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A sex-inducing substance in Volvox globator and its physiological properties. Jpn. J.

A sex-inducing substance (SIS) was extracted with water after homogenization of colonies in the sexual

reproduction phase of Volvox globator, a monoecious species.

The substance exhibited an intense

physiological activity, a remarkable sex-inducing effect not only on V. globator itself but also on other species
of Euvolvox including V. merrilli. It is remarkably stable against heat and organic solvents, and seems to be
a relatively low-molecular weight protein that is deactivated by acid or base and by proteolytic enzyme pro-

nase.
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Volvox DM FHFRIZBEIT HHFCIL Volvox aureus T
Darden (1966) 23, V. carteri C Starr and Jaenicke (1974)
& Tschochner et al. (1987) 23, V. rousseletii T Mec-
Cracken and Starr (1970) 4%, \v3°h & HERER A ORES
BWT, ZomMEREYFHER TS MIS (male inducing
substance) IZ DWW TH#E LT\ 5,

AR TIL, HEHEREDEE Volvox globator DM
FAOBGEHER L, KTk > Tl LB x A
T, X OAEBEN LR,

HE&LUHE

1. # ®

FEE BV Fo BN Volvox globator (19744ERHZS)I| 1R
VBBV & —OWTFEABRENR [FHoE] T
B Licd D% 19844E 8 BIRAE), V. memilli (1987
F5 A6 AW ERTFABRO/NIi A EAFETH
BOKETERLICH DEAF), Volvoxsp. 1 (19865
107 12 A BRILUKICERE), Volvoxsp. 2 (19874£7 A 2 A
RILT TREOKE CTHI) O Euvolvox SBT3
MERERIAD 4 B8 & V. aureus (19864E10 10 A ERE
BT, V. carteri & (19864E 7 A 14 A —E IR
FERONEFHEMELFMR—EHRHIOKE TR
BLcbD%AE) ThH5,

7¢3s, Euvolvox Hid 2 fi% sp. & L7cDi Smith
(1944) DB ABK Lich 21D TH B,
2. V. globator DAFH

Seiryo Senior High School, Kamiokutomi 34, Sayama, 350-13 Japan

(1) EtEAE

V. globator DEMEAETEREGAIIFRIN I EAGH T,
ALY EBRT A MR KVCERATEVCICERSL, &
MR EESEEY LS, X %8,000~17,000F D /N F
DREMPADAIC 5 ~ 128D AE D4R B
%, AFEMME (gonidium) (THARSNZA < DR LigH
LEEORLEAELIAR, K& (inversion) L, 1§
BT T 5, IRBEAIRRER TY 5 2r B
LTWaB0, ZTokEH L, ®KROBEGEL s,
BH LB CRELARE L, ®ROBEEEHRTS
¥ CTOR/BE 5 DD stage X4 L, Table 1 & Figs.
1~5 =T,

(2) B4R

V. globator (3R€ %Y , 7, MiERGT, RA—#E
PRIl L R TFRETR T 5, ITER30~408, KT
W3~ 7EHRL, INESRsE, AALHO-=
MorErE+TrEE6F LD, REL, BBACK

Table 1. Developmental stages of vegetative
colonies of Volvox globator.

Time (hr)

after release Developmental stage

0~12 Stage 1: Gonidia undivided~4—celled embryos
12~24 2: 8- ~ 32-celled embryos
24~36 3: 64— ~256-celled embryos
36~48 4: ~pre-inversion embryos
48~60 5: Inversion~daughter colonies
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Figs. 1-5.

Developmental stages of vegetative colonies of Volvox globator.

1. Stage 1 (gonidia undivided~4-

celled embryos). 2. Stage 2 (8-~32-celled embryos). 3. Stage 3 (64-~256-celled embryos). 4. Stage 4 (pre-inver-
sion embryos). 5. Stage 5 (inversion~daughter colonies). Scale bar, 100 #m.

ST TR, RIEEL, 1~ 20 ke inz
BEFRFL, MianZi nBL, TOBRRELTH
LW BEEAEAE T 5,

Figs. 6~12 12 V. globator DHEMEFE(R & fLed Euvolvox
i s fioEE T 2R,
3. REFE4ff

B3, VT b (A7491972) © 5 % Glycyl glycine
% HEPES W 2 ro Bt FiVy, 6,000 lux DERET16
ERETBH - 8 W5HIRE, 23°C 1E1R (AiF11975) TTT e o 7,
Fro, B, # 7 ARBERETNTRE L TRV
B OMBUI KR DM D TH S,
Ca(NO;y),-4H,O 11.8 mg, MgSO,-7H,0 4.0 mg, KCI
C3H;Na,O¢P-5HO
phosphate) 5.0 mg, Thiamine HCI1 1.0 zg, Vitamin B,
0.01 pg, Biotin 0.01 g, HEPES 50 mg, P IV metals 0.3
ml, H,0 99.7 m/ (1IN NaOH T pH 7.5 & L72),

¥72, P IV metals DS ITKDOHBD TH b,
FeCly-6H,0O 97 mg, MnCl,-4H,0 41 mg, ZnCl, 5 mg,
CoCly-6H,0 2 mg, Na,MoO, 4 mg, Na,EDTA 750 mg,
H,0 500 m/,
4. MEFHRWE ORI

5.0 mg, (Sodium--glycero-

Volvox globator DA MEAEFEREMAS B RO X 5w LT
R E A L,

(1) HHAEMREE GERBINATER Lk CoTREHO &
D) FLF1L000BEAAEK 10ml & & L@ Lics
A 7 e v 65°C TURERIEDL, To kEw 2-
4°C IRET B,

(2) IRBEMR0E AT O btk AR FERF (A 2 B53b 25 mi %0
Z 1B 18 mm D F v HRBRES AR 1 FAT O AR
7 AREERT B & L AP ORMEEIL600& 7 b, 504
DOREUL 3 FITET B,

(3) Z DAL A Aty v a
FictEw, BEHITE — B — IV AT,
(4) B2 11 ANz o 581040 (1) 0 EER 1 ml
Oz, Zhic (3) DMMATEREEIHECINZ T6
AR X Dk a ot 5 &, A ATRRTE
W EA ETRTERILL, BRI Z TR
T5 (BB X £2075),

(5) ZORMERBEEY A r v 2y v RITED,
300ml DIKE & HITE —H — 1BV IR s,

(6) Chua%EM I v — L, MlaxirL Ty
2= AL L,200mlBEDOE —H—1Z 50 ml TONEL,

(150 MS)
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Figs. 6-12.
sperms (V. globator).
100 #m in Fig. 6, 10 #m in Figs. 7-12.

65°C ITff - EREFTY 5 oK EFES D
o, fifarficE T s MFEWE A KT L, #E
LR

(7) ZoEEMTK 50ml Nz CTHREB®K S L, oh
w5 EE (5,000 rpm, 1043) LT EER E— 7 —
B LCHY 65°C TEET 5, S HIC/K 10ml &
2T, wmh, TET 5, ZOBRFEYHO hIRL
TRHEOAFERAR EEY 1 7€ vhTiE, 7F
BL, ERCTHRELL,

Z DEEWE & AW TIRMEE R E (sex-inducing
substance, SIS) & L7z, 105 DA MAFERE, B Eid
DFFETHH LB% SIS &Ik 10~20mg TH -7,

PR~ 3 EBE O LI SIS st D b of
MAFER A OTEUL SIS 1 mg % 1 ml DAHEM LT
JFRREL, ThEETHRLTHV,

5. EBRAE

SEERITES 10 m! % 72 18 mm D F v Ok
B ERIOATORNT T o7, o1 BRTINL
TBEAS & SIS BT ER T LR ®m Y TH D,

Bt of#E - BT, $HERBEORNKT bbb
BB DA U7 IR BE R 2405 MR L7 RE S T 1
BHERPOFGAERKE L HIE 90mm OEFFHILC
BL, =X (X xACTHN, oo
HEFERHE (Fig. 6) IXFEENICE R OIS Akic Bz
HEMATER G L BB T HZ LN TEL, ok,

Sexual colony and zygotes of Volvox. 6. Sexual colony. 7. Egg and sperm packet. 8. Egg and
9-12. Zygotes (9, V. globator; 10, V. merrilli; 11, Volvox sp. 1; 12, Volvox sp. 2). Scale bar,

BHACRGRTEGED DI Lo HERE D 5 bR
L& TR LIS,

BREER

1. SIS OA:FIEM:

(1) MR D stage DL & HHEALE

V. globator D Mk A MR (k% Table 1 & Figs. 1~5 1T
R 5 D stage X4y L, SISEE 1073 g/l OEFHIC
EXIBHRBILY 1 BHEARTHBEER L ERY
Table 2 {2783, Stage 1 & 2 DFFIR100% IS\ E
HALEREZRL, T, stage 2T O CTHMEAL
ROETHRE BT,

Table 2. Effect of SIS on developmental
stages of Volvox globator.
. Sexual colony No. of
Medium Stage %) colonies
1 99.5 1,045
Conditioned 2 98.5 1,284
medium 3 91.3 1,328
(SIS 1073 g/0) 4 74.1 1.301
5 27.5 1,149
Volvox medium il 0 1,232

(Control)
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Fig. 13. Relationship between sexual induc-
tion and exposure time to SIS in Volvox globator.

ZORBRECRMEIIR L SISENT 5 REENR
W, HBWIIEFEEY 5 st T itz — R
LESISOERAADBR LERBLTWSLEEZD
ha,

(2) SIS DYERRsRE & AfELER

I BVHEE (stage | CTHETEMBRLRIMEORLE)
% SISEBE 1073g/l OEEHITEERL, RE LN
(12, 24, 48, 72WsRE) #, WAL SISHEF o8
HWCHESE - 7ok, SIS & ¥ i el L TisE
L, ZOFEBLRELFA I, 7ois SIS TI6HREEE
LRk, £oRR T cAboREL T
BREBICE L TWDT, SISHEWIETZ &7l
D E FHE LI,

FRIAX 1 BEbIch S FEEANLIOT, 1H,
SEHEANICLOT2EERE LIc, TDERY Fig. 13
CRT, TORML, SIS OFEA 8RR COEY
ERTBRICIEL, 105 ATCHB L, 728M% TR
96% & 2B LR L, 96KFfIHE T1iiF100% HH:A1b
LicZ &2 5B,

Lichio THERY 5 s Tiediciy, riehEn
BRI SIS DIERAXMEL L, BEALOHEGIEY
b3 2w x 728 B LA L SIS DIERA L E L & & 4%

Sexval Colony
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Fig. 14. Effect of SIS concentration on sexual
induction in non-sexual colonies of Volvox globator.
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Fig. 15. Effect of SIS concentration on sexual
induction in four species of Euvolvox. —, Volvox
globator; ——, Volvox merrill; -+, Volvox sp. 1; —-—,
Volvox sp. 2.

hotc,
(3) SIS B & HiEfLE

SIS % 1073 g/l HHIOETOFR L BE TELES
T stage 1| OEBUATEHALEX 1 BEDIch 1#
BANT, BERBLIERY Fig. 14 RT, SIS
R 1073 g/l T99Y, 10~*g/l THY L&\ EHLR
#RL, 1075g! T TRERETHELRIA,
1077 g/l BT d e BIFERATRD bt

LasL, V. carteri (Starr and Jaenicke 1974) & MIS
7% 10710g/l T100% DHEMALEER LD L T 5
ERBEL, TOBREO SIS T MprE<Lat
LOLEEIND,
(4) Euvolvox HiDfhfEizxt3 % SIS DZ)E

V. globator O SIS AMbEEDH AL RIFTE B>
\C, Euvolvox SiC/BT % 38 (Volvox merrilli, Volvox
sp. 1, Volvox sp. 2) A\, 1 BRI 1BHMEANTE6ME
EBR LR % Fig. 15 R T, SIS V. globator (X
T, Thb 3L ThEAFOEERT T
EMBABN LT, LA L, Euvolvox EiLlstd V.
aureus 38 X V. carteri 1ITIXE 5 1e S BRER I Teh»
o

Table 3. Effect of heating (30 min.) on SIS.
. Temp. Sexual colony No. of
Medium (°C) (%) colonies

—_ 99.2 733

60 100 704

SIS (1073 g/i) 80 99.4 723

100 100 689

120 64.6 527

Volvox medium - 0 891

(Control)
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Table 4. Effect of organic solvents on SIS. Table 6. Effect of proteolytic enzymes on SIS.
Rageaaat S colomes  Experiment Time (min.) S;Ly] No.of
SIS (1072 g/l 99.9 780 )
SIS treated with chloroform  98.6 766 L3 40 S8 1,449
SIS treated with ethanol 97.7 795 BIS tepied with pronsse. 30 0.8 1,456
Volvox medium 0 879 SIS treated with trypsin 30 82.0 1,620
SIS treated with chymotrypsin 30 95.4 1,504
Volvox medium 0 0 1,575
2. SIS D
(1) SIS k3 % o 8
SIS % 1073 g/l & isEEHi% 60, 80, 100, 120°C TZHh  (4) SISICK T3 % v R 7 REEEDOHE
FR30 B L7, &KX 1 BB s BEAR T2 SIS 1mg & LEEM 10mlic T rr—+, F) 7

EEA Lok B A Table 3 173, 100°C # Tl Atk
R BRoh T, MBOEE IR bhich -1,
E7, 120°C OB X b, AR5 %BITIET L
2d 00, eREWEREESRS bR, ZOfER
& 120°C TEEWKRIE LIS V. aureus D MIS (Darden
1966) % H#r$5 &, V. globator D SIS (3 45ed THC %
ELHBETHB E\ 2 5B,

(2) SIS IHf¥ 5 HREHOHE

SISOFW 1ml =&/ —AFIAIZer 7 4L
A% 9ml TOML, WEERM LI, LT 65°C
TR EME L, TOBEE L, ZhiEtTHR
L (SIS ¥REE 1073 g/l), 1 2581 5 BEE AN T 2 [A15ERR
L7cHE 8% Table 4 ITR$, SISIk=%/ —1%7 R
B 7 o /b ATR E DRI Uiked TRETH - 1,
(3) SIS X3 ARk - sEHOHE

SIS DJEHE 1 m/ i 1IN HCI % 721% 1IN NaOH % 9 m!
oz, B LT 65°C 1 2 KRB L, F0,
BEEh, ToEFEEL, IN NaOH %72k IN
HCl %Nz CTpH7.0 % L, £#hT SIS N
1073 g/ICie DX H5CHERLT, BB FHEAN
TER LR % Table 5 1wR$ (Bt pH 38
BCIOVER LI NaCIA G ERIEFETHLH, B
Bed, ToTFER L), SISOMF ki
L BREIRD NI,

Table 5. Effect of acid and base on SIS.
: Sexual colony No. of
Experiment %) colonies
SIS (1073 g/l) 99.4 361
SIS treated with HCI 0 358
SIS treated with NaOH 0 342
Volvox medium 0 329

v, BAH0EFELNY T vE 10ml Tomz,
23°C T24IREALEE U 7o 1%, I E % (Corning #18,
45 pm) 5l L, —20°C CRFE L1,

KR TR Y SIS IBEA 103 g/ 1T/t B
L OB HNL, BRYREZ LD 100°C T
30 MENE Lok, 1 AR 5 BEEANR T 2 BIEM L
720 TOFER% Table 6 1IT/R”T, SIS (L7 v+ —+ED
{EM %50 < ZKRIE L7, MU Darden (1966) %5 &
OF Tschochner et al. (1987) DFER L —F T 5, 72721,
ARER TR FORE TRV LTy,
(5) ¥ LVESKENC X B SIS OO FROHTE

SDS ZLBE L7z SIS % MW Marker (# Y = v % /Lg%
) LEBEY T2 I AT I K (ATTO #,
5-20%WEREL Y V) THKEIL, 7~y v—7 VY
7 ¥ b 72— R250 THfE LR % Fig. 16 10”7,
SIS DAYV Fit MW < — % — D4 FH12,400(F + 7

A B

M- W

73800 —-
49600 —-

37200—-
24800— -

12400__%*» g
i : % "LU" =

[ S,

Fig. 16. SDS polyacrylamide gel electro-
phoresis of SIS. A, Mol wt standard (Cytochrome
¢ monomer~hexamer); B, SIS. Stained with Com-
assie brilliant blue.
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rA C E/7=) XOhTRBbh, 2t ESFO
BVAIETHBZ L' HDbES,

Is3s, MIS ODAFEIL V. aureus Ti3200,000L4 1
(Darden 1966), V. carter: Ti%.27,000~30,000 (Starr and
Jaenicke 1974), V. rousseletii T13.10,000 (McCracken and
Starr 1970) & DEENDH B, ABED SIS i V. aureus
R IOV, carteri DFHALIZ F o> 1o R ER S e o
fez k&, HTFEOBGDD, WEDOMIS L3R
EMETHBEELZ OB, ¥, V. globator LR T
Euvolvox fiD V. rousseletii (MEHERAE) o MIS L HF
BIEVE B s, V. rousseletii X35 SIS ©
BHEIL F LT T e,

] E

MERERIADRE Volvox globator DA YEAEFETEE % TR
L, KTHHE L, %ELCHE “SIS” i35\ A EEN
#R L, V. globator %X U, V. merrilli 7¢ £ Euvolvox
fioBOMBRICE LWHREY R LI, iz, SISk
BOEBBECED TRET, BEERELs v
I NFREER T > — ETRET HHEBMES Fo 5 v
AIBETHBEHEEShS,

E | &

COERIZEL, KEBELIREYB D, R
Ho¥e L bhimt SFELCEIES - LET,

X a
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