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Abstract The process of filament development in the planktonic alga Planctonema
lauterbornii has been studied by light and electron microscopy. Following cell divi-
sion, the two new (daughter) cells produce a new cell wall inside the mother cell
wall, and the daughter cells then elongate causing disruption of the mother cell wall
ends. As the daughter cells lengthen, they become separated from each other by
the secretion of mucilaginous material in the space between them, and this continues
until the ends which had previously been adjacent to each other become coincident
with the rims of the open ends of the mother cell wall. Continued repetition of this
process ultimately leads to the formation of long filaments consisting of alternating
cells and mucilagefilled tubes or sheaths. The walls are covered externally by a thin
layer of mucilaginous material which seems to contribute to the maintenance of
filament organization.

Pigment analysis and the ultrastructural features of the chloroplast confirmed the
green algal status of P. lauterbornii. It was shown that this species contains chloro-
phylls a and b, but not ¢, and possesses chloroplasts having a double membraned
envelope, no chloroplast endoplasmic reticulum, lamellae composed of many fused
thylakoids, starch grains present in the chloroplast matrix and pyrenoids of a type
found in the green algae.

Planctonema lauterbornii SCHMIDLE {178 F £  ©» Mannheim 3T { "¢ LAUTERBORN f#+iZ X » T
HEIRE75 v 7 b vakEia 5 ScaMIDLE (1903) 12 X » TH R &h, T%EH (Heterokonten)
® Gloeotila BorZl i@ O BYHfEL L THif Sz, PAascHER (1925, 1939) i3 = OWATNEEHE
Tk, igEENED Stichococcus, Gloeotila, Dactylothece, Hormococcus, Dendronema, Pseud-
ulothrix 7o ¥ & I SHERBPO HEDOEh ot FrHCHBTA30:0EL XL B L,
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BREDELRETIEE ORI e 5 2ok, ThbOBOTFRFNOLER LRI L A
FTeFEDE F REEH oI . WILLE (1909) (% Planctonema » EL LRLOBDBREA L%
Stichococcusic. 23 C L¥ - 7=. %O PRINTZ (1927) % = D% —RFHIC Stichococcus DRFA L L,
&wAU%Qu%hEBmMMMQ:LS@L%WﬂjﬁlUanhmk&ﬁ%@%@&%i
tx:@l5t&ﬂ%«tﬁ&,ﬁ&mmmm%HMHmmﬂJ%%%%hfyHmammm%ka-
ﬁm&@%.ﬁﬁtﬁiFnﬂmﬁﬁ?éJ%wMMQGwmwamﬁ@O&&ﬁﬁ?®ﬁ~$%f
%% (HINDAK, 1962; BOURRELLY, 1966; STARMACH, 1972; JK¥#f « U5, 1977; ETTL, 1980).

Planctonema (3B 2~3 pm, £ X 4~9 pm ORI F 721X O AT oMfac X - TR
XD RROBMETH D, KFEMEE THBOMM 2 BT 2 XAV E L, i THEN
DTN T &5 B & DEILOW T OB MFIIRAED TRTHTHD. {o T, TheffED
—BThBEEXBONELVE LTS, BEOHTOHFEMAEE L CBRRShcn <20
DEZ BEROBAERL VLD TH L. BECAEL LTHRE I DIcouT, BOURRELLY (1962)
BHBBE LA FORELEC X o T3 00N EMERT 5 L RE LA, FE (1970) 133
& DI THD E VI BEHTEFDOEZ KA L TW5. MR~ h AR EER,
SEFHNCRBROMEIE IR TV 5.

3 4 13 Planctonema OISEE T O O AREEPIMEE R/~ 5 70, BIRBOFGER & RBF O
P HEA DM, BE LA o TREERICRESRH Sh 5 & L ofen o IkREH OO
BRICOWT, FE UTE¥BMBIC X 2 BRoMRE, EREs LUV 1 FORMEG 5T
wree7 4 AOERORERNL L OBNREO—ATH D Ly BB TEL L b TRE
T5.

HHEEHFE

SereERME T X ABIZ0ix 1980 4E 2 A, KEBOTEAH OO THRE, SR L RRKY C 5t
(IcHiMURA, 1971) TE:E LicREE Ao, BTSN X 2B L@ lEORE & 1975
£ 12 B, BRBOSEBICEE, OB LR ER A ERO KR > TR I iz IAM collection 3%
Ky (HE « ¥, 1965) T Licikhe v,

TEM 822 OREHERIIR D & 5 CiTi ot SOBEMIEM: 5% 72— 745 e FIE (0.1M
DY vERkEEW pH 7.1 THR) T 2 BRIRIREIE Lok, FiEER T 2 ReREvER L (BURizcir), Kk
WT 2% POERLA A v AT 6 BERS, BEIE L. BHEO= % -« ) =X THKOH, =+
VBB EE U, I CERREY 5 v c SROEHR AR LIcBRBIZE L. EATHERE: 0.21M o
YRl 4% S x—AT AT e FiK (0.1M % =2 o v — MMEERK pH 7.1 THR) T 3 BHETEE
U7ctd, NEGFERE 2 38 U e ds B R AR B Coiy - (2 Bifd), 2% PUfR{br A 2 v AT 14 50, HEZE L
fo. Bk e, By 7 v ORAKBEFT 6 ffl7 e 7RRABLILER, =%/ —L )
— X TBiA L, Spurr g/ Ui, SIS h i LBz L.

SEM Eg&ARECOWTIE, BMEEBE TS 3% 7rx—A 77 e FAEEK, I LICEH
X o TKERTR, 2% MEEA A I v AR IS5 _EHBEERZTRo k. MR bkt xfr
s, =& 7 = X ABUK, BEfEA Y 7 I A X B ER, BREHEAITO, oA ARy
2V IIBIRIBEASDEEFK L.

rsan7 4 VAROFECIIENHEOKY 20°C TEELTARE L, 4%/ —ATHiHE, 7
bR BHBRIE T AR = e 75 7 EARREFC LB 400~700 nm THORI A7 b
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Fig. 1. LM micrographs of Planctonema lauterbornii SCHMIDLE. X 1,000. a, b. Typical
filament organization. c. A filament dyed with methylene blue. The open-ended sheath
(arrow), does not contain the included granules detectable in other parts of the fila-
ment where the sheaths remain closed. d. Cells mounted in Indian ink showing the thin
mucilaginous superficial layers. e. Cells cultured at 30°C. Some cells produce a new
wall repeatedly, but with no cell division; eventually the older cell walls are shed. f.
Phase contrast photograph of (e). The older walls show more contrast. g. Phase
contrast photograph of filaments. The order of contrast among sheaths is: 1=>553>
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© DEOEEATENEEY, EOEPOMBROME I 0PI FERO AL FIET O M5
Al itFl3 5 = L e % (Fig. 1a, b). SCHMIDLE (1903) XA FEDIIAICOVT, 2 BN O L
Bt B RDWT B LIC Lo THONMEBH L CEVICHBET 5 LR LTV, L Lo,
ZDANND, Linds B HETHET B0 TS BT e,

Fig. lc i34 F L v 7 4 — CHea LB T, MR 0 ZROBA THRICEPIER LTS S
L, FOEBOEMCHE S R EROEET B Eavba b AR YR (RE) IR
3L, oA MaEE Ho-piece 2% & & THIDN D REEHD Tribonema L4} EH D Micro-
spora DHREOTHED L 5w R, BR Lol Ceth & DRDOFBREL RS, 2
BRI bR, b OBIEI IO NIRICTE L CW RO WE2 B R A SRR T L E
o2 E#FHR LTV . Fig. 1g (RAHIZE G Ol R O BIMEE TR —Hs fR I R 1o iia s, 6%
BB DRI B\ O DA L - THRINTWBHZ EERLTNS. QD A > TR D
A DRI B ZE (LS B %, Fig. le 13 30°C TR L7 0T, BIARGEZBERET,
WM LMo RETHEETS. oM MiansRT s L, HUBORMCHE LY
WA - T\ Fho—Hn SR HREO 02 B bh s (Fig. le RE). [ Uk &AL
BB LTSS, BN D R s (Fig 1f). %2 T Fig. 1g 215 L#igR-
oy (1), IS (2, 4), TR SOFMOTES (3,5) 1 bissTwbZ Lvbnd. €T, Zhbfll
Far A Lk 5 5 oo, 1-3, 552, 4 DIRCHEShIbOTHD LEESRS.

Ll E DR AL A3 % &, SCHMIDLE (1903) OB #HLIKk—#t X oMV L Bbh T icd DI,
SR SORAEO X 5 kT 5 EVITH S EAMORR SRS, i, TORINHE
Mg SIEE LV 22 b, ChboEWIERMEECHR T2 L EL 0N ERNTHSS.
FrT, D& wiEND B ARG ETEMBE TR L. Fig. 22 505 &5, BTHIED
B MilaRE T oo Rt 2 oM, o MiaciE L floth Eh oK, AUBTEEY
T2 BOBEHEEITE LT\ 5. MR 0 ZEBI S OB O E SRR L DDA T B BRI T
i, FEAA S TH D S LB L TH S, EREBS OE AR Ui 2 BB
DIBICRL B, WENGREOMETS S = L1k, WK (Fig. 2b) K X->THHLNTHS.
Pbo s ik, R RS S E” 2 RIREETH S - L R BIORL T 5. Mils

Fig. 2. TEM micrographs of Planctonema lauterbornii SCHMIDLE. a. A longitudinal section
through two daughter cells which are interconnected by both the mother cell wall (MW)
and a layer of mucilaginous material (arrows). CW, daughter cell wall. x11,000. b.
A cross section of a cell (through the plane indicated by arrow in Fig. 4d) which is
surrounded by the new (inner) and mother (outer) cell walls. Over the outer surface
of the latter a layer of mucilaginous material (arrow) is seen. N, nucleus; P, chloro-
plast; Py, pyrenoid matrix; s, starch grain. %x22,000. c. A chloroplast showing features
typical of the green algae: a double-membrane envelope (arrowhead), switching of
lamellae between thylakoids (arrow), a starch sheath (S) around the pyrenoid matrix
(Py) which is traversed by two thylakoid-bands. No chloroplast endoplasmic reticulum
is present. % 31,000.
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Fig. 3. SEM micrograph of Planctonema lauterbornii SCHMIDLE. A portion of a daughter
cell (C) appears through the open mother cell wall (double-arrowhead). Both the
proximal part of the daughter cell and the mother cell wall are covered with a layer
of mucilaginous material (arrowhead). x17,000.

HOSETH, 2 EORMINIAR Lt STV KA RICBE LT I Maee 2% 2 . L7 LA
BENDELCHREM B L 3ml, FOKMICE &% h #lr M3 5.

WEDBWENTIHIN &L 2 B A #RET 2 WOMUCKER O 72 % 8 5 4 (ScHMIDLE, 1903;
SCHRODER, 1917; BOURRELLY, 1962) & % %8s 7c\ ] (SKUJA, 1956; 5744, 1970) 2341k 5.
BOURRELLY (1962) % ScHMIDLE (1903) DB KB A Ei 7o el & LT T\ 573, Sch-
MIDLE HHIIROFEBC I T SRIREGEAIL £ 5 7 VBB bhCun b L 5icH s 57 -
LB LTS, EAMEOKREBITT~ Y v b LESEMBI CHE L TA L 25, 2 IheTits
DHRHABLED bt (Fig. 1d). = h BT BEMEE T TL % EE\WEFEE s T HRaRE o s
CHBEIG— 0B S (#9180 nm) o HIEAENE D E D 15 2 BOHELET 5 (Fig. 2a). Z o B
CHY T2 L Bbh s, KBl s SRR 025 o o MeE & DWITCE Tohs o Fodifes L
RRELTHEL TS (Fig. 2a, 3). THIC ko TREBEHSOHKIIEE & Mk 28X Lo 5
M, SRRGHI R 2 L0 TE S, - T ORE#IL Planctonema DSRREH D REFT IR K S
T &DTE/LHES T, BOURRELLY (1962) 23BE L7 L 512, = DOIBEOBE/EEYED B\ T F R
TONFRORBE LTACBZ L TER. UL LANSHEBOE S 0 A BEEER 0 -
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Fig. 4. Diagramatic representation of the development of filament organization in Plancto-
nema lauterbornii SCHMIDLE. a. An initial cell. b. Cell division and new wall forma-
tion. c. Elongation of daughter cells and disorganization of the ends of the mother cell
wall. d. Elongation and separation of daughter cells. (arrow: see Fig. 2b). e. Com-
pletion of elongation and separation. The initial cell wall (a) has become a connecting
sheath (or tube) between the daughter cells. fto i=a to e.

CXoThhba3hichbor, EE REALEDAANERC L > TELLL DL, HEVITERE
NOBCEROWEL O s EOMIBEIRSEA LN IR EREFEETH 5.
ZZ TFig. 4ITmT X5 MDD 2 NHEHLVMOTEHRRET 5 & FROBROERLFE
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7ol —HOB G L LTHBTE 5. Fig. 4 10k T &2 fifn HHF LT Planctonema O %A{R1E
HOHRIh 2 BEXHPTHEUToRY TH 5. 1. BfaoPECHE LWllaEx 3> 2 20
RARATZE X B (b). 2. AR O BT - TRl OB R 35 (o). 3. M S b fik
R B & R DI A DWT D C T X o TH SR, AR k3 5 # o eumic
FETHETCBETS (6). COBBRYHVELTZ L X TREVRRENERINS (f~1). 22
Bl B2z Sh kR BR ORERIL o h g Tabh Bl b 0 & $ Rich & o T, Binuclearia
T S B b A RHREE ORI A BAZIT % 4 o Al BEZ AR, (lateral lysigenous type) LIE570D,
Planctonema @ %} 3Rz (terminal lysigenous type) (W52 EDTE 5.

Planctonema % FRO—BEEMT 2, 3 O

M 2¢ CABEDIEREAY RT. FOMMBENERYHT S L, 1. “EEEOEREDEDO MU
BAMA ER SEFE LA, 2. F5 a4 Fik 2~BBo, HICHE LBEaZmL, »o—Jihbil
FAOBTIAHEC B SR, 3. fgF 5 = 1 1 (girdle thylakoids) 23 #8578 L7s\y, 4. v/ A P&
BORYICT v 7 vNHELETS, 5. 2~3 0F 5 a4 FERE LV A VEBEYEETS, FTH5.
SR BEGCTR D EEE O ELS AT IUE 7o Th B (DopGE, 1973; Hori, 1973).

KD raen s LEREPRANLID, 74t v EBHBHETEN— =~ 777 &Ik
stk oA, 7rr7 44 a(0.30) 3 XU b (0.20) i T A RIfEO A F, 2B LA, AT
AHE, FABED LRV DOT 7 re 7 4 LCIBFELRWEELD. F1, 77 r 7 4 LOENEXH
Dlcsh, A &7 — AHIEEORILA R 27 b AR SHIE G THE Lz, 650nm & 665 nm TORINE
(Deso =38, Dess=87) 75 MACKINNEY (1941) 0 ERIC L - CiHE Lo A7 rrT 4 a s b
ORF B 575 1 THhote. Zh bOFRIFEFEROMMBERR L &£ 31T, FEIREHEO—
BThsr txPAICRLTVS.

Lk, K#ge o Rix Planctonema % FEMED— B L BT E LB 5 2 1oh’, HENTO
SRR B O\ T, Planctonema (R HR B RREHIF I OB R U Bl fl% Big 4 ©
ThHII, BFDOECARBRALARTETHS. oL T, MiasHokXoFme
HHNARESE DKW ORERS B LT - B TH Bed THRFAT L TETH 5.

St &

FEHRBEFFEMEC I 2BBCHI-T, ELDETYE 2 bhic BIUKSEE ST AR — R e
LU { O MBEG N A G- AR - FE R E BN T CE#H OB RDbT. I,
7aw7 4 VOMBARERT 5 0o 0ERIT BEAERETEEWRAEK 4 BELLEIRFEY
I EREYEER ARLoRh LY YBCTebh, RUTEIBE LET 5. FEXORE
% LT\ 7272 7= Dr. J. C. GrEEN, Marine Biological Association of the United Kingdom,
Plmouth Z&#H3 5.
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