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The genus Valonia (Siphonocladales, Chlorophyceae) is composed of marine algal
species possessing large, spherical to clavate, green, coenocytic cell clusters
attached to the substrata by numerous rhizoids. Valonia is a macroalga displaying
basic properties of multicellularity achieved through cytomorphogenesis [ (Greek
cyto (=cell) + morphi (=shape) + genesis (=creation)]and differentiation of
specialized parts such as reproductive, branch and rhizoid cells, which enable
it to effectively colonize, and proliferate in, its benthic environment. These
cellular processes are of utmost importance inunderstanding plant cell growth and
development. Properly describing macroscopic changes that constitute growth and
development necessitates microscopic investigations at the cellular level.
Through such an approach, the role of the interconnectivity and interactions among
cellular components, including the wall, membrane, cytoskeleton and organelles,
.in defining cell function and form can be elucidated. Due to the large size and
conspicuous branch and rhizoid cell formation stages in Valonia, the use of this
genus in these methods of investigation is highly advantageous.

This research utilized Valonia to investigate the regeneration of cells from

protoplasts, induction of rhizoid formation, and differentiation of rhizoids,




WX DONEDEE

to demonstrate cytomorphological properties that are relevant in
maintaining cell integrity and sustaining growth in varying conditions inherent
to marine environments. The aim of this thesis is to identify and describe the
ultrastructural and biochemical mechanisms facilitating cytomorphogenetic
processes 1involved in cell regeneration from protoplasts and rhizoid
differentiation with emphasis on the role of environmental physicochemical
"conditions. The strategy of this project is based on the employment of
environmental stimuli to activate cellular changes across three species of
Valonia: V. macrophysa, V. fastigiataand V. aegagropila. These cellular changes
were described through various biochemical, staining and microscopy techniques.
A series of culture studies led to a preliminary assessment of pertinent
morphological properties of the three species exploited in the succeeding
studies. Cell regeneration from protoplasts was evaluated as a method of
propagation with gainful application in later rhizoid differentiation
experiments that required numerous cell samples. The process of rhizoid
differentiation was then monitored starting from rhizoid induction, rhizoid
elongation, and up to rhizoid attachment to a substratum. As a result, the
following findings were obtained:

1. Culture Studies in Three Species of Valonia

In the first study, observations on the different life stages revealed common
and unique characteristics among the three species of Valonia that proved
relevant in their identification. A common trait that was confirmed was wound
healing and cell regeneration from protoplasts, investigated further in detail
in the next chapter. A correlation among the unique traits such as cell shape,
rhizoid and tenacular cell (a rhizoid-like structure) formation was suggested.
This correlation led to the determination and comparison of the properties of
rhizoids and tenacular cells in a later study. As a consequence, this chapter
suggested the possibility of exploring the use of cytomorphogenetic information

in explaining the rationale behind the current species concepts in Valonia

2. Cytoskeletal and Ultrastructural Studies on Regenerating Cells from

the Protoplasts of Valonia (Siphonocladales, Chlorophyceae)

In the second study, a detailed description of the various ultrastructural
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modifications during cell regeneration from protoplasts was obtained. The
organellar, cytoplasmic, cytoskeletal and wall modifications in V. macrophysa,
V. fastigiata and V. aegagropila were connected to the changes in morphology

of protoplasts. The following major points were thereby found:

(1) a polysaccharide matrix provided the initial covering of the
protoplasts, (2) a concurrent rearrangement of cortical microtubules (CMTs) and
actin filaments (AFs) facilitated the contraction, distribution and shape
transformation of the protoplasm and (3) a rapid construction of the plasma
membrane and cell wall completed the regeneration of the cell from the
protoplast. These stages ensured the integrity and survival of the fragmented
protoplasts during extrusion of the protoplasm after mechanical wounding, a
common occurrence in the rough environment of macroalgae such as Valonia. As
mentioned, this capability found an application as a rapid method of propagation
for other experiments on Valonia requiring young, numerous cells.

3. Rhizoid Formation in Valonia (Siphonocladales, Chlorophyceae)

In the third study, the various mechanisms governing the initiation of rhizoid
formation in Valonia was enumerated. It was found that rhizoids can be induced
on any area of the cell, not just around basal regions where they usually form.
Moreover, the following important aspecté of induction of rhizoid formation were
ascertained: (1) hydrophobic substrata, and not hydrophilic substrata, induced
rhizoid formation, (2) in order for rhizoids to form between two cells, the
distance between the cell surfaces must be within 0.5 mm (3) the contactless
exposure between two cells must last for more than 48 hours for rhizoids to be
induced to form, (4) amorphous materials, mainly composed of sugars, must
accumulate on the target cell surface and not be easily dissolved on the
substratum surface, (5) rearrangement of CMTs may define the area where rhizoid
formation occurs, (6) AFs facilitated the movement and accumulation of
protoplasmic materials through protoplasmic streaming toward the area of

interest, and (7) after the above requirements were satisfied, the cell wall
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swelled and the protoplasmic mass was separated from the mother cell by a septum,
resulting in a nascent lenticular cell that extends via tip growth and eventually

attaches onto a substratum surface. Aside from these findings, an important

implication was inferred regarding Valonia and related macroalgae that
develop into reticulate thalli since these algae feature rhizoid-1like structures
called tenaculae. Tenaculae form between two adjacent thallus cell surfaces and
may have the same induction mechanisms as rhizoids. This can be considered as
a fine example wherein cellular studies may be used to explain the overall
morphology of macroalgae, such as Valonia, that should be helpful when settling
species identity.

5. Effect of Substratum Hardness on Valonia Rhizoid Differentiation

In the fifth study, the events comprising rhizoid attachment to substrata,
which represent the completion of the rhizoid formation process after induction
and elongation, were illustrated in V. aegagropila. These involved branching
and formation of attachment structures called ‘haptera.’ Various substratum
properties affect the behavior of rhizoids of macroalgae; however, substratum
surface energy has been reported to play a major role during rhizoid attachment.
This study explored this phenomenon by building a case for isolating the effects
of substratum surface energy through hydrophobicity and hardness. In doing so,
the following results were obtained: (1) substratum hydrophobicity did not
determine the form of rod-shaped and rosette-shaped rhizoids, (2) soft
substrata promoted rod-shaped rhizoids while hard ‘substrata supported
rosette—shaped rhizoids, (3) increasing hardness, even in a hydrophilic
substratum such as agar, induced increasing degrees of tip branching in
elongating rhizoids, (4) tip branching in agar could have been influenced by
the puncture resistance of agar surfaces against the protruding, relatively
softer, cell wall of the rhizoid domed-tip, (5) apart from the cell wall, CMTs

may regulate the shape modifications along the tip region of rhizoids. These
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results suggested that in the marine environment, Valonia and related macroalgae
may utilize rhizoid branching on substrata with varying hardness and adhesion

on hydrophobic surfaces.

The dominant connection among the studies comes from the sequence of
cellular events naturally occurring in Valonia. Based from the major results,
the following general conclusions regarding cytomorphogenesis in Valonia
were gained: (1) a range of synchronized rearrangements of cellular components
ensures the survival and integrity of wounded cells, (2) cytoskeletons
function in multiple capacities during wound healing and rhizoid formation,
(3) the cell wall and extracellular amorphous material serve as one of the
cell’ s means of interaction with the external physical environment, and (4)
the lineage of nascent rhizoid cells does not predict their fate as various
environmental stimuli can direct the growth mode of rhizoids. In summary, this
thesis have successfully revealed multiple cytomorphological characteristics
in Valonia through the modification of natural environmental parameters and
subjecting cells to such conditions while extracting ultrastructural and
biochemical information and relating these information to the overall

multicellular morphology of Valonia.




WMAEEORBROES

—fIZ, EEEMITK 40 DR D2 A4 TOMIEN GRS, b OMIBIIAE, mEEET—
DR - R %l U ORI OBEERIC LT 5. WITADRA - TR OB, *
DM DERHI T 0 7T MR SN BT TR, B é’i‘sﬁ@%% AR ERIC L > THH
fHENnsd. MEOEA - BEEROA D= LEHALNCTHZ L%, HORTFOb - bEE
TR D 1 > Th 5.

N =7 BOBEREMI FY B0 =7 RHCB T 21T, BV & SRR ORI
JELS 55 LT, BT E—F 72138 10 B E COERZRSEMIE D DI S h, K TFEHoM
BN DA U DEMOFIRIC Lo CRICEE TS, HeEEE, THBE 7V E LR THRELE
Au =7 3TEE A, EEFNE L O AEY SR FE A BE L CIIBO /A - lE R L OYR
ROFEERKEP N LTVD. FMHTOPE 2T O, MAOERALZHREL, B
DS HIRSN A~ S N B SO BRI L o CHHE S, M OMIaICHSE S8 5 EHEE 0%
AR T 5 LW FMREETNAZ L. SBICETE, FRORBERSEOH I L -
TEHRISNZEELRVE L, BYUOMANLEEMRT S LT 2AEE VBN TS L o
ATHD.

EAERCIE RN 7T SOETHRLNTORTEY, $1EOHE LETEOREEE - h
(< 2D 6 EREREREL 2o TN A, 21, 3F|EL 48, HEENBERTLELT
W5 2HOFLFEEBEHRLONETHY, S5EBONEL, AEMFHRILOEHBZICFEESTE~DH
HAZH SR TARE 2 TRESATWS. ZRZNOZONFITHIEL FO®EY Th 5.

!

HWE T, ROBEER, Ne=T7 BHEMORK, PFEEDN, M2 S ETHLMIT BT
W, FVWAFEZESOTEMCERLTWS,

Nu =7 @ 3RITBIT DRI

BEMD R 2 Valonia macrophysa (& HREIRY:-Ein ), V fascigiata (G KR A BTRE),
V aegagropila (7 4 VY « VI VBB TY AN 2T ) MO LA AR L,
ThENORICHT 2MAOR, Bolaomy, MERZE CEEMROFELR, FROPRK
WL B, EEICHT B AN EOREE, BATEREOTEL LR, HoMoL
TW5. BEEERTE, 3L LICRIBIEY 7 ABOBRBFHRONMICE L Q0 2l FE»
HRETAZE, £, BEENROIFEN V fascigiata DHIERE L LTRFEINTWER, V
fascigiata 21T TR MWD 2L BEY & 5 MlaEICBE MR (tenaculae) B Sh, €O
FEREREIR LT D L VI BREB TS, MIBOTIE & WO EFICH L, 3EE bICHEN
B - BAETHIEZBEL VD, TROLOREEROKERENDL, UTOETRLN S MO
B LR E T 5 o O DEARN R ERREHSL LTV A,




MMBEEOREOEE

7u b FTAMPLEAT AN u =T HIRRICET B HIRE R & g

Na =7 8 3TRIZIBUVNT, BT L7 HESHER A~V H L2 RIBEITIE L CEkE 0 7 e
FFTGAMIZRY, FOTu N5 A MIHIREELER L TR LWRICEETS. ZokHk
BEIBE & MIAFAEOBRBICBIT 2 RWEROROE N, BINEET 7T 7 4 A0 FO3E,
U BE T R & RO IRTE E B R LA B T IEMEERICLVHEL T L TWAS. £V
HEINEREEIISEEE S~ M) v 7 RZBAENLEFENHEL, e b7 T A MDD E,
FEE O I MnRESNEOREA LRI LT 7 F o707 A FOHBICHMETS =
L, RIBOTa NS TARAMIRBET IF T 40T A MREEL, MNEREES L CRINREE
FERDBIEE D LW EREB/ TS, SEEOBNEBIER T 7 F 7 4T A MRRESAIOD
FnG, MUNEIIRREOIRESICEE LW, FAMBOMI/INGEE OSmICEGRT S0
XL, TIFUr T4 T AY MIREEOIHERICESE L, 2 OoBAEMEOEFICRR R TH
HEBRLTWA., 7u b7 IR M LEHOEARME (BER) 2855 EE, RIROFE
BLOYME - BREEROZDOHEITER ST 5.

S0 =T OB

Ao =7 BEY OFIRIIEHEOEE O TR (HMlan®) 45 vy ARMEsm HE
LCHETD. FIREAB RO EOHA TR Z 2 05, IR ZFHEd 5/ AIBREEE
MENFET D00, FERICKRZ HEBEROBRER EE, TNENESEOIGME, MRk
& CHERR L 7 T, FBEAABIEEZ AWTHLPICL, UTOERERERF TV L. Mila
REWCAHEOEEAMB o #A ST 5 L, T AEOBUKMEREE & il U T\ % MR w6 T
R FE I, BREOFKMEEE L OFEM CIIEIREARIIFE SR o7, BWICHESfR
W72 2 DO OB E T bR TFE I N2, FORBREIILT U b Wm0tz %
BErWd, HEEOEES 0.5 mm LN THIE, FIBERAFE I, (RIRFERKI TS
T WIS FHBIA A HEAL S 72 O HE S W D IS 72 < & b 48 BRI ASLEE T 7. IR DAL
DD L OGHES IS AEEWENREFE LR, TEEMELRET 2 LBEIFEINHE
GREAL L. AREEHDEIMEREGEACE TOoWMINLEZHEHTHY,
p-D-glucose, o-D-mannose, p-D-galactose, N-acetyl'D-galactosamine, N-acetyl-glucosamine
BEAET D EATRSNE. RFRAFESND &, 2O OMIaRBEHMNE ORI 5
VERERY, TIFLUT 4T AL FOWHRIC L) BLORBENES L. £ LERVER,

ThEBMROFEVE BT DBENEREND Z &1Ly, hEhvr DRI SR L.




MABEEOHBROER

Ly RRMERRDOTEE A2 « E U CTRIBDFHELZ. L ORRN L, MR medk
(SN D SN ERET S ARMERENFETH 2 L 2RZ L, B LEERERE D
AL OMIIISEIRIZE 2 B, MEEHKSESTHREBEEOES L LV ARKMIRDOSH, (RIBTERL
EWVOIRENREPND EBELTWA. £, "e=THRIZBITAZ0 X5 R OFEE
AT = AL, MREFELA tenaculae THREET 2T IFIURTAES YR EDMOI FY 7 H
ZAEZFRBE ORI bEEREEZ R LTS LHEL TV 5.

ANBICHETE REFRRAOTHRII N =7 ORI EE RITT

AR - AR R R S, e, BT REBRZTITRBIIE (LTSI L2 Y, £72
— %Iz, SHEEARFRWO e A THSL. Ne=T BEYORIE, TEREET 5 IME O KM
JansaHE L, EREEETA2RREICEETHOT, RIBEAITHES L TH 5 L RIRFICEER
RTHDERpED. BAEVHOFEBPAMBREIZ SO X S ICRIGT 50% V. aegagropila % [T
WTHR, RIBERE L RERHEICEES RETHE 4 ORBERBGFETAZ L2 LML, #
BUTORREE TS, KPELITHOENWEEPR T, F, BEREEETTHRBITEREE
kT S, AR L TV A{RARIC 10 mmol photons m2s1 LA EDIRE DN EZRHIT B &, 5
SRR E SN, RO T S TMMERERICERL L, KBICHRELZ. BREOb & TR
BET DEB ARSI L, DANCHEE L T klmil ThmiENFR L. 20X D
IR BRI O BRI RFPEE 2 RE T 5 Z L THHMICAETHHETE, FoRE, —A&
DEZN OPDHFRER o7 & ) RBROFIRICR > 7. EREFRERDMERBIC X
D, KERRD KD RAKFREDEEFRRNOERICEAET 5 Z AR ENT. RIRICIERRE
ST SZ LI Lo TRELSHET DRI, WEAYE X OBWRRAICIIE O XAl & [F
RIZ, L DRMIBERIC & o THIEREREZFER L., T bD/ERNE, Ne=71Z8BiT 5
Seimp R ORI, EORE MBIV TTOEEESINTE LT, S LckigicE
THRPEMEICH D LBEEL TS, BEOME THRERNER L CHlsDEE - #ENEL
THEEITED TIIRINOHMRTHY, HMIOEMZRD LMD T 2AEEFET L ETHL
WVEERRE B2 b LTV 5.

Nu=7 BHEHOFBHGICET2EEDOREIDOME

EROMFETIE, FIROKEIZESP LTINS, IROFEDEENIED~DONEFETHS.
FARDRIR & LT LTWA Z & BT RREMEBREN RSN D1, SRICEDICfHET
HZETHD., ZIZTiX, V aegagropila R\, IRNFIETDEYOEE =R /X — (BK
PHRELE X)) OREBLHFEEZALNILTVD. IRBREMIIHET S & &, RIRERI L,
Whwpbr ¥y NMROfES (haptera) OTEREEZ AT 505, BEMITME L e &1, RIBIX
SRR AT S, B L UTHEL OEEMEIZ AV, BRUTORREHRETWS. EEOBUK
MEREIF ST R DT BRI DIREICER L 22 o7, LvL, TORFEITEHOR S
WCBfR L, SEEE CIIEmBENMER Li-olcxt L, BMEREIIERD L S EKEmE<Th
STHMEBEREFE L. HEL LTIV SERORBEOHIMICMAE, FEIHFOSEAEM




WILCEEOFFEOES

Liedl, SIIERPUC ST 5 (RIS O MIBIREIRIE | K 5 SR ORI HE D TREE 1 et L
To. SRR (AR D MBI A IV AR (BRI AT\ BB L C Sesc g L 7o s, AR A8
AT L RSO ORI S L E, FTRSIT DM
EROIIC 72> THIBROZNENOMED I L. T 6 DRBEND, RO
B B B OB S RRML, TOMMERSTS L, RIREMORBHINE DI 4
L, HEBROSEETRT 5 L 05 ECES LEEL TS, 0L 5 RRAROM SRR A
B =R A, ARSI E - A X 2 B0 B B BB LD TS5 R

XHAH LW D EBEEOAERHRENICRIZN > TWA EHEE L TWA.

BEEORAGBETIE, MIROEEERE SEERRTTIODETVENE L TONRARZ
TR OB ERET L, EBME S L'Cﬂ%b\f:/\u 7@3@@%%'%’%% R R E &
DAERRZH LT 2T, FIREAZIIZED BRI - IoRILZ 3 L TR SCOEY
BB T AMEBESTEETHMEICL, £0 LT, %%@qjib%@?‘fﬂiﬂ@ﬁétjbJZ(MEUFE@ ﬂi
LRI BT A RFARRE RIS AR B R AN %, BRI A S ORFZEREIC S\ T BRI
LTW5,

KEAERIE, Nu=7 BEDORIBIERDOIME Y »okD D T, FRFE, BE, 15
TR D 3 SOl 5 R HFBRICK L, FRERICET ANRRER L TN HIZLD

RIBL D RS 3o K OIS & 2 MR A 2R - MIISABZERIZE ST LTV S, BRT, (RIREAL

B

RIS MIARE SEICHWM L TV S EEEME DR R EBC L > TR 2FE, &
EH ORI IEMIERE U ClESRRE AR L, MlasbomzEz 55E, SLICRED
TN DB S AW L TN ER LA L, BRI OBEL R TRBICHEEMET F
EERWELEZ L, HFEEOEGENAY VTV T 4 — 2R THDOTHY, #HOHb L& MaD
EMAED I IICHE SN TV D02 DEMHIRF ORI RE SEBRRL, PRI O
D E LTELSFHMETE 5. £/, AR TH OMICENTc A e =T BEHOREN b OfE~
@éﬁ%%%@%gﬁmb,E%ﬁfﬁ@ﬁﬁﬁﬁﬁ%%ﬁbf%iﬁ%&#éL<A%%mv
~NULTHAT DT ERTFREL 0D Z L2 D, APAERSUE, IRRHEAE & £ DAERBR 2L DR

35 RBERNFIC L ERICEET IR EBEADLND.

9




	特集53号表紙
	gkh053T



