix well at 37°C (2~3 hr)

-autoclave at 121°C for 30~40 min

Note; Blocking Reagent must be completely in solution before autoclaving.
Store at 4°C until you need (check before each use for contamination)

- add D.W. 950 ml
- add solid NaOH >40 grains until pH = 6.5
- adjust pH to 7.4~7.5 carefully with 2 M NaOH (I%/Z1L)
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- add 1ml of DEPC, mix well overnight (or at 37 °C for 2~3 hr)
- autoclaving 121°C, 30~40 min

(5) -20°C IZfRTE LT dH % RNA 7’10 — 7 Z iil/KigHC, 10 min BVEEZ ¥ 7%,

(6) Prehybridization solution Z 4 7)) ¥4 ¥ —> a YA Ny 76 EINL (FAAHT) , HSICRNA 7a—771
Z, WEHRLZXSHDBRATEHEL, 68~70°C TRz I ¥ 7,

(NN Z7%BE LT, RNAZ7R—=7%20NT2 (BATHS -20°CICHR-TF) » AV 7L VIFEDIT 2 x Wash
solution (2 x SSC, 0.1% SDS) % ANZ-HZBVBE L 72> v — L (HFE 15em) ~E L, i T 15 min iR L 72
(Ve i, AR50 ml/ X > 7L v100cm?) .

(8) 2 x Wash solution* T 15 min ¥ei (&) 23 S 2M#EDIKL 7,
(9) 0.5 x Wash solution** (0.5 x SSC, 0.1% SDS) "T® 15 min ¥i¥ (68 - 70°C) % 3 [HlfT > 72,

(10) 0.1 x Wash solution*** (0.1 x SSC, 0.1% SDS) T® 15 min %&# (68~70°C) % 3 [alfT-> 7=,

2 x Wash solution* 0.5 x Wash solution** 0.1 x Wash solution***
20 x SSC 20 ml 20 x SSC 5ml 20 x SSC 1ml
10% SDS 2ml 10% SDS 2ml 10% SDS 2ml
DEPC-H0 78 ml DEPC-H20 193 mi DEPC-H20 197 mi

(d) RERIBIC KD ST FILDETH
(LAUT ORI HT & 2 BR b s ¢ FE i)
(1) X >~ 7L ¥ % Washing buffert T 3 min “Efi{k & € 72,
T Washing buffer : Maleic acid buffer 200 ml
0.3% (w/v) Tween 20 3 ml of 20% Tween 20

) F LNy Fodic X 7L v & A, Blocking solutionttZ 30 ml ANLCTE L, 2~3hr > ) LIRES ¥
7= (100 ml Blocking solution / X > 7'L > 100 cm2 DEAHEE L)
ttBlocking solution : 1% (w/v) Blocking reagent/Maleic acid buffer
Blocking Reagent stock solution* 5ml
Maleic acid buffer* 45 ml
(3) L2 (2) DHEfEHIZ, 4 pl @ Anti-DIG-ALPY % 20 ml @ Blocking solutiontt (212 T, FERIiBAIHE,
1/5000 %D Working solution % fEHL L 7=,

1 Anti-DIG-ALP : 750 units/ml Anti-Digoxigenin Fab fragments conjugeted to alkaline phosphatase, polyclonal
sheep (Boehringer mannheim 1093 274 or Vial 8)

(4) BA%E LT Blocking solutiontt Z[EIX L, Z®DEU Ny 7', 1/5000 #7F D Working solution  (Anti-DIG-ALP,
150 mU/ml) ZnZ, 30 min iRz X7, (20 ml Working solution / X > 7'L > 100 cm2 DE| )

(5) FA% LT Working solution Z B L (1~2 RIS EJE CRETTRE) , FiUEFRKIEOK b XA v 7Ly
1%, #9100 ml ® Washing buffer D A>7-> ¥ —L (EfE15cm) ~&E L TRESE T, 15min L 72, kD
ver 2 & 512 2 AT 72 (3 x 15 min),

@) FT LNy I\oikb o7z Ay 7L v B L, 30 ml @ Detection buffertt1C 3 min Al S &7 (XA
BRI X~y F 7Yy FTikotk) |

18



1t Detection buffer : 100 mM Tris-HCI, 100 mM NaCl (pH 9.5)

1 M Tris-HCI (pH 9.5)* 5ml
5 M NaCl** 1ml
DEPC-H,0 (# < TH kW) 44 ml

*1 M Tris-HCIl (pH 9.5) : 7V 7 U MBI 72 O T—FEIc KiHIS/ES Z\en
Tris 12119
DEPC-H,0 90 ml

-add ca. 1 ml of 6 M HCImake up to 100 ml
-store at 4°C with 25 ml aliquots (4 tubes)

**5 M NaCl (500 ml, DEPC #LFEA3E)

58.44 x 5 x 0.5 = 146.1 g, make up to 500 ml
- autoclaving at 121°C for 20~30 min

(1) k&, (5) (6) DIEIZ, Color substrate solutiont % FHHL L 7,
tColor substrate solution :
NBT/BCIP stock solution (Roche 1681 451) 200 pl
Detection buffer 10 ml

(8) Detection buffer % #5C, Color substrate solution (4% 10ml) ZMAT Ny Z%2E U, BET (8BiR) iy o
ZEHEL, 12~16hr GI ¥ 72,

(9) Ny 7% BEH L, Color substrate solution % #5C, @ DZAHEAKTHS (100 ml, 5 min, 4 [A]) 1P L 7258, 8
M EclEz L, XL THREL .

(e) RNA Markers D%t
(1) ¥ v—L (EfE15cm) THHD 100% FElg (=KFFER) % 1/10 /LT, 5% Bz 50 ml fERLL 72, X >~
TV APy /N RBEL, BT 15min, BeLICiREI ¥,

(2) 5% BEEEZ¥5C, 0.04% X F L > 70— [05MEEEF b YU 7 A1t 2MMAT, EET10min, FEPHICIREIE
7z,

Q) RHKT =D —DNY FEMERTELETHER LML 72, B ETREZE, RNAT—h—DNY FD
DB R =V THIZ DT RE L 72,

t1 0.5 M sodium acetate (pH 5.2) including 0.04% methylene blue

3 M sodium acetate (pH 5.2, RNAA) 10 ml
DEPC-H:20 50 ml
methylene blue 0.024 g

B4 IAQPICH T DIFERNMEDIER
ra—=v 7 i 3FEDH A 2AQPs (Bombyx AQPs : AQP-Bom1, AQP-Bom2, AQP-Bom3) X b #EE 417

7 2 BECAIR D 20 7 2 7 BRIRICH T AP F FhifkT, 73X ANy A2z LIERIL 72, AQP-Boml,
AQP-Bom2 IZ AQP DL —7DF XA ~, AQP-Bom3 37 ¥ X <V R, ZNFNT, CARMHLEE (7¥F) LN
Kt 6407 2 ) BBBRIARE (w7 R) O THEML 7 (Fig.2) .

RMEHNSD 1gG HEDIRES

Western blotting 75, $o@fHik b2 EOBBICHV & N2 PUikIEPLmg, 721390 196 Yk Th %5, FURH &K
BT A5DIE 196 TH D, ZNLANDIMIERT EIERBRINFEADORR E 2D 5 5, 2 2 CHAFIIRICIAE D %
WA, R 1gG 2 V72, FURREEICIX 19G DE TS & FFRINICKS &3 % Protein A, £ 7213 Protein G (1gG
Purification Kit Protein A ¥ 7= 1ZProtein G, GE Healthcare) # V>, DI TN O#EEIZ X v FOFHETIZ X 72,
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Q) 12D¥ ¥ NI E, 30 ul D neutralizing buffer Z 27z 2ml 2 —7% 2 KHAEL 7=,

Q@QKitDAFLHNDRA T4 VLA ZEERNTHREBLZH L, 2750F vy 7EFRFLXF Yy 72 LTH L
2mlF2—7Ck vy L, 100g T 30 sec &0 L CERAAR 2 HEBR L 72,

(3) 600 pl Dbinding buffer Z 7 7 A ITA, 100 g T 30 sec i@/ L 72,
(4) 19G ¥~ 7IVIEWRE 100 pl 12 binding buffer 100 ul 2 i1z 2~3 BEXy 74 ¥ 7 L TRA& L 72,
(5) BAEH DY~ 7V % Protein A /) 7 L £ 7213 Protein G /1 7 L AR A 72,

@A X vy 72D, =Y —THK10min, ELPITRBMLARE S VE L RASE, v v 720,
100 g C 30 sec sy L 72,

(7) 600 pl Dbinding buffer % fill 2 100 g *C 30 sec 3%/ L 72, % D%, 600 pl Dbinding buffer % fill 2 100 g *C 30 sec
L7,

(8) Elution buffer 2400 ul & 7 JCMZ, v v 7% LCHERML X 74 74 LIRAESIE X,

Q) Fvy 7ENLLE, ) THELLZ2MDOF2—7I1hT716%% L, 709 T30seci@ L, AMWEMRILL
7

(10) 71 7 & (elution buffer 2400 Wl M2, ¥ ¥ v 7% UCEEIRAIL, ¥ vy 724 L 4%, OTHELALZLI 1
RKo2ml F2—=71Ch706%F% 1L, 709 T30seci@ L, AWEMRILL 72,

(11) [FN A (3L 19G IRK) ICHRARIEIEDS 0.1% & 7422 & 9 NaNs 2l A, 0~5°C TFL 72,

Western blotting
()2 aBEEDRERDICKDIANGRSRAR

SR 2 KRR L 72#%, 0.3 M Mannitol, 5 mM EDTA, 10 mM HEPES : pH 7.5 fEfig ¢l L. &5l (Colon :
Cln) , /% (Rectum:Rec) , </LY¥—X% (Malpighiantubules: MT) ZHH L7, EHLZEY Y -
RELA AN S 2 O BRI Z LT,

nE, FIEZBEE LKL (Fig.3) .

0.3 M Mannitol, 5 mM EDTA, 10 mM HEPES : pH 7.5 $Z i

1 x EH buffer...100 ml?>10 x EH buffertti2900 ml® D.W. Z A 7z,
*Z DRE, 54.65 gD Mannitol 2 il 2 7=,

110 x EH buffer

EDTA-Na. 18.612 g

HEPES 23.831¢g

- LR OiA3EE 900 ml  DW. I A, —BREEIRL 72,

pH X —% —TpH ZFHHEIL,

NaOH & % F\>C pH 7.5 I3 L 72,

-D.W. /1%, 1000ml& L7z,

(1) R DBR IS U 72 52 7% 10 ml (2% LT protease inhibitor cOmplete Tablets, Mini EDTA-free, EASYPack (Roche
Diagnostics GmbH, Mannheim, Germany)# 1 $EIMA 72 b D%, HH L 2-fl#ko 10 58 (wh) 23 X9 ITmz
7o,
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(2 FEZFAYF =Ty 22O 1T, W 25482 HC, 1,500 rpm DEMHESHEIE IS X O #HkZ L,
WHERAEY 22— 2R, 20%H 60 L OEER TS 4 HOA—LTHHEL, 10ml DX 22
VE—IIR T e, T ARDT 2a—7ICBB L ZHHEL L2 L) ICpL, CA4HS m—% — (F I —HT)
71,000 g, 10 min, 4°C TiED % T\, WL 72 B35 % & 512 RP65T v — % — (HZ TR &4, BHE) <
100,000 g, 90 min, 4°C Ti/Dr L. pellet %472,

(3) LT3/ pellet 2 £ € ¥ = F — MMERUCHEA] L 7&K 2 85 (150 pellet (2> Z500 pl FEZ H4 & L
72) HOTERE L, > a % EARLE LRI L 7,

(4) BRI U 7B @R IC > 3 B % 50, 40, 30, 20% DIREE 722 LX) ICIHML . KERED Y a BHARZ /FRLL
oo BEWTI2PAF 2 — 7 I ZNEFNORMEZELI VLI ITHB L NS 8AY =)L ERy b % H\WT 50% X
2.5 ml, 40, 30, 20% 1% 2.7 ml O FE4, 20% D> a WA % B 7 BRI L 7 sample (]9 1ml) ZE7:,

(5) RPS40-T A4 v u—4%— (H3ZT#%) #JH\>T 27,500 rpm (93,900 ¢g) , 18 hr, 4°C T&ELZEIT-o 7,
(6) ZNF NNy FRICENZZoH % L2 5EIC Band 2, Band 3 ... & L, 7SAY —)LEXy b2 HWTHHHE
ToVEIICHEBEL VoI 72,

(M) AL 725rmii~A 7 Xy FEHOWTECE®EL, 200 9205 mIPCR F 2 —7IC3#E L 72,
(8) il TH A ZNZFND L a BB % -30°C ICHFHRET, b L IRES I T oIt L 7,
(b)i&H > INVEDES

(1) ¥ a BAR I % 1 x EH Buffer © 1/5~1/10 f5ICAR L, DT OFEBICHIH L 72, & 52U ® Dye Reagent %
W2 S L, FiRICRL TV,

(2) MIAX & LT pellet DIRE & > 2 BRAR DO AFUCE L 72 1 x EH Buffer Z Fv>, 20 pl i2% LT 1 ml ® Dye
Reagent (Quick Start Protein assay, Bio-Rad) # /M2 T 2~3 MA&/ER L 7z, F)L7 v 7 A L%, 5min REERT
A v Fax—1tL, WEKE 95 mm THIELZHh» 5 b - & bEWEZRT 1A ToHIEETv, DBl
TEIWH T2,

Q) 7 v A ITAHE LT/ 0.125~2mg/ml £TD 1gG A% »¥'— bk 20 pl I Z #7411 ml D Dye Reagent % Jill 2
7b D% 2~IMEHEL, Zho 2B LTRERZTI W, SEBERZIICBICEHT 2z ZNZzN
DAY »F— MBI B FEEEZRAL %,

(&) TR L -8 % 20 ul $-2HLD, 1 ml D Dye Reagent Z A 72 b D% 2~3 BKFAE L Z L Z N DKL %
ELT, ZOMEIRERPE 22 - BE ZHERR UHEZT- 2,

GYREMD 6 ZNZTNOBMBRICEENS Y oV BEREIL, UTOEBICHAHL 7,
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(c)SDS-PAGE

F1Z Mini-PROTEAN® TGX™ Precast Gels (12%, Bio-Rad) ZfifH L 7z, F7MSEIZIHLE, BT 9 Protocol 1IZHE
W, FLERE-L -, B, YLVOEMICHEZ BRI TO X ) ICHEE L 72, F -EX0KE & EE R A
¥ 2 §%M%  (Electorophoresis buffer : EP buffer) DR b LU IZR L 72,

tt Acrylamide monomer (30%)
-Acrylamide 30 g
-Bisacrylamide 0.8¢g

- BRI ~80 mID D.W. I A, —BefEL 7.

DW. 21z, 100ml& L7z,

T4 x Running Buffer

-Tris 18.17g IZ D.W. & il 2, —Mefife,
-HCI (6N) T pH 8.8 I &b+,

D.W. ZfllZ, 100ml& L 7,

SDS-PAGE (12%) - 2 #{ESiHs-

T4xStacking Buffer

-Tris 6.057 gl D.W. 2z, —Wusiie,
-HCI (6N) T pH 6.8 Ica bt

D.W. ZflZ, 100ml& L7,

Separating gel Stacking gel

Acrylamide monomer (30%) 8.0 ml Acrylamide monomer (30%) 1.0ml
D.W. 6.7 ml D.W. 6.3 ml
4 x Separating (Running) Buf. 5.0 ml 4 x Stacking Buf. 25ml
10% APS (Ammonium persulfate) 100 pl 10% APS 100 pl
10% SDS (Sodium dodecyl sulfate) 200 pl 10% SDS 100 pl
TEMED (tetramethylethylenediamine) 10 ul TEMED 10 pl
Total 20.01 ml Total 10.01 ml

10 x EP buffer (without SDS)
Tris-base

Glycine

D.W.

1 x EP buffer (SDS including)
10 x EP buffer (without SDS)
10% SDS

D.W.

30.25¢g
14414 g
1000 ml
Transfer buffer (15% methanol)
100 ml 10 x EP buffer (without SDS) 100 mi
10 ml  Methanol 150 mi
900 ml  D.W. 750 ml

TRIBIR % A& 0 2 x SDS Sample Buffer* & &4 L. 37°C, 60 min DIIEVILEL 27> 7, Z D8, L —1220 ug
F71350ug DY XU EET A~ —F L, 50V DEBLTESIKEIZ{T\, separating gel I S A - 72 B
BECEEE B, 7LD TS mm BREE F TOENRINL & A THREIZ LD 7,

*2 x SDS Sample Buffer

Stock solution** 2.5ml
2-mercaptoethanol 0.5 ml
10% SDS 2.0 ml
Total 5.0 ml

**Stock solution

BPB (Bromophenol blue) 10 mg
Glycerol 20 mg
4 x Stacking Buf. 25 ml

L DW. 2R 2 T50mlHicHEbE T,
#Stock solution & 2 x SDS Sample Bufferl& 5 EARE 3 5,

22



(d)E&EB EMENRAERE, &R
(1) F1Z Trans-Blot® Turbo™ Transfer Pack (Bio-Rad) %M L 7z, Mini-PROTEAN® TGX™ Precast Gels % Jik&h i

fEH U 22 BRI VKRB 7 441E B I Trans-Blot®Turbo™ Transfer System (Bio-Rad) THiG 17\, 70 F a—)Li33{E
@ 1 MINI TGX (Turbo) = & 57 (JA 25V, 2.5A, 3 min) .

() ATED 7N %2 KB il U 72854, #%{% 30 min (% Transfer buffer (27 )L 2 &iE L, 7L OFH{L & SDS DR
ZiFotz, WHIZ 1 hr BLZ TV, 15 min #5812 Transfer buffer 25Kt L 72, ZDORICA VDK E ZI2Hhb¥
T PVDF i (polyvinyliden difluoride, GE Healthcare) 241, 100% x %/ —)LIZ 1 min, D.W. i 5 min & L 7244,
Transfer buffer 1272 U CRIKWE 21T > 7248, 9 2% £ T Transfer buffer PICEHE L 7, F7-HEBICEH T 5 )
JE7 4 V% —~_—,3— (Bio-Rad) b7V 1KICDE 2% H 55 L % Trans buffer ICiR L TE V7, 2D, 30
min, 25V OEHEET7 VD6 PVDF BEIC Y R VB &5 L 7z,

(3) iE5#4 D PVDF [Ii% PBS-T (Phosphate buffered saline-0.05% (w/v) Tween 20% &¢r) T 2~3 [0 PeirL, B0
JE BT SOG CIERF RN 2 ks & 2 B <7912, PBS-T T 5% A L 72 Membrane Blocking Agent (GE Healthcare)
T2~3hr, 7Ry XU RIToT,

(4) 3% BSA (PBSTHR, SIGMA-ALDRICH Co., MO, USA) T 1/1,000~1/5,000 {2 %R L 7z Bombyx AQPs (AQP-
Bom1, AQP-Bom2, AQP-Bom3) X9 24 IgG % —R¥ifk L LT PVDF 2L, WY (4°C) 1o —Whif
B, ¥iEy—y—TR&L .,

(5) PBS-T T 10 min B2, 3~4 [Py L, —XYUATH 2 7 ¥ XHilkz2HiE & LCERERT 2507 ¥ F ik

(1/10,000 rabbit antibody in PBS-T, GE Healthcare) % —R¥iffs& LT, 2~3hrPVDF[EZIZ L 72, %8, AT 2
FFEY—A—OFFIC X > T, MHICHELRRIEZIFINL 72 (ECL DualVue Western Blotting Markers % {9 %
B2, 1/10,000 57 E 2% X H12F v FHED S-protein-HRP % #50ll, ECL Protein Molecular Weight Markers with
Strep-HRP Z il 4 2813 % v MBDO HRPEGEA L 7 F 782 v % 1/5,000 57 B & 72 % & 9 1, #ic
GE Healthcare) ,

(6)PBS-T T PVDF [li% 10 min F2EE, 3~4 L, ZoMcmEE» 5B L THRICELTE Wk
Detection Reagent (GE Healthcare) @ Reagent 1 & Reagent2 Z[l&EiEA L, PVDF LS HoEbLN S X 5 IR
EWET., Imin BRTHELA XA -7 F 74— (EL7A4 VL B Cpgdtic k a2 fr- 72,

(7) BeHi#5 @ PVDF I Bic i - 2B 2 B { 72 0 1~2 [\, PBS-T TS P L 7=H &, H L \WPBS-TT
fii7z L7e 8 v o8—IC AN, WEENICIRE L7, 20, SEIZET TLUT @ Stripping & Reprobing LR % {7 >
7

Stripping and Reprobing
(a)A>T'L O h 5 DIRHEHES S UHEDIRE
DHEDPLHIT—A v FaxX—F—%50°C LB kHHEL, UTOEEZT-,

(2) Stripping buffer ZfEHL L, 50°C ICFRELTEB W7 —A v F 2 X— ¥ —I230~60 min FLIEEHE L 72,
72 ¥ Stripping buffer®* 12 LT DR Z v, FHHL 7%,

#Stripping buffer

2-mercaptoethanol 0.625 g
4 x Stacking Buf. 10 ml
10% SDS 16 ml
D.W. 54 ml
Total 80 ml

(3) Stripping buffer 2347 ICif F > 7 5, PVDF {22 2 1L, Stripping buffer Z M2, T7—A4 v F 2 X—%F—
T 20 min, FE2ICiikiE SE 2036 MBS 7z,
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(4) Z D%, PVDF k> 5 Stripping buffer 2 5%, & 51258 7z Stripping buffer 2 & < 72 %12 PBS-T T % 7o
7zo (10 min, 3~4 [1])

G) LT, 7a v ¥y 7o £ TIl3@H D Western blotting 1 & RO % 1T 5 72,

REREEE

(2)HBDEIE--PK- NS5 T 1 > a8

(L) BHEFERATIAF v 7 v —L ([E£ 6 cm, FALCON®3002, Corning) I Bouin [H&ik (BIMIEZ Y VBT : &
=Yy EiE=15:5: 1, FEl BHYHESGT2) 2 A, H60LOKBTICEV,

tEZ ) VB (AR OMAEEEE 200 ml YA XD T 7 ARMANAN, ZKEK%E 100-150 ml FEEEIN A, X  HABM S &
%, LIES CHHBET 2 LA I ARBERICRAOE 2 ) V2 BIEET 2 2 L5k 5, SECIGATIC 2~3 HifE X ¥ 2, B
BRI €2 ) VR HT 5,

(2) Bz W 2 B% 1%, 15~30 min JK# T ICEHE LRI L 72 5 lingi R 2 il © o clElE L, ke
BROL)ICHEREL Ao KEZ2Y 0 E, Z20Znofffizi) i L 7% Bouin BERD A>7-> v — LI
L, MEZETIER, 208, HBZE TR0 ICEHELAEDSH L v Bouin HERD A7 v —L
EBL T,

TOARE, AR T F Ol 2 IR LR A A EMEIC B W, k2RISR L I MLoE2 - 72,

(3) FEE T 30~60 min FLEERGE L 72 &, #Hifik 7% Bouin BEIERICE LIz 7 (07 ABOBEW 25~ Vil %
i, 20~30 ml BRED Y > 7 Vi) , Bouin EER DR IZ, A (tissue mass) D 20 50 L& HZEE L
7z,

(4) # L > Bouin BlER A~ LIz 725, 7RAEL—% =TI PR LT, BN~ D Bouin FE/E K DEE % HiE
HEHp DI ERT, KETTE~6hr il L7z, 1~2hric 1 [EEE, BEEHBE2IECFELT, Bouin BEER
PREPLICEEEL /-,

(5) Ax > 7= ARHFH D Bouin BEIEEBFE - T\ 3541213, FEEFIAE 3~4 hr #& L 7-EHIZ, H L\ Bouin FEEK
ERMAL 72, Bouin EEINETT 2 & MERIOHOEKHEICIEAR T L % 2D T, Bouin BERORHLIEITH Y F—
a vV TRERZICHEETH S, £, DD EtOH RANNC X 2 BiKEEETYH, EOH ORI S 7 ARGEIRI DT

3% <T, TAVYT—vavickoTre, Evey M THEREERZ O 5 ATeEN: 2 RKIREET 72,

(6) FlER, FHAKEUEHE, 70% EtOH, 90% EtOH TZ 4124130 min 3 2W-< ) LRk (v—7—% —% i)
W30 BEREMICBIAKLEE L 72, 90% EtOH 2 I 512 b 9 2 [mzZa L, [EE L - #lfk% 90% EtOH H Tk
I —WRERE L 72,

(7) FH, FHOH L 90% EtOH (30 min) — 99.5% EtOH (30 min) — 100% EtOH' (30 min, 2 [0]) & EtOH I &
Bk %MD 7=, il 99.5% EtOH D A - 7K b (500 ml H4 R) ~|-43 iz X 4 72 Molecular Sieve %2l 2. 7z,

(8) Xylene IZiR%E (30min, 2 [H]) X¥7:, %8, 1MEH®D Xylene ~NANLBRIZT A E L —4 —T 5 min BEHA
L7,

(9) & 52> L & 60°C IRzt 7 (B N CHi H 2> 6 VA S €T dH % Histosec® pastilles (without DMSO, Merck
KGaA, Damstadt, Germany) Hz ik L 7z #f%% 30~60 min & L 72,

(10) BIDEFHIBMRE I ¥ ThH % Histosec® NEEMMZ T2 VLI EBEL T LIS Z L2 3 5122 [TV
(30~60min, 2[0) , %7 74 Y OEEMBHANNDRERTEZ DD E LT,

(11) 3 [l Histosec® ~D &, 7 ORHKEVEE HT L\ Histosec® F1i2 7 2 RO kD005 & 9 1Ica
ML, EHTEHEL, BESEk, TCIRERIHGS Z L3, WEHNTHREL, YAEROMHICA
Riegway 7253,
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(bYNS T 1 DR DR EBINS T 1 > 124F

1) 87 74 vicaM s flligkid z oalk, HEEOTMICHELTHY S 7L, alilEAdD T 7 1 v
2o LM, REOBRICEES S WREROBHICT Y, WEELT7ny 72 FaicmeLTs
< ) o

(2 MR S 7 v b —24 (RADEEE RS, ) 2w, ARICEY 7ol 7 ey 7 p 0B
5 um OMFYI R 2 EH L 72, X7 74 VHEBEE 40°CICEEL, HOo L OAEFEKEZR T LTV HHD
AT74 FHT7A (APS a— Mt &, MRS 7 T3k &tt, KBR) kic, Zo@tlh 2o 73K w» X 5 i
BELTEIAX,

R)VATA FHTIALDYIFIE, 70X 0% LETEROATA FHIZARRRSPRT X IR E AR,
Tl B IS, 87 74 VERRE 40°C IR D, —HREE L T2 S ¥ 7,

4 BH, VIFZ2BES®EATIA P IRAZAT v LABMORE D iy F LTINS 74 v#ERfTo 72,
8,87 7 4 Y EAEEDUT OFaATiT > 72, Xylene (15min, 2 [A]) — 99.5% EtOH (15 min, 2 [A]) — 90%

EtOH (D.W. Cii#l, 15 min) — 70% EtOH (D.W. TH#, 15min) &, FXDAT v 7" TA 74 N7 A% BN
WIRE L, BT 74 VAL 72, BioXT 7 4 VRS, HURPUARIGANDOEIUIEE LTR I A4 P4 F 2% D.W.
(5min, 31A]) —PBS (5min, 3[\]) 2R L 7,

(ONENR&ERE
() FLMED S KRB L 72 19G %2, H 50U ® PBS IZ X > THM L 7 10% 1IEH ¥ ¥ 1% (Vector Laboratories Inc.,

CA,USA) 12X >T, 100~1,000 f5FEICHRL 2 b D2 FERHLTE L,

(2) $L AQP HiIRDIERFENFE & 2 B I, 10% IEH Y XFIMEEZ A 74 P47 2OUR FICET L, #3hr Eif
TR BRI ERE L 72,

(B) A7 A FA 7 A LD 10% IEH Y ¥l 2 K 5 72 H) B8, YR Licdh o U oAR L TERL 24
HZEWET L, RRASMNICIEEEEN T —BEHE L, PRSI ZIT-o 7%, 2B MIHERICIE AQP Fifkd
R D 12 10% 1EH ¥ F I T 2,000~3,000 I AR L 22 1B 7 XFIiE 2T LT LE & FMRICERIEL -2,

4) PRRAEREZEEE2 S B L THEBREANEE, BiRicA20%2£F> (15~20min) . MHICIZEEE 72135
Bz A, FIc k> TR 2B R F GG TRV 5 VECTASTAIN®Elite ABC (avidin-biotinylated
peroxidase complex) ¥ » b (Vector Laboratories Inc.) &gz 5 H L 72,

G)UIH LICHM L 2Pk 28T, A7 4 FA 7 RAZEHML PukBlic, PBS Z AN/ Jutaes (Wide-size) ~&
L, #RELHEz2GET 200 ER2T>7 (10min, 3[E])
* FEOMH OB PBS P DR, ABC ¥ v b OFHEEEICHE > Tl 2 R L 7=,

(6) PBS #iift 2 #& 2 7 Yl i RICHOGMH TR HEOGEHL Y 3 ¥ ZKPUE F 7134~ 7 2 ZKHifk (Alexa Fluor,

Molecular probes®, OR, USA) %, FaiH Tl A F LS iy 3 X kPifk (biotinylated anti-rabbit

secondary antibody) %W N L, = T2~3hr, (REAIRNTEHIEL, AQP VAN RIUAZMHEEI 7,
* HOEMIH 3 2 OFTFE% PBS U (10 min, 3181 L, A OEAKITE A LC—BuffiE L %,

(7) “RYUEZET, PBS Z ANTRBFEANRATA FAIAZB LIS kS (10 min, 3[0]) #1774, ABC
B ZETE T LT, FiRT1.5~2hr fRIBAE4NTEE L 72,
¥ v FOFET, ABCHAIEIZ5mI O PBSICH L TREAB L UOHEB Z2Z2NZN 20T OMZ 28
FEESOBDTETE 5N 554, 10ml @ PBS ICH LTZNZNoikdEx 2 3 oM 2 THML 72,

(8) ABC VAW Z#5T, PBS Z A= Jufami TV L7z (10min, 3[E) ., Zoidd (EEOWHEH) vt
¥ ¥ —¥ OFROIHRIE] (DABIRK) 2T, WERTICHE L 7,
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110.01% 3,3’-diaminobenzidine tetrahydrochloride (DAB) , 0.01% H202 50 mM Tris-HCI (pH 7.6)

0.1 M Tris-HCI (pH 7.6) 25ml
D.W. 25 ml
10 mg/ml DAB' 500 ul
30% H20, 1 16.6 pl

0.1 g DAB% 10 ml D 7B /KICVAME X, 500 pl 30451 L HifERE T 2,
THIK D30% IR LK FEAKZ 1.5ml DA 7 ) 2—F 2 —7I1/ME LI L THIBIFICES ,

(9) HEHD R, YR D5ERICED» ZED DAB BHZ ANTE W (A7 FHITADINLAE - 71
A MG ETANGZBEIERELK) &

(10) PBS THHft L 7c A 7 A4 A7 A% FEOSOGHTISRIE L, £9 5min KBS ¥ 72, BlORMOEITKEKE A
NTEE, sminfE#E, ZOKEKAD DROEBEDHANRTA FA72A%2BL, Kbz —HikodT, FEOKIG
DEFT R 2 AR T CBlZE L7,
NN=HFRAEDPFHOTHET 20T, YN ERRLZZRESECLOXIERL AV SBEET S L,

(11) RIGBA T Th iU, HOROISETIZRRL, Ny 72777 v FOFEEHINERIC 742 5 ke X ) ik,
BREL Ao R TRIES®7 (R 20min $TE LK) . dHRE QEFILE X 72 1 SBRINGTARSEERX) (3R
PGt IERIX & AN SR S 2 7,

(12) KGERD A2 TR EFICA FTA FA T AZRET 5 2 LIS o> TRERIGZ ko, FBEOGKZRET 5%
IZE 5ITIKEKZ 2 [RI5CH L Toei L 7z,

(13) Hematoxylin QS (Vector Laboratories Inc.) Z i L-CRHFta % 47> %, YA LI Hematoxylin QS Z i T L
T2~3sec 8, RECWEYIY, KEKDASTREHICA T A FA T AZREL 7,

(14) RFEIKRD A - 7= Jettii % 3T, A9A4 FAIAZIERE T EIZX> TR 2%E L2 (5min, 3
[F) . RBICEE KD A TR am~B L 72,

(15) HAT 272D DBKNIHZ T > 72 (B AEHOROHFEZEML, ZTNLTNOWRIZEE LU BEL
Z2ERTE) o A4 FA 7 AMHIOK ZY R ORERINCRHCARLTXF L7 4 72 Tk 2210 %
L, 70%EtOH (5min) — 90% EtOH (5min) — 100% EtOH (5 min, 3 [@) — Xylene (5min, 2 [A]) DA I
BEIICIRIE L 72,

(16) WKL L 7= 2 5 4 FA 7 A% X L7 4 7 RIS, 18325 AH : Mikroskopie ENTELLAN® neu (Merck
KGaA) # 1~2 i3 2 FL, H#5—#F A (Thickness NO.1, 0.12~0.17 mm, MR T L) 2 k>THAL
7o BELTCVLAYHOE (M) G0 GHEIEZ YA X (24 x 36, 24 x 40, 24 x 45,24 x 50 mm) D HN—H F A
2L 72,

(d)FERMIRIC K DHE

BIAL o ialkhd, JeEBEmEE (BX5L, AV oS AKRASAE, HED) 2O CHIEHR T ORI L 7o, BEIMERE
BEORERIE, EPHEMEANEE IS TO IV AR T AT 4 (DPT0, £ o8 Z) Tiddkl, avEa—%
— D A F 27zl 4 13 Adobe® Photoshop® CS4 12 & > TR L 72,
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Fig. 2

Comparison of the deduced amino acid sequences of three Bombyx mori aquaporins (AQP-Bom3
[PRIP], AQP-Bom1 [DRIP] and AQP-Bom?2 [functional aquaglyceroporin]). Identical amino acids
among the three Bombyx AQPs are highlighted in white letters on a black background. Six
transmembrane domains deduced from the hydrophobicity profile are bold-underlined (I-VI), and
two NPA boxes are located at loops B and E. Percentages represent the amino acid sequence
similarity of each sequence to that of AQP-Bom3. Each antibody was raised against a synthetic
peptide corresponding to each colour-highlighted sequence. Two specific AQP-Bom3 antibodies

were raised against the N-terminal sequence (in mouse) and the C-terminal sequence (in rabbit).
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Fig. 3

Procedure scheme of membrane fractions from tissues with sucrose density gradient
centrifugation. Preparing tissue 10 folds volume homogenate, the homogenate was centrifuged at
1,000 g for 10 min with fixed angle rotor to separate into supernatant and pellet. The supernatant
was collected by decantation, then ultracentrifuged at 100,200 g for 90 min with fixed angle rotor.
After ultracentrifugation, the pellet containing organellar membrane was suspended by same
buffer preparing homogenate. The suspension loaded on discontinuous sucrose density gradients
(20%, 30%, 40%, 50% sucrose including respectively), after ultracentrifuging at 93,900 g for 18 hr

with swinging bucket rotor, collected appeared 4 fractions.
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1. H4 1% 3 @ AQP, AQP-Bom3 [ PRIP HD' J7SU—ICEBT 3

BHOAGERN AQP 127V —7 1 1ZJ& L (Kambara et al., 2009; Goto et al., 2011)
XHI2229DH 77 73—, DRIP & PRIPIZ4T 5415 (Campbell et al, 2008) . 7
4 29 AQP-Bom1 (Miyake and Azuma, 2008; Kataoka et al., 2009a) (¥ DRIP # A 7T
HD1EN (rectum) DcDNA» S Z7u—=v 73N, EE»61X0O AQP b 7u—=>
7IN, hA BT S3EHD AQP TH %D TAQP-Bom3 & L 7%, AQP-Bom3 D
cDNA 1% 2,597bp TH D, 270 EHED 7 I /% a—FLTWw% (Accession no.
AB458833) ., CDXR7F P41 27,728 Da LHEE I, AQP IR NPA €
F—=7%FL, BUKEZ vy MENTICX % & AQP-Boml & X O AQP-Bom2, Z 1D
AQPs L [AIKRIC 6 » T OIEGETER, 5 7 ATl —7 L M EM O N K, C K% i 2
Wz,

RIENTD & AQP-Bom3 (34 Y EL N4 74 (Anopheles gambiae) , v ¥ a /2
2V A (Belgica antarctica) , %51V 12V % (Polypedilum vanderplanki) , /»T 0 1
& (Eurosta solidaginis) s E7»670—=v 7 i PRIP ¥4 7 AQP & &AM %
AL (Fig. 4) , PRIP ¥4 ZIcafid i, ARICHA a»srun—=v 7 Ik AQP-

Bom1, AQP-Bom2 & AQP-Bom3 DHI[AMEIE Z 124 43.1% & 36.2% TH > 7=,

2. #IR(CHBLT AQP-Bom3 @ mRNA (I AQP-Bom1 @ mRNA ERIREHICTS
S o EE MR (BXRIR, i, BEE X'~ E—X% : Malpighian tubule, MT)
TD AQP-Bom3 mRNA FHZFTAE L7 & 25, BT 2.6kb ICPPHM KBTS0 F
#1372 (Fig. 5) . 2 2 CTAhA a0 ROBEGEN, #il (colon) EiEWZ, cMT, % LTH
D D MT L/~ #EB~EREADRE % H\ T Bombyx AQPs © / —% > 7
0y MEFTZ{ToE 25, AQP-Boml1 (% 2.3 kb IZ#EHE, EiEE X O cMT Tl 7' )
WISHER S 1, MT TPRR5wy 7 Pt S 7z, Bom2 3 1.3 kb IZ MT T2/ )b

DHER S N, oD 51359V 7 MG 6 iz, ML EDRERIZ A & D
(Kataoka et al., 2009a) & #iE7% <, AQP-Boml 252 E T, AQP-Bom2 2345 [H[I1Z

Py 7NE LTHOTOUZROLDSHE, MTICEWTHHELTWwSE I 2R Lk, £/, 2V
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T4 2hTHEINLKERTD AQP Bl (Pietrantonio et al., 2000; Duchesne et al.,
2003) FAA aTIFELA LRI NED 572, LT AQP-Bom3 | AQP-Bom1 & [HfkIC
Hilg, ElGE X OeMT T2.6 kb 12> 7 FADMER S (Fig. 6)

3. HAIDKERMAQP, AQP-Bom1 &£AQP-Bom3 #>/\UDI4E

mRNA OFER 2 B £ 2 ThA aDLROBREAL, # &EE (MT &) , 2LT
FERER D O MT 1281 % AQP-Bom1, AQP-Bom2 ¥ X 18 AQP-Bom3 D % >3 7 DFHL%
L 7z, FRIPER SN Z 3T 2 729 1c> a I AEL 21T\, Jo47 3 DD

(20%/30%, Band 2 , 30%/40%, Band 3, 40%/50%, Band 4) & SDS-PAGE#, #T AQP-
Bom1, AQP-Bom3 HifsZ i L7z = 2% v 7y MENICAEL - L 24, 2Tofli#T
Band 2, Band 3 (23 FaM@H S de, F7:51 AQP-Bom2 §ithZ W Ty 2 A% v 71y

R &, K, EROSECRENS B S ko 7,

1 AQP-Bom1 $ifkZz 27z 2 2% >~ 7ay T, #IBEERKIZ 118kDa (%5 ¢
FE 4 EK) L 27kDa (HE(K) , 2 LT 21kDa, 20kDa (BWih{bL ZHEALEEZZS
NB) 1Ny P3S4, MT Tld 118 kDa, 27 kDa O3> Fa3GlE, 1HEE & g L <
MM E N, 21kDa, 20kDa DAY FidiZ & A BRI o7 (Fig. 7A) . $it
AQP-Bom3 itz H\ iy = 2% v 7uy b Cldfils, B2 L<CMT T 107kDa (+%
4 BfE) L 21kDa (WiHALL 7= HiEiE) 13y R X 0, V43, Band 2
Tk I n Tk (Fig. 7B) .

4. #IETIX AQP-Bom1 h' Ef%Efll, AQP-Bom3 H* BEEEAIOHMIAEICREIRT S

TV xAY vy 7ay b TRRENGORME S N, Lo TH Uz e Clikic BT 5
AQP-Bom1, AQP-Bom3 DFH & FTEZWIS 2T 3 - il & FAD MT, % LT cMT
%GO E; O AL 21T o 72,

#i AQP-Bom1 #ifkz 7 <l fil, 1B, 2 LT MT, cMT OFPM (apical)
DI AQP-Bom1 D KIGHHER S 117 (Figs. SALC, BX U 9C) . 7z cMT 135fE
I TR IS = A 723867 (inner tubule) & MUIEICZ L < V-7 B47 (outer tuble,
rectal lead) #3% 1), outer tubule & rectal lead DG IZIER B TORGMEDHRT 5 %
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TYURIE % o 2B b S e, 3t AQP-Bom3 Yifh% v 7ot <idfslg, G5,

MT, cMT IZEWTERHI & 13S0k, FHERM (basal) DI AQP-Bom3 DX
JEHER S 7z (Figs. 8BED B XU 9AEB) , AQP-Bom3 ZHV>7:[% %, outer tubule
t rectal lead MT DS I T L 22 HifA TR 72 E 7z, rectal lead MT Tlx AQP-Bom1
& AQP-Bom3 DHUAIC & 5 2 HEEIZ X 28U (AQP-Boml, 7F) & BLEMEM (AQP-

Bom3, %) O#dIyIFHEIE I (Fig. 8E) ,
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Fig. 4.

Multiple amino acid sequence alignments of the third Bombyx mori aquaporin protein (AQP-Bom3
[PRIP]). AQP-Bom3 shares sequence similarity with well-characterized insect PRIPs, including Aedes
aegypti (XP_001656932: AaAQP2), Anopheles gambiae (AB523397.1: an alternate isoform of
AgAQP1), Belgica antactica (AB602341: BaAQP1 variant B), Polypedilum vanderplanki (AB281619:
PvAQP1), Eurosta solidaginis (FJ489680: ESAQP1) and Pyrocoelia rufa (AF420308: PrAQP) as the
original ‘PRIP’ Percentages represent the amino acid sequence similarity of each sequence to that
of AQP-Bom3. The two NPA motifs are bolded and lined. Selectivity filter “aromatic-arginine” regions
(ar/R) are highlighted with boxes. Within these insect PRIPs,” * “indicates residue identity, “:"
indicates conserved residues, and “” indicates semi-conserved residues. Note that the candidate

cysteine residues for mercury sensitivity are well conserved among insect PRIPs (dotted boxes).
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Fig. 5.

Expression and tissue distribution of the third Bombyx mori aquaporin. One microgram of mRNA
from each tissue was subjected to formaldehyde agarose gel electrophoresis. The number in each
lane denotes the specimen extracted from each epithelial region in silkworm larvae (after Kataoka
et al.,, 2009a). After northern blotting, the nylon membrane was hybridized with the DIG-labelled
anti-sense AQP-Bom3 RNA probe. 1: posterior division of middle silk gland; 2: anterior silk gland; 3:
anterior midgut; 4: posterior midgut; 5: colon; 6: rectum (incl. cMT); 7: Malpighian tubules. RNA

sizes (kb) were estimated from RNA standards (not shown).
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Fig. 6.

Anatomy of hindgut and expression and tissue distribution of three Bombyx mori aquaporins in the
hindgut. One microgram of mRNA from each tissue was subjected to formaldehyde agarose gel
electrophoresis. After northern blotting, three nylon membranes were hybridized with the DIG-
labelled anti-sense RNA probe of AQP-Bom1, AQP-Bom2 or AQP-Bom3. The tissues were prepared
from 4-day-old fifth instar larvae. Rectum: rectal epithelia (without cMTs); cMT: cryptonephric
Malpighian tubules (removed from the rectal complex); MT: convoluted Malpighian tubules along
the colon; Tra-8: tracheal network at the 8th spiracle connecting to the colon; Tra-9: tracheal
network at the 9th spiracle connecting to the rectal complex. RNA sizes (kb) were estimated from

RNA standards (not shown).
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Fig.7.

Identification of two water-specific aquaporins in the organellar membranes from the excretory
epithelia of Bombyx mori by immunoblotting. (A) AQP-Bom1 [DRIP]. (B) AQP-Bom3 [PRIP]. After
sucrose density gradient centrifugation, membrane fractions (50 ug of protein/lane) from the
colon, rectum (incl. cMT) and MTs (along the colon) were subjected to SDS-PAGE (12% gel). Lanes 1,
3, 5: 20%/30% sucrose interface; Lanes 2, 4, 6: 30%/40% interface. The asterisks («) indicate the
expected monomer of AQP-Bom1 (27 kDa), and the tetrameric state (118 kDa) of AQP-Bom1 is
prominent in the MT membranes. Homotetramers (107 kDa) of AQP-Bom3 were seen in all tissues,
although the apparent molecular mass for the monomer (21 kDa) was rather small. Mr: the
standard protein markers; 150, 100, 75, 50, 35, 25, and 15 kDa. Note that the protein size in panel B

refers to Mr in panel A (panel B was the reprobed experiment after panel A).
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Fig. 8.

Immunocytochemistry of two water-specific aquaporins in the cryptonephric rectal complex of
Bombyx mori. (A, C) AQP-Bom1 [DRIP]. (B, D) AQP-Bom3 [PRIP]. The outer cMT (outer) forms a thin
wall with an irregular shape. The inner cMTs (inner) are characterised by a thick wall with a round
shape. The rectal lead MT appears similar to the outer cMT, but with a larger shape, and is situated
outside of the rectal complex. (A, B) In the inner cMTs, weak but significant staining is observed at
the apical surface (A: AQP-Bom1) and at the basal surface (B: AQP-Bom3). The arrow in (A) is the
perinephric membrane. Arrowheads in (A) and (B) indicate the inner perinephric membranes. tra:
tracheole. (C, D) Asterisks (*) indicate the muscular sheet over the perinephric membrane. s:
sphincter between the colon and rectum; FB: fat body. Note that the basal immunostainings of
AQP-Bom3 are seen in the rectal epithelia (D: bottom); (E) Double immunofluorescence microscopy
analysis of AQP-Bom1 (red: arrow) and AQP-Bom3 (green: arrowheads) in the cross section of the
rectal lead MT. Nuclei are counterstained with DAPI (blue colour). Scale bar: 50 pm in A, B and E; 100
pmin Cand D.
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Fig. 9.

Immunocytochemistry of two water-specific aquaporins in the colon of Bombyx mori. (A) AQP-
Bom3 [PRIP]. The rectal lead and normal MTs are observed in the region between the rectum and
colon. Note that the immunoreaction occurs only at the rectal lead MTs, which form a very thin
tubular wall with a large lumen. The basal surface of the colonic epithelia also shows positive
staining (arrowheads). Note that there is no specific reaction in the normal MT (MT). (B) AQP-Bom3
[PRIP]. Three tubules (MT) situated closely together indicate the basal immunoreactions
moderately and demonstrate their structural changes to the normal (convoluted) MTs. In the
colonic epithelia, the basal immunoreactions (arrowheads) are clearly confirmed in the inset
(enlarged). (C) AQP-Bom1 [DRIP]. The intense staining is seen at the apical surface of MT. The apical
immunoreactions are clearly observed in the colonic epithelia. tra: tracheole. Scale bars: 100 pm in
A, B; 50 um in B (inset), C.
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z E

il 3% & N7 LI D ARSI BB B W TN I N5, 208, MY %201
THOHENER E LTSNS L& Z 5N Tw/ (Ramsay, 1976; Reynolds et al.,
1985) , D ICHIGNOMLTIZAKTICEATED, 2R/, G, EEZ & TILM2
SHEH SN2 L LED s L o T\ 3, ORGSR EEREHZ R 2 LTw5
D cMT-1EW; ER AR (cryptonephoric rectal complex) Tdh %, LT 2 EM L &
cMT 13 % &P (perinephric membrane) TEbH L, IfilY /3 L EELENZ %
I L 7= B PAZER (perinephric space) ZE L TVv»% (Ramsay, 1976) .

avFavHDF v A maX) 2Ly (Tenebrio molitor) Tld cMT—ifilg %
BORNORBIEDSTE S N, ERNEED SER LB, 2 LT cMT & BENICRET S
LI EDTDOTC0DE, BEFIIAIC X > THRE 22, EHENETIEE X Z 1.0 osmol/
kg, M R TIZE L% 4.0 osmol/kg, ¢cMT 13% Xk # 5.8 osmol’kg TH B, TI LT F =
T BRI DK 2 WINT B T O ISREE A Z VT 523, F a7 HER TIFARR
DEERE % B0 & DKW FIH LTV 3 Db Lty (58, 2007; Machin,

1979) .

— B ORI EREETH D, ZDREARIC X > TEBEEREN D & 7K 2 WX
L, BANLEEIGT 5 2 ETILY v RORGZHEFRI L Tw 2 EEZ N Tz, KRG ET
KDIED K S g CHEED S MEREABE L T\» 50, FEBRHTH -7,

LR DFERIIBIGRN, FHICEMICE T B transcellular 7 KWL % 53 7101 AT
7o N A ST HEGO LR E BIEA OO MT 128745 251D AQP %,

AQP-Bom1 (DRIP% A 7)) (e (apical, #1E) i, Z LT AQP-Bom3 (PRIP% A 7)
IFHLE (basal, ML) Ml & MHRRGREE CHE > CRLE T 2 & & TRl 2Kk % IIRgIC L
TWDTh 5,

ZOHTMT (H 50 cMT) DG K> TERE SR EZH-> TV 2 & ADREHS
Font, FavHREGHED MT 13 6 KTHE~/DE (leum) OBEHD &M &5
> TIEY, FoHETcU & —v L UM ERBRAICT Y B Ehi k) LidEz &
%, % LCHG LK L %ET iEDrectal lead MT % & CTREFHZEZRICAD, MT &%

S>TCHENG EE EEEERZIERT 5, Rectal lead MT 2> 5 @ cMT I HI0E O G724
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outer cMT 127 D, Z OHBMIE IZE A inner cMT N & TEREZ L X, HIG EEOH
JEETANC BT L 7 RBEClEl] L §8 1245 % (Ishimori, 1924)

TIEREODFER, rectal lead MT ¥ X Of outer cMT TiZHT AQP-Bom1 §ifk, i AQP-
Bom3 JifA TGS H7EE, 3o 0 & LR OBR2H2 2 ENTERD, FA—HEFICA->
T\ 3 inner cMT ° MT TRIIEPIHEIT LTV E LX) TH-o7%, TOIELEEZH K
I3 ERFEEN D & TR EE AN (AQP-Bom1) —iE#G LRI > & B PHZE] (AQP-
Bom3) —BE %7 5 outer cMT N (AQP-Bom3) — outer cMT #HAEAN 2> &
outer tubules EFEHN (AQP-Boml) ##%7T rectal lead MT 67 DEHEN D> & rectal lead
MT fifaN~E AD (AQP-Bom1) , RAZMVICIIABENEFININEDTHAH, Zib 2
DD AQP : AQP-Bom1 & AQP-Bom3, IHEMICEYT 24HMk (FI1ch) Dk b Tl
L, EENE?SIER K, 210 7TcMT ~ERBNICE F 2REEDOARICHE D, Kz
kfE L CHEIEINFERS IS & > TEE D S AN LR L TV 5D TH 5, 4 LT O
BOTAQP DI MBEDIIICHEELIZESWTWARRHERERD, FavHRROY
H D cryptonephric complex H37K73 WY & SR HERE T 2 I DEEAMETH L I L%
TN L 72,

Inner cMT % rectal lead MT DA (VbW 23@HE D) MT DKFRINANDZFG1ZD 0>
TUKRBEATORER & MR EOBEDSGEZI DL b5 4 H Y, Hix2FEVBNIET
bb,

LB IS BT 2 AQP OFBUE, Wil - Witk OABEHE R Rtk CFARShTw 5
D3, AAaDE ) IHYEL EOREM 2B RET 2 BRICBWTOHETH >, BHOW
BN CTEEZEEZH D AQP TH 223, HLLHRINC B D 2 MDA T OB & BEREDS
WEShooH Y, W, PRIP ¥4 70 AQP I THIL T2 Ene ¥ T

(Anopheles gambiae) , 3% 7'V (Blattella germanica) & %7z 2 B HETHR TG
X7z (Liu et al., 2011; Herraiz et al., 2011; Tsujimoto et al., 2013) , 2D Z & 2>5AQP
DB BIG LT 2 WD O E B Z 5N B0, 2 OFBIRHERRE, ik &k
Rz b %\,

Z ZTCRETIHMHMETHS D L o7 AQP DRHEZ I E 2, A4 aDIBRIZET %
AQP DRI ZTET A L & LT,
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B22E
A JIBRRRERIC T B TP DO PR > DER 15 E]

REOIIE 1 5 OINE/NE (ovariole) (k> THEELE 4, Ui (follicle) (EINAEAM

(oocyte) , VEMEAMAE (follicle cell) , ¥ &k KEMME (nursecell) LV %2, —HOR
HUFREMIEE R 729, COEMTE THKEER (panoistic type) & HRERA

(meroistic type) (2730415, & 6 ICHRESMOINH/NE IZINEHHIE & Ao Z2[H
PIALERIFRIC & > Ttk BB RIING/NE  (telotrophic type) & % REEINH/NE (KA KE
%) H (polytropic type) @ 2 27 6415 (IR - R, 1996; Fig. 10) . A4 2 DI
FUNE L RESIINE/NETH D, IVEEING & BEBE T 2 7 D D iE & e NE L300 i
2T % (e - 5, 1996) . UNAEMIEIE 56 2~3 H2» & MoRiEH]T £ T 1 RINKE
M & UTiRZ IR 2o, (LRI IZINRHIE R X OREMIES SIS FE - FEBF LT
HELCIKRT B (KB, 1970) . 20, X RAORNTEBINE 20, 28 - Er3nk
IHIFIRIR & IERIR D 2 B82S 23, ZHUIRHMANTHRIRA L E ~ (diapause hormone) O
FHZZ T 20 EPICE>TRkE 5, E T INARRIVGIIROIREETIRIR L, Kiliic—
EMEE>» N2 (AASAE T TRB&ENINCH2) , RIRDBEN, Sldbd 5,
—77, IERIRINIEEE PRRE S ICFEZ2BAMG L, £ 2R TYR2MLT 5,

INTER I IRTE B (B b 2 BIREMOE R T O N 2 W ETEHI (pre-vitellogenic
phase) IZHtE, X ADEHIATHK I 12 vitellogenin %K & T 2 HINE & v X VB
7V a—r VR TREMERR S E OB C 2 INEIZEIY (vitellogenic phase) |,
YHEEE (vitelline membrane) , Yiig¢ (chorion) TERUANETT L CINDSTERL T 2 U7 ALY

(choriogenic phase) Z#ETH 92 (Milk - S, 1996; Telfer, 2009) . HHZHICBI Y %
— DS R W%EIE 7 v € 7Y~ (Hyalophora cecropia) DYEZE HWTiTbiLs

(Telfer and Rutberg, 1960; Telfer, 1961; Telfer and Anderson, 1968) , ¥ >3 7'E /R
HOD IARIFESTA v RKROPIN DB Z D, IRHIOAFEEZ NS¢ % (Wang
and Telfer, 1998) . Z DKW DEREJ113E % & S YIRS % V-ATPase IZ k> T
Al I N7 BRALFN BT AR TH 5 £EZ 5415 (Janssen et al., 1995; Harvey et

al., 1998) .
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AR, UM PRIP 24 70 AQP D3BH5- LT\ 5 2 L3N = ¥ 5 A DD 6 R I
7z (Liu, et al., 2011; Tsujimoto, et al., 2013) , X ABLHEAIIM L 724, PRIP ¥4 7D
AQP % 2— F¥ % AgAQPI mRNA FEBIDMENHA L IIHET LA T2 2 &G S (Liu et
al., 2011) , HEWTF ¥ N2 I X 7Y THIIHD 5 PRIP ¥4 7D AQP Ein T

(BgAQP1) »FlE &tz (Herraiz et al., 2011) , £\ 4 7 AITBWT, AgAQPI A
TIALANY TV FThHD AgAQPIA & AgAQPIB D3PI L iM{LE T, ZNZFNHHLT
W5 ZEDPBHSPIZEIN TS (Tsujimoto et al., 2013; Fig. 17) . 245 OMWEL1 5
PRIP %4 7D AQP BIETFUNHTHHIE L T L T EBHE D E o708, AQP ¥ %
VB DHBOEHPCEEEICOWTHHAINTLARWVE DS, KIZEHEA 4~ (HY, K, Na
Ol % L) OEEIfE-TEZBEIL, INTORUKPEI I 5 L FRINE, Lo L
AQP BEHRDINERIZE )b >TWw 5D, BENLET—FI3 LA ERINTLRY,

Z ZTIERIC BT 5 AQP DEEREZ fRIHT 2728, AKETIEAHA 2D 2 FHDAKGERT
AQPs, ¥74%bbH AQP-Bom3 (PRIP ¥4 7) & AQP-Bom1l (DRIP ¥4 7) DOSifaic &1}
2REBRBETCORBORET, Mk - MlENTOSMZHE L2, 704 aDINIRIRIN &
FERIRII D 2 REZHLY, PE N> oM LIcE 2 £ TOMMMPAE C B2 2 (Yamashita,
1996) . Z T CTURHRIN &3EmAHT & 720, & 2 W IFFERIRII L) & 75l
TD AQPs DFEHID I H 1T > 72,
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Fig. 10.

(A) Types of insect ovarioles. a, b are panoistic types. ¢, d, e, f are meroistic type. For more details, c,
d are polytrophic types and e, f are telotrophic types.

(A figure from Matsuzaki and Kurihara, 1996, Baifukan Co., Ltd, p23).

(B) Vitellogenic (left) and choriogenic (right) follicle.

Nc: nurse cell, O: oocyte, Fc: follicular epithelial cell, Yg: yolk granule.
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& & B E
EWREm

A afhFEE UCRMERE (B x SiH F 72 13888 < SR1) 1 ATfRE (KIT-2515M15, fER =S R 7 A fiff5E
T, 5 % 5.2°T 24~26°C THH L7z, 5iin (f&lin) WK 7 HEEAL, ZoBHARMICAD, 94 HIERE
W, WL 72, Sonk X 2, IHERON 6 Afini s X IR O 10 H #EiH o Ml 2 fFs)
UCONRZRN L7, &8, WHIHLR 12 HRERSEE I BRI b L 72,

PRIPF1ZAQP 754 X> M EiHREMDLLE
AQP-Bom3 (Genbank accession no. NP_001153661.1) & fhdBH2 5 EINTWS PRIP ¥4 7AQP DT 2/

L% % Geneious software 2 FH\>, clustalW IZT7 74 X > b L, HHEMEZHEL 72, #H L7 AQP FLFNIE 1
FICUTORSNEZMA 7DD TH B,

Anopheles gambiae (AgAQP1A : JF342682.1) , Blattella germanica (BgAQP1 : FR744897.1) ,

Lygus hesperus (LhAQP4A : KF048099.1, LhAQP4B : KF048100.1; Fabrick, et al., 2014) ,

RBENEBLUHERBEIPEED trypan blue
1% trypan blue /&%, 1 xPBSTCHAHIL 7z, 72, trypan blue IZVAME LIZ < Wiz ®d, 1% WERRIGHTHIC/ERELL
72
1xPBST (LAF, PBS & HHREL)
100 ml®10 x PBS2900 mlo D.W. % il 2 7=

110 x PBS

NaCl 85.09
Na:HPO4 » 12H20 28.79
NaHzPO4 * 2H20 3.3¢g

- FE #2900 mID DW. ITHA, —HuHRL 7=,
-DW. ZfnZ, 1,000ml& L7z,

(1) SHERD X Rz A 71 ) > 2% H\»T50 pl O 1% trypan blue A % 7354 L 72,

() BH, EHEEZTo/ A ZW%E PBS 27z Lz v — L CHB/NMEZEO T Xk SIS L, H L PBS %
EoH Ly v — LB LEL T TV TRy ROECHBE Bk E) 2RELL, Zoff¥E%2 2~3MIZ
EDIRL, DUToEZEE2{To7,

(3) 1 D DYNEIZ 4 KD H 2 IWH/NE Z N ZF N DRt BE%2 N FBMEE (BX 51, 4V v 8R) % A TS
TOBIZE L 7, WMEBIE ORI, HFEFMBE I TSNV AR T AT L (DP25, ) VRA) T
gk L, 3V E2—% =~ iAF Nzl IZ Adobe® Photoshop® CS4 12 &k > T L 7z,

711 AQP [CHT BHERNMDAER - MBS D IgG DEDFESE 1355 1 7 & FRICAT> 72,
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Western blotting
()2 aBEEDRERDICKDIANGRSRAR
(1) A AWHIS BB UCfiBsl U, SNEEERI (ks 6 Hil, Day 6) 72 \39WERMT (Wi{b# 10 Hikh, Day 10) o
P2 i L 72,
0.3 M Mannitol, 5 mM EDTA, 10 mM HEPES : pH 7.5 FEEi#
1 x EH buffer... 100 mI® 10 x EH buffert*ic 900 ml® D.W. %l 2.7z,
*Z DR, 54.65 g D Mannitol % fill 2 7z,
110 x EH buffer
EDTA-Na. 18.612 g
HEPES 23.831¢g
- FRt RS Z 900 ml D DW. IS A, —BRBLFR L 72,
pH X —% —TpH ZFHHIL,
NaOH ¥ATR % H\ 2T pH 7.5 I 8% L 72,
-D.W. Zfillz, 1000ml & L7z,

(2) R DBR I U 72 52 7% 1 0.3M NaCl % il 2 72 10 ml 2% LT protease inhibitor cOmplete Tablets, Mini
EDTA-free, EASYPack (Roche Diagnostics GmbH, Mannheim, Germany)%# 1 §Efil 272 b D%, fH L 24D 10 (58
(wiv) &7%2% XHi1Thzr,

B) FEZ FA Y —IZRy Z)VZRIY F1F, ST 24E%2H T, 1,500 rpmd EEGHE I X O #HEZ B L, 10
FEFAEY 2=t 2L, Z0BH 5P L OBER TR OE /L 4HON—ETABEL, 10M DA ALY v
F—IZZ I, MNTAARDF 2a—7WBBEIZHEL LD LI ICTML, CA4HSB—%— (F I —HKTL) T
1,000 g, 10 min, 4°C iZ D& T\, AL 7z kiE% X 512 RP65T v —4 — (HAIZ L#) ¢ 100,000 g, 90 min,

N N

4eC iz T L. pellet 2187,

(4) LTf87z pellet 2 A €Y = 32— MEELUZEEH L 72 BER 28R (120 pellet I % 500 pul FREZ HZE L
72) MoTBE L, > a B ARDEOE I L 72,

(5) BRI BER U 7 REETIRIC R 7 0 — R % 50%, 40%, 30%, 20% DR L 722 X 5 IIAMR L. FHBE D> a fEA
WRERL 7%, HEWTI2PAF 2 —T7ICZNZTNDRMEZELI BV I I ITHBE L V6 A Y —)LEXy FZHW»
T 50% i3 2.5 ml, 40%, 30%, 20% 2.7 ml $-> &4, 20% D = BEE % BRI % L 72 sample (79 1 ml)
ERT,

(6) RPS40-T A4 v 7' u—%— (HITHE) % H\>T 27,500 rpm(93,900 g), 18 hr, 4°C TiEL % T 72,

(7) ZNFhy FRICEN S5 % L2 5)HIC Band 1 ,Band 2... & L, 7SR Y —)LEXy b & HWToHLNE
IOBVEIICHEREL DS I 72,

8) ML 7=4riijlii~A 7 Xy FEHWTICE#E L, 200 972 0.5mIPCR F 2 — 7127 L 72,
9) Ll THEEZNFND L o BERTITHE % -30°C ICHAHREAE, & LA IRE S I T OEEICE L 72,

(b)#H >V INUBDFERE, (c)SDS-PAGE, (d)EE EHRAMERE, B 1355 1 5 L FAkIciT-> 7,
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REHEBILF
(a)EDEE-BiK- NS T 1 a8, (b)I\S T« DR DEREBINS T 1 2i84F,
(ONEREIERIG, (d)XFMRHRICKDET 3L T OSMFLIHIE 1 5 & FRICT - 72,

A9 2 BICIE PBS Z A7y v — LICHiZEHE L, ZNZNOIENEZEOT R X ) ICHEL 26T
i (dosal) 226>ty F2HIL, MEHANZIY K7, $iv>T Bouin EEREZM F L, WEELED %, %
NENDOINFNE Z GO T L I ITHE L 22358 L v Bouin EERD A7 v — LA B L7, 10 HimN
FFINB DTN AL EERONRZZE LT WO MEITIE T, H7 L > Bouin Wl E K H T WU IC —IREHE L 72,

BHSRRE(C KD Swelling assay
(1) 6 HFmMens X b f5 LCHCY) U Z20NEINVE 2 L AR T 212471, 0.1% Collagenase (Type II, Gibco™, Invitrogen

Co., CA, USA, MBS T7#) LB (30 min, S, orbital shaker i) #47\v>, BIE/INE 0PI & FEAIE % 1L
i}-_[‘i% L f:o

(2) # D%, Collagenase A % HL D 5%, %% 72 Collagenase ISR % ¥ 9 7= 12 MBS 214, HLD < BIER 2~
SEMEDIR L7z, 2D, oINS & A% EEICID v,

R)HZU>TRRRL LERNAY =L ERy P Z2HOTIEZE T WL I ITEHBEL 225, H50L 9 50
ul @ 1/10 £ MBS, % 7213 1/10 £ MBS + 0.9 mM HgCl. % il 2 7z 60 7X 7L — bk (Nunclon™A Surface 60 wells,
Nunc A/S, Roskilde, Denmark) i8] L 7,

(4) SRS 3 2R 7-1%, SEREEMEE (BX51, &V V8 R) &L CHIEHER R CBIZE L 72, BEMETEE OME
1, AP AN XTI AR T AT L (DP25, A Y Vo8 R) TEddkL, avEa—%—~HbhiA
¥ N7 12 Adobe® Photoshop® CS4 12 & > CALEEL 7=,
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Fig. 11.

Separation of organellar membranes and isolation of the PRIP-type AQP (AQP-Bom3) from
vitellogenic ovaries of the silk moth Bombyx mori. (A) Trypan Blue staining of vitellogenic ovaries
from Day 6 female pupa. One side of the ovary comprising four ovariole chains is shown. The dye is
taken up by vitellogenic follicles, but several terminal follicles in each ovariole are not stained (seen
as a whitish color), indicating that they are at the end of vitellogenesis (just prior to choriogenesis).
Arrowheads denote borders of critical stages. (B) Discontinuous sucrose density gradient
centrifugation of ovarian membranes from Day 6 and 10 female pupae. Ovarioles from Day 6 were
classified as early or fully vitellogenic follicles and fractionated by ultracentrifugation. Membrane
fractions were recovered as Band 1 from the upper 20% sucrose, Band 2 at the 20%/30% interface,
Band 3 at 30%/40% interface, and Band 4 at the 40%/50% interface. (C) Detection of AQP-Bom3
(PRIP) in membrane fractions prepared from early and fully vitellogenic and choriogenic follicles by
immunoblotting. Lanes 1, 2, 3, and 4 represent membrane fractions recovered from Bands 1, 2, 3,
and 4, respectively (see panel B). In the three preparations, a single 109 kDa polypeptide
representing the AQP-Bom3 homotetramer was detected in Band 2. Mr, protein marker (150, 100,
75,50, 35, 25, and 15 kDa).
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1. PRIPHAZJ, AQP-Bom3 (I5RERZALRADSIBHRIEIC/BIET D

WTAEDIZE (Herraiz et al., 2011; Liu et al., 2011; Tsujimoto et al., 2013) %5 EHIID
F72% AQP 2 £ E 2 51 % PRIP ¥4 7DAQP-Bom3 DFBAZMA L 72, £33 a lHEE
HBLENC X D B L IV Oy % 7 2 28 v 7 ay MEFTICEL 72,

Z OB, WEZEM OIS < % 5o 286 6 HEOINEUNE T F Y Sy 7 — Qa2 £7
v, INETERRE & IV DI DB H 2 K E 220 7o SNEIE I D IR IEIZ (135 2 HL
DIAATE Qe % 508, IBIEBIHOIEIZ eI 7\ (Fig. 11A) . 2 OINE/INE %2 INEE
TR DG - F23E £ 5 early vitellogenic (early) & BNEETHIN DI & IR
RIS E £33 fully vitellogenic (fully) 1247V}, EEIRESMT (0.3 M NaCl) T4y
E DN & > a EEE AR LZIT>7- 8 25, early BX O fully & 12 20% S a2 b -
i, 20%/30%, 30%/40%, 40%/50% i (Band 1, Band 2, Band 3, Band 4) (221
4 DD %7 (Fig. 11B) , 22 TIZ D 4 DD4rili%# SDS-PAGE #, #i AQP-Bom3
JikZzHWT Y 2 2y v 7ay s #{T570, early, fully Difi & b 20/30% 55 5LH D
Band 2 T 109 kDa fhiEiciiv > 7 vt S 47z (Fig. 11C) . AQP-Bom3 DHEE
THIZ 27.7kDa TH D, TD 109kDa D> 7 F)Lid 4 BREPIRH SN bDIELEEZ LN
72

JxAYr7ay kokER2 5 AQP-Bom3 DK%Y Band 2 TO AR S 117729,
HHREDFEEBICHML T2 EEZ, W6 HEOINHLC B W TRIEHIKLEZ TV,
AQP-Bom3 Ok B ) 2 JHfE 2 A L 72, BIEOREE, IVRHRB c BBl S n
early vitellogenic follicle TIZ%%%5 ¢ (Fig. 12A XU C) , fully vitellogenic follicle T
HOCRE DR C 2 BIAAH D, SR T OBILE ORI FEBL L Ty 2 Mo I filE
I, (Fig 12BB XN 12D) . F7, BEEEL 288, FKimiz ) il
METIRFEBIZIZEA EBESINT (Fig. 12A~D) , WSS & TG &N
ERFOMER S e (Fig. 12E) o SEHTD 7 4 F UG 2 FH o 72 ST X I IR B o ot
KB I N d -7 (Fig. 12F) .

AQP-Bom3 2SUNEHIIEE CHRBLL T\ 2 2 2 5 WKICBIS LT 3 AJEEMED H % & #
26T, 22T, FEERICIINEPOKT 2 0D 5 79, IldZ v 7: swelling assay %

47



fTo7e, JMIIZIRE/NE DR (JSHET) TP E 0, AT DINIE & F A%

(interfollicular tissue & % \>1Z interfollicular connective, fAIF « B, 1996; Yamauchi
et al.,1984) THEH LT 5DT, Collagenase LHIZ X D T 6 Z FR\ Tl 4 DINAE % 3
BUERICHEMA L, VIOMBSIZRT L, 77 VA YRXRATINZHCTARREBIEO X 9
A (~541) BRI CTE LD o7 b DD, 30~60 77 & \» ) IR LI % 2>
TSI L a k- osEigg s (Fig. 13A~C) . AQP DIHEAITH 2 AL
“k# (HgCla) % 1/10 MBS IC A CRIBRDEREZFT o7 & 2 5, 60 77T H I IZH
i Z 5 %d o7 (Fig.13D) . ¥EHOINAHHIEEIZIZ% K DI V7 EFHBLL, ¥
BOWDIAAZITH>TRED, KO IARIZIE AQP BIEELRHE 2RI LTnwE I eh

AN < AW

2. DRIP #-7, AQP-Bom1 (35R=ERZ DI BHifaREDIIEFANICBET D

INETE I T B B ONEYM Z D IAAZIEIZ E TV Y EDOEK, % LTZ Uiy
T Z 2 I DEM 2 ¥ TRHBIE & 72 D 58I~ L[> 9 (Swevers et al., 2005; Telfer,
2009) . PHSHIE & %> ZUNRHIIIZ K 2@ S 2w (I 7% £, Woods, 2005) 1@ E1L5
728, BUZHET % AQP-Bom3 3 Z DEH 2K T LTwa EEZ NS, Z 2 TINHIEKR
B (4 10 Hilm) ooz 3H L AQP B0 2% SDS-PAGE, 7= 2% > 7y M
TENT L7, 2% &, INEHINCHER S 7 Band 2 THREDHER I N DD, ¥ 7F
VIR > T AR Sz (Fig 11C)

flhod AQP 1T X 2HEREDMiTE P IO AlfgtE 2 & T 57201, A4 aTREINTV 5
b9 1 ODAGER AQP, AQP-Bom1 (DRIP ¥4 7) D% Hi% SDS-PAGE &7 = 2%
y7uay TN L7, T5% & AQP-Bom3 23581 LT\ % Band 2 77l (82 5 < INEH
Hl b & FENns) kD OEEDE Band 147 (20% > a f§ L) <6 Hiis, 10 Hii
H1Z 27.8kDa DAY R &N (Fig. 14A) . L22L 6 Hi® Band 1 ¥~ 7L Cld
57.0kDa & 82.4 kDa b X4, Band 2 TH57.0 kDa 23 I N7z7-d, DNy s
TV Ie—, H2HVIFIFRERIL N FOBGEET 2 7O ICHRTH 5 <7 F I Xk 2Hiikk
IN%Zff>7- AQP-Bom1 IgG TY7 2 A% v 70y 7o, ZOFE, HARLLTID

57.0kDa & 82.4kDa O 3V Nk &4, 27.8kDa D N FixHAk L7z (Fig. 14B) O
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T, 27.8 kDa MIAHIIERF RN Z St & UTHSEmAT 1 72, A U1 AQP-Bom1 IgG IT & %
LA BT, 6 Hino IR < I3 IENEHE O IFRHIEM (apical surface) (255 < fiH S
7z (Fig. 1A BX U D) , —J7, 10 HiDIHE I IR g 12 5m\ s SOG4
(Fig. 156B) , Hfif R CTBIZ T 2 & INREIERE DIV Z O A Ol E Rt S
TOBETDER I N (Fig. 15E) . 72 AQP-Bom3 D )G I3 PRI o B &
2500, FhoTwAHAIICH > (Fig. 126 BX U H) ,

3. JEAKERIBICHS L TAQP-Bom1DFHE Y SPEFafIIIPEHilRRE(ICER LRV

14 2 DIRIRIN & TRRIRIN T3 T2 S WL £ TOMIMAIRE K D, WEICINRDIE
I PMBFEBEDE, Z UGBm0 £ EPlE ST 2 ([, 1975; Sonobe et
al.,, 1979) . 22 TT7 7 7R Y v OFEBLDKRIRIN & FRRIRIN T2 LT v 2 AR 25 2,
BE B, FEIRHRDE & 72 2908 2 o TRIREE & [MkkIc Y = 2% v 7y b, fulEiifdleasic
X BfET R T 7,

7z A% 71y b T3P AQP-Bom1 Fifk, $1l AQP-Bom3 HifkD &L 52T H6
Hie, 10H#mE HISIRIRIN & KEZZ IR o NnT, koY Pl e (AQP-
Bom1; Fig. 16, AQP-Bom3; data not shown) .

FPERARALAA 1T B\ THL AQP-Bom3 Hifk % SUG & 8 72 JERIRIMIZARIRIN & 285 & § YRRk
AR I Bt S i S 9 (Fig. 15 8 XU K) , 10HETHFAKRTH > 72, Hi AQP-
Bom1 §iff 2 S S 2 72K, 10 H il 38 v TORIRDE T I3 SN REMAER I 1 T D SN BRI SOG
DR GNTDY (Fig. 16E) , FEMRHRIN CIZINREHINE At D I BRI SOR DS & 47z
(Fig. 15,C, F 8 X O'1) , F & HURINALEE % 175 75T AQP-Bom1 JiikZ i L 72K, 2

DRI EN L 22> 7 (Fig. 15H)
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Fig. 12.

AQP-Bom3 (PRIP) in a vitellogenic and choriogenic follicle of the silk moth Bombyx mori, as
determined by immunohistochemistry. (A) Early vitellogenic follicle; weak AQP-Bom3
immunofluorescence at the oocyte surface is denoted by arrows. (B) Fully vitellogenic follicle in
which the signal (green) is visible at the oocyte surface. (C) High-magnification view of (A). (D)
High-magnification view of (B). White arrowheads indicate the signal at the oocyte surface. (E)
Junctional region in an oocyte (O) and nurse cells (Nc). Immunoreactivity (brown DAB deposits) is
restricted to the oocyte margin (black arrowheads), while a clear intercellular space is visible
between follicular epithelial cells (Fc). (F) Control staining of a fully vitellogenic follicle using
preimmune rabbit IgG. (G) Choriogenic follicle from a Day 10 ovary. Immunoreactivity is weakly
visible at the oocyte surface. (H) High-magnification view of (G). Nuclei were counterstained with 4,
6-diamidino-2-phenylindole (blue color) except in (E), in which the section was stained with
hematoxylin. O, oocyte. Scale bars: 100 um (A, B, D). The bar in B applies to G; the barin D to C, E, F,
and H.
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Fig. 13.

Osmotic swelling of a collagenase-treated follicle from the silk moth Bombyx mori. Fully vitellogenic
terminal follicles were prepared from Day 6 female pupa. Volume changes were monitored under
hypotonic buffer (1/10 MBS) conditions. Images show follicles (A) immediately following transfer to
hypotonic buffer; (B) after 30 min; and (C) after 60 min. Arrowhead denotes volume changesin a
partially naked oocyte. Amorphous, fluffy follicular epithelial cell clusters were observed at the
surface. (D) Oocyte 60 min after transfer to hypotonic buffer (1/10 MBS) containing 0.9 mmol |-

HgCl.. Scale bar: 100 um in (A). The pictures show a typical result from five different preparations.
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Fig. 14.

AQP-Bom1 (DRIP) present in membrane fractions prepared from vitellogenic (Day 6) and
choriogenic (Day 10) follicles from the silk moth Bombyx mori. Fractions were collected by sucrose
density gradient centrifugation from Day 6 and 10 ovaries. (A) Membrane fractions (20 pg protein/
lane) were resolved by 12% SDS-PAGE and immunoblotting. Lane 1: upper 20% sucrose zone (Band
1); lane 2: 20%/30% sucrose interface zone (Band 2). The 27.8-kDa DRIP polypeptide was
abundantly recovered from the upper 20% sucrose zone from Day 10 ovaries. (B) Immunoblotting
with the anti-(AQP-Bom1) antibody preabsorbed with the antigen peptide (500 ug ml-1). The 27.8-
kDa polypeptide band disappeared from lane 1 (*) in both Day 6 and 10 ovary preparations,
whereas minor signals at 57.0 and 78.0 kDa remained and were thus deemed nonspecific. The
difference in the estimated molecular mass in panels A (82.4 kDa) and B (78.0 kDa) was due to the

different gels used for electrophoresis. Mr, protein marker (150, 100, 75, 50, 35, 25, and 15 kDa).
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Fig. 15.

AQP-Bom1 (DRIP) (A) ~ (G), (I) and AQP-Bom3 (PRIP) (J), (K) expression during ovarian follicle
development in the silk moth Bombyx mori. (A) Fully vitellogenic follicle from a Day 6 ovary. (B)
Choriogenic follicle from a Day 10 ovary. Immunoreactivity is visible at the oocyte cortex. (C) Non-
diapause-destined follicle from a Day 10 ovary; the red immunofluorescence in detected on yolk
granules. (D) High-magnification view of (A). (E) High-magnification view of (B). Periphery of a
choriogenic follicle; arrowheads indicate immunoreactive vesicles distributed underneath the
oocyte plasma membrane. (F) High-magnification view of (C) showing the periphery of a
choriogenic follicle from a non-diapause-destined Day 10 ovary. Immunoreactivity was absent at
the oocyte cortex and weakly visible in the oocyte (arrowheads). (G) Non-diapause-destined follicle
from a Day 6 ovary. (H) Control staining of the choriogenic follicle periphery using antibody
preabsorbed with the antigen peptide done in Figure 14B. (l) Periphery of a choriogenic follicle
from non-diapause-destined Day 10 ovary observed by bright field microscopy. DAB labeling is
absent in the areas underneath the oocyte plasma membrane (*). (J) Similar AQP-Bom3 (PRIP)
expression was observed in non-diapause-destined and diapause-destined follicles from a Day 6
ovary (see Fig. 12B). (K) High-magnification view of (J). O, oocyte; Fc, follicular epithelial cell. Scale
bars: 100 um (A, D). The bar in A applies to B, C, and J; the bar in D appliesto E, F, G, H, | and K.
Bottom right: Schematic illustration of distinct DRIP distribution patterns in diapause-destined and

non-diapause-destined follicles durng choriogenic phase.
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Fig. 16.

Immunoblotting of AQP-Bom1 (DRIP) in ,membrane fractions prepared from choriogenic follicles
from diapause-destined and non-diapause-destined pupae of the silk moth Bombyx mori. Lanes 1,
2, 3, and 4 represent membrane fractions recovered from Bands 1, 2, 3, and 4, respectively. A 27.8-
kDa polypeptide representing the AQP-Bom1 was detected in Band 1 from both preparations. The
57.8 kDa polypeptide is nonspecific. Mr, protein marker (150, 100, 75, 50, 35, 25, and 15 kDa).

54



z E

/B ETY Y, ZLTAHA 2aDIRIBLKESRIPINED» S 2D, Z0Z0DIIHN

BlIbR% R BRI Z G, JIRIZINETERIN T+ B NEMOI Y AR Z T\, 3
A X% FEI LRI EBITL, €57V VOB, %2 LTI EIT

(Swevers et al, 2005; Telfer, 2009) , £ NZ2DOFZBIZTT 2 9 % ERA2 72 K D IR 2 fif 2
LCEBIINEE S (Woods, 2010) ., ZDHFETIEAA 2 DINEHE%E L 72 Bombyx PRIP

(AQP-Bom3) & Bombyx DRIP (AQP-Bom1) DfRWFP, 227546 & 2 DINEKICE
\F 2 A BRI E 2 A L 72

YT R C I IN R IE 2 D PR e g Rl e oo R L o i CHERR C & % 132 EDBRREAS
K35 T %, AQP-Bom3 (PRIP) (FIFRHIIABICAAE LT 7eds, F/32 AXX A DR
% Clx HV-ATPase b Z DINEHIIIICFHEBL LT\ 2 (Janssen et al., 1995) . JHEZH
TIEEMEORIEEE b, FFINRME L IY oo -, ZiulkEd ET Y v
BEDOTER CINNEI DI D IARIZIK T T2, ZORHTSH AQP-Bom3 I3FEHL L T\ % %3,
YIBRIY 25 FEREDREEE & HY V-ATPase DFEBIDMA (Jassen et al., 1995) %> & Kk % 17
T3 EIFEZEZD K, OSBRI TRoKIFE T LTw3 EFE 265, i 6 Hib,
10 HEROIIEL D> & OB (X H U E S OIS % v, SDS-PAGE Z3#HTicfliH L 724
YR BEDBFABICLTWEDT, HHICHE>TEY v 87 o AQP-Bom3 D 5 & % Hl&
FHAP L T2 L) TH 5, ZINRIEEINOINE/NE T, IRV ERICHD 2HEICY
ERT 20EBH 5, INETEERI DD D 2> & INBTE I~ O IR < 208 e ok 258 2 5
EDEMH %D (Telfer and Rutberg, 1960; Telfer and Anderson, 1968; Wang and
Telfer, 1998) , £% 6 ZORHZNEY O IAA DR 7 = — X & L CTINREIEIZPH
BERANEADLIDTHA ), UHED AQP (Kfiz PRIP # A 7d AQP) 1Z2% 7'

(BgAQP1, Herraiz et al., 2011) ¥ 774 (AgAQPI, Liu et al., 2011) THBL T
Wiz, oI T HTIZINED AR THILT 2R 2N7% AgAQPIA N 7 v P D3HFFEL,
RGN TH 5 AgAQPIA ¥ >3 7 BHIIEN TOJREDIZ - Z ) L b O DUiE ot &
i, SRREMAE T S 1wV (Tsujimoto et al., 2013; Fig. 17) , ~NTHbF a7 H
ERIU K SRBEERNINE 2 H T 208 (iR - F5, 1996) , JIHENICE T % PRIP 4 A
7 AQP DEEREIZ A LA TIERL D LX) TH D, FhF v N RIFTVICEBWT, PRIP ¥
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4 7" AQP (BgAQPI) ZKIB D3 L 72 INREHIMEIC FEBL L T 7z, D BgAQP1 137KIC
MATHIHEDREZEDL MBI L2 (L2rL 7Y eu— LGl Eiawn) Lwiktbotk
WEZFOD, X ADHEEPLVE—FETRIZEAERILTVLZRY (4 2D GLP,
AQP-Bom2 mRNA 3H 5, < L E—XETHIILTw3) , £72BgAQPI DRNA T5%1T
STHINDOERBM, EHERIIZLEA LR SN o7 2 LD 64thd AQP (Blattella
DRIP ?) 23WWERICEE S LT w2 AffgtEIc S/ LT3 (Herraiz et al., 2011) , Z#5
DINEIRIZEIT % PRIP ¥4 7OMATHZEICINAT, SHOfERT AQP @RI E
\J % BRI 2 A BEEERE D EBHIC D W T — S 5 Z L BSHR - D Tld 2w, PRIP 74 7
DAQP I AALTHMAIAALTELID 118, Lygus hesperus Tdb i 3417z (Fabrick
et al.,, 2014; Fig.17) . A X LY HIZ MBIk =R EUNE 26 L (IR - Z8)5,
1996) , WNHEU/NEORBEHIC X 2 AQP FKFLDE Y, BEEED £ EVEL 2 D0 &) D
fl-n s,

S 512 DRIP ¥4 7" C® % AQP-Bom1 23Ut I D INRHHIE TR S 41, DRRHIfE
JEIE T OINERRLIC TR LTz, SNBIBR & UCaE L 70 10 Hili M CIEE &
Z 2 HBRICHLZMWZ %) TIHRIRF VE VOEH LT, & TOINNEIMRIRIN & LT
ST 57T 3% (Yamashita and Yaginuma, 1991) . 2 @ AQP-Bom1 % & &N 5
FOBRIIAMETIE R VDS, D ko & LAGE TROMAETOELLBEARLTVL2DTIEAR
W72 A9 I RIRTEINTIZ AQP-Bom1 % & A 729N RER I Z ORI R B ICEA L Tw 5
DS, FD—T, A PR 2 R ERIRALVE Y 7 ) — D& CHE L2ITlk 2 0%k
@I N ot RIRINEPRZ I Z, RENEMZ T2 2 & TAERIC K 2 KDL %E
&} % (Yamashita and Yaginuma, 1991) . AQP-Bom1 IF/RARINASEE T 147> & Wb £ T
DRI OVZIRE LA 2 5 72 D DKITORFFHHEEE L T2 D0b Litk\y,

A ADIPEIRITE VT AQP FHIIYR VWY VRV EHE L THFELTWE L) Th -
7zo 203 AQP-Bom3 734H %) SNAHME O WK 2 & TIRFBIL T2 W2 @ U, AR BERE
LT3 EIFEADTL, WRERGOBBICOLTHSHICT 2 2 EBSHROHED 1 5T
b5,

COEFTRFATEINLAA 3 AQP D) HKERK AQP, AQP-Bom1 £ AQP-Bom3

IZDOWTIBRT E 723, GLP ¥4 7 TbH % AQP-Bom2 DHGo <l E—XEIC B 2%
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B, ZLTIER~NDOBEG LW ER ) DDOH B, # I TRETIE AQP-Bom2 DL -
PEIR IS BT 2 FBRNT E IV CoBERE 2 TAE L 7,
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AQP-Bom3  AaAQP1 AgAQP1B AgAQP1A PvAQP1 BaAQP1 BgAQP1 EsAQP1 LhAQP4B PRIP LhAQP4A

56.8 56.4 53.6 52.4 50 49.1 48.4 46.3 449 445

56.8 79.4 73 65.4 58.7 445 54.5 446 43 43.6
56.4 79.4 90.9 63.5 60.2 428 56.6 418 40.5 41
53.6 73 90.9 62 58.2 413 52.9 40 38.8 39.9
52.4 65.4 63.5 62 61.8 427 523 427 41.6 416
50 58.7 60.2 58.2 61.8 40.5 50.7 37.2 38.9 36
49.1 44.5 42.8 413 427 40.5 38.2 45.6 422 43.9
48.4 54.5 56.6 52.9 52.3 50.7 38.2 40.7 356 411
46.3 44.6 41.8 40 427 37.2 45.6 40.7 373 91.7
44.9 43 40.5 388 416 38.9 422 35.6 373 36.2

445 43.6 a1 39.9 416 36 439 411 917 36.2



Fig. 17.

Multiple amino acid sequence alignments of the third Bombyx mori aquaporin protein (AQP-Bom3
[PRIP]). Realignment was done with additional data, AQAQP1A (JF342682: Anopheles gambiae
aquaporin ovarian splice variant) , BJAQP1 (FR744897: Blattella germanica), LhAQP4A, LhAQP4B
(KFO48099 and KF048100: Lygus hesperus).
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B3IE

BR7ZO7OUO/RY > (Group 3 subfamily) @
BWEBEDAITORETE (WBAIEESBAZREAITDENRE

WD 77 727 ) ku R »id AQP3, AQP7, AQP9 B X 1 AQP10 O 4 fisfNH 1,

Z NI B 2 BERERITOEA TV B, Bl 213 AQPS 1 Bl oD IR B D 7K 53
Fr, MG cofiiagitziloTs D, AQP3 EZFRIEY Y A TIEEIKICE W TIEZIR, K
TR ESLHEDT, AGIBEOEE, 2 LB CIEHImzE S ML wAE%%Z
B LTHET S, Lo kiiffEdriizgt it (Rojek et al., 2008) ., AQP7 IXARHGHME T
D7) o — P, 2L TEIETIZZY) e — L ORI EERET 5, AQPY 13K 0K
TOFRBINIHH->TED, AQPL0 IFt FDHLE (w7 A TS T & LTHE) A&
THER I 1T % (Zhitl, 2008; £1)11, 2008; Rojek et al., 2008)

BRo77 770 2a R ) v id@E» %<, FBICT Y v r — )L P RE DK EE L EE
INbD, BRTRWICZu—=v 73N T77 770k iRy THirAH04adD
AQP-Bom2 (Kataoka et al., 2009a) &+t X v 74 D AQP-Gra2 (Kataoka et al.,
2009b) , TV KOS FAT 775D ApAQP2 (Wallace et al., 2012) , Z LTI iR
W, 2y AL <hhoMEI N 2 @EHD AQP (Drake et al., 2015) DA TH 5, g
fEtrse It AQP 2B W, 7 2/ BESIDOMFEM:Z w7208l BRdoftl, %20
229 A (Polypedilum vanderplanki) ® PvAQP2 (Kikawada et al., 2008) & A4 43
A A (Rhodnius prolixus) @ RpMIP (Echevarria et al., 2001) 23& N 5725, 0 2fE
X7 u— )L L IREBEDFEEREDR I N TR, s DRE AQP IFRHMAHIC L % &
7'V —7"1 (DRIP subtype & PRIP subtype) 7/ —7"2 (Bib) &I3#E%27 725 —
ThsrI7NV—7"312J&F % (Kambara et al., 2009) .

A4 2D AQP-Bom2 (3R OHE & <L E— X E T mRNA HEHAHER I N T
(Kataoka et al., 2009a; Fig. 6) . L2, HlHIcids 1 08 2 ETHiiR7% DRIP ¥
4 7 (AQP-Bom1) b¥BT 2D T, ZOMFIZOWTHETOEEICODVWTHET LI L

E L7z, BRI HERIE (columnar cell) & FRRAIAE (goblet cell) 2> & K &
N, FIEMEEREAE - I, PRIRMIRE X A A ik - BB ICBRET 2 LA C B s
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Tw3% (Dow, 1986; Terra and Ferreira, 1994) . X 6125 a 7 HEH ORISR O
Jit O BEREIY - A5G L TERBIC X > TA R < L B - i - 5258, 3 DRI TS &R
Wiz, LEZonTw (R, 1976; Cioffi, 1979; Gomes, et al., 2013) , HiE ISR D
FTH RERMMTH 20T, 3 ETIE 3 ODIWILICTITTAQP D2 T~ 2 LI
L7,

INFTOH1IBEBLOHE 2 HTR V-7 1ITET 2KERTY AQP (DRIP & LU
PRIP) DAZFEL, I 1 HEGFET S AQP-Bom2 (GLP) IZ2OWTHDY EifZ&aho
720 H 3 FTIZ Z D GLP subtype, AQP-Bom2 IOV TAGEIRIZ: AQP & DE[EDH 5
», A4 aAhEPGEHOTHRS L2l s 2L Lk,

il % HERL T 2 ML, TFIBOERALIC k> T Z DIBREL D 4 B 2, MEMIROS A, i
HTRIWHOEEZELY, hiln SHBEICH T TIHHRTI (microvilli) %74 L 72X
Moz & % (H, 1995) . BEHIKTRIURHE L 22 RioTw 3 L8 1 ETmL
723, M TIRATEZ T TR ORBTORINSGTONT VS, Leh>T RKDOARTHR CIRE
7 2 a— )ik d 5 GLP subtype DFFEZI AT WEEZEZ 4, I HICATETIE, W

BT GLP subtype DINEH DGO HHEIZOWTHHAE L 72,
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M & B E

ERER, MEOREHE, AIARTOREEILE 2 5 L FRICTV, fHEH L ZIEIC oW TS 2 5 L FRICHE
L7,

%72, V-ATPase Jiffld #8332 2 XX H D0 V-ATPase & 1 BEE xS 2 HUMIE 2 Pk & LTH W, RFi2 196G
ADFER L I ToTVL R,

%8, P TREO AR TN - BE Lz, KM% A, BICHRESERRE T 200 m e (5 is~4
Hii) Sdd SERELL 7o, SRz Kbl L 7242, SIBHRZ S 2 & 9 B 2 M (ventral) 225870 B
F, BERZTE T LR 2RO L 72, St CEERZFARICHET L, Pzt saiici@dEEz LT, &+
WaNEIDIA - 7 £ £ ORBEOTRE 25 2 XKL 72, HE~ER LTV % 6 NOSEROMEZ MR LT, i
B o —FE S ERTES (Midgut-anterior : MGI) , 3 WD =L ¥ — X237 0K LT 2 5682 G HE (Midgut-
middle : MGIII) ¥ L, BIBIOTHIEEE (Midgut-posterior : MGV) @ 3 A% <)L E—XFEHE D fvTn
ZIREEDF FUIWIL, ZNFNOHEIEAEM LT3 REOKE SR (tracheal system) #Ev £y P TOEA, K
WHEIERD A>Ty v — L AEAL T,

in situ hybridization
ANEBWNE X 7L 7 —EDIRAZEITZ7-0I12, HEIZGL TFEPA7EERH L, 8, WS HWwRD
IR IZRNASEERELH % B AMEf L, F8L L 729AM%, 2225 U RNase-free 129 % 72 912 DEPC LB % 175 72,

(a) HBEDEE- K- INS D1 >R
(1) EFEFECHE > TR O SR Z FRILL 72, &, BRI 2y b - REAANY S R oA
BIFEHCHE LI L TR, JREEA 77 AF v 73 ¥ — L (8% 6 cm, FALCON®3002) 12 [E5EH (4%
PFA/PBSY) %# A, & 52U K& TICE W,
14% PFA/PBS :

8% PFA* 50 ml
10 x PBS (DEPC) 10 ml
DEPC-H;0 40 ml

- kept on ice until use
*8% paraformaldehyde :

PFA (TAAB for Electron Microscopy) 49
DEPC-H20 50 ml

- microwave oven (warm up to 60~70°C)
- add 2 M NaOH 50~100 pl, mix well, dissolve totally
EMUIHEREE %2 L 2V OEIRBEH ChHIUE, HOBMEI 234 ZTVEICESTOTH X,
(2) 3 DD EHNY S TYUIMIT % LE S ICTIBABYNER LT 528, PR (peritrophic membrane) 1
WENIPENEYZ I bR & RIBEINET 2 2 L% DT, REUIOBEIERTTIZZ O E FiFET
2 (TR ENET 2oV E—FELZE T BV X HITHER) .

(3) 30~60 min 1Z EFEERPIC B W THGHBEIE 2o 7D MR LT 5, #H L LFEERE ALz 6-Well
Tissue Culture Plate (FALCON®3046) ~#i#kz B2 2\ X ) ITHERES B L 72, FEHBRANZ RO RE R
PEDEKS INTVEIDT, TAEL—F —TEEIBA LT, BEERDOREZHEFEDDICI R, BIERD
MR, MR (tissue mass) D20f5BL ExEHZE L, WEEN Tt (16~20hr) [E7E L 72, 6-Well Tissue
Culture Plate 7 & JAPHZ /X7 7 4 L ATHUETE L (¥ ZMIZIEL T 50 mIZ Coming®F 2 —7Td K\
il 20~30ml) ,

(4 BH, BERZEAAERy bR TAHAVYT—YavickoT, M2 ET 0L IEEL BT,
PBS-DEPC Z 2 chl A, FHEiciREE 72 (10min, 3[1]) , ZD¥EHD 25 v 7T 6-Well Tissue Culture
Plate 2> 5 Coming®F 2 —7 (50mlI &) ~EZTH L\,
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(5) 25% MeOH/PBS-DEPC % il 2 (Corning®F = — 77 5 20~30 ml) , 10~30 min AL IR S ¥ 7, IRERF
MRS cIR LV EDIfTo %,

(6) FIBkIZ, 50% MeOH/PBS-DEPC — 75% MeOH/PBS-DEPC —100% MeOH & X 8/ — )VIRE 2 R P -Cliizk L
7= (%A T v 7 10~30min) ,

(7) 100% MeOH % & 9 2 EERHa L 7=, BiAKDE AT v 7O RIEHBOK E SJWIH L TEZ T,

(8) Xylene 2 A7z H v 7N (F 9 ABDBEH v > 7Viiz i, 20~30 ml BREDY >~ FVHE) 12 v —
LS ifkE B L, Xylene #EEZ 7 (30min, 2[H) , 1[HH® Xylene DB, %< Bk L 7z,
100% Xylene H1Tl RNase (#2272 DT, AWK Z LTW w3y v 7OV Z M LT HREZ W,

(9) & 55 L OFY 60°C IR - 72 [ER AN TIAME L 7 Paraplast Embeding Media® (Paraplast Regular, Sigma) H 2 i
KU 7=k % 21E L 72 (30~60 min, 60°C) . Paraffinld 243 1 H 7> & [HI SN CTAMR S ¥ T2 LCTE <,

(LOWAFR X E TdHh 2 B D Paraplast® ~HMEZ BT WX HICHER L TELEZS Z L2 20T, T 740D
FEHMRNNDEEZ TR b D E Lk,

(11)&5EF 3 Ml Paraplast® ~DiE#ER, % DFAMRGEIEZ HT L V> Paraplast® %7 L 7 (2R O GBS ER~, %2
RO A D5 &) AL, R CHE LB S ¥z, MR R hEE & ol L itk &
7' Z DEMBIRAE LIAATEILE ¢ 7, BEBICERICHA L 2WEEE, a7 ey 7 2@EEIc e
L7 (BULT 2 BTSN AN S L SIEPBADA S O THR) .

(bYNS T« IR DEREBING T+ ViRF (REReELEFEERABDOFIETSHIN—BRES)

(1) 37 74 vicaIn kI, 2ommt, Bk (he-gha ) omiicEELTrY v L, il
MRERLD T 74 v %D LIERSE, KOBRICEESEL (D LU RO H I, B
RELT7ey 72 taicmeLlTil, BEEEED) .

(2) S 7uv b—2 (KADGELERASHE) 2HwT, BRI ) 72 a7 e vy 7226 E S 5~6 pum
DEfI R 2 FE L 72, 87 74 VRS E 40°C IZEE L, H 522 % DEPC-H0 2 I L TEWHMmD
254 KA 52 (APS a— b fF, SUPER-FROST®=in situ B, #AMAY 7ok &4E) kic, ZifEy R %
IR G K S ICHER L TELA,

RV AIA FHAIALDYIFIE, "NATVIL =L avDATy 7R&HEIC, 70A 0% EETB3R6RT
A R FAFRPERPRT X DICHR R CHER LR, B I 87, 40°C IS, —MuiE L CizL
I,

@ EFH, VIR ZRESETLATA FA I AZHABEEFEDOA T v LAMORE ) T2y b LTS 74
EZfTo 7, W7 74 YEAEIZLLUT DUt 9, Xylene (15 min, 2 [A]) — 100% MeOH (15 min, 2 [A]) —
90% MeOH (PBS-DEPC T##l) — 75% MeOH (PBS-DEPC TH#i#l) —50% MeOH (PBS-DEPC THi#l) —
25% MeOH (PBS-DEPC CTifj#l) &, &4 DA T v 7% 10~15min TOA T A R4 7 A% BFEMICIEREL,
i 74 VAL 72,

(5) A9 4 FAF A% PBS-DEPC (5min,3[0]) 12&L 7=,

62



(c) tIFDrINE
(1) —20°C IZfRAF L 72 3 7EE A D Proteinase K stock solution* % Eilifig X ¥k iz i 7z,
*Proteinase K stock solution (20 mg/ml, 1000-fold)

- directly add proteinase K buffer** (2 ml twice; 0.5 ml, twice, up to 5 ml) to the package bottle of
Proteinase K (Boehringer 745 723), making up to 5 ml (100 mg/5 ml)

- filtrate through Millex GV (0.22 um)
- 160 pl aliguots kept at —20°C (29 tubes)

**Proteinase K buffer=TE buffer (10 mM Tris-HCI, 1 mM EDTA,; pH 8, RNase-free-H20, 100 ml)
- prepare “RNase-free bottle”: an empty bottle which had already been made for DEPC-H>0

1 M Tris-HCI (pH 8) T 1ml
0.5MEDTA (pH8) ™ 0.2ml
DEPC-H20 98.8 ml
T1 M Tris-HCI (pH 8) 12.114 g of Tris (use “RNase-free bottle”)
DEPC-H20 90 ml
6 M HCI ca. 9.5ml

- make up to 100 ml with DEPC-H20
- autoclave at 121°C for 30~40 min

110.5M EDTA (50 ml, pH 8, DEPC) 9.306 g of EDTA-Na;
- add 40 ml D.W.
-add 5 M NaOH, make up to 50 ml
- DEPC 50 pl
- well mix at 37°C for 2~3 hr
- autoclave at 121°C for 40~50 min

@ ASA4 FAIZAD7 0 FERTICHA, ¥ 74, Protenase K MWRD &M% o v — 7Ry 2 L TRIA L 2
(Proteinase K ZLHIZfHAk > RNA #1822 0 ¢, WHIFR o FowEbaspma )

(3) BN L 7-JufiE (Wide-size) - Proteinase K/PBST ({84 L 7z 100 ml &) %ZMMZ, H 52U 37°C T
E\ 7 (R O TSR T 2, BIRHER TR 25°C Bl 2 5a b H 2) |
TProteinase K/PBS (10~20 pl/ml, 100 ml {E#)

- prepare 200 ml-size of the Erlenmeyer flask (sterilized)
-add 10 ml of 10 x PBS (DEPC) and 90 ml of DEPC-H20
- add 80 pl of Proteinase K stock solution* (final 16 ug/ml <100 pl i Z % & 20 ug/ml)

(4) 5~30 min ALBl#%, PBS-DEPC % A7z Hefads (Wide-size) ~UIH 2L 7%,
(5) Ri%, &< BT o T PBS-DEPC Z#C 7 (1 IMH DI 2~3 minfifE) .
(6) # L \» PBS-DEPC Z /AT, o< b LIREE ¥ (5min, 3[0]) ,

(7) M HFALL 7 4% PFA/PBS (100 ml) % HZZMIRET L 72 Jettils (Wide-size) ~A+, ZINATA4 FH72% 1
WMIOEELTCORURICERLAZPOHRAL, EHT 20~30 min [EHE I 7%,

(8) B % ¥ C, PBS-DEPC TO¥H %M DIK L7 (5min, 3[E]) ,

(9) FE, 25%MeOH (PBS-DEPC TH#i#l) — 50% MeOH (in PBS-DEPC) — 75% MeOH (in PBS-DEPC) — 100%
MeOH, &¢H AT v 7% 10~15min TOA 74 P47 A% EBBEMNRTE LIKOEE L 72,
100% MeOH %2 # 2 7= A 5 A R4 7 A IZERE L 7o Yetass 1237 ¢ Az S w7z,
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(d) Hybridization
(1) Pre-hybridization solution" 2314312 & 2 £ ) 2 AL, Y ZiF+ud 25 ml 72477 L CH % Formamide#
% =20°C ) L CAMIETE W (55~65°CIZk Y FLTHIEINA TV IL =Y avf vyFa—F
— %M, 2 AEHT % LEF]) .

IPre-hybridization solution (50 ml) : 50% Formamide, 5 xSSC, 1% SDS

Formamide# 25 ml
20 x SSC (pH 6 or 7) 12.5 ml
10% SDS 5.0 ml
DEPC-H;0 7.5 ml

#Formamide (Fluka47671, Ultra for molecular biology) % % ® ¥ ¥ fiif
Store in 25 ml aliquots at —20°C with Corning® tube (50 ml size)

FHAEYT - @ in situ hybridization 12 3\ >Cl, Whole mount in situ hybridization (Miyake and Azuma, 2008) & 135272 1), Pre-

hybridization blocking step (ZB 44372\ >, IPre-hybridization solution (& 1"Hybridization solution % F{#1 9" 2% 72 & D R—Z (2 LT >

LEFTH5,

(2)RNA 7' —7 (anti-sense probe ¥ & U sense probe) 1%, Hybridization solution® T 200~400 ng/ml DRI AR
5, AT 2L, FEABH T S min MBI L 728, REREZREOICLIN, TV I E—va v
AYFax—%— (~65C) ICTMRLTEL,

fHybridization solution :
50% Formamide, 5 x SSC, 1% SDS, 200 pg/ml tRNA, 50 pg/ml Heparin

Formamide# 25 ml
20 x SSC (pH 6 or 7, DEPC) 12.5ml
10% SDS 5ml
DEPC-H.0O 7.5 ml
20 mg/ml tRNA* 500 pl
20 mg/ml Heparin** 125 ul

*20 mg/ml tRNA (Boehringer 109 495, baker’s yeast, 100 mg)
- directly add DEPC-H2O to the bottle
- make up to 5 ml (100 mg/5 ml)
- filtrate through Millex GV (0.22 pm)
- ca. 500 pl aliquots kept at —20°C (10 tubes)

**20 mg/ml Heparin (FlukaSlSSO, sodium salt, RNase inhibitor)
- directly add DEPC-H>O to the bottle
- make up to 5 ml (100 mg/5 ml)
- filtrate through Millex GV (0.22 pm)
- ca. 500 pl aliquots kept at —20°C (10 tubes)

Q) EHZIEI AT A FATR, AN—HF A, WM ZHERM T2, A7 FAT7AD7 R MFmIc7u—7
DM ERIICEIE L TR <L,
SR 2 A v —L CRUFEMEEE) NIZ Drummond®d Micropipette % Xylene CTEEH ICHE S, XA 74 FA 7 AZ#AE S X
ML L2b D, A v—L D2 AFHICIEF LT A 7% D 727 AT, Pre-hybridization solution (~2ml) % F X4 T
s s+ TE L,
G UIRZRELIATA RN 2270 —7% 200~300 yl I L, Z 0D Lipo A= 5 Z%2h84, KPR
FRHOAEE L URERENICIER, 7822 LT A, 754 E— a3 v V¥ aR—F — AR ALz,
1 DM NI 3R 2 2 EDSA[EEE DS, 7'u—7 2 &AM % 2 2 72 5 00RELE D 7o,

G)EBETD7TR—=7Dty F2Eb-726, ZNENORIEFEZNA 7V ¥4 ¥ —2 a VHOR Y EICusR &K ®
Bhvs 72,

(6) 55~65°CT, —M (12~18hr) FHE L7z (IREOLEIZR\)
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(e) RERIGICKD>ITFILDiEH

(1) Washing solution (insitu)f 8 K X2 xSSC ZFHEL, "4 7V F¥L X =T a A vV FaX—F—NTHo2L D
IR LTH L (GERTICREE S 9 72 Formamide DEEZFER T2 2 &)
"Washing solution (in situ) : 25% Formamide, 2 x SSC (Fluka47671#250 ml 25 % {#i )

Formamide (Flukad7671%) 50 ml
20 x SSC (pH 6 or 7, DEPC) 20 ml
DEPC-H.0 130 ml

@ NATYVFL RIS 7T u—7 OFMSAIT, Fetads (Small-size, \ZEVREF) Z¥EML, Zh 2T
Jni U 7z Washing solution (insitu) 2720 ml 2 ANT, N 7V ¥4 L= avf vFax—F—Hick vy
FLTEBWT,

BYNA TVIL =2 a v EVTRATA FH T AITHh R8T H23—H 5 Z1ZWashing solution (in situ) 51T H & IZ
23T, WRDBSEBNEL RV IEBELENSIINT, 7u—7 2 L ICHE L 72440 (Small-size) ~
274 KB I A%ZWD, 65°C THHT % (30min) . YIH %S Washing solutioniZiZ2> > T % 20 % X < FEER
L, WEHIED VA, Washing solution Z#i7E L 72,

(4) 2 NFNDYetarzN D Washing solution % #5C, #1 L \» Washing solution 2#J 20 ml 37D AL TPz &R L
7= (65°C, 30 min) .

(5) Washing solution 2T, ™A 77U U L= a4 vFa_X—F =TI L TE 7 2xSSC Z A YEE L
7= (65°C, 30 min) , Z DRI T, 0.2xSSC (200~300ml) ZFHEL, "4 TV IS ¥ - arAf vF a—
F—HNTIRLTEL,

(6) 2x SSC =#%C, 0.2xSSC ZMA, YL 7 (65°C, 30 min, 2 [A])

(7)0.2x SSC ##5T, #etad® (Small-size) Z=EiRICH L, Maleic acid buffer + Tween20 (MABT') ZJZ, ¥l
7= (23, 5 min, 3[A])
TMABT : 100 mM maleic acid (pH 7.5), 150 mM NacCl, 0.1% Tween 20

Maleic acid buffer (pH 7.5) 200 ml
20% Tween 20 Iml

@) AT7A FAIAZ LT OTHEIL, YRAADORT AT Z XL T4 7 TROELS, BHBMARNICIER, AT 4
R A9 2 gLz B4 LT\ 381 Pre-block solutiontt 2 i T~ &8, HiRT2~4hrHEIEL (A4 K7
A LOYIRZGE»r S0k HITHER)
T*Pre-block solution : 2% blocking powder, 10% goat serum in MABT (10 ml #{34)

10% Blocking Reagent stock solution 2ml
Goat serum (Vector Lab.) 1ml
MABT 7ml

(9) EFE@)DEEMERIZ, 2l D Anti-DIG-ALP % 10 ml @ Pre-block solution 2/l Z, 1 :5000 7R Working solution
ZAEELL 72,

(10) Pre-block solution Z#& T (/ =¥y NnA 7V ¥4 ¥ = a v EI3EA D EFHHH L Z\) , Working solution %
YR IS T LSRR IR 5, s S BE NI AR ICER LT L, 274 P47 A LIS
STW3 Z L2 HEMERL, #Hx2 L SEHEEENT—BEHE X ¥ 7%,

(1) H, FHRICKEL, anti-DIG-ALP 2T (BN L 22\, o 72 REFEH DAL 72 anti-DIG-ALP & 1 LN
WKW 2 X 91273) , A7A4 A7 RAZ2tE (Wide-size) ~& L, MABT ZiIZA T L%~ (10
min, 3~4 [d]) .
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(12) MABT % & T, Detection buffer (NTMT) TC¥E#9 3 (547, 5min, 2 [@)
INTMT : 100 mM NaCl, 100 mM Tris-HCI, 50 mM MgClz, 0.1% Tween 20 (200 ml)

5 M NaCl 4ml
1 M Tris-HCI (pH 9.5) 20 ml
1 M MgCl> 10 ml
20% Tween 20 («p.23) 1ml
D.W. 165 ml

(13) Color substrate solution (TNBT/BCIP stock solution 200 pl in 10mI NTMT O#l &, Lfl#E T\ 3) ZHetads
(Small-size) ~fnz, EOLTCTHELZ (i) . FfhsE (Wide-size) %M WHifYT % 7% 5, Color substrate
solution 1%, NBT/BCIP stock solution 500 pl in 50 mI NTMT CTFH#$ 2, KIGHHE W E PRI 551, 2~3
hr #EiE, JWH D PBS (ML L8 v 8 7 HEH) 2 AN REFEARTA P72 2B LT, —
BBz 1R S, e BimsE cHlgg L7z, —MRICHIBHRRIE B R T TR S ¢ 7,
TARR T R TAIRIETH > T Hiabh (10,000 rpm, 30 sec F2HE) LT, HalZ B2 Ty s 2 & |

(14)FH, PBS T2~3 | T 2 2 L TRIGZ Ik, ®%IC 4% PFAPBSH (£7:133.7% F VAT ILTEFR)
T 15~60 min fREEALIE LC, > 7P EFEE L7, FEEREZRT, PBS ZMEEAIM L Ty L 72,
1HB EREE L Zodiv b o bW, FEORHE 7 # 1% PBS-DEPC % {9 M BE1Z 2\,

(15) NBT/BCIP D SSFERBFHETH 2 DT, FEAEMFDOMWMEIZEL T, VECTOR® Hematoxylin Nuclear
Counterstain (Gill’s Formula, Vector Lab.) 2 & 3 xfthifta 2175 72,

(16) DAPI 3 254513, PBS M DMK O S/ A T A F AT A% 210, ZEE/KTHEL, YR OMEE °RY
KT E X LT A T TR GEL>TA 5, VECTASHIELD® Mounting Medium with DAPI (Vector Lab.) %1~2
T, ML TAN=AI7ATHIZTH o M T oL,

WO T CBIZET 254, (15)FA6)D &L I ICKZ Rt d 2 08 d kv d Ltk v,
FEEN G OMMC X > THEIT 5,

(17) DAPI a2 1T b 7 WAL, PBS VRSO O -7 A4 FA I A% 28], REKTHRIGL, YR ORI E
TRITBKRITZF LTA T TR TH 5, REHBILY 4 SlEOE A DOBiAS ) =X 2L, 70%
EtOH— 90% EtOH— 100% EtOH 3 [Al— Xylene 2 Al &, &% DR T v 7°5min §D A 7 A4 A7 A% BFEHIC
BEL, BUKQWEL 72, 100% EtOH 225 Xylene ICBETERIE, ¥ LT A 7 CRIBIY ) —Nir2 T B

WS T 68 L7,

C DRI 1INy 775 RRIER RS 7 F L2 FIF 2000 H 5, LarL, HOY ZFILBgugaidbilE

A, GENLPEFHTLEFOBHEOL 7 F L b5 o TLEH 2 EDb 2, Z DRFIFBIKNTNICARKISRT TV R

4 P LEOYIFICAN—A I R 5, GEBHL, Z0%k, BRkKLIICE-S 7%,

UK IMILL 72 A 54 A IR ZE X LT A 7 LICHiR, 2574 FA TR 1T, & AAK Mikroskopie
ENTELLAN® neu (Merck) % 1~2 {32 N L, A 5—# 5 Z (Thickness NO.1, 0.12~0.17mm, ¥AJAY 77k
XEth) ko THALL, BELTWAUFOE (H) 6L GHEIEZRY A X (24 x 32, 24 x 40, 24 x45
HBNZ 24 x50mm) DAN—HF A BHEHL 72,

Western blotting & fefEe 35 1 & L AkIcT> 7%,
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1. ESERGIIC KD AQP mRNA DFHR

B A A HRPIGIEHROAR & LTERNTAET%Z ) %5 (Kajiura and Yamashita
1989) , HMEVHETH 2, ko THEZETE - i, BXOBRTICH T ThAL 2
AQP O mRNA OFH, K2 AQP-Boml & AQP-Bom?2 % HTE L7z, Z DiEH, AQP-
BomI \ZFICHBEOHRHETHIL, 283kb D v IANY FE LTHIEE N, 2L T
AQP-Bom2 13T E BIEBICOAFHL, 1.3kb DIF-oEH LAV E, BXU 1.9kb D
WY RELTRBENZ (Fig. 18) . BHBOHTHETIZZ D 22Dy FiddH £ 1 fifE
AINkdot, Fils (Kataoka et al., 2009a) 23 L7/ —¥ > 7 v v MMEH O
B, AQP-Boml1 I3BIGTREICHKELL, AQP-Bom2 3Tl v L E—FETHREL T
Wiz, SEOFERD S PG TIZFIZ AQP-Boml & AQP-Bom?2 D3FEAT 253, Wgidhzic
Lk oTAQP DRI ENRH B L) THho7, TD 2D EHA, AQP-Bom3 DFHIZ TG
TIREA LRGN T,

2. in situ hybridization ([C& 295 ERHEA AQP mMRNA OFIFEHE

SR OEAIIC LD 2 DD AQP DFBUEVRO 5NDT, IHICHLIHAET S
= DICHG EREAIIC BT 5 AQP mRNA OFB1% in situ hybridization 12 & > CFH X7,
DIG 12 THE# L 72 AQP-Boml O 7 v F v 270 —7% w84, thigdhaso M &
DOHNE B ME D KB E e (Fig. 19A) o KIS IEF O MM iR T E %«
28, PR E I L CTRRH LD TH o7 (Fig. 19B) . £/, v A7u—7ick3av
b= VHEERTIR Y SRS S e dr o - (Fig. 19C)

DIG I CTHEk L 72 AQP-Bom2 O 7 v F v 2 7 a—7%2 7B, o M
fil, FRICHRETE T OMINE (apical cytoplasm) THRW G S 11725 (Fig.
19D) , HEHTETIZ AQP-Bom27 ¥ F L v 2 7u—7 % HwT b KSR S nt (Fig.
19E) , ¥7- AQP-Boml 7> F v A 7a—7THEMETH -7, ZOMEAICEIT S
mRNA ##E /) =¥ 7 vy MEfTcHonT—9 27200 Th D, 2fEHD
AQP mRNA ZHEMIICHEB L T2 2 L L 2, 7, PIEoBAIc & b &Rk
WholtREE2 T35 EbRaENni,
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3. AQP-Bom1 & AQP-Bom?2 (FMEROERMICHKIRT S

mRNA FH D FEEiD 5 AQP-Bom1 & AQP-Bom2 (342 HligHR & %58 o M e ¢
W s ehmdns (Fig. 19A,BE XU D) ., 22T, AQP-Boml, AQP-Bom2 % i&i%k
T PR 7T Pk 2 v 7 ekt e 217, B VR 78 E LTOREZ#AEL 72,
ZOPARTF FHARIRE 1 BB I OE 28 THHHLAZbDOTH S (Fig. 2) .

HGHREIC B VT, AQP-Boml, AQP-Bom2 I3HfEfIlgDE IR S, Db

, B DOWIREMEZ Fi e WAL IE S AZZEBAIc b i ¥ (Fig. 20A 8 XU B)
Hilg D 7= 9, V-ATPase Hifk %z fl v 7 i LA 2T > 72 & 2 5, MR O B PR =
RN 2 OB Stz (Fig. 20C) ., FRERTHIUAIC X % 2> b a—)L3EECldhiE
BemicsBouTaInghr o7 (Fig. 20D) .

HIGRRIERIC I\ T, BRI o BN 3 4204 22 0l U SR 2 BB MG 2 /R U (Cioffi,
1979; Gomes et al., 2013) , AQP-Bom1, AQP-Bom2 DWi# 2R IckHE S 7 (Fig.
21A XU B) ., AQP-Bom1l D Jixid DAB O ERNABH O R ST Zzn Xk h
Lo TWVB I THo7 (Figs. 20A B XU 21A) , # LT V-ATPase Jiific X 2
HCIEARRANIE O B AN FRH I B e SOS R S 7. (Fig. 21C) o SeZnidifs 2z v
7RIS TIEHIGHRE D £ DT JutaldiEiB S ko 72 (Fig. 21D) . GG T
AQP-Bom1, AQP-Bom2 il /5 O fuZE kit~ < HEHIIEO BRI 59 R AR S 1 5
I E Y, V-ATPase 2 M\ 72 BT b MRMINEE PRI T O SOGIZTI D DTH > 7z,

4. 5PRadD AQP-Bom2 IRBEMICKO>TREZZILETES

5 2 #CUAIC 13 AQP-Bom1 & AQP-Bom3 O 2 FRMAD AGEIRIN AQP 3FH LT 5
ZERRLEED, SHRPEPCILE—FETHILL w5 AQP-Bom2 23 HHOINE TIX
HBLTw2D7E5 )%, ZITHRTOERZFIRS Z L L, WEFEN (Day 6)
TIRIRIN & 72 2 90, FEARIRIN & 72 29082 Z 24 20%~50% DIEHHE > 2 PEE L
Flim AN X > Torid 7oz v /e & 2 A, IRIRIE & PRI & & 12 Band 1 D47 I 70.4
kDa DN P S N7z, & 5IC/RIRINIE Band 2 & Band 3, JE{RERINCIZ Band 2 &
Band 3 IZ/lIZAT Band 0 (K€Y = % — F ZHJF L 72571 > 72 47H) T 71.2 kDa DN

v R E iz (Fig. 22; Day 6) » DOV R 2 BIKTH 2D 3 BIKTH 3 H 134
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RELZOVH, BZ5AQP-Bom2 DAY Iv—7F #2505, IREEY (Day 10)
TIXRHRIE, FEARIRIN & 12 Band 1 ©71.2kDa & 70.4 kDa O8> K238 7L v b IcHiH
E1, Band 2, Band 3, Band 4 Tlix 71.2 kDa DN FO &M Sz, 7 Band 4 ®
NV FIFRRRIBH I N HIAICH > 7 (Fig. 22; Day 10) .

Z 2 CuERRk b O B 1) 5 AQP-Bom2 DJSTEZ RIRIIZ A WTHERR L 72 & 2
%, BRI O INIE T I IE i o S REMAEA (TESGH) 1258 BOBSHER S vz (Fig.
23A BXUB) . ZOXKEWEAINBIEEMICZ 2 L, ZORKINIINEHIRO R ICHET
Z/ANERERIIZY 7 F LT (Fig. 23C~E) , DAB 00U 2 KL THIZE L TA S
EFTZICABDRERL & O HIRG S N RIS S e (Fig. 23F) o % 72 IRRIRINC B [AlkR
DGRz,

% 72 H* V-ATPase §ifk % Fv> 7 DI o DI C L3 e Rt Rt i B A 12 2 2 99 o I
JEDMR S N, & S ICINRHIERE O I E D & 20 M Ism e KBS S e (Fig.
22G BXUH) .
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2.3 kb

1.3 kb



Fig. 18.

Expression of two Bombyx mori aquaporins along the midgut of silkworm larvae. One ug of mRNA
from the anterior (lanes 1 and 4), the middle (lanes 2 and 5) and the posterior midgut (lanes 3 and
6) was subjected to formaldehyde agarose gel electrophoresis. After the Northern blots, two nylon
membranes were hybridized with the DIG-labeled antisense RNA probe of AQP-Bom1 (lanes 1~3)
and AQP-Bom2 (lanes 4~6), respectively. The RNA standard markers (Mr lane: 0.28~6.58 kb ssRNA)

were also electrophoresed in the same gel and transferred to the nylon membrane.
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Fig. 19.

In situ hybridization for Bombyx mori aquaporin mRNA expression in the midgut of silkworm larvae.
(A, B) A DIG-labelled antisense riboprobe for AQP-Bom1 was hybridized with the sections from the
middle midgut (A) and the posterior midgut (B). (C) The posterior midgut with the sense probe for
AQP-Bom1. (D) The posterior midgut with the antisense probe for AQP-Bom2. (E) The anterior

midgut with the antisense probe for AQP-Bom2. He: Hemocoele. Lu: Lumen. The scale bar, 200 um
(applies to all panels).
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Fig. 20.

Localization of two Bombyx mori aquaporins and V-ATPase at the middle midgut of silkworm larvae.
(A) Immunohistochemistry of AQP-Bom1 (a water-specific DRIP subtype). (B)
Immunohistochemistry of AQP-Bom2 (an aquaglyceroporin subtype). (C) Immunohistochemistry of
V-ATPase. (D) The control staining with the IgG fraction prepared from the preimmune serum. Note
that the apical surface often shows some budding spheres (arrowheads) from the columnar cells.

Lu: Lumen. The scale bar, 100 um (applies to all panels).
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Fig. 21.

Localization of two Bombyx mori aquaporins and V-ATPase at the posterior midgut of the silkworm
larvae. (A) AQP-Bom1. (B) AQP-Bom?2. (C) V-ATPase. Note that the immunolabelling at the goblet cell
apical membranes is prominent in the posterior midgut. (D) The control staining. He: Hemocoele.

Lu: Lumen. The scale bar, 100 um (applies to all panels).
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Fig. 22.

AQP-Bom?2 (GLP) present in membrane fractions prepared from diapause and non-diapause
follicles from Day 6 (vitellogenic) and Day 10 (choriogenic) Bombyx mori pupae. Fractions were
collected by sucrose density gradient centrifugation from Day 6 and 10 ovaries, each non-
diapause-destinied and diapause-destinied. Using non-diapause-destinied ovary from Day 6
pupae, membrane fractions were separated 5 fractions (new appeared fraction named Band 0,
upper Band 1). Each fraction(20 pg protein/lane) was resolved by 12% SDS-PAGE and
immunoblotting. In Day 6 non-diapause; Lane 0: nearly sample zone (Band 0); lane 1: 20% upper
sucrose zone (Band 1); Lane 2: 20/30% interface zone (Band 2)Lane 3: 30%/40% interface zone
(Band 3), and Lane 4: 40%/50% interface (Band 4),

Day 6 diapause and both Day 10; Lane 1: Band 1, Lane 2: Band 2, Lane 3: Band 3, and Lane 4: Band 4.
The 71.2 kDa GLP polypeptide was detected Day 6 non-diapause Lane 0 and both Lane 2, 3. In both
Lane 1, slightly lower 70.4 kDa polypeptide was detected.

In Day 10, doublet bands of 71.2 kDa and 70.4 kDa were detected at both Lane 1. The 71.2 kDa
band also was detected in both Lane 4.

Mr, protein marker (150, 100, 75, 50, 35, 25, and 15 kDa).
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Fig. 23.

AQP-Bom2 (GLP) in a vitellogenic and choriogenic follicle of the silk moth Bombyx mori, as
determined by immunohistochemistry, partly used anti V-ATPase antibody (G, H).

(A) Vitellogenic follicle AQP-Bom2 immunofluorescence at the follicular epithelial cells (Fc) apical
surface. (B) High-magnification view of (A), signal was denoted by arrowheads. (C) Choriogenic
follicle AQP-Bom2 immunofluorescence at the yolk granules near oocyte (O) cortex. (D) High-
magnification view of (C), signal was denoted by arrowheads. (E) Choriogenic follicle AQP-Bom2
signal was detected by DAB staining. (F) High-magnification view of (E). (G)Vitellogenic follicle,
V-ATPase immunofluorescence at the underneath oocyte surface. (H) High-magnification view of
(GQ), signal was denoted by arrowheads. Weak signal was detected in whole body of follicular
epithelial cells. Nuclei were counterstained with 4,6-diamidino-2-phenylindole (blue color) except
in (E, F), in which the section was stained with hematoxylin. O, oocyte. Scale bars: 100 um (A, B) and
50 um (F). The bar in A applies to C and G; the bar in B to D and E; the bar in F to H.
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z E

FEEAEDF a7 HEHONHIZELZ AN, KEHRWI]KE 2\, WZIERL 23ED)
517K THRN DK Z MR T 2 03038 %, AL - I Z hDicfTbi, i B
TEPEIR MR 2 SN, WA LEO st LTt n s, 61 ETiksilh
B 2K & Z 3UZBEE-§ 2 7KGEIRIN AQP 12O Wi L 7228, AE Tkt
IZFB19 5 GLP subtype (AQP-Bom2) IZOWTHN, & 5ITHiOINETH AL 72,

BIGICEWTEEL AQP 13 AQP-Boml & AQP-Bom3 TH o723, HGIcE ) % ik
AQP 13 AQP-Bom1 & AQP-Bom2 T&» ), AQP-Bom3 (I i54k% i L CHEM,
R D FEE R T AQP D H - 7 b2 MR T 5 2 L IETET, transcellular 27Kk
NG E I L TIR V& ) TH o e, FE AR 2 T 5 -0 ITiZHETO AQP D ¥ HiE %
WET 203 H 550D, HlgEEiE - ohil - %Iy CBligE L 72BE, AQP-Bom1 (%f
IZHEBICFEBE; Fig. 18) & AQP-Bom2 (RRICH I~ IEBICHIL; Fig. 18) H3¥iin o 72 AT
THIT 2 &) T EIFMEMBEOERICK, &% WIZIEFERYEOWHEDIZ 1UR-> 7
BTN Tw b3 I EZRLTWADTIERWES I D,

— I G O FfERE2EAL & R ORI EZ 1T ) LEZ 5T (Terra and
Ferreira, 1994) ., 7 3 7 HEHRSROPIGERILER, o T 7 LA ) EDOHELK T
73N TED (Dow, 1984) , Z DMLIRIZPHERZ /i L CEEN TSR % %3
(Santos et al., 1984) , a7 HEHROWEEIRIIIREOEE L LTH/NI L, S 5ITHE
ELCHIBGCHIILTWw 5720, MERIZHHEANSY EEERS S S, Licoi> TEARO
SIRCIEH I TRIEEOBERE 2 & A KREDIEIK Z 7T 5 65503% 5 (Dow, 1986) .
g s o P AR RIS FAAE 2 LR O MBI G L Tw 3 TH A I MK S A
57 (bleb) IZHFEHT 2 (Fig. 19A B X UB) Z &5, AQP D9 L THEHT AQP-
Bom1 (ZTHLIRD 7T MHERE L T 5 & & 2 605, HlHIRICIZTEIIK Db kb L 72
HHBGEET 200 Litkwe,

AQP-Bom2 13 40, SR 2 B E 2 RO JERICHT ) s o 72 BT FEB
LT (Cioffi, 1979; Gomes et al., 2013) ., XD PG TEREICERICHE SN 57E
BHIZAHTH 203, hIFHEEBIZE T AQP-Bom2 13 £ 9 %5 AQP-Boml & i#E- 7-7%E %
HoTWBXI)THB, B4 aghduiy v 9hic 20 mM L DIREZHREFLTED
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(Sumida et al., 1990) , AQP-Bom2 LV 2% & HhfiGAE e R o FR 35k (< BEBE 3 2 @
H LIk,

Z LCONiETld, AQP-Bom2 I3INETZ I g, i < SRR T I3 R T D
VBRI RTE LT e, TEAIIZINN B DI D AR Z BRI, & %\ IXREEIYIC SR
L, SOICHIREERINS v 87 D&M, D3k £ %179 (Anderson and Telfer, 1969;
Sato and Yamashita, 1991; #AlR - B85, 1996) . RIRIN & JEARIRINZ ey = 28 v 7
0y MENIC K 27 Vo8BS OMER, S X 2 BIE T OFBIEALICAZ I D
> 703, FEBHORIRINIZIERIRINIC LN TRRIFE 2% ¢ (Ichimasa and Hasegawa,
1973) , MREME D E2 5T 2 (Shimizu, 1992) T EPHAIGN TS, BHRIITHRHRD
HEDLWIEEIZ, P77 A7 )kua—LThD, ZIUuBEHEHREBE 7Y kta—1Lhrs
H &35 (Ziegler and Van Antwerpen, 2006) ., JEfEfIED AQP-Bom2 2377 £ 1 —
WO IAARICBIG LT 24613, ZOWAEIEIC K> TIEERICEMPEC 2 2L 6%
A2 B, 7208, BNBLCARIRAVE Y DMERS 2 EIREIMAMEE S 15 —75 T, SEINIR &
TOMIFE R IZBHARIRIVD T 3% v LIRS, Z U3k B & 2 98D IFE A
DRENHET 2 (Ichimasa and Hasegawa, 1973) .

% 72 IR R O IR E 53 AT T IN BN O SRS S IR E OfRfE 2 AL L 2o & 72 5 7
O, BOHBDOALLS>TL v, HNA DS HIRIRIY & IERIRINDE 2 81 5 113D
I TR DBEADKREETH 5, S I MR THIRIRIN « JERIRIN DR, i kil
PIBES 2 DIFRE C 574D (Chino, 1957; HIHE 5, 2008; 2011) , ZAERICEATE E S
N7INTOIESINCE T2 GLP D2 M % L THEETH A9, BEMIAFIIE LT
GLP (ZENifilE2 & 0 7)) L a — L PEHIcBIG L Tw 5416 H D (Hara-Chikuma and
Verkman, 2005; Rojek et al., 2008; Verkman, 2011) , AQP-Bom2 DUYNIC & 1) 2 HfE % B
789 BAICIERIRIN & FRRIRIN D 77 2 1 — VR IRFEDEHETEME % & 2R 2 0813 H 5,
i 20 HRLICT O T E 2 RIR A Ve v DIEAIRE O 2 2 o) ) N2 63X 2% 2
EIZHD ) B,

7, FEEFOINT H V-ATPase (38N E 42 & INAHIIEEE O 22 I
LTz, MM ot SN Otid s 2 5 C WSRO HY V-ATPase 234t 3 17z b D
REEZLNS, Z LTCIRHIE TR S 17 HY V-ATPase (ZP/E DHLD JAAIZEE L Tah
WL R REAROAEDO DI L Tw2DTHS ),
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BHO GLP ZFEBIc7u—=v 73 NnTw3s 0047 { (Kataoka et al., 2009a, b;
Wallace et al., 2012; Drake et al., 2015) , GLP #%e2> &5 O iGHRE O FGE, SR E
NDOEGOBIE» L 5%, KDL ORBHMTORGELZFFET 2,
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BA4E
e 8 35 8

KIZEY O TR E B4 B AALERIBIC R D v, BHIZ/NESHEEIY) <, AR
(Y >%) BbbHTHhrThH2, LL, bT0EERL 2RI REBRTHSTH
RGEPEREDNE 76 F, WE WA 2EDOHAHADILD LTV 5B, AL aGRTKIGTD
HrJEJE (reservoir) (& F 3 8—IiflY > % (hemolymph) T %, IV ¥ Uik DAst
2, I (hvom—2R) 2728, MEY VR Bk kA RIREPHFELTED, 5
fin (&) Hlciximy) v igMAR 2R 2 £ T L TERED40% HigZHfifi LT3
(Kajiura and Yamashita, 1989) . 5 ifE&H D7 7 4 < v 7 2 TIEMRID RAED
30~40% % 5® (Miyake and Azuma, 2008) , Hi5d SHAKED 5~10% % R L CH:
S22 %5 (Kajiura and Yamashita, 1989) . BIME R 2 F>BHTldd 2 Ik, %
Ak « BRERMY voSHICR o e REE L W2 B, Mk & AR IR Y Vo8& A LORT IS
5.2, IV VSORBEHZS ZNZNOMKIHEZ KIETTHA), A4 ank)7k
Fa 7V HEWR TR, REABUCKHEL 2R (GhHf) & AA BRI R L L 72 (i~
BORMHAR) 22U EELCZo—EEHATT WS, TFHRITCIERL, K2 RELT
% Z & (growth and development) 2MEKIC & > TR A L fZiEMIT 55 (H,
1995, 2003; 587, 2007) . L7223 > T IEE L - PER O EPEREREDY & b & CHEL
Thb, Rz Ea LN 285 LTOH 4 X 9 ICE, RIS IB IR BRSO L
RI27x2—RA2MATHhA alkNOKRERTZED 5, —J7, WERZETHINICZ 2 &
BEzElkL, BMEFlE vo 2REHB 1T 2 —E#HO BN 7 1 2 3IZIFFEFBHNTO
PHLDICEDLS, Z L THEETIE 2 ORI AIEI 2 I % Bl 3 %, S ~fi~ K
NERET BT, DELAKGTZOPITR) DT 50, AL TIEADAHNICTERER D
5 AQP DFEGEZIEEL, A4 2iEDRZETEFE (osmoregulation) (23> CTHILIRRFFY
RFEWERT 3OO0 AQP DA E ZBRE L 2,

1. BROFZOT7RY>SHE
BRO77 7R v (AQP) X FHHEHRDOA A 3 a3 D A=) 6 cDNA 7
D—=V &N, Yo 7ETTELTHHOTEDHFLEIIDWTHRE 17z (Le Cahérec
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et al., 1996; 1997) ., A A3 a XA 13AH X L H (Hemiptera) @3 a,NA HiH

(Homoptera) B L, RFEEPSRKITT 294 7ORKRTH L, A3 a4 D»HE=E
DI 7T, MIP 7 7 SV —IZB T 2BKIEDE W E S > ) 7'H (25 kDa hydrophobic
polypeptide) 2SKBICHFET S Z EBHSNTW, ZZTMIP 77 3V —, BETHY
AQP IZf-FEZ 37z NPA box L% (Fig.1 ) ZFIH LT, A4 3 a {0 HED
mRNA 2> 5 HFEMD H 2 cDNA 537 v — AL S dtz, RIMERIED S5 D AQP1 DFE R, & ARk
CKIEIEME DRI NIz, $20F AT a4 D AQP 1Z7 3 /BESITE Fd AQP1
BXUWAQP4 & 43% DFERY—%2HFT 5 EbRE N/ (Le Cahérec et al., 1996) .
2R IR IS AAE L, Wit L 2 S BOEER (xylem sap) 7> 6 /K7 1 Atz G#%
RPNV E=FENNA NRZAINSG, TIUT X > TREM S W E8E RSP E N % @i
L, Wl BTt - NSz, %0, 2MBEKREOKIPICEEFNI DT A
KBRS (72 7B 2308 X ClREL, BINT 2701k L Z2f5Eikcdh b, wEl
727K % BRI K o TP TN A SR LR DOREZEFALZ BT »Tw 3 (B, 2008;
Cohen, 2013) . —/i, WX LTYHEBRTOZV RIS F AT 7 7L v A E LA
V¥ 7 3 (Bactericera cockerelli) Dk 912, ¥ aliv®7 77 b —RICEUERERE D
W (phloem sap) ZWit 3 2RED 56 H AQP WREINT WS, Lo L2 DKIEkI:A
FIangzELiRHam, $hbbHRORMOIDIHKEL VL EEZLNS

(Shakesby et al., 2009; Ibanez et al., 2014) , Z D X 9 72 AQP DFFELEIX, K4 e L)
YN B 2K T OIGFE MR (B A VDR, €D &R, Suzuki and Tanaka,
2009; Miiller, et al., 2009) T AQP 2’HEI N5 Z L6 bHHNTH S L2 5,

B AQP WF%iIZ, * 43 2,346 oWERE, TkoNTHER (hPnzil)
D OEIETE LT L OpRAE SN (Elvin et al., 1999; Pietrantonio et al., 2000;
Echevarria et al., 2001; Duchesne et al., 2003) , JTAE TR D F NaaFP 7 I0h
AIHALTD 1HE (Lygus hesperus) 7% EDREFEFEND S HWEINTED (Mathew et
al., 2011; Fabrick et al., 2014) , N % 7 A%V =Y 2N (Glossina morsitans
morsitans) THFFEDHED 54T % (Liu et al., 2011; Tsujimoto et al., 2013; Benoit et
al., 2014a) . WRIMATENEZ —@METH D, —EIZKED» OEIREDOEHYIMIE LM E NIZHA
LT %, 207 - PElRICHEE) L 72 =2@ T O L < A LRBEDMEH, 2 L-CORE

80



AR RO HIEE OB & v o BT OFE D & AQP HHFEA%E® 57T\ % (Benoit et
al., 2014b) .

T, RN 2 KEKAITENZ & 6 2 WERTRIREHE ED K ) ICHfi ST 20 TH
59D AL ADK) BIEELARSF a7 HEROYHUIMYEEZ BRI, Withyo > K&
IZHEILL T3 (solid/plant feeder; Dow, 1986) , 2 3,34 %2 EIdIE & A LRI TH Bl
PR EBZ % S, L) aMEE D, WITHPDITKENAL SAT 700D 5
V)R ERE R T 20, —H, A4 ahRIFA T LAY (7 73D AR
DOREBINT 22 LICHh 2, ZOKFBINORIZEBICIMT 2 AQP DIx7z6 Ik 5
EDHEEINT W (H,2005) . 20, vEuY—r7u—=r7Iickbh, 2L aghs
7»5 NPA box 4l ZH T % 2 il AQP 237 u— k3 (AQP-Boml ¥ Xk 1N AQP-
Bom2; Kataoka et al., 2009a) , Mj#FILIc PRI N7 I 2 BBETIHIC AQP DRTH %
6 M E @S Z A L, HEDTTRIZZNZNL 26 kDak K U028 kDaThH > 7z, WM& DOHE
TS BEEANE 41.6% OMFAMEEFEL, B4 agkNTZ N ZD AQP D mRNA %
WziE L7225, AQP-Bom1 (FHHAEIER R0z R L7, Lo L, FICSHILE R
DAIGIAIE T 2580 (KiE X OERE) CTHEAEINZ mRNA BB ROHEINTHE

(Kataoka et al., 2009a) .

BHoWE (BE) 3—chil - i - BEIcRE Cobnssy (] 2003) , 13E
AEDT a7 HEHOGHTIEY —t —ROTGIMEPEN O K % o, hRRids
RCEET 2L, DF DKEEHORICRHL L 2 HEEEZET 5 2 L 2R T, DA
I, BN LD - I, § %05 YRS - EEEEITREIcER LTwe 2 (],
1995; 2003) ., HEDICHHIGT S KX ICEE D 2 AQP-Boml DA E 7% mRNA #E %280 7-
23, #lg (KiEE X OERE) oZ2holicidhhrozo (B, 2005) , YKEH & Kiinkkk
BEIEHIS & D DEBOBIG R E L ETFHIIN TV, BIBOMMIEEY:, ZLTKE

(gluttony) DFERTH 2 KEPEHE CH - =5, 2004) %X 2 5 EHPEICOWT, HEED
B 26 b B, Lo L, IBOE L KT 2 L B R RERYE - EEOWR
NRELTSETHEORDY EFonedrodiETHo7, AQP-Boml D7 u—=>r7
#iz, MoAERN AQP (AQP-Bom3) 23FEI 4, F a7 HYHOBEDKIITPIUT E
Fa7 7 7R vy OEHNEEIZE 1 ETRTIENTE,
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2. B4 #%kE (hindgut) OMRERE —FPAHALS - 1ELSOHEHEE—

B H2EOERIEIZIZE { 2> 5 cryptonephric rectal complex 3% 3 % (Gullan and
Cranston, 1994; Klowden, 2002) , ZtUd—#fDavFavHLEF a VHYRDOADET
B KITEERA A VB DT D DEEKR E ZNT\» %, Cryptonephric rectal complex D1
TEDSRANTHE SN DIZ5 D 5 40 EFIT, $IY BIETHERE LTlGEEnT\w3a
7F 2 HRBEDOF v A 0naxX) I LTY vy (Tenebrio molitor) DS TH -7
(Grimstone et al., 1968) . Z D%, F a7 HRO%IGT b MR E A KO EIEDHER
X7z (Ramsay, 1976) , Cryptonephric rectal complex WD <)L E—=FEFTIZ3M IZ b
Y % KCl AR PIUHERE LTV % & 21 (O’Donnell and Machin, 1991) , v A 1
AR TILTYT DRI EALKTEEEHVE YD & E FEAMEZ LTk
FRWINT 2721 TlEl, [ER - N2 6 KER/E TOARKE LTHRINLAHLTWS &
WwWbitd (Bradley, 1985) , BVIOITEREHETIZE E L E, WOWIIFEER (stored
insects) HSKFEA L CJENAEICZ %, WEEBRNIZEFRZ G2 > THE - BUKePHiE
H - KD 6T o IFRICZ 22 TH 5, Z2D—J7TE I ANTOZEEM L H v
Z, KFOEFGIIIFTE R, Zo X9 RBREICHIE T 2 RS CldH BT, NI
KEGRDDRVEEDEZRYE LTS, ELOTKFTIKZLVERE TN T IS DRN
DEAFARE T H 25 EICIE, 1, 1T cryptonephric rectal complex 12 & % AKIFIRINASK
SCHBLTWw2DTHS ) (58, 2007; Machin, 1979)

AA AKEBITB T HEE EFRBRED 77 7 XY v OBE TR o, KiinkiEa
DEHTH 5 2 L2VRB I 7z (Kataoka et al., 2009a) . A A aghB<Tix, B INWETE
DOEFIGEDAEN, I SIREBOIURIC X W ERICEE LEIE 2D, BEoNEY
2~3 MK DA NI, RIMCHRI SN (R - 24T, 1985) o —H, Z/NaRAXNY)
BB (leum : 74 2 OFEICHY) KB W TBRIIBREINTE D, Z0nz
D oW cEHBIOEIZNYEN X712 (Reinecke et al., 1973) ., HLUF 2 7 HREHROYH
T b EFEMEY) D KA K o BOHAR O TERE D& LN O FfIHERE, I 51idZ0
PERRRIC O I N T2 2 L2 b e 5, A4 ahROKBONEMHTERICHL &5
TICHOTDICELDWI LD, KINT Vv AZMFFT 527 0ICEELRE®RZFF> T2 D0
b L, N3 R XX TIE, KNDOKTIGE (water economy) (ST W2 D
FERZ T TH Y, FGICIEZ o EEMAOIZEEBISE ) & KGEREDS v E FRI TV S
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(Reynolds and Bellward, 1989) . 74 2 ®OfEks LRI ER & AR TFTH S 2 &
, R=Z MRTH > 7 HENEY OKRITHRDFEG~EE§ 5 2 & T, KEITEL LoTw»
52805, HilETH AQP-Boml £ X U AQP-Bom3 12 X % transcellular 77K 73 WD T
bNTws LEtEILNS,

fEGRA%ZE X B3 &, BEORAESO <L E—XE 1L, MM oREIBIC T TOEE
\F5% 6 A £ b cryptonephric rectal complex WO )L E—=FXED L H 2, JEFIZY 7T IR
TOBMICADATY 2 (Fige, BEZHR) . 61, ZOHEMZTHIEICHE 2
HLER D THE—-REDOIEMA T HENTED, EHIED cryptonephric rectal

complex D X H I INRZTIE R VWb DD, i, vV E—X%E, BIitko =& %HiHE

1

|

LT, BEWitkCOIRBBEER O A 4 v (K, Mg?, Ca2t) #ffilcHiE LT 20 Tid%
W BRI NG, BIBIFIVRERRORETH D, il LEkO Rz E by 57
FICE->THEITLINT WS, fEHOZIER XD SHIRNEL, bbb LEMlEE
HELTWEPDE)THD, BGD 7 F 7 7EOKEBIEZIENECEEbNTWE L
2>5 (Maddrell and Gardiner, 1980) , % & { fEE0HEHRE (squeezer) & L THERE
% 2 & THEWD 5K PBINICHER LT 2008 Lt o,
CDHA apoRINICKRE L7 AQP-Bom 1 D7 u—=>r7% (Kataoka et al.,

2009a) , F 1 EH TR X9 ICER? 6 MO KERK AQP (AQP-Bom3) % [F%E L 7,
BIGTO 2 D AQP OEBRENIC O WTIZMU TO LI ITEZZ LN TES, hA{2
HED <N E—X B L ROREF A>T 3 MAEL, G L BIBOEIRD & AN~

HC, i icin > TR DA TR IEY, tihiio & 2 A TUY —» LTHUE

AR Y, ERICEE L REBTEE ICKO S, EROBRICH 28T (MYE) &
FN Ky % ER FEAMIES S TIN L, X o IZE FEAEICESIE S 2 v L E—XE

ZALTKRPL I XTI NZMMEN) A 7V HHEEEH 5 L hoEZoNTH
(Klowden, 2002; ¥, 2005) . HEOEENTE TYWIIKTZEHEATOTR—X MRETH
255, Kiikizix 7z 5 < AQP-Boml 8 X N AQP-Bom3 #H 7 2#il5E L QA2 i3
BRI, KRWINANET, ERICIZHES N ZERTDO 1 FOEDFEE >TED, 1 A3 DO
BB WL LTHEME N2, 2 O AQP OFEERIX, D EDHEEMNED E5T
(apical) M NZHEEETE (basal) B2 ZNENOFFEBIAIET 22 L2F 1HET

A7, BEAKNOR L2 & 912, EREEANRY (gut contents) 75 DKWL,
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cryptonephric M T Z IRy 5 Z & T v 8~ E 2 (Fig. 24) , 2O XHICHED B
BAREE DMPEIC GbE T AQP ZHLEI ¥ 5 2 Lid, WHABOHE L RINTED, 2
DEHLICE T 2 AKEBTEFHETH S I 2R LT05, £/, FavHYRO®RE, Lhb
FEREOEEZME D 1 5L LTKRA A Vilinknd D, FU L9 ICHE O BRI TRk
IN2HBORE (B3 HEBH) LRE->TVwILo—20FlThHs L VR 5,

2 FHH D KEIR AQP D) & THYIEEICHR T 2 K0 2530 K CIRINS 281 Th 7'n
XA, AL ADHNDT I LA T LS THERISKT DD GETERAR D2 PRS2
LbOVLGBIEZFIIL T2, A4 azififrIE2 PR (PE) RIERWD 24 K
FHRLTED, 1 HoMfigThiae@iBidizizh 71ckh s, iagh s 72 KREISFHET 2 &
FESHMAT S (H,2008) . LL, #ERHET T RIS G 2RV 2 2 &
FRESNT 2D THS ), A4 2 5l Tiir 3~4 HYEROEIH & v H7
i, KERHCB T2 FoB@mBIIDOS A4 LY Iy b EIRIFFAKTHE I L EHEPLTVS
ARXLTHRBRTAS NS 2WEOKREL, B YL & O/KDZEREHE, > F
DPEKTH %5, —77, cryptonephric rectal complex b 7Kz ZRYICIHME S & 5203, Z D&
BBIZE TS DKDOBIEETH 2, 2O ENFaHSRTRES (BF) ST
ZREENIRIC o TR EWwWA X9, TIX, ZEHiiuss 1 FEEO AQP % JF I E IR O ik
KRB I 5D TIE %, HBDAGERN AQP Z Hiil: 2 & I FUZEBEAEIE L 2 0 U7
5%V DD, ZOEHINERICOWTIE, BEY VR EomMkEY —7 4 v 7ICBIRT 5 Ml
EY LOFERNGRETOH D, S 5% WEPBETH 5,

3. EHROIBAZALE DA J5BARIBDIFE

REROWZRICBET 2870 2 = ViR IR RBHRE O —BREZEB LTV, 9
William H. Telfer @ 7V — 753 1950~60 £ 1T THRENVICHED 722 70 7 v 2
WIS EREMICHE R L, VR 742D - Iy 87 E (arylphorin §° storage
protein) R EDETF R 2 =V PSND Y L 7 EMIE B IEZ ¥ 72 (Kanost et al.,

1990) , 2D, ETRY 2=V L 7Y -tk EICEEL, WK WTDOE D
HUEDMARH X 1172 (Swevers et al., 2005; Telfer, 2009) , 1990 fRIC A>T Telfer 5 D
TIFIWERE S, KELT 77 75— 2 L oo INEROREEEOMRAIC S 7
L, BRAEHENG T 70 —F 2 MATEIICED 5117 (Telfer and Woodruff,
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2002) . 7z 1990 FERLFED 71 + K v 7" (HY V-ATPase) (1CBHd 2 SUd 2 Bilfig o it Jie
(%, 1995; Harvey et al.,1998; Beyenbach and Wieczorek, 2006; Baumann and Walz,
2012) HIVER OB DRI —& > Tw 5, JHZEWTH H V-ATPase IC &k % 71 b
¥ DREBAEERE DS, IIRHHIES R RN A O AL AINEN ZE ORI & Ca2 It k 23
iz SIS LTwR I LRI NS, 70 OARIZ L >TRIEEREZ /L7124 oY)
BHOWMNDBEL 5, ZD1ODVKGFTH D, WERICE T 2KTTOEOYIZHEDE
BE3nd el SHICE>TVR, HF2ETIE, INETHHROMEARIR (Miyake and
Azuma, 2008) %M (Kataoka et al., 2009a; 55 1 #) THUOflE A a4 AQP
DIFEERZ LHBICLT, WGBTS ET 244 2l AQP DFFEIC DV THHE L %,
AQP 70—y OBEIEHRE b &I L RRIVEUA (Fig. 2) 2HWTY 7 BHL X)L
DT TR —F %) T EWTE,
FB1RETHIHENRE L, VW=7 1477 73V —IZJ&T % DRIP subtype (AQP-
Bom1) TNIZ PRIP subtype (AQP-Bom3) 1%, $hHROEW FEMESZN EHEET 2
cryptonephric MT T, [A—DMEDiifi K X 4 L IZJHIEL, transcellular 7 /KEiA3H
FIEAT VWD 2 EWRBI N, B 2 ETIIMIFOINEICE W TINE SR (vitellgenic
phase) Tl%, PRIP subtype (AQP-Bom3) ZSUNRHHALDJFIERIZ 34T 5 2 & TAKIK
IUBE5- L, b9 —JD DRIP subtype (AQP-Bom1) (3HF7ERI (choriogenic phase)
(2, UPREMRE O INERERIIC IS 2 Z ENHE D Ic R o, 51T, $H D DRIP O
BRI A aNDRIENZE D 2 2 LICK>TRELED D I L2 RWE L, ZHHTOR
RN TOINEHGREE T, (RIRAVE Ve E (A T AHEAT : suboesophageal/
subesophageal ganglion) DfiHIC & > CIRIRMEZ 232 &, DRIP OIRHIICE 1 5
FHPRKRELENTZ2DTH S (Fig. 15) ,» TOFRIFE Z N F TORIRK IVE » DIEFIBEMRE
BT 2T, HED AR Y PEYTENTORDL S INERKEETORERRTHD, 5
BOMERHPHFLEING, 58, KRIRIE LT NSy —EomEiii (5°c) %
&R U CIRIRTEIE 3 2 8% 2 TSR L7 DRIP OGN ED X ) ICHEE T 220y, Z D)
M OFEDERMBHDOAX L2 THAHIH, 77ZL, H2ETIE, AQP, Ffic DRIP
subtype DS D & ZIZHHT 202 R L ICBE T, KO TFOFIEDEELZ R LD T

X7\, RERYEICTIE DRIP subtype DAQP ZSUNAHIIE O iz D YN ERER I > T\ 2 &
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D572 TH B, dE, AQP SO EBRICHEET 5, WA IZZNZNDMHkD
AP H 2 #E AT, WD 20 Iid i (b L EZNUASIToTwa b Litkwn) &
Vo ZBEREDHEE DS HIBE & 0 %, 7273, DEBTREALO DRIP D734 13 Sl D kiR <l
DRIP 2SR FICEE LT kI ICb 25T, BN Sy r—Y3hTwit
bEZoND, 2F 0, KF ¥ 2VIEERIIOHT, FEFINBIokk 2RIR, 2 1LC
ISR 72 ¥ i 2 LT 2D TIERwd, ZORIFKRHEHLZZ L HLE->TED, &
SR BMRICLDREFHF DO THERL L, BROZIMIZTEAL TA 7 AT AL NVDEMDHT,
O (W) v Ialb s v PV TRIGE, POZLICEALERICEIT S5 AQP DIZ7: 5
E D%, BHAQP HFREDOH L wR—Y 2L b Litky, F7, BREPZ ORHE
L b BHAEOSE (PR, 1980) & HHICHEE S NT E 2—h A4 akIRD AL - 4y
THEYFE—~DPLTHFEGT R 2 2 & HIEL 2w,
HADOERIICIZINRETHRIRT 2 b Db L\ (4K, 1984) , EDOREMPEZONM, .o
ZKEES & L, MR ENROBREZZ T 2587 C, HADIMME THET2RBRTh
FEEEDLE, IITHRIRZHET 2D Db %, KIRIZRLY 2R AICAGNETyEFRE
A (JKER) TIERV, A 2 OIRIRINONFBIZIZE S DR 60% DKITHMRFES
Tw3 CGrlif, 1980) . MRIRICE VT, @RE (~800 mMA—4—) o7 ta—L -y
WE F—)b - b na —R % EDFRT R EZ 5 L, BBl g v 28
PEBBEOZEMICEG LTW 2 DIZHS 227228 (5, 2010) , KT HHE L TE2RIEY
57\, RUTHEIGN, RO ER & SRR N DIEAFE A 2 BRIA§ 5 B%, BIRIC
BA SN, itz 3 ETHRALER D, DA aD X 5 I IR ER A 2 N7 T
HINTOZERTE, B ARVKRTEINAD» SHERT 2 2 LI3ES TRV, AN
DK Z CDIHERFT 20008, OBLOREICEE LR S, HLORADO»EIINEL, §
WALl Kl &) BRBB L v, LFFES LAICEERE V) Rz Rs, Bl
I B e S BE HAEYIDOfEMTd 2SN A TW AL 2R LT 5,

4. ST OIOFRUELTD Group 3 YT IJ7=U— —BRFPIFPRUDIFZ=
U—niF8E—

—fRic, 777 ARYVBREL 20DBMMPSNIELTCE L EEZASNTED, 1213
HEFED S D (ED 77 7R Y YIKRF v )L, AQP 0~2, AQP 4~6, AQP 8) i TNIZ,
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KPS EEAEEZR b D (72777 kaRY v, AQP 3,7,9,10) ICKAEH, 51T,
NPA Box Bl ABAIED & 2 2A—=7 27 7K Y >~ (AQP 11, 12) »Mb->7T, WFME
D77 TR NE 13 HBEAET 5 2 LDMEE LT3 (Abascal et al., 2014) , —J7, B
HOEFVEYTH B 272 aINTIZBWTIZZDS )/ LEHRD S 8 D AQP #is
TOFAET % LB ST % (Ishibashi et al., 2011) . L2 LBITE, AKikpgaE % Ko
EHERINTWAHDIE cDNA 70 —=V 7 5FEEI T 1 ffi (DRIP subtype) D&
Tdh % (Kaufmann et al., 2005) , RIFETIE, A A ahiE X OHKEHOIRIE W T
Pl &b 3D AQPs (AQP-Bom1, AQP-Bom2, AQP-Bom3) 73, s 1Y), %L
TS VR B E LCOMBRRINGRBL L iz sl Lz E L (B8 1~3

) , BECHE S (Kambara et al., 2009) 25" L7z & 912, BH AQP D RFEIIHALHD
AQP DR E B 2D LFIERIZ, HA 2D 3D AQPs bIFHFED AQP O R#E & Hie
%, H1ETHERZEIICEREAQP 3% LH 4207 7R —Ih 1 (Kambara
et al., 2009; Goto et al., 2011) , % IO AQP EIZ TR E LTH=HAQP 7 924 —
DMb>T, 5~6 7 7 A7 —p oK REYIDO AQP 7 7 2V — 2K T % (Benoit et
al., 2014b) , UHFFEETIZ LD 3D AQP LIS DAQP Zh A 2% ) L5 2~3 i
HELTWS, BRTIE EARD X ) IR EANITIZ I I WERED AQP 12501 5
B3, BIETOREIMAT, KEEOEREMT, MIRRRA AR, 2 L TAQP Y v 3
JHELTOMEEE TAZMNEICR 2 E, DRVRoNTL 5, BENICIE, 71v—7"1
Y777 Y —IZJET % DRIP subtype & PRIP subtype (%4 2 TldZNZ1 AQP-Bom1
EAQP-Bom3 I2#%Y) BIXN IV —=7"3% 777 I V=N —=7FFIN%7 3/
FNZB LTI ~NT 07 925 —ThH % (b4 2lZAQP-Bom2 2%:%2Y4) , ZFL—72
#7772V —IF, Drosophilabigbrain ¥ »/8 78 (Bib) BT, KF v 2 VHEREIZ 20\,
IN—=T 4% 7773V =%, WHAEHDA—R=7 27 R VIEWETH S, Tl
b, BEMoFELZHPENM ETAX LR Z2RBEMOMEE LD AQP EEFIZOWT, A
WA 2iThe 0 2 LI EMMRIZEATI R WTH A9, BiE, EEFLERTDY
LEFIH RS THER LTV 20T, 206 OB ERIERINTL 32 L, 55,
Benoit et al. (2014b) DR TIHEX TV L HEED 6 DD AQP 7 7 A% —b £ 7EIEZ

NBZARENEDS D 5, R AQP OWIEHIMG S N4, A4 2 2,51 D AQP (AQPcic :
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Le Cahérec et al., 1996) DX 92, ZV—71 7 7 I Y —® DRIP subtype IZJET 2 H D
DIEPHR T, SNS 3 HEE T 2 7 BBELYICHFLIE AQP L HIKT 2 L, AQP4 L4 4
HIREOMFAMEZ D 2 L Fho T, £/, BH AQP DKk ENE %2 FERIVIC T~
&, KOAZBEBRBIELIEDPSREHRD AQP 7 7 3V =TI 7)) u —)LEinkiEskE»
HALDWEETRbNT WS D LRIk ST\ (Ishibashi, 2006; Ishibashi et al.,
2011) , & 2523, Y4 T DRIP subtype (AQP-Boml) (RICHEHIZZu—=v 73N
T/ AQP-Bom2 237V v 0 — )L E X ORF 2R I, WA THHI T LTI 7
JVxuair) v (GLP) DL~ EHHBHL 72 (Kataoka et al., 2009a) , BHD
GLP 1ZHi#HHD GLP L1, 7V tu—LF v 2 VOMERMESRZ-STED, 73 7BD
—RWEEDH THRBEHEE T 5 2 L Dfa) I EEFNAIFHOBEEMEIRINE I L L ko
7oo ROT, YHAETHUS FavHEROF e X0 v 74 GWn o 2 HHDER
GLP %3 L7z (Kataoka et al., 2009b) ., 2D, TV NI+ A7 776D 2%
HD AQP (ApAQP2) 23\ DDAl 7V a2 — L bk 2 LR GLP Th 5 Z &8
W Ntz (Wallace et al., 2012) . 7 2/ BEYICIns 3EHEOES GLP 1%, LD
N—7"1 (DRIP subtype & PRIP subtype) * 7L —7" 2 (Bib) & ZHEICH»NS S
N=T"3%7773IV—ITBT 5 ERRBICHS DI >TES, SHERL, Zv I
RADSDIDIN—=7"3%7773IV—IZET 2 2HED AQPs (AeAQP4, AeAQP5)
DG I N, ZD22FGLP TH Y, 7V ew—) - RFELIHS b LAl 7L 2 — )Lk
HEET 5 Z R E N (Drake et al,, 2015) , BH GLP IRG I N-FHH 1305 TH
D, #FEPEDICON, ZNZTNORBOATERA (AMESPHIEERE R &) ISHEIG L 728
D GLP(s) DR INSE Z L5 TPHINS,
ZORSNIERGLP O 7= 6EMRS 2 LN TELMEL 2 FHEIX, DT —
7 3 DEET ORI, PEPoLVE—FETHLE V)T ETHD, EPLICHA 2
GLP (AQP-Bom2) I3, WP~V E—XFECELIZBETFHENALNS 2 LIXLIIEE
DFEATIYE (Kataoka et al., 2009a) THRINT W7z, Z 2 TH 3BT, FEERMEITICHK

W WA A aghlidiigE o T, FIZAQP-Bom2 (GLP subtype) IZ&H L 72,
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5. %$RPZEEHA IPEICHEEFET S AQP-Bom2 —Group3 I T 7 = VU—DERH
HEDRIAZESHELT—

B R o> BE Bl A A R E AT B 2RO ER S, 2 ETHRRZBHROINEKLD
rge LA TH L, 19504 F Tl 5 (Ramsay, 1954) . L2L, EHEMIEOME & e
DE 2> & TS 2 FFE D3 HEE X 17z D1 1990 R TH 2 (K, 1995) , #/3aZAR
ATHROFE, s OFEICHAE SN, H V-ATPase 25N THO L 2L X —4)
BZR L, A4 kR Eng (solute transport) 1CAB R EAALEI T 2L ¥ —
("proton-motive force”) ZAIH LT3 Z £S5 E N7z (Wieczorek, 1992) , BIET
&, AEPFUIE AT 2EEN R 70 Ry 78 LT ofifaE I 3B 2 M
Wik S, EELTWS (FHRil, 2000; % 5, 2002; Beyenbach and Wieczorek, 2006) , F a
v B o s bR 3 MR & X OMRIRAIIE 2 S R & % (Cioffi, 1979) .
MRRFIIE O T E I CBE 3 2 HY V-ATPase (C & % BEBHliX RS 12 X > TR IGE N 2378
TAVEICHR S TWw 5 2 L, Ml LR DT v ¥ —T, SfRI N7 2
J BRREOWINZIT>TWw 3 2 EdF a 7 BB WA Gk, I vz (OF,
1995;2003) . L2°L, BHOFEBEOET S AQP IZ2oWTIEHE DRI N TV o
Teo HBEITRLIZEIIC, WIND AQP TH-oTH, MM ESGH o I E R
FELTW2E 2L, FIBORIBHNCIE: 1/3 DY 7 TIEFEBRBMEL 2 LavR I Nz, BT
B E R D, AQP ICBIL T, TENGIIEIEERIC BT, 2% D, one membrane
TAEEEFAH LT 20 TH S ), HEFMOBIEEEIE, MKDOEETSA 4 v IRED
HEIEILISINTVRIETTH LY, AR L KEEIFHEI>THiE LTHREN
R (permeation) ZEW-S L D L72bDTldR VW LHEINS, T a3 7 HYHROHED
in vivo ICB VTS TFICH L THE D @B ST VEREZEL, KoTI13d 9 —D AQP-
Boml D F:7: 2 KB TH 2 BIGOBW S ICFLoNT0E LT 2% 61F, hlfifke LT
DKFEBRERE % % 2 5 BTl v~ ABEIRZE,

AA 35 SR OMME I IXIRFEDY 10~20 mM D L X)L THAET % (Sumida et al.,
1990) . ZHURIMMKE R Lo e —RREICH LT 2 METE R VETH S, ZDIREIZI T
TEHHRZEHFT LTV EHARICIZIZEAEHET 5, ZHUI 7 VEZEICHET 2L 7 —
Eh i LER TR A A F N CTER T 2858 Ch % LIRS T2 (P,
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2003) . L73->T, 5lightiz 9> & ALFRCHE L 2 & MKHICRENZDE %
BT kb, BT (7 7ECALER) 23 CREFIE S TREIERT 5
¢ (Hirayama et al., 1999) , JRFEIZIREE L &> TKISET 2T LOTILY v S th Dk
72 L%, AQP-Bom2 OHEREIC X % LHEESI N D, ALFRICTY 2T 5 & IMKREHE
&, 7 VEMBEOZNELRTHS2IZ 10% BEE 2oTw3h (BHS, 1986) , A
TERFCHEE LS R237 7 CHE LR EHRT, DURHEARL X ) ICRZ 2 ERIC
%, 20X BHRENTOREDFHISEEL T30 Litky, BED L 2 A4
T AQP-Bom2 DFAEIZ D WTIXHENTH 528 (Miyake and Azuma, 2008) , A Lfil
B2 B URE L7224 2 O/IIREVDEREICHEB SN Tw 2359 (CFIl, 2003) & FLik
TRV, BT XATHRHC K> TH L BE & o kI, BHEEHRENICE W TRN
FTEBEARVDOD, LHNEEAZLELTVREIDTHS I,

% O4EML BRI TERZ RO, A4 2% 8320 Ve R L 250 % ffo
(FEA, 2003b) . Z DFERIRIZA A 3 5 Hnsho#aiy] (MR iz RkED 4 Flic
Hi#9 % (Kajiura and Yamashita, 1989) , SHfEfkoKyay be—LZ2i&imd % L
T, HEIC X AW OPEE (HoR1TE) 12, LB RIC X 28R L WA TEETE 20,
A4 aAnKRENL, DENMES I EEPEL TR 2 v Z i, EREMAY (73
JBOEGHETHL Y V) DR EVIEEDLH D, A aifREOHTEH L 25,
WIE OB FINER L LGRS NTw 2, MR RIS IS/ Z B < e » o5t - £/
BECER: THEZ v 2EoT0RAETTIEEVDE, HR, ZLTHREEWIRH AT
EEERPENT 2, L) EKRTHEARRRTOMMAIRO 7 TRENIEE DK EBLO A 72
5BR A ERRBEMO I DICHEHETH A ) (P, 2003) . HEHRIEE v L E—FHIC
AQP-Bom2 7% AQP-Bom1 & ) FHEI EWHFEHIE, REERICEIT2MEFDO DL,
Blr 6=V E—XEAOHN, 2EZ 5 EHRPRE LR, BHRIIE L DI X > TRk
Wiz b, HE (P »ETLTO2EREANKIED Z UG L bD kb, L
703 THFBHDOWIZED £ ) ICHR 2 —BALT 2 2 L IZAEH TId R\, 2035, L oalz
RO D3 Z ISRk MBS AE 2 AL AR 2 T X 0, B SR L2 EA D 2 LR
k, ZNEMRT 2T 2 UCilez (783 2 Bk 2, WFME, #lzide bo
AP L REC R 2 BHRO, AkdD SN2 EE8IED TH) 1, SR LMiEYED 1
DDOMFFEREIR & LTH TR, BEMEADICHERNHEL LTHREEORL%E 5] X
F2Ths9,
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BRTORIDO 77 7HEY v (AQPcic) @7 a—=> 7 & BEREMHT (Le Cahérec et al.,
1996) 256 E b7 < 20 FEEBL LI L LT3, STEHRAEMOREL HoTIHET
VR TOBEBTRITSIIAES IfTbh s k) ckho20h 5, BlfE, 7778 Vit
ZELHITHEET £ LCOREPEIEMITIc L ¥ £ 2 2 L, MfkohcotmnsesE %%
BICEE T E 2 RN ->TE 7, FHEORRICK>T, BROEZIFITHE(ED 28]
RGPS ONTOLHELBFEFEZEITH LT, ZOEMFNESE, F—LEh55TIC
DWCHEET 70 —F 2RO 0H 5, TN o6D7 7 TR YIIELEES v 87
BHELTORBMIIcEEES IR, BROBEBELEMIR EOBRICHEI S T—7
NHADOYTE LIRZILT 2 URBBETH A5, BROT7TI7 7RY) Ve v &, il
B BHCREE S (RREIER %) 2l & L2 gRltefifaEz & L o R
MWICEHINDODOH S, ZOLI B THAL azZzHTI77R) VIETHH-TC, 2 F
TH LOEHZ R 20, D5 3~5 FEHOEFICHARFF L 72w,
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DRIP=>PRIP PP
Haemocoele

Rectal
lead




Fig. 24.

Proposed water route in the cryptonephric rectal complex of a silkworm larva, Bombyx mori. Water
is first retrieved across the rectal epithelial cells (light-brownish cytoplasm) from the rectal lumen,
following the gate of DRIP/PRIP in a series. The numbers (1-6) denote the putative recycling of
water to the haemocoele. Note that the cryptonephric Malpighian tubules (cMT) consist of the
outer cMTs (greenish cytoplasm) and the inner cMTs (yellowish cytoplasm). Drawing based on
Ishimori (1924) and Ramsay (1976).
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Fig. 25.

Unrooted phylogenetic tree of insect aquaporin amino acid sequences constructed by the
neighbor-joining method. The phylogenic tree of 22 full-length insect AQPs. Tree constructed using
MEGA (5.05). The robustness of phylogenetic results was tested by bootstrap analysis using 1,000
replicates. The alignments determined by MUSCULE. Accession numbers are as follows: AQP-Bom1,
AQP-Bom2, AQP-Bom3: Bombyx mori (AB178640, AB245966, AB458833), AQP-Gra1,2 Grapholita
molesta (AB469882, AB469883), AQPcic, Cicadella viridis (Q23808), DmAQP (isoform B): Drosophila
melanogaster (NM_078973), PrAQP: Pyrocoelia rufa (AF420308), AaAQP1: Aedes aegypti (AF218314,
ABF18340), AgAQP1,2: Anopheles gambiae (JF342682, AB523397), ApAQP1,2: Acyrthosiphon pisum
(NP_001139376, AK340435), BaAQP1 (variant B): Belgica antarctica (AB602341), BgAQP1: Blatella
germanica (FR744897), BtAQP1: Bemisia tabaci (EU127479), CfAQP1: Coptotermes formosanus
(AB433197), EsAQP1: Eurosta solidaginis (F1489680), PvAQP1,2: Polypedium Vanderplanki (AB281619,
AB281620), RpMIP: Rhodnius prolixus (AJ250342).
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RN THERIP & 72 2 R, DRREMIIE O 5 O UN SRR N ICEERE 32 2 E 28I L
72e TH56DAQPIXINAHIIED FEIEBLICIZ A L T2 72D T, SEIE & v
) BASE R D Hh T OKEEIT I ERERIR LT b EHEE I,

(3) Eito 2 FFEOAQP LIZHMDAQPY, /4 ashiil{bE o RS TH 2
bl (midgut) THBLTWE, TOAQPIFAKEFTHL VY Lr—LPREED
WHXE2947 (7777 VkaR) v GLP) T, Bl (1) OBIBICIZFELEY
T, Z O ERAVERE IS DV CHIAE L 72, ShHrpl BB RR 2 AR L v 2 ALY
CB U 2P - EEEERE Z D IS B VT, GLP @ mRNA 23%BILTw
52 % insitu A 7V IS4 = a VIEICKS>TREHL 72, 512D GLP %4 7
DAQPIZ, FMfEHILD FEmHFEERZ FIRESH T2 2 bR LA, 20O GLP
ST S BIBHNGE W TR > THRBIL TR D, Kk & I3 RE % £ Dl
RICBEHR LTV S Z EWRB Ik, 512, WaciEEMcHEL, WolRE
(O > THBIGFT 2 VRN R JE OIS IERLICE 32 &6, REl (2) TR 2
FHONGERNNA QP L3 OZEE ZIRABRE TR T L6, Z7Vku—kl
DINEHERE DB GHVRR I Tz,

A4 K BORRTH 2 DT, AQP DMK RNEITVAEETH7, F 3
2 HEh R I 2 S M EZ BT 2 2 LI X > TN DK ZHEHR L, 22,
BT O TR Tz Z 1S RHI 2 MR LT s 2 e bk, £, IERE W
IRMRADKGEEICOAQP P~ EDWHEEZE T2 I LBHS 1L o, Wi
PERHUIC B W CIRIMATENIZ —#ETh D, —EICKEDOGEIREDBYINENE NI
MAT2DT, Mt - PR OEHE) L 72 & AEOREHEHE O L < A% EHT 5
WHess, WA CIERL T2, BRTRYDAQP DOFE L BREMITH,» S b %<
204EDFM L £ 9 & LT3, JEETFVERBTOMBEFRITAHERNAS IcfTbii s
£ BEEICE VT, AQPHI S HUGEET & L COREPHEREMRITICIEE 2
ZEnK, Mo ToABNEE L EBRNICHIEIC TE 2R TE L, BHE
73 B E R D YA B R OB L Wi~ OIS HER b Hiff s 5,
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The entry and exit of water from cells is a fundamental process of life. Insects represent
the first animals that emerged from aquatic habitats to terrestrial environments. The concept
of water transport in insects was first hypothesized in the 1950s to 60s, and since then much
work on insect osmoregulation has focused on the gain and loss of water from their small
bodies. There has been much interest in the extremely rapid fluid secretions in Malpighian
tubules (MTs), which operate in a similar manner to kidneys, and facilitate water movement
across plasma membranes in response to osmotic gradients.

Molecular characterization of insect AQPs has advance rapidly and a classification
system for insect AQPs has been refined in the last decade as a result of the rapid
accumulation of genetic information for non-model insects. Most insect AQPs tested
experimentally are water-specific, and are grouped into one AQP cluster, comprising the DRIP
(Drosophila intrinsic protein) and PRIP (Pyrocoelia rufa integral protein) subfamilies. These
are active in fluid-transporting epithelia, e.g. the filter chamber in hemipteran insects, the
cryptonephric rectal complex in lepidopteran caterpillars, and MTs in many classes of Insecta,
and regulate cellular and extracellular water transport and prevent unnecessary water loss and
desiccation. Another AQP gene cluster (the Group 3 subfamily) includes aquaglyceroporins
(GLPs), although insect GLPs are structurally distinct from vertebrate GLPs. The existence of
only a handful of these has been experimentally demonstrated, and they appear to occur
predominantly in the midgut, a digestive and absorptive center in insects. Our understanding
of the physiological significance of Group 3 is still in the early stages. Nonetheless, there is
emerging evidence that it may contain crucial multifunctional non-charged solute transporters
central to insect survival strategies such as diapause (insect hibernation), reproduction, and
symbiosis. These provide new insights into insect water balance regulation. This thesis was

summarized on following three points.

(1) Molecular basis for water recycling in the hindgut: Two water-specific aquaporins
at the apical and basal plasma membranes in an insect epithelium
Larval lepidopteran and coleopteran insects have evolved a specialized cryptonephric in
the hindgut in which water is constantly and rapidly taken up before defecation. In the
silkworm, Bombyx mori, the movement of water through the epithelia within the
cryptonephric rectal complex is likely facilitated by the two aquaporins, AQP-Boml and

AQP-Bom3. Both are functionally water-specific and are predominantly expressed in the
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hindgut (colon and rectum). Phylogenetically, AQP-Bom1 and AQP-Bom3 belong to the
DRIP and PRIP subfamilies, respectively, of the insect AQP clade. In immunoblot analyses
using antipeptide antibodies for each Bombyx AQP, the predicted molecular mass for the
respective AQPs were around 25 kDa, and further indicated that both tended to be
oligomerised as a homotetramer (~110 kDa). AQP-Bom1 [DRIP subtype] was exclusively
expressed at the apical plasma membrane of colonic and rectal epithelial cells, whereas AQP-
Bom3 [PRIP subtype] was expressed at the basal plasma membrane of these cells. This
polarized localisation of DRIP/PRIP was also observed in the outer cryptonephric Malpighian
tubules (outer cMT) and in the six tubules just outside the cryptonephric rectal complex
(rectal lead MT). In the rectal epithelia, water is transported from the rectal lumen to the
perinephric space and then deposited into the lumen of the outer cMT; the water then goes
through the tubular lumen to exit the complex and is finally transported across the rectal lead
MT. It is concluded that rectal water retrieval into the hemocoele occurs at the very limited
region of the water-permeable sites in MT epithelia after passing the rectal and cMT epithelia
and that the high osmotic permeability is due to the presence of two distinct water-specific

AQPs (DRIP and PRIP) in the epithelial cells of lepidopteran hindgut.

(2) Insect water-specific aquaporins in developing ovarian follicles of the silk moth
Bombyx mori : roles in hydration during egg maturation

Egg formation in terrestrial insects is an absorptive process, accommodated not only by
packing proteins and lipids into yolk but also by filling chorions with water. An osmotic
swelling of ovarian follicles takes place during oocyte maturation. This study investigated the
role of the AQP in the osmotic uptake of water during oogenesis in the silk moth Bombyx
mori. Using the antibodies specifically recognizing previously characterized AQPs, two
water-specific subtypes—AQP-Boml and AQP-Bom3— belonging to the DRIP and PRIP
subfamilies of the insect AQP clade, respectively, were identified in the developing ovaries of
B. mori. During oocyte growth, Bombyx PRIP was distributed at the oocyte plasma membrane
where it likely plays a role in water uptake and oocyte swelling and may be responsible for
oocyte hydration during fluid absorption by ovarian follicles. During the transition from
vitellogenesis to choriogenesis during oocyte maturation, Bombyx DRIP expression became
abundant in peripheral yolk granules underlying the oocyte plasma membrane. The restricted
DRIP localization was not observed in non-diapause-destined follicles, in which DRIP was

evenly distributed in medullary yolk granules. There was no difference in PRIP distribution
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between diapause- and non-diapause-destined follicles. The diapause-destined oocytes encase
DRIP protein into the peripheral yolk granules, where DRIP might be inert and this would be
reflected in the metabolic arrest associated with diapause after fertilization and egg

oviposition.

(3) Physiology of aquaglyceroporin in the silkworm, Bombyx mori

Finally, I investigated the expression and localization of AQPs in the midgut of silkworm
larvae and in the developing ovaries in order to elucidate their functions, and found that AQP-
Boml (DRIP subtype) and AQP-Bom2, an aquaglyceroporin (GLP) subtype are mainly
expressed in the middle and posterior midgut. In situ hybridization studies using digoxigenin-
labelled RNA probes derived from an open reading frame of each AQP revealed that AQP
mRNA is present in the columnar cells of the middle and posterior midgut.
Immunohistochemical studies using an antipeptide antibody against each AQP molecule
revealed that the positive reaction was localized at the apical surface of the columnar cells.
However, H*-translocating vacuolar-type ATPase (V-ATPase) was specifically
immunolocalized to the goblet cell apical membranes in the middle and posterior midgut. This
suggests that the columnar cells are responsible for water movement in the midgut. As AQP-
Bom?2 is a GLP that transports glycerol and urea, and is mostly distributed in the posterior
midgut, AQP-Bom2 functions together with AQP-Boml as a water-specific AQP subtype
found along the length of the midgut. An osmoregulatory network of AQPs enables the
silkworm larvae to pool and maintain luminal wetness in the midgut using water taken in
during feeding. In the developing ovaries, the GLP subtype was found at the apical surface of
the follicular epithelial cells faced on the oocyte plasma membranes. Since there have no
indication of DRIP as well as PRIP at the follicular epithelia cells, the GLP subtype may play

a certain role for some solute transport (glycerol or another polyol) other than water.
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