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FEIEIEEIR 12 B4 D WF5E

FORRFRFB P E A B A TR

KB AR AR R R

ZAC I N
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BEBE B Monogononta DU A TFADIZ & A EIE, MEO A D EMEAFEIZ LY
FRBEIEI TS L EARRE & | PETHIERE THEL T % mictic female & FFIND
MEDSKEZ PEIRT 5 Z & TBALA S 4L 5 MM AEFEOEARTER RIRFC A~ DL D, JhEE
DAEEER % 5 ->(Hino and Hirano, 1976; H %, 1983), U A T HMEAGRIC S
W TIRIEFEAVTMEARRE DS FE R 2 25 0 WiPEARSEIC 3BV TR U 2 IR DT Ak
B — N D 7e < b E Cle 2 BRI ORIR2 /2T H YV (Hagiwara and
Hino, 1990), #5R & L CTREKEEOHIMEMH N Z 5 2 &6, U A VHIIEE
FEDIRIER 2R & AR 2 JE RIS 0 I3 2 L 23 b1 TV % (Gilbert, 1963,
1977, 2002, 2003, 2004; King and Pulik, 1967; Halbach, 1984; Snell and Hoff,
1985; Snell, 1987; Yoshinaga et al., 2003; #7K, 2010), Z D 7=  AEWFEIT,
TIPSR G IR TE H2RE L ALY T, AEREEREOZES & L TIAL
AW s Tuvb(King and Pulik, 1967; Halbach et al., 1983; Preston and
Snell, 2001; Yoshinaga et al., 2001; Kaneko et al., 2002, 2010; 47, 2006;
Yoshimatsu et al., 2006; Alver and Hagiwara, 2007),

—J5. Monogononta @V LAFHDO —FETH HVKMED T F I XY RT LAy
Brachionus plicatilis sp. complex (LLF, U Ay EREFOIX, 1960 FICiEAKH T
BOHITHIIET 2 Z LB F A SIVTLRE, KEZRIEOBLSIZ B W TR D1
HoOFMEEE L U TR P UL ST % 1E 2 (Fukusho, 1983; Lubzens,
1987; Lubzens et al., 1989; Hagiwara et al., 2007), #&H 5V LATFHD 5 B b

BEBRNEGETH D Z LN B, 1994), BREHEEFHMIOEESM & LT



Auvs i Tuvyb(Halbach et al., 1983, 1984; Yu and Hirayama, 1986; Snell
and Persoone, 1989; Snell and Janssen, 1995), HAROFE R A FESE Tld, A
FEIZ T e HEBL LIZ < WA lTER(Yohinaga et al., 1999)<°, #& T OEIIFRET 5
t D DIAINZ R L 722/ INERR(E B 5, 2000; Kotani et al., 2010) 73 & 23T
SNTVD, Bt 2 FRITEIEAERNE Z DI NI Enb, BIsIE—7
Ja—EAREELE LT HEYFRIEIC S v 5 Tuv 5 (Kaneko et al.,
2002, 2010; Yohinaga et al., 2003; 4=, 2006; Suga et al., 2007; Oo et al.,
2010; Ozaki et al., 2010),

EBRETON Y FEROFITTIE ULV OEEFILY 7 E A FORE
HEFR 24 < Z &M BN TE Y (King and Pulik, 1967; Halbach et al., 1984;
Yoshinaga et al., 2001), H§FH2S RIEFE 72 eI 2 18 7= % 1, FEERBE%K
BN HETE T 2 5 BT ~1T T 2, T D%, EERESIEE A EZBL LRWE
WH AR T, IBfTHI A8 2 5 (Yifera and Navarro, 1995; HEF 5, 2000), = D
KO BRBIRITT L2 DIFH, B DO E:EHE(Takeda and Watanabe, 1997) <25k
Chlorella vulgaris (Massie et al., 2010)72 E WM ~7Z 7 F oo KIBH
Escherichia coli (Baranyi and Roberts, 1994; Fujikawa et al., 2005)72 & DO
FHETHWME SN TWVWD Z b, EREOREEFM TIZHBT 28/ OE
REFEIRERO LB R Ch A D L EX DD,

U L IRR IO ZENREE B P ER FHEETH L 2 &0, EREOE
R TICR T DIEEREDOHROWD 03 C 2 BEAEIZ DUV TR« OAFZER 72
SN TE72(Yu and Hirayama, 1986; Yamasaki et al., 1987; Carmona et al.,

1993; Yoshinaga et al., 1999; Kaneko et al., 2002, 2010; /I N& 5, 2002; 47,



2006), L22L, T4 OWFRIL, KB LIEICR SN TS, T7b
L, IRETORRICE D & IR O U L BERIRIRICIZ B & O
R SO DOERFDE EN TV D AHEERB X LI H0, O
IRATH D, Fio. UL ORI, SFEIETIHI C 137 < o
WCRAMICR Z 200, ET 57 LITAMARBIENK Z 2O, U A
NI ZIT S TOD O E W) BREICKT LT HAMREEIIE TR,
THUCERE LT, ULATOBIEILT LAY BE NS D WE NS5 2 A
REINTWD, Bl SBIERTEM O U L EEERERIL. U LY O RRGEE
1o D FEAF R NS & 5 72 & OVEA % 7% L 72 U (Yoshinaga et al., 1999),
KIEAETEWI LARE D U LS OEERIEIRITEF DR T E 25 S 232 L 233
HINTWDHUNNED, 2002), LLRRL, WTHOHE SWEOFREICIEE
STWRY, —F, WLY LT THMPEATEOK TIX, &Y ORISR B
PEATE O E R IZ X Ul PE AT 255895 Z LA HE ST Y (Hino and
Hirano, 1976; Carmona et al., 1993; Gilbert, 2003; Stelzer and Snell, 2003).
BRI P 0 O PR AR 2358 T 5 & XV EHRFEE S4U TV 4 (Snell et al.,
2006), —F . RIKOU LRI E NIRRT R L, @& N Ciitkdgm
#17T 9 (Castilho and Arcifa, 2000) = & 725, ERE¥ V87 BIXARREE FICE
F 2T LEOHFI RSO TEERED N T v A Z RS 5 EE & E 2 - L
TWHHDEEZ LD,

—J7. TOX OB W X DI EHEREAE LD LB oIEh, MEE
SLEHICB VT HHE SN TV 5 23(Parker and Bold, 1961; Chirac et al.,

1985; Mouget et al., 1995; Azam, 1998; Lebsky et al., 2001; de-Bashan et al.,



2002, 2004; Vassilev et al., 2006; Liu et al., 2008), 34 % HE5iE 2 BIH L 79

BHOREIZITEE > TR0,

AR, EBREOEERE TICB T 5 U AL OFBEEREICE T 5 M RO
WV, T AT DO REEBRPIECRIZENESGIATA DL L 2ITR->TETND L
X 2 (A B, 1983; Pourriot and Snell, 1983; Yu and Hirayama, 1986;
Lubzens, 1987; Snell and Boyer, 1988; Lubzens et al., 1989, H¥F 5, 2000; /)
B 5, 2002; Gilbert, 2003, 2004; Schréder and Gilbert, 2004; Alver and
Hagiwara, 2007; Hagiwara et al., 2007; Serra et al., 2010), KEEFE O T
B ZAHIEARSY AVEEOR EOMBEOL S 1E 77 VT BRKE & 72
STWND Z ENIH LN > T b (Hagiwara et al., 1994), R72 58427k
LTV DT TIEARWONMED, 2002, 2009), T 22 OHEFEREITH A T
OBV JFNEEET H 2 Lo bUNMED, 2009), HEENMICIIT 5 U LT OHFH
Btk O FREMBEOFRO—BNZ e s b D &b D,

UEDX SR ROT., AT L2 ORI O —B & LT, &
N Y 7= 2 RPBIEFE N T 5 U L v OHIEIEHE R 7122\ CTE O — i
EHOLNCTHZEEZENE L, THETOMBIZEDE | S 5E ) 1] 4]
DU NI EERIEHTIITE & ORI A RE S E LM OO BN EENLTND
AREMERE 2 Hvie, £ 2°C, SHEOEEBPIE O U L S RERIER D H & OHHE

ICRIFTREZFHEMICHRET L, 610, YD RBED Ch D7 513
T LY DENIZHFELOME NG ENTWD AIREMENB 2 biLTo2, [FIRE]
DU LB LI AIZ DV TRERIEIR & RARICEEICMRET L, S BiC

S a~ N7 0 —ZBRME L ORI AR AT, KR L7223k



DEEET S0, N K7 I BEAIOFITE LN v —=0 72707 —
HZRX—=A L TRRSROEH D H O EMEEDRH D00 E 2 D E il Kia
OO RZID F LD bDTRLENLRD,

81 BT, MSIATBUENKER G v ¥ — iR B o ¥ —T
10 AERIMECES R S e LALD A v /N E VW2, ARISREARS B LIZ < <
MAIRAEFERL LZ2VRTH Y . £, YRR o< s 2 7 AT

BRSO Z03MBLEE ST, HFEERE N OB IR IR A 3 D AifEERE & L T,
F9. UL (<2 FEREIEND 300 ERZ 1/2 A THEK 100 mL (123 A LT 25°C, 14
HHREE L, R AR Lo, lcRlifE, A Y A3 %25 1 mL O
RIZ 10% ANV LT VT REMEBEENZ TY LATEEE L, VLA UEEEE
FARBEMEE THI U TIERL L7z, Z ORR BB & B BB A U L. Ik
ABE L72U Ay & G T8k b R E SR OB R IR 2 0 U 7o, HFHIEiE
OVEMEREICER LTI, RABLORERER, SHLE AL L BEER, BLO
1/2 N LK D B DR RESHE ORI 208 U7z, WRIZ, BRENE—IZ2 5 8D

LI T UHMIET 12 ROBEET L— b, FI0UT 7 % 106 fifd mL1 Ok
Chlorella regularis 7 1e 1 mL OFFRIRIKORBRIX 2 A E LTz, S 512, X
(ZIF LB ORI (<2 REETER) A 2 fE{K3" > A4 T 25°C, 3 H 50 pL 3" OfafH L
22 5 HZ DAL ZRIE L,

F9 HEBOHEI ., EIERE . BRI, J6 K ONRITH O HIFHE R O
T LAERERIX, Z N 86.0+4.2, 253.3+9.5, 620.3+£16.0 35 L N 471.4+14.3
fEfA mL1 CEAMEHEERZ) Th o7z, WRIT, T OMEERED DR L 72555
TR Z W TYU LA i LT, BIRIEEEE 2 i~ o, T ORR. HEHEIE



H R 35 OV B A OO R 2R IR 1A B A IR A &2 R L7z oot L
(p<0.001), EHHF L OBITH O BIRIRITTEEZ RS R0 oo, ThbOf
UL, RERIEHE IS E 40 D SRR A o3 LR BOE IR R > & e B iz
T TCEASND Z LR L TWD, RIS, SikEREER S 2D L2 Hk
THHNE I DERET L2010, UAT 28 TR OLRZ R L5550
A O AR T & Rl U7, 2 ORGSR, BIDRHES BIRIR I B e B i i
EEH 2R SR oTc, SHIT, UL VERIRIR 2 45 AL EE U CHE SRR g v
DEERFT LT, OSSR, B8R O M S 1T R 7/ C 60°C LA
L OIMESLE TR L, 43 10 kDa LAT O RS R TALEL U 72 538 ik Tl

IEMERMEN o T2, X 51T, proteinase K LB TERITARIE L, HEFEIEHER D1
KEHWE ThH D Z EPRsiviz, YL EOFERREN G, FEHEm g O Rs 5%
TR N B F DB EER 71T ML E 7R 10 kDa UL EOKEEMES 3
HBThHrZ ENHbNEroT,

B2 T, BARIRMERL ST ORERUCER LT, BRAR IR Cld M 3%y o [RlI &
372 < Fle, RGBT CIEERIENS AR E 20 | FRARNETH - 72,
— 5. HEEE I O RS IEIR IS S £ D IR ERL S T AR TH D
ZEMB HHERDIET AVERICL EIRETEEN TV D AIREERE X 60
Too T IT, B ORRICHENL G | RHEBIETEIH O U L AR &R
WAL | B IEIK & RAR OB A AT > THIFAEHE R 7 DIETED AL A2 F1~
7o £, MK OWEFEREREORERFMEL R Lz, 77205, itk
Z 1/2 N LK CAIR U CHITRRETEME 2 R~ T2 & 2 A 26% DA B O1E M X

B O B E o 72 (p<0.05), £72., 60%LL ECTHIFHIENE T H 2 L b,



FATEREE R TR EE T LAMEEH 2RI 2R H 5. & 5 IdHhiHiK
(ITHERMEAE R Sy DI D>, RS E D35 £ 0TV D ATREMEDE 2 BTz,
Z 2T 25% AR O IHRIZ © X BRI L RBROWER 2T o7z & 2 A, Bk
TEIE & [AARIZ 60°C LA E O MBMLEL CHAFEIEETEEIZIL T L, 10 kDa LA R ORR
AR TITIEMEME - 72, & 51T, proteinase K ALBETERIZIIE L, KiE
PO T D Z ENRSTe, LLEORERER LY | R 5E 918 & A 4h
HIRIC B N D BHRER Y 12, HRIERT O b O L F—F ik X <HEBT S
WET, EEPICEREICEENTND Z &R I NI,

BI3ETIE, B1IEBLOE 2 EOMREEZMEX, K/ n~ T 74—
ZBRE LT HBOETERI O U A A GRHD R D © O TR ERL oy DR 2
AT, 2B, HIRIEHERL y OTEPERIE Tl 7 u~ b7 T 7 4 —Oi i
% 1/2 NTHEKTHIT L, 12 ROFEET L— FE AW TEINISBEITNIR & S &
D 12 N LKz A T 25 AR 2 EIED T L (<2 Il 2 5 A L T 25°C
FC. 3 ARt Uiz, TOMORTEFIEITAIEI Ak TH D, 77, @R
ik %= DEAE-Tyopearl 650M 7 7 LR Y —)DfEA Ao a~ N7 57 4 —
I L7z 24 NaCl ) =7 75 Vx> b OJRWE P THITEIEETEE S ER 0 &
AT AEVEE 5y 2 & — U CHUAS RZE T 10 512 324E L . HiLoad16/60 Superdex 75
prep grade 7 7 A (GE Healthcare) D 7 VIt Liz& 2 A, VIVo1.3-1.6 D
FPHCISPEBI 2y N D ALTz, 2D OIEPEMEI Sy & & — L CHUfE #2810 f5 1R
fi5 L. TSKgel Phenyl-5PW 71 7 A(H Y —)O#fiki@m#EiRiA 7 v~ N 75 7 4 —
Iff LTz 2 A, 50-80% 7 & k= b U LVEIRIE /3 TR ES RS Hivi, |

H# %y 2 SDS-PAGE #ricfit L7- & = A, IEMEE/IZH 25 kDa ODHE—D /N



RNBDOONTZZ b, RKE T E DR 7 & [FE S vz,

Wiz, [FE ST 25 kDa 4y 12> & SDS-PAGE % D%y K& 7oA
Y=Y EHANT N KT X BESIE o LT & 2 A, PAVVDFTAV-
WFGPLQMIKP & & Sz, Z Ofids|% NCBL O A I XY R U A F B
F% 7(EST)T — & ~X— A (2%} LC TBLASTN #Z L& 2 A, fREMEZ R
1 2345 & 1 7= (DDBJ/EMBL/GenBank accession number FM939833;
Denekamp et al., 2009), Z DU AL EST BANEENSHEHE LT 2 BRECY
% NCBI ¥ — # X — 2 2% L T BLASTX M ICf L 7=/ F . ki
Chlamydomonas reinhardtii ¥ £ O~ 7 U 7 Jflth Plasmodium falciparum O
FHV R ERmOVHEMEZ R LIz, LL2RRE, TV RE U3 —
12 12 kDa fBE DKy 1T, U LY EST OFEMET 2/ BRECSI ) HHEE S5y
T8 HH 13000 &, A EIHEE L 72U A SRR S 04 T 8K 25000 & 13K
SLHERD,

ZZ T, HEfL7e 25 kDa X NV EE I 0 —= 73 570, HEEERL
72U L O EST ORI E S LI T4 ~v—%i&it L, PCR Z1T>7-, £®D
i3, PCR B4R FEY O IERCSIZ Y L3 EST O EmWHEEMEZ R L, T4
L Ry v O LIZFAET D WCGPC £ F— 7 (Wollman et al., 1988) &, &
EFNTZ, T4V REF TV UIEEAY D b BEO RS F CHENICFTE
T oL NI ET, AN TO LR TR LE ST RO DR T 25 23
(Williams et al., 2000), IT4E T OFHECERIL A kL RITHT B E Tee
et al., 2005), AN 7 T inE~DEI 5 (Meng et al., 2010)X°, Al O HE5H

K7 & LCHIERET 5 2 &3 S CTu 5 (Powis et al., 2000; Khayat et al.,



2001; Powis and Montfort, 2001; Yoshioka et al., 2004), L2>L72n 6, 71
— =Y 7 LI U NV PR K Oy O HETE S 1 &K 11000 & iR O
SDS-PAGE 7372 & - TR 5417249 25000 LiF K& R s, LEen-T. U
I HEFEAREE RSy D 7y FAEEIZ DWW T S HICFEMARRFI NN E L E X b,
RBIZH 4 BT EORREZHRIE L, fEROMFEDORAIZHONTEL LT,

B, AR TR ONTARITLLT OB ARFHTH D,

1. Ohmori, F, Kaneko, G., Saito, T. and Watabe S. (2011) A novel
growth-promoting protein in the conditioned media from the rotifer
Brachionus plicatilis at an early exponential growth phase.

Hydrobiologia published online. doi:10.1007/s10750-011-0642-3.



AWFFEIF AR R LR OMEE, D TIiTbh /b D Th
D, ZZICEERDEHROBERT D, Fio. AFROMEIZ DTV EEEIRE
25 L EBIT, KX OIERIZHT- Y 2 < OEBIE ZTEW T, L) B
L kR 5,

ARG L ORI YTz - T, HAERY: WIME—Zd%. ok SeltBaz. W5
BHAEEIRZ 72 b N RIGRY: HREEERIIIZ OIS E2EW:, 221
DO HBEER L LT D,

ABFIEOFHROSLZE, EFTICH T HBER LBV THEE < OB S 28
EHRKRY KT, 7ot PRt bR Skl
AR WEZRT 2, R, &Fulbicid, AFEOMEIC O B
a2 oL b, Z<OHBEZTHEW, ZZIZESELEL BT 5, 72
B, TAEERFELICE N Rm7 I BESIHT 24T - TIEWZ Z & I2 Ik H
L EF %, Frlo i rs LT R B B HER I e o 72, R THEILE L BT 2,

KPERMGIITEE v 2 —DOIGE R IESRIK, BBEEHEREY ¥ — 0/ NMEHZ
RIZIE, BRORMEDIZ D>, Bk ORRO BRI EHBE 25 v K&
RS 0Tz, DR VIEHE L BT D, BiRIC, AFZEICE L T2 L EIF 2 IH
DT R R AR R E MR AT ZE R K EEAL A FE =R 70 & NS KB A2 1
L TREOERFIZ LN OFEEERT S,

BT, ARFTEITFLE et £ CTRAF > T N2 WB OO liE TOX 2 2 e

TR LER DT b D TH D, ZOHEMEY THEHILHE L BT 5,



iy
i
aj

A L TIEEL T DA ME LS 2 Tz,

ASW: artificial sea water

BCA: bicinchoninic acid

BLAST: Basic Local Alignment Search Tool

bp: base pair

cDNA: complementary DNA

CE: crude extract

CM: conditioned medium

DNA: deoxyribonucleic acid

dNTP: deoxynucleotide triphosphate

DTT: dithiothreitol

EGTA: ethyleneglycol bis(2-aminoethylether)tetraacetic acid
EST: expressed sequence tag

GH: growth hormone

HPLC: high-performance liquid chromatography
kDa: kilodalton

LB: Luria-Bertani

NCBI: National Center for Biotechnology Information
PCR: polymerase chain reaction

PMSF: phenylmethylsulfonyl fluoride


http://ejje.weblio.jp/content/ethyleneglycol+bis%282-aminoethylether%29tetraacetic+acid

RNA: ribonucleic acid

RP-HPLC: reverse phase HPLC

SDS: sodium dodecyl sulfate

SDS-PAGE: SDS-polyacrylamide gel electrophoresis
SIP: steroidgenesis-inducing protein

TEMED: N, N, N, N’-tetramethylethylenediamine
TFA: trifluoroacetic acid

Tris: tristhydroxymethyl)aminomethane



F1E ULAVERBIRICE SN 5 HEFEIRER S DR

FERETONy FREEBOZMET T, VLV OEKEILY 7EA FRONE
iR 24 < Z &M b TE Y (King and Pulik, 1967; Halbach et al., 1984;
Yoshinaga et al., 2001), 452N ATEFE 7o kP TEIA G 2 88 7= 12 12, FedkBa%k
HNZHETE T 5 e BRI ~ AT T 5, T D%, EEBEN T E A EEILRWVE
W AR T, BT 23 2 % (Yifera and Navarro, 1995; A &, 2000), 7 A
VIR R E P EE LEHETH L2 200, EREOERSFIMTIZBITD
i A FE D KR AR T 2 IZ DWW TIE R 2 0% LAY H 0 (Yu and
Hirayama, 1986; Yamasaki et al., 1987; Carmona et al., 1993; Yoshinaga et
al., 1999; Kaneko et al., 2002, 2010; /IM# 5, 2002; 4x1-, 2006), 7 L DOHFH
REWICIITV LB R W T 2WERHE T2 2 LR RBINTND
(Carmona et al., 1993; Yoshinaga et al., 1999; /IM& 5, 2002; Gilbert, 2003;
Stelzer and Snell, 2003; Snell et al., 2006), L/>L7Z203 5, ZiIUH OHFZEITE
(BB & D WITEFHILIEICR OGN TR Y | MEEEHIH £ ToU L
YOEBRAERICIIAWILRRDN L RSN TN D,

Z ZCAFETIL, HOHEEPIM O U A U TEERIRTIC T AV B OMEE
REESE LM PO 2 3 L TV D AREMEEZ S 2 7o, 7205, xiiiu
A7)~ B {5 FE 2R BEHE DM T DA 2 6B AN 5> T O ) TIIIE e e Rk Sy
DIREN—FELLEICR2 D B2 6N5, ZORBERIET 2720, 5. VA
e —EWIRIEEE U TREMBR AR L. Zivae b &I b B AR E

WAL LU Ly OB KT T B LT, T2 /IMES (200213 55E& H 0



U LN Z AR BICOWTIEERR T O 7 VB =T HREHEDO B A IERH L
TW5, TNERIET S0, Bl LS FEEEERTICEENDI T E=T
HOWEZPE LT, SDIT, BERIBETICE £ 2 85 sy o FeE
EEEICRETT D70, AFRAEL A N X TR RIEI T U A R LD

AL BT ~T=,



5 1H PETEBRRER DBE IR IR O TR EE

AEITCIE, —EMMEE L THONLD T A UERIBIRN U A2 O KIZE
WRERARDLOET. VLAV E 14 HEEEE Uk E MR 2 Bk L7, iz,
TERK L 7o R it 2 b &S BOm o], cPECRsE . W W3 L ONR TH]
DU L ARRREN HREEIER AR L, 2 OERIBRT CY LAV 2 # LT,

HETEARHETE M OE N A el L 7=,

ARk

T L NERR(L T T ) & FEBRICH T2 (Fig.1-1), AT TEOE A K PE
WA v & —/INEFRGRZEE o # —I127C 20 4/, 10-15°C TIRIEBIE <
(H B 5, 2000; Kotani et al., 2010), D4, B EFHEfAE LY ¥ —T 10 4
MR REEE SN b O T, HERHBL LIS KHAIIZTER LW TH 5, F
7o, MRETAHR &Y 2 AMITEMEAIEO AR BE SN, Fiikr ¥
—T 15 kL @ 60%¥E/K (5 20 ppt) TR B8 & 4172 ko $cb b i 1 0 4 (8 R 2
FEXD 100 fE{R mL)D & D& FEFRIZH Wz, —HA R ERICHNH7201C 1/2
ANTHEKCTER#E L, 7% % 0.22 um 7 ¢ /L &% —(Millipore, Billerica, MA, USA)
TR L CEIN S, WRIAREESE &I x Ttk L-80°C THRTE LT,

U LY DEEFEICIE 454 mM NaCl, 26 mM MgCla, 27 mM MgSO4, 10 mM



CaClz, 10 mM KCl1, 2.4 mM NaHCO3 3 O 0.8 mM NaBr % % ¢ Brujewitcz
A T#F/K(Subow, 1931; 4y 33 ppt, pH 8.0) Z#fli/K(> 18 MQ-cm) T 2 {{FIZF7
RLU7=t%. 0.22 um 7 /L% —(Millipore) CIEBIKE L 7= b O & H\ =,

T LY OEEEHT I TR Ofk#e Chlorella regularis (Rt > % —, Bal AT,
BIEF &S ED) 22 VY, 7 x 106 il mL! &2V A S ER38HR 100 mL HPicfEH 1 mL

o, BRI e SIS LT,

Hil 5%

U L0 e — BRI, FiEEZUTFTOFRIETITo72, £, ik
REEFE L2 U D UREREO T SHEIMER DO 28 L. 2 b ZRndo 1/2
ANTHEK 3 mL 2T 6 /53 7 L — h(Nunc, Roskide, Denmark) D4 /2
L. 24 RefEEEE L7e, 5538 1%, oot Loy du(< 2 IRpfiiin) 2 3%51) L T 48
RefEE 2 L. W b L7 r (< 2 Refillin) 2 (kD oo & L7z (Fig.1-2), 852854
(T, IRAE 25°C, 24 BERIRESRME, FRERTE T, 7 x 108#fd mL1 OEFEZ 45 H

50 pL T ORFEIE & SIS 5 27,

AR #iRR D VERK

U LY DR E MR A ERT 5 729012, 300 mL BE D B — 5 —I|Z 1/2 A TiEK
100 mL & AfL, U A(< 2 FERETEN 300 k2 EH A L 14 AR L= = 3),
BH, VAT EZET 1 mL OBEKIC 10%R /L AT VT e R Z2BEEMNZ T
ULV HRBEFE L, UL UERECE ZREMEICE Y v R, RO TRRMIL 72, I

L 3 DOE =N —DU LAUAREDOFHEZ T ORFR A KICE T 2V AR



He L., HERBoORAZEIEZ 7 vy b UTEERIMBREZIER Lz, 72366, eI 7

X 1061l mLt OEFE 2 fi: B 1 mL O3B R ITE R 2 23712 5 2 e,

- FE B P 0D 1522 R K 0D FA Y

U Li(< 2 BR300 E R 2 X L= 1/2 A TifEK 100 mL OB —0—% 4
SHE L7 x 108 mL1 QR 2N 2 T, Rl ok E o k-5 4 B Gt
HOFEIOIE) . 6 A RIGHEEsEE), 10 BMCER NI L0 14 A RGRITHDES
L., 0.22 um 7 ¢ /L% —(Millipore) ClEi# L. £ HEFEERE ORI 2 R L

7"/,
—o

BERERTOT E=TREREEORIE

FERIRIR P O 7 =T RRERIBEIIR AT =BTV UM S U0 KR
%; Demutskaya and Kalinichenko, 2010)iZ & 9 JI7E L7=, HIEIZE L. KiR
B L O pH (Hampson, 1977). ¥4 (Bower and Bidwell, 1978259 A i 1E %

1T-7,

BRI IC & h L RS OFEHEEIE

- VEFE B P O BRI IR I & 40 2 VIR R oy OTEME 2 E 3 D 72
A B PRI OB IRIR X (BL T, Z 4L Ut SO Gl 0 R X, e A A
JEIRIC, IR X I K ONBITHIIEHR X & K50 &, 1712 ATk D 75t
KEZRE L, ThHERBREICHRY L2 (< 2 Fifiln) 28 A L C 5 H Rk

L. VLU DR Z I L TiTo 72, £ F#RBRXORBER 1 mL %,



ENE 2D K0T T U FKRIEICE ST 12 AEE 7 L — F(Nune) -
D 5 FUTHLE L7z (Fig.1-3), WIZ, & IUHE T L (< 2 RefHlim) % 2 Bk, 7 x
106 #ifd mL OFPERE 50 pL T O AN THEE L, EEBEHEICHY v 2X) T
HU L UEEEZFE LTz, ek, BERAMFIINSEEOHLEFKETH Y, B
PEDRER D T=OIZFAER D FERRE 3 [FATRV, T 5 OVE A HEHRTIC 4 L

77',,
—o

FRBR X DU L UEERER O ZITERME DR EZIT > 1%, — ol &5y
MriEThE L, &R X O OME A BEM L Tukey's R A MR v 7k
W K0 RN LTz, & COREHENTIZ JMP7 (SAS Institute, Inc., Cary, NC, USA)

W& iTo 72,

AR R

300 mL ® B —F—% HWT 7x106 fiid mL1 OfFE 2 H 1 mL T O%EE L

TULYHEZR LA, HEEEIIEE4 00, 6 HA. 10 AR LN 14
HE T4 86.0+4.2.253.3+9.5.620.3+16.0 35 L 1N 471.4+14. 3 fH{A mL1(GE
PIEHEYERZE, LFRIC) &R0 T S ERA g A, x5, &5

Bk LN THEICHYS 32 = L R s 7= (Fig.1-4A),



EBKETOT VE=TRRERERE

BonclkEd#REZ S LI, BE4HEB,. 6 HE, I0HEBIWR 14 HHICE
NIRRT P AE . I K ONBIT ISR Y 3 2 B AR IR
LT, TN ORIHEMOBERIKTICHEND T VE=T BERDOJR
FEZRE Lol 2 A SHECER ISR X, BT ER X, & W IR
XE L ONRITHIRIKX T, <21 0.23, 0.43. 1.61 3L 247 ppm TH-

7-(Fig.1-4B),

RERIETIZE £ 5B RS DIENE

BHTEBEE N SIS O N ERIBE CTU LV 28 L2 2 A, B3 5 HHIC
BT DU L ABREII B P IE R . e AR R . E IR S K
OB TR A X T, £ 86.448.4, 113.0£11.0, 42.0+£7.6 3 L 1Y 42.0+7.6
& IR I IR X D 42.0£7.6 (2K 2.7 fFE A EICE - T
(p<0.001, Fig.1-4C, Table 1-1A, B), F£7-. *IEHEFEIAGIHANENE T & % H i 5
IR L 0 IHERNb OO HIRIX KD A EICEVMEL < L72(p<0.001, Fig.1-4C,
Table 1-1A, B), — . & HEIK & MRXOBIZITAEEITERO T, 1T
BRI ICB W TIEE®E 3 HH TR TO U AUHMRIEL L7z (Table 1-1A), 72¥. %F
ORI F & OSRHBOE AR A X & P RXIZ 31T 5 A B 22 1T, Hh 38 2

HH 26 2 5 7-(Table 1-1A),



F2H MExDOLEE LI EERIEIK OWFEREE DR

HIERClE. SFPECEGEEA IS D U A U EEERIEIR S T b S O Bl & 4 5 2L
HEEIEDEARS D Z L 2R Lz, AEiTIX, ZORMHOEZRERTICE
NDBEARHERL Sy N T A RO D THHNE I MERHT L, IRICTE A~ DAL

PRANN A TR T U Ly 2 2 L, BGEEEEPEOE W 2 el L 7z,

SRR Sk D BERIEIR DR L OYEERIE

ST R OBE IR I B E N D HEEIRER 3 U LT HBRD b
DTHDHINE I DERFT D702, 12 NTHKEEEOREEHRT W &8
FRVEERIRZATHIO LT 4 ARERFF L, BRIERA R L, RPRIEKIX
RITEI O IEICHE - TR LT,

PAREARETEME OWIE TiE, et BOHE I OB R IEIR X & . 1/2 ATk & 6F
Bt &, U AV EEEROERBIROSREXCLT, HEHERX & Zi)B L O»
1/2 NT#EKDOHOFBXZFHE L, 12 REEE 7 L — h(Nune) I &5 BRIXIZ
DE 4 FAEHWIZLSNE, AT OB ER > OIS HERIE & RO 5 TTo

7’9—
—o

REERROGZFREOAR




BRI TS E £ 2 BERR E TE PE O IR BEIREME 2 M9 2 72 1T, kP
FHEAWIHA O RS RIER & 1/2 N THEK T 25, 50 35 L T5%IC AR L 7= il BRI (LA
T, FFi 25, 50 B LV TB%IEHRIX & #Kah), ML W HEEIRIR X (LT,
100%IEIK X & 7)., BEL N 1/2 N THEKDHORRIX 2554 E LTz, HEEERR

PEORIER., ERRORBRKICOEFIE & D TIETIT- 72,

BERBRDOESLE

BERIEIR P& F 4L D BRI E R Sy DBV TEVE & MRt 5 72 D1T . e BuH
IR OEEEIEK 2 U 4+ — Z — /3 X % VT 40°C, 60°C B LV 80°C TZENE
AU 60 Sy [EINER L 723 BRIX(BA T, £ 24 40°C, 60°C 35 LU0 80°C ALBEX & %
RO &L INEVLER L TV WRLERX 3B XY 1/2 AN LK O A Oxt BRI % 3% E

U7z, sEIEfedEETEORIE IR, ATl & FRROITIETIT > 1o,

EERIBIR DT &5 H

FERR IR TS E AL D IR ER Sy D ) F B AEE T 27212, R SE
W O EE R I8IR % 53 53y 1~ #:<1 kDa, <10 kDa 35 & <30 kDa @ [R/MIE#EE(Z
N2 Amicon YM1, YM10 35 & O YM30, Millipore) THRAMEE L, 557z
TR & FEBRICHE L=CLT, £hFh<1 kDa, <10 kDa 3 £ 1'<30 kDa J§#ZX
&K, S HIT, RAMEE L TOZRWARLE XIS KO 1/2 A Tk D 05t

R ARE L. BT & R 0 J e C R I P 4 0 L7z,

BEEJBIE D proteinase K ALEE




SIS FE W) O BE R IRIR T & £ 4 5 e HE R 93 O priteinase K ALPRIZ X
LR RFTT 5729, Snell et al. (2006) D J71k %7 —ek s L, Bi#&=IEIR % 870
ng mL1 @ proteinase K(¥ 5 7 /34 4, #)T 37°C, 60 /LB L 7=, HEFHIE
HEIEPE DB E 1L, proteinase K THLEE L 7-38BR X (LA T . proteinase K [X & #£5t).
WLER L 72 OWRALEX, B LT 1/2 NTHKDOBORMIBKX 23 E L, 246 Ol
X% 12 7558 7 L — b (Nune) FIZ A RBRIXIZ D & 4 7% HW T, mii & [k

HiETIT- 1=,

BERR IR IR D K B TE 53 DS

IR P IS 0D BEERHE RSy S KIBYERT ) CTH D D0 E D ERRH
% 72,50 mL O EIEFE P O RFRIEHRIZ KT L F RO V= F Lx—7 L (Fi
o, HR)EZMATIRE 5 Uiz, 1 RFRMIEHE L7 IOKE DR ZIRY L, /3R
L= =52 HWT YT N —T VDL ERE, 56T ETER & BT
DERE LR (CAT, KEEMEE Sy & K50 & Lo, TGP O JIE T,
IKESPEB A3 P, LB L TV DARALELX . 36 KO 1/2 N TR D H O RRIX 2 |
12 7XE5#8 7 L — h(Nune) FUIZ KRB XIC D % 4 & FWT, Riffi & ko ik

TiT1-o77,

HEEt AT
FRRXE O U L ABEEOAEAEL, A0 TETHRIE LT,



EEEH ER Sk D R Z IR IR D HE SRR A T

BT O R RIS A W TR R 2 T o7 L 2 A, B 5 HAT
BERIEIRX O U A AREEIL 81.2+7.4 720 | SPEHEIRIXE LU 1/2 A LK
DHDRRE D ZNEI 42.245.7 BEL O 41.6+5.2 ICHRXTHEICE NP ST
(p<0.001) (Fig.1-5, Table1-2), 7233, EHEHEIRX IS LN 1/2 AN THAKDHDXF

X ORIITIAEZATRRD b igioTlz,

BERIRIR T & E D TR AERR Sy DIE M DR KM

BB I ) 1 D B IR S A B BRI R Sy O TEAE DR FEAR A7 %
ATz, 552 5 HBIZEBIT D 100%I8IE X DU b AREEIL 82.8+8.4 &, 1/2 A
THEAR DB DX HIX D 43.6+8.3 LV & A EIZ® 12> 72(p<0.001) (Fig.1-6, Table
1-3A, B), — 75, 75%3 K O 50% RIS XD T L AEREIL, £ Eh 82.4+7.2
BELOT2.843.7 &, 1/2 A THKDHOXIRX LV & HEIZE - 7253 (p<0.01)
(Fig.1-6, Table 1-3A, B), 100%JEEX L 0 T ME AR LTz, 72E. 25%
TEIRIX & 1/2 N THEK D H O R ORI ITA B 2180 b2 - 72 (Fig.1-6,

Table 1-3A, B),

HERIBIK T IZ & h D HFRRER Sy DRVE E

XFECE AT O BE BRI TS & A D e dE Rk oy DBV EME 2~ T &

ZA, BEES HHEIZBITS 60°C 3L 80°C FAHX DU AARKEIL. Fh



Z 59.048.3 I LT 48.248.7 & RAPEX D 83.8+8.4 |[ZHLANTHEITEK ) -
72(p<0.01) (Fig.1-7, Table 1-4A, B), JIZEMLELOEFE B ME E T A RS
W72 Te AR A B ALY, 40°C I LY 80°C MALEEX [H] CHEZNRD b
M 7=(p<0.01) (Fig.1-7, Table 1-4A, B)LSM T, &WLH X CTHEZITRD Hivis
Molz, Fio, RUBEX I LN 40°C BEX EIZ B W T H A B ZITFE O Hiv7e )

-7-(Fig.1-7, Table 1-4A, B),

BERRETIZEENDEHEEERD DR FEDHEE

KIEIE AW ORI I E £ DRy D FEEHEET DT
WIZ, flx DO E 1y F A b DOMRIMEEIFE TREE L 2RI R A L TY A
& 5 HMRFE L, ZORR, 55#& 5 H BIZH T 5<1 kDa 3L 0U<10 kDa
EXDOU LAREET, TNEN 40.845.4 B LN 55.0+7.8 &, RAUHX D
87.0£5.1 IZLE R THEIZIE D - 72(p<0.001) (Fig.1-8, Table 1-5A, B), —J5, <30
kDa # L 1<10 kDa [ X[, & %\ id<1l kDa X & 1/2 A Tk D HO 5 FRX &
DA EZITEO bV d > 7275, <80 kDa X35 L 1/2 N LK D HDxf
FRIX, &2\ FI<10 kDa X & 1/2 A THEKDOHO XX O M Tl E 221

5172 (p<0.05) (Fig.1-8, Table 1-5A, B),

BERBIEPICE £ 5 R RR 0 DIEMHEIZ &IT 3 proteinase K A D5

INEGLPER 5 - F 57 B 70 80 BEFRIEHER Sy 3 & v XV B EBES N2 &
7226, proteinase K ALHE U 72 % EUEIH AT ORISR 2 N T Y AT % 5 H

R L7z, ZOR %, proteinase K ALBEX DU A AEASIE 29.5+3.5 &, K



JVERIX 0 81.3+9.3 I THEIZIK L (p<0.001) (Fig.1-9, Table 1-6A, B), 1/2
NTHERKDHDXRIK D 45.0£4.1 1T AT H A EITIE D - 72(p<0.05) (Fig.1-8,

Table 1-6A, B),

BERIRR P T & E D TR AERR ST D K ER R 4y DIE M

HEVEME DY/ E DS HEFEAREICRE 5 L T A 0B E i~ D72, b s )
HORERIREZ Y= F Lo —T7 )L CUEL L CTREERICHRA L, TOREE,
K 5 HEICBT DKEMEEOU A EEEIE 84.87.1 L, RUHEHK D
85.8+6.3 L DA EZEITIRY b9 (Fig.1-10, Table 1-7A, B). Wi b 1/2 AT
HEK DI DX RIX D 44.545.4 ([ZH_THBEIZE D - 72(p<0.001) (Fig.1-10,

Table 1-7A, B),



HIH B £

ABFFETIZE T, MBSO O U L B3R AN B & O HIFHIC K IE T 5
ARG D720 HEOEROI . SPECEAE . & Hd X ONRIT sk
BEBIEIRCTY LY 2 T ENREE L, IS RIT TR AT ~T, T ORR,
T I QAT SR s KOS B O BRI A RICRE S
72(p<0.001) (Fig.1-4C, Table 1-1A, B),

— 07, EHMORBEIREIL 1/2 NTEKOHLORBX LT EALEEDLT | &
T ORRIBR T3 3 B BIC2&TOEERN M L7 (Table 1-1A), /D
(2002)1%, EHFHLIED U A HEFRIRIR CIXEMER A 2 0 | Z ORIK & 5%
BRFICEENDT VE=TREERICLDIBOTHDL LML TS, £ T,
SHECEE R AR, R KON TR OB BIE IR I A £ h
DT UVESTRERDORELZITE LA, ZNEN 023, 043, 1.61 &
W 2.47 ppm TH-7=(Fig.1-4B), LEIU LN H T =T OatkmEMEx
T EAEIRE(LCs0) T 17 ppm., EBIEFMEITK 2 ppm E#HE T4 (Yu and
Hirayama, 1986), iIB{THIOREEH T O T BT BEEHZOPRAEIT 2.47 ppm
ThOH, TNEHWTTLAVEER LT 3 HHIZBWTIL, BRBRTPOT E
ST REEZOREIZZNALL EIZHEIM L TWA AREERH 5, Z vl D 28K 5E
CEolzbDEEZLND,

KBTI 3 KOS BN B 1T 27 =T BERDORE L D
&L TNEN0.23 &£ 0.43 ppm T, BEDOHTNE, T2 LT, #%

ZOFHTYU LUEIRENAEIZHERT H00E., & ORI BT K



EAREDY 2 (5L B <, 1o THM SN D HIRER O RERES LD 2
EDFREZZ DD, THUEL, HRER DOEFEIEETE TR B AR AAYEDN &
LT EHRELTND,

—J7. MRS PERIETICZ ko TV D TH A ) EH B RORERIEK
T, UL UEERED 112 N LK OHOXHRIX & B EAEDHR S 780 o7,
EFHHROEREEFOT =7 BEROIREIL 1.61 ppm TH Y | 18
P 2 WIFAMEFEEOWTIUCHRZY L, fiE> T, /Mg 5(2002) 23112 LT
WA E 5T, ERHIHBEROEEBEIRICIZT =7 BER LS OHETE A I3
HMEDFIENRE 2 LD,

LLEDFERERING . T LT BT 2> & SRR 2 TH S @
WA A AR HE T 2] & DRy Z RGPS W L TWD Z e R s, &
T, BEWBLBEIIERBRPIC T VE=TRREFRORENHERL, ZRnV LY
DOEFEZHE L TWDH EE 2 b,

AT, RBOEFEMIOIHI O U AT EERIERICHE B L, BRI TICE N5
FEARTERL Sy DMK 2 RIS IRET L7, £7°, BN T LAVHEKRO LD TH
DMEPIZONTHARDUER D o7, Zivd, MEER & O E 3 o
AW ORGEZRE ST D E W) A O AEERPHRE SN TNDLHTHD
(Azam, 1998; Lebsky et al., 2001; de-Bashan et al., 2002, 2004; Vassilev et al.,
2006; Liu et al., 2008), % Z T, EIEIIWIH DR RIS DI1F 0>, FFMHET
B UTofIPRE & 1/2 NTHEAK DB 6 70 B ERIE ) DR BRIER 2 L. 2 b
OHEFHIEHETE M & iR Uiz, T ORGSR, BBIEHRIX O T A AR AT R

KBLW 1/2 ATHKOARORRX L0 HHRZIZED - 72 (p<0.001) (Fig.1-5,



Table 1-2), F7-. ELEHEKIXE L O 1/2 A THEK D HO X CHEA =2
MR IR o7z, ZORRIT. SEIETEH I O R RIS T IC & £ h 5 HEhM
MEHERIIIET AVHKORS THDH Z L ERE L, RAFRICE T DT AVRH
LY DG % (e S 200 52D RSy 2 53 LT D &0 D R & SR 5,
I, VETEARME R 7 DOPEIR 2 ISR ET 2 726D %Ry OTEME D B
fElk, BVZZENE, D FBOHEE . proteinase K ALELOD s X UUKIAMEN S
T, ZORER, BRIBROREN®mWIE SR EIC SRR EE M2 R
L (p<0.001), AT 1% EEDIEVEITT F D[ %7~ L7 (Fig.1-6, Table1-3A,
B), F7z. 40°C Pl EOINESLHLRS/) 15y f-5<10 kDa DO RIMEEE CLOEE 5
ZETHABEITIEEIMET L(p<0.01) (Fig.1-7, 8, Table 1-4, 5A, B), proteinase
K LR Z & v 584210 0% L 7= (Fig.1-9, Table 1-6A, B), 7235, proteinase K ZLFL
XOU LAREIE 1/2 N THEKOBROREX LY & HEICED - 72(p<0.05)
(Fig.1-9, Table 1-6A, B), Proteinase K fLERX TIZ VU AL DE)E 23 EIB THh -
720 1 EAERYS 720 ORI D IR & O FRER K HRE S SE O R
SNT(T—H TR LT, L7223 - T, proteinase K ALHLX A 1/2 A\ T.ifi
IKDOH DXL b EEEL DD 720 FIK & LT, proteinase KIZX DU LY
OFERFENR S 2 DLz, £, BERIEIKD DRBEMER ) & bR U 7 KEE M
77 CHARABEX L [FRE OB EHETEE DGR D B AL (p<0.001) (Fig.1-10, Table
1-7A, B),

D OFERIRN D L S BEE ) O B R IR TG D R ERL Sy
T, REERAAVE A R T ENCTI 1 10000 BLEDKIENESY R ETHhD 2

EMNRR ST, £o, BRBRAEBROSESF B2 b ORIMERK T h



ZHIRAMERE L7 L 2 A, <30 kDa ¥ X 0°<10 kDa i X235 1F 2 HEFEAEHETE M
1% 1/2 N THEKDH DO REAZ AN BEIZE - 722 & 925 (p<0.05) (Fig.1-8,
Table1-5A, B). U A OHEZ L S D MTHE—D b O TIER < EE DK

DINBRER SN TV D AREMEN B 2 BT,



F2E U LVEERBEKICE TN 5EERER S DRt

AR IR, SR O U L BRI U by O 2 A Rt &
LI EEWLNT LT, o, SZIEEIEHRTICE 1 2 BEE R sy DTE
PEICITIRERMEDN B 5 Z & BUTHI < 5318 10000 LA EDOEI DRI TE S >
RUBINGIR D 2 ENRBE SN, EHIT, FEFEIRHERL /3 D3RRk Cld7e <
ULVHEDSDTHH Z EamR LT,

T I OYEFEIEHER Y ORFRUCER LT, BRI D O 132 347 D B3
Dip L Fle, BRUEPTEERES AR L 20 | RPN ETH T2, —
05, RPEECEAE I OB EIEIRIC S £ D MR Y AV R TH D
D, MEHIEY LA UEERICL BIRETEEN TV D ATREMENE 2 b7,

U AT M e (B RS A LTl 0 L AR C b IR A ARk 9 D M 2K
1% 900 FEE 12 X2 W s G, 1994), & A E BB A R L AT (Kaneko
et al., 2002, 2010; 41, 2006; Oo et al., 2009: Ozaki et al., 2010)°A1 > A U >
Kk 7 AR ER K (Yoshinaga et al., 2005) % 6> 2 L3, ITEHHILD L D IZ
7o T&E T, ZHUZESE LT, Gallardo et al. (2006)(% 7 A AR B R AL
TURWEZEBE L, URON T AV OHEREZMARSEL L EARE LT
W, ZOXIRMENDL, U LVERNICIEH S OHIEZ L S 5 o H
b L AREMEIZ T 3ICE A BN D,

AETIE, EROZ EEZHONTT D720 KA EEMTHREZFHE L, =
OHFEEETEEZ B ST 5 & & bic, BERIEIR & RO 2T Z & T

FEFERIE TS & F T D BRI RSy & ORI 72,



B1HE UL AR O

ARETTIE, RESEAVIEA O U LA AR F SR 2R L TY A v &1
L., BIEREEROR B L E LT,

U b AfeAHh R O FH

1 EHE 1HICBV T, -80°C TIRAF L 7= eHEHFEIIRIM D T 2 2 200 g (18
A% R 100 fEA mLD)Z v 7z, BEFEY L0 3 iR iR 2 N2 T
bk O CIRIRE R P TR ENITEIE ., S OB ERBREEGH, )z i
ORI 2 At U7, TR 121X 40 mM NaCl, 2 mM MgCle, 0.5 mM
EGTA, 0.1 mM DTT, 50 pg mL! pepstatine, 50 pg mL! leupeptin, 0.1 mM
PMSF % &1 20 mM Tris-HCL#EE R (pH 8.0) % U 7, flgh L 725K 10,000

X g 15 3D LA EEC AT LT Rig Z B L TRk & LTz,

T A B AR R O s FERETE M D BIE

B IZRR LT, Joat U723k 2 30BHE#Z, 10 5471, 100 54 R3S L TF 1000
ERIRWOTRE 1/2 ALK Tkl 2 A8 L2l IX(BL R, 2 E R X,
10 fEABR, 100 AR LY 1000 fEARE& X E R &L 1/2 A LHKDOHD

MK ZRE L, LRtoBRK A2, 5 1 259 1 & OWIEiedE o isrEo e



EFERDGIETIT -T2,

Z ) EERDORE

JFHRIX. 10 f275 . 100 {2773 L O 1000 7RG XD & o 7 B Ok
X, BB R TBEIC T U MIET VT R A HWT BCA v N(H D T3 A )
WCEVWHEEZREL, GoNTRERNORO -, WLEOHRIE I,

SpectraMax™ M2(& L ¥ = 7 —F /34 A, HHE) & iz,

W ETARAT

FBRIXH O U L AMEREOAEEL, 5B 1 8H 1 HOFIECHE > THRIE L

77:,
—o

U 5B R O R ETE

S TERIOI O U A AEAIR E O TR ERE(T 7L 2 A 53% 5
HHTI10 A IREDO T L REEI 66.6£3.4 & 720 100 57K X, 1000 f%
ARX I L 1/2 ALK DB O RIXOZIE I 49.245.6, 49.0£2.6 35 L
47.4%£4.9 LV L HEIZE - 72 (p<0.05) (Fig.2-1), —J. 100 AKX, 1000
EARX B IO 112 ANLHKDOHOXRIXHE TIIAEZEITRD bR o7z

(Fig.2-1), 728, FIKX TIIEEE 2 H BIZ2 TOMEIKMRSELE Li=(Table 2-1),



NI ERE

JRifE . 10 f28788. 100 {2753 LY 1000 (27 R& XD 2 v 37 R 1T,

ZINFE 340 pyg mL 1, 35 ug mL 1, 3.0 yg mL1EB LN 1.5 uygmLt Tho7o,



B2 HExOUEE L2V A UEEH IR OB ETE D21l

ATETCIE, B AR Sk O U A AR IR T A S ORI & A B
ST L 2R L, RE TR, Z0EBOU A EEMBERTIZE E
AT HERR 4y DMK Wi B 720 flix ORI E I % 72 7 A AR AR H

WTT LR L, BRI O B L 2 A7z,

U b3 i R O AR O TR R

T L AR R R R E D BRI R 5y D TEME DR FE R FM & it 5
12U RS O U L AR R R 2 1/2 N TiEK T 10% 9> 10-90%
EFRRLUTEHRBRIX LT, Z2E1 10-90% MR A X & R & 1/2 ALK
DIHDRBEARE LTc, S HIT, A0 REZEE 2, 10%71 6 1%ARH T
DU Ly OIEFEEEIE A FEMIZT R D720, 5% T D 5-25% & AR L 72 3R X
(CLF, 2 5-25% A X & KF0) I LU 1/2 A LK O O %X 2 58

L7, EREORMBRX OHEIEIEEE M2, 5 1 55H 18 & FEROTIETIT o 7,

U A B R O B

U L AR RIS & F D BGEeE Rl sy OBV TENE 2 AT D eI, Xt

BITEI O U LR R 2 % 1 759 2 Ji L RO GIE TR Lz, 72



B UL UEEMEIROTEMEOREREEORBR AR E 2. U L AR
Z 1/2 NTHEKT 25%ICA R L G L, BUuEicfit L7z, 7z, WHELED
B TORMIERIIT L AR 2 HOTEREITo 7o, W LB O, £
FLE AL 40°C.60°C 35 L TN 80°C A ALK & FF0) IMNBLER L TV R W RALFRX
BLO 12 NLEAKDH O 25E L, WSS A, 5 1 &5 1 fio

& FRRDITIETHIE LT,

U b AR R O 5> B 5

U L EREIRIC & £ D IR E Ry O TR A HEE T D721, KK
VAT D T B B RHR 2 55 1 5 2 fi & AR 7 IE COBE L, A
L7ZiBR X (LU, £ i<l kDa, <10 kDa ¥ £ 1’<30 kDa %X & #5d), R
HMIEIE L CVRNARLERX | 38 KON 1/2 A LK DA ORRIX Z5%E L, Fiio

PRERIX DI A5 1 325 1 Hi & [REED FIETHIE LT,

U A UEEHHIE D proteinase K 4L

U LRI F D HRIRHE RS DTEMED proteinase K ALERIZ X %
WL RETT A 700, HEEEFEIII O U LB A 5 1 =5 2 8L [
FROFGIETHER LT, LB L 7-3BRIX(LLF | proteinase K X & #K50) &, AUE L
PRVARMBX . BEO 12 NTHEKOBORRX AR E L, 8 1 FE 1 i

FRODJ7 i CHE e ETEE 2 e L7z,

U b3 fE A I o KT MR 5y DR R




U L AR AR R IS F A D PR E R IS DWW T TE DR IR ) 2
BRZE LI KEBYEBI P H 2078 9 et 2720, 5 1 & 2 fi L R0 )
ECHEE U7z, R U7X (LA, KRR Sy X & K & B L TUL7an
HRAFRX . BEO 12 NTHEARKDOHOX X ZFRE L, 58 1 5 1 8L Rk

05 5 CHE R ETEVE 2 E LT,

FBRIXH O U L AMEREOAEEL, 5B 1 8EH 1 HOFIEHE > THRIE L

7"/,
—o

U b AR HBIC & E h SRR EERR Sy DOTE M O R TF

SHEETEII I O U I A AR RIS & F 2 $TRRE R oy O 15 1 0D i A
FHEEZFRIE A, K58 5 HEICBIT D 20%HMKX O U L U EIREIE
64.4£6.0 £, 1/2 AN THEKDOHDOIIRIX D 836.8+5.1 LV H A EIZE < (p<0.05),
L OFRERXIZ T H b EWMEL /R L7z (Fig. 2-2A, Table 2-2), 72, 10%.
30%33 LU 40% RS X O U A REENL, T i 50.244.7, 60.0+5.0 5
N 55.6+4.4 L 20%HIHIRIX LD BRSO D, 1/2 NTHEK D IO 5 RRIX
IZEEEEICE D2 72(p<0.05) (Fig. 2-2A, Table 2-2), —7F. 20%3 L1 30%

HHE XTI Z N EH 10%3 L OV50% RS X L 0 45125 < (p<0.05), 40%



R X 50% IR IX & 0 A EIZE Dy 72(p<0.05) (Fig. 2-2A, Table 2-2),
7235, 20% LA L HH R XTI IR B 25 & < 72 2 DITFEWR 2 (SRR 5
B L, 60%LL EOMHHRK TIZ Y LA UTIE & A EHEIIEET, 100% D i KX
T4 3 B HIZATOMEKNIEL L7 (Table 2-2),

RO E S HIZFEMICT~ T 2 A, H3E 5 ARICBIT D 10%,.
15%. 20%35 & N 25% IR A X D T b SABREN T N2 H 52.4+4.7,59.2+5.5,
63.4+8.8 35 L 11 66.8+7.8 &, 1/2 N LYK DHDXHX D 41.6+8.4 |[ZH~TH
BloE - 72(p<0.05) (Fig. 2-2B, Table 2-3A, B), — 7. 5%k X ¥ L T8 1/2
N LR D IO 5t BIK ORI I3H BEZITRD bivie - 72 (Fig. 2-2B, Table

2-3A, B),

U LA EEHERIZE £ 5 I EE RS DBE B

XHECHTE RN O T 2 AR RIS & 2 BRI HE Al oy D BAEE T 1 A
NP2 L 2 A BB B BB 60°C 1 L TN80°C FALHEX D 7 A B REIE,
ZHNEH 44.4+48.3 BL N 40.2+47.5 &, RAFEX D 60.248.1 ([T THEIZIK
N2> 72 (p<0.05) (Fig. 2-3, Table 2-4A, B), MEVLEOIEENEHVNE E T L AH
I DI R DM DB B BT, BB X TITAREEITRD birolz
(Fig. 2-3, Table 2-4A, B), F7-, RAFLX I LT 40°C LEXHIZB N THHE

IR B ho 7= (Fig. 2-3, Table 2-4A, B),

U A VEBHEERICE N D EEREER D DR FEDHE

KHBHEFEI I D T L AEARR IR I & £ B EEFEEE R ) D oy T B A HEE



T LI, Fx OOy EA S ORIMEER TP L 7o 5528k 2 i L
TU LY %5 HEREE LTz, ZOfER, <1 kDa B X U<10kDa KX DU LA
REIX, 2T 41.6185.1 BL N 43.846.5 &, RUHLX D 59.6+8.2 (2T
B EIED - 72(p<0.01) (Fig. 2-4, Table 2-5A, B), —J7. <1 kDa X35 L8 1/2
NLHEARDOHB OB OB TITAEEZTRD N2> T2, <30 kDa [X
(54.6+6.1) Tlx<1 kDa KH LN 1/2 A TH#EKDHO% R THEICE D

- 72(p<0.05) (Fig. 2-4, Table 2-5A, B),

U A EERHRIZ S F 1 D EFEIEER S DIEMED proteinase K JLE D 258

INBLER SO 75 - By i 72 &0 B HYFRIE R iy 3 2 NV B REE SN2 2 &
/26 proteinase K ALER U 7=t BUHFHIIHIH 0O U L A KR K2 VN T U &
% b BINEGE LT, T DOfE R, proteinase K ALER X D U A ABKEIE 29.0+4.5
& RIPRX D 59.0+7.8 I ~H EIK Do 72 (p<0.001) (Fig. 2-5, Table 2-6),
F 72, proteinase K L XIE 1/2 N THEKDH DMK D 45.0+7.5 ([ZHA~TH

BEITRD b2 o T2 MEVWE Z R L 7= (Fig. 2-5, Table 2-6),

U A EERERICE £ 5 EFEIEE AR Sy DK TS B4y DIENE

NEESPE DB DSHEFERIEEIC R 5 L TV D B0 Z2 i~ D72 RHEETH )
DU LN AREINIR A2 Y = F L m— T )L B U CRREME R S & bR LTS
BEBUH LT, TORE., 55& 5 0 BIZBT 2 KEEE X O T A AR
1% 56.846.2 &, RAFEX D 60.0£8.5 LT E A EEDLT, 1/2 N LiEKD A

DORRX D 41.5£7.0 (2R THEIZE - 72(p<0.05) (Fig. 2-6, Table 2-7).



HIH B £

AREETIZEP, SPEHETELGIE D U 2 SAE ekl H iR AN 5 2080 & RARIC D A
v HEOEIE L ST L0 E A Lo, S5IS, U A ERRHTE 2 R
Rt IETEOWRERNE, BVZEM, 3 T EOHEE, proteinase K AUH DR 2L
B L OKEMEDEPIZ OV TEHMICHE Lz, ZOREER, AR ORK T
37 LY OHEFRITRET 5 & ZANFICETOMEKNET Lz, ik, &b
R I G FE AL D BFRIEHERC 7y DIREN EIE E D720, HDHWIETY LT DY
JEERETIWENE TN T D AR E 2 b,

2T, AR E 12 ATHEKERWCHERLZE Z A, 10 BFaARXKOT
DRI 66.6£3.4 L. 100 FEARIX, 1000 f5 AR IX s KO 1/2 A LifEK o
HDOXIEDENEH 49.2+5.6, 49.0+2.6 5L N 47.4+4.9 LV L HEICE D -
72(p<0.05) (Fig. 2-1, Table 2-1), £7=. 101#. 100 fi#5 L O 1000 fE7RIXIC
GENDH NI EREX, T 35 ug mL1, 3.0 pg mL1EB IO 1.5 ug
mL1 Tho/o(F—ZIT R LTV, &2 THIREE L VMR~ S 72
D, 10-90%A R L 72 & O THFEEMETG M DE W 2 #mt L7z,

ZORER. 20% KX DO T A EEEIL 64.446.0 & 1/2 N LK O H 0%t
RIX D 36.845.1 LV HAEICE K (p<0.05), MORBRXIZHARTHE S EVME
%z~ L7 (Fig. 2-2A, Table 2-2), F£7=. 10%. 30%3 L O 40%fHHE A XD T 2
RS, 20%HRK X D IRV OO 1/2 N THEKO B D% IR IX I AT
BlCE Do 72(p<0.05) (Fig. 2-2A, Table 2-2), —77. 20%33 X U 30%Hh ik X i %

ZTNEFN 10%F L 50%MHES X L 0 AEICE < (p<0.05). 40%HHIKIX 1T



50%h R X L 0 A EICE 2> 72 (p<0.05) (Fig. 2-2A, Table 2-2), 723, 20%LL
O X TIXRE O EF TR 2 BRI L, 60%LL Eo ik
XTIV LA UITIT L A EHE L 72035 7(Table 2-2), ZILH DOFERNL, T A
{8 A fth I P2 B 0 D BRI AT IR IS EE L T D 2 & DK
THIEREZRT I, £, HO—EL LOREZ RS L HFIEA HET 2038
LT Tz,

2T, SO AR Z R E U CHEFEIEEIEEZ I~ T, T ORER.
3% 5 H HIZEIT 5 10%. 15%. 20%35 & Y 25% IR A& XD U L AR RS T
WD 1/2 N THKOAORBRICHEXTHEIZE L (p<0.01) (Fig. 2-2B,
Table 2-3A), 25%X T KDMEZ R LTZ, —J7. %KX I L 1/2 A T
KD IO RX O RNIIA B ZITFR O b/ ) - 7=(Fig. 2-2B, Table 2-3A, B),
INHDT LN, 5-26%DAREITIR > TIY L BRI OTE I TR
KIFEDR B D Z RS T-,

I, BVZTEPEIZ DOV TIE 60°C 36 L O 80°C i ALEE K IIARMIR X Z b~ TH
BICE D2 72(p<0.05) (Fig. 2-3, Table 2-4A, B), £7-. HMNEMILER DR FE A3 E
EET L UEEREN D 72 < T DN IR HAVEDS SR IX T TIEAEZE TR
B 572 72 (Fig. 2-3, Table 2-4A, B), F£7-. FRAPEX IS O 40°C ALBEX HIZ
BOWTHLHAEEITIRD NN -72Z &5 (Fig. 2-3, Table 2-4A, B), U A
TERI IR IZ & 2 R /01 E, BRI E £ 5 O L [RIERIZ 60°C
PLETZEDOIEEDRGSE DBUCEINZ VXV EHETHDH Z LR INT,

S BT, YRS OSFEEHEIE T 272 DITER OB &2 S DORIME

WM CIRAMIERE L7z & Z A, <1 kDa & L U<10 kDa i X TlE, WL s RO



KAIZ R TH B> - 72(p<0.01) (Fig. 2-4, Table 2-5B), —J7. <1 kDa X%
EON 172 NTHEKOABDORBE OB TIFAEEITBO b 2h oz, I HIT,
<30 kDa X Tl¥<1 kDa X35 LN 1/2 A TR DA DX HRKIZ AR TH EIZ &
- 72(p<0.05) (Fig. 2-4, Table 2-5A, B), Z OF5HRIE, 7 A AAKHHIRICE F
5 HEFEAEHE R 53 23>10 kDa DEELD 5370 AL S 40T D AR 2 i3
LD THD, FTROMLERDOLEG LA, 7 FEOHEEIZIE VT HEEEIR
i & DFERIEN RIS S T,

I 51T, proteinase K MLBED AR KIEMENG D ORE 21T - 72, RIF X
proteinase K ALER|Z X ¥ 52412 50% L (Fig. 2-5, Table 2-6), 143 1Z/KIAMEE 7>
2B W TGRS ME 20k L7=(Fig. 2-6, Table 2-7)Z L7225 BEEEIEIR & [AA%
KM S X7 E T D AIREMEN B 2 bivTe,

PLEOFERER L0 . I O U A B A IS A D BT
ER IR BEMEOERIERTICEEND DL L<HEBL, SRECEENT

W5 ZENBLS RS T,



HIE UALVEEHMBKICE TN DEEEER S O R L

¢cDNA /o —=7

ATEOREFR LY . S EIEGEIAYIE O U A AR X R B O BE 2 I8k IZ b
NTHERER SN EBREICEENTWDEEEZLN, £/, MEICEENT
WAL ESHEL L TWD Z ERRB I, TRETOMAT, TA
BRI R S B E A & 3 5 2 & AN STV S 03 (Hagiwara et al.,
1994), HAFEIZ B U 72 picdy & HAEE L 726111313 & A £ 72 (Gallardo et al., 2006),
— 07, UL OREEEETCE ENDEHEEWENEEESN 2 LB A
E BISEIC ., EHEHALIRE D U LS BEEIRIE L0 HEE AR & WM AR GE A
BT DX T ENRE STV DH(Snell et al., 2006), ZHOFEFEE, U
L ARATIHE T > THEEEIER Th > Th ., XFEEMHIINIZ 31T 2506
EOMERNINEE T, RN ORFR 2 & NCHEERNEECH 5 2 & 2R
T 5, BLED X ST, SHEOEFAI & st HIEF N A T T A LR
HRERS . AR BTN Z I O W TIE R SR E B E TS, %t
BOEFE I )] CHEFER T 23R S iR, KEBRIEOBI TR THDH T L
VREREEOR LT Z 2 2R B R LW o TRBECNE S, 2009) DR O
—Bcedb oL BEbns,

AWFFETIEL, TEGEEEIIC T 2 U L OHEIEEREH O —R & LT,
Z ORI O BFEIEHE Ry O BB, FEE BIE Lz, T2, HHREORE
BNAFTELU L VERHNERZ W% Z & AR & bz,

T TATETIE, 9 MESERII O U LB RRh ik & 2 A A 2K



sua~ N7 7 40—, FAJERB XOWH HPLC Ofix D ua~ 777 4 —
A U TR E Ry ORI AR A D & L Hic, HEEL 7= v X7 HIZHOWT
SDS-PAGE#% DYy ReTuaT A vor—rrY 2 fANTNRRT 2 7 BRE
BT Uiz, RIS, T ST SR ORSNZ S &1, U2 "I B
a— R 586 OEIERS| 2 NCBL DU L EST 7 — 2 _X— X2k L THREE
L. o7y Ly EST A ERNOHEFE LT X/ BES % NCBI 7 —#
— AWK L THE L, HEMEOE WY X B2 YRR LTz, £7-. HEEL -8
FEARHERL 7y % 7 m— =0 7§ D72 MHEMEZ R LT U A EST O ELS %
b LT TA ~—%Rit. PCR #RkAhT-, 2Dk, /7 rn—=r 7 SRS
DONWTY LY EST 77— _X—X LORFIE T 5 L & bic, BE, NCBI D

T AR Z G FHEIE O EOERS & bR L7z,



BIfi KEI/u~ o740 —lzk kR

AREITIE, AEEEFEAI DO U L Ad (R Rl 2> S HIEE R Sy 2 B 2

7Oz, BAA VR~ N7 T 7 40—, FAEimE X O HPLC % BEfsE

L. O3l U 7225 55 O VEGE e e s 1 2 i~ 72

BAF v I u<x T TFT7 41—

SIESEIEIAOIA O U L ABEN G5 2 T 1 Fio X ISR L 72hhiii &
30 - 80%FAFIFTZZ Sy M2t L7=#%. 20,000 x g, 30 4y i LoyBEC X v vk
ZE L7z, Z ORI & oM RS KA N2 CTHEM L%, 20 mM
Tris-HCl #%&Ei%(pH 8.0lZ%} L T—BuEHr 217> 72, 5o 2B TNik%E 20
mM Tris-HCI #%f##% (pH 8.0) T Fffi{k L 7= DEAE-Tyopearl 650M 77 7 AL
—, HAG 1.1 x 25 cm)@A Ao R v~ 8T T 7 0 —ITfh L, WX N

BEAWHE 1.5 mLminl, 20- 600 mM NaCl®VU =72/ N T EH7-,

7 R
A AR a~ N T T 4 IR OB LNTIEEE A — L, R
BT 10 51 HE L7230k 2 . 600 mM NaCl & ¢e 20 mM Tris-HC1 #&1#i% (pH

8.0) C:Afif{k, L 7= HiLoad16/60 Superdex 75 prep grade % 7 A(GE Healthcar



UK Ltd., Buckinghamshire, UK; 1.6 X 60 cm) D 7 /VIgiIZf L, & > R0 &

iR 0.5 mL min! TR H SH7-,

Wit HPLC

TR X0 3 LT DAV IE TR Sy A A — U, SRS AT 10 5 ISR
L=k 2 D BEOM/K CHEMR L, Z0OE% TSKgel Phenyl-5PW 77 7
LACRY —; 4.6 x 76 mm)% AW\ /=#itd HPLC (Zft L., WEHX X7 B %
0.1%TFA 25T 0-80%2 7Y b7 & b=k U/, {fi#K 0.5 mL min! T

W ST,

Z NI EEDORE

Kfra~ 7T 7 4—7Ti% 280 nm WGE T o X7 B E2HIE LT,
rua< N7 77 4 =X VEONTIEEESIZEEND X T EOREX.,

B2 B 1HI L FERIC BCA v MZ T 3A A) & W THIE L7z,

SDS-PAGE
SDS-PAGE %, 0.1%SDS #&#r 10 - 20% R Y 727 U LT I KT/ Fx |
PN ERAWNTITo -, BRIKEN%. # /L% Sliver Stain Kit II (Fi3%) % W T4R

gua L, AU RNTEON R LT,

HEFEAR T 1 DR E

A A u~ N7 T T =2 W THrE L2 D Dl iR O F by



OB HEIEMEORIEIZ. FES05 0.5 mL #47H LT 1/2 A Ty#AT 10 %
WHER LU CHR LB s VWY AL A 3 HEEESR L TiTHo 7, . B

EILH 1 EH 1Hi TR HTETIT 27,

R ARAT

BWSBT B0 D ARBKOB AL, % 1 525 1 {0 TRt

M L7z,

A A I n< T T T 4 —

XHEIETEIARI O U L AR K %2 DEAE-650M 71 7 A& A 4 25 Hh s
nv 77 4= LI A, EIS 62-80 DOJRWFEIPH TIHEMENFE O bl
(Fig.3-1A, B), 2 b6 DIEVEESFICHOWTH R BRERAZNE LT 24, BX
% 750 pg mL1 Th o7z, £72. SDS-PAGE S ofEHR. Zh b OmisyEs 1

F#7 75000, 50000, 25000 35 £ 820000 DRy & & te 2 & v S - (Fig.3-1B),

TNV
faf Aoy~ N7 T 7 4 —I2F LTE L IENER Sy %2 HiLoad16/60
Superdex 75 prep grade %7 AD T JERMICHE LT L 2 A HSy 20 - 23 TIE

PERTR O 7= (Fig.3-2A, B), EVERI D% 7 EEZRE LIZE 2 A, 280



ug mL1 T 7=, 72 SDS-PAGE H11Z L 0 P4 12 14> F 540 37000,

25000 3 LN 18000 DRIy NE TN D Z & AR S 7= (Fig.3-2B),

Wit HPLC

TOIEEIAT LT S 2 EMEE 7y 2 TSKgel Phenyl-5PW A D ififf
HPLC iZflt L7z & Z A, W4y 4 B X OV5 TIHMEDZRD 5 7-(Fig.3-3A, C), =
O DIEWEEFICONWTH NI EHEZRIELIZE Z A, 85ugmLit Th o7z,
F 72 .SDS-PAGE 34T DFE R 57 4 36 L OV 43 512 IXE N EdL, 785 25000
F LN 18000 f%sr 23 el S #U(Fig.3-3B), M%) 4 TIid/r =4 25000 O H.—D
RN EEN TN, —J, 6 (213 18000 DHL—R /7 3 & £ TUNAN,

B E e EEER 3R & 72 hvo 72 (Fig.3-3B, C),



F2H ULAVHEARERDD cDNA 7 a—="7

ATENC. HECEHI O U A U EEIIHKE K2 v~ b7 7 1 —I2fF
Liz& 2 A, 18K 25000 O¥—0D X 87 B &G TeihIEm oy 2157, %%
WIS O U b SRR R I TP E AR 2 558 T D1 & 2 2 & s ilis
SN (Hagiwara et al., 1994), FiEHR/LEVEEZ V7 BB HEES N TWA N
(Gallardo et al., 2006). XFEIHFEHGI D T LB A IR 7> & HEFEIEE R Sy
AHPE LTSI ERLE R, Z N ERREE SR, HOEFES I o
LT OVETESEMEIICE T 5 L & bIZ, RIRRIMOGIEEEL L L TEER Y A
OB IREERICHEBAM A A 52 2 b0 T, HBEIC b TFET 5L 2 AN
REWEEZBND,

AHEITIE, ZOMEMEESZRET S22, £9, HiZkoo N K7 3/
Wt 2o b & & blo, Y F v \IE%Za— R T 58 TOEERS %
NCBI DU 4 EST 77— ~_— A 2% L CTHRE Lz, RIS A D27 A EST
FoFI RN HEFE L7727 2/ BEELS %4 NCBI 7 — & _— 2 (2% L CTHRZE L,
FItED BN VX B ERF LT, S HIT, HEfE L2 Ry 2 7 n—=
YT B0, MEMEER LU LAY EST 57— 4 X— R _EOBL DR Z b
LT T A ~—%aE L, PCR ik AHiz, £Dtk, FE LIy E BET —4

NR— A% FHWTHIEMEZ 7 B 2R LTz,

7 ik



HFEIRERR Y D N KR 7 2/ BRECS | DARHT

BRI L 724> 8559 25000 OHATEIEEER 2 & D% v /37 BIZHOWT N K7
X BEECHN oM A2 AT O 72912, SDS-PAGE % D ¥%45% /3 K% ABI 473A gas
-phase B 7’ 0 7 1 > > —/r % (Applied Biosystems, Foster City, CA, USA)|Z

7=,

HESEIRAE R 4y DFE R DR R

FEAT L 7= SRR E R 7y O N K7 2 BRECS IS\ T, £3°. NCBL DU A
IEBIELS # T (EST) T — & _X— A % i\ C TBLASTN %R L, M4i%El5R Y
23 EST 57— # ~_— Z(Suga et al., 2007; Denekamp et al., 2009) (Z{FF T 5 />
E Y InEAR, RIZ, BbNn=Y LAY EST Bl RIC>& NCBl 77— & _X—

ADRINTEF—EZ N7 W T BLASTX #2388 L., VA EST OEfET

171

J BRERE L AR R ED B M AEMTED & X B R R LT, £7-. U LY EST
BlA| RN DEME LT X REY & MR E2 R L7/ %2 Clustal W

(Thompson et al., 1994) CLbifgs L7=,

RNA DO

1 EH 1E O, -80°C THFEIRITE L2 AT /NEMK 0.5 g Z25lklE LT,
ZDT LVRREHIR L TR 5 & D ISOGEN(= v Ry v—r, B &4, K
BV A W THRR & A U 7o, LA OEEIZ ISOGEN & O EH ICHE - 72,
Bz RNA B 50 uL OJREKICHEfE L. 2D 95 1 uL 200665 %

HWT 260 nm OWSEEZHIE L, 42 RNA &% R 7,



1st strand cDNA O fER!

5ug ® RNA Z T ¢cDNA OF R EITo72, 7725, RNAS pug 12 50 uM
GeneRacer Oligo dT primer [5-GCT GTC AAC GAT ACG CTA CGT AAC
GGC ATG ACA GTG (T)24 -31 1 uL, 10 mM dNTP 1 uL (2, JEKEMZ T
13 pL 12 L=t % 65°C T 5 ZrRJALEE L 7= oK B2 1 43 7z, fev ¢

Z OFSEIZ 5 x 1st strand $EE%[250 mM Tris-HCI (=878 pH 8.3), 375 mM
KCl, 15 mM MgClal % 4 pL. 0.1 mM dithiothreitol (DTT) % 1 uL,
SuperScriptlll (Invitrogen Corp., Carlsbad, CA, USA)% 1 uL (200 U), BXL W
RNase OUT (RNase FHLEH; Invitrogen) 1 uL (40 U)Z 1%, 50°C T 60 43 fiif
WA B 21T - 72 #.70°C T 15 47 MALEE U Wilis B %R 2 0% ST 1st strand
cDNA Z & LIz, Gpkth, B2 IR /KT 50 fEICA IR L CTLLT @ PCR ICH

Y

774 ~—DFxEt

U Ly EST 77— ~N—2 ETHRE SN AR OB s+ O LS (Fig.4-2A)
#BE |77 A ~—Rotifer25kDa_F 35 L O Rotifer25kDa_R % 5% & L 7= (Table
31, 774 ~v—ORFHIFEL T, 774 ~— melting temperature (Tm)F
FOT T w—DEINZENEI 55°C Hitkds LT 20 HIKIT2 5 Lo IZ LTz,

T R—= 25 PRI S5 HEEE A X1 327 bp TH B,

PCR

D77 A4 <—xt 2 H\T PCR #17-o 72, IZFHHEL L 7= 1st strand cDNA



1uL,. 74+ 7 — K77 A4 ~—10 pmol, UV 3—R7F 1 <—10 pmol. 10 x Ex Taq
FEMEE 2 uL, 5U pL1Ex Tag (¥ 517 /34 ) 0.2 uL, 2.5 mM dANTP JEA% 1.6
pL AZIRE K &2 N2 CHF 20 pL & U TR 24T 2 72, PCR 13 94°C. 5 43 fH] . cDNA
ZAMESH T, 94°C T 30 #fE. 52°C T 30 FURijds LY 72°C ¢ 30 M

A 7 )VE 35 [T 577, HHBIC 72°C TTHORMRER L., na& T 387,

Y7 r7ue— 4k

pGEM-T Vector Systems (Promega, Madison, WI, USA)%Z T, PCR /&
Wa 75 A R Z—pGEM-T Vector (2 A L7z, #AEILAHEOFAEIZHE
olce WIS, ZONT 2 —Z VTR T(Q002) D AT, KIGE = v 7 v

cEL JM109 % Bl S H7-,

75 23 K DNA okl

FEEAR R S ER%Z 5 mL 7o B2V & &TeiiRiK Luria-Bertani
(LB HIZR L, 837°C T—HikEsE L7-, £ D%, GenElute Plasmid Mini-Prep
Kit (Sigma-Aldrich, St. Louis, MO, USA)IZ L Y 7Z 2 X K DNA Z#HiH L7,

BB B OB FIAE - 7,

AR OIEEPEEY) 20 L D5 B, 5 uL 27 T — A7 VERKKENZ AL L2, 7
Ha— A7 T EIECHE > T 1%ICFR L. SYBR Green(# 1 7 /34 A) &

TYta, LN ROBIEEZITo7-, 728, vkEhX 15 mA O EEN CikE~—h —



WTIND 35D 2R DHETIToT,

ARSI DIRE

NI B—=D=NFru—= 7% A DO Pl 3L P5 OESIZFIH LT,
¥ 3A A 72 DNA WrJv % BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) (2 & D "tfak L, Ff:#io DNA v — 27 =4 ABI
PRISM 3100 CTHEREAIZRE LIz, BAEIWTH A EOBAEFICWE T,

EEA ONTIC T2 v ¥ o — % —7 1 77 & BioEdit (Hall, 1999) % Fv 7=,

HE R R

Ja—= K RE LT EERSI G EFE S 2T 2 BRI DV T
F 9", Clustal W (Thompson et al., 1994) TV L EST 75— & ~X— X _EDEF
EHEE LT, 512, VALY EST 2fidsl%a 7 v —712, BLASTX % HV i
INTZT X RS & ARRED & 2 B O AEFED 2 N B R RR L, £

DOfcH % Clustal W I X » CTHelgg L7-,

TS

HRERER S D N Kim 7 I/ BRERS]

TEMEE 55 H D4y 8K 25000 D Z X7 E R RO N R 7 2 BRRCAH % fif

#F L7 & =%, PAVVDFTAVWFGPLQMIKP » i & 7= (Fig.4-1A),



HEFEARE RS D RLE T

RE Szl %2 NCBI OV A4 I XY ARTY LY EST 77— 4 _X—R|ZxF LT
TBLASTN Mz L7 & 2 A, HEMZRT &ML T 2315 5 17z (Fig.4-1B)
(DDBJ/EMBL/GenBank Accession number FM939833; Denekamp et al.,
2009), DU L EST BLAIERNOHE LT X/ #RELYIZ NCBIL 7 —# ~
— Z1ZxF LT BLASTP FeagIflt U725 R, fk#e Chlamydomonas reinhardtii
BX O~ 7V 7R M Plasmodium falciparum O F 4 L K32 0 & i@ FRlEME 2

7~ L7-(Fig.4-1C),

PCREBIUW 7 7a—=7

TR — ZAEKIKB OFER, K 300 bp DN RAGER S 4L, B9 E T 5 PCR
PEMI IS B 7= (Fig.4-2B),

AR X 91 b7z PCR EMGK 300 bp)a 77 A K2 % —pGEM-T
Vector |[Zffi ATk, KIFE 2 7> b JM109 % B EER# S -1 %
Fig.4-2C |Z/~9, 2 =—No.4, 56 BLWNT7 THK 450 bp D HHY &35 PCR E

Wy RN ST,

IR e

AT, 22 =—No.4, 5 BLNT7IX. BWE TS PCREMEZEZTZ &R
STz, ZhbDanrn=—{ZO\WT, 77 A I Fafitl U THEIERS DT 2
Rtz 2 A, 21 =—-No.5b OAfiFN S 7= (Fig.4-2C), RE L 7=EFIIE

(Fig.4-3), U A EST & @WHHEMEZ R L= (Fig.d4-4), Z OEHIHN D ERE S U



=T X B A S BIZBEROMAE R kO 2 X I LT E 2 A Kk
# Chlamydomonas reinhardtii 3 X O~ 7 V 7 & H Plasmodium falciparum

DF AL RF 28 50%DT 2/ fRF—FR %5~ LT-(Fig. 4-5),



HIH B £

ARETIX, ULIEEIh R Z 2 A F o vu~ 7T 7 40— FIVER
F L O HPLC (2 LT, 25 kDa OHFEIEMEVER 2 H> & o 37 B % B
L7, FERUCER LTIk, 9. U LRI 2 DEAE-Tyopearl 650M 77 7
LDfEAF R a~ 7T 7 4 —I2fF L, NaCl U =7 77 Vx> MAEH
57 D JEWEFH CIEME S SR S 7= (Fig.3-1A, B), 215 OIEMERE 7 26— L T
FERERC 10 5128 L. HiLoad16/60 Superdex 75 prep grade 7 7 LD /7 )L
TEEICfT LIz & 2 A, VIVo1.3-1.6 OFiFH TIEMEDN R S 7= (Fig.3-2A, B), Z
NS DOIEVER 4y 26— L CHUEHLE T 10 10245 L. TSKgel Phenyl-5PW 7
7 LW HPLC 12 L= & 2 A, 50-80% 7 & ~ = b U JLIEIREA 43 121G T
MR S 7= (Fig.3-3A, C), Z® 9 5, SDS-PAGE 4347 & 0 HEFEMEHETE D &
%5y 4 2349 25 kDa O H— D A5 H bR S LTV 7= (Fig.3-3B), N
53 bmWEMEZ R L7223, £ 25 kDa B8 LUK 18kDa & 2 DD A& %
N T2 (Fig.3-3B), £72, M4y 6 (21349 18 kDa D H— /03 E £ T8,
BERBEEER IR S e hotz, 2O Z L b By 4 128 £ 58 25 kDa
DE X7 EDHIERER S TH D LB X LI, BSy b OFfERN G, K 25
kDa &% 18 kDa @ 2 DOy 23 HE LT L 0 @O HEFRIRETEVE & 7~ 3 Al REME
LEZONZ, 1 EBLIV2 EICBWT, ULAUVERERE LY L UEK
R B F a2 HFEEE R 1T, DR D DIERR ST 2 AFREME D3
INTVD (Fig.1-8, 2-4), WT iz Xk, Hf L 724 25 kDa O3>\ T

N K7 2/ BeBEdS 2 ot L, S%inz 23— R o8 f2r7un—=v71



TEREZRETHLENRD S,

% 2T, Hiffif L7z 25 kDa OIIEEEH 2 b2 % /X7 BIZ DWW T, %Rk
Sy a— KT 8B FOEERYEZ T AV EST 7 — 4 RX—2 b RFEL, =
DOEHNZ S LT T4 ~v—%i%Et, PCR Z1TWYEm A 2 — N T 585 F%
sma—=27 Lk, ILIELNTEESNZONT, BET —& X—X ECRE#R
DAY D 2 X BEHRER LT, ZORE, GERIET AL RE v 8
50%D 7 X JERI—FE R L, FAL RF U Y U RXTETH D A REMEN R
e Xz,

—Ji. TALV RF 3K 12 kDa BE DK+ ThH D . HEEL 7249 25 kDa
DENTEDEDEWA_NTHFYAXINRRESERD, 5 FEOMHEICION
T EEROERSCHHEMiR ENEZ OND, & MRKOTFAHL RF Tz
BT, “EBEOFKIZE Y 27kDa i2725 2 & 235 5TV % (Wollmen et
al., 1988), L L7e36, SDS & ANAT b2k ) — 3G ENTWVHRET
LT BRI ST, o, FREDOSFH A XOFEHEPEM S LT
LB, —FH, B MHROF AL RF 8% L7 ETIiE 32kDa
L. HEES T O b O b HEES LT 5 (Lee et al., 1998; Hirota et al., 2002),

[FE L7z 25 kDa Z ™7 BIXRABYMY 77 7 b OFF L Ry
I IV —=E U RIB LR 50%DT 2 BRI — R &R Lz (Fig.4-5), AR
2L, BRORANDF AL R EHOIZIE—8T 560D, B 5

HHEL, F=DbD W) LYEEME THL EBERATTNELWE Bbh
Do FAUVRXRLUHDHWIEOREME L, JREZAEWN b BB O ESEY £

CHRANCTEAET 5 2 2 N7 BT, AR CI B EReRE & LTl < 73



(Williams et al., 2000), T Tix, FmOFE, BIEA N LRk 2 I0% (Jee
et al., 2005), AN 7 T nE~DEI 5 (Meng et al., 2010), Flifa O HEFE A
+ & L CoriE(Khayat et al., 2001; Powis and Montfort, 2001; Yoshioka et al.
200072 ERWEINTWD, ZTOXIIT, FAL RF TSRS L3y
BHThoH0N, ZOEEFLIZITZ O%H WCGPC £F —7 B3 FEL TEY
(Wollman et al., 1988), AT/ v—=17 L THLNES S RF ST
Wiz (Fig.d4-5), LIL7gnis, 7 ua—=27 LizVU A UHFEIEHERR > DOHEE 57 1
B35 11000 &, miko X 512 SDS-PAGE 43#riZ & » TH 572K 25000 &
IRESERD, Lo T, U LAUHEIERER S D5 TSI ONWTIEE 5

(ZEEM 2RI AR E L B 2 BT,



FBA4E RENSER

H/EFH B Monogononta @ U AT, 1T & A E OFEFEIZ IS THLEATRIC
X0 FEHEIEICIET 5 L L HIZ, O THELT 5 mictic female & FEE
VD MEDIE 2 PEIR3 5 Z & THAkG S 2 WiPEAETH & RIRFIZ 2~ B v, MR DA TE
B %t ->(Hino and Hirano, 1976; H¥f, 1983), Z D K 5 EIGERAZ & D2 &
B R E LTY AVHHOREERRETIES & EEE < VIRT Z LR BTV D,
REMEIIEEERDER S ThH D Z L6 b AR (Gilbert, 1963, 1977, 2002,
2003, 2004; King and Pulik, 1967; Halbach, 1984; Snell and Hoff, 1985; Snell,
1987). KFEFEFHCIE D, 2002; K, 2010)H 5 W i3y M+ (Kaneko et al.,
2002, 2010; Yoshinaga et al., 2003; 41, 2006; Oo et al., 2010; Ozaki et al.,
2010)72 EffEx 7203 B TR STV B,

AHEEBRECTAN Y FREHRTDHE, VTS FROKEMRERH 2 & 23
51 TH Y (King and Pulik, 1967; Halbach et al., 1984; Yoshinaga et al.,
2001), HAFAHATEFE 72 kB T R 2 8 7= 212 L PSR BEEA IS AE T 2
WO ~BAT 9 5, T D%, BEENEE A CE(L LR WEFMZR T, BT
% 2 % (Yufera and Navarro, 1995; HEf 5, 2000), FE¥ E. U AV ORh%E
IR N LE Th o722 &b, ERFEOBROWBD 03 E U 5 BRI > T
[THE 2 OWFFER 72 ST & 7223(Yu and Hirayama, 1986; Yamasaki et al.,
1987; Carmona et al., 1993; Yoshinaga et al., 1999; /i &, 2002; Kaneko et
al., 2002, 2010; 41, 2006), Z iU 5 OMFZEIL, EIZHFESETEI & 2 W 3 E

VBRI RPN Y ToNTEY | AESHIHIII O U Ly O ABFLARIZ SN T



IR RN L < FRS LTV,

CHICEEE LT, ULAYOHIKIIY AV HE N W T 2WENHIET S Z &
D3RIB SN T A (Carmona et al., 1993; Yoshinaga et al., 1999), £7-. il
BYPE D B2 HIEERIBH N T L DA A B 2 B SR 23T Z L RES
NTWAHUNED, 2002; Snell et al., 2006), & HIT, KR EOMIEARRIZOW

TITBHROBESLEREOH W TR ET 52 L bEMHIn T UMES,
2009), ZORNDHH T LT OBEFERNEZ A 52N T DI, e EOE I )
O EIETEHNZ T CORFENMWNCE B T o MERH 5,

LIEDEFO T ARWFZE TS BRI 0I 0 U 2o O H GRS 2 79 %
—BR L LT, Z ORI < HIER I OWTEE A T35 2 LT Lz,

RESCCIE, £9°, F 1 B CRBERTICE £ 5 BIIRERSY O FFE
WO L7, A HEFEEL RS = L2 DAL BB IRIRIC £ D U A v O AR
EMEZ A & OISR B ] O RE R I8 HE 2 W TAIEIR IS & £ 5 HETH
EER T DRLJR, TEMEDOIR AR IE, BV ENE, 77T &. proteinase K ALFED
L B RLUOUKIEIENG NSOV TN, £ ORR. RPBHETEEI 7> 5 %)
KABIE O B PEHN LY b AR DA AR EAE I 3 2 b 7o D%t
L. EFEHGBITHORBBIERICITIEER LN T, BT L2Z2E0H57%
EH LA ESER SN, ZORKE LT, BRERFTOT =T
BEZROEEBNEZ b, £I T, TNETNOHEERKICOWTT VE=T

BRELFRZL A, BEEIZRNOIEEHE KT LR ENT, L

Ermb
%

WO K DT =TI LD EMEEEITN 2 ppm EHE I TWVWD A, Bk

B OERBIEBRTICEEND T VETREREZORE X ZNISEWD EE- T



AV
— 7. RHEBCHEEIII O BEEIEIR TS AL 2 MR RSy DRI DWW T
(T, 50% LA EDJRE THE RIS EE- 232 S 41, 40°C LA EDOALFE, <10 kDa
/7], proteinase K ZLERIZ LV A EICHFEIEEEIEMET L, HEEE 5
TEYER Sy & bR U Tkt ICHEREEREER N AN, 26D
(E. REECHTEEI A OB R IRIR I & £ D PEIRIEE R 1, BTSSR W EE D
I DRERR SN D KBS X EThHD Z ERmEREINT-,
SHESETIOIINC BT 2 U A v OMFiIE, SHOEH O b DTS LR
L BERIEH IS N D IR ER S OEVEICIRERFER H D 2 b b
O K DIZ, TS OREZ & < TAUXER REEN/E Z 5 £ T
R Ef SN EE 2N, 20X 21T, BIERN 5w 2 ABIEMER S
EIRD AP IR FERAFNCR B L RITT N AT kv 7 e L CTHIE
72 EOMAEY THE X TR Y (Fuqua et al., 1996), ITHETILY LNZDONT
bR OBIL 2N ST 5 (Garcia-Roger et al., 2009; Snell et al., 2009;
Gilbert et al., 2010; Serra et al., 2010), AH#FFETH, ERISETEIEEDE % 5y
WLENCIRERGFEDRH D Z b I/ T2 T D—D2EFEZBND,
U Ly OEEFERHER S DORFERIZ Y720 | BRI CII M35y DN &3
72, Fo, HELGE L OHRRETRES Kb 2 & B RTER A VLT o
BRIINEECTH -7z, £ 2 TH 2 BT, HEUEEIOH OB RIERTICE £
NDHIEEHER YN T LVHRTH o722 D, B D H 5 WITEE O/
YT DRI E ER TV D ATREMEIC O W TR L7-, i o1 o v

AR R EZ W T, B 1 Z RO EZTo7- ¢ 2 A, 1/2 ALHFKT



26%ICATIRT 2 LM ORRKIZHAN TR b ORBEICEWEEEZ R Lz, £z,
60%LL EDOPRFE TIXBFHIEHNE LD 2 LD, U A AR K I i s
TEETEPER Sy DIE D, PRI A E ZTMEN G ENTO L ATRIENE X b
7=, F7o. HEFEIEIR & [FERIC 40°C LI CTONBVLIERR X OV 4y 1- <10 kDa
D BRAMER IR CIRAMEE 95 = & CTHIFEEHEE MRS E 5 Z &, proteinase K
R TREAERIET H T &, SHITIIKEBEORSTHL Z L, RS hiz, U
FOF#ERICE Y ORI O EEIR T L0 A SRR IS S F

2 PR HE R 7 VR — F 72 3L D & "7 E Th D T REME DS R ST,

7 3 ETIE, UV AVOHERER S E U A UEEHER OS2 b
ATz, TOREHR, HIREEH 277958 25 kDa O % /37 EHN RS iz,
Wi, HEE L7250 25 kDa O & > 37|25 % SDS-PAGE %D 4% Ri,
TuTAry—brHEANT NERT 2 BRELS % 53T L 7=, SDS-PAGE %
DEGN N, a7 A =72 HnT N Rim7 2/ Bidd|z 508 L
=& = %, PAVVDFTAVWFGPLQMIKP &7 Siuiz, Z dfgsl%z NCBI » U
LY EST 57— % ~_—212%f LC TBLASTN #i5% L7z & & A MR 277 s
F 7345 5 1 7-(DDBJ/EMBL/GenBank accession number FM939833), & =
U Ly EST 8% %2 7o — 7|2 BLASTX BB L= & 2 A, ki
Chlamydomonas reinhardtii ¥ X O\~ 7 U 7 Jflth Plasmodium falciparum O
FHV R EEmOVHEMEEZ R LIz, LL2RG, TV R U3 —
12 12 kDa &% DK 45 7-(Powis and Montfort, 2001) T, ¥ A ¥ EST OJEFET
J BEBLA D HHEE SN2 T2 B 13000 &, A RIEEEL 7= U A BRI AL

Ly DA 8K 25000 LT RE i A,



T T, HEEL7-25kDa X v XV B a—= 7T 570, MAEEERL
72U 5y EST O EES A S LT T4 ~v—%ki L, PCR 21T o7z, £ Dfk
.. PCR HAEEEM DM EEISIZ T L3 BST OZF & EWHRMEEZ R L, F4 L
R v OIFEM T DICAEET D WCGPC & F — 7 (Wollman et al., 1988) & %
T\, T4V R U 3EBAY D O B O ESEY £ CEREMICAFET
HH Ny E T, EERNTO e BERE LR iR T S O A EE/E H (Williams et
al., 2000) TdH 5 28, ITAETITFHMOFEHRLmIL A F L 21T T 5% Jee et al.,
2005), MfEN Y 7 inE~D B (Meng et al., 2010)<°, IO HIHEA - &
L T HHAET 5 (Khayat et al., 2001; Powis and Montfort, 2001; Yoshioka et
al.,, 2004), L2ZLAaN5, Zu—=227 LU A VHFERER S OHEE Sy 1 &
(3% 11000 & Aifkd> SDS-PAGE 4712 & » THF L7279 25000 & Tk <
Ripd, LIERoT, UL UHRIRER 3 O 5 THEEIZ DWW T E B IZFERR
RATLEE & B 2 BivTe, — 5 HEOHIEIRI O U & 20 & B L 724 25 kDa
DR 4 7327 EiZ bdelloid 7 AT HHD EST 7 — & _X— A L TIIMEK S e n
ST, TOZ G YBELETITIESE e SR AN Z 5 Monogononta DU AT
FMADLDOTHDLAMRRIENRB Z bive, L LRRL, VAV EST 7 —#_—
A2, 951000 {0 EST 3B ER STV S DIZxE L, bdelloid 7 A T 3H Tl
Philodina roseola ¥ &% Adineta ricciae T% UK 290 3 L O 80 o
EST L)BERSNTWRWZ &b, Bk L7 HERNZ TS ORI & 5,

AWFZE T, SHEBEEFEIAINC 31T 2 HFEARHE R 7 DRI IZ DN T2 D it
R LTICEERD, L LR, EBILUEL TWLIDOLHEETHD, 7

BRI L OU DB R P& 2 HIEIE R S 3R — D b D TH



HNE I DOFNRLETH D, HFEHEEDHTHREL TS KO,
FEARHE RS I Z B — Doy TIE R S BERO D TH L WREME S B A R IThIE R b
R, U N EEA D DU Z R T, A2 fnDd 5 28 b TED
boLEbihs,

7o, EEBERHEIE T2 OR S 2o T2, 25 kDa # LR B L b b I H
SNTZK 18 kDa # L N7 EHIZOWT AN DMENH D, 2 DD F 23T HIR
BOEID T L TROBWIFEDS RSN Z &0 D, B EERIIEE O S
MBED NS> TWDHREME B ZE 2 b,

SHIT, AFHEEL AN ED L RFEBINZ = Zm T O, EER
RT-PCR Z Ve BOETE SO0 cHEO8mE, EH W1, 36 JLONBIT I D HEsHB:
PECTHIRT L CHRDBENH D, Fo, FIF T HEEER L, SR L -
B4y & AR DHEFRIEHETE MEN 8 2 02 EDORRFT b LB TH 5,

INETEL OHMEDOEMIC LY | KEBMIZEB T DY Ly ORERFEITL
ALV ARSI R->TE I, LinL, REFZERTICE T 5HERR 72 & DR
AR STV, RIFFRORRIT, KEZBHOB TR E 72> T D
T Ly OHFEAR B ORI O B2 2 D TIEARW i EBbi s, AR L
ToRRD B D S 678 2 KFEHFRIEPERE 2 b AN FORRBIZHERTE 2

ZEEFEV, KL EROED,
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Table 1-1A The number of rotifers cultured in conditioned medium (CM) from various growth
phases and /2 ASW (control) for various culture days

Number of rotifers of each experimental group (mean=+ SD)

Culture days I L;[ro“-'th stage — = Control (1/2 ASW)
1 24405 28404 20400 20400 20400
2 7.0+1.9° 10.8+2 4% 3.8+0.8*  2.0+0.0% 3440 5%
3 25444 .02 38.4+5.5 16.6+3.4% —* 14.242.6%¢
4 42 444 9° 60.4+3 4 28 .846.1% —* 28 444 g4
5 86.4+8 42 113.0£11.0° 42.0+7.6° —* 42.0+7.6%

* All individuals of experimental group IV were deceased after 2 days

Growth stage 1, II, Il and IV indicate an early exponential growth, an exponential growth,
stationary phase and senescent phases, respectively

Values in the same row followed by different letters are significantly different (p<0.05)

Table 1-1B The number of rotifers cultured in CM from various growth phases and 1/2 ASW
(control) for 5 days

: Growth ?Imge o Control (12 ASW)
80 98 37 51
Number of rotifers gg i},i :f ij
(mL™") i - ) o
8 105 43 47
85 119 47 32
Mean + SD 86.448.4° 113.0£11.0° 42.0+7.6° 42.0+7.6%

Values in the same row followed by different letters are significantly different (p<0.00T)



Table 1-2 The number of rotifers cultured in CM from rotifers, CM from algae and 1/2 ASW
(control) for various culture days

Number of rotifers of each experimental group (mean + SD)

Culture days . CM Control (172 ASW)
From rotifers From algae
1 24405 2.0%+0.0 20+0.0
2 7.0+1.9° 3.840.8" 3.440.5%¢
3 19.0+4.0* 10.8+1.6° 10 443 .2°¢
4 42 4+4 9 29 443 4° 27.8+6.1%
5 81.2+7 4° 422457 41.6+5.2%

Values in the same row followed by different letters are significantly different (p<0.05)



Table 1-3A The number of rotifers cultured in 25-100% CM and 1/2 ASW (control) for
various culture days

Number of rotifers of each experimental group (mean=+ SD)

Culture days CM Control
25% 50% 75% 100% (1/2ASW)
1 2.0%0.0 2.0%0.0 2405 26+05 20400
2 3.6+0.5° 4.4+0.5% 5.6+0.5% 7 4+] 8% 3.440.5%¢
3 11.0£1.6%  14.4+32%  17.24£29%  20.2+3.74 10.242.9%¢
4 30.8+£3.4% 36.8+59° 398+49% 40.0+5.7%  25446.2%
5 56.048.0°  73443.7°  81.6+7.2% 826474  436483*

Values in the same row followed by different letters are significantly different (p<0.05)

Table 1-3B The number of rotifers cultured in 25-100% CM and 1/2 ASW (control) for 5 days

CM Control
25% 50% 75% 100% (1/2 ASW)
59 76 83 84 45
Number oflrotifers ;1 ?i gg g: ;;
(L") 35 71 72 79 49
59 77 79 72 32
Mean + SD 56.048.0°  73.443.7° 81.6+7.2°° 82.6+7.4°¢ 43.6+8.3%

Values in the same row followed by different letters are significantly different (a-b, p<0.05; a-c,
p<0.001; a-d, p<0.001; b-e, p<0.01; c-e, p<0.001; d-e, p<0.001)
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Table 1-6A The number of rotifers cultured in CM treated with proteinase K and in 1/2 ASW
(control) for various culture days

Number of rotifers of each experimental group (imean + SD)

Culture days CM Control
Without treatment Proteinase K (1/2 ASW)
1 28405 20400 23405
2 7.5+1.9° 3.0+0.8 4.0+0.8%
3 17.5+4.9° 7.5+1.3% 9.3+].9%
4 40.845.9°% 19.5+3 4 25.543.8%
5 81.349 3% 29 543 .5 45.044.1°

Values in the same row followed by ditterent letters are significantly different (p<0.05)

Table 1-6B The number of rotifers cultured in CM treated with proteinase K and in 1/2
ASW (control) for 5 days

CM Y s
Without treatment Proteinase K Control (1/2 ASW)
81 33 51
Number of rotifers 94 26 44
(mL) 78 27 42
72 32 43
Mean + SD 81.3+9.3% 29 543 .5 45.044.1°

Values in the same row Tollowed by different letters are significantly different (a-b,
p<0.001; a-c, p<0.001; b-c, p<0.05)



Table 1-7A The number of rotifers cultured in CM, water-soluble fraction of CM and 1/2 ASW
(control) for various culture days

Number of rotifers of each experimental group (mean+ SD)

Culture days CM Control
Without treatment Water-soluble fraction (1/2 ASW)
1 2.84+0.5 2.54+0.6 20400
2 7.040.8° 6.5+0.6® 3.840.5°
3 17.34+4.0° 15.5+1.3%® 9.541.3°
4 36.5+4.72 35.344 8% 21.342.2°
5 85.8+6.3* 84 8+7.1% 44 545 4°

Values in the same row followed by different letters are significantly difterent (»p<0.05)

Table 1-7B The number of rotifers cultured in CM, water-soluble fraction of CM and 1/2 ASW
(control) for 5 days

CM Control
Without treatment Water-goluble fraction (1/2 ASW)
93 87 44
Number of rotifers 81 76 52
(mL™") 80 83 43
89 93 39
Mean + SD 85.8+6.3% 84.8+7.1%® 44 545 4°

alues 1In the same row 1oliowed by direrent Ieters are signiricantly dirreren



Table 2-1 The number of rotifers cultured in 0.1-100% crude extract (CE) and 1/2 ASW
(control) for various culture days

Number of rotifers of each experimental group (mean =+ SD)

Culture days CE Control
0.1% 1% 10% 100% (1/2 ASW)
1 20200 22+04 2605 20+00 20+0.0
2 3.6£0.5F 4.4409*  6.0+1.0° —* 3.6+0.5%¢
3 9.04+1.2*  9.6+2.1%  124+18° —* 8.24] 3%
4 18.4+1.5*  19.6+£3.8%  27.0+2.9° —* 17.042.7¢de
3 49.042.6 492456  66.6+34° —* 47 444 9cde

* All individuals of experimental group 100% CE were deceased after 2 days

Values in the same row followed by different letters are significantly different (£<0.05)
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Table 2-6 The number of rotifers cultured in CM treated with proteinase K and in 1/2 ASW
(control) for various culture days

Number of rotifers of each experimental group (mean+ SD)

Culture days CE Control
Without treatment Proteinase KK (1/2 ASW)
1 28405 20400 23405
2 6.0+0.8° 2.840.5° 3.8+1.0%
3 13.8+1.3® 5.540.6" 8.040.8"
4 29 .0+3.2% 10.5+1.3" 18.3+3.1°
5 59.0+7.8° 29.044.5° 45.04£7.5°

Values 1n the same row followed by different letters are significantly different (p<0.05)



Table 2-7 The number of rotifers cultured in CE, water-soluble fraction of CE and 1/2 ASW
(control) for various culture days

Number of rotifers of each experimental group (mean+ SD)

Culture davs CE Control
Without treatment Water-soluble fraction (1/2 ASW)
1 28405 25+06 2.0%0.0
2 6.540.6° 6.0+0.8% 3.540.6°
3 14.0+1.8° 13.0+1.2%® 7.8+1.0°
4 30.5+4 4% 27.342.2% 18.8+3.0°
5 60.0+8.5° 56.8+6.2% 41.5+7.0°

Values in the same row followed by different letters are significantly different (»p<0.05)



Table 3-1 Nucleotide sequences of primers designed for cDNA cloning of the
approximately 25 kDa protein

Primer Sequence (5'-3") Bases (bp)

Rotifer25kDa F ATGAGCTCAGTCGTACACGT 20
Rotifer25kDa R ATGATTGTTGTAGTGAACAT 20




Fig. 1-1. The monogononta rotifer Brachionus plicatilis Obama strain. (A)
and (B) indicate rotifers having amictic eggs, and (C) indicates a neonate
(age <2 h) hatched from the rotifer. This neonate was used for the
subsequent experiments. Scale bars indicate 100 pm.
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Fig. 1-2. Schematic representation of pre-cultured rotifers for the experiments. To obtain
the population having the same age, the author performed the pre-culture. (A), rotifers
having eggs were selected from a batch culture population at an exponential growth
phase, transferred to each well of 12-well culture plates containing 3 mL 1/2 artificial
seawater (ASW), and cultured at 25°C for 24 h under darkness with algae at
approximately 7 X 106 cells mL-! at the start. Neonates (age <2 h) hatched from rotifers
were individually cultured under the same conditions except 48 h during the pre-
experimental period, and their neonates were used for the subsequent experiments. (B),
selection of rotifer individuals for the experiments. Rotifer individuals of a, b, ¢ and d
indicate having two eggs, having one egg, neonates and eggs, respectively.
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Fig. 1-3. Schematic representation of the experiments. Conditioned medium (CM) and
crude extract (CE) were randomly placed into 4 or 5 wells of the culture plate on the
Latin square to avoid any possible location effect. Then, 2 individuals of neonates (age
<2 h) hatched from rotifers were poured into each well, cultured for 5 days and counted
for the number of rotifers under a microscope everyday. The prey C. regularis in 50 puL
was added to each well everyday at 7 X 106 cells mL-' without changing the medium.
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Fig. 1-4. The growth curve and growth-promoting activity of rotifers in CM. (A), the growth
curve of rotifers. CMs were obtained from the culture media of rotifers at early exponential ( 1),
exponential ( II), stationary (II) and senescent phases (IV) (shown with arrowheads) and filtered

through a 0.22 pm filter membrane. (B), the concentration of NH;-N in CM. These
concentrations were measured by the Nessler method using alkaline iodide. (C), growth-

promoting activity based on the numbers of rotifers (mean = SD, n = 5) on day 5 after adding

CM. CM from the decline phase killed all rotifers after 3 days. Asterisks indicate significant
differences (p<0.001, Tukey’s post hoc test).
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Fig. 1-5. The changes in the growth-promoting activity of rotifers of CM from rotifers,
CM from algae and 1/2 ASW control. CM was prepared from rotifers at the early
exponential growth phase. Rotifers were cultured at 25°C for 5 days in 12-well culture
plates and subsequently the numbers of rotifers (mean = SD) were determined.
Asterisks indicate significant difference (* p<0.001, Tukey’s post hoc test).
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Fig. 1-6. The changes in the growth-promoting activity of rotifers in CM at various
concentrations. CM was prepared from rotifers at the early exponential growth phase.
Rotifers were cultured in 25%., 50%, 75%. 100% CM at 25°C for 5 days in 12-well culture
plates and subsequently the mumbers of rotifers (mean = SD) were determined along with
that of the 1/2 ASW control. CM were diluted by 1/2 ASW. Asterisks indicate significant
difference (* p<0.05, ** p<0.01, *** p<0.001, Tukey’s post hoc test).
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Fig. 1-7. The changes in the growth-promoting activity of rotifers in CM after heat
treatment. CM was prepared from rotifers at the early exponential growth phase and the
mumbers of rotifers (mean £ SD) in CMs heated at 40°C, 60°C and 80°C for 60 min were
determined along with that of the 1/2 ASW control after the culture at 25°C for 5 days.
Asterisks indicate significant difference (* p<0.01, ** p<0.001, Tukey’s post hoc test).
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Fig. 1-8. The changes in the growth-promoting activity of rotifers in CM filtered through
various molecular cut off membranes. CM was prepared from rotifers at the ealy
exponential growth phase and the numbers of rotifers (mean = SD) in CM without
fractionation, and CMs of <30 kDa, <10 kDa and <1 kDa were determined along with that
of the 1/2 ASW control after the culture at 25°C for 5 days. Asterisks indicate significant
difterence (* p<0.05, ** p<0.01, *** p<0.001, Tukey’s post hoc test).
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Fig. 1-9. The changes in the growth-promoting activity of rotifers in CM after
treatment with proteinase K. CM was prepared from rotifers at the eaily exponential
growth phase and the numbers of rotifers (mean = SD) in CM without treatinent and

370

CM treated with 10 mg mL-! protemase K at 37°C for 60 mun were determined along
with that of'the 1/2 ASW control after the culture at 25°C for 5 days. Asterisks indicate
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Fig. 1-10. The changes in the growth-promoting activity of rotifers in CM, water-
soluble fraction of CM and 1/2 ASW control. CM was prepared from rotifers at the
early exponential growth phase and the nunbers of rotifers (mean = SD) in CM and
water-soluble fraction CM after removing lipophilic substances with diethyl ether
were determined along with that of the 1/2 ASW control after the culture 25°C for 5
days. Asterisks indicate significant difterence (* p<0.001, Tukey’s post hoc test).
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Fig. 2-1. The changes in the growth-promoting activity of the crude extract (CE) from
rotifers at various concentrations. CE was prepared from rotifers at the early
exponential phase. Rotifers were cultured at 25°C for 5 days in 12-well culture plates.
The numbers of rotifers (mean = SD) in 0.1%. 1% and 10% CE were determined
along with that of the 1/2 ASW control. CEs were diluted by 1/2 ASW. Astenisks
indicate significant difterence (* p<0.05, Tukey’s post hoc test).
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Fig. 2-2. The changes in the growth-promoting activity of CE from rotifers at various
concentrations. CE was prepared from rotifers at the early exponential phase. Rotifers
were cultured at 25°C for 5 days in 12-well culture plates. (A), the numbers of rotifers
(mean = SD) in 10-50% CE were determined along with that of the 1/2 ASW control.
(B), the numbers of rotifers (inean = SD) in 5-25% CE were deternuned along with that
of the 1/2 ASW control. CEs were diluted by 1/2 ASW. Asterisks indicate significant
difference (* p<0.05, ** p<0.01, *** p<0.001, Tukey’s post hoc test).
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Fig. 2-3. The changes in the growth-promoting activity of CE from rotifars at various
temperatures. CE was prepared from rotifers at the early exponential phase. Rotifers were
cultured at 25°C for 5 days in 12-well culture plates. The munbers of rotifers (mean =+ SD)
in CE without heat treatment and CEs heated at 40°C, 60°C and 80°C for 60 min were
determined along with that of the 1/2 ASW control. Asterisks indicate significant difference

(* p<0.05,** p<0.01, Tukey’s posthoc test).
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Fig. 2-4. The changes in the growth-promoting activity of rotiters in CE filtered through
various molecular cut off membranes. CE was prepared from rotifers at the early
exponential phase. Rotifers were cultured at 25°C for 5 days in 12-well culture plates.
The numbers of rotifers (mean = SD) in CE without fractionation and CEs of <30 kDa,

10 kDa and <1 kDa were determined along with that of the 1/2 ASW control. Asterisks
indicate significant difterence (* p<0.03, **»<0.01, Tukey’s post hoc test).
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Fig. 2-5. The changes in the growth-promoting activity of rotifers in CE after
treatment with proteinase K. CE was prepared from rotifers at the early exponential
phase. Roftiters were cultured at 25°C for 5 days in 12-well culture plates. The
numbers of rotifers (imean = SD) in CE without treatment and CE treated with 10 mg
mL! proteinase K at 37°C for 60 min were deternuned along with that of the 1/2 ASW
control. Asterisks indicate significant difterence (* p<0.01, ** p<0.001, Tukey’s post

hoc test).
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Fig. 2-6. The changes in the growth-promoting activity of rotiters in CE, water-soluble
fraction of CE and 1/2 ASW control. CE was prepared from rotifers at the early
exponential phase. Rotifers were cultured at 25°C for 5 days in 12-well culture plates.
The numbers of rotifers (mean = SD) in CE and CE containing the water-soluble
fraction after removing lipophilic substances with diethyl ether were deternuned along
with that of the 1/2 ASW control. Asterisks indicate signiticant difterence (* p<0.05,
Tukey’s post hoc test).
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Fig. 3-1. DEAE-Toyopeail 650M anion exchange column chromatography of rotifer CE.
(A), CE was applied to a DEAE-Toyopearl 650M column (1.1 x 25 cm, Tosoh) equilibrated
with 20 mM Tr1s-HCI (pH 8.0). Absorbed proteins were eluted with a linear gradient ot 20 -
600 mM NaCl at a flow rate of 1.5 mL min”', and 5 mL fractions were collected and
analyzed for their absorbance at 280 nm. A dotted line and an asterisk indicate the
concentration of NaCl and the fraction showing the significant growth-promoting activity
after 3 days (p<0.05,Tukey’s post hoc test), respectively. (B), SDS-PAGE patterns of
fractions shown in panel A. SDS-PAGE was performed on 10 - 20% polyacrylamide
gradient slab gels, and protein bands on the gels were detected by silver staining. The
numbers above lanes indicate fractions shown m panel A, whereas asterisks indicate
fractions showing the significant growth-promoting activity.
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Fig. 3-2. HiLoad16/60 Superdex 75 gel filtration of fractions having the growth-promoting
activity from DEAE-Toyopearl 650M column chromatography. (A), active fractions shown
mn Figure 3-1 were collected and applied to a HiLoadl6/60 Superdex 75 prep grade column
(1.6 x 60 cm, GE Healthcare) equilibrated with 20 mM Tris-HC1 (pH 8.0). Proteins were
eluted with the same buffer at a flow rate of 0.5 mL min?!, and 3 mL fractions were collected
and analyzed for their absorbance at 280 nm. A dotted line and an asterisk indicate the
numbers of rotifers incubated in each fraction and the fraction showing the significant
growth-promoting activity after 3 days (p<0.05,Tukey’s post hoc test), respectively. (B),
SDS-PAGE pattemns of each fraction shown i panel A. SDS-PAGE was performed on 10 -
20% polyacrylamide gradient slab gels, and protein bands on the gels were detected by silver
staining. The munbers above lanes indicate fractions shown in panel A, whereas asterisks
indicate fractions showing the significant growth-promoting activity.
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Fig.3-3. TSKgel Phenyl-5PW RP-HPLC of fractions having the growth-promoting activity
from HiLoadl6/60 Superdex 75 gel filtration. (A), active fractions shown m Figure 3-2 were
applied to a TSKgel Phenyl-5PW column (4.6 x 76 mim, Tosoh). Proteins absorbed were eluted
with a gradient of 0 - 80% acetonitrile at a flow rate of 0.5 mL mun! and analyzed for their
absorbance at 280 nm. Numbers and arrows indicate fractions and those showing the significant
growth-promoting activity (p<0.05,Tukey's post hoc test), respectively. (B), SDS-PAG
patterns of fractions shown in panel A. SDS-PAGE was performed on 10 - 20% polyacrylamide
gradient slab gels, and protein bands on the gels were detected by silver staining. The numbers
above lanes indicate fractions shown in panel A and a protein having the molecular weight of
25000 subjected to N-terminal amino acid sequencing is indicated with an arrow. (C), the
numbers of rotifers incubated in fractions 4, 5 and 6 for 3 days. Asterisks indicates the
significant growth-promoting activity (p<0.05,Tukey's post hoc test) compared with that of
controlin 1/2 ASW.
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Fig.4-1. The N-terminal amino acid sequence of 25 kDa protein izolated from the rotifer B. plicatilis in
comparison with an orthologue in the EST database of B. plicatilis and thioredoxins from other
organisms. {A), the N-terminal amino acid sequence of 25 kDa protein isolated in the present study
compared with an EST oithologue i the B plicatilis database (DDBJ/EMBL/GenBank accession
number FM939833; Denekamyp et al., 2009). The numbers indicate amino acid residues from the N
terminus. * denotes an amino acid which could not be analyzed correctly by N-terminal amino acid
sequencing and posgibly indicates cysteine. (B), the nucleotide sequence of the B. plicatilis EST. (C),
the alignment of the amino acid sequence of the B. plicatilis EST with those of thioredoxins from green
alga Chlamydomonas riinhardtii (DDBJ/EMBL/GenBank accession number X78822) and protozoa
Plasmodium falciparum (DDBJEMBL/GenBank accession number XM _001348683). Homology
search was performed by using BLASTX. The sequences were aligned with Clustal W. Boldfaces
indicate amino acid sequences which showed high homology to the 25 kDa protein isolated in the
present study. The munbers on the right margin of the sequences represent deduced amino acid residues
from the N terminus.
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Fig. 4-2. ¢cDNA cloning of the 25 kDa protein from B. plicatilis. (A), the nucleotide
sequence of the B. plicatilis EST. The first and second black boxes indicate the start and
stop codons, respectively. Boldfaces indicate amino acid resudues which showed a high
homology to the 25 kDa protein from the rotifer B. plicatilis. Locations of primers ate
indicated with arrows. (B), agarose gel electropherestic patterns of PCR products from the
rotifer B. plicatilis. Lane M indicates molecular size makers. Lane 1 indicates negative
control, and lanes 2-4 indicate the PCR products of approximately 330 bp (arrows). (C),
colony PCR products. PCR was perforimed using T7 and SP6. Lane M indicates molecular
size markers, and lanes 1-8 indicate randomly selected colonies. Arrows mdicate the PCR
products of approximately 450 bp.
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Fig. 4-3. The nucleotide and deduced anuno acid sequences of the rotiter B.
plicatilis 25 kDa protein ¢cDNA. The first and second boldfaces indicate the
start and stop codons. Black box indicates the sequence which was
determined by N-ternunal anino acid sequencing. The numbers on the right
margin of the sequence represent nucleotides from the 5 site and deduced

anino acid residues from the N terminus.
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