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AP alkaline phosphatase
BrdlU e, 5-bromo-2’-deoxyuridine
B A e hovine serum albumin
ED T A ethylenediaminotetra acetatie
HU e, hydroxyurea
TAD e e monoclonal antibody
N BT e nitroblue tetrazolium salt
P B phosphate huffered saline
110 T U PSTSREP toluidine blue
T IS oo, Tristhydroxymethyl)aminomethane
X-phosphate.............. 5-bromo-4-chloro-3-indolylphosphate p-toluidine salt
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v RIS oMM (interstitial stem cells) (&, ERIZHR L T H O £ 4T £511%
MR TH L, HIFIZL - TERMEMIET 2 ¢ FI2HMIIB VT, BB 3 EEo &M
M. T bbb, R, BMRIZSET 5. WM (nematocytes) 1, BERGEIY
BEOMBET, #E., oA NP BHTAMBRTH A, © FI0EHARE LGS
LY, HMEMiE, MR, bbb T 3 FI bt 5,

AEFEDORGERERIZBWT, & FSHBMROEFBRICEL, 2 2ORLHFTEEL
TWi. %1 O, ZEMBlkE - KEHTH 5, oz Ll Mg
HiZ&Eh 2 2Miid, wihdEL ikt #Fs . £ O, Mk, RHio
3REMAMA L, BhF. WFOLWMIBIZFILT 2871 %F> (Bosch & David, 1987) .

2o, BEEHHTHL, ZoF TR, HBMARER I, BT, To3MF

2o fE L, RIS L 2 W TRE, &5 VIl FREMBMB O/ N ER
(sub-population) #¥& F #LTV: 5% (Littlefield, 1985a) .

MR OBBEEZHLMITA I LiZ, oM, S{LHIHEE B 8T 2
ETAMRTH B, T2, Wil HeBBe iR T 20003 BICEETHL, &
A A~ PGP D, ZEBREROBIRIRE(BRRL25E0H 5, L L2 DM
AL, fesk, BEEMH I TV ko7,

AEEICBNT, Rz F7HHMRORFEBBOB 2 Lz, R LT, BRES
7 Y& FJ (Hydra magnipapillata) % Fi\v, (ERDPSMERHI TV S 1 HEEL, #HilicH
BLL2TEZHBL. HEMRor o —= 0 FEREITS 12

v FSMRRD in vitro BEBEFEIIMLEN TRV, FODIL7a0 -7, wih
b FIEEO LREEEY., 71— F -t LTRAVW, B 1 HFEHohEE, RERZNH
e % FF 0 RRE RO FI BRI LB EE T % (Sugivama & Fujisawa, 1978) o

ORI 18C CTHEBTAELEFEICREL, BFICL-THET A, LA LATRE



25C b s e, MSRMIRILERWIZIE., SBICRY T4, MEBMEETE2
&, MEREEEICEE L LBEBEARIT T LERBO AL 2S e FF] 12
B LrL, MERHZ EFICHE T &, KEEgoMBMREREsSRL 2, T4
Bo(EEMIZE 1M oSl BRI BrHks, 2 0B I HERERE s
T, 70 -bEfT R o7,

EoHFHOKER, e Fuxyy L7 (HU) B (Littlefield, 1985a) TH b, D
TEEE, REMIZE L FEHOFEEHUTW, HU STl HTE¥THH, L F
7% HU BT 5 L, ERIIGRT 2 HBMRIERNICR SN B 55, FROEV M
X, HEVEEBL T, HU BELUEBMOFESICL Y, 2 EEEZKO T
2. I (EBRNIZE 1A oMBHRERTESTEZ., Ro2Mle e s
¥, su—-beitio7,

#F3FHOFER, FERoBB N EEETH L. Ll 2 HETELERNSME
gErry BRI, © FIERNTREL CWAEIGhol, 22T, ZOHMIROFE
EL2WINACE/MEETN 2L, BAESE, BAERKCEET S HEMRO 70— >
L4775 720

FRE 3 HEF, WTNOBMBLERTO 70— S HETER VY, EEBRIZLY]
MRETHLZEEMRELA LT, dAVIEHFINIC I MilRLHEELA- LT, ZoMl%
Wi, 70— AELAHTIERZY. Lol SRMICHET2 L, SOHELFENTH-
2o bbb, 3HEOMEHIZLY, HMEBORR S 4 HEO MK/ NER %+ 58T
AEITHES LT,

SHLNERIOE 1 HFHIE. BTREMBRMRTH 5. ZoMBIEEFOHRIZ451L
L. e (hosiie, sRiie. BAie) oMb L 2w, 82 FHix, IHREMSM
RTH L, ZOMRIZIFOHIGLL., FRICIZTIEL 2V 2t 2 Mo Rl



fBid. EhETEBHSEMR L IFABENTEX2, Ll 2 BoslsafiliostiEoe
F7id, MM, FMRERE-T, 200 B HEd By, UL, ABIC
EEPIZEZHFA TS, BRETw, 202 RE. HWFL, WlTX3, 2o
K9 7%, EmMBHosarRL, LSl F2vwe 5%, BEEE R
7 | (pseudo-epithelial hydra) & &f+iF 7z,

3 FEOMERIE, BELRENBIER TS 2. ZoBMiE 3 Bo Al LT
kT 5. B4 FEITHESREMBER TS 2, ZoBMRIE 3 oAl L BT
Uy | o o |

BrErso—=7EBoERT, BEFARELIRL, E—&RHIMECtH 5%
AL Lipl, B—4FSOMBE 27 RN £BAROT A IS 5680 %
FOZRUERMBOFED BEI N,

EZAT, ERZ70—=V 7EBROBRT, @ FHLAPo 2B 2EEFHL I
TAHIENTE, £, He Fonsr iz, IAFIZ 50T % ML & o Rt o™i
ETHETHD, BHIZ. 209 5D 1 HH nem-1 () 1Zid, FBFBRE B Ml & &
. BT ERER B, REVEZ AR BRI AR L. MM S R S R A L e v
BEEWPE R T2,

e FSoMMBIZ. IFIaib T 2N 2o MBMRSTAL T 2 3E, [HEEAH
% | (masculinization) I2BWTd ., OSSN TwA, HMLL X, BT REMSMR % i
HRMITBASEL L, BALLHMBRE P Ioibd 45—, WFREREZEHEIT A2, A
BHMERBRTH D (Sugivama & Sugimoto, 1985; Littlefield, 1986) o Z DHEVELE %
AREIZE CBHRA, nem-1 (&) MBATABHTIEEZ, BRHIEZ TV LEZL

ﬂz\)o



Lir L. FoILER 2 rromMile 2 825, BRMHEBICE T TV AERER, RERT
b, OOIHEBEETSH -,

BB _7- e oMl L E L REMICER L, Ak S OMRE & i
BIZBAL, ROEFLVERBT S,

T, EThBHrO B0 GREMICHIZRESNT WA, ML F7 xSk
MHERT OB, ZoMias ST REMBMEAE L. BFERET.

—H BIZZ 2008 A THFBEET R, 10054 7iF, B hEBrLBEL (E
ERICHEICRES ATV S, CORITHEESZRENSRRTLE, ZolR> SBTHEE
REMEFELC, BFEEETI. ) 1205 4 7OH#iZ, nem 1 (&) OWIZ, @
OEEMICHEL L TRESNTEINLY, 20, MERIZI VL2, 0547
DOHE, MEESREERBRERL o T i, 2 oMY S I RE MBI b T 5,
L2 L. SRFIREMBEI S £ CHF R EMBMIRIcBRT 2 56055, Cn 7ok
A E DML ), REBRIE 25,

T WFO 2 20 L5 FMHEEE. EPRICBI IR BN LBEROD LD
THb, LiL, BMREDOAD=ZXLIBIZL - TRIIEHTH A, FOWIIH-b, b

NS OURERBILERIZRRNTH S,






1. BF5

B F7IIRKEDOEBEY (coelenterate) TH %, MBI OMEBRIZ, AN ZKEDM
MEIZL DB s, DIEFETHFEL Zv, BEhHESWICE, B (nematocytes) & LI
NAFRMRIEEYT 5. €OMREIC. %R FEHT 2HM (nematocyst) 25FFFE L,
R, Bz Ebh s, ok, EBSYERBEY (cnidaria) & BTN 2. BB
B, MEREFOROEMREWTH S, T HAZAE (alteration of generation)
XD EPEAE L F A O A A D R

1. L R, LR MRS

L FIokid, BERMICHE b2 ) vy -REETHE (RI1-1) . FOHO—
WIZOAH D, ALY LA ESE. T R] (hypostome) & IFIEN 2. O % A
DZE (tentacles) ZYBRIKICH T, Z OB EIX [MFR] (tentacle ring) L TN 5,
FECIE, ZEOBMBRIE AT TV A, ORE#FEE HbE, FAE (head region)
EERZEND B,

VUV —RoEoMmiE, T A7 REEE L L, [TE#] (basal disk) & HTH
5o BBIZENED 2 0w T HMBALEERL L. € FT7OEZ KRR IS S84
D, @iEEfHY, KEKEICELE- DT ABEIH L, HEHLEERT BV RO
ik, THR®] (body column) & FHIXN 5. K a, E#MA,SHBEIZLTH 1/3 ~1/4 @
ik, [H3FEE] (budding region) ¥ FHEN 5. HBINEO R 2 FIIE, ZO#S
2OMEF L, BT 5, B HEFEE TORRTE, Y oEik. BIRE AT
48R4, THEB (gastric region) & MFIEH %, HFEH T o 28T Cco, MCHEHE
B LB OEEE. [HE] (peduncle) & FRZR 5.

b Rk, #8310 BEOMEL,OES L, 2O/ 3 BEOMER



Tentacle
Hypostome
T Mesoglea
Head Endodermal Ectodermal
epithelial ceil epitheliai cell
T Food vacucle Nudleus ;
Nejamatocyte
Interstitial
Gastric cell
region
Nematoblast
£ Nerve cell
Peduncle
Foot L. Muscle fiber
Basal disk
BIT-1 ¥ N7 oAb ek, Mo

LRI oIEEE —EhR L A R (BEIREE

25 L D HFEOFF 215 T .

v 1992,

(AT ] % 3 &5



#(cell lineage) IZ X NHWHR I N TV AE. B 1 IIMEELFMIERIL (ectodermal epithelial
cell lineage), #5 2 IXPWIEZE FFE MIBE R 8% (endodermal epithelial cell lineage) . &5 3 i fE)#
B A3 (interstitial cell lineage) TH 4. 3 MR IL, £ FNHATIC H O % TV,
FIZ5beEd 4 5 T v,

SUERE LB LR ERE . 2hFh BOMRBE AL, HE (mesoglea) & FRITH
MBI E S % B A TFATICA O, RBEAZE L Twad (R1-1) . B4
B, AMEERTH 5. v F7OREE, E2RWIVEE, WEEOW EEMREIZ LY
BEIh, BREERLELEMROATITRTH ), HHREZOFEILTLELET
My (Sugiyama & Fujisawa, 1978; Marcum & Campbell, 1978a) .

SRR EREMBBRIZIE. SRS L, WBICH - Tl & EAT IS OTT v
%o WIEZE L B MIRRPIC & Bl 25 fr e L. BV ISk & Tl A ET L T A
NI R MET A 5EE, SHEZE L O TE . NIREE L o ki TR
L. 2l 5 & ZiI3E o i, kT 5.

. JHHEAE RS

[P AL (interstitial cells) X, XTEBH FEMBED., MMz g
(interstitial space) AL T A RpibMilRTH 2 (R1-1) . KEHEIIEEIZ, 2L
WIEBEIZHEAET 5. HMllAEoOMR &, kAaLEwRED [BEMAR] (interstitial
stem cells). [ HM KL AT BR K | (nematoblasts). [HIFHAZ | (nematocytes). [ Ffi AT |
(nerve cells), [HRMIAZ | (gland cells), [AVMINE] (germ cells) B EN 5, LT, &
Rt MR & MBI 5,

WML, mEICARL, MM T A &2, e FIAUIFIC L) WHREmET 5 4
Mk, MR (R, #UMiRe, BRAN) (b3 A0 T FoHEBEMT A& X



ik, AnEdie ONF, W) UoibT AL kabo BN L . e E 2 o ET
7 30 g bk EONIZXRTE 2, 207000, WH 2 L CRME &85 &8
HbH.

~t L — g VIEOWMESE (David, 1973y 12X A & WML T RBIMMA] (arge
interstitial cells) & . [/hAURHMIBE ]  (small interstitial cells) @ 2 FHIZX &R T W5

RBUPHA . BT4E 12 200 m O TH L., KECHFELE (8 124m) | BHE
AT WETERNRORFIC L DM E Ao . BAoME, Sk EeE
E SN oMl (7)) L LT, FETAIEFL WV, AL MBI A S 7
ST T2, MR EAUME CHT o MBI E LT ET AL R D (TEL
ISR .

ANEIIAHI AR 7 - 120m OB THE . BN/ S2BEEFEE (6 Tum) | i
SZFND L CEFELZY, FAMEMBEOERSHME KN LI wZ ey 5, M
RO IEFRCRICRZ 50 AR, BMELGATE L CREET A4 4 7, 4, 8
V16, F0E 32 EOMRESAE TESNMER Lk TWAEY S TAH L, IO
MR IL, TR A ] (nest) LI A BMF 7127 /BN O K5 1E,

FEANR b 2, ikt E o h 2 Mils £ 2 S C v A (Heimfeld & Bode,
1984; Holstein & David, 1986; Bode et al, 1990) . —J7 4 ALL L% & Mi&, KERsrid
ML L >0 ARMBRTEA, @3B TFIoa bl > od 2 8EMLE £ 2 0 n
TWa,

k. RS E T, BPREROCAKBEMBRICET EEL o T, Ll
BARE -7 o/ NIRRL o Brls RGBS E I TW ARG ST

(Holstein & David, 1990a)

AR . M EICRKEOMBRNME CTH AR E L o, FIROEEIZL D, A K



(stenotele), B B (holotrichous isorhiza), C # (atrichous isorhiza). D T (desmoneme) }Z 43
SN TWwa, AREEDKET, fkitoro/hgify s S oEinEmiceasmss (B
W) o MEBEE SR, B ERT TS A, BHE C HORRIIMNEELE B
D (WER) - D ROFRIG, BESAL LRTEO LS I0EE T MBI (BE
L) W S 4 RORMRE, =Y oW, B, & FIRROBEICHVO R,

FAIAL L — R 2 3T 5 & BHA ST, EniETioshs, 2L TH LWl
N repflifa 2 & 5ib L ¢, Mt s iz . iR o s bidffgiicie 2 2. bRz A
- 7z A 5 ROFMSRHE#BDMBL, 4, 8, 16, F70iF 32 /TR A
2 METHT % (Slautterback & Fawcett, 1959) . F#MEIRHE, * 2 M 2T 2 M8
DN E P IERBE EASE S A, S O 2 ICFE L RIRATIER XA [ -
A NRORRIERG L, BRI ET L, LT — % 4 7 ORISR S 105, TR
o> SR 7 RN BT B & 5L BRI RS T LA A A ML A, 2
NENEROME S LT, BFER SIoBET 5.

v R DR RIE THAEAEESR] (loose nervous system) & MENR 5, 8 4 DRI 2
eI ZIE (oM LT b, SR IR v [288 ] (process) #HEIE L, 288 b 42
ORI L > Tafkd UCHEBRBES SN T 5. RS, M, O, i
COMREAINLA SRR L, RSkl 2 W LT b

PIAEHRNG I, FEREM LS TR MR | (sensory cells) & [HMAEIMING | (zanglion cells) @2
A E N T 2 (David, 1973) - BEMA I, #MEWHEE O MR A K
(15um) ZHRL ., BRSO [EEMT ] (sensory cillia) (L ARMICER L T\Ww5h, &
HolE 1 2 ARDOEEPMPI T A, WEMRE, & UTORE, BFIIFET 5.

MREETHI L ) S A MRAA (8- 12,m) &L 2 & (bipolar) 70 £ A (multi-polar)

DHER O KetomgRty b7 =2k, FE LT ofifiEo LI ITEWERED



BHIZLD, BRELTWA,

FEERINE L. BRI Db L TR S N A, EBGE & 30T 7 [HRe e ER Ao i |
(nerve precursor cells) &, #D F FEEE, HA2VEIHMO 5F AR/ 10, FEEHE L 72
% (Heimfeld & Bode, 1984; Holstein & David, 1986; Bode et al., 1990) . 4k L 7-#EH0
faix, BRMMkIZH A AT N, IS LEEARORBE Y HICRBI L, REHIZIE, v
FoOEOWNE (MFEOERETHE) EL, LEMRELICETLRE, FEARKE
i, FRCLERZRKEOH LWIEHIRAEE SN R, WTROBEI2Y . HiGHITE
FiCHgMs oL, s h s,

PR . PIREE LR o MBRICAFAE 5 A #5881 (B 20 - 504 m) OMBT,
REICHLER SO owER (2 -4um) PEBGEET S, BBICHE L/-Rmio 1 -
2 AROWENFFEL, WEERZ L DERMIOKEZREI L, HbEeiTs, BHREE
WMpRED RO, L LEFYE F7 TR, WIC—ES&CHEME S5 L, Syl
R L b Lflic L » THEEZHB R S 1A (Schmidt & David, 1986; Bode et al.,
1987) .

ARG AMAD EETH L, TOMWHICEH L, KOFHEROE THRT 5,

i, A A

b NI EWEREAS Tk, WIS L DESICEENIEE AT . AMEEE. R
FHOEBEAEIZLAA ML ALY, FEINILEEZEZ LN TVWE, BRRIZBVT
3, BEPEEERNTHLLEZ LN TWS, HHAEMIIE, FRHSY (T EREY 7 H
HHET A, F 7Y FF (Hydra magnipapillata) 3B TH 5. 10C LT (&) Tk, &
WAL 7%, Kimd® 15T UL (FF) Casb b AMEMTHAET . AANICHE

MEZ8T »5 21 C IEEMICEZ AL, 1 B MWNICEHEMTED AP0 HEINT

_lO_



W5 (Ito, 1952) o LA L. COREGEFEREOAMARBFE I IEHIN L2V, 8T
T2, HFHEBEEESFEE IRV DTH S,

T O F 7 IRE DS 4 H 754 A5V — 7 (oligactis group) D& FFiF,
TRTUBTH L., ST V—74F, 18C LE (B) CidHEMERLZIThZ . AER
B 21C 75 SCILRAMICIKTEE2E, BEN OO THBEBE LD S (Ito,
1954) o

Y O % {iX. HAREA (alteration of generation) %479 . AR 7k L TEVEWY
CHRIEL., F0RISEBEL, AHERETS . Ll NSRS YRR LL
Vo BEL CHRHEENE T ERR LA, BIEL, 29 7BRE LR o ERZS
Nh. EFTELBOEHED A7 I FF3F (Hydractiniidae) 121X, B{BELALZ757
EHET A, BIKAODOE S I rFEERT AR, R IS LRV ARREEY IR
T A2BETEINTWA., L FIR. 797 BEPROEBILLAFEE RS LT
%

B RTE, R ATESRE SR L v, SR COERBRE () &, ot
ANAT A OB, 5LIicETH Y MRS bEICD, BEELEE %
FIT TR L. B FZITEENOETERF RS (e, Al ayiemsE Ly
AR D B IZ BV, T 5.

W7 TRFISEMMAL] (sperm-restricted stem cells) 2> S5 fb L CHEES NS, T
RoEHwAifgid. BB L CHFICaibs 247, MEMRIZIZab L 2 vl % 483
(Littlefield, 1985b; Nishimiva-Fujisawa &Sugivama, 1993) . ¥ REM &ML, 51
WIIZAL EFERIPOREEDE L. PHRIERAE L ARoMRBERBE THITNAZ b
T H. A A MOMBBULBEIOMNETTHL A, 100 T BIHLH L, TR

DI, MRBIZANEME L, SR LS, 20K, SRR, 4 1l



Hekw, SIS h5, PP TRESHEPITY, a iR IC—-EBICEE
[#EHIAE ] (spermatids) & 725, FMIRAHRBAT L L, HAOBTIEL S,
FrofbRigE, §XTHBRELERBTRE 2. ELoBTReEmBM, S5 -

BRBIZINC ML TWwa, HHEMBGE 12, BTFREMSMIEEEZ G, 20T

HEFIE L D) LIOKE L oA EET 5, SROSEMIE. BT RTERAHR s e 2E

ERETIZERL, $BILT 5. 207012, COSOEELERD E45), SHEELEO

Loz, SRR, RBFATEBREHBSE DA TN REORE L 25, oWk, &

HHIZ, & N7 OMER (testis) EHIENTW A, RATHFMUAZT L, BB L 2HT

PIGIERBHGRER) 2160 % & MEBIEOSEE L Elh, BFEsn s,
BTt T BN BR g B Ml B | (egerrestricted stem cells) 2° & 3 fb L THE S A 2
(Littlefield, 1991a) . BH-FEREMEFMMIZ, SO L. WFICHILT 257, WEOH

RVZEAL L v ST REGARRO 0] & Ak, ST REmME S . MR ELEE Tsid

N-E LRMAASREZTV, KELZFZAMEBET 2. HWT, $6MkD 9 5, 1 #k

ASONBEMIR VT BE S, MUE T TIEE MR L e A IR I R AT C IR BT BT 1T A

%, WHEMBLIES 2 ERE L, B JTECINMINRICRM T 5. X U oL, 1

T T 2 MEORS %, BRI L THD AR, KEL 2B, 208K, BWE

MBLE 7 A b= 2D LD AH, AR, ChAMEHICLIIY AL
(Honegger et al, 1989) . WFHFEHT 2 &, NIEEL o Mo, IIFiHFEIC

FHSh, THTERE 25, FEBGARZAU, IR IELEBHEETER SR,

2. k F 7Mo% E # L

oM, v Ko oMEMRiE, ey 4 ToMRIZGIET AN ERD, L L

MeslllneE IZE T 2 MRy, §<XTHLGEEEZH O, L) PEWE LA T2 W, K



MEOHBEFRIZB VT, ¥ FSOMBMRBOSIBRICE L, 2 D0xiid 2305488
STV, £0 12l [ZrENRMRE -S£HAH] Ths oz Lhid, HSBH
T _THELVWESSMEELRFL, SO d e, RMR., Bk 3 &4k
Lo F, BTOEBEMIRIZSIETE S (Bosch & David 1987) . T OZIZ LA, o
VAL ARSI L 22,

bo—HodE, [HELFHH] Ths. CoOFIZINE, BHERIRFIE ER:S, M
ORI AR O MM AT T A (Littlefield, 1985a) .

MBI ORI, HERRESHECL2MEBMBY 0= VY ERTH L. L F
7 MR T MRS AW TR L WOE oMYy P TREEL, BB 27— %
Mz % &, BRI @Y 5. OB R0o %L, BTriRoMeesdkriEe
H, FORBRELHEALCTIFTO L, MIRBEEKIrORER2E L FS P HET S
(Noda, 1971; Gierer et al, 1972) . David & Murphy (1977) I&, Z OMIHEEEHE
v, o Te FoMMilsoro—= s FEBEIT -1, TUHY) AfEL KT (H
vulgaris) ZH LU A T ud o v Ay — FTABL, Mt meickisl, £

BEHROGEED LSO TEL., SO P85 Bl oL, 2o M 7~

H

WM IS 1B L2 &4+ RTE L. BEREKRIER IS, ZOHEAHKD
BT, IEFMMRIIEML, 70— 2BRT L. 207 0— > OMBAKE AL
EZAH, EDru— 2 MM, fEE. RIMEATEEL, CORR,L, EHE
Fo1Zi&k, A 8 & Mg & f o 2 #125405 A ZREMH O M &HI 82 (multipotent
interstitial stem cells) DSFET 5 Z & & iz B h e,

[@ARDTTEE T V>, Bosch & David (1987) 82, ZietEpgiiie & £~
TR OWTRFE 2T 72 2000, OB BAREF 7L N7 ORRERRMR 2

RETNMHLS, FO 1 R#ix, 1 B ER I % B o BB R HE si-1 (Sugiyama &



Fujisawa, 1978) | M1 1 REIEBFEO 2 WIHT 2R T 2L EAH ms 1 (Sugivama
& Fujisawa, 1977) TH 4, WIEOHBEMBLEH L. £OPIIHEOMBMBRATFY 1 #
BTFRUEA LD, BEAGREPERSEL, 2L CHEL P 2 HIRIEE 24C T8
L. Rk sil BIROMMIEE TXTHREL, 20LTHEL FIOBBEER <, X
B O FERIE, MMRERLOMIE 2 F2v T EEE FJ ] (epithelial hydra) T
27, BOOAVEE, BAWHERZFE O FITHo74, ZTOk F5 MM, i
R, FIMRS %2 #55, B2 L o CHMAM AT 7. BICH PER %2 LKoo RFiz
KENREZ 723, 20T R# ms-1 HEOMMBE b L TwAELR LA, *
. BROBEC P72 ods, SRR IR T 2 25, SR 5 b L 2 v A i
M A FoFAEREIRW IS S ko7,

NG DFRERIZE S| Bosch and David (1987) id, F 7 ¥ FyoM#EfikizE£TS

REMET., AR & MR OB AT 20 & FE0 LR UL (Z RN 0 f b —
BB .

L)~ HOMERMEBOMMIL, Littlefield (1985a) DfT-A FRF 7 L7 (HU)
REIZX b7 00— 7EBRTHE, HU X SHOMBE* R TEHTH S (Sinclair,
1965) » b FI% HU BT L& [HRICGTR, WMy » WM GBS 24 B
M) PP SN, BHEICESEST A, L L8 EE G EEMR Gk A
72 BH) OBIIHEEWO - Y @A TS5, £ 2 TRMBEORAMIZL Y, BER L
MBI, T (HEMIZE L M) MBI TV ARKEELT A
EHFTRTH S,

ZOFEEMHA L., Littlefield (1985a) &, #5®d 4 #2771 AM (H. oligactis) (')
DM 0— =2V efre, BTFREHBER TR FSOoBICED L, 20k

EFERR, AT A (2 oI TREMBMREFoOE P oo



2 BT L7 (Littlefield, 1991) . CO&RIE, o Z{ o2ty LRIz, v F
T LR & L ORI ATRAE T A Z & AT

Littlefield (1985a, 1991) @ 70— = 7EE L | [ 5 Bosch & David (1987) @7
-z VRBOFSmITE(CERNTH L. HEllLiud, v F7olsaaRed £k
MR OE—LRTH ), grgic Ll WEM®MR: SUEsENTH 5, mE
DRFEWOA—BOERIE, 28N E2 LA, £ 1, ERIZFEHLAE FoEHOEL
T % . Bosch & David (1987) OHEH L/ + 7 ¥t FF (H magnipapillata) & |
Littlefield (1985a, 1991) O L7-4 ) &2 7 1+ AR (H. oligactis) &, FRFNT VA
DAT N =7EA NI 774 A7V =TI/ L, WERIILHE RS ORISR
HENTWS (Campbell, 1987) . it~ THFHFMIZE, MR ER ORI ZREIE
T A0 Lk,

F2ORRE., 70— VY HEODERTH S, Bosch & David (1987) X BT
Kehra—=r VERFERH LA, MohoBHO-HIC, JoFEdAMEASHE
TEEAETHAHDL Uitk

ML OB E 7, HEP, €L THIZL2EEVTFET A0 rE. W
Mg O¥E%, SALHEERRE, 2 VI TBELAMT A 1L C, #ELEELZ2MWETH
e

ik, BERZERMBELHF T 7 0 FIRRERRKOMEEFH-<Tw ARz, &
Mg b L 2w EF o FI 2 @RARWE L7 FHAEFEFRLL LIS,
ZOMMRIIHTICatT 2 FIRCHEfR TH A Z Lotk ZTDOR RS
i, HERELBBIRED 2, YRLE, [TLEE FZ ] (epthelial hydra, Campbell, 1976;
Sugivama & Fujisawsa, 1978) & KB T XAV, LA L £ ORI HMRAIfFET 5.

ZITIDE RI% (LY 9| (pseudo-epithelial hydra) &m& L7 (IFE) .

.15_



FTOH, HURE 7 O— = 7R, F7 2 FSOMDZER nem-1 (FH) 12d,
T IREMGHERFHFEET A2 L 47R" LA (FE, Nishimiya-Fujisawa & Sugivama,
1991) o FeV T, A 5T BREM N % M L7 BEREED S 90 F R E 1 s
RBeoML7-0iZ, AFEFDOTTHE (VE) . TOFRIZIY, ftRkn270—=
Y TEBROGHOERE, e FIBOERIZLIGT, 70—V S HEOBERIILIBI L

L2 o Tz,

3. LFsolRE

E NI ERAORE, BERGO®LS L, OREF 7Y FY H
magnipapillata) ZMHERMEETH . K1 21257 e FIOHMEF N FNOG AR
BERERY., WALSE-7 e FTOMRIE 1 11 T, BEHRBRTHENFLET S EE
ZENTwv5  (Littlefield, 1994) . LALe FFik, LIELiITBERERE-.T. Zokk
IR <, B, 5 VIErOBICEDA LB B, Fh, BFEILL -
THGE L 727 O v &fds, BT 2hbTih v, ok, BEERICLY- T,
S, 25 VidMES IS HERBRT S EER RN KRR (consecutive
hermaphroditism) & 13874 %,

MEHRAEE F7OMRERBIIMEEL, 0 oOBERREVES ), fEkh ol @~
LT, #EAICEEET —SHEBHM L, 20%, HHALRET S L. BREE
VBRI 2580 H 45, COBHRIE. [THMEEHESR] (masculinization) & TR TW
5 (Goestch, 1922) .

MO RRE LT, o FEMBEAAEELEVEY Z3W L. SORMVE X DIERIC

I OWHEA~OMIRIRSREE 2 342N, T USHEHTH -7 (Brien, 1962, 1963) . L

.16,



I-2 F27YEFT neml RHNEHE

A, SFIZX 2 8HRMETO L K5, 3EOIZITEML3FHE 1 HMoFHERERE D
D. B, HHAEMbOMMEE, LEROME £ 6 BMERL WA, . HMEMb oM
Bk, 1 EOKE 2N AHERE LM 2 - THRIMZ T 2 A, Il LiEs <
EHREECEE LTS, o BEF b O, b 3 bd: BB, s FHR, eg: O1,

X#“—)[/{'i lmm )

.l?.






L. Tardent (19662, 1968) (. XMW L MRS O HMREBRET L L, H#
Mk B bEER 9 Z &, PEo THMILICGEHRRBSVAETH LFEEZRL. BV
T Littlefield (1984) &, 4 A7 74 AMOEREIZB T, MHRRMFEETDH
D, FERMRITERGTHE2ELRLL. B FTTIE, MR L BIRE L » F
BORMLOLMAEDY, FATRHEEMLZEHTES (Sugivama & Fujisawa, 1978,
Marcum & Campbell, 1978) . & idtEy F7 @ LR e M7 o MMaRH%
PHEDLELFATRE, LEE2ORMOMEDEDF A FRBKLIER L., FOMHEAN
o ZORAE, FRATe F7oti, BllRRzfES L oe Footke—& L., LEM
HAELES e FSoMs 3MBRETHLHELL P2 L.

Sugivama & Sugimoto (1985) X, F 7 Yk FI 2B A2 #MELIcE W T, HoHMa
FHERRIZBAL., BALZHEOMMRB G TioaibTaZ 2R L. Fod LR
DEBREO R WEF TR T A B (ms-1) &, BRFIROTEERE Z2FoMRKEOM
M (nem-1) T RBAES L, BOBICHEMBRLZIRLL. Ro AT HESE, H
EHEEFELEIS, IO FILEHEOESRETEZEEL, 4R ERT
AL7z, ORI, RALZEOMMR L, oMM ZFEET A Z &%, WF51t
P A EERET S,

BT Littlefield (1986) i, MFREMBMBO A ZFHOBLERL FF95, IHEe K5
X EARIC, HBEMERED RO B, s MrRe MRS Tt e B oF R
L7z B, WA IREHMEZRENIZERTSE/ 70 —F vtk AC2 2 AV THRE
TAHE, ML L MEE I . HEE MERC AC2 THB S h A MMl AT 2 HEER
L7z,

INEDOFHR/RIT. TR oMM, & 0T el R I E R
BB ERIT I EFRT . BRI Littlefield (1994) 1, AT BRE MR AR TEEHNIZ,

18.



B 5T oM % @ U T BN, BFabE BT A 51 (egg-supressing molecule)
TS E VI RBLREBLTVE, HRid, B REMBMO A2 FHo 7L a1 X
BoBEtge rob, A0y 7 4 AMOTEREEBEES L., CORBEHOB
FIZBWTid, EOHBTFREMBMEE, BERR LS8 THREOMHBIZRAL 2
Vi, LA L. FRIZH D LT, REOIITHudEslsn s, - T, WE L
B iE, R AR A O BRI E TR C, RIERICFIE T A Mg L ER T
HHERTFHFHELTWAREEZLNA,

¥ ATRME LCHECICET AU O S. MTIRERBERS, REIZEE
2EBEELCWAZE, LT EERMEMERCGIZEREMS LI &5 il o
oo LipL. EQ XL THFREMBEMBEASEL 228V HEIAHTHS, 20
B2, b NI DEREILEITS, BEORLEARN MOV LEOTH S,

Bosch & David (1987.1986) &, AHEH s O - = VEBROFRIZE X, T
OUERERBEET T A EIRBLTWA, F7 Littlefield (1994) &, HU LF 7o —=>7
EEIIECETVERBLTWS. WMEFLONFTE. FhEhKT-3 , BIT1-4 12
A L7z

AFFEIZ BV TR, F27 Y FIOFRM nem-1 (F) Hkiz, P2 e d 3EHEOMR
MR NEMAHEAAET A xS 2IC L, & LI FIREMBME (M%) | 4253
FRER SR (VE) | 853, Al iR, Wil LiFiabT 2%
REMERESM TH 2 (VE) o BT o ek Fo il 2 05, HERsE -
A0, FORBSHEOEFRICHETH -/, COHFLEHBTIELTHNELT, B
FEREMEMR., 2300 FREMBARE BoBLE e P72 RIERMER L, MREH
BB O » B (VE) L FAE nem-l DA ORWEH T Hv, ZiEtE

Mo 2l ERIIT- - (VIE) . 2OR. Z2{DPHNREHEL I LHT

,19.



Nerve cell &

@ Nematocyte @ - = @
\
[% / Egg

y

Gland cell {55 Multi-potent
O
]
@ -~ (3 -
RE
%oj Multi-potent
R ‘?,
Male ‘
L%J T /
ﬁoo Multl potent Sperm
ki

T-3 Bosch & David (1986) @b F7MHREE T
BRI M 2 o SNSRI FET 5, B R EREERI
HOMmET 5 L300 3 Mokl iEHile., R, M) sHricoiby s, i
HE RS, BOHET 5 & 3 Mo Rl & ITFIoabs 5. MR
MEVEZ REVE R MR 0 ANTEAET 5 . MR BT I Sl 22 TR L 12 (v, HE
RV HETEZ R TE N AR N & 1 2 il 1 R R R 0 O SR A . S BETE R FA AR
L MmOl R TS R I S R U A S R AR LT O

WL ae MM BMBE o BEHALIER TIT~O b it S, BERECEETH S,



, g5 - O

Nerve cell /192@ E
e Egg restrlcted %

Nematocyte @ - .
Gland cell ’Poéaw \

\

Sperm- restrlcted

T —e

Sperm

BI1-4 Littlefield (1994) @& N7 MHRET 7TV
LRt MRIctiE 2 (. B L. 2 Moz (R, dRe, BRi)
EARIZ REFRZEMEHE, FRENSHo &8 1289k L1E A . T IR E e
Haix Z aetE el i 2 & OB F-BREM M D IR & £ 0RO L2 HIIT 5., G- T,
HEAB AR X 2 AR TR R HIAR & M IRE N fR @ A SRR 4 . MERAR TlE 2 e TE R Rl
B & 9RF BRE MBI O A DSEAE T 5 . MED Ot~ o iR EEE, O S O ER
(AVH 774 AT N—7 Tz CHFREMSEREELEZITEZS.
CLHEANOMEBEIRRICL o TR2AZ LSS, FOBBIIOVWTEARHETS 295, #ix

WMo Ticerhl L TWA



X MR, AR 2 EFLCHMTRTH L, L, 2frFIER
T2k, FHETHE.
KR OHRRITETE . © 1T UIE o 5 70 2 KT 5.

Q]
[S%]
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1. vk

34

i

AL TH WA RMIL, ETHAREF 7 ¥ FF (Hydra magnipapillata) 128 T 5., +
7 F7IMEERA T, Campbell (1987) @ EIZ L 57V X7V — 7 (vulgaris
group) \EBT 5.

AEBIZHWARMIE, EHAMICE T, oYL, REBREROR vy 72 LF
YO L VFEEILERF, 1 BT ORI - —ICARTHFICL DIHE S &
Fzo FERELOFME FIA 20 MIZH2 0, HVFEFLR L, HAKIHOMED D
HFUAEMFRE LT, 3 70— edM—oBrR L &, AHEREOBR VY

OU—>% 1 0B, BLTBWA P72l T, U, ETOERIZHW,

. RERRHEMN A B R chim C1

chim-Cl iZF AT RHETH D, & NTik 3 DOM LR (YMEREME %
P PUBEIEVE L Ar MR EE. RIMIBLRRE) ol IhOEEEORKELLHEAGDE
TF AT RMEERT AEIHES (Sugiyama & Fujisawa, 1978; Wanek and Campbell,
1982) . chim-CL (X L B REEATEH A8 7525 1 (B21L) ek L. Bl R
LR R TR & B D RIREERH of 1 (Sugivama & Fujisawa, 1978) IZH®ET 5
FAZRMTH L (I, £%FK) . chimCl B FFik 18C CRIEFIZNRE L. HFIC
IAHGRZEMEIT). UL, MEREZHEGRED 25T I 74 & BHOWIZH
MA TR 5 . MO GILEY TH 4 M., ®MREELIickbh, 27T
MO HPGA [ LEE FT | ik

REBRTIE, F 2 7MERE, BEFICL MY, BEEMMRL TV ZEAL

7o

S
L



i, RWHEMEBRLEELHERTRR

AYAEEII Y FSORMICLYRE(CRL L, FI/EVE FI R RBMEERBEE R
L, Hifidf s ST, Lal, 2OBEICLRRICL2ZRIEET S, KEER
{ZBW T, Sugiyvama & Sugimoto (1985) (2L h#E XA, SVWEHREHEEL L 5,

PORELIEE R T REE PLIGRATER L, DTICERLZRHERERT.

nem-1l (') 2RI S &b & B BRI (holotrichous isorhiza) IZTERRRFE D H 522
RERFZHE UCHBESN (Sugiyama & Fujisawa, 1977) - EFT iz & &
DWEEAMTH 5. Sugivama & Sugimoto (1985) DEERIZHWE L &2
X nem-1 REEMTH - /2, RERICERA LG ZKBEZETH- 2. F0
%, MBI > THEUEEL 7o — L L TER L2,

nem-1+f1 (%) [ ARWFIEHIZ nem-1 (&) o HRIZHERL TE L O 70—,

nem-1+f2 (%) Inem-1 (&) @ RFuxI v L 7UBEBKBE LA, HOHERD D 5 MEF
K. BIAMEEERMEMAD nem-1-11 (%) A& 2 LAENI, MAK L L CTHEH
L7z

SSB (%) B LU SSC (#) (WAL FEREMOXLMTHONAMAK TS S

(Sugivama & Sugimoto, 1985) .

SSE (&)  ¥AESRKMOKTE M6 LA 8% (Sugiyama & Sugimoto, 1985)

ms-1 (&) I EBEENOLZVHFERETH2HEEARERBRALERARR (Sugivama &
Fujisawa, 1977) -

nB2 (&) inem-l (&) X SSC (%) @ F1 KEAHE (BHR - K, KRR . KER
WAER LGS I TH - 4 AT N ROREAH,

SSC'm (&) :1SSC (&) ZHFHL TwaABIIHERTE U o7 0— 2,



2. v FIYOMEF

EF70RTBEERIT, R LA2WEIET, FHZ2EL 18 £ 05C. 12 ERH -

12 BFFMRS ICH B L HRETB 2 o 7,

1. BEMFHF

RN, FRESOEA) 75 20 L% 400ml OFEFAK () 25A -7 500ml
ME=B—=—THB LA, HBEIZL T, #A) 712 L% 200ml AT KI TV - 7
200m ¥ =2 —T@E LA, CFIICRBHY (&R) 288252, 3 -4 5MH%
CHBEAREH LVWEE R AR E—2 =2, "ZAY—ilEXy FEHWTE L,
BN LBEN B VRS, SERCIREI RS, ERICIV 20 EEHAT L
(Bl 28 HU 08%) | F/0, FAFK 200ml A OY —H—{2 15 L2t
BOOFHEOERDE U Il 252 2802 LA (PR EEEE) o BF
DTERN LA AZECHEVRY 72 EC, HBI om0 LBV,
f5)H K Id Muscatine & Lenhoff {1965) @ "Msolution % #51F L 7> modified "M”solution
(Sugivama & Fujisawa, 1977) ZfEH L 7. € OMEiE. 1mM NaCl, 1mM CaCls,
0.1mM KCI, 0.1mM MgSQ., 1mM Tris+Cl, pH7.6 TH 5.
FEKHREL 500 BB X by ZIBW A, B, CO 3 BEICHTTHERLA. A
#iE 0.5M CaCl:, 0.5M NaCl, 0.05M KC1 T, Efhit I DIEEIC 2P L. B
i£ 0.56M Tris-Cl, pH 7.7, C #iL 50mM MgSO.TH %, A b v 7 EBIIER L THER
L7,

AT ARMERIC I, WREREE (VA7) FBLAHMAK (BHE 80-160) #HW
7ro 408 BRH I A F v 7 II@mMAKERA LW, 3FA My 2 ERNA T, 4 15 5

LA



IFELTRTIA )y 7ok S5 27, 79542 a) 7O (TEE.
BEXE) * 29C. 3% BEAM T, 24 BEBARQL T, WbkEBoiEs e F

FEIBEW TCASIIRE L THW.,

ii. HAOWAERZVWE FIOMEFE

WM Ok E0E (Bd) 12X - THAMARELX -7 F7id Marcum & Campbell
(1978a) DEEMBIFGHTIL (forced-feeding) PR L CHF LA . HRETEHL FIEEAN
GEH MR 2HEOHEY AV . REHREEHE 3.6mm, HIHITNE
2.1mm DKV LF L »F 2 —7 (Becton Dickinson) %, HAN—F —DFWRTEL T
MCHIEEIE L, HME AATHOHEE LI 708Xy MAIETH 5, fiEICII4ME
03mm DWETsRY DH LMY, BHEIZIZVE 0L - 05mm DHHOLEWEIEML 7,
FhERT, AHEbom . EE 40em Y ) 2y Fa—TO—WIZESE L, i~y
AV — AT 7,

Y, FABEAERVAALRER I 70y by BHAOWAERLY X F300O0R
HoELAL, BEANICHEKEKE DT, KRICXo THBORY O LT 2B S
Foo FIZ, BREHAOI s 0Ny Mo, E— 0 —DEIKAE TS A v 2] » 7%
EEK T EWVAR, CHEREFEAL FIOBEBANIIREM L, @F0RAAR. 7514~
al) »THEFBITDELICFIRICLALY R, WMOAETH 252 & DAL
LI rFTEBSBIIHER S, —H, BRI I ) YTERER LY
HTWVAHDT, B FTDLIIG - MEHIAIIL {HEF LA > 72, Marcum &
Campbell (1978a) DA VFNDFETIE, 7940220 v 7TH 1T D52 598,
AEBETR—EICEEP OB TR 754 > a ) Y TE5 25BN TE, 2H0BN

WEREOZWVWE FS OB FEIL - /.



BUMEROZVE FTIERE T, MEREL ST v, BgEr o, ey
)77 vy (Gruppo Lepetit) &HF7A4 > (MERE) (K4 50meg/1) 25T
FEARPTEHE LA, V77 B Vi3IBS WD, w73 F 4 v 7 AY —F—T
SWEMILL I L CHEL L. V772 EY Y iE, oL LOSBOT LI~ VICELL
THOHTARIZMALFELTEL, L LRERLE, C FIORBELZLLRVOTT TS S
Wizvy, 77 2id 100mg/l flEAREA My 7E L, BEPFHZREL T 2 B0
PHIBMER L7, AF~A4 221k 1000 BEDA My ZHlEFER L. 9F L CHBERT
Lz, BRIZEL T, Ay 2 @AERZEY, 1 BEURICHER L,

3. B FIosAfh

ERTFDINL ATV -l L, BILL 754232 T8ES 005% =
NV AT N (Merck) TET 3% BIHAKTT 8T, 24 HBHBSEHMEL, Chiv M
HAKTHER, =% & LTS5 7% (Sugivama & Fujisawa, 1978) . 794> o) v 7
EEEEERIZZ AN 2T — 2 EEERNIIRNYD A, 20774 2) » TR 1
BEG 2 ETH L, C FSONBESFEIERRE IR, BEOI IR LT Refold

7)1 SRR T A .

4. H#MAE O BRE

RO REICIE, Bl r LN B WK ) T ER L.

RERZHEBMAEE L2 chimCl RO FIoo MMt REd 510, BiRQHE
EATofoo RWIBRAEIAR Y YR BEFTRE 18C 25, HIRIRE 25C IZHFLTH S
MBEKICRT S LI L > T 7, REREE 4 HA0 8 HHTH 5, WBRY FFE

18C ofFARIZE L 7.



nem-1 (&) RFEOMMREEETA7-0I2E, e Fuf v L7 (HU, Sigma) 0E
(Bode et al., 1976; Littlefield, 1985b) %47 7. MFREMSBHRC 7y o—= > 7EE
Wi, KDY 7R SmMHU 2 FOMEKT 2 B 4 AMMAFHF L4 IIFREH %M
DrO—=r FEEIE, 25mMHUZ S LHEKRT 2 H o 3 HESEF L -,

mWim, HUWTHOREIZEWTE, i@ FE®RDVER | MLARICS 2, 3 -4 BR#%
AR TR EFETOHLVEERKICE L. & Fydsiflihic b REL, HMFLE
BEH. ZOFL AELLFRILEHAR S, LEBVWTNLE T, LoD EED A% R

L7

5. 7UETFAF VYT Brd) XA FyfifnoER

ERHE FIOEBIZE, o8l ErYoBrnR) 7E BLEEL RS (BR) @

EEBIE, RPOFERERLFEORY Y EH VA, 6 LORY) 7% Tml @ 5mM BrdU
(Aldrich) Z&OPAEWEADHEBEARIZAI, BT 3 HM#EBF L. =¥ii8d 10
2G5 Z, 23 HRICBrdU AV OfEKRLBEH L VIO LML, 3 HiR, K
JxFLbryIizubexy b (BUMARO LV FIOMBOBEESR) % Av, #EHL -
e RS OERBNERAYE EURAEKT 0 4BE Il 3 WEEH L, F0&, 1 By
£, 6 WF LI IC R RESEBR I TR L A

6. B

—EFRYAARE R - L A HEM L ER NS Yt — 2 X)) b, BrdU EEHEBR OB SEER
iZ. Sugiyama & Fujisawa (1978) DFAHEE (axial grafting) * HW»TiT-72,

BEE FIOMEO 8% KB LEFIC - TH T, FoEGITHEST 2882 it

BERv FsokprnDohL, BRELA., Sofic, BELEEMBEN &R US4



SHdA =BT 5 L BEBIIEELREBERAR IO 2V, E FIoRIThEDH 5
ARG DT, MmECHSAOMIB L, EE EWRIEDOFMITTED DIE L WVIERFEIC R 5 X
AFAVCOHYSREB L, FOWMMIZ/ T T 4 VA (American Can Co.) D/NF %@
L, EFoMB2BCIMEZ, BT L. SORBET4 -6 BIKREL, BOYS L
EIEE LB, NF 74 VAERRE, IDATEHLIIHEN -2, $hREBHT AL

FIOREZIISL, 5 5206 85 (HEF037-050mm) HFEHL .

7. RESAL O

RO FERRIE, ROOFELEE LIED L5 7h v/, FHREESR
CREBITOEREO SBMAS 2/5 ILHSETAME T, Ao LEECDH L, 25
M E TR L2, ZORMMBIINS, TOTEMBELBEIE. BELEZWEENE
oo, FZTYR 3 B2 OB LT, 0TI ) YT ONEY
F5HS /S IZWY . ORI RY by boSEiicR2ER L, REMARO B4R
S Lo, F L CRBMBEFTER I I R UAALDOEEDL, Bl 2y b A
WEW -7, ZoORFETHEY S FREIL T 2525 L, MBIEIFELAICRE R0 &
noORMRD —HITHETBE LT, T —HEESHEEEZ L wEFHFLLE, 20
HAERE - 3FEROIEALRTE, HEEL > T, 2o oMk, # 10ml @
BEREANTEE Sem DT FTAF v 7 v — LI LIRTOANL, #LTHHE L O

Frhz, MBEAEELZ, B0 0—- Y1l TTH T/ .

8. HUAWDFE

BOREREOHL2ILEEe F7OAEEEMFEEIL, Sugivama & Fujisawa (1977) DHEK

PRV TiTo 7, ZORETE, IEKCESLPICERL, o F2REL, AFKOKTHR



HEBEILITDOT, CRENLIRETE FSICA ML AR S 22008F 279, BICED
O 1B, B EAEARREIE (b, #O0%, e Fyokfatko®h ES
ERRVS, LEILUAEKTEL, e FF 1 RSN 3-5 LRECTI A o)
CTMERE RS,
VRE2ARMATEOFEHIM L., BfICL V2P E 5. @ 1 ARG 30 Ao
VETHo7oe 72720, nem1 BRIZHM- Tk, BEELIL, REDATHFETETH -
77

BAMERD 2V FIOFMHAERMOFEIIRD L9 i2d7- 7,

chimCl RMDOWMERD v e Foik, MAEMEYET 2 aBHOATKIIBL, BX
1ol MAEMELECHEKTRELIT) &, WPFRE L, WIZL FIPFBARSL N
THDBPETH S, THIF 1 HBZIZG 2, BEENOWEEL@FRSREIELIT> 2.
SO E 2 - 3 AT AL, AHAEME T ABESE D o FHEAR L 2 VvER
. 2OH% 2 -3 AEEHRATICD Rz SIEYWEAD OFEKTHEHBELTET
720 TOBBU. AHEMBEONIE LT 72,

nem-1 ZHOWMERBEOME L FY OFHARMBE I, WAHEETHV, 4% %
(H2eWh, TR e 2 BBECG, AYEAVORMBARTBEATHEL, B
BROEREr2 2 BB 2477, COMEEY 7 10 HEEWT 4 &, ORI HMEEM
AT o o ATb v EfRiE, BHESRMOBEHFTICWOEL, 2 -3 ARKIL. B

B, BMELE 2T 7,

9. MgkihE B L REHRLE

1. Tl —irar

Y RSHE A ER T AEREBEOEENHEIZ, vkl —32 a ik (David, 1973) *H



WCIT -7, R ED DV BWALY RS2 Y vy b TEBE lem DS FAFv 20w 7
Wy T (BT I7y ) AN, B FT 1K NDE 4041 OMEEE (<
b—Tari, BB 7 kY v i K=1:1.13) #MAz., ¥ 20 5M@ELY. X
W, M TNV Ay T R D AFyy T CIRE L, AR A B R L R
BER EHED 9% RN~ YEMZEELL. TDE 50l ¥ FFa— MLIAT
AFYIALI 1ul @ 1% tween 20 (Sigma) & FHIZIH—1250F, —MEAKRE®RT %0,
60C DA F {4 F¥#E#R (Fisher Scientific) T 1 WeBH TS 7, 50% 77U &) ¥ &M
THEAL, EHZEBEBE (X400, Nikon) ZHwv, SHMRFEORL LD Y v 57—
(Clay Adams) % FHVCHINNL 72, MK O T L, David (1973) @5HIZHE- Tir-
A

AGA R IADESF A5 4 Y VERO LD VAT 70 AT A F7 5 R & ik
THE L, R34, CREFIZ995% 4 / — VTR L, B L7, TORT
ART T A% NEFEHEHEGEHN L2 05% ¥ 95> (Merck) , 0.05% 7 QAFREES 7 2

wRICEE L, gL,

1. [ D geAn

I A O M E R - by 2 P TRIET A 70000, BT 2o gt ke Hv7:,

H-1. b A T T — Yt

B chimCl RMOGEBIIREL Rz, LAY 70— (TB) Bk, @Lo
Diehl & Burnett (1964) 12X D3fdr Sdv, I Littlefield (1985b) W ko TR S L7-
HiEE A,

T, B FI% 2% L ¥ 2 (Sigma) #ELHEBEKPT L oMBELLE. 2O NS



BN = by b FWTERIZ 100% = — B L AR, 1 SHEER, Bz
T0% -8 J — VT 5 HIlEE L. BEL N7 28K T 3 Mk, 14720 1ml o
TBW T 1 -2 g L7, Bkl 10 BEOBRYKZME T, B THEY
AT 3E (K Lo RGgEiir-7. 70% ¥/ A BTBRHOAFEREVEE L
&, 95, 99.5, 100% O L% J — VIZMREE L CHAKLZ. 100% 2% /=L, F L~
D|EH. F L T, Bioleit UDAFRES) 1ZH AL,

TB &etail L b, KREWGHN. SRR, RO AR, B N o Fl e At &
BIZERL A,

TB ## 1L 0.05% TB (Schmid GMBH) /10mM Tris-Cl (pH8.0) T#H A, 0.1M Tris*
Cl (pH8.0) & A b 7 e L., TBIIHEAD T T, RAREIZHR L7 Tris Bl
e L. Ihe L B (Whatman) THEB L, SEEATICHRAE L. 1 BB LI E
HL7.

100% =& / — & LTid, INCIHKIZ 995% T4 / — V11 L150g DEL F 0T — 3 —
7 A (Molecular Sieves 3A 1/16, 1) #Mz TRz L. —MD EBNWCEAZL D
ERLZ, ELF 77— —T7AEWHTHPT A, fiE&D 955% =4 / — )V CTHIA
FEL, IOLTBITELY - ERTAZ LR, L EERALAEL Y 2T —

TRk, BEE, BTL U TEST IR R LEHETE A,

-2 B 7 U-—FEifk c41 FHWAMEEAL ARG A
nem-1 FRfE D MMM g T L LCIOHETHWS . £/ 70— F VPR (mab)
C41 (Davidetal, 1991) & I 2 ¥~ KD Bosch 1 & David #EDEREIZL Y 55
INTHDTHAH. Bl Davidet al. (1991) DL HW/ .,

K L2 Ly v 2E5URABART, B NI Z 2 5lMBR L. YLy CEYE

o]
Q]



£, K L7 Lavdowsky B (=4 /7 — L ik~ o BEEE . 88 K=50:10:4
D40) EMATEL R LESHE, KL T—MET L/ Lavdowsky BT OFE IR
PIREER TR T A L i, MBERUCBEERE KRGS L TBLE, B FFA5 L {fhR
LZIRETEHET2 2, 2OBROBRE, ZTo-7-%—- (¥4577) LTHRELE
84T > 72, PBS {150mM NaCl, 10mM ) ¥ ERE I, pH7.2 ) T 15 77F 2 [mIgEE L.
B2 0.25% Triton % &% PBS T 15 4rM 2 MIPEE LA RWT., 1% BSA (Fluka) .
0.1% 7 ¥4+ b U A (NaNo) % & PBS T 15 M7 uwy & 7B L7, 60 -
1001 @ mab C41 (L) %Mz 2 BRI A o F o= M L&, PBS T 15 57M 2 gk
#1720 0.25% BSA, 0.1% NaNs #5¢ PBS T 50 WA L /- FITC B#kiby FH~ 7 A
lg Pitd (Tago) M 60 - 10041 T, HRTIFEHA > F o= T2, KL T—H
A rFaN— L7 PBS T30 H 2 gL, &y ) £y V& (7)) >
PBS = 3:1) IZHAL A,

PURO 4 > FaN—T 0 ri2id 96 ROMBEEEIL (Falcon) ZMEAL. EE, kEiC
& 24 ROMMEFEIL (Falcon) % HV 7o,

mab C41 {2 X - TRAFIMI, /FUMMT, 560 o RB pr SRR A2 s 1 %

. BrdU #E3k L 72 MK o #i il

fBrdU Stk & 70 A U7 4+ A7 7 ¥ — ¥ (AP) T iV MERMEIC L 230 % 17
> 77

ERFERELI 2% VL s HEHEARBT 2 FHMEEL, KG L7 70% =¥/
— Nz Fs e L, 10 4WEeL. BT, Sl L, o-7—4% — 1L CEATFL
/2. PBST 15 47f 2 [Medfk, L WPBS IZAIL/L K% 80T T 30 4zt L,

PAEYE D AP 7 2eiF S87-., K I TRiRIZHHIH%, 3N HClI T SEIALEE L . DNA %%

3
(]



M SH7-, PBST 15 47 3 [AIPEE L. 0.25% Triton % &1 PRS T 15 4 MIoki L 7. ~
LA YRERERL (100mM <L A “® - Na, pH7.5, 150mM NaCl) T 5 M 7% U F €7
B, 70w ¥ 7EE (1% # ¥4 >~ (Boehringer-Mannheim) % &< L 4 » B4R
) TR0GBArF N NLAL FOfR, BTl A YEBERERTO 15 51 2 Mo
ik X S ALAE . =7 AP BrdU fidk (Becton-Dickinson) | A F VAZERAL &
i~ A Ig Ptk (Ammersham) | AP BEILA ML 7 P 7Y 2 (Vector) %47 0
vEZIHFERT S0 BIIAMLADDTRAINS v HF 2= L7, LA CBEERT
2 MOFkEZ, AP & (100mM Tris Cl, pH9.5, 100mM NaCl, 50mM MgCl:} 27 U F
/2. ZOMIZ, 10ml @ AP BEWIIAF L, 45,41 % NBT (Boehringer-Mannheim) &
(76mg & 1ml @ 70% XA F )0 7 + VAT 3 NIZHBEM) 23541 @ X-phosphate
(BoehringerMannheim) {A# (50mg % lmnl 100% VY X F V7 > VAT 2 NIZER) %
MA . AP HEE W EAER L7z, AP REBEEPT 5 - L0 A v F o= L, R
o, FERPEMBET CHEGESEMAD, & T LIS ILE (10mM Tris-Cl, pHS.0,
ImM EDTA) 2R L, BT Lo, 10 58I L RInEIERIcE L& ik, &

7)) ERIZE AL

10, AFHEMEEHELTERY

L RFZDR—-—NL=r MREE RN L —a BT L = 2 2 Microphoto FX
BB THE L. v~ —va ralBiiEEs o7 = LWL X Plan 40
BMEMH L7z, A— <y Mo TB Jeta B IF AP o B A BB ERE (NBC)
TANEY =& B, WL X2 Plan 4, Plan 10, Plan Apo 20, Plan Apo 40% f#i [
L7:. R=Jb=o ¥ b FITC S B2 74 by —7uy 72w, Ml

v A4 WEPlan 4. Plan 10, Plan Apo 20, Plan Apo 40 *fEH 7>,



HEOHREBEMETEIL, YU —-2> 714 1% — % B\, Kodak T Max100 7 1 VA%
FHLTERE L., AR RHEMBETE L, Kodak T-Max 100 F 72 1& T-Max 400 7 4
NVaZEH L TRE L. BRIV T A KT 2 AL 72 Kodak D76 Bi&H % A v
77

WAREF 7 5 —F W EEIZIE NCB 74 V7 — % HW, 7Y SuperG 74 VARERL
THoe L, 3, BEFTERFERIZEIELL.

EELCFZ72F0BE I 7L v Ay, XU -X3EFE LA (=2
v) THrof. BBEROT 0077y a94 bEH, 714 VAL Kodak T-Max

100 #fH L., EHRDOBEHE 7 1 LA, HELEEIT- 7.

o]
()]



NE MHrREHE&#so s a—= 7



v oMM (interstitial stem cells) td, KB L CH G ML (germ restricted
interstitial stem cells) & ZHEPEBISHMAE (multi-potent interstitial stem cells) 7 2 #1245
MTE 5, BrgIE, AFREMBMI (sperm-restricted inerstitial stem cells) & . BIF
PROE I R iFE (egg-restricted inerstitial stem cells) A3 T A, TG & 4. 4k
fit. T OARICIRE ST, 3 AN, WH . MEslie, B G438 L. e,
Bifl b A 8 © BRI v, B, Ealo 3 #AHEI & A wE
DWH 5T BRI % R

FEE¥ F7 (epithelial hydra) iX, #OR#BKIIMBEHMr & {GT Ve FITHE, B
LRZE N7 (pseudoepithelial hydra) ld, £ DMl IZEMBHMNLZ & &2, ZHENE
MRS EFhwe F3TH 5,

ML, AU F Y Aflie BT (oligactis group) ICTFET A NS, F KR
7 (vulgaris group} IZIXTETE L e v & U5 2T W7 (Littlefield, 1985; Bosch & David,
1987) . BIZAMIEIIBNC, HAREF 7 K BT 2 RZfh o B T7 REM B+ Fo
BLEE F7O08Cm L. 7 Ee F7i0 b AR mET 42 2 L 280 s

L7

1. %M o—= v 7o KR

TV RT 2RMICDE, B2 FEYBY, Wiy a—=> 75470740
2HEEEUOEIICE- T, FOERY UTEEIZ RS, FELFERICL-TEH, #

FIREMML T 0BT A BT,

.

I
\4
S

1. RERTHMNEBEME T chim-Cl ZAHEORRBREMMIZY S 71—

AKFEE, SHHE L FETH S, chim-Cl R[fidiaERSHEN sz 2, 2@

.36_



b F7E 18T TEIEWICRE L, HiZFiz Lo thEaid 5. Lo L., fHEESSIRE
B 25T {2 BT 2 &, MEMBREGRIRIZIE L., 2083 28T 5, s Hs
BYEs L, MailldiE £l ., LEMBRORI K- [EEe RS ] 1ok 3
(Sugivama & Fujisawa, 1978; Terada et al., 1988) . MEIHH2ET X5 L EHOH
el & TR A L BN % 9 ¥ (AT A L, KEBSoMBMB ikt sh, 24
Bo (BB L) oM T A MBS E Y IMT RS TE L, Ko oM

R R R S T s SO

ii. nem-1 (&) FFHEOL FuX Iy L 7MBIILAIT =27

B N2EYy L7 (HU) &, Littlefield (1986) (24 = CBLZA ) W7 74 Affiv |
T TCOMBEMNL 7 0 =2 IO R TETH S, HU S oMl 2 BRI I T
(Sinclair, 1965) . BRI SRV & 2B ATER. LEKNZ LXE T8, &
WU RT A MR ST, L, Hiw - 05383 4 EEMuadh 3 H s
PEROGTICEERS (LERFY) o HICEWLIECE, MARESE X%, chim C1
Faft T OM BRI ALER & Sk, MEERN A S F BT A & REE LRI DA
O(EAWIZIE L E) ol el ey RTSEsNES B M A s e, yo—=

YT AT 7

2. SEBER

i, BIREELEICZLS chim-Cl RFEOBLE L V7 OER

chim-Cl A#MD L FIHB0ME 1 7L —F L, &7V -7k, 455 8 0
ORIPREE (25T) WEAIT- 7 (ML HESR) . WHEBEDICE Mo 2 HEEE

ik (18C) OMFRIZBL, Tofk, EH 1 Bl 252, FEKLHELZIT EFEH



B e 22 ABR AR 5 M3F L L RIS R B R IRER 14T B L oL L
DFEERD 2R L 7. WEBOERBRMEE, RI-1AF D TORLA, LBREE
OFFREEEN L, X EDILH TH - R4 T Lz, ZiUdMgflssgd L, 2oy
LY T 5 e, B LR Lo Th s, WEKET L HEE, B0 1
WIFERE LD L A @EG I 2 17 70 (MR & R E)

JLEL 30 HfgIZ, &7 00— V7o B AD —FK 10 M2 B Afm L, KT
il =Y a VIRTHIRML R s MR E TSR L 2o R, LEEmIE, £
DHIBHIENZ L > T 3 ¥ A JIZF 2HATE, £I-112 3 ¥ 1 7% 4 DARNBE
DB AL RY % 7R T

8 1 IEARERERZE (incomplete removal) # 1 7 TH 2. 2D ¥ A ik HEVEM Ml A
R htwnwy, to0, sl s MMk Twad, Zoy 4 7B E
ML T Db o7, £, ZORMEELREL CWRCTH, M E T
IR THE L EZ NS,

2B LEE N7 ThEH, S0y 14 7 ORI KB (large interstitial cells )
Mo TV AL Lo L, ANBIRGHEE (small interstitial cells) < #lrERAZ . 1 e 1 BR 44
R E T Twiv, COMIBMNE., ZrptEsiiiaat kb n, SRR IR AR
o TWVAREREET 5L (RF~0 5 hag & O ORI v T o) |
BIWEFEFITHE, ZOF¥ AL 7O F7ilid, KENBHB, SRR, fR

M, R AR, B, TR e R L 2o 22,

Rl a VREETATL, &Y= T ML 15 - 30 BB, R LA U
T (TB) Yefa &4 72 (BFHE JHEBM) . CoORBICL-TY, vEL—Ya i

HEORBERL 3% 4 7V OEAAIEETE7, BOER42N-22 A-DIIRT., I

S2A T P = VD ENE chim-Cl OMREE RT . /yi){@lﬂ]fffﬂﬂﬁ/ FEOMB Y E -



A chim-C1 B nem-1
(25°C) {SmMHU)

Day

Culture in 25°C 4-8 days
Back to 18°C 0

Culture in 5mM HU
Back to normal medium

———=—" Begin hand-feedi
10 —1——* Begin hand-feeding 12 gin han "9
" (41 stain (17-20 polyps/group)
25
30 —==— Caell compo. exam. 28 /5 Maceration (10 polyps/group)
1. Maceration {10-15 polyps/group}
2. TB stain (15-30 polyps/group)
— Sexual phase induction — Sexual phase induction
80 » Cell compo. exam. 80 » Cell compo. exam.
1. Maceration 1. Maceration
2. TB stain 2. C41 stain

XM- 1 HFRERERLD 70— =2 7k
A, IRFEREZ RN Z B D chim CL R# 2 AW/ @iREE: . B, nem-1 &z Hwv

725mMb Fufx L7 (HU) AHEE:, SEiZA s



£M- 1 HBRIEELHE (chimClLR#K) L2 Fud2 v L70H (hem 1R¥) THEULS

WA 72 3 4 4 7' B O

Total No, No. of cells present {ratio to epithelial cells)
Strain Polyp type of cells

__ Large Small Nemato- Nemato-

counted  Epithelial interstitial interstiial  blasts cytes ~ Nerve  Gland

Gontrol 4911 1972 409 468 1446 209 98 219

(no treatment) (0.21) 0.24) (0.73) (0.15) (0.05) 0.11)

Incomplete 103 98 182 83 13 34

‘ romoval 2533 2010 (gos) (005  (0.10)  (0.04) (0.006) (0.02)
chim-C1

Pseudo- 43 43

epithelial 2888 2802 (0.02) 0 0 0 0 (002

Epithelial 2813 2744 0 0 0 0 0 69

(0.03)

Control 498 1204 541 61 68 190

(no treatment) =99 1397 n3s)  (0.86)  (0.39)  (0.04)  (0.05) (0.14)

Incomplete 254 207 104 1 31 55

removal 2007 1355 (020)  (0.15)  {0.08) (0.001) (0.02) {(0.40)
nem-1

Pseudo- 887 55 4 1 39

epithelial 4464 3482 9o (0.02) 0 (0.0003) 0 (oo

Epithelial 4945 4874 0 0 0 0 ! 70

(0.0002) (0.01)

chim-Cl ¥ K% 25C OHIEEE T, nem-1 & F 3L 5mMHU THUH L 7= (MEEFH
HEEmRE)
a. nem-1 OB EE Y FIIZBW NI AL L7225, BRI arBRAR 25 FE 4 L 72

WO, s FtE Lol EE AL NA .,



XM-2 B ERRE AL RS L OF HU MEEE TR o -89 4 Vo BT oMkt

A-D. chimC1lA#. chimCl & F7% 25C T 5 MMM, 30 HEIZ bV LT
TV — (TB) et L7280k, ZOTE T, MRSHNE % bRy 7 SRR 5% o Ml 2 et &
4. E-H nem 1FR&#. nem-1 & FF 7% 5mMHU T 2 HMAE L., 25 HH 2R
TRl A E S/ 7O — G AHR ca1 M, ESORPLAR YR E L 2R

AE o O b GRLE L BT SHEONMBAROM O A, B R
sEabrde Mo AHERAS ar b a— L & BIFEE o MR REOMBSEET A, C
G fabEe N7, REBEMKOAIEOERES, D H ke BT HHKREOM
Baisa CAFfE L7V, i RBSHIAURY, sic ANEURTAURE. nb : FIAHISRTSR MR, ne - I

Mo, A4 —A1Z50um .

_41.






Twh, HMI-20B-DIik, MWETELZ 3 44 7OMBERT. RIN-2B i TREse
Bkl 447 THLH. BiEL vy, MI-2 A & ko BRI RS & h
A, M- 2CEMBEREE FITHSL, COMBITIIRUMMBED APSHEET 5. KI-2
DIZEFEE FITHA, ZOMBEIITMMRAT DM, & HEFEL 2w,

bl —Va rHdE TBREMEZHESG L OERNSR T, MI-3A IR 7., 48
it 2 & < 975 EAEEREBEEIHA L, L FIBAEMNL . B Ee B ot

Rk, 5 40 8 HIMWEET 60% Li & 28TH -7

i, B FOFI UL T7ABMIZES nem 1 (&) ZHoBLEL FI 05K

nem-1 (&) Ffk K9 40-600%1 V-7 &L, HIU—7 812 5mMHU T 2
H708 4 BRALBEL 72 (BPE & TEEEI) L MEAMEIE. IREAB L 72 chim-C1 & [E4R
DFTETHER Lo, MBROERBEFIE, W 1B 2 Lo TR Mmoo
DREEEIL, TB o fb iz, £/ 72— F VI (mab) C41 % V7 MBS
R 447 7o, AWERRE 10 HA0 0 25 HIZT 3 Moot Tfrwv, &7 0— 778G
R 20 L B U, YL — Yo VR, HU LER 4 ARIIZ 1 v — TR
10 fAfRICo = ANy - 7o,

nem-1 (&) F/HDO HU RBEIZB VT, AgEaekpE, BLEC N7, LEEFZD3
A THEELL, BN 1iZvtl—Ya X THREINL 3 YA 7TOMBMEDE %R
T F7 mab C41 & B BEHEHARE CHEZINL 3 ¥ 4 ToMBom e, B
2OF -HIZRT, MO-2E & HU RREBO I > ba— VK TSH 5.
MATERPUHBEOHHDOENIZLY, 3514 7D F7DFENEDLHF T 2P
Foo TRL—va bl r e LA EENA R T, M- 3B RY . BRI A

(B AREEEEINEY ., L Pz, blFe F7id 2 H, $723 3 AL



e g
100 - - I . I — —
R %"\1 ¥ Epithelial -
; \ N\ N\
g o \ \ X
i a0 L \ Psedo~eitelial \ \
: 111 R
= I B % § \ \
Incomplete \\ \ \
==l 1R

Length of treatment (days)

HM-3 HIREELES L OHUBE TE L 3 ¥4 VD F5 o BBIHE

A chim-C1 Rt % BIRIEE (25C) T 4-8 HHALAE, B nem-1 &i# % 5mM HU T
2 -4 HFLEE, BEdh3 LR B8, HEE LB T U oA kEMEA (B) | Bk
Fo OB . EFEe T (H) OBRBEE (%) L3877, chimCl HHTIE TB i &
vl — g YBE, nem 1 HFIE mab C41 12 L AMWEEE AT ARL L L - a »
BEOERE T EDHTHAH, BAEEIL nem1 @ 4 OWEH 17 BETH L%V,
fibiz e T 28 AR L TH S



ﬂt‘: %7\’}3 ) f: I

. BLEY FyolE

M-3R LRI %, BLEe FIoREINE: chim-Cl @ 25°C, 5 -7 HAL
B, nem1 (&) @ 5mMHU, 2-3 BB V-7 %KL, M3ETr, BLie RS
. REEGE A ATV PR S0 HEIMERE L 2o, RIIN-512, MFLABLEC RS, X
CERC FIDEHEYRT., BEECFIE FREE FFIE, RS LIERPTE v, £
CTEHEEHE L P, WER, Bl — 3 o v FdmEaen U, JlEke s
REWMBR AT ET A 0GR~ BlLEke FohbEr Foeo iz r- 7,
chim-C1¥ nem-1 (&) RELLDORFIIBVTH, B EEL FY (WM-5B, B} &k
e s (RI-5C, F) &, 3y ba—Vvolwme F5 (J-5A, D) &5 &,
5B AR, RELRDOR (hypostome), FV T (tentacles), ZHDFHREFF2, F /-,

(IR N F 2 IR AT AQWAVAR o121 IR M. ) K= A = /A

iv. L V7 ofMEMSiL

B L P72, MR & RIMIRBAZ AR L v, 1~ CL B Lt FIICELET 5
AREMAIR . Aol Crassliie, i) Lok Laevy, s o B oo 22 i
B~ tbRRIC DWW TR A DL, BV — TofFII> &, WK 30 HA0
80 HE T 50 Hill, HEEMOFE YT -7 ML FEER) . W-4 TRLAE
D, e F7 & e FIEMRLKRTE R, ito T, FHE4AMoOFRIL, mE
PObE AN BEROEVEESTICOWTH o, &Y, AR mE L
HITHE T, FOFEF, chimCl B LU nem-1 WREFHO BN AIRO MBI BT,

BH AN T AL OHAL. BI-512, chimCl 2oL Fo (KI-5A) &5

,44



BI-4 EE2FZ, BEECFS, RUTEEL F9OIRE

WEFEE N L LEe FT@EMEEXND D2, Bl F7id, GHEBEER.
B LT TB @3 24, F70d mab C41% Fl W /- BRIk B % 7o T WA
DEGEZHS, B FF70y 47 RAE LA, A chimCl BEHO2 L Pa— LV EFE R
7. B. chimCl R#EDBLEE L FF .. C chimCl BN LE LY K. D nem 1 B
2 b= VIEWE FZ, E neml ZHEOBERE L FJ. F nem-l ZkD L F

T o AT — i iE bmm .



T T T e T AR R




FE e FZ (RIM-5B) . neml DL HFL ¥ (KM-5C) LBLEYFT (K-
5D) AT . wIhdb, v S AVEOFREZILH L T %2, Sugivama & Sugimoto
(1985) @ EIZ L IKfERO REEBET AW THBEOME L7, BERLVFS
DRENIZEWTY, EFE F7ORR L, 2HOBFINERIZE T2 #1058
BTEl,

F0 212, BNHERDOE: chim-C1 X nem-1 @ WHARKIZ o TIT- 72, HiEE
GEALEEEORBRE R T . 25T T5-7 HEAEL - chim-C1 T, HFEERIT LN
HHREE (17-29%) THh-o7o, ~F. 2 HWO HU B TH U7 nem-1 FZFED B IH
BEREOMWEERTIE 13 MR TR TFRE T4 Cho ko) 12, o
FEAITHLELTCH, BENCABERTLII0PH >4, TOBHRIE, EF nem 1 (2
DWTE LIELIEBEgIN L,

LA L. 3HMN® HU M TH U7 nem—1 © BAM RO EVEER TR, HTHBEE
17 DI HET, FHAMBEHBPIIZN L, BRLOPERD -7 . ZOERD
EDE LT, HU BEAR T EA 0, FEMIZGEE L (mitotic arrest) 252 Z - 72
WA 2 6505 (T, Holstein, BME) -

AR IR A | FAFIC D CEIAM DR LTy, WihbEMEOFRRE LR, s,
WIZhA2HHENOHEETCHB EEL FIPHBLI, 209 0w OB TFRRTT-
7

50 B OFAFEDHK, chim C1 B3RO B ER O W EAKD KIS (45 7
T—2) l2onT, TBEBT2d~t b —va ik DMz H <7, MR
AT 72 11 70— 2 iid, e CRBMMI AR LAY, MR . AR i E L
ot TR L 2ho7 34 7u—2o) b, 27 79— IZBMRIECFEL

v FE P9 THho7, LLEYO 7 70— 23R SEE LT,
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-5 EREvRFZ B EEY F7OBBREK

EHEE FIRBER e FID=y 7 VEER (RAD | EEe I HNN—HF A
TR R, EERE VTGS U, REEMEBBEI L), BWEASIZEEHORBT
PR T WD OPHEE S, A chimCl DIEHE FJ. B chimCl DB LEEE K

. C. neml1 DLW FI, Dneml DB EREFYS, A7 —Vid 1mm .,
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EI-2 BIMERRDOZVE FT WBLkv FS+1LEE FT) OAEmsil

No. of Non-self-feeding polyps
. No. of self- feeding g polyp
Strain Treatment polyps polyps No. No. forming
treated produced preduced testes (%)
chim-C1 25°C, 5days H 23 18 3(17)
6 17 3 14 4 (29)
7 16 2 14 4 (29)
nem-1 5mM HU, 2days 17 4 13 13 (100)
3 15 0 15 0(0)




BT L2 nem-1 DEHHERDEGEMEIZOWTE | mab C41 Befo 2470, K
FMBL 7 WA, 2 TOEMRIZ KBRIBM ST L Tnwis,

INLDRRE, BEEe F7ICHFET 2B, BFoa oot L, ks i< &l
MM iZ b L 2 vEERT.

v, WMAEBRE LB EEL FT 20— oM

FTIR L 7: B0 R RE 0 vl i  SRHEE LS X A RPIMEF AT 2,
DL, BIERICHEFT A2 EEE BD, BRI OREIEE 2347

chimCl DB LHE L FFik, LoD S iz CIERICIEL LA, L L,
WEER 40 - 60 HU S D DAL AMET U, FEEELITH % < oo o0 HMEER T
AL T LR (LERA40 - 60H) 1CMlo TR ), 20BIEHIAER Y L b o 7,
FIAROMENIE, 4 BOMTOEBETHER L 72 chim-C1 B ER Y FIOLMKTED LI
/2o chim-Cl B EE v FF3RET 130 HM#MRZ 77, CoMBIIBE, £Th s
= 2 TARIMMR AL L T A BRI .,

nem-1 L N7 ORMMSBHGHEATIL, chinClE B2, ABHESTH Y.
BEAZ 4 R EMERF L T b, HEL TR CHERIZHF L FT. LB T~ REat
BBz T, o, WD EOFAICS KBBMBASERE L Twi, Z0k
ik, BEEe Fo ol BMIZH ) R4 M RET 2 Bl Th 2B

Y (VEZSR) .

FRoFERIE, TR RIS AU T AfEe N7 LR, KRR R

R FAET AFERT,



VE RFRERRERD 70—



BRI B W THERME nem-1 D FOF 2w L7 (HU) MBS X - ©, 155 5
U2y LR RE L. COFETEHUAE Y ERTAFIZLY, MEKS
S U0 BRE P Ml B (egg restricted interstitial stem cells) & 7 T —= > 7 L 7-Hu L+
%,

AN AT T 4 AR (H oligactis) 2BV TlZ, MRS @, IIFIHEMSME O 7 0 —
S THHE ST A (Littlefield, 1991) o L7 L. U0-T BE T8 A5 R fE A

J A==y T E NS DRSS CTh S,

1. BFu* L 7RESORR

AIEZB VT, nem 1 BERM L K9 % 5 mMHU T2 HEALEE L, BFEERT 2461 %
LT e, ZOMBEIZAR DR MBI TS L. o, AEEED 9 oM
R (PEehi+BLEe F7oRIEG) MMl Eo Cnk. - T, Zo&fTE
HU BB, 1 A7 ) IR EE O MM R - Tn i b #EETE 5,

— i REHEE 3 HMIZIIE L oBE, Hidm s A A, BEAIMMERTE 2 HE
FE®\THo0. RO . TIUE HU MEO LM IS 2 BB T E ok
Eionb,

ZORRYEL, LRI TS EEIRT Xy v ARG D A B
DRI 1) OMMRIRS Z L2 HKE L, il 2 £t P im0 5 5%
ML, BEzHLz, BIE, HUBRELZ I 1/2 25 mMy & L, WHEM L 12 Bilb

LM CXKED Y . ER A AT 7



2. EBER
. B FOF L TRBICLABERE KT of

nem-1 DRI 30 - 40 L% 1 ZF V=7 L, S —FTkIZ25mMHU T, 2 H.
25 H, 3 HHDOREZIr- 72 (ME & HEBW) . @2, s mMHU T, 2 BRI 3
HIMDWER & W4T L CHr - 72, 20%k, Mok e [k, WEE & S 4 L8 L
ST, MBRE D 2% % L CHE T A0 2. BE% 10 HEIC, &7 40— 74
515 P MEE 23 L. mab C41 # RV R — =<y > b @ BEE GRS 1T -
oo AIEOEBIZBNT, vt —a VB HRERORSRIIEL DA o boT,
Szt =g Y EEER L, AR EHRED AT 72, FORE. BN A
webrE, BLEY NI, ROLEL FI0 3 & 4 JHRERETE 7,

NG 3 YA T OMNEE BV 1R T . 25 mMHUT 26 HROT3 OB L7
V=T BWT, ENLh 7 HEY 6 HoMEEFIZ MM s R Tni, Shs oS
AR 5 mM HU 2 HLE & 3 OMHOT MM 2B CH B BlEy F5ods
. 26mMHUT 2 H, 256 HRUF 3 HOWT OBV — 7 TL 6 EIRETH -

7=

i, BFOF Y LT RBE nem-1 Fdk O H HEES

HU I /o Fo i, AR S T A @3ai g, B P o oL 225w
BTH L, HBEEESHELAEROB L FIIZo% B 1/3 CHST S 23 k%
W RS W 18 AR, AHEBOFTELHGT AR, MICHELE
BLTw7, R0 5 i, MEILX2EMEMOFE MELHEBR) 2B %o
e A, 5 EEET, T HUWIZREIER 1T,

D LS nem 1 RfEIE, BEFATRHICL ZROMEIEREM LT > Tnad, HU R
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BIV-1 25mMHURBETEL nem-1 ZHED 3 ¥4 7o v FoOMBHE

MM 2 R2ak 3% € 7 7 0 — 5 VHUE C41 & AV 2 SR gG 10 L 2 BEERs 5§
TRY. MAEIEE A 1S EERTH A, B AE e F3. AR ek mEE
(B} . BLEeF7 @) . LEe Ry (8) OWSEHEE (%) 2&£7.
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BOZOROTAEROBRO T, DO MAYEEL TW BT E 2 S hhe,

i, HBLEY FsofHMAER

PARR AV 2 0o 70 HU BRI IC DO Tl LB 10 BHEH £ CREMET. 21
DU R b AG 8 E 247 - 720 M 30 HETEH 1 EHSAT L . S EER o R 50
R EET A DT -7, HU 2 HUBEMEEO KIS, TOMIZBRICOHBIER * 17 -
Zzo SO E 10 EMIE, i 60 HEF TIZA DA E B L A, Ao LB oo
WTIE, ALBE 30 HEAS 110 HET 80 A, AMAMOFEL# YK LT 7 (H
LHEBR) o —HoBLEe P BB AT 20 L L. — BRI R 4T
YD, ELNFERBEOMEEERET AL ORH -7, ToOMRBLlEE K5 omER
Ty BRIN-212RF . BRIN-2A 32> a2 b RUHE nem-1 ¥ KT %2RT., 2 MOBRE
(RED) 2L T2, IV-22B-D B LELv FI T, S4ME (K0 | 9+
(B | MEEWFOEA LR L T 5. BENICREHOBFIHERIZEH VTV A
DA SRR CHRTE /2.

MR I 7N F LI LAEAEOH S £V 1R T. HU 2 BT, 10 BEOR
TEREREE, 16 ARCBIEY FIOLTH, BEBR Y77, WE 25 H ¥ 3
HTHE, TR T2BEE e FI0lrie, BRI 20 EEE FI04 L7, 2
H. 25 H, 3 HEWUBHED R 251206 STIEBE M &R TR EMEE E o it
et

bmMHU T2 HEZWE 3 HARY 2B HET- 2. B0 AEeksk, Bk
RULEASY A 7ol E, fiH (RI-3B) LA TH-7. 2 HUBETEETD
Atk (Roefbrzil Lo mEMAL ~BLEE 4) PREEBREIT- /. 3 BRILTIE 4
AR, L RSB e oM, 1| EERIMET 2R L, 4 BESFHERL L



BIV 2 nem-1 A& v FoofFHEMBEOER

2.56mM HU LB TR nem-1 BB EFE L N2 AHAMEE L2, KLMiiEE
. ¥ENAINERT . A HURMHEO Y b - VHERHK. 2 HORBEEZHBREL Ty
%o B 2RORRZEM L T a2 B LEe NI, ¢ 2 MOMFE2EE L CwAB LR
LRI, D MBEEIIFOM L2 HEL TV ABLEERE M9, BFEERIRIC L il
IR TCTWAL AT —iE lom .






FNV-1 neml (&) HZ#o 2.5mMHU MBTEL, AHRMERORZVE FT

(Bl Fo+EREY F9) OBMEMELER

N f No. of Non-self-feeding polyps
HU °|' o self-feeding
treatment t‘:g ﬂzsd polyps No. No. forming No. forming No. forming No. forming
a produced  produced testes (%) eggs (%)  both (%) neither (%)
2 days 28 10 18 16 (89) 0 o 2011}
2.5 days 23 0 23 6 (26) 2{9 2(9) 13 (56)
3 days 15 0 15 3(20) 2{13) 0 10 (67)
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SEOFERBIZBWT S, O nem-1 226 HU BTN THRE: T 2B LR Fo04
BE S A=Y, mIE & A, s SRR L AEAIE . CIbBICER v HU L X
S THONTWS (BEERR) . 04500, BMREIE > T A2 EAEAD LT 4 #1
v 3 HRBIOWE EEE FI0BWTh, GHEMEFESTRETCH-70 LirL, 2

noOMESET, REIIEET, MFERRERY, RIEMFINERZ» -7,

iv. BFERT LB LEREE FTORHER
IFHH T LB EREe BT a ko 5 50 3 AERIZ0 W TR X 2 RUER
(ML HEZER) 2iro7. BERERHIREC 3 ERDLHEVYTW AP, 2B,
oIS R ASEE L2, £, AMAEMOFBRIZ XDl s R L2

(FEHliZ VE 1 - il .

BRI, AR nem-1 EHETdH 245, 2 M DT IS BRI AT T 2

. L L2oMBOIBF~O 5L BEHR SN Cn 2B 2R BT 4,
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PR T 2B LR N2, BOBEREY FI, WFEETABLE N5 %, D
Blhfe F7LiFs. #EoBEELY F7iCE, FHTREMSBHIRSEFEL, MoB ke
FIii, TR SRR T 5
nem-1 MiA# % HU BB L . oM L VI LHOB I e N7 258 L2 (I,
NE)  RETESBEL B LEY FSIIFET 2 RMEMRomE icowe, #iET

ZD@

1. EBFER
i fBlEv F7oBMHER

I~

A SRR 0 4 RART . RRIZ DOV TTE A 2o, B, MEMB LR Y RO R
HEFE 2 AT 7

HU WE DG HAEREBET, BRI LS B R P&, -T2 L 7tk
DL FIpt, 4 3MREREY, 42K ra0—-20T7 - Lk, O
nooe N7, BH L RIS AT, 6 - TROFRERLT A2 ETE T2, Zh
LEOFRDRPL 2L RELTHDBOFReEYF, KOBE L. ZOBRFL
FEHAHEYEL, BLEe Py oL T2, 267005 b, RENE
HostEe R 70— 81 &, oB R N7 70— EL, E2 O, 2 FBBO 7

00— AR V-1 IoRT,

n. BEFErEls
BlLEe FofBOMBFENHET T~ 72, FORKE., £ P LR - Bk
DA, DTSR,

BERY FI2BUMET20I0, AEE 2 - fE GERBEAROBS RE) 20w
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BV 1 nem1 RHEDBEFY K57 o— 0 0#kEAT (HF) 2k 2 REES

nem-1 ML HU WL TR, BoBlEv P& 3 20— b{{FENZLDERT, £40
yU— i HUBBTE L1 BB bk FopoREEnl, 27— ST ARBEZBETL@E,G
BEofora—rThi, 7UO—2 El RU T B2 WERFRITFEERTAREL BT 77
D2 ThHhH,

v FZdEA o L, BEOFELTERT A ETHE T, N0 DFEDDILITRLZL D%
KK OEE LTEE, ZOREPEEOFELHETAETTE L, ZO8DELIZE) 2 £HERL
72,

1 REBRMER, O SFRAEE, A AMEEFELEA Lo, XiE, FEIZEM L E
th, 7272, 72—V S1 UBWTEMBEEZER L UELL2h o3 DPEHELLSL, RONEIER
nem-1 QEMREAN HU LI L > THEEY FZUUEILL 2FoRT, MOBBRIEHFIC X 58 FBERER

T, 70—V EZWHARBEESESIEECLTELTH S, K. mab C41 T2 TBIZ X o THHMR
Pt K AT M, By O— il L B2 ISR L AL S s MU H AR E ST O DTIEE T B A,
FHEL A,



T, MR okEE4r- 7, MEIZEFR— L~ T mab C41 % V7 BB LT
ety £7002 TB #MAOEE AV, BRIV-1IORLA 20— RBERICB VT, B
SRR G 2 AT 2R 2R SR 2 0 — VLR OB I b 8 T
B L FIRMF OO G NY - iE—ETH -7,

mab C41 Z AW 7o gt lAEOREM L, JIV-2 12737, MV-2 A dRUEDEE
nem-l () RFETH A, LHOMMRLRREOMILL, FERIZE L —HIZo/mLTw
. WV-2BEEEY NI ThL., COHMICIE, ITMRANOMEITS (B tin
v, HEEHRTHEICECRE > TWwEOI, Ny 2 S5y FOARERTH L. BV
2C. D, BAH, BOBEEE FITHAL, Bl FITIE, EHE Ny (RV-
2A) LIARBEBIEE VA, MBIRAEREL TWa,

BIV-2C, DIIZRTHRIC, nem-1 L FoliBWwWCid, O34 MM 1
LCwiz, Lo L3 RoBAREE. 3R 7ok h FEIC 20w [ MEmn
L, EOBLEEERFTIIBWTLRD LN, ThEOHEET, TFE 1LID, SR
Al AR 7R T A F ToOREMAFVCIRNIC, ARSI SR L, BT A
HERWBT A, 8202, MURD S FEERA~ L AMBBHERE S £ < ORT S R A
FATAHIEERT. SO 2 ONIZHE LT, RISE2 B S S sTE 2 E
RefFo &R LILA,

He, MO Lz Mok, B RE L., RO LR, BV 210R L
v RSO, WT - DB oBmKREE ’V-3IICAR LA ERER FY Tk, AL BB Y
B R MR ERE LCB 0, WD o BB E TOME (peduncle) 128, ZHD
MM a4 L Cwad (’V-3A) - EWe N3 e, BLEe F7oMMRDS
AL, AREICH. B, BEFERO0R TS M A L RRiaIicREL, M
FEWM LD TFHRHOMEIETFEL v (MV-3C, D) -~ chimCl B LEE FIiZBnT

RO B BE SN GERRET) -



BIV-2 [l % F e i85 4 mab C41 2 A HEEERAE TR—L~ Y 2 b
gefm o N5

ERIEETnem 1 B THSH. A 2HOFRZEOHOER L F7, B 6 HDF

o LEe N7, MREE{FEELEYy. C sloFHRLEFoOMOBLER ©

7. D ARMOFERETFOMOB IR FT, A=Vt 2mm .
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V-3 mab C41 I X A5mME (RV-2) oM - ZEEOBKEE

A BOLEe FS, BRI FESSHOBMBMSAHEEIFEEL CWA, B FEE
M7, BililEdedFELRy, C ol EELY NI, D MoBLEe NS, C. D
T HBF AR LT A 0%, T BB E 2 CHEE LRV, D OEEN

WDNS 7 ARy & FITC O/hfFCH Y. MR Tl v, 24— it 0.2mm .
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7272l HENH LB LE e R ERIIBn Tk, BV, TR B2 F T
MEPHFEST A2ENH -7 FERRST) - LoL, ToFE2RBIE, FEEKR%Z 45
HEL L@ L 2- s w3 cid, iEsha v, BF5 <, FERERARICBWT,
WS 005 5T Eo KM, FHEEZEN IR AT KREORE
BAHVZEC) A E oML, €0k, itk sns gLz o5,

B lLEe FoOMMIEREL TV, LirL, BEEAFAHNEBRLEATWE
20 FT L VEE RIS MR E I S 2 TREM A S B, HEIE, nem 1 B L L KT
DB MAHEFF BT, MRS AFIE Ao A — L chimCl ALY KT
70— Tid, AT I M AR L v R B SR S R v
AU LSS S, WARTOMRL, B0 F R £ BT 5 AE EI2 47
HILLRMEARLETH 5 REPSFET AWML RIET 5 (ERER) |

HMBSOMCINCBE L Tid, By FII0B W TR IR e A& A e e, -
Vodid, R=N<o PHIREE L L nem-l RO FIH#O - HIEATEZ R
T OB ER L NI ORAMMI (1) &, RRICESR D, Kb FITIZEA TS (K
V-4 o — 0, DB R P ORI, 7Y EIROES (cluster) # TR T
Do RERHMTIETHRWIIRA LAY, BY EF->TR2Z% (RIV-4D) - — K4, ILH
ENTIIBCTEEEOEZR TS T VT2, RV-4A X, EEfr F5 oM
ThAH. ZREORAMMEL, AR D . R EERE (nb) 25RAE L T3, KES
IARAR IS, L TS ECES LCnwa s, BB EEY FI ISR RS L9 R R
FAISRRO LN dro 7, 70, ERME FIOMBETEL, RF2RH NS — 23R,
WS B e R CIFET A L) RedHBIZg@Bo s hebo o GERERST) o b
BRIV EREE T RO, MMz FELZy (V-4B) |,

IS OMBFMBEERE. AU 7 AHOB I EY FIIiBW s 3w



BIV-4  mab C41 % HWCHIER AR E L2 M7l —3)
ETCnem-l RBDAR—-I<m > NaA¥F., A HOLEeFZ, B LEEFI. C H
DBl EY N7, D MoBLlEr F. L RBIRAE., si /NEIITEE . ab B
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HEEER L, EARNIZ—F L TWw5S (Littlefield, 1985a, 1991a) . B EEE FFIiZB1F
B AN 0 407 £ FEAE . B THIBL TVA L EL LN A,

Fio, B2 O—FVER AC2 iE, 4 ) T T 0 ATOREF IR E AR REE T R
IR 205, ZoOPEETHCWCHERT#ERIILAE, EFe P LB LELE FTI28T
ARG IRERMIBO AL -3 L Cw 2% (Littlefield, 19852,1986a) . ZDHEIE, 77
e FIIZBWTEH, EFEe M7 CoEmibiiE, BLlke ¥ Tosnf L RfICETE

LTwvas ThRetE 2 Rmies 5.

. AR B R @ s e

REE 72 RSB LR Fyo—id, BHAMBEREEICH ., nem1 5L
B B ORMEAMFE L, ILEWES Th- 7. BoBEEe FITIR, ABWEEL
Ladbkd, BEMOBEBRTA23007EHb 7. FELEETLHEI1ZL, TLAY
OHE, WE 4-10 HORETHSTH -7, W EROBEIE, Bil 5 BIE &R M
BT, PR EEEEE ST | MOBETHAN L 2o Wik, BF
Brfrbd, BELL. AMEBFEOMEL, BV 1177,

B EEvY Foora—>r s1 (”V-1) &, oy o—> S2 LEfk, FISLEE
BB L., FERT A3 27 49 1 o0y a— 2 $3 1%, HU A,
B LRI, L REICERY , N EBROWM AR L s o7 (BRRST) .
Lirl. COEDTFRIZ, §NTREOALTRE L. Zho oFid, FF IR mH©R
M NS b A g, BN, TR LACBETH L 2F 2Ry (BERSH) .

Mot F97u0—r ELE, 2 EWNEEL CINREZ -7, foMr o—>
E2 & E3 GEERST) 2BV, BIFBEET) MENH LT 2. 2hsomf

(L ORT B I b BRI VI BE L IR LR R O EIR T,
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27, 7A=Y E2 BWTRL, 2 FRCHFNIMIC, #os ke M08 M
AT g INS, 70— E3 BT RBREOMHE Cl~TREH L/, su—>
E2 BT ARMWOMEIERMBAETHIR TS L5 (RV-1) | Mo~z —8
ELE ATHHYTH Y, BOMIIREAFIMA - 72 T OBRILHF RE B s D
HMALERCHMTE A (k) » OB EREEZEE T L, OB Lk K729
B LB TIRENSHRAREAE L T BEE 2L o ha vy, JodEiis, T RENEG
ML FIRE L s~ L bR U0 icki & b2 o E (E8EEBR) .

EZAT, ZobisiiE, FERWICHFELBRTH LAY, Ei 2 FHIZ 3 AR -7
DA ThHAH, 2 FMIZHE Y K Sl osRBE (89 200 @) ZZET 5 &0k
R OB IEE IR o T BT RE GBSO EER AT ET 5 HIZI3
A RASE

-1 DFERIFLNTO L ICRIETE 2, Samilerfil &b 72 DGR oR, B
WA, LS EBICHIFFE~EGE SN S, 7, 26 OHMIIgIE &0 AR~
Do bR EFT 505, A (& LT REMSMIZ B TiE, I OmIIEFRER
MR T 2 F0DH 5,

v, BTREMSBHKRIC LAY KT oL
HEvE b G, RS WICEEA IR T A BABICEDLIBHRTH A
(Goetsch, 1922) . AU #7714 AfEL FF Cid, KRz gk z #
ZEDRENT WA (Littlefield, 1986b) . F 7 Kk FIIIBWTEH | AFIRERIRA?
MEALRE D HEVEAL 2 S SRS TR DA D B0 &) k. IR (3T A — T R) FEERTE
(V- 5) ZHAVWTH~L., ol v FooTEBEME 7O LFE (B2

Foi) FRAEG L, 3 BIRICHERERE DR L7, RUCHMRBE e ST, A
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Parabiosis Sex
for induction
3 days

BAV-5  HEPELO 725 o HERH AR & MEHLRE D — a9 Rk

BHHp T, TN AT N =2k o TEERE L 2RO TR0 & M o LB &
ki, 6T 5., A3 HRIIBHEROLS LT L, MllEoAz TBT 5,
WA CTHE ST A%, FHEEBEEL ) . MRS, B LSBT 2IERT 4
B, WOFFrEREANL. EBRICGIERORE, o, ECB Lk FIIHWE B
FREERFEEFRE IO TRETZE 2, EFe M7 ARt L2,
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BHFELIT, MHEEOWE R

HRHE LT OB IR F9 70— 81, S2, $3 RUFIEH nem1 (&) Rik2H
Ve MERKEE L CIXIE WA D SSB, nem-1+f2 EMiB ERE L N7 71— EL,
E2, E3 v/, MALAZMOBLIE L FT7OBRLRHIETEL R HIEARHOFE %
TV, MTHAFEZMIR L7, #EE RV 1IZRT.

Hofl LEe M7 S1IEIEH nem-1 (&) LEMC, EOoMERKE b BHELLA, 2>
PE—LVOMEE D) LDNT Y — P ATE BRI S S v, RICEEOBLEEREE VT
JO0— 82 ¢ SIS BILUMOMERE 72— E2 & E3 2R ERL Tk
B, FNEFNSL & El OFEREEKRNIED O Lo/, £, LFEEHETHEHOML
AN Z CRES L TH ., BRI -4 (RV-1TER) . Z0FIFF72
ERFTIIBWTAA ) Hy 7 AfEe M LRtk B REMMRIC B LSS 5 r
GRS

ot PR FodoB EEY P2 BERILL. ZofRiE, B ERERRO

HEHALER i, IR IRE MM 2 & B TO LB IZH A FE 2 RET 5.

v, ZTOMOBEE-- A MEHE S 2Rt EARE e o B4R

AL LR s R LA EEL LN TWAE, L L, ZOFTRTHE
EuERRELEZ2E, 22 TRARLBIEHL, ZaEMM el & A E 2 IR
HCEFRIZH D, BETEHHE,LBE S, L LTI CRICEREDP LHTE~NED VA

BRI LbDEEDILS,

v-1l., IR RFISOLEELY FI~NDER
WMEDis FRf e ¥ 71— El, E2, E3 O EWHFRIZ, 3 FAITIEHE FI~DiEH
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FV-1 R HERR R & AEAE L 7C M fE R oD P ik

temporary graft Female tissue after temporary graft

Upper half Lower half No. No. No. No.  Dead
examined forming forming forming  or

Strain Sex Type Strain Sex Type testes  eggs both  lost
E1 % P 51 o P 11 1 0 2
nem-1-f2 % N 51 o P 10 0 19 1
SSB ¢ N S1 o P 12 12 o 0 0
Et ¢ P nem1 & N 12 9 0 ch 0
Et ¥ P SSB & N 13 o 12 0 1
S o P E1 ¥ P 11 10 0] 0 1
31 o F nem-1f2 ¢ N 10 10 0 0 0
S1 o P 358 ¥ N 12 12 0 0 0
nem1 & N Ef g P 12 8 10 12 2
S5B ¥ N Eq ¥ P 13 0 10 0 3

FKOEEIZMEPR ) 7O LA HEFR) TOTRE v -RERiCBm L. BT UL
7otk MY HEERH S HRTH L, TRIZLFRE FEHLEOMAEHEIZL
7ok XOMRBOFEMBFEOERTH L, RHEl - OBLEELFS 70— El,
S1:HoOBERe Fysa—rSl, ¥4 7P b, #A47NIIEFEF

70
a . FEHEIIT 2 W L7228, SORIIMEOALERL /2,

b: ZOMMFEENHERE EEL 27,

68_



Tra—rnHHE 20 (ELI-1EEL-2) IBWTTHo 7, TSRV S HU
MBS 3FELUEMRSNKRTRI >, OB LEE FIE, o0 2 EMiZ 18T
THROMEEGE S L TEE LA, 2oREBEEEL 2 02 L ICES L, BE (65
-12C) TH#FFLA. ¥ 72711 —2El-1 £ 70— E2 28 2 EBUERERT 1 4
MiT - 22k, U 18C THE L MO EE L 3 W ARICEFREFRBE IR, vT7 7
O— > EL-2 2B 5 EMER T 15 Fir-7Ra TR o7z,

NHD | FIPBRSI N EORBEIDTORY TH L., EROFREF- B
ENSOBFH Y, FOFED L 20D TRICFELMITABRE LTV ADPRWY
S 1 AR, CoFRIGE TSV E LTRSS L, Ol 5 LI
o fo. SHUEMRRSIRRATE U A R e A A & AR b Lk s
FEIZE o7z, BENLH 2 BT, CoFRIPIIBHEL, BHFELFE 1-2 T
EXO O AARETH oW, 20K, BHTRERZT I ZEOZES T
YT EL, STOBIRMBESIEARE S o 70 2k BT W BRI E 157 3 o B
R TR WL RA I CHBEREES . o 2 B4 IZITRAEICE DB L ES
L, EFeFazEkhaai,

Cho ottt o3, R, MBMEN. TEIIBVWTIEE neml E RS & RALE
b YD iro e £, IWERE RIS 2 CFERICRITH#IN, Lk FIIIRZ L
(A /LT AN

IS OERE. B EEY ¥ A 90F IR M 052 AR T R R R L s

M, B L CHEMICGE SN EEZ LIS,

v-2. BlLke FoiositsHMEg1t
Mol EEvr Fo2EMdEEL Ty Az, ff#lR R o@EN 2 fIEENT, O



ok, RSN, BAESICHM L 220 I WT, TBREAE T s
FERINZ BV SIZEDIED LB ERT, RV-6A BEHREBET, BoBEEe 5
FAHORRICES LB 2 BoBRISHETE A, T 1212 A B (stenotele), B A
{holotrichous isorhiza) 5 L UF D B (desmoneme) DRI AHEL TE 2 (RV-6B) . FE
DG TR, MFICmpr o TR EEZ O S A BRIRSE R Ih T
HOWEOLNL (BHV-6C) o LaL, ZrettMEMiasE 20 3Bl Eansit
T O, AR ETERE L E OB Sy FIRER (Bosch & David, 1987) EHERTE R
rolz. T2 OB EOMEMO LR D > T 8 D ERATH B, H
AR % & U 7 o B E 2T b AR e i EA R e L7,

COMEMEEHBLEEY FSO s a—2 SL O, HU B2 LH 2.5 FHM L7 45 bt H
DEETH L, 70— S1T, ZOMELANIEHMRE Fo L DdBE Sz h o7
L. COMEDFERD T 2 A% TB 4uf L2 S ko 7o

LRCEIERS . AERMEMNE S B2 5  SREMERM BRIkl L Tk, Ao Rk

(B B VTG ) ZEALHELRIRT 5. LA L, RE5tEfs —BHtHh -



V-6 FMMIEEZERLY nem ] REOHB LEC FSO LA V0 T — 4t

A BlLEe FIoeWE., ol EE e o RAORIRICEY L 722 KRB () 2
BREFEILRET > TR AL, LW F7 IO Mo ez B e v, B 2
BB LR (ts), MR R;SBTLICEE > Tnd, B N2V AOLE
OIS OIENKEE., FIC AW (@), BA b, DI (d) DRIt > TR
%o B RIRIN L nem 1 HOWEH L 2L RLTWS, € /3300 A DT OMUAREG
DK BE)F EBDIE A TR (a) PSR CEETE - T b, BEFICEWEIRTH 5 720
T BT R L 2w, A7 — /83 L A 45 05mm . /3R VB, C d3ET

0. lmm .






VIFE  Ziett i eediie o 758t & Aot



HIEZ TOFRIZLYD ., & Mo, BFEEHSMBAEE T IUELTE: 2 )
ST BREM AR O AP T HEM L R 2B k7% - 20 FHREDS L OB TR
CH MG, IR b SRS ST A EEZ LR TV S (Littlefield,
1994) . Z@FZICIAE, HECIIR O ETNAL., SHEMIEMEKC 2 ok
bl T AR TH 5.,

COBMBETRANL o0, SREBRMBEO AT RO Y2 GBE L. Fofasit
LA AHLENS L, LRENEMRO AL o FIMUBOREME LT, THe FI

DEh CFIRED - %) HERIZER L7, oMb, TEMRIZIX. 2R i it

T 0THA.

(. F27Ye PS5 (BV-3C, D) &+ YT 2574 AFE (Littlefield, 19985a, 1986b)
DELLOWERE FIi2B\W Ty, A MR L ) T o BRI S L
v 2L A )T 74 AOBFRTEHERRIZ, TR FTICBsvThH, ERARICE
F£ LU 7%V (Littlefield, 1985a, 1986b) .. (3 ILH & Fo ofFMHEamaibit, EERREEC X
REZ 5y,

ABETIZT T, REMRKRIC BT 2 EWMMEMEO R 2 L/FT 2R IOV THRE T
Lo T, ETERIE AT (SRktEM B ATFEE) & E 2 O 0B KRS W

DHL, RS, TOMERORHEMEFE L ZERIZOVWTHET 5.

1. EBRER
U AR B A A M s o B E
S e, B EE e N7 RSB L 2wy, ol E LT, REEREO

BB, RO EFICB S I EAE R oA, AHEMIRIL, B

,72,



OAAFHEBICRE L v, FAEBELTL, T A, LD IVBER ke T ¢
MTdeEzenD,

AR, EE e P70 REMEICBY T, LB LEEe 8T RS
ARY RSN A. ZOWEREEZHERD L0010, BLEEY B oA %ia s Brdu
ek L, LWL FIIBML, BRI T 20002~ 2, FOEBRFEL R
VI-LERS . Bvi7- 7 nem-1 RO TR M, IEWM, MBEOB LR, RU LKL
F7Thb, ©FI% bmM BrdU &L MER P T 3 HMMAE L. ZOFETILE,
BLEEFZWTRIZBWTY, 98% M Lo MM AR X 7, Bk % it 5k &
L. TOMBO -2 00 ML, FEREI e Fy oMM E ANz 128 L
2o BAETE 2 HAS 12 HEC, 1 BB X BT 2 FE%E U, A RR A o 423 1
. Pl BrdU Hifh e RV BB ETRE TRIBL 72, SRR ZR V- 2105837,

e F7 254 LAGE, mEicMEe <, LR ORek— i) (s
M EE < BT E R, 7% (VI-2B, C, E, F) . —J, E¥e FI 285475
L fECGERAGC, MM AR THEE S (KVI-2A, D) .

ZOoREFE, FREtER I, EARRLRR (AT - R LB ® L. 2 Zitg T A

L EEHBHRIL S OEICEE L 2y, BBLTIBTIAZEFTELRVWELR
T CORPFMEER LIS AR EE e N oS L 2 nB A
Fda.

AT, LRAERIIBWT, EEME FIARIEE LABGICR T, Bl ER®
Mife & BNFRREM ML, BB/ e R L. Bob ke FoyoMs THle

FTWHET AL, ZHOBTFIRTHMREFEER FI7MUBRNFBI L2 (BT
2F) . FORUT. BLECFIFEERE FTCBMLIMMOMAGHE (RIVI-2E, £

DAIZREF) CHBIT LALLM E . BLBEE P2 LR FIIIBML %G



Doner
(BrdU-iabeled)

Staining

or
> BrdU-labeled
cells.

3-12 days

Host

BIVI-1 RHE U 70 BrdU Rk RN o 5504 % 3R~ A EER O

HEED L FFiE, 5SmMBrdU 2 &OHIEAT 3 HMNMFT L., E#L 4 Sk, it
S FooRBIRO -2 Y L, OB IMESOREY FIOMRBIES & &
WEEATIIANMATEG LT, CORET3- 12 HMKE LA, BTv F7OMF
AL, Bk 6 OB 252 b, 6 HEMA 2BEEKIIOWTIE
6 HEWC 1 B2y %527, B4z, BHE4HE2>S 1 HBE I ZHIL-T2H
SEL. B BrdU £/ 70— F VKL AR tE T, ML ERiRosy
2B 577 T
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BVI-2  BHIL 7 BrdU kMM o 57

nem-l ZMDO L FIZ AV, RNV- LR Lo HECESMMROBEREE BT 245
x4 DDRITHE AR Y . R TEBEMLO S mHEME =T, T,
AEe Fo/M54e FI/BMEAIMOMIZRT. A EFv FS/IHEEEY F5/6 H,
B. bR FZ /DBl F7/10 . C ERe RI/MiofBs ke F5/8 A, D
EwlEe MR FF/8 H B OEWHEEC NI /MoB e NS/8 H, FOIEE
Wi Fo /DB g FF/4 B, A7 —ViE 05mm



LR 2 e e e




(BIVI-2B, C) ULl /2. Cookg, B2 (MM e btbo Tt 20
i, ZOBFIRERSMSESORRIL, BELRFZOMPL XV TOBRRTH L LZE
ZbBENA,

X5 BR S M M S 2% 1E W ERLRE P LR 5 - 7RI . VR b 700 12 2 RIS IE B 1
WCEDL7ZIRBTHAEEZ LN, L L, EARIZIND »TH, BaliiamE - 2L

3T AN B A VAR- (& AL AR

. EMRE AR A P A

PR oM ERR G, L F7 o LM, SR EE Y 405, 40E
MBI L Wk DFEZ T ERT L, JOFEXLHRHRE L, IEHE F7OREHE
Mgkety L, eSS FHAEMOHFEL T2 7.

COEBRIIBNT, L L RO 3IBHOBERO TSR TH 5., 1), LEHEBRKIC
. BRI IRGE S 2o PRI S A 3 A Y, NI S0ME T A ) Eeilifig i A AE
Lizvy, fit- T, BEMEBEAERIT, HAERTRFOFEBMRE O LER 6 v, (2)
EERARR R BUE O S e MBS R T A, € L THAKIIEAREEZF L, TR
EREMIE, 2 Wikl TFRels#iio &6 6 pdpibd 4. 2085, Wik
AT A LD, FBARNOMW L MRS, M IIEIC R A TREESS S (3) EHE
MRS, MowE S NS GR S TEIET 4. M6, HEEIZIZHED 2 5T W Pl
Rosfe e U, MR I it o Z RS s a + 2. £ L CHEARD o o REpHA %
TR MERAR ) S DR YT 4

EBL, ARG, WORTE L RKLEBATIT»> 72, MOLE L 2R E #®
ACEREIE, REEARLO B B MR T COMMIC, MR L2 LIl

TAEDTHLH, HHLRWITHE 3 A5 (SSB, SSC. nem-1-f1} . H 5 F&# (nem-

_76



1, SSC-m, nB-2, SSE, ms-1) TH A M L HFEBEM) | MHEOREISRFEIZL L0,
FERUEOMI L AREBHE T A0, B—RKHET, BHRRISED - 20101
HWTHFHET 22 A# (nem-1& nem-1 +fl, SSC & SSC'm) X2 THh 5,

FERIEE V-3 IR T, HE. AT S v EME LSS0, MR
BAORBECORED, B8, 2/8MHYTAMBETREMR OB LA, JO5R
Mz, 2oz ETCETFELR2 o . LirL, TV 754 032 O THHEE/RS
P, 2 1 hzerty FTERBEACIFLAABHENSEL . 1 ABHME 20 H
T, RFID L DA AE T A, WA L 2w E S HF L. COBEKE LEFED
R A S, BAERERER L, B GF) i, ERLNOBESEF T, ik, HEF
L, FHEHEOR FI53 -5 LF T2 &, AHEMSEELIT .

BRERV-LICRT, HREUTO LD IZEHTEL. ) SSB2 1 #fEEz, L
i, ETHUEWMLIT- 7. (20 M 3 RMOFERE, Elo 1 #lxERE. £THEIC
oo To, (3L MER#IE 2 0@V — G, nem-1, SSCem, nB-2 A KL, IF
EAEETHIIR -7 — ., msl & SSEdE, SSED 1 7 Uy EbRE, £THIIR
o fo, M) W RAEHEO #ERFES S HHE (rem ! & nem 1:41, B LU SSC'm &
SSC) . FAEADOMHIT T THEIZ - 72,

COREE, EREOFHo LI MH Lo (BHEESESR) O UL, &
HYy <&EErBonA, Wh, B3 R#H (nem-1. SSC'm. nB2) DFAEMKIL
AEETHEE Y, BAEDORB TR o/ WE2R L. CORRIE, Ihs 3RROL
MR, BFREMBIRSEE L2 WEELRYT., b LEETAE BEHICFEHEIZLD
FAEFREIT R THEIZ Lo 3T TH L. T, COFBRIE, HFRERBMBOREICX
h., M~OEERSEAE I RTHOTOMTH L, BRFEORMEMIZE. I REM

AR % S CEE AT B WEE O S HE MR MR AR 3 A AL B S VIR0 RE R Fe il 2
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—— " or ¥

Sex

Tﬁ / induction
—_— U — -~

V-3 RS OBAEGEOME TS EBOBEAR

BAOOFEZENR LG 5 R L V. FRERVE N EBT TORD. £
o255 BT AMBCEOML, EHr DL ORISR 2EHHETH
T, AR, BAER. FREFOBE FIAT3 5 Ll ko ZoRE, AHEMBEL 1T
VIR A T

.’78



FVE1 AR RO AT

- No. of No. forming
strain sex
regenerates oo eggs Both Neither
nem-1i J 31 1 29 1 °
55C'm g 13 0 13 0 0
B2 22 0 22 0 °
ms-1 o 8 8 0 0 0
ssE o 24 23 ! 0 0
nem-1f1 ¥ 13 0 19 0
ssC ¥ 28 0 28 0 0
ssB % 22 0 21 0 10

a. COru— T4 REPETE, 1 AR AL .
b, ZOZO— YEREMIZELEER NI 0, HEEEEITTb Rl o7,

_’79_



FELOALERALTWEAD, WA THLEZZ NS, Lo L, RO 58 T
T BRE M AR AR S AL F G I IRER SR OB AR, BEL (Bpo7 L E

Z A,

it B BRI 1 & B METE 4 al T R o A - S kA )

A E R EAIAE & ZREMERISRIRE & oW, 0 L9 RHEERSS B e I3 FRRE W RE
Thbt. COMETMERICT L7010, RERTH, ZiElsloAzRoLER
LA EMERE . BTGB EEY FY CRREMHO AT &) MR B
LOEALT, BHEMSILE R ERETFHRNTEH L0, BIRKEVRERE RO
THET A,

KB A BVI-4 1273, RAEO G RILHERW SSE Th A, Aifio# Rt £
ORMBIIE, HOLREMSMESTETL2EE22 005, HBEEL FFIE, neml &
HoMom L 50— YRl (Bl FIEmT) 2HW, 2rha-Ls LT
. B FYofRb DT, nem 1 MO L KT F WA BAERL, BAH%L
e L DBEBIE IR 4T - 7. £ o8, SSE RO L aktE M MesEEm, sfeL. B
A2 S LA, BWSEERITo . FLCBMBGSHE 0, FHE 3
5T U7 Wi T, HIHEMBE LT 72, AT FEV-2 10R7.

FEREX Ty b VX TH, 4 HoOBMARILHERZESL 240> /2, SSE
D&M kb B EEZ NS CORERIIRIZ, MEMBOTFEEL 2w
Fr Rz, KA oMNEMREFPEAL-EIRS 2 2 e/fmenTtnys (R, &
f£) . SSE @ EMREF ER b Mo IR LSS, WEREER LEREL, £THERE
R L7z, ZHloet L. SSE O EMME Bl & M2 M LG, HagrEE L9

BED S 5 6 BEEINF 2R L. Co&RIZ, DToELxRET S, (1), SSE &K

_80



E1 or Epi.

V———» —_— —» JOor %

sex
/ induction

SSE

V-4 ZretiMEiie & Al s oHEER 2L o OBBEROBERR

SSE R0 AL V-3 IR L TETHEE L7, ZoOMME . REsicm L
nem-1l Sk OMOB LERL F9rsa0— 2 E1, $REERE PO EFHIIBMES
U72. SSE O MR AETFIb 3 2 SR MM AFEHE L, E1L & F 7123 R
MR ASEEAE T A . SSE HISR O BIMMR AT, il LC 8 AR & Nl L 72 4H
Iz OV THEEBEFLE LT, HER 2 R~

,81



V2 He F7oRMBERBMELAMOBIFEL FSRUEREY FIORMATRE

Graft No. No. y No. self-feeders forming
raft non-se
Body/Foot 9 foeders  testes eags  both?
E1/SSE 16 7 3 2 4
Epi./SSE 15 6 8 0 0

ik SSE T HEMES eI SR A o E 2 ONS,  EL dneml ZHEOMOB
L F7ru—>T, RFIRTEHEMRE 2. Epiid LEE FF.
a. MTHET AEEEINTREETABEEORE 70— Th i,



RO L —8Isid, BFEEMBRATEIEL v, & LIFETIUE, SSE 2
#k e EL B K228 UEETE., OB 2 THRII - 03T Th 5, (2)
SSE RHMIZIZ, BT 2ot 3 2 o LRtk T 2. (3) I0F B2 R
folx, #oZREHBRROFF FFREM®E) ~oaibrii+ s, Lol
Elb F712 SSE @ B2 R L Z2MfoeTis, ik oobidCidhwv, fits T,
Z DEHIFTIEE S TIE v,

T OARTE ST, KO XD BBl -> TORME S/, SSE Bk s Bl KB
ABEES L. JoOBRAEY MBS L 0 A, MEREHT A @ N TR T
HEEOWMGTHFELL 70— e o7 (FV-2) - £oru—ris, IBFEERL
7o 4 EEERY, 3 AMERBEEBI o, FOM. FBAKKCHIZE L., BE5IC
10 LY, MEHMAFHIC— T, SO R, HMHEMEEL L2, AR
ICHMETEEIT o 7, MERGH 36 HHICHE 2 BASEB L, 22T B, 7
55 HEIZ, HUHE 1 AR LU, ok, 2 HfzEL. el i,
BUTLOMIZE L, MEL#HELA. W 100 HEIZ, HE 3 @ERIHIL

Gk HEE R o S8 3 1d . SSE R AR E A RO MMEMAE (FV-18K) %,

EHMST L LS BigEs .



IgE %%



1. £l Mk

. A M R o S

ARFFIZB T, T 27 8 R 7 (H magnipapillata) 705, 2 FH0 A GERRHNE O 57 B 12
Wy L7z, 1 M FIREM %M TS S (IIE, NishimiyvaFujisawa & Sugiyama,
1993) . ZOMAsE, BOWM T 5 L&, fiT- oAb L, M CREE e,
MRz & IiE b L e R IR0E s (. IR B A AR £ FFD chim C1
SEE ORI (25°C) B & pew 1 BERFO L FOF T L7 (HU)RFIZX D UL
B AR B X L (RIM-2, V- 1)

Fev T, IR BRE M L o L7 (IVE) L RS I sedliald, B CHEERET A &
i, HFORGLL . RS HTFICESME L v S oML nem 1 (&) D
EHU QB L Y, IhEmsssis i osE s e RV-1) .

AR A5 i 2 B, AU A T 4 AR S b, BB N T WA (Littlefield,
1985, 1991) . F7o, AU 7 AT, MBI URTIRAMBE BT A E
Jru— VR ACS ATRAET A O, BB LR v N9 0RES o Bl £ 52
W35 (Littlefield 1985a) &2, EH v FFOMMBO % 62T 4. |

AIFFEDFEFR L. AV H 77 1 A EEFER (Littlefield, 1985a, b, 1991) ZH-EH
CEEBT AL, BTRERLUIITFRE ML, whb e F7ICFEET A IlRT
b, EBILOT—F4 777 PELTELZAMBETRRZVWEEL LIS,

Fr e F5fo Mgl oL, )77 7« AL iR, 5 e
Hh#EAERM (Littefield, 1985b) TH D . ZreMEMEML O A DOH —~%MH (Bosch &

David, 1987) T Wl &R THE o7,

T OTARSE AL 7 HU BB oW, EICET S LENH S, HU LI

84,



L7 ApEH e oo B, MR E TS . ORI 1 MRS L
7U— AT A HFETER Y, HU & S HoMla 437 & (Sinclair, 1965) . HUALHE
WX PREEOECHNSERNCTEE S 1A BFIC I AMEEEIH e F7iZBTA
Mz o MR L, 7o) A, AU F 774 AW TEEE 24 BR (Campbell
& David, 1974; Holstein & David, 1990) T#H A%, A5 bed e MiaB 4+ ) 72
74 AT 3 HEME ST vy A (Holstein & David, 1990) . Z OffilRBEMOED -
DI, AT HU B L DSt E R B ILA,

HEFRAEA &, I0FBE T M M 0l XL O ARE SO TTH A . R nem-1
(2) 0k, TR MEMlL & 30, I8 BRGE Bl & 458 = 1172 (Nishimiva-
Fujisawa & Sugiyama, in preparation) . JBFRREMGRMILA TS Z &6, BFRTE
MEdlE L OpRBEDEL, KDEEICHH LR TH A0 Lk,

nem-1 DHERAIT, BHMEHIZLLETEHA2P/MTERLIT) BHTHL .
T, 2O F7IIBWTIE, SERRITHEE L () iIZX9IprehTws, 2o L)k
AETE, BTFREMEMIRL, Mk b Rbh 252l TH QMM A /20, B
FEREMEBMR L D MR A2 EEZ RS, fEo T, HU MR TIE, IR
i B R T PR E I R L D A B D) T AR S 1L A

LAl oo s 1R s ia As 3 3 A &ML (k) (2 X D MERTE
v, MEDB ER Y KT RS A7k, HU AV A U3 L, 0N T BRSE W s 13 4
SRAD, 3L A PORETRENGEMIBATEN T 5 5L &TE T A LENH - 2. 25uM
HU, 3 B (HIV-1, £NV-1) EIOHEMATV. KV 1IZBWT, HU 2=
(Bl ZiX 3 H) THAHEEIEBRMAEYNE . HU LBl (Ml2iE 2 H) THAHI
Y. RFBEBESL RADIRMLOME AN S AAILEEEZTVL. L, &

B2 piE ORISR0 e T v



ZHE chim-C1 DHIBIERE LI L5 70— 728 WT . Mo 52 s 51
GLTWATREES S . BH s 1 i, chim-C1 & 6] IR AR IMMR R % o,
Ff sf- 1 DFIFRREEALEE 2 L 5 W el iR s o Br i, Ml Ao Bz (A
DFFH, iy CRR A, DELRHINE) X0 R 2 LE LT 5 (Marcum et al
1980) o fit T, MMRELOR AR BRI 5, By ZRE%H MR & D & 2%
D, aEER T VIR A

IIF IR R O /B B L, RRROBEIR I Tw A, ZoMBRIEF s e
FIBEOMEN GBS A, ) H T 4 AOESOIZS I TR v FOFERIE
AP THADY, 3BAYDOWEMIEZ LA, (1) AU H 774 AL, T IRERS
MBI PR T A A%, TEROTTETIETHT X 22\, Lilldfield (1985) %% HU ALHE % 47 -
7218C Tidy A AWz AMITAMER TR v, ZOFRET T, FT T Mg
L & G0 BRoE S He oo I B I 1248 B 7 223 < HU BRI & A BRI EENT T &

fetEhtds A WO BRE ISR Lo TS s & b sz, BT

PREM MO EBIIEEgETH A, (2) Littlefield 28 B 51212908 F PR M A
AL V., B nem-1 ($) 12, 22 THTH oA s A, 20 L3 oMz
Bl TR R o ST, VTR SR ST A5, Lo XL HETH S
BRZE, B0 FIRAE B el i AE L T e s A (Rl L 8 A Ao T
A AFETIAHEMANIZ L o THRF R Feriia ot s 4. F 27 B2 N7 TlEsEEibsE S
> THBF R M dd 2585 (IVE) |

PTREDOWHEM D S £, WIFNRSIE L v, SHROMRICELRE R L v

i A E B L U T o R R
ol nem-1 OMED DML -, MEOMB IR v o, MERGE ST LD, 2 R

86‘



DL AR 72 (V- 1) o 208, SIF8I08AZEEINEE T, Bl SHFEL
TWwic, ZOBBRMEL, FMFRE, IBFaEREfaid, Wit d s RUEmmee T &
T, FrricHER L, B L LT OUHIENLHA TnA I LERT, it T

d. ol T BALRD O FAMBI ISR L . R LE L, ZEICHERT A
A SR> 2 EERT, S0 2 HE S, O THFICL A BRIIHALBE ., B
ol U THEMIZERET 2F0STE L, HMROBERERIL. A X771 AFIZHBNTEH

HEE TS (Littlefield, 1985, 1991) .

2. M A S 5 MR

s 1B NI ORBBMERIC B W T, I BGE Rl © R IR 52 1 sl i~ o dndit
RS LI (VE) o e FIofifgL ~nvofiEiig, JoHEF 00 TTHD, ik

LA OWERREE - BiR T 5 LT, BELRMATH A,

1. OB A o0 K R A~ D R

A nem- 1 FROMEOB LR KT 3 70-0D5 6, E1 OWIIEEThH- /2 (VY
1) . LAaL, E2 (MV-1) RUE3 GERR ) TR, #EnBLEe FIo sl
7o FDREE LT, E2 RUVES QA IZ, 12U o200 i REMBEMREAEL Tw
W EEHIEE Ay, b LIREL T 20, 2olMHUEH /-0 E2 RO
E3 DUFERIE, WO LEFSnETHA,. o T, Mo E~DB LR NSO
Mg s, TR EM MR A BT B EMRCBbL 2BE B2 0 hE, ZOREAL
. B F L MLERR (transdifferentiation) (2 X A S HERTE 2, LarL, HU B &
EES, oo 2 H X202 XA EeM b S iidHiRE T & 72

ZdE nem-1-11 (£) id. nem1 (&) PERIIEERLTCEL-HERETHL, 2D

,8’7



FHEONEY 20 DL, 2 FREEEIZEEF T A BMIZ, BE2S 1 BERREL-. ZoREEE
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Genetic Analysis of Developmental Mechanisms in Hydra

XX. Cloning of Interstitial Stem Cells Restricted to the Sperm
Differentiation Pathway in Hydra magnipapillata

CHIEMI NISHIMIYA-FUJISAWA' AND TSUTOMU SUGITAMA

Depart ment of Genetics, Graduate University for Advanced Studies anid Laboratary
of Developpnental Genetios, National Institute of Geneties, Miskhime 4 H, Jupan

Avcepted Javuary 5, 1993

Hydra magnipapillate polyps containing a subpopula-
tion of interstitial stem cells restricted to the germline dif-
ferentiation pathway were obtained. Chim-C1 is a chimeric
strain produced by combining wild-type epithelial cell lin-
eages with a temperature-sensitive interstitial cell lineage.
It grows normally at 18°C. When cultured at 25°C, many
polyps lost interstitial cells and their differentiation prod-
ucts (nerve cells and nematocytes), and subsequently
turned into epithelial hydra unable to move or feed. Some
polyps, however, turned into an unexpecied type, termed
“pseudo-epithelial hydra.” These polyps resembled epithe-
lial hydra in the absence of nerve cells or nematocytes in
the tissue and in their inability to move or feed. In contrast
to epithelial hydra, however, their tissue contained proli-
ferating interstitial cells. Similar pseudo-cpithelial hydra
were also produced from another strain, nem-1, by means of
hyvdroxyurca treatment, Clones of pseudo-epithelial hydra
were maintained through force-feeding over 130 days for
chim-C1 and over 2 years for nem-1. In both cases, intersti-
tial cells proliferated throughout the period without pro-
ducing any nerve cells or nematocytes. These interstitial
cells, however, differentiated into sperm. Thus, the inter-
stitial cells present in pseudo-epithelial hydra were able to
differentiate into gametic cells but not into somatic cells
(nerve cells and nematocytes). These observations suggest
that, as Littlefield (1985, Dev. Biol. 112, 185-193) has shown
for H. oligactis, the interstitial stem cell population in H.
magnipapillata includes a subpopulation which can differ-

entiate only into gametic cells.  « 19935 Academic Press, Ine,

INTRODUCTION

Interstitial cells in hydra are undifferentiated stem
cells which divide rapidly. At the same time they give
rise hy differentiation to somatic (nerve, nematocyte,
and gland) cells in asexual animals (David and Murphy,
1977; Sehmidt and David, 1986; Bode et al, 1987), and

"Fo whom correspondence should be addressed.

alseo gametic cells in sexual animals (Lentz, 1966). Prolif-
eration and differentiation of these cells have heen the
subject of exiensive investigation in recent years (for
example see Teragawa and Bode, 1990; Bosch et ul., 1991;
David ef af, 1991; Littlefield, 1991a,b; Fujisawa, 1992).

One controversial issue exists on interstitial stem
cells, These cells belong to one morphological cell type
called “hig interstitial cells” (David, 1973). They all look
alike, and no subtypes within this type have been identi-
fied on a structural basis. However, it is not clear
whether all members of the interstitial stem cells have
equal differentiation capabilities. Two types of stem cell
¢loning experiments, which produced different results,
have been carried oul.

Littlefield (1985b, 1991a) used hydroxyurca (HU)
treatment to reduce the interstitial ecll nombers in Hy-
dra oligactis and sueceeded in obtaining polyps contain-
ing only a few surviving interstitial cells. Some intersti-
tial stem cells eloned in this way differentiated only into
sperm or eggs, but not into nerve cells or nematoceytes. A
monoclonal antibody, AC2, specifically recognizes
sperm and sperm-precursor cells in sexually differen-
tiated male polyps of H. oliguctis. This antibody also
recognized the sperm-restricted stem cells present in
the HU-treated polyps. AC2-positive interstitial cells
were also present in small numbers in asexual male, but
not in female, polyps in this species (Littlefield, 1985a).
These observations show that the interstitial stem cell
population in H. oligactis contains a subpopulation
whose differentiation is limited to gametic cells.

In another type of eloning experiment, Bosch and Da-
vid (1987} used a cell reaggregation method (Noda, 1971,
Gierer ef al, 1972) to clone interstitial stem cells in H.
magnipapillate. They prepared agpregates using a mix-
ture of a small number of wild-type cells (statistically
less than one interstitial stem cell per aggregate) and a
much larger number of cells of a mutant strain sf-1
which contained temperature-sensitive interstitial

0012-1606/93 $5.00
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stem cells. They held the aggregates at nonpermissive
temperature to eliminate all the mutant, but not the
wild-type, interstitial cells, The aggregates then regen-
erated to yield new polyps containing wild-type intersti-
tial stem cell clones. All the stem cells cloned in this way
differentiated into both somatic (nerve cells and nema-
tocytes) and gametic cells, suggesting that all cloned
stem cells from H. magnipapillata are able to differen-
tiate into both somatic and germline cells.

Tt is not clear why gamate-restricted stem cells were
cloned from H. oligactis, but not from H. magnipagillata.
This study was carried out to clarify this issue. It was
started from an unexpected observation made with a
chimeric strain of H. magnipapillate, chim-C1. This
strain, like chim-B1 {(previously described by Marcum ef
al., 1980), was produced by combining the epithelial cell
lineage of a wild-type strain and the temperature-sensi-
tive interstitial cell lineage of a mutant strain sf-1
(Sugivama and Fujisawa, 1978 Marcum ef al, 1980). It
grew normally at a permissive temperature of 18°C.
When cultured at a nonpermissive temperature of 25°C,
we expected that, like sf-1 and chim-B1, it would lose all
its temperature-sensitive interstitial cells and their dif-
ferentiation products (nerve cells and nematocytes),
and turn into epithelial hydra unable to move or feed.

When chim-C1 was subjected to 25°C cullure, some
polyps turned into epithelial hydra as expected. How-
ever, others turned into an unexpected type of polyp,
termed “pseudo-epithelial hydra.” These polyps resem-
bled epithelial hydra in morphology, in the absence of
nerve cells or nematocytes in their tissue, and by their
inability to move or feed.

Surprisingly, however, their tissue contained signifi-
eant numbers of interstitial eells. Furthermore, when
pseudo-epithelial hydra were maintained by force-feed-
ing (Marcum and Campbell, 1978a), their interstitial
cells continued to proliferate without differentiating
into nerve cells or nematocytes. We initially thought
that these cells were a somatic mutant line of intersti-
tial stem cells which had lost the ability to differentiate.
However, some pseudo-cpithelial hydra developed
testes containing highly motile sperm, indicating the
possibility that separate germline stem cells existed in
H. magnipapillata as in H. oliguetis (Littlefield, 1985b),
and that they were present in pseudo-epithelial hydra.

To further check this possibility, we produced psendo-
epithelial hydra from another strain of H. magnipapil-
lota, nem-1, by means of hydroxyurea treatment to re-
duce the interstitial cell numbers (Bode ef al., 1976; Lit-
tlefield, 1985b). The interstitial cells present in the
resuttant pseudo-epithelial hydra were then examined
for differentiating capacity.

FEvidence obtained with the pseudo-epithelial hydra
produced from the two strains strongly supports the
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conclusion that the interstitial stem cell population in
H. magnipapillate includes a subpopulation which is re-
stricted to germline differentiation.

MATERIALS AND METHODS
Strains and Culture

Two strains of H. moagnipapillate, belonging to the
wulguris (common hydra) group of Campbell (1987),
were used. Strain ¢him-C1 is a chimeric hydra, whose
tissue eonsists of wild-type ectodermal and endodermal
epithelial cell lineages of sirain 75-23-1 and the tempera-
ture-sensitive interstitial ecell lineage of strain sf-1
(Sugiyama and Fujisawa, 1978). It was produced by the
interstitial cell elimination-reintroduction method of
Marcum and Campbell (1978b) as previously deseribed
for chim-B1 (Marcum ¢t al., 1980). Strain nem-1 is a mu-
tant strain originally isclated {or altered morphology in
one of the four nematocyst types (holotriehous isorhiza})
(Sugivama and Fujisawa, 1977). It also has a strong ca-
pacity to differentiate sexually (Sugivama and Sugi-
moto, 1985).

Both strains were cultured under the controlled mass
culture conditions desceribed by Takano and Sugivama
(1983). Freshly hatched brine shrimp nauplii were daily
given as food, and modified M-golution (Sugiyama and
Fujisawa, 1977) was used ag the culture solution.

Unless otherwise stated, all culture was done in a con-
stant temperature room maintained at 18 = 0.5°C, with
12-hr light and 12-hr dark periods.

Interstitial Cell Elimination

Interstitial cell elimination was done using newly
dropped young polyps colleeted from the mass eulture
described above. To reduce the number of temperature-
gensitive interstitial eells in chim-C1, animals raised at
18°C (permissive temperature) were cultured at 25°C
(nonpermissive temperature) for 4-8 days, and then re-
turned to 18°C,

HU selectively kills interstitial cells in hydra (Bode et
i, 1976; Littlefield, 1985h). To reduce the interstitial
cell number in the nem-1 tigsue, polyps were treated in
culture solution containing 5 mM HU for 2-4 days (Lit-
tlefield, 1985h), and then returned to the normal culture
golution. Animals were [ed once daily as normal during
both types of the treatment.

Cultwring of Nonfeeding Awimals

Polyps which lost sclf-feeding ability through treat-
ment were maintained by the force-feeding procedure of
Marcum and Campbell (1978a), using the culture solu-
tion containing the antibiotics rifampicin and kanamy-
cin (cach at 50 mg/liter). Only the original polyps sub-
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jected to the treatment were kept for initial examina-
tion (see below), and buds produced and dropped from
them were discarded. In later experiments, buds pro-
duced by pseudo-epithelial hydra were also maintained
as clones for sexual differentiation experiments.

Staining

Two different procedures were used to visualize the
interstitial cell lineage in the tissue of treated polyps.
Toluidine blue staining, originally described by Dichl
and Burnett (1964) and modified by Littlefield (1985b),
wag used for chim-C1 polyps. Large and small intersti-
tial cells, nematoblasts, and nematocytes were strongly
stained against the background of faintly stained tissue
by this stalning.

A monoclonal antibody C41 (David et al., 1991}, gener-
ously provided by Drs. T. Bosch and C. N. David, was
used for nem-1 polyps. Large and small interstitial cells
and nematoblasts in the early stage of development
were indirectly stained with FITC using this antibody
following the protocol of David ef al. (1991).

Sexual Differentiation

Sexual differentiation of control {self-feeding) polyps
was induced by the combination of gentle aeration of the
culture solution and reduced feeding previously de-
seribed (Sugivama and Fujisawa, 1977). In the case of
nem-1, it was also induced by starvation alone without
acration.

For nonfeeding polyps, the following procedures were
used. In the case of chim-Cl, a small number (1-5) of
nonfeeding polyps were placed in a 200-ml! beaker con-
taining about 150 ml of culture solution, and the culture
was gently aerated at 18°C. Polyps were force-fed every
other day, and the culturc solution was replaced with
fresh solution every day. No antibiotics were added to
the culture solution during this treatment {to avoid
foaming). This induced sexual differentiation in 2-3
weeks in many cases. When unsuceessful, undifferen-
tiated polyps were returncd to the normal force-feeding
culture which ineluded antibiotics in the culture solu-
tion and daily feeding for 2-3 weeks. They were then
subjected again to the same treatment.

Nonfeeding nem-1 polyps were kept in the culture so-
lution containing antibiotics without any feeding. The
culture solution was changed every day, and the gastrie
cavities of polyps were washed every other day using a
polyethylene micropipet to remove brown debrisg accu-
mulaling in the cavity. Sexual differentiation generally
cceurred in about a week under these conditions, When
unsuceessful, polyps were returned to normal daily
force-feeding for 2-3 weceks, hefore subjecting them
again to the same treatment.

Hydra Germ Cells 3

RESULTS

Pseudo-epithelial hydra are defined as hydra contain-
ing preliferating interstitial cells but no nerve cells, ne-
matoblasts, or nematoceytes in their tissue,

Production of Pseudo-epithelial Hydra from Strain
chim-C1

Pseudo-epithelial hydra were produced from strain
chim-C1 contlaining temperature-sensitive interstitial
cells by temperature treatment at 25°C for 4-8 days (see
Materials and Methods). The treated polyps lost the ahil-
ity to capture and ingest food, indicating loss of nerve
cells and nematocytes from their tissue. These nonfeed-
ing polyps were maintained by force-feeding once daily
(Materials and Methods).

At about 4 weeks after the end of the treatment, the
treated polyps were stained with toluidine blue (Mate-
rials and Methods). (Hereafter, days or weeks in the
experiment represent the time from the end of the
treatment, unless otherwise gtated.) This method
strongly stains large and small interstitial eells, nema-
toblasts, and nematocytes. Figure 1A shows a control
chim-C1 polyp cultured at 18°C. Strongly stained cells
belonging to the interstitial cell lineage are present in
large numbers. Figures 1B-1D show three types of pol-
yps produced by the treatment. Figure 1B shows an ex-
ample of the incomplete removal of the interstitial cell
lineage. Large and small interstitial cells, nematoblasts,
and mature nematocyteg are present in lower numbers
than in the control polyp (Fig. 1A). This type of polyp
had already recovered self-feeding ahility or would soon
recover it if continued to be force-fed. Figure 1C shows
tissue containing only a small number of large intersti-
tial cells (pseudo-epithelial hydra). There is no evidence
for the differentiation of small interstitial cells, nema-
toblasts, or nematoeytes in the tissue. Figure 1D shows
tissue that is completely free of strongly stained cells
belonging to the interstitial cell lineage (epithelial hy-
dra).

In a parallel experiment, cell types present in individ-
ual polyps were quantitatively examined using the mae-
eration procedure of David (1973). Three types of polyps
were again obgerved (Table 1). One type (incomplete re-
moval) eontained large and small interstitial cells, ne-
matoblasts, nematlocytes, nerve cells, and gland cells,
but in reduced numbers. Another type (pseudo-epithe-
lial hydra) contained a low number of large interstitial
cells, but no nerve cells, nematohlasts, or nematocytes.
The third type (epithelial hydra) contained only epithe-
lial and gland cells.

The combined results of examination with toluidine
blue staining and maceration are summarized in Fig.
2A. Anincrease in the length of the treatment decreased
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F1G. 1. Interstitial cell lineage present in the tissue of chim-C1 polyps treated at 25°C for 5 days, and stained with toluidine blue 30 days later,
Large interstitial cells (1), small interstitial cells (si), nematoblasts (#b), and nematoecytes {ne) are visible as strongly stained cells. Tissue of an
untreated control polyp containing numerous sirongly stained cells {A); lissue containing various cell types in reduced numbers {incomplete
removal) (B); tissue containing only large interstitial cells (pseudo-epithelial hydra) (C); and tissue containing no interstitial cells (epithelial

hydra) (D). Scale represents 50 gm.

the number of incomplete removals and increased the
number of complete removals (epithelial hydra). The
number of pseudo-epithelial hydra was low after 4 days
of treatment (18%), but most abundant (more than
60% ) after 5 to 8§ days of treatment.

Production of Pseudo-Epithelial Hydra from Strain
nem-1

Pseudo-epithelial hydra were produced from nem-1
by HU treatment for 2-4 days (Materials and Methods).
The treated polyps which gradually lost feeding ahility
were kept by force-feeding.

The interstitial cell lineage remaining in the tissue of
HU-treated polyps was examined by staining and mae-
eration at 2-4 weeks. Indirect FITC staining using a
monoelonal antibody C41 (Materials and Methods) was

used in place of toluidine blue staining in this experi-
ment.

The same three polyp types (incomplete removal,
pseudo-epithelial hydra, and epithelial hydra) again oc-
curred (data not shown). Figure 2B summarizes the
combined results of examination with C41 staining and
maceration. An incerease in the length of HU treatment
decreased the fraction of incomplete removal, but in-
creased the fraction of complete removal (epithelial hy-
dra). Pseudo-epithelial hydra were most abundant after
2 days of treatment (64%).

Properties of Pseundo-epithelial Hydra

Based on the results shown in Fig. 2, chim-C1 polyps
treated at 256°C for 5-7 days and nem-1 polyps treated

TABLE 1
NUMBER 0OF CELL TYPES PRESENT IN THE TI8SUR OF INDIVIDUAL P0LYPS REPRESENTING THREE POLYP TYPES PRODUCED BY TREATMENT OF
chim-C1 AT 25°C FOR 6 1JAYS

No. of cells present (ratio to epithelial cells)

Totlal No.

of cells Large Small

Polyp type counted Epithelial interstitial interstitial Nemataoblasts Nematocytes Nerve GGland

Control (no treatment) 4911 1972 409 468 1446 299 95 219
(0.21) {0,24) (0.73) ((h15) {0.05) (0.11)

Incomplete removal 2533 2010 103 a8 192 83 13 34
{0.05) {0.05) (0.10) (0.04) (0.006) (0.02)

Pseudo-epithelial 2888 2802 43 1] 0 0 (] 43
(0.02) (0.02)

Epithelial 2813 2744 0 0 { 0 0 69

(0.03)
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{A) Chim-C1
{25°C)

(8) Nem-1
{5 mMHU)

3 polyp types produced (%)

Length of treatment (days)

Fic. 2. Relative numbers of three polyp types produced by the treat-
ment. The abseissa represents the length of treatment (days) at 25°C
for ckim-Cl {A) and in 5 mM HU for nem-1 (B). The ordinate repre-
sents relative numbers (%) of incomplete removal {solid bars),
pseudo-epithelial hydra (crosshatched bars), and cpithelial hydra
(open bars) produced as a result of the treatment. Pooled resulis of
examinalion hy staining (toluidine blue staining for e¢him C1 (A) and
FITC-staining using mab €41 for nem-1) and maceration are shown.
The sample size was 28 or more, excepl in one case {17 for the 4-day
treatment of nem-1).

with HU for 2-3 days were kept for an additional 50 days
(a total of about 80 days) by force-feeding. Polyps re-
covering self-feeding capacity prior to or during this pe-
riod (incomplete removal) were discarded.

Figure 3 shows photographs of such pseudo-epithelial
and epithelial hydra. The presence or absence of large
interstitial cells in their tissue was examined by sacrifie-
ing them and examining the tissue after taking photo-
graphs. The overall morphology of the two typea is simi-
lar in both ¢chim-C1 (Figs. 3B and 3C) and nem-1 (Figs.
3E and 3F). Compared to control normal polyps (Figs.
3A and 3D), both pseudo-epithelial and epithelial hydra
have a bloated body eolumn, large hypostome, thin ten-
tacles, and more buds in the budding zone (Marcum and
Campbell, 1978a; Sugivama and Fujisawa, 1978; Little-
field, 1985h).

The localization of interstitial cells in the tissue of a
typical nem-1 pseudo-epithelial hydra stained with mab
41 is shown in Fig. 4A. In the parental polyp, numerous
stained cells are present in body column tissue, except
near the head and below the budding zone. In newly
formed buds, most stained cells oceur in body column
tissue, but a few occur in some tentacles. These features
were observed in many other speeimens.

Figure 4B shows a part of the parenial tissue at a
higher magnification. Large interstitial cells occur as
strings of cells lined up paraliel to the body axis.

Hydra Germ Cells 5
Sexual Differentiation

Nonfeeding polyps maintained by force-feeding were
induced to differentiate sexually (see Materials and
Methods). Figure 5 shows characteristic nipple-shaped
testes which developed on the bloated body columns of
pseudo-epithelial chim-C1 (Fig. 5B) and nem-1 {Fig. 5D}
hyvdra. Large numbers of highly mottle sperm were ob-
served in these testes when the contents of the testes
were examined according to Sugivama and Sugimoto
{1985).

Table 2 summarizes the results of sexual differentia-
tion experiments carried out with nonfeeding polyps.
Testis formation occurred with moderate frequency
(17-29% )} in nonfeeding chim-C1 clones which were pro-
duced by 5-7 days of 25°C treatment.

Nonfeeding nem-1 polyps produced variable results.
Testis formation occurred in all of the 13 nonfeeding
clones produced by 2 days of HU treatment. Spontane-
ous testis formation also oecurred in some cases (as in
control nontreated nem-1 polyps). However, testis for-
mation occurred in none of 15 nenfeeding nem-1 c¢lones
which were produced by 3 days of HU treatment. Some
of these clones died later. These phenomena observed
after the 3-day HU treatment might be caused by mi-
totie arrest of epithelial cells produced by prolonged HU
treatment (T. Holstein, personal communication).

All nonfeeding polyps subjected to sexual induction
were later returned to the normal daily forece-feeding
regime. The majority (58 clones) were then sacrificed to
examine the cell types present by staining or macera-
tion. All 24 clones which formed testes contained inter-
stitial cells. Seven clones containing large interstitial
cells did not form testes (see Discussion). All 27 clones
which did not contain interstitial cells did not form
testes.

Experiments similar to those deseribed above were
repeated several times with both straing, with minor
variations in cxperimental conditions in some ecases,
The resulls were similar. Pseudo-epithelial hydra were
ohtained in varying numbers depending on the treat-
ment conditions. Some of them differentiated sexually
when induced.

In these experiments, however, some nem-1 pseudo-
epithelial hydra formed eggs instead of testes (data not
shown). Untreated nem-1 polyps were consistently male
throughout this experiment (although this strain was
primarily female in an earlier study (Table 1 in
Sugivama and Sugimoto, 1985)), Similar gex reversal by
¢loning or reducing interstitial cell numbers was previ-
ously reported (Littlefield, 1985b; Bosch and David,
1986). Sex phenotype reversal in nem-1 by HU treat-
ment will be reported in detail elsewhere.
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FIG. 3. Photographs of live polyps of control ¢chim-C1 (A); pseudo-epithelial chim-C1 {B); epithelial chim-C1 {C); control nem-1 (D) pseudo-
epithelial nem-1 (E); and epithelial nem-1 polyp {F). Scale represents 5 mm,

Long-Term Muintenance of Pseudo-epitheliul Hydra

Several independently produced clones of pseudo-
epithelial hydra were maintained for extended periods
of time. The ehim-C1 clones were initially vigorous, but
gradually lost vigor starting at about 40-60 days. Polyp
size became smaller, and budding became less frequent.
Sexual differentiation occurred only before, but not
after, loss of vigor (see Discussion). The maximum
length of time one clone of chim-C1 pseudo-epithelial
hydra was maintained was 130 days. Large interstitial
cells were present in the tissue at this time.

In contrast, nem-1 clones could be maintained for a
much longer time (over 2 years), without loss of vigor or
the capacity to differentiate sexually.

DISCUSSION

Interstitial stem cells capable of differentiating into
sperm, but not into nerve cells or nematocytes, were
cloned in this study. These cells, cloned from strain
nem-1, proliferated actively for an extended period of
time (over 2 years) without loss of ability to differen-
tiate into sperm. This suggests that H. magnipapillata

contains a subpopulation of interstitial stem cells which
are developmentally restricted to sperm production, and
that these sperm-restricted stem cells were cloned.

We believe that the sperm-restricted stem e¢ells cloned
in the present study were not created as an experimen-
tal artifact. Bosch and David (1987) have shown that I
magnipapillata has multipotent stem cells which can
differentiate into both somatie (nerves and nemato-
eytes) and gametic cells. These multipotent cells conceiv-
ably could give rise Lo sperm-restricted cells by two al-
ternative mechanisms: by somatic mutation (selective
loss of ability to differentiate into somatic types) or by
cpigenetic effects of the treaiment (specific damage to
the somaltic differentiation pathway). These mecha-
nisms could be the basis for the presence of sperm-re-
stricted stem cells if such cells were found only very
rarely. However, they cannot account for the relatively
high cloning frequencies of such cells from two different
girains with two different procedures (Table 2).

We conclude therefore that the interstitial stem cell
population in H. magnipapillata is not a homogeneous
collection of cells having equal differentiating capabili-
ties. Instead, it consists of subsets of cells, onc of which
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FIG. 4. Gamate-restricted stem cells present in nem-1 pseudo-epithe-
lial hydra indirectly stained using mab C41. (A) A parental polyp
bearing four buds and a new bud protrusion (4X objective). It also
bears an immature teslis (1s) which is out of focus in the picture.
C41-positive cells are present in the body column of both parental
polyp and buds. They can be also seen in the tentacles of some buds
(in). The C41-positive cells present in the tentacles have the general
morphology of interstitial cells, but they are significantly smaller (8.5
+ ().83 um in length) than those present in the body column (23.1 + 4.4
um). Similar C41-positive cells are also oceasionally observed in the
tentacles of the young buds but not in the bud-bearing mature polyps
of control untreated hydea. {B) Parental tissue marked by thin white
lines in (A) at a higher magnification (20x). Stem cells which oceur in
strings of eells lined up along the body axis can be secen. In some
specimens, however, the stem cells are arranged more randomly with-
out forming strings (C). Similarly, two types of stem cell arrangement
were observed in chim-C1 pseudo-epithelial polyps (nol shown) and
deseribed in HU-treated H. oligactis by Littlefield (1985h, 1991}, Secale
in (A) represents 1 mm; scale in (B) represents 0.2 mm for (B) and {C).

Hyelra Gerin Cells 7

Fi1c. 5. Photographs of nipple-shaped testes {(marked by arrows)
formed by control chim-C1 {A); pseudo-epithelial chim-C1 (B); eontrol
nem-1 (C); and pseudo-epithelial nem-1 polyp (T)). Live animals were
genily pressed under a cover glass and photographed under a stan-
dard mieroscope (4% ohjective). Scale represents 1 mm.

can differentiate only into germline cells. Another sub-
set is multipotent and can differentiate into both so-
matic and gametic eells as previously shown by Bosch
and David (1987).

Sperm-restricted stem cells were not detecled by
Bosch and David (1987) as already mentioned. Two ex-
planations can be considered for this observation. First,
the sperm-restricted stem cells might be present in
much smaller numbers than the multipotent stem cells
in the tissue of asexual animals, and they might not
have been represented in the limited number of stem
cells cloned by Bosch and David {1987). Second, the
sperm-restricted type might have significantly differ-
ent properties from the multipotent type, and the latter
survived, hut the former might not have survived, the
aggregate cloning procedure.

Sexual differentiation oceurred in many, but not all,
clones of pseudo-epithelial hydra. This was not surpris-
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TABLE 2
SEXUAL DIFFERENTIATION OF NONFEEDING (PSEUDG-EPITHEL1AL) HYDRA

No. of Nonfeeding clones
* No. of self-feeding
polyps clones No. No. forming
Strain Treatment treated produced produced testes® (%)
chim-C1 257, 5 days 41 23 18 3(17)
6 17 3 14 4 {2%)
7 16 2 14 4(29)
nem-1 5 mM HU, 2 days 17 4 13 13 (100)
3 15 0 15 0(0)

* Nonfeeding nem-1 polyps occasionally produced eggs instead of tesles in other experiments (see main text). Nonfeeding chim-Cl polyps

produced only testes and no eggs throughout the entire study.

ing since sexual differentiation under laboratory condi-
tions often fails even for normal self-feeding animals in
many straing of A magnipapillata (Sugivama and Fuji-
sawa, 1977; Sugiyama, 1983).

The chim-C1 pseudo-epithelial hydra showed time-
dependent changes in their properties. They multiplied
vigorously initially (10-50 days), but gradually lost vi-
gor. Polyp size became smaller and buds formed less
frequently. Sexual differentiation occurred before, but
not after, loss of vigor. A similar gradual loss of vigor
was noted previously in epithelial hydra produced spon-
taneously or by temperature treatment from sf-1
{(Sugiyama and Fujisawa, 1978). This loss of vigor was
apparently correlated with the gradual decrease of the
number of gland cells from the epithelial hydra tissue
during long maintenance by force-feeding (Sugimoto
and Fujisawa, personal communication). The loss of vi-
gor and sexual differentiation ability in c¢him-Cl
pseudo-epithelial hyvdra might be also caused by a simi-
lar reduction of gland cell number in the tissue. This,
however, was not carefully examined.

The presence of a separate subpopulation for gametic
differentiation in H. magnipapillata was predicted previ-
ously by Sugiyama and Sugimoto (1985). The sex pheno-
type of a female polyp was permanently altered to male
through introduction of interstitial cells from a male
polyp to the female polyp. In the masculinized polyp, the
newly introduced male interstitial cells producing
sperm and the original female interstitial cells produc-
ing nematocytes co-existed stably for an extended pe-
riod of time. This was shown using mutant strains
which had marked characteristics in their sperm or ne-
matocyte lineages. This suggested that at least two sepa-
rate subpopulations were present: one for gametic dif-
ferentiation and the other for somatic (and possibly also
gametic) differentiation, and that some mechanism ex-
isted for the stable maintenance of the two subpopula-
tions. Otherwise, either the female or male population
would eventually become dominant and eliminate the

other through faster proliferation rate or by chance.
This, however, did not occur.

To summarize, as previously shown for the oliguctis
group by Littlefield (1985b, 1991a), the interstitial stem
cell population in the valgaris group (including H. moyg-
nipapillate) also contains at least two subpopulations.
One is multipotent, giving rise by differentiation to both
somatic cells and gametic cells. The second is monopo-
tent, giving rise to only gametic cells,

Some important questions remain unresolved. We do
not know whether the multipotent stem cells can di-
rectly enter the germline differentiation pathway, or
whether they initially differentiate into the cells of the
sccond subset, which then differentiate into the gametic
cells. We algo do not know if a third subset exists which
is restricted only Lo somatic differentiation.

During the course of this work, sperm-restricted in-
terstitial stem cells were also successfully cloned from
H. vulgaris (which is closely related to H. magnipapil-
fata) by the HU treatment by Littlefield {personal com-
munication).

The authors are indebted to Dr. L. Littleficld lor a eritical reading
of the manuscript, and to Drs. T. Bosch and C. N. David for a generous
gift of a monoclonal antibody, C41, This work was supported in part by
grants from the Ministry of Education and Science, Japan (Projects
02454026, 03044147, and 04044174).
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SUMMARY

Three types of interstitial stem cell subpopulations
were isolated from Hydra magnipapillata, and their roles
in sex determination were examined.

A subpopulation of interstitial stem cells restricted
to the sperm differentiation pathway was isolated
previously from strain nem-1 (male). Another
subpopulation restricted to the egg differentiation
pathway was also isolated from the same strain.
Hydroxyurea treatment was used for isolation in both
cases.

"Pseudo-epithelial hydra” containing only sperm- or
egg-restricted stem cells but no other interstitial stem
cell types were maintained by force-feeding for 2 years.
Sex reversal from egg-restricted to sperm-restricted stem
cells occurred 3 times during this period. Both stem
cell types are numerous in the central gastric region of
the pseudo-epithelial hydra, but absent in the foot
region below the budding zone.  Foot tissue was cut
out from normal nem-lpolyps (male), and allowed to
regenerate.  The regenerates produced eggs but no
sperm upon sex induction.  These and other results
suggest that the foot tissue contains multi-potent stem
cells capable of differentiating into eggs during sexual
differentiation.

These observations suggest that strain nem-1 {male)
contains 3 types of interstitial stem cell
subpopulations: (1) sperm-restricted stem cells, (2) egg-
restricted stem cells, and (3) multi-potent stem cells
capable of differentiating into nerve cells, nematocytes
and eggs. Upon sex induction, however,
differentiation of eggs by the latter two types Is
suppressed, and only sperm are produced by the sperm-
restricted stem cells. Evidence is presented which
suggests that similar "phenotypic males”, which
normally only produce sperm but contain the stem cell
types capable of differentiating into eggs, occur widely
in Hydra magnipapillata. A possible relationship
between phenotypic male hydra and hermaphroditic
hydra is discussed.

INTRODUCTION

Hydra reproduce asexually by budding and sexually.
Interstitial stem cells give rise to three types of somatic
cells, nerve cells, nematocytes and gland cells during
asexual growth, and to germ cells, sperm and eggs, in
sexual reproduction.

In order to examine differentiation capability of
individual interstitial stem cells, cloning experiments
were done.  The results obtained have shown that the
interstitial stem cell population contains at least two
types of subpopulations.  One type is sperm- or egg-
restricted stem cells capable of differentiating into
sperm or eggs, respectively, but not into any other
types of cells. Polyps which contain only sperm- or
egg-restricted stem cells in the tissue, but free from any
other type(s) of interstitial stem cells, have been
obtained by two different procedures. One is by
treatment of normal hydra with hydroxyurea (HU)
which selectively kills rapidly proliferating interstitial
stem cells without severely affecting more slowly
proliferating epithelial cells (Littlefield, 1985, 1991;
Nishimiya-Fujisawa and Sugiyama, 1993). The other
is by restrictive temperature treatment of a strain
containing temperature-sensitive mutant interstitial
stem cells (Nishimiya-Fujisawa and Sugivama, 1993),
In both procedures, excessive treatment eliminates the
entire interstitial stem cell population, turning the
treated animals into "epithelial hydra" (Campbell,
1976).  Epithelial hydra lacking the interstitial stem
cells and their differentiation products, nerve cells and
nematocytes, can not move or feed. However, they
can be maintained by force-feeding (Marcum and
Campbell, 1978).

In theory, it is possible to control the treatment to
produce individual polyps from which majority of
interstitial stem cells are eliminated, except for only
one (or a very few) cell(s).  Polyps containing only
sperm- or egg-restricted stem cells are produced in this
way. Nonfeeding polyps produced by the treatment
are maintained by force-feeding for several weeks to
allow the remaining stem cells to proliferate.  Any
polyps recovering self-feeding capacity during this
period are discarded.  Nonfeeding polyps are then
selected for sperm or egg production upon sex
induction.

The second type of interstitial stem cell
subpopulation is multi-potent stem cells which can
give rise to somatic cells (nerve cells and nematocytes)
during asexual growth, and also to sperm or eggs
during sexual differentiation, This cell type was
cloned by the procedure involving cell aggregates.
Hydra can regenerate from the aggregates of dissociated
cells (Noda, 1971: Gierer et al., 1972). Bosch and
David (1986, 1987) produced aggregates of epithelial
cells, to which a low number of interstitial stem cells
was added.  The stem cells cloned by this procedure
all gave rise to both somatic cells (nerve cells and
nematocytes) and gametic cells (sperm or eggs). No
sperm- or egg-restricted stem cells were isolated by this
procedure, presumably because either these cells are
much less numerous than the multi-potent stem cells,
or can not survive the aggregate cloning procedure.



In our previous study of sperm-restricted stem cells,
we made an unexpected observation.  HU-treatment of
strain nem-1(male) produced mainly sperm-restricted
stem cells. However, it also yielded egg-restricted
stem cells. This observation was described as a
preliminary note in Nishimiya-Fujisawa and Sugiyama
(1993).

The present study is an extension of this initial
observation.  In this communication we first report
the isolation and characterization of egg-restricted stem
cells from strain nem-1 (male}. We then report
another unexpected observation made with this strain.
In addition to the egg-restricted stem cells, this strain
apparently also contains multi-potent stem cells which
can differentiate into eggs but not into sperm.  Thus,
although male in phenotype, strain nem-1 contains 2
types of stem cells capable of differentiating into eggs.
However, their differentiation into eggs is normally
suppressed.  We propose to call this type of hydra,
which is male in phenotype but contains multi-potent
stem cells capable of differentiating into eges,
phenotypic males.

Evidence will also be presented which suggests that
phenotypic males are not rare but probably common in
Hydra magnipapiliata. A possible relationship
between phenotypic males and hermaphroditic hydra is
discussed.

MATERIALS AND METHODS

Materials and methods described in a previous paper
by Nishimiva-Fujisawa and Sugiyama (1993) were
used, except for those listed below,

(1) Strains

Ten strains belonging to H.  magnipapillata
(vulgaris group, Campbell, 1987) were used. The
main experiments were done using strain nem-1i.
This strain was originally female (Sugiyama and
Sugimoto, 1985), but since then had changed its sex
spontaneously to male.  This male nem-1 strain was
used in our previous study (Nishimiya-Fujisawa and
Sugivama, 1993), and also in this study. During
this study, females arose from this strain twice, one
spontaneously, nem-1f1 (female}, and the other by HU-
treatment, nem-112 (female). SSB (female), SSC
{female), SSE (male), and ms-1{ male) were described
in Sugivama and Sugimoto (1985). SSC-m ( male)
arose by spontaneous sex reversal from SSC (female).
A new strain nB-2 {male) was obtained by a sexual
cross of nem-1 (male) and SSC (female). All the
strains were selected for their relative stability of sexual
phenotypes and ready response to sex induction by a
combination of gentle aeration of the culture solution
and reduced feeding (Sugiyama and Fujisawa, 1977;
Sugiyama and Sugimoto, 1985; Nishimiya-Fujisawa
and Sugiyama, 1993).

Prior to the study, each strain was subcloned
starting from a single polyp, and the sex of each
subcloned population was confirmed. All
experiments were done using these sub-cloned
popuations.

(2) BrdU-labeling and staining of BrdU-
labeled cells.

Several polyps were placed in 7 ml| of culture
solution containing 5 mAf BrdU (Aldrich Chem.), and
kept in the dark for 3 days. Polyps were fed once a
day, and the culture solution containing BrdU was
replaced with fresh solution a few hours later. At the
end of the treatment, the gastric cavity of the polyps
was washed thoroughly by flushing the fresh culture
solution using a finely-drawn plastic tube.  This was
done 3 times at half-hour intervals, just prior to using
the polyps in grafting experiment.

BrdU-labeled cells in whole mounts of hydra were
examined by an immunohistochemical enzyme staining
procedure using an anti-BrdU antibody and alkaline
phosphatase, according to the procedure of Holstein et
al. (1991).

RESULTS
Pseudo-epithelial hydra are defined as hydra

containing proliferating interstitial cells but no nerve
cells, nematoblasts, or nematocytes in their tissue

(Nishimiya-Fujisawa and Sugivama, 1993). They
resemble epithelial hydra (Campbell, 1976) in
morphology and inability to move or eat.  Unlike

epithelial hydra, however, they can produce sperm or
eggs during sexual differentiation.

(1) HU-treatment.

Hydroxyurea (HU) treatment was used to produce
pseudo-epithelial hydra. A population of mature nem-
1 polyps was maintained, and new young polyps
produced by this population were used for the
treatment. Soon after collecting all the young
polyps for the treatment, about 1/3 ( 23) of the parental
population were subjected to induction of sexual
differentiation, All of them produced testes,
reconfirming that the sex of the parental population
was male.

Groups of 30-40 young polyps were treated in 2.5
mM HU for 2 - 3 days. The treated animals were
then maintained in the normal manner by feeding them
once a day. The ability to capture and ingest food
gradually decreased in the treated polyps, reflecting
decreases in the numbers of nerve cells and
nematocytes. A few animals which lost all feeding
ability were force-fed by the procedure of Marcum and
Campbell (1978). New buds which developed and
detached from the initial treated polyps were discarded,
and only the latter were kept,

At 10th day after the end of the HU treatment, 15
polyps were randomly selected from each group, and
subjected to examination of interstitial cells in their
tissue. Indirect FITC-staining was employed to
visualize the interstitial cells using a monoclonal
antibody C41 which specifically recognizes these cells
(David et al, 1991; Nishimiya-Fujisawa and
Sugiyama, 1993).

The HU-treated polyps were classified into three
groups as described previously (see Fig. 1 in
Nishimiya-Fujisawa and Sugiyama, 1993).  Group 1:



incomplete removal.  Both large and small interstitial
cells are present in the tissue of this group. The latter
cell type represents proliferating nematocyte precursors
and indicates presence of multi-potent stem cells in the
tissue. Group 2: pseudo-epithelial hydra. The tissue
of these animals contains only large interstitial cells
but no small interstitial cells, indicating the absence of
the multi-potent stem cells. Group 3: epithelial hydra.
The tissue of this type is completely free from beth
large and small interstitial cells.

The relative numbers of the three polyp types
produced by the HU-treatment is shown in Fig. 1.
With an increase in the length of treatment, the number
in the incomplete removal group decreased, whereas the
number of epithelial hydra increased. The number of
pseudo-epithelial hydra did not change appreciably with
length of treatment, remaining at about 60 %.

(2) Sexual differentiation test

The remaining polyps were maintained for an
additional 20 days, feeding each polyp once a day by
force-feeding (Marcum and Campbeil, 1978).  The
stem cells remaining in the treated polyps increased in
number during this period.  Some polyps recovered
self-feeding capacity during this period. These
animals were discarded after recording their numbers.

At about 30 days after the treatment, all non-feeding
animals were subjected to sex induction by starvation
(Nishimiya-Fujisawa and Sugiyama, 1993).  Some
polyps differentiated sexually in the first test.  Others,
however, failed to respond to the induction and became
smaller and thinner by starvation. The non-responding
polyps were returned to the daily force-feeding culture,
allowed to recover to normal size, and then re-subjected
to sexual induction. The same process was repeated
for non-responding animals 3 or 4 times during a period
of about 80 days (30 - 110 days after HU-treatment).

Examples of sexually differentiated pseudo-epithelial
hydra are shown in Fig. 2. A typical male pseudo-
epithelial hydra carrying 2 large nipple-shaped testis is
shown in Fig. 2B. A typical female pseudo-
epithelial hydra bearing 2 large round eggs is shown in
Fig. 2C. Fig. 2D shows a pseudo-epithelial polyp
carrying both a testis and an egg showing a cleavage
furrow. All these pseudo-epithelial hydra have a
larger (bloated) hypostome and thinner tentacles (Figs.
2B-D) than normal hydra (Fig. 2A).

The numbers of pseudo-epithelial hydra which
produced testes or eggs are summarized in Table 1.
With an increase in the length of HU-treatment, the
relative number of testis-forming pseudo-epithelial
decreased, whereas the relative number of the egg-
producing pseudo-epithelial hydra increased.

(3) Long-term maintenance of
epithelial hydra.

In the sex induction experiment described above, one
male pseudo-epithelial polyp producing testes and 2
femnales pseudo-epithelial polyps producing eggs were
selected, and each was used as a founder to start a clonal
line. The founder was force-fed once daily until it
produced several buds. One large and vigorous bud
was selected and used as the polyp of the second

pseudo

generation.  This second generation polyp was force-
fed to allow it to produce buds, from which the one for
the third generation was selected.  The same process
was repeated from one generation to the next in the
three independent lines for 2 years as shown in Fig, 3.

(4) Histology.

During the passage, parental polyps after producing
buds for the next generation, or siblings of the buds
selected for the next generation, were not needed for line
maintenance. Some of them were examined for stem
cells using the indirect FITC-staining procedure
described  above. Polyps subjected to this
examination are marked by asterisks in Fig. 3. Large
numbers of C41" stem cells were found in all the
specimens examined, without exception,

Fig. 4 shows photomicrographs of C417 cells
present in the strain nem-1 hydra. Following features
should be noted. (1) In normal hydra, the C41™" cells
are numerous and distributed evenly throughout the
entire tissue, except for two small regions at the
extreme tips of the hypostome or foot (Fig. 4A).
These regions free from the interstitial cells were named
"clear zones" by David and Plotnick (1980). The inset
shows the foot tissue at a higher magnification. The

clear zone without any C417% cells above the basal disk
is clearly shown. (2) Fig. 4B shows an epithelial

hydra in which the C417 cells are totally absent.  (3)
Fig. 4C shows a male pseudo-epithelial hydra.  The

C417% cells are present but less numerous than in
normal hydra (Fig. 4A).  They are also unevenly
distributed.  In the parental tissue, they are localized
mainly in the central part of the body column, but
absent in the upper gastric tissue near the hypostome
and in the foot tissue below the budding zone.  Their
complete absence in the foot tissue is clearly shown in
the inset in Fig, 4C, The bud tissue appears to

contain less C411 cells than the parental tissue,
although every bud examined contain some of these
cells.  (4) Fig. 4D shows a female pseudo-epithelial

hydra. The C41" cells are distributed in a similar
manner as in the male pseudo-epithelial hydra (Fig.
4C). They are present in the central part of the body
column, but not in the upper part near the hypostome
or lower part below the budding zone.

Some polyps were also examined after Toluidine
blue staining (Diehl and Burnett, 1964) as in the
previous study (Nishimiya-Fujisawa and Sugiyama,
1993) (not shown). No differences were noted in the
distribution pattern between the Toluidine blue-positive
and C4l-positive interststitial cells in the pseudo-
epithelial hydra. By either staining procedure, no
pseudo-epithelial hydra was found which contained
interstitial cells in the foot tissue below the budding
zone.

{5) Sexual differentiation.

Some polyps not needed for line maintenance were
also utilized to examine their ability to differentiate
sexually. Testis formation by S1 males occurred
readily by 4-10 days of starvation in most cases.
Egg formation in E1 and E2 females required a longer



time of starvation (10-15 days). A little over half of
the polyps tesied produced eggs in the first test.
Those that failed to sexually differentiate in the first
test were discarded without re-examination.

Individual polyps which differentiated sexually are
indicated in Fig. 3 {by squares for testis formation,
circles for egg formation, and triangles for failure of
sexual differentiation or no testing). Two important
features should be noted. (1) Gamete-restricted stem
cells maintained their restricted differentiation capacity
for at least 2 years.  (2) Sex was stable in one male
(clone S1) and one female (clone E1) line.  However,
sex reversal took place in the other female line (clone
E2). Testes were formed instead of eggs at least 3
times in this line. In one case, offspring from the
sex-reversed female was maintained for 5 generations.
All offspring produced testis.

The results described in (3) to (5) show that gamete-
restricted stem cells can proliferate vigorously for a
long period of time, and that they are stably transmitted
from parental polyp to bud in each generation. They
also maintain their capacity to differentiate into
gametes for a long period of time. However, sex
reversal can occur, at least from female to male, n
these cells.

(6) Masculinization.

Masculinization is a phenomenon of sex reversal
from female to male which occurs when male tissue is
temporarily grafted to female tissue (Goetsch, 1922)
(see Fig. 5). The interstitial stem cells migrating
from male to female tissue during grafting are thought
to be responsible for the masculinization process
(Sugivama and Sugimoto, 1985).

A masculinization experiment was carried out using
male pseudo-epithelial hydra (clone S1) as the
interstitial stem cell donor as shown schematically in
Fig. 5. The results, summarized in Table 2, show that
male pseudo-epithelial hydra (clone S1) are capable of
masculinizing both normal (nem-1f2 and SSB) and
pseudo-epithelial female strains (clone El1). This
observation suggests that sperm-restricted stem cells
present in pseudo-epithelial hydra can masculinize
females. A similar observation was previously
reported for H. oligactis (Littlefield, 1986).

(7) Migration
cells.
Histological examination described in (4) has shown
that the gamete-restricted stem cells are absent from the
foot tissue below the budding zone in pseudo-epithelial
hydra (Fig. 4). The absence of these cells in the foot
tissue may be produced by the inability of these cells to
migrate into and/or to proliferate in the foot tissue.
To examine their migration ability, BrdU-labeled
gamete-restricted stem cells were introduced into normal
hydra by grafting (Fig. 6), and their migration in the
host tissue was followed by staining them using an
anti-BrdU antibody. The results obtained are presented
in Fig. 7. Following features should be noted in the
distribution patterns exhibited by the migrating cells in
the host polyps. (1) The sperm-restricted stem cells
produced a distribution pattern in the new hosts closely

of gamete-restricted stem

resembling their original distribution pattern in pseudo-
epithelial hydra (Figs. 7A and B). These cells are
localized mainly in the central part of the host body
column, but not in the upper gastric part near the
hypostome or lower part near the basal disk. This
was true when the host was epithelial hydra (Fig. 7A)
or normal female (Fig. 7B). It was also true when the
host was normal male, although the migrating cells
were less numerous (not shown). (2) The egg-
restricted stem cells also produced a similar distribution
pattern when the host was an epithelial hydra (Fig.
7C). (3) However, they produced a drastically
different pattern when the host was a normal male (Fig.
7D} or a normal female (not shown); the number of the
migrating cells was very low and thier range of
migraticn was limited to short distances from the graft
border.  (4) The BrdU-labeled cells from normal male
hydra migrated extensively, occupying almost the entire
host (Figs. 7E and F). Onlythe basal disk and small
adjacent region (clear zone) were not occupied by them
(not clearly visible in the figures).  The BrdU-labeled
migrating cells from the normal tissue presumably
include not only interstitial stem cells, but also nerve
cell precursors, and nematocytes and their precursors.
All BrdU-labeled cells migrating into the tentacles are
presumably nematocytes.

Similar examinations were done on many other
specimens of various donor-host combinations and
various periods of migration times (3-12 days). No
migration of the BrdU-labeled gamete-restricted stem
cells into the foot tissue was observed.

(8) Foot tissue regeneration.

Since the gamete-restricted stem cells are absent
from the foot tissue of pseudo-epithelial hydra (Fig. 4),
and since they do not migrate into the foot tissue of
normal hydra (Fig. 7), they may be also absent from
the foot tissue of normal hydra.

To examine this possibility, we cut out foot tissue
from normal nem-1 polyp, and allowed it to regenerate.
A number of different outcomes could be anticipated
depending on the stem cell type(s) present in the foot
tissue. (1) If no stem cells are present, the regenerates
should turn into epithelial hydra.  (2) If only gamete-
restricted stem cells are present, the regenerates should
turn into pseudo-epithelial hydra.  (3) If only multi-
potent stem cells are present, the regenerates should
turn into nermal hydra. (4) If only somatic cell-
restricted stern cells are present, the regenerates should
turn into hydra that have nerve cells and nematocytes,
can move and feed, but can not differentiate sexually.

To insure the absence of gamete-restricted stem
cells in the regenerates, the foot tissue was obtained by
an amputation made at approximately 2/5 of the length
from the basal disk to the budding zone as shown in
Fig. 8. The foot tissue pieces obtained in this way, if
left alone, failed to regenerate. However, we
succeeded to make them regenerate by force-feeding
{Marcum and Campbell, 1978). A pair of fine
forceps was used to gently and slowly make a small
opening in the apical healing end of the excised foot
tissue, and a piece of finely-chopped brine shrimp
tissue was gently pushed through the opening into the



gastric cavity. When force-fed in this way once a day
for about a week, regeneration occurred in some of the
foot tissue. The regenerates were then fed normally.
When they grew larger and produced several buds, they
were induced to differentiate sexually by starvation.

The result obtained is presented in the top row in
Table 3. The majority of the regenerates from the
nem-| foot tissue produced eggs. This was rather
surprising since the regenerating tissue came from male
polyps.

Similar foot tissue regeneration experiments were
carried out using several other male and female strains
(Table 3). The results obtained were also surprising.
The regenerates of 2 male strains (SSC-m and nB-2)
produced only eggs and no sperm. In another strain
(SSE), majority of the regenerates produced testes, but
one produced eggs.  The regenerates of female strains
produced only eggs (nem-1{1, SSC-f and SSB).

These observations demonstrate that stem cells
capable of differentiating into eggs are present in some
male strains of H magnipapillata A similar
observation was previously made in the aggregate
cloning experiment by Bosch and David (1986, 1937).

DISCUSSION

(1) Gamete-restricted stem cells.

Sperm-restricted and egg-restricted stem cells were
isolated from strain nem-1 (male) by HU-treatment
(Table 1).  The same two stem cell types were
previously isolated from male and female strains of H.
oligactis, respectively (Littlefield, 1985, 1991).
However, this is the first report for the isclation of
both types from a single male strain.

In theory, the ideal condition for the HU treatment
is that which eliminates the entire interstitial stem cell
population from the majority of the treated polyps,
except for one or a very few interstitial stem cells
remaining in a minority of the polyps. Polyps treated
under this condition have a high probability of
containing a clone arising from a single stem cell. In
the present study, treatment with 2.5 mM HU for 3
days was close to this ideal condition (Fig. 1). This
treatment vielded only egg-restricted stem cells.
Sperm-restricted stem cells were isolated mostly by a
little shorter length of the treatment (Table 1).

This observation can be explained by the difference
in HU sensitivity or in the numbers of stem cell types.
If the sensitivity increases in the order of egg-restricted
stem cells, sperm-restricted stem cells, and other stem
cell type(s), or if the cell number decreases in the same
order, the egg-restricted stem cells have the highest
probability of being isolated under the ideal treatment
condition. Sperm-restricted stem cells will be isolated
under slightly gentler conditions.

(2) Long-term maintenance and sex reversal.

Sperm-restricted and egg-restricted stem  cells
continued to proliferate over 2 years in force-fed pseudo-
epithelial hydra (Fig. 3). Polyps randomly selected
and examined during this period all contained large
numbers of stem cells in their tissue. These

observation suggest that germ stem cells have a strong
and long-lasting proliferating capacity, and that they are
stably transmitted from parental to bud tissue from one
generation to another.  Similar observations were also
reported for the germ stem cells in H. oligactis
{Littlefield, 1985, 1991).

Of the 2 clones of egg-restricted stem cells, sex was
stable in clone E1l. In clone E2, however, sex
reversal to sperm-restricted stem cells was observed 3
times (Fig. 3).  Assuming the cycle time of 2 days
for the stem cells (Holstein and David, 1990) and
presence of 100 stem cells per polyp, the 3 reversals in
the 2 egg-restricted clones in 2 years give a rate of

reversal of 4 X 1077 per cell per generation.

The mechanism of this sex reversal is not clear. It
may be produced by somatic mutation in the gene
determining sex, or alteration in the expression of the
gene (transdifferentiation).

No sex reversal from sperm-restricted to egg-
restricied stem cells was observed in c¢lone Sl.
However, reversal occurring in this stem cell type,
even if present, is hard to detect due to suppression of
their differentiation by masculinization (see below).

Spontaneous sex reversal was observed in normal
nem-1 hydra in routine cultures; female polyps appeared
in a small population of males twice in 3 years, and
males appeared in a small population of females once
in 2 years.  These rates seem to be comparable to, or
a little lower than, the rate observed in pseudo-
epithelial hydra mentioned above.

Sex reversal in gonochoristic species of hydra
{species having separate male and female polyps) have
been reported by many investigators ( for example, see
Hymann, 1931; Ewer, 1948; Tardent, 1966). The
present result shows that the reversal can occur at the
level of the gamate-restricted stem cells.

(3) Masculinization.

Masculinization is a phenomenon of sex reversal
from female to male which occurs when male tissue is
temporarily grafted to female tissue {Goetsch, 1922).
During grafting, the interstitial stem cells originally
present in the male tissue migrate into the female
tissue. Insexual differentiation, they differentiate
into sperm, suppressing egg differentiation from the
interstitial cells present in the female tissue (Sugiyama
and Sugimoto, 1985). In the present study, the
temporary tissue grafting experiment carried out using
psuedo-epithelial hydra (Fig. 5) has shown that sperm-
restricted stem cells present in these hydra can
"masculinize” females, and convert them into males
(Table 2). Similar observations were previously
reported for H. oligactis (Littlefield, 1986).

(4) Female multi-potent stem cells

In addition to sperm-restricted and egg-restricted
stem cells, strain nem-1 appears to contain another
stem cell type. It is female multi-potent stem cells
which give rise by differentiation to somatic cells
{nerve cells and nematocytes) during asexual growth,
and also to eggs (via egg-restricted stem cells) in sexual
differentiation.



Existence of this stem cell type in strain nem-1 was
previously shown by aggregate cloning by Bosch and
David (Table 4 in Bosch and David, 1987). The result
of the foot regeneration experiment (Table 3} supports
the presence of this stem cell type in the nem-1 foot
tissue. Sperm- and egg-restricted stem cells were
shown to be absent in the foot tissue of pseudo-
epithelial hydra by histological examination (Fig. 4}.
These cells were unable to move into the foot when
introduced into normal hydra by grafting (Fig. 7).
These observations suggest that the foot tissue of
normal nem-1 hydra may be also free from these cells.

To test this possibility, foot tissue was cut out
from normal nem-1 polyps (male), allowed to
regenerate, and then induced to differentiate sexually.
All the regenerates could move and feed, indicating that
the foot tissue contains (multi-potent} stem cells
differentiating into nerve cells and nematocytes. The
majority of the regenerates produced eggs but no sperm
(Table 3), suggesting that sperm-restricted stem cells or
male multi-potent stem cells are absent in the foot

tissue. This is because, if they were present, egg
differentiation should have been suppressed by
masculinization.

The result also showed that the sex of the nem-1
polyps changed from male to female in the foot tissue
regeneration. The simplest interpretation of this
observation is to assume that the nem-1 foot tissue
contains female multi-potent stem cells previously
isolated by aggregate cloning by Bosch and David
(1987).  In normal nem-1 polyps, differentiation of
these cells into eggs are suppressed by the presence of
the sperm-restricted stem cells. However, this
suppression is removed when the foot tissue is cut off
from the rest of the polyp. Thus, these cells give rise
to nerve cells and nematocytes in the regenerates and
also to eggs (via epg-restricted stem cells ) upon
induction of sexual differentiation.

Taken togetether, the results of the foot tissue
regeneration (Table 3) and aggregate cloning
experiments {Bosch and David, 1987) suggest strongly
that strain nem-1 contains female multi-potent stem
cells capable of differentiating into eggs (via egg-
restricted stem cells) but not inte sperm.

(5) Relationships of the 3 stem cell types.

The discussion given above supports the view that 3
stem cell types are present in strain nem-1: sperm- and
egg-restricted stem cells and female multi-potent stem
cells. Assuming that this view is correct, we suggest
that the 3 stem cell types are related to each other as
schematically shown in Fig. 9.

The multi-potent stem cells give rise by
differentiation to the egg-restricted stem cells.  During
asexual growth, both types proliferate stably, and the
former differentiate into somatic cells (nerve cells,
nematocytes and gland cells).  The latter may, or may
not, give rise (by transdifferentiation or somatic
mutation} to the sperm-restricted stem cells.

Sexual differentiation differs significantly depending
on whether it occurs before or after the appearance of
the sperm-restricted stem cells. (a) Before their
appearance, the egg-restricted stem cells differentiate

into eggs.  (b) After their appearance, this process is
suppressed, and sperm are produced instead of eggs.

The original nem-1 polyps used for HU-treatment
correspond to (b), whereas the nem-1 foot tissue
regenerates (top row in Table 3) and female nem-1
polyps (nem-1f1 in Table 3) correspond to {a). Switch
from the egg-restricted to sperm-restricted stem cells
was observed in clone E2 during long-term maintenance
of pseudo-epithelial hydra (Fig. 3).

(6) Phenotypic male
masculinization).

In the scheme shown in Fig. 9, sexual phenotype is
initially female. However, it changes to male by
"spontaneous masculinization" by appearance of the
sperm-restricted stem cells. ~ We propose to call this
type of male as "phenotypic male".

Surprisingly, phenotypic males may be not rare in
H. magnipapillata, but widely occurring.  Five male
strains were used in the foot tissue regeneration
experiment (Table 3). Two of them {nem-1 and SSC-
m}) were known to have a history of sex reversal. Of
the 5 strains used, nem-1 and 2 other strains (SSC-m
and nB-2) produced eggs after foot tissue regeneration,
suggesting that these two strains, like nem-1, are also
phenotypic males containing female multi-potent stem
cells.

Another strain (S5E) produced mainly sperm after
regeneration. However, one of the SSE regenerates
also produced eggs, suggesting that this strain also may
contain stem cells capable of differentiating into eggs.

The last strain (ms-1) produced only sperm afier
regeneration. However, this strain was previously
shown to contain female (and also male) mutlti-potent
stem cells by aggregate cloning by Bosch and David
(1986, 1987) as already discussed. This strain may be
also a phenotypic male.

These observations suggest that at least 3 (nem-1,
SSC-m and nB-2) of the 5 male strains used in the foot
tissue regeneration experiment (Table 3) are phenotypic
males. It may be interesting to examine how widely
phenotypic males occur in natural populations of H.
magnipapillata, or other gonochoristic species of hydra
(hydra having separate male and female polyps).

(spontaneous

{7) Phenotypic males and hermaphrodites.

Phenotypic tales were rather puzzling to us
initially, However, an intriguing similarity is present
between phenotypic males and hermaphroditic species
of hydra as previousty suggested by Bosch and David
(1986). Since hermaphrodites produce both sperm and
eggs on the same individual polyps, they presumably
also contain both sperm- and egg-restricted stem cells
in their tissue. Littlefield (1994) described isolation of
sperm-restricted stem cells from a hermaphroditic
strain, H. wutahensis.  However, suppression of the
egg-resiricted stem cells by the sperm-restricted stem
cells does not occur, and both stem cell types
differentiate into gametes in hermaphrodites.

it can be realized that introduction of the
suppression into hermaphrodites will convert them into
phenotypic males. In theory, phenotypic males and
hermaphrodites are mutually inter-convertible by



addition or removal of the suppression mechanism,

suggesting a possible evolutionary relationship
existing between them.
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FIGURE LEGENDS

Fig. 1. Relative numbers of three polyp types

produced by treatment of nem-1 polyps in 2.5 mM
HU. The abscissa represent the length of the
treatment (days).  The ordinate represents relative
numbers (%) of incomplete removal (solid bars),
pseudo-epithelial hydra (cross-hatched bars) and
epithelial hydra (open bars) produced as the result of
the treatment.  Polyp types were examined by an
indirect FITC-staining procedure using mab C41(see
main text). Sample size was 15.

Fig. 2. Photographs ofsexually differentiated nem-1

polyps. (A) A normal male polyp carrying 2
nipple-shaped testes (indicated by arrows), (B) a
pseudo-epithelial polyp carrying 2 testes, (C) a
pseudo-epithelial polyp carrying 2 round eggs
(indicated by asterisks), and (D) a pseudo-epithelial
polyp bearing a testis and an egg. A cleavage
furrow is visible in the egg in (D).

Live animals were gently pressed under a cover
glass and photographed under a standard microscope
(4x objective). When examined using a phase-
contrast optics (20-40x objective), highly-motile
sperm were observable in the testes (Sugivama and
Sugimoto, 1985). Scale represents | mm.

Fig. 3.  Long-term maintenance of clonal lines of

pseudo-epithelial hydra. Each line was started from
a singie non-feeder determined to contain germ-
restricted cells in the sex induction test after HU-
treatment: clone S1 from a sperm-producer, and
clones E1 and E2 from egg-producers. Each
generation in each line consists of a single polyp,
which was force-fed daily until it grew and produced
several buds, one of which was selected and used as
the polyp for the next generation. This process
was repeated for 2 years. Each symbol represents
one generation. Squares and circles represent
polyps which produced testes and eggs, respectively.
Triangles represent polyps which were not
subjected, or did not respond, to sex induction.
Testis-producing polyps which appeared in the
female line, clone E2, are shown by darkly-hatched
squares Asterisks represent polyps subjected to
stem cell examination by monoclonal antibody
staining,

Fig. 4. Interstitial cells present in nem-1 polyps

indirectly stained using mab C41. Insets show the
foot tissue below the budding zone at a higher
magnification. (A) A normal male polyp bearing
2 buds. Large numbers of C417 cells are present
throughout the entire body column tissue.  In the
foot tissue (inset), the C417 cells are numerous in
the upper part, become progressively less numerous
in lower part, and absent in the clear zone (David
and Plotnick, 1980) adjacent to the basal disk.
(B) An epithelial polyp carrying 6 buds without any
C417" cells in the entire tissue. (C) A male
pseudo-epithelial polyp carrying 5 buds. (D) A
female pseudo-epithelial polyp (clone E1} carrying 4

buds. In (C)and (D), C417 cells occur in the body
column of the parental polyp only above the
budding zone. Total absence of these cells below
the budding zone can be clearly seen in insets.
Scales represents 1 mm in main part, and 0.2 mm
in inset.

Fig. 5. Axial grafting procedure for temporary

grafting of male tissue (cross-hatched) to female
tissue for the masculinization experiment (Table 2).

Fig. 6.  Axial grafting procedure for the interstitial

cell migration experiment. Donor tissue
containing BrdU-labeled interstitial cells was axially
grafted into the host to allow these cells to migrate
into the host tissue.

Fig. 7. Migration of interstitial cells in the normal

and epithelial hydra tissue of strain nem-i. BrdU-
labeled interstitial cells migrating from the denor
tissue (marked by bold arrow heads) into the host
tissue were examined by visualizing these cells by
an indirect enzyme-staining (Materials and
Methods).  Front boundaries of the migrating cells
are indicated by fine arrows. The graft
combination (donor/host) and the length of grafting
are: {A) male pseudo-epithelial hydra/ epithelial
hydra, 8 days, (B) male pseudo-epithelial hydra/
female normal hydra, 4 days, (C) female pseudo-
epithelial hydra/ epithelial hydra, 10 days, (D)
female pseudo-epithelial hydra/ male normal hydra,
8 days, (E) male normal hydra/ epithelial hydra, 6
days, (F) male normal hydra/ female normal hydra, 8
days. Scale represents 0.5 mm.

Fig. 8. Procedure for the foot tissue regeneration

experiment {Table 3).

Fig. 9. Possible relationships of the three interstitial

stem cell types present in strain nem-1 (phenotypic
male). During asexual growth, the multi-potent
stem cells give rise by differentiation to the 3
somatic cell types and the egg-restricted stem cells.
The sperm-restricted stem cells may or may not
arise from the egg-restricted stem cells by
transdifferentiation (or somatic mutation).

In sexual differentiation, the egg-restricted stem
cells differentiate into eggs in the absence the
sperm-restricted stem cells.  This differentiation,
however, is suppressed in the presence of the sperm-
restricted stem cells, and replaced by sperm
differentiation.



Table 1. Induction of sexual differentiation of non-feeding (pseudo-epithelial) hydra.

HU No.  No. forming No. forming No. forming No. forming
treatment examined testes (%) eggs (%) both (%) neither (%)

2 days 18 16 (89) 0 0 2 (11)
2.5 days 23 6 (26) 2(9) 2(9) 13 (56)
3 days 15 3 (20) 2(13) 0 10 (67)

Table 2. Sex reversal of females into males by temmporary grafting to maie tissue (masculinization}.

grafting Female tissue after temporary graft
Upper half (host)  Lower half (donor) No. No. No. No. — Dead

examined forming forming forming or

Strain Sex Type Strain Sex Type testes eggs  both  lost
E1 $ P S1 o P 1" 1 0 5
nem-1f2 N S1 o P 10 0 1 1
SSB % N S1 d P 12 12 0 0 0
E1 ? P nem-1 & N 12 9 0 3 0
E1 ? P SsB & N 13 0 12 0 1

ap and N stand for pseudo-epithelial and normal hydra, espedtively.

Table 3. Sexual differentiation of foot tissue regeneratesa

No. of regenerates forming

strain sex No.examined —_
testes eggs Both Neither
nem-1 F 31 1 29 1b 0
ssC-m g 13 0 13 0 0
nB-2 e 22 0 22 0 0
ms-1 d 8 8 0 0 0
ssE Ive 24 23 1 0 0
nem-1f1 ¥ 19 0 19 0 0
ssC $ 28 0 28
ssB 2 22 0 21 0 1¢

alnduction of sexual differentiation was done when each regenerate had produced
several mature ofspring.

bOne offspring produced eggs while 4 others produced testes.

CThis clone of regenerates all turned intc epithelial hydra unable to move,
feed or differetiate sexually.
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