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B D IFE Micrasterias thomasiana var. notata
DEE TR DWT
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WEERMAZEMFHRE

GEEYEFIOBAEEITY Y L (desmids) & X SN2 WENH 5, T oOWER, EEATIC
k 2 BERE T 5 M MBS TR (zygote formation) & KIEh 2 EMEFEET RS 2 £23, BR
RUIBWITEEINTWS, LrLEAs, Ihs0EE ATEhTEELB& 1, L
TEDFEFHEDR DB 6BV Eh s, BETEREBR T IBERGER DTS 2 &4, 19504
LIBEDY Y s BRSO —DODREE SN T &7z, M, placoderm desmids TH % Closterium JBIZ
B3 252 gE [1-3] 2w oh, ZOBOBETFEREFRT 2EERERAVHL»ITENIZT
iz, Bz L, IS DOIFRKER 5 E 2T, placoderm desmid T#H % Micrasterias thomasiana var.
notata MOhomothallic BROFE TR EFEHKT 2B LI VWL OLOBRBERICOW TR EZB
Irotz, AEXTIE, THASDOBRICOVTHN, 8512, ZOBROEETEROEREHEL
BEZ Lo,

1. BETHRESRT s SUBREERICOVLT

placoderm desmid T# % Cosmarium JBX Closterium BOES TR EBFHT 2 —DODHEED,
Starr [4-6] @ X - TR NIz, T DAL, heterothallic R CIZBESRELNE D strain %,
homothallic Bk Tl B —O strain %, EEHIAOEMEZREY b CHEHZ, ZORME, EIZ5
% NaHCO; /K%ET Z LIZL > TRKFD CO, BEZBMEF/ M VIMAZENT, HRET
WWEEET B LW BDTHo/, Starr [4] B, ZOFESEETFEROBRCES LIS, K
& CO, k¥ (culture medium) DMLY, BEETFHERBROBELERNTHS Z & 2aHL 72,
UL Ledss, ZZTHWwSN-EHIE, Pringsheim’s soil-water TH D, ZOMHEKIZBE»MIZEn
Twizwy, Lo, StarrOBFETIEE, #0%Y, Plewrotaenium & [7] S Micrasterias & [8-10]
7 ¥ @ placoderm desmids DFEESTEROFRICENTH S I LBREEINT0E, ZRIENLT,
Biebel [11,12] 1%, Netrium B> Cylindrocystis |&, Mesotaenium J&¥ & U Spirotaenium &% & '
@ saccoderm desmids DEEFHREFBET 2RMHFICOVTRETEB ko2, I, Netrium &
¥ Cylindrocystis B & EFRBHIF RT3 Z LRI L:, 2L T, Zhsofias, <o
&> AT S BRFEEROWIEBICHEL 2 N EEE, BETERSBERI N2 L:
CERE LT, AT, Closterium BIZEE S 2N ED & h, U B 1) 2 EFR XK Z (nitrogen depletion)
B, Closterium BOBESTHROBER L > TRLEELRERTH 3 Z EB¥HL Mz SNz [1-3].
IO LI BERERORERIC BT 2EERZOEEMIL, Chlamydomonas [13]%2 Chlorococcum [14],
Spirogyra [15] 72 EDOMORAKFEICB L THEHEEINTB Y, EFXERZH sexuality 2FHEHK -
TBADZRLZDOWTIHESED SN TS [13-16],

k2L, M. thomasiana var. nofata ®homothallic FkDEESFHRDLS, Closterium B Nelrium
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B, Cylindrocystis |& & [FIFRIC, FEHIC BT 2EBZRZWC L > THERE NI D E S DI DWTHRN B
Zhkole, METH S M. thomasiana var. notata @ homothallic #ri%, WEBE FOHAITTIEER
NTEBE 2 N8, stock culture medium (1 %DEXK %5 A 77 modified Waris medium [16]
PEICHE, ZOLEED modified Waris medium % EV72E#) $1720°C, 1,500 lux DHEDYE
Bic & BERE (—HW16 RO AR TS k) TIEgRanl, ERO AR, B
HLREMEE, SmOBMERL-I 270y +—VRIZ50EX &, Ll FRUCEES & U0 EE
TTEEL, BER, v VHREEBREIN T 2BETFO8 (N,) 8L UREMROHE (N,) 23
HEHE T TR B LI [AkE Lo, BETFRROFROES B L UMD ZHEEOERE %,
FhEF N, BETHEEE (the frequency of zygote formation (%)) & £ #fu%k (the total cell number)
TERbLTILEL, TNoDER, ROBA»SHEHH LT,

BEFREE (%) =2X100xXN,/ 2XN,+N,)

S =2XN,+N,
HBFEERIZB WV TIE, Starr ORFTIEIC R S5 5T, KKHFOD CO, BEEEMS ¥ 2 2 &1z & b 52
HD CO, WERHME €7z, RRFD CO, WE RIS € 2 121, MBS e AN 70y v
— V%, FREILTERABBROL/101C%2 L 5%ED 5% NaHCO, KE&L/INER L & b ICHEHAR
RIZEWz, ZORET TR, KRHFD CO, BEIZ, 5 RTEIMIY SN, Fig. 1 88X U Table
lwwmd iz & 512, M. thomasiana var. notata DIFEESTFIEKIZ, MiE%, modified Waris medium
HOBRFZTEREL B (N medium) [16] KEZMZ 3Lk THEREIN:, KEH
D CO, BEREMELSZ L) N- medium F30 CO, EBEZEME 72854 (high CO,-N-
medium), BETFEROFERIZ, 25 ED SN2 (Fig. 1, Tablel)., ULa»L7Zxds, #fas, CO,
B 2N S ¥ 72 modified Waris medium (high CO,-modified Waris medium) "icHE 2 72382412
i, BETEREERSh G -7: (Fig. 1, Table 1), HEOSZUEEORBE 2 5IE L LTH
EINeMEEoe g T % & &, CO, BEMSEME NIZBEDFNFNOEHIC 81T 2 &lRi,
CO, BENEMEN > BEOFNL BT 223 L V&5 -7 (Table 1 ), ZhsDE
Eix, CO, iE, — R ZREEFTDL I LICE > TERATFEROERLED 21, BETFEREER
THEENLRERTIEEWI L, ZULT, #ETERE2ERTARLVEELRERR, EERZTHS
ZEERRBLTHWS,

M. thomasiana var. notata DES TR EER {BERT 2EES L UOEMHES, high CO,-N-
medium %AW CRET S iz, HIBELS, BE20°CT, 1,500 lux OGBS (—HIiz, 16 : 8EFfHDEEES
AR TIN5 E, BETEROBRE, BEESHBRBIY, YABOESTFREEI,
0% =HEZ 7z (Fig. 1), BHRFGE2ECK L TRER25°CEI328°Clt LT 88 iR, BAFER
DFEFKIL, 20COBE L IFIBEFEZRD A TE I 572, BROFED, bTFrie (FnE¥nlg<
SV ED SNz, BERISCIK T & &I, BROKBIZ, 3-4AE>E s, BEHR
HURIEZ, 80%DHEETHEEST IR SN, BENESRICCETTY ol & &2k, BE&EFE
BDFHEFL, BERNHETEZAB ST, SMEe L THES N HEOERELZELLBL 3
sz, Rz, BEZ20°CIE, —HOPEBERAR .16 | sRHICEEL T, Kol (BE) 25txe
7z, MARE23, 1,500 lux #721%3,000 lux DOMEEECHES NS, BEFEROERIL, BERS
HEkBID, 4HRIIZ, BETFEREIZNS 2L/, %i’bb:?‘ﬂtbf, HEEED310,000 Tux 15D
sz L &iCid, FEOBBITES ahzr-o7208, UBEHIZBIT 2BEFHERIZ, 1,500 lux F
72133,000 lux DOFE & D HB0%FD & oz, BEDHS0 lux SNBSS, FROBBIIES
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T oh, BEFEEER, UHRBIZROLEVLIIRTH -7z, REIZ, BEZ20°C, BEZ1,500 lux i
BEE LT, —HOHERERET &b b B, H 22 b s ¥z, —HDEEREEL 2 B FE I,
BEEERIHE T 2, BETEROFERLMBEOERED B shrol, BETFEES L RO
FELEREBIEHMNCBZ 27:01id, —HiK MU EOBENHEE SNz, 2LT, 4RHEHU
L/ HOBEBT b BE I, BEREBEL 22100 T, B#ETFEROBRVSED Sl
FRIZ L o TREDOBEIFRIX, 12-1685, B TH v, 2485, HORENZ, 4B BOESFEHRE
ENRICBY R, UEzonizEREs 05k, M thomasiana var. notata DIEEFHE%
RUEL S ERT 21, BE20-28°C, BEH1,500-3,000 lux, — H DIBEEFEHH12-168FH
Tholz, TNEDEMZ, ZOMBOSTHEEICRBERFEL B LTS, &, BER2 LT
DD EERINS BGEE, BETEROBRVBED SN LT, BEEZTIRLD, B
RER2EDSELBECE, FEMIZ o0, AR, HEOSZEHESHRS & on/-EER, B
EB LU, MEO—RORRHEEDR ) I AVF—2H#A LD T22LICL T, EEFE
BOFREZED LY, BREISEIITEBULRERTRRWIER2TRRLTWE EEZLNS,

2. EBEFHADBIEICZOWVT

BETFEROBRA2EET 2201, Mgk, PLKRKEDDY v —LAD high CO,-N- medium
iz % &, BE28°C, 1,500 lux (168FHHEST,H) OXNBE TR L L, BER, Yy—LvRNIE
BaNTL 23EMIE (paired cells) #— X EXRy b TEDRELTI 7oy v —1HAD N- medium
FIZE L, 26-28°C, BARNOEHTIRBWT, Z20%BEB Z o T L 2BEFEROIERE % B BEMET
TEZE L 7:. Fig 2B—L R33N BEIL, BiEn—N0OME% time-lapse 35 THBEL-3 DT
52, M. thomasiana var. notata @ homothallic #7817 2 EETFHRIE, EHMOSEIE->T
£ U7 B (BB ) FEDS, BEWIIZEI L T, WAD isthmus 2WME S ¥R 5[ EE S (pairing)
2B 0BhE NS (Fig. 2B), 3k o BMHAEIE, 205003 LR EICED 00T
Vw5, pairing BEEROEETF (conjugants) 1&, b TEESLLABICHA TS, REEIORK
BIZ & by, WA isthmus (L5 5 H & L2 R E PEEFEOEMICER I N 312 L
- T, BEETFEORBIAT N, Fhoid, R T3IH-40um (ZET 2, MEETFRIOERENZ O
IO BRRICELRE, LiIZs oM, NADEBFTREZAORDEES LR, BERER, N
FOEETF O isthmus {712 papilla & & iXh 3 EERKRO/NE REEHIERE NS (Fig. 2C). 20
X 5722881, isthmus PHIREOREAMICHER L TAT 5, ZOEHS» SHEPVBE > REREFI
BT, MEETFORBENREET I TERENS, BERINIEED papilla i, -~
7 F EORFEEEE Rz SN Twb Z 38 Kies DBEEPHAWLEHE [17] K-> THL»IZE
T3, papilla DI, RAFOEBFCIZREFICBZ 388 H 50, VOB Fhs
BRah2 3% ol:, MEE, papilla i3 3-4FHEOM, RADELLARTICEEE>TW
20,280 LTESARLTRELSBD, ADREDRETICBWTET % & 51274 3 (Fig. 2D).
A D papilla BHES DI, BOAELTHLoIMETHSE, K& 2D LT papilla 1%, T
WEFroBESE o NS O/NIEEATHS2Y (Fig. 2D), WAOEMNEZ -7 b, BE
FH 5 papilla AT T, BEREREREISHICKET2008HEIN: (Fig. 2E). 2hs0f
Bz & 1'-.)72;?\/1, WA O papilla OFEREIZIE L (Fig. 2E-F), EBERL -5 OHESEL I NBD T2

(Fig. 2G). Bi& L7z papilla NHJ T, HEETH» 5 OEMEOEEE < 28, BEE305%I12IE,
INSOBENIRT L, BEETFOREIE L, BlE papilla OF TREIEE V&S (protoplast fusion)
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(Fig. 2H), # D, Bi& papilla BRBCIUEL TAEEE &€, 1-2KHORCBERERZIC
7272 (spherical zygote & Xi¥h 3) (Fig. 2I), papilla 2Rtk 8 - 9 Rl D&, BREOZEETFIC
1k, WIDSTEE R NUih® 2 (spine formation) (Fig. 2]). RIROBAER], HEESTFIX, B2%H
BiElL s €55, ZABOAL SFIMNERE WL OBEES N (Fig. 2]). Flid, HiaDT»5 2
- 3B S VORKRBR LT, WS Tk L7z (Fig. 2K-L), #HRLDDH3HI%, KFE
SEMBE T CHREI N L&, BPUTHLIKL LA LS (Fig 2K) LT, RRKORIITEL
7R ORNE, BHTHNES LS AL S (Fig 2L), Kies DEBEEAOLHE (18] wknif, #
i3, exospore & L ITN 2 BEFORLIMICER SN2 EOHREO—ESTHS T, HELDDDH
23z 1k, matrix PEBEL AS5NBH, SEREORICE, L0 cellulose @ microfibril DEAS
RELTHAAENTWARZENHEHSHICINT WS, FOERK, 50wk, RIOSHD Lz,
Y IEOBRSMETAEELREEE TS [19]. BE&TD exospore DRENCIE, 2082~
3HURNIC, B TREODE S »Z5EO mesospore & XX 2 HIFTEENS 2R S 415 [10]. mesospore
DOFEIE, ThETRERZ L TWIESTY, BLELT22tsoTHRAD NI, BALIE
EFICIE, 3IWMOMEENTED 5N TWEY, B HEIDZEHD endospore BRBICEH SN TL 3

[10,19]. 22> -FEETIZ, BBV TBITE, BETEROTTRLEL, BEF B
LT 220 Tw5, EXy M 8ToTanid, HBNERCELTLE D, RERWIRREE
EFOERIZ, 84-100um THY, FOEII1X26-36um TH -7z,
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Table 1 Effect of nitrogen depletion on zygote formation

Medium Frequency of zygote Total cell number*
' formation (%)"

Modified Waris medium | 0 303 + 45.0

(control 1) ) (562 + 116.2)

[0} [955 + 48.8]

N medium 529 + 11.9° 116 * 21.0

(control 2) (92.1 = 3.19 (152 = 12.0)

High CO,:modified 0 834 + 2124

Waris medium {01 [3155 =+ 423.8]
(control 3)

High CO,-N" medium 947 + 3.0° 207 £ 21.6

Determinations of zygote frequency and total cell number were made 14 days after inoculation
except values in parentheses and brackets. Values in parentheses were determined after 27 days
and values in brackets were after 50 days. ‘

“Values represent the mean + S.D. of triplicates or-quadruplicates. To compare treament means
with a control mean, statistical analysis was performed using Student’s t-test, and the significance
is presented in the form of P-values.

P < 0.001 vs. control 1.

P < 0.01 vs. control 2.

9P < 0.001 vs. control 3.
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Fig. 1. Effect of nitrogen depletion on zygote formation in Micrasterias thomasiana var. notata.

Cells were inoculated into the following mediums. —#—, N~ medium ; —o0—, modified Waris

medium ; —a—, high CO,-N~ medium ; —e— , high CO,-modified Waris medium.

Fig. 2. Zygote formation in M. thomasiana var. notata. X180. Photographs were taken with an

inverse microscope (Diaphot-TMD, Nikon, Tokyo). B—L. Time-lapse photomicrographs of the

process of zygote formation.

A,
B.

O

REaEE

FR - |E

A vegetative cell in front view.
Early stage in gametic pairing. Conjugants are in side view, having been forced apart by

refractive mucilage secreted between them. 5:27 p.m.

. Papilla formation. Protrusion of protoplast is evident at isthmus of each conjugant. 9:27 p.

m. -

Papillas enlarge and come in contact. 11:26 p.m.

Protoplasts move out of cell walls toward a common center. 11:27.5 p.m.
Protoplasts are closely appressed, but actual fusion has not begun. 11:28.5 p.m.
Fusion of the protoplasts begins. Protoplasts continue to move out of walls toward the
common center. 11:29.5 p.m.

Fusion is complete. 11:54 p.m.

Spherical. zygote. 1:53 a.m.

Spines are evident as small outgrowth of membrane. 3:31 a.m.

Spines increase in length. 4:10 a.m.

Zygote with mature spines. 6:14 a.m.
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Fig.2
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