SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

EERSMHDOREA Z3FEEDChlorella ellipsoidea
ICH T BRAEEICET 55T

s, Bk

AMKEZEFHREMEEILFZHE

JIB, FUBA
MRS ESIE S EE LS HE

SN, W\
NMAFBSIRE S EE L SHE

‘A, =
NMARFBFHESHELSHE

ftt

/

https://doi.org/10.15017/23259

HERIER : LN KBEBIRESEHE 32 (4), pp.161-168, 1978-03. Faculty of Agriculture, Kyushu
University
N— 30

HEFIRIGR -



(Sci, Bull. Fac. Agr., Kyushu Univ.)
161-168 (1978)

LK B
2%

AL e 3
FER
4

2

=2
7

IRIRERSZED 515 5 3T D Chlorella ellipsoidea
IZE T 5 [EEHE R ICB 9 2 058

HE K R B4 5 R B

TR A K Y- BEFED

MR ZREL EREELELE
(977§ 125 5 5 Z3)

Studies on Synchronous Culture in Three Strains of
Chlorella ellipsoidea with Different Susceptibilities
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BRI A F RSB E L, L0
\MBRBTH R EDFEERLPOT, KA P
NRILE, WYEER, MYEESEcB Y 2EEIR
BEO PRI Fbh T/, EFHS I COBMBRE
= o BRESHETE o M e Hnsc &icl,
Chlorella % Scenedesmus ic2W\WCTHRZELI.. 20
HR, BRABICX D THEEERBER SO, BELT
bR LB 5% (IAM C-27), #ic, REQ
T3 LERBEELRC L, RARBFEERIBTN
ShaEwk (1AM C-102), %7, EREBRZHEONS
WK (T. 1) o 3@EER CED Chlorella ellip-
soidea TR H L7: (Hatano et al., 1976 a, 1976b).

Chlorella 3% QHEIEBR OB ICD T ML
T EPLESN TS (Tamiya, 1966)
T, TOERRBREEDEFROZBE TR S LitE
ah3. @®27T, BERZHEHET KL Chlo-
rella ZEFPFERL, 4AERO—EBREICH 3 ME%E
V3 RENDE. 20k, BESO REEEE
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(Tamiya et al., 1953, 1961 ; Tamiya and Mori-
mura, 1964 ; gk, 1972b) kLT, (EEBRSZHE
DRI Z 3 BEHORFRERS Ui,
AFRICHID CRENR S IR E CTREOY 2
DMK PRI R B e L S BALE L E
FEI. e, KRS U CERECHMEE VAL
WICBIBER K EE 4 SR EHoBRER LTS
¥, KHEDH B, IAM C-27 #hoRFEER K
BT 3G 0—MikBic A% (Hatano eral., 1976
a) thHasH, IAM C-27 Bo¥EEMo 2EKED
WRELBT 30k, AXfFIALTERL ..

RSN QORI

) wH

Chlorella ellipsoidea 3BT K225 8= UIHH 527
BBRREMAE RREXERSA 1-1-1) X AF
Uz IAM C-27 #& IMA C-102 #, ¥rie, &
HTERERPBEEHNFAER I OAF LA T.
L #RERHV.

HEHd Myers-4N A, 3 (R, 19722) %
A, H b, i 1] thicid KNO; 5.0g,
KH,PO, 1.25g, MgSO,+7H,0 2.5 g, FeSO,.7 H,0
2.8 mg, H;BO; 2.85mg, MnCl,-4 H,0 1.8] mg,
ZnSO,+7H,0 0.22mg, CuSO,:5H,0 0.078mg,
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CEAEZ-MAKE - BEFED

3 (NH),0+7 Mo0O,+4 H,0 0.171 mg %4 %, NaOH
< pH 5.8 Ic AL ..

BEABRRZ SOm]l ZEO/NHRE7F 228 L O
500ml AR O HBBEE7IRI EA O @GN,
1972a).

(2) wrEE

MNERE7 5 2 2 b OB IcEREERENK ]
AE&HEELZ®, BELLI SR 7748 TH
BHRE L | BRBH 2 ESOEKEEREELL, 9
~10Klux @5t Fic 25°C ©7~8 HiRE# L. &
VT, RELDPHLT 2~3 HiS &L, Chlorella
OEFRO > B TEEMSRE /NI VHE (Ds Mk
ZERETHERREG .

(3) RPEEE

AL EOKREE bhi: Ds iAEAKOEBKEL
EEHIT S~15x100cells/l I HERL 788, hEFE
7523kBL, 1%KBTIREGUEZEERLR
M5 I~10Klux BETic 25°C TEREEfTE2 /.
FERBRIA, —EREEITEREO—WERRL, M
fagk ks ook E SoBERE L. MR
Thoma Z!» hemacytometer ZHWO TR, 3
RELALEEHBETRUL (4, 1972). HIEOKE
X 3R A micrometer AL, HKE 200 EHiz o
TZoEZE MEL, RAKE> T AR FEER
@) &Rtz (FFft, 1972b),

v =0.524 33 n,d 3 /200
ZZT, m BEEN I 2 OREEEFE DK MIAOK
R

REBFEA%, Ds REBATAEREL, #HFL
BHTARLER L. T, KBk THER
BB XU EERARORKEELENET 52 LTS
HEBBOBRERD . ROT, ZORHORI®RIE
MEFS LTOEREEELL, UPXTTERELRE
LI ANHTEINPERFT L. cokdicl
T, LPXTiAE UK RERES FEOEERES
fo. ThBERAEBOEI VA 70 THS. ZOHEE
BERNTELI A 7 Vv ERBICE 2 Y4 7 v DR
%, &biz, I VA4 7 vOBEBEETEOK

i, EBRBROKBRBICEIT 3 MEOEEIE Ta-
miya et al. (1961) @JjFEkicfit> THiia% Feulgen
gt U7k, 200 MR IC D WD THIE LTz,

@ SEEL

BORFEESKESBESRAERLETE 2. ¢
whh, fY4 7 VORKBROERKE 400x g, |
SEBOLTRES LML SES LR, LBOLE

WARI L. ZhESoic 400X g, SARGELL
TEBIE IS IMlE%BkREL, MldoRk&Ex%
ZAZTHEEROHBIEMIEE Lz,

i R

(1) C. ellipsoidea (<T. 1) ORFEHEE

BERERZHO/NESOHkD T. L RERFEEL:
B D MR B X ISR AR ORI ZRIE L
Tt AE Fig. | kg, ALERO KREED G%k
Tamiya er al. (1961) ic# TS &, Fig. 1 »
LM KD, Ds filLSHRB LI E L4 7
WIS T 5 ~ 6 B[ Da Bpg, 10~11 <D
~L B, 15S~16 BT L, R, 18~19 T L,
BeRe, #0228 Ly ¥R icE Lz, Da B &t
AROESBASENN OB, D~LBEE DM
KapsLlaic B9 2 &0 BRg, L, BeRS L 13 il
RBEMEAL TOBEH, LPELIEaRH LB
KRB OBME, L, BBEEIE L, X0 SRADHES,
LT icH L7z Be— oAk 4 584 2 08N
DR, L, BEEIRRDSEARETLPRT
BLERCHRELSTABET DRI T RO R
BTH % (Tamiya ef al., 1961), L; B0 HERT 1
WEHEEILTE EEBICAREREBL, LYETFT
1 B R T 2 EARESET L. O O 3K
n (1fHoFlakaz L T4 L3 REROB DY
BE) 134.0TdHolk. HMEIERRHET T e 24
HRTORERBL, H3SHETORETET L, H%
Biz4.0Thot. L BETLPRETCBELELY
417 VERT SR, Dn #ild (Ghipnsml) =
Bie.

Z @ Dn %8 1 94 7 L0 TR & F UBEIC
3 EIICEMTERLLE, B2H1 7 vOlEEs
fTte27z. ZoRR, Fig. 1| 2oHL,AEX 5 Ik,
SERE T I3 WRT Ly BeficiE L/, Ly BRSO
R LPNT 3 LELICAREHBL, LPXET 6
RBITHABETETL, SR L0THO /. HEEER
ST TR T BHATARERERL, K2 BT
DUEZETL, 2B LLTHED. B2HA4 o0
HTHEO Dn flan SIFLAE I M1 7 0iE, 20
EEBRICETAREANE 244 2 v EEERLCTHD
7oo B3IVFA 7 ATRUPHFB UM FichR
L7038t E bicd. 0 ThHD 1.

Fig. | itk 3 RAEERNTE0, E14q
7 VBRI D 3 1 2 WK TR TOM, o
HEZOSMERENICHE L. €055, Ds, Dn,
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Fig. 1. Changes of cell number and aver-
age cell volume during synchronous growth
of C. ellipsoidea («—T.1.). Solid and broken
curves show, respectively, the processes
occurring in the light and dark. Ds, Dn,
Da, D-L, L;, L;, L; and D’ are designations
of different stages (or cells) in the life
cycle, After completion of cell division in
each cycle, the culture was diluted to the
original cell concentration (indicated by
vertical arrows), n: division number, See
text for further explanation,
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D’ (a5 0CRH Ficd U B 8T L,
B RS % Fig. 2 IRY. Fig. 2 5 B I
LI, BEE 2.7~3.3, OIS 1 44 7 VEIK
K0 Ds BRET1E 67 % TRBAMEDSE»D 725, Dn B
BB TREIYA 7 VK TRICTAS, HE24 4
7 VIRTHC 81 %, 3947 VIRTHIC86 BLis
b, AEREZBRYETHICHARSEL K27k o
Dn B &, KR TrAR U D’ BREIEFEHE
PEDMEL, ZORBBOAHIR 3.0~5.44 THD .
(2) C. ellipsoidea (IAM C-102) DRFEE
IREMEEL AT 5 Wkko TIAM C-102 % [
FEEE L Mo SR B XU EEREARO Bt
Fig. 3 ic/Rd. Fig. 3 »oWHO»IE &S, Ds
K oWMFELic 8194 7 MITERE T 23/ <
L, B¥pbiciE Lic. Ly B o LRNKT 2 EHEDB IS
RERKBL, LPXT 28T a8EETL, 2%
Bix 3.9 THo . EEERH T T BB 25 B
THWERB LA, TAM C-102 #ki3 T. L R e R
20, KEETOEBAMLEL, SHEMBLTH
S ORI TARERT L, ARKIF3.3ITHOk.
BlH4 72 TLRNETRARLTE SN Do

Dn Dn
80 Dn

60
a0 - L
20 - I
o\ N\ N\A
8OT (18t cycte) Ls | (2nd cycle) E T (3rd cycte)
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Fig. 2. Chages of statistical distribution

of cell size observed in the life cycle

shown in Fig, 1. White and black arrows

indicate, respectively, the changes occurr-

ing in the light and dark,
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Fig. 3. Changes of cell number and aver-
age cell volume during synchronous
growth of C. ellipsoidea (JAM C-102),
Meanings of the symbols are the same as
in Fig. 1.

MmO MRBUIE2Y¥ 4 7 vid, Fig. 3 5B »
wkdic, XRHET 4~ISEHT L, BRIl /.
L B o LoRd 3 LEBIC HRERHRL, Le
T T~ THAREET Liz. [8MILDPHT
AR LK 40T, RBHETICARLEZ 4.1
Thof. F294 7 viKTHO Dnilar» SHREL
7EI VA s v, TOEFBEROBME X UHEH
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Fig. 4. Changes of statistical distributon
of cell size observed in the life cycle
shown in Fig. 3, Meanings of the sym-
bols are the same as in Fig. 2,

294 v EBERLTHDE.

Fig. 3 B 2EAALEZRET 520, 1AM C-
102 #5144 7 VBRSO S8 3 1 7 LR TR
ZT® Ds, Dn, D/, 540 L; ilOBERDOSHA
E Uk R% Fig. 4 1Rd. OE, BHE 3.0
~3.6 ¢ ORERAIE 144 7 VIR D Ds BRETIR
TN %THDIh, Dn BEETIRE L 44 7 VK TEIC
80%, H244 7 VIKTHIC8S %, B3 44 2 ik
THIC8I % &3, ¥4 7 ERD Ky Bk
PEL LDk, O Dn Bk e N, EERRHETIC
AR D BRIFEAEESEL, TOEBRDOAER
3.3~5.74 ThHot.

(8) C. ellipsoidea (IAM C-27) DA

IAM C-27 fromig# g ol Ds #iK 13 BER
2.7~3.3 4 OFIEH 65 BTHD1hS, HEBIT X
D 80 ORI EB. < Ds i, S HBL-
#1447 vics i3 s L OEERsRo%E
LE B ICHIE L8R % Fig. § 1T, Z0OM
MEZONHERE LkER% Fig. 6 icRid. Fig.
5 BXUY Fig. 6 hoPohnkSk, BEly4r 0
T ERH T OREEK 35 RET W% BB LI »,
ZORE»L LPRTTHELTOAR LA VAR
20 BEo 7. CHEBELEELL T HARE 80
BCLIE 294 2 VTRERE T ORE23~24 B
BITANERB LN, 2oL S LN TR
LeiBai AR LI VMRS 20 BB 1. Fi,

Cell number
(x10° cells/liter )

Average cell volume
(p3)

o 20 40 60
Time (hr)

Fig. 5. Changes of cell number and aver-
age cell volume during synchronous
growth of C, ellipsoidea (IAM C-27) at
the first cycle, Lr’ stage: ripened stage
at which some of cells begin to divide
in the light, Dm’ cells: dark cells re-
sulted from the divisions of L1’ cells in
the dark. Other meanings of the symbols
are the same as in Fig. 1,
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Fig. 6. Changes of statistical distribution
of cell size observed in the life cycle
shown in Fig. 5. Meanings of the sym-
bols are the same as in Fig. 2,

KA T ICABEHET 2RO | ~ 2K/ LP
KTic# L TERT 2 LA LB VHBOREERN L
Bl
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Fig. 7. Changes of cell number and aver-
age cell volume during synchronous
growth of C. ellipsoidea (IAM C-27) at
the third cycle, Solid circles indicated
by vertical (dotted) arrows show the
values obtained after dark incubaion (for
60 hrs) of Lr cells, Lr cells: ripened light
cells, Dm cells: the mixture of Dn cells
and the cells resulted from the division
of Lr cells in light, Other meanings of
the symbols are the same as in Fig, 1.

ACRBRLEPDE. HOT, DHBFBOMNKROR
20 TEL LeXER S, BEkcRIZTHEL
BE L. 38bb, HEELL CEEEEED 8
244 2 w0 Dn kg% AR & U Chlais J o
THHRAEOEETR 7. TORRE, Fig. 755
Hohlskdic, ERATICARERKT 2O 1
KR, 8bb, BB EBME K ERHEE EEL
TBARLDPRTTOORMEE L TdEl 3 4B
TE&ELDO. COBRBERIMO 2EHkD Ly Bigio
B3, Thoo Ly BRELELB D LPETTES
AR LMD, 62T, BRRJY (ripened sta-
ge) OHEXE () 25T, ToBE%: Lr B
L7, XRETIiC —EO M HRE kT 2 5%
BHHELS LPET 5 & BLAB L DS, Ml
MARFUTHREKRT T 5l 25 BB E o #5%
BYET, HREOHEEOFEMAR L RERE
X b/hEhol. —F, RBHTICH 30 oHR
BARLTOEER 28 BB S XREE BI1ET 5
&, LPATIAKBTRLSI4DH L, KBNS
o Dn #ifd & [F LR ARO NS s his &
o fAEERICIE L PR TIC AR L7 Dn Mgy i
{, RBHTEABWLMRLEALTOEEELS
ha. #oT, BAKME (mixture of dark cells)
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Fig. 8. Changes of cell number and aver-
age cell volume during synchronous
growth of C. ellipsoidea (IAM C-27).
Meanings of the svmbols are the same
as in Figs. 1 and 7.

DEXE () 28> T, COBME% Dm Bl & L.

Fig. 7 ofRicE, 30 B0MIBALEHE Fics
BT AEICOEREEREILT 2 HEERACT, 2HEE
DETROTIEREFE D, £ Ok#Etho Mg
B RO PHEIARR OB LERIEIICRE U iR %
Fig. 8 it7kd. Fig. 8 OB oMk Sic, Ds §ia
HPOHRLIZE LA 7 Vi RS T oRER 33~34
BT Lr BB L, 35~36 BETARE G L,
# 40 BRI T 30 BOMRAB AR L. K% 40 850 H
PO EELETSE, LPXETH20EE T 5L
iz Dm fific BB L, HBEIZ6.0TH D, ik
HRHTTRERW 6B TRL2HHE L, 28K
25.9C¢Horm.

EIHA 70T LORTRABLTHE SNz Dm
MlEh OB UIE 241 7 0id, Fig. 8 2 5 5
DK, XBHEHTH23MKMT Lr Bl k.
Lr B | Bt S ERH T ic 9% %= Bta L,
B3R 28 SR HICHY 30 ORI ZE Lic. T OB
DPOXREE EILT 5 &, LYRT METRSAK
Dm ffaic A3 L, S840 Th o7, EHDOLR
BT TR 2B TRAICARL, S4B 4.0
Thol. F2HM4 7 vk TEDO Dm flah o HE
LIS A 7 vid, ZOEFERICEST ZRBABLY
SEBDBE2H A4 s L EBIFRILTH DT,

Fig. 8 ity 2RARE®RH T 229, 1AM C-
27T RO B L34 7 VBRSO H3 94 7 VR TH
ZTo Ds, Dm, D', 3k Lt filA0BERDIH%
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Fig. 9. Changes of statistical distribution
of cell size observed in the life cycle
shown in Fig, 8, Meanings of the symbols
are the same as in Fig. 2,

WE L. ZohER, Fig. 9 5 BHLohiLS i,
B 2.7~3.3, OHFIEE L4 7 VvERBED Ds
BT 65 B THoih, Dm BETIRE 1 447
WHKTIICT2 %, 2494 7 VERTHRICT6S, 383
YA 7 NRTHIC 82 % E12D, B4 7 0%k 30 BT
HBICEFEDS Lok, ok, 1AM C-27
BRicBOTH, HEBLETES LB, B34
7 VIR TEC 80 Rl LORIFEAERB 5 C L5t sk,
1AM C-27 kidftho 2 &M & iz, HELRHT
A L D’ i3 60 B0 k= RELTH
D, FOHEEDSEIL 2.4~4.2 4 THD7:.

Fig. 8 T3, MESBBIE 14170 T 5.9~
6.0 THD7h, E2H 147 WPBT 4.0~4.1 TH
Stz tokIic, IAM C2T BB 141420 T
REDNBLI=DT, YA 7 ricBids Lr sk
U532 LT 7. Dm, D' il —HE2BE U i.
b b, MlE% Feulgen Hfal, ThThoKK
FHEE L7z, Table | hoWHohinkdic, Hl1H
4 7@ Lr ffadicdsgiss 8 Ll Lo RE Mg
BHELED, E2H9A4 7 vBRUTEIFS 200 Lr
MR 4 Lo R EDShiEhok. X
7z, DM EDH 1 7 vitBNOTHLTHIKT
%o7z. Tamiya er al. (1961) itk 2 & D’ 4183 ic
F 2L REMB S BATSE SNTHE,
Table | OEEM S, IAM C-27 #:0 D’ @iait 13
LAEIETHOL.

Table 1. Changes of statistical distribution

of nuclear number during synchronous

growth of C. ellipsoidea (1AM C-27).
Nuclear number

1 2 4 6

oo

Ds cells 992 1 0
Lr cells 8 32 46
D’ cells 98 2 0

2nd cycle Dm cells 100 0 0
Lr cells 10 41 49
D’ cells 99 1 0

3rd cycle Dm cells 100 0 0
Lr cells 7 42 51
D’ cells 98 2 0

4th cycle Dm cells 100 0 0

Ist cycle

O D00 OO Lo
O OO0 SO oo

2 Percentage of cells with the nuclear num-
ber indicated above per cells of each
stage at the different life cycles.

Z %

Tamiya et al. (1961) k3 &, C. ellipsoidea i
ZOEERD L BEXS LPXETTHERTE L, &
TOMIES 4 AR UBVEAEZRTL, EhtRa
TRAH LA 4 DT IO ST, BE
WS £ EREESENEEATHE. T. L &
1AM C-102 koBFRicoVW TR I EERSEE
EEohi. chicstl, IAM C-27 ki3, Fig
7T poWELME LD i, HIEROREMAH» SR ZE
fEikL, LU9YT 60 msRga# LR T BAIids
WLt %7z, Fig. 9 B8k Table 1 hof
Shiskdic, ERETARLTES M D' @id
FIBEAED LT REMENS BEAEL, K60
BOFEBAUEFEEL TV . S5k, BEEDODLE
WETERRETIE S 7-DiciE, K30 B0 fEssm
T 2T THBHEBKETH O, COBEMD, R
HTrRARLHREEEMENS S, BREELED
ETHAMEDSOMEND TIIE S WERKD C. elip-
soidea RITHEAT BT LB LMD

Pl ki, T. L b kot IAM C-102 #0 2
#@k e IAM C-27 # & TREFESEDONOERE
DHENHORENAE S BEOTHS I EBFE LM
etz ofhs, T. L #& IAM C-102 Bk L o TH M
FSBO SETIC KEGRMAN REOTH. $14b
B, EEOLRHTT A8%E BT T 201 SKELERM
@, T. L ETELPRTTO DHEMESLLOR
oL, IAM C-102 % Tk LY T oA RER O
HWESTHD, IAM C-102 BRIIHRBHTTHRLE
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WEKTHD .

F7, T. L &%, IAM C-102 #, HBXu 1AM
C-27 ¥Rz, zheEn, HEBROFE L4 7 vickis
ZEELBHTONRICS Endol. bbb,
T. L BR3EHORRH Tic 4 52 L1z, IAM C-102
B L TAM C-27 ¥k sz, =h<h, 3.3
BXUOSITHD. LrL, F2H4 7RI,
WThOBERL 4L, SRKoZRADBSLLH
D7

Zo&Sic, C. ellipsoidea @ 3 EikizE CEEIC
BT 2icbhdbsbd, BEOBMICERNDL L
SHIkH HEREME SN T, ZhoDEKERRE
RRZHEDRIEOTHY, HWEDER L OEMENE
Zoh3, ZFEROBREZHOERLEELBIY
DBORAOERNEBOHREIC L 3 DrEMEIESE
R TREFETHH .

BIg o BB RESH A C. elipsoidea d 3 Bk
20T, EHRERETEIEEbIZOEFRER
L

BRBZEONSOEKRD T. L #id L BE (&
ISRORAE) »odtnzEILT 3 LHasREh
U7 Ly MBI LT TERTEE, H— K
XS04 o0RMAE (Dn) kARULY, XRRBHET
TERELTHIN BRMAE4DOKRESTH D2,
Fi:, HEAHOBBILPETLD SBHTOH
MEPDI. LHLEMS, BEABHESIRICETS
BEEEERETO LR TR TH 272,

(SR EEL TG 28D JAM C-102 ¥ko AT 5
13T, LBRESRD L TO2As, R30I REE I R
WT. LRERIZOTED, LPKEFLD &XREHET
DFBARBEEMBE D .

BIRMIET 3 LT RET 28k TH 3 [AM
C-27 BRIRAEBEOFHES MO 2 5k E K& S BED
Tz, Tibb, EFEERO REWPS LPRATFT
60 BERIER L Chd MlANRIE 8L TR, BEeTHM
JaRzdicid 5372 BRRBRE % T e A METH D

fo. BEMOB2EHVEFAEEE S ICE, KR 30
BOMEHAHNT 5 ETHEbRET S ,DI. &
fo, MEAROEEIXBHTE0 S LPETOL
MR E,OI.
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Summary

The mode of growth and cellular division during synchronous culture has been
studied in three strains of Chlorella ellipsoidea with different susceptibilities to low
temperature.

Cells of the strain T. I., which has little or no susceptibility to low tempera-
ture, completely divided only when the illumination was interrupted at the L; stage
(ripening phase in the life cycle). When the L; cells were incubated in the dark,
they divided into four daughter cells (Dn) with homogeneous size, while they were
incubated in the light, their daughter cells were various in their size. The begin-
ning of cell division in the light was later than that in the dark at the L; stage.
However, the time required for complete cell division in the light was the same as
that in the dark. These results are similar to those reported by Tamiya et al.
The culture for the first cycle was subjected to a 23-hr light-12-hr dark regime.
Good synchronization of algal cells was obtained after a second or a third cycle
of 13-hr light-7-hr dark regime.

The strain IAM C-102, which is sensitive to chilling injury, was different from
the strain T. I. in the time required for growth and cell division. The time required
for cell division in the light was shorter than that in the dark. The culture for
the first cycle was subjected to a 23-hr light-12-hr dark regime. Good synchroni-
zation of algal cells was obtained after a second or a third cycle of 14-hr light-8-
hr dark regime.

The strain IAM C-27, which becomes hardy during low temperature treatment,
remarkably differed from two strains in the mode of growth and cellular division.
The cells at the ripening phase in the life cycle did not divide completely after 60
hrs incubation in the dark. They completely divided only when the illumination
was continued until fully ripened stage. To obtain good and repetitive synchronous
culture, the illumination was continued until 30 percents cells divided. The daugh-
ter cells obtained in this manner were homogeneous in their size. The time reqired
for cell division in the dark was much slower than that in the light. The culture
for the first cycle was subjected to a 40-hr light-20-hr dark regime. Good syn-
chronization of algal cells was obtained after a second or a third cycle of 28-hr
light-14-hr dark regime.



