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The unicellular algae 1ike Chlamydomonas and their reIated colonial members in the Volvocales 
are surrounded by extracellular matrices or cell walls which are composed of glycoproteins with littIe， 
if any， polyglucans characteristic of higher plant and other algal walls. Their architecture， chemistry， 
synthesis， secretion， in vitro assembly， and mutation are becoming increasing1y clear particularIy in the 
cell waIl of C. reinhardtii， which wilI be briefly reviewed. Moreover， in C. reinhardtii a 1ytic enzyme 
(gamete wall-autolysin)， which is responsible for digestion of the gamete ceIl waIl during mating， 
and a hatching enzyme (sporangium waIl-auto1ysin)， which acts on the sporangium ceIl waIl to Iiberate 
zoospores， have been purified and characterized. Recent work on the specificity， cleavage sites， intra-
ceIlular storage form， location， and excretion signal of the two degrading enzymes wilI be disc凶 sed
and their nature wilI be compared. FinaIly， discussion wilI be extended to some systematic approaches 
which employ the cell waIls and their degrading enzymes as important phylogenic keys in Chlamydomonas 
and in the Volvocales. 

Kり lndex Words: αII wall-伽 z仰 xonomickey--Chlamydomonas-glycoprotein一hatching
en伊昨-lyticen~脚--protease-Vol，叩cales.

Chlamydomonas is a biflagellated， green 
unicell which has been used as a valuable 

experimental alga for almost 100 years. The 

genus which contains nearly 500 species is 

divided into 9 sub-groups (ETTL 1976， 
1983)， and is placed in the 白出ly

Chlamydomonadaceae and the order Vol-

vocales (BOLD and WYNNE 1985). lndi-

vidual species of Chlamydomonas is either 

homothallic or heterothallic. ln the homo司

thallic strains like C. monoica (V ANWINKLE-

SWIFT and AUBERT 1983)， mating can oc-
cur within clones， presumably by inter-
conversion of the mating-type genes as 

observed in ye酪 ts(HERSKOWITZ and OSHI-

MA 1981). Such mating-type switches， 
however， are absent in the heterothallic 

species such as C. reinhardtii， C. eugametos and 

This work was partly supported by a research grant 
(63540533) from the Ministry of Education， Science 
and CuIture of Japan. 

C. moeωusii， where two sexually compatible 
clones having either mating-type plus (mt+) 

or minus (mt-) nuclear genes exist， and no 
sexual reproduction occurs within clones. 

Copulation may occur between motile 

gametes which are morphologically alike 

(isogamy; e必 ιreinhardtii，C. eugametos，ι 
moewωii) or morphologically di妊erent(ani-

sogamy or heterogamy; e.g. C. zimbabωi仰お)

or between gametes differentiated as egg 

and sperm (oogamy; e.g. C. suboogama， C. 
pseudogigantea) (TSCHERMAK-WOESS 1959， 
1962). 

Fig. I shows the asexual and sexual cell 

cycles of an isogamous heterothallic alga， 
Chlamydomonωreinhardtii. The mt+ and mr 

cells reproduce asexually by repeating a 

cycle of growth， mitosis and cytokinesis (Fig. 
IA， B). When all cell divisions are com-

plete， a new cell wall is formed around each 

daughter cell， and 4-16 daughter cells 
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Fig. 1. The life cycle of an isogamous， het-
erothallic alga， Chlamydomonas reinhardtii. A and B， 
asexual reproduction of mt + and mt -vegetative 
cells; C and D， mt+ and mt-gametes induced hy 
nitrogen starvation; E， flagellar agglutination and 
cell wall 1ωs after mixing the two mating-type 
gametes; F， pairing and protoplぉ micfusion; G， 
quadriflagellated young zygote; H， mature zygote 
with thick zygotic cell wall; 1， meiotic cell division. 

(zoospores) are released by breaking down 
the mother cell wall (sporangium cell wall). 
The asexual cell cycle can be synchronized 
by the light-dark regime (BERNSTEIN 1960; 
KATES and ]ONES 1964). 

Switching to the sexual cell cycle in C. 
reinhardtii occurs when the asexually growing 
vegetative cells are subjected to nitrogen 
starvation (SAGER and GRANICK 1954). 
Gametic di釘erentiationo[ either mating-
type can occur in the absence of cells o[ the 
opposite mating-type and without sexual 

cell division (Fig. 1 C， D) (SCHMEISSER et al. 
1973; MATSUDA et al. 1978). At the level 
of the light microscope， vegetative cells and 
gametes are indistinguishable. At the ul-
tl加 tructuraland biochemical levels， how-
ever， gametogenesis in C. reinhardtii invo1ves: 
(1) the construction of a mt+ or mr mating 
structure for protop1asmic fusion (FRIED-
MANN et al. 1968; CAVALlER-SMITH 1975; 
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GOODENOUGH and WEISS 1975; MARTIN and 
GOODENOUGH 1975; TRIEMER and BROWN 

1975b; GOODENOUGH et al. 1982)， (2) the 
synthesis of mating-type specific agglutinin 

mo1ecu1es， their transportation to the flagel-
1ar su均 cefor agg1utination (WIESE 1965; 

GOODENOUGH et al. 1985; SNELL 1985) and 
their accumulation in the cell body as a 

reservoir of mo1ecu1es (SAITO et al. 1985; 
SNELL 1985)， and (3) the shift in the storage 
form of cell wall 1ytic enzyme for digestion 
ofthe gametic wall (MATSUDA et al. 1987b; 
see 1ater for detai1s). 

Genera1 features of the sexua1 cell cycle 
which occur between the mt+ and mr 

gametes in heterothallic species are simi1ar 
with minor exceptions and consist of the 
following steps (Fig. 1): the initial clumping 
of gametes by flagellar adhesion (Fig. lE)， 
pairing of gametes by firm flagellar tip-to-

tip adhesion， protop1asmic fusion (Fig. lF， 
G)， flagellar deadhesion and retraction， 
zygotic wall forrr凶 ion(Fig. lH)， zygote 
maturation， meiosis， cytokinesis (Fig. 1I)， 
and ultimate1y the 1iberation of zygospores 
(4 or more) by breaking down the thick 
zygotic cell wall (SNELL 1985; VAN DEN 
ENDE 1985). In C. reinhardtii， flagellar 
agg1utination triggers the excretion of a cell 
wall1ytic enzyme so that paired gametes are 
naked before fusion (CAVALlER-SMITH 1975; 
GOODENOUGH and WEISS 1975; TRIEMER and 
BROWN 1975b; MATSUDA et al. 1978; 
GoODENOUGH et al. 1982; WEISS 1983). In 
C. e1;lgametos and C. moeωusii， the gamete wall 
is partially broken down at the apical end， 
and through th巴 resllltinghole， a p1asma 
tube elongates towards that of its partner 
with which it eventually fuses. The pair 

joined by a narrow protop1~mic bridge‘ 

which is referred to as a “vls-a・vis"pair， 
swims about for severa1 hours， and then the 
rest of the gamete wall is released to allow 
comp1ete cell fusion (BROWN et al. 1968; 
TRIEMER and BROWN 1975a; HOMAN et al. 
1980; MUSGRA VE et al. 1983). 
Several surveys on asexual and sexual 

reproduction in Chlamydomonas have recently 
been made by many authors (WIESE 1984; 
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AoAIR 1985; SNELL 1985; V AN DEN ENDE 
1985; MATSUDA and SAITO 1986; TRAINOR 

and CAIN 1986; BLOODGOOD 1987). In this 
article， 1 will therefore concentrate on 

information on the Chlamydomonas cell walls 
and their degrading enzymes and discuss 
how the synthesis and degradation of cell 
walls are regulated temporally and spatially 
in the life cycle. The rest of this review 
will discuss some new approaches where the 
cell walls and degrading enzymes are used 
to systematize a variety of organisms in 
Chlamydomonas and in the V olvocales. 

1. Cell Wall 

The following information on the 
Chlamydomonas cell wall has been obtained 
mainly by using the isogamous， hetero-
thallic species， C. reinhardtii. 

1. Vegetative cell wall 

The vegetative cell wall of Chlamydomonas 
covers the cell surface except for that of the 
flagella. Therefore， the wall is not con-
tinuous at the opening through which the 
flagella protrude: the two tunnels in the cell 
wall are lined by flagellar collars， cylinders 
of wall material (ROBERTS et al. 1975; SNELL 
1983). The vegetative cell wall is composed 
of glycoproteins with none of the polysac-
charide polymers characteristic of higher 
plant walls (ROBERTS et al. 1985b). The 
protein portion accounts for about 30% of 

the wall by mass and is rich in hydroxy-
proline to which oligosaccharides are at-
tached (MILLER et al. 1972; ROBERTS et al. 
1972). The carbohydrate portion which 
accounts for about 47%， contains galactose， 
arabinose and mannose as the most abun-
dant sugars (MILLER et al. 1972; ROBERTS 

1974; CATT et al. 1976)， and is modified by 
sulphation (ROBERTS et al. 1980). Flagellar 
collars are different from the rest of the wall 
in both structure and chemical composition 

(ROBERTS et al. 1975). 
Ultrastructurally， the intact cell wall was 

originally described as having seven layers， 
numbered WI-W7 (Fig. 2A) (ROBERTS et 
al. 1972). However， recent images (Fig. 
2B) obtained by the quick-仕eezedeep-etch 
technique (GOODENOUGH and HEUSER 1985) 
indicat巴 thatW3 and 、~5 are actually 

spaces. The innermost (Wl) and outermost 
(W7) layers constitute a “warp"， while the 
central triplet layers， which are composed of 
an inner amorphous layer (W2)， a medial 
granular layer (W4) and an outer crystalline 
layer (W6)， form a “weft". The outer 
crystalline layer is further divided into inner 
(W6A) and outer (W6B) sublayers (Fig. 
2B). The W4 and W6 layers can be 
solubilized by chaotropic salts (e.g. sodium 
perchlorate， lithium chloride)， whereas the 
inner layers， Wl and W2 cannot (DAVIES 
1972; HILLS 1973; ROBERTS 1974; HILLS 
et al. 1975; GOODENOUGH and HEUSER 
1985). The salt-solubilized fraction is 

B 
W7 

W4 

W2 

WI 
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further separated by gel filtration on 
Sepharose 2B into two fractions， 2BI which 
derives from W4， and 2BII which derives 
from W6 (CATT et al. 1976， 1978; ROBERTS 
1981; GOODENOUGH et al. 1986). The salt-
insoluble 仕actioncan be seen under phase 
contrast microscopy as an extremely thin 
wall-shaped str山 ture(HILLS et al. 1975). 

The salt soluble and insoluble fractions have 

very similar amino acid and sugar com-
positions (HILLS et al. 1975)， but are com-
posed of distinctly different species of 
polypeptides and glycopolypeptides in SDS-
PAGE (IMAM et al. 1985; MATSUDA et al. 
1985). The salt-soluble fraction contains 
four m司jor fibrous glycopolypeptides 
(>350， 270， 150， 130 kDa) that make up 
2BII subfraction (CATT et al. 1976; ROBERTS 

et al. 1985a; GOODENOUGH et al. 1986) and 
several minor polypeptides， whereas the 

insoluble fraction is composed of several 

polypeptides among which a 100 kDa 
polypeptide is prominent (GOODENOUGH 
and HEUSER 1985; IMAM et al. 1985; MATSU-
DA et al. 1985). In C. eugametos the cell wall 
contains two m吋or glycoproteins and 

several minor glycoproteins (MUSGRAVE et 

al. 1983; ADAIR et al. 1987). 

When the salt-soluble and insoluble 
fractions are mixed and dialyzed against 
water， a complete cell wall is reconstituted， 
as judged by light and electron microscopy 
(HILLS 1973; HILLS et al. 1975). The 2BII 
subfraction itself， when dialysed against 
water， can self-assemble into a crystalline 
lattice structure while 2BI cannot (HILLS 
1973; HILLS et al. 1975; CATT et al. 1978; 
GOODENOUGH et al. 1986). Oligosaccharide 

residues， especially the terminal mannose 
residues of 2BII glycoproteins， are impor-
tant for the seU:'assembly process (CATT et al. 

1978; O'NEILL and ROBERTS 1981). If2BI 
is added to 2BII and dialysed， the former is 
incorporated into the lattice structure， 
resulting in the formation of sandwiches of 

W6-W4ーW6layers， but they are still frag-
ments (GOODENOUGH et al. 1986). Thus， the 
presence of the salt-insoluble fraction (WI 
and W2) is essential for the reconstruction of 

a complete cell wall having WI-W2-W4-' 

W6 layers (HILLS 1973; HILLS et al. 1975; 

AoAIR et al. 1987). The inner wall layer 
(W2) is considered to serve as a template 
onto which glycoproteins of the outer 
crystalline layers specifically bind (HILLS et 
al. 1975; AoAIR et al. 1987). The cell wall-
less mutant strains， cw-2 and cw-18， are 
deficient in some aspects of the inner wall 

layer， and continue to shed the crystalline 
wall components into the medium (HILLS 
et al. 1975; LANG and CHRISPEELS 1976; 
MONK et al. 1983; AoAIR et al. 1987). 
The inner wall layer is the first com-

ponent to be laid down around the plasma 
membranes of naked daughter cells a丘町
cell divisions in the asexual cell cycle (V OIGT 
1986; GRIEF and SHAW 1987). Glycopro-
teins of the outer layers are synthesized in 

the endoplasmic reticulum， glycosylated in 
the Golgi stack， transported to the cel1 
surface direct1y or via the contractile 
vacuole， and then self-assembled onto the 
inner wall layer (GRIEF and SHAW 1987). 
When vegetative cells are cultured synchro-
nously， turnover of the inner wall layer 
occurs during the cell growth period (VOIGT 
1985a). It has been assumed that extension 
of the cell wall occurs by cleaving some 
cross links of the inner wall layer and 
incorporating additional components 

(VOIGT 1985a). 

2. Gametic cell wall and mother cell wall 

Differentiation of non-synchronized vege-
tative cells into gametes occurs under 
nitrogen starvation with no apparent cell 
division (SCHMEISSER et al. 1973; MATSUDA 
et al. 1978， 1987b). Moreover， vegetative 
cells separate their cell walls (which then 
become the sporangium cell walls) from the 
protoplasts during the initial stage of cell 
divisions (HARPER and J OHN 1986). There-
fore， both gamete cell wall and sporangium 
wall are actually the vegetative cell wall 
itself. In fact， the cell walls and their salt-
soluble extracts from vegetative cells， 
gametes and sporangia have very similar 
glycoprotein compositions on SDS・PAGE
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(DAVIES 1972; MUSGRAVE et al. 1983; VOIGT 
1985b). However， a conformational change 
in the vegetative cell wall seems to occur 
during the mitotic cell division period. 
MUSGRAVE et al. (1983) have reported that 
an antiserum raised against one of the major 
cell wall glycopolypeptides of C. eugametos 
does not react with the intact wall of 
vegetative cells but bind to the sporangium 
cell walls， suggesting that the antigenic sites 
become exposed in the mother cell wall due 
to the conformational change. Moreover， 
SCHLOSSER (1976) fou吋 thata hatching 
enzyme， which is responsible for digestion 
of the mother cell wall to release daughter 
cells (see below) ， does not act on the 

vegetative or gametic cell walls. 

3. Zygote wall 

The zygote wall differs from the vegeta-
tive wall in both chemical composition and 
architecture. It consists of 60-70% sugar 
and 5-10% protein rich in hydroxyproline 
(CATT 1979; GRIEF et al. 1987). Glucose， 
present only in trace amounts in vegetative 
cell walls， is the principal sugar in zygote 
walls and accounts for about half of the 
sugar residues (CAπ1979). The presence 
ofa homopolymer， ，8-1，3 glucan is indicated 
by GRIEF et al. (1987)， and this polyglucan 
appears to surround the fibrous hydroxy-
proline-rich layer. Chaotropic agents 
which can solubilize the outer layers of the 
vegetative cell wall do not solubilize the 
zygote wall (CA'π1979). S加tr釘ru附1
z可ygo由spo町re凶sare surrounded by prima町ryand
secondary walls. The primary wall is 
formed soon after gametic fusion. Zygote 

specific glycoproteins are synthesized， and 
become associated with fibers of the early 
ceIl walls in young zygotes， but are also 
secreted into the culture medium (MINAMI 
and GOODENOUGH 1978). The secondary 
wall develops inside the primary wall during 
the maturation period， which requires 
several days. It is thick and composed of 
two layers， the outer of which is highly 
convoluted and appears orange under light 
microscope (BROWN et al. 1968; CAVALIER-

SMITH 1976). 

II. Cell Wall Degrading 
Enzym.es 

1. LJ1tたenzyme(gamete wall-autol;'sin) 

Chemical nature 
In C. reinhardtii and many other species of 

Chla吻 domonω (C. iyengarii， C. indica， C. 
chlamydogama， C. gymnogama， C. media， C. 
zimbabwiensis)， the protoplast escapes from 
its enclosing gametic cell wall (Fig. lE) 

during mating as a necessary prelude to cell 
fusion (MITRA 1949; BOLD 1949; DEASON 
1967; CLAES 1971; MILLER et al. 1974; 

CAVALIER-SMITH 1975; HEIMKE and STARR 

1979). Gametes of C. reinhardtii slip out of 
their cell walls by breaking down the e!-pical 

region and concurrently excrete into the 
culture medium a cell wall lytic factor 
(CLAES 1971)， referred to as“gamete wall-
autolysin" (SCHLOSSER 1976) or “cell wall 
lytic enzyme" (TAMAKI et al. 1981). The 

lytic enzyme in the medium continues to 
disintegrate the stripped walls and also 
attacks other walled gametes from the 

outside. 
Lytic enzyme can dissolve the cell walls 

at all stages of the life cYcle (Fig. 1; vege-
tative cell， gamete and sporangium) with 
the exception of the zygote wall (CLAES 
1971; SCHLOSSER 1976). Therefore， hio-
assays for lytic activity measure either the 
formation of protopl部 tsfrom walled cells 
(CLAES 1971; KASKA and GIBOR 1982; 
SNELL 1982) or the liberation of daughter 
cells from sporangia (SCHLOSSER 1976; 
TAMAKI et al. 1981)， the latter出 saybeing 
20-40 times as sensitive a~ the former部 say
(MATSUDA et al. 1984). The enzymatic 
nature of gamete wall-autolysin was first 
indicated by SCHLOSSER (1976) who， showed 
that it is heat labile， non-dialysable， pre-
cipitated from the mating medium with 
ammonium sulfate and inactivated with 
HgClz， EDT A and papain. T AMAKI et al. 
(1981) developed procedures for a sensitive 
and quantitative出 sayof Iytic activity using 
glutaraldehyde-fixed sporangia as substrate. 
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They then developed a method for the 
purification of lytic enzyme from the mating 
medium under stabilized conditions. Sub-
sequently， MATSUDA et al. (1984， 1985， 
1987b) succeeded in purifying and charac-
terizing the enzyme (Table 1). The purified 
enzyme is a single glycoprotein with a 
molecular mass of 62-65 kDa. Activity is 
inhibited by metal ion chelators (EDTA， 
CDTA， EGTA，α，a'-dipyridyl and 1，10-
phenanthroline)， SH-blocking agents (p-
chloromercuribenzoic acid， HgCI2， iodoace-
tate， diethyl pyrocarbonate and copper 

acetate)， certain amino acids，α〆nacro-
globulin (a prote酪 einhibitor) and phos圃

phoramidon (a metalloprotease inhibitor). 
However， lytic enzyme is insensitive to the 

inhibitors of serine， thiol， and carboxyl 
proteぉes (phenylmethylsulfonyl fluoride 
(PMSF)，ε-aminocaproic acid， pepstatin A， 
antipain， chymostatin， leupeptin and E-
64). These inhibitor specificities， together 
with the finding that the purified enzyme 
contains zinc， led MATSUDA et al. (1985) to 
conclude that cell walllytic enzyme (gamete 
wall-autolysin) is a metalloprotease. 

Lytic enzyme digests casein as analyzed 
by SDS-PAGE (MATSUDA et al. 1985) and 
reversed phase chromatography (MATSUDA 
et al. unpublished data). In order to 

determine the polypeptide linkages cleaved 
by Iytic enzyme， we are currently analysing 
points of cleavage in enzyme-treated pep-
tides with known amino acid sequence. Our 
results show that lytic enzyme does not 
cleave the oxidized B chain of insulin，β-

endorphin orα-mating factor， but does split 
the peptide bonds of Phe4-Leu5 in dynor-
phin and Proll_ Tyr12 in neurotensin 

(MATSUDA et al. u叩 ublisheddata). 

Wall digestion 

Recent studies from three laboratories 
(Go∞o∞DENOUGH and HEUS 
aιl. 1悶98白5;MA灯TS叩UD臥Aet al. 1985) have in-
dependently concluded that lytic enzyme 
acts on only the salt-insoluble fraction， that 
is， the inner wall layer (W2) of the C. 
reinhardtii cell wall. IMAM et al. (1985) and 
MATSUDA et al. (1985) observed by ph出 e
contrast microscopy that the “ghost" like 
structure of the salt-insoluble wall becomes 
completely invisible after lytic enzyme 
treatment. MATSUDA et al. (1985) showed 
by SDS・PAGEanalysis that lytic enzyme 

does not act on any of the m司joror minor 
polypeptides of the salt-soluble 企action，but 
does degrade some polypeptides of the salt-
insoluble fraction. GoODENOUGH and 
HEUSER (1985) observed by electron micro-

Table 1. Properties of ceIl wall degrading enzymes in Chlamydomonas reinhardtii. 

Property Lytic enzyme Hatching enz戸ne

MolecuIe glycoprotein glycoprotein 

MolecuIar mass 
gei fiItration 65 kDa Il4kDa 

SDS-PAGE 62 kDa 125 kDa 

pH optimum 7.5 9.0 

Temperature optimum 350C 350C 

IsoeIectric point 6.5 >10.0 

WaIl digestion mother ceIl wall mother ceIl waIl 
vegetative ceIl waIl 
gametic ceIl waIl 

Inhibitors of 
serme protease msens1Uve sensltlve 

metaIloprotease senslt1ve senslUve 

thiol proteぉe senslUve sensitive 

acid prote副 e msensltlve msensltlve 
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scopy that as the W2 layer is degraded by 

lytic enzyme， fibrous units， shaped like 
"fishbones"， are observed in the medium. 
Since the prominent 100 kDa polypeptide 
in the salt-insoluble fraction appears not to 

be degraded by the enzyme (IMAM et al. 

1985; MATSUDA et al. 1985)， it may con-
stitute the“自由bones"，while lytic enzyme 
may attack some core polypeptide(s) which 
interconnects the “自shbones". If the core 
or framework is degraded by lytic enzyme， 
the whole assemblage of the cell wall may 

break down. 

En毛ymetopography 

Is lytic enzyme synthesized de novo during 
gametic induction or is it already stored in 

the vegetative cell? The pioneering work 

on the lytic factor by CLAES (1971) has 
shown that lytic activity found in the mating 

medium can also be detected in vegetative 

cells and gametes which have been broken 

by sonication. The same author also 

reported (CLAES 1977) that cell homoge-

nates obtained using a French press yielded 

no activity unless they were subjected to 

sonication. Recently， we (MATSUDA et al. 

1987b) confirmed CLAES'S preliminary but 

suggestive findings through biochemical 

studies and presented some important 
topographic aspects of lytic enzyme in cells. 

Both vegetative cells and gametes contain 

lytic enzymes， but their storage forms are 
quite different (Fig. 3). In vegetative 
cells， lytic enzyme is stored in an inactive 

and insoluble form (V-form). The acti-

vation and solubilization of V-form enzyme 
occur either when vegetative cell homoge-
nates from the French press are subjected 
to sonication or when the cel1s are freeze-
thawed prior to homogenization. In con-

trast， the lytic enzyme is always found in 

gametic cell homogenates in an active and 
soluble form (G-form). When the V-form 

enzyme is activated and then purified， it is 
a glycoprotein with an apparent molecular 
mass of 67 kDa by gel filtration and 62 kDa 
by SDS-PAGE， and is sensitive to metal ion 
chelators and SH・blockingagents. These 

Vegetative ~ lfferentiation 、 Game!e
c e 11 、dedifferentiation

IV-forml ¥ E面

• lexcreti 

• (Ly!ic enzyme) 

Fig. 3. Schematic diagram of the storage form 
of Iytic enzyme in vegetative cell and gamete， and 
its processing during gametic differentiation and 
dedifferentiation. 

properties are very similar to those of the 

G-form enzyme purified from gametic cel1 

homogenates and lytic enzyme isolated from 
the mating medium. The inactive V-form 

enzyme was also purified by sucrose gradient 

centrifugation and gel filtration， and charac-
terized as a homologous particle with a 
sedimentation coefficient of about 20 S (ONO 

et al. 1987). After sonication， the 20-S 

particle releases an active， 4・S enzyme， 
which coincides with the S-value of the G-

form enzyme and lytic enzyme excreted 
into the medium (ONO et al. 1987). It is 
possible that the activity of the V-form 

enzyme is concealed by forming an enzyme-
masking protein complex (Fig. 3) or enzyme 

aggregates. 

It is noteworthy that the storage form of 

lytic enzyme shifts back and forth between 

the two， dependent upon gametic di釘eren-
tiation and dedifferentiation of the cell 

(MATSUDA et al. 1987b) (Fig. 3). When 
vegetative cells are starved of nitrogen， the 
storage form shifts from the V -form to the 
G-form in correlation with the ability to 
mate. Adding nitrogen to the gametic 

culture converts the G-form to the V-form， 
concurrently with the loss of mating ability. 

Therefore， we can clearly distinguish 
between vegetative cells and gametes， which 
are morphologically very similar in C. 
reinhardtii， by a simple determination of lytic 
activity in the cell homogenates. Without 
this assay， it is especially difficult to dis-
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tinguish between the two cell types in ag-
glutinin・deficientcells or flagella-less cells 
(SAITO et al. 1988; MATSUDA et al. 1988b). 
Several pieces of indirect evidence sug-

gest that lytic enzyme is stored in the 
peripl剖 mic space (MILLIKIN and WEISS 
1984; MATSUDA et al. 1987b). MILLIKIN and 
WEISS (1984) have analyzed the binding of 
FITC or ferritin labeIed concanavalin A 
(Con A) to gametes by epifluorescent and 
eIectron microscopy， and proposed that 
Con A binding globules in the anterior 

periplasm of gametes represent lytic enzyme 
or a precursor of the enzyme. MATSUDA et 
al. (1987b) have shown that when vegetative 
cells and gametes are treated with exoge-
nously added lytic enzyme， the protoplasts 
obtained contain little enzyme activity， and 
when the protoplasts are incubated further 
after washing out the added enzyme， lytic 
enzyme is again accumulated in these cells 
when most of the wall has been regenerated. 
Gametes of many wall-less mutant strains 

have little， if any， lytic enzyme activity in 
the cell homogenates and reIease practically 
no lytic enz戸田 into the medium during 
mating (MATSUDA et al. 1987b). 

Excretion signal 

A study of the release of lytic enzyme 
during mating is complicated by the fact 
that unmated gametes of some strains often 
reIease the enzyme activity， stimulated by 
an as yet unknown signal， and lose their 
walls before mixing (FRIEDMAN et al. 1968; 
GOODENOUGH and WEISS 1975; MATSUDA 
et al. 1978; MATSUDA 1980; KASKA and 
GIBOR 1982). Since gametes of both mating-
types possess equal amounts of active (G・
form) enzyme， it is possible that there is an 
inhibitor(s) in walled gametes (Fig. lC， D)， 
which acts on the cellular enzyme to keep 
the activity below the critical leveI until its 
reIease is stimulated by mixing gametes of 
the opposite mating-type (MATSUDA et al. 
1987b). Some gametes might lose their 
walls before mixing by raising the lytic 
activity beyond the critical leveI; we have 
the experience that wall loss often occurs 

when the gametogenesis is accompanied 
with cell division (MATSUDA 1980) or when 
gametes are cultured for a long period under 
mtrogen-starvation. 

When walled gametes of both mating-
types are mixed together， lytic enzyme is 
reIeased into the medium as a pulse， within 
1-3 min of mixing (SNELL 1982; MATSUDA 
et al. 1987b). Both mating-types release 
lytic enzyme when agglutinated with either 
live gametes， fi.xed gametes， or isolated 
flagella of the opposite mating-type (CLAES 
1971 ; GoODENOUGH and WEISS 1975; KASKA 
and GIBOR 1982). However， several re-
ports have indicated that the mt+ gametes 
reIease much more lytic enzyme than the 
mt-gametes during flagellar agglutination 

(MA'百 UDAet al. 1978; SNELL 1982; MILLI-
KIN and WEISS 1984). 

Lytic enzyme is secreted only after flagel-
lar agglutination: Deflagellated gametes 
neither agglutinate nor excrete enzyme. 
However， agglutinability recovers when 
about 10% of the complete flagella is 
regenerated， while the ability to reIease the 
enz戸neis regenerated only when 50% of 
the flagellar length is restored (RAv et al. 
1978). 1 t is thought that flagellar ag-
glutination sends a signal to the cell body 
that triggers the reIease of the lytic enz戸ne
(GoODENOUGH 1977). Several reports have 
indicated that cyclic AMP (cAMP) and 
Ca2+ ions may play a role as second messen-

gers in signalling secretion of lytic enzyme 
and other events required for cell fusion. A 
transient 10 to 30-fold eIevation of intra-
cellular cAMP leveIs is observed during 
initial agglutination in C. eugametos (PljST 
et al. 1984) and C. reinhardtii (PASQ.UALE and 
GOODENOUGH 1987). BLOODGOOD and 
LEVIN (1983) have observed that the rate 
of effiux of Ca2+ from gametes also increases 
up to 20 times during the initial mating， 
but the effiux rate returns to the control 
level within a few minutes. The transient 
increase in Ca2+ effiux mav reflect a transient 
increase in the cytopl出 mlc仕ee-Ca2+ con・
centration reIeased from intracellular stor-
age sites (BLOODGOOD and LEVIN 1983). 



preparation) (Table 1). Our purified 

enzyme specifically acts on sporangium cell 
walls， and is an extremely basic glycoprotein 
which binds to Con A・Sepharose. It has 
a molecular mass of 114 kDa in gel filtra-

tion and 125 kDa in SDS・PAGE，a pH-

optimum at around 9.0， and is inactivated 

by PMSF， TLCK， HgCI2， iodoacetate， 1，10-
phenanthro1ine and EDT A. Therefore， the 
molecular size of our hatching enzyme is 

much greater than that of ]AENICKE and 

WAFFENSCHMIDT (1981) on both gel fil-

tration and SDS-PAGE. We noted that a 

protein component of about 40 kDa is one 

of the prominent contaminants in crude and 

partially purified enzyme preparations; this 

component might be related to the hydroxy-

proline-rich glycoproteins which are libera-

ted during hatching of the zoospores from 

the mother cell wall (VOIGT 1985a， b). To 

confirm that the hatching enzyme is actually 

a larger molecule than the Iytic enzyme， the 
two purified enzymes were mixed and 

applied to a gel filtration column packed 

with Sephacryl-S200. The activity， as 
determined by use of glutaraldehyde-fixed 

sporangia as substrates， gave two peaks: the 
heavier one (PMSF sensitive， 11与 kDa

peak) is hatching enzyme， and the lighter 
one (PMSF insensitive， 65 kDa peak) lytic 
enzyme (Fig. 4). 

Hatching enzyme digestsα・casein. The 

chromatographic patt巴rnsof enzyme digests 

MAT宮UDA，Y. 

KASKA et al. (1985) used X-ray micro-
analysis to analyze the intracellular dis-

tribution of Ca2十 andrevealed that Ca2+ is 

sequestered in descrete granules within the 

gametic cell body prior to mating only to 

become diffuse throughout the cell during 
mating. The presence of calmodulin has 

been reported in the cell bodies and ftagella 

(GITELMAN and WITMAN 1980)， and in-
hibitors of calmodulin， triftuoperazine and 
W-7， prevent the transduction of signals for 
cell wall loss (DETMERS and CONDEELIS 

1986). Lidocaine， an inhibitor of the move-
ment of Ca2+ ion across cell membranes， also 
prevents cel1 wall loss (SNELL et al. 1982). 

More recently， PASQUALE and GOODENOUGH 
(1987) reported that unmated gametes， but 
not vegetative cells， can be induced to 
undergo wall loss by addition of dibutyryl-

cAMP andfor cyclic nucleotide phos-

phodiesterase inhibitors (e必 isobutyl-

methylxanthine) . 
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2. Hatching enzyme (ゆorangiumwall-autolysin) 
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Fig. 4. Gel fi1tration of the mixture of the 
purified lytic enzyme (LE) and hatching enzyme 
(HE). 0， cell wall degrading activity measured 
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The release of daughter cells by breaking 

down the surrounding mother cell wall is 

mediated by a second type of enzyme， 
named “sporangium wall-autolysin" or 
“hatching enzyme" (SCHLOSSER 1966， 1976; 
MIHARA and HASE 1975). This enzyme is 

excreted into the medium as the zoospores 
hatch， and therefore can be concentrated 
from the medium of synchronized cUltures 

(SCHLOSSER 1976). Hatching enzyme is 
specific for mother cell wall and will not 

affect vegetative or gamete cell walls 

(SCHLOSSER 1976). ]AENICKE'S group 

(J AENICKE and W AFFENSCHMIDT 1981 ; 
]AENICKE et al. 1987) purified the hatching 
enzyme of C. reinhardtii， and characterized 
it as a serine protease with a molecular 

mass of 37 kDa (gel filtration) or 40 kDa 
(SDS-PAGE) and a pH-optimum at 8.2. To 
compare the properties of hatching enzyme 
with those of lytic enzyme， we recently 
purified and characterized the hatching 
enzyme (KOSEKI et al. 1987; manuscript in 

Chemical nature 
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of α・casein，出 analyzedby reversed phase 
chromatography， are distinctly different for 
hatching enzyme and lytic enzyme. Hatch-
ing enzyme hydrolyzes a-mating factor，α・

neo・endorphin，dynorphin， neurotensin， 
m剖 toparanand β-endorphin， but does not 
act on oxidized insulin B. 1n general， the 
imino side of a Lys or Arg residue in the Pf 
position is selectively cleaved， provided that 
the P1 position is occupied by a basic or 
hydrophobic amino acid (MATSUDA et al. 
manuscript in preparation). 

lntracellular en弓lTIle

Hatching enz戸neof C. reinhardtii seems to 
be formed in the young zoospores during 
ripening of sporangia (MIHARA and HASE 
1975). Cells at later stages ofthe cell cycle 
contain the hatching enzyme， but its action 
is suppressed until the regular time of 
zoospore liberation in the cell cycle. 

However， if the cells are subjected to 
vibration， they liberate zoospores and con-
currently excrete the enzyme into the 
medium (MIHARA and HASE 1975). 1n 
order to see the production or activation of 
hatching enz戸田in the cells during ripening 
of the sporangia， we prepared cell homoge-
nates using the French press and analyzed 
the activity (MATSUDA et al. 1988a). Un-

expectedly， no activity was detected in the 
homogenates of sporangia even just before 
hatching. The homogenates were found to 
contain inhibitor(s) which inactivated 
specifically and irreversibly the activity of 
the isolated hatching enzyme. Therefore， 
it seems to be difficult to analyze the intra-
cellular hatching enzyme through cell 
breakdown (MA'百 UDAet al. 1988a). 

III. SysteD1atic Studies 

Many species of the genus Chlam.:J!domonas 
have been divided into subgenera or sub-
groups generally based on the light-micro-
scopically visible features of vegetative cells 
(PASCHER 1927; GERLOFF 1940; ETTL 1976). 
However， the problems of the taxonomy of 
Chlamydomonas at the species level have been 

presented by LEWIN (1975) who stated: 
‘Specific distinctions in this genus are 
generally based on relatively few micro-
scopically visible features of the biflagellate 
(presumably haploid) cells， as found in 
nature or when grown in media often 
insufficiently characterized.… Therefore， 
the taxonomy of the genus is in a mess， and 
little confidence can be placed on specific 
identifications based on published de-
scriptions' (ぷ TRAINORand CAIN 1986). 
To overcome the confusion and artificiality 

ofthe taxonomy ofthis primitive green alga， 
several authors have considered that works 
on the specificity of the cell walls and their 
degrading enzymes might contribute a truer 
and more reliable assessment of natural 
relationships (ROBERTS 1974; SCHLOSSER 

1984; MATSUDA et al. 1987a). 

1. Cell wallωa taxonomic marker 

All members of the Volvocales except the 
family Polyblepharidaceae have cell walls or 
extracellular matrices which are constructed 
in a similar manner (BOLD and WVNNE 
1985; ROBERTS et al. 1985a): they consist of 
a stable amorphous inner wall layer and a 
crystalline outer walllayer， and are built up 
of unique glycoprotein molecules with 
little， if any cellulose or chitin， which is 
abundant in most other algal cell walls. The 
detailed cell-wall structures and chemical 

compositions， however， are suggested to be 
different between individual algae， and 
could be used出 animportant phylogenic 
marker (ROBERTS 1974). ROBERTS (1974) 
and ROBERTS et al. (1982) have analyzed the 
glycoprotein arrays on the outer surface of 
cell walls in a large number of organisms of 
the Volvocales， and concluded that their 
crystal structures fall into 4 general classes 
(Tables 2 and 3). Eleven species of 
Chlamydomonas (e.g. C. eugametos， C. moeωusii， 
C. chlamydogama) and many other members 
in the family Chlamydomonadaceae (e必
Ca巾 ria，Chlorogonium， Haematococ，ω) po蹴 ss
the simplest cell wall crystal structure (class 
II). 1n contrast， C. reinhardtii， C. cribrum， C. 
angulosa and C. inepta have more complicated 
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Table 2. Grouping of algae in the genus Chlamydomonas on the basis of cell walls 
and their degrading enzyme specificities. 

Species 
SCHLOSSER ROBERT百etal. MATSUDA et al. 
(1976， 1984) (1982) (1987a) 

Chla吻 do脚 nasreinhardtii A 
C. globosa A 
C. incerta A 
C. smithii A 
C. cribrum A 
C. komma 2 A 
C. angulosa 2 B 
C. debaryana 2 C 
C. inepta 2 

C. asymmetrica 3 III C 
C. gloeopara 3 

C. peterfii 3 

C.oblonga 4 

C. mexicana 4 C 
C. ryengarii 5 

C. sphaeroides 5 

C. callosa 6 

C. aggregata 7 C 
C. humicola 7 

C. applanata 7 Il 

C.φIsosmos 7 II 

C. culleus 9 

C. ell，砂tica 9 

C.frankii 9 C 
C. g)?nnogama IO 

C. segnis IO 

C. pallidostigmatica 10 

C. gelatinosa II 

C. eugametos 12 II C 
C. indica 12 

C. starrii 12 

C. aculeata 13 

C. pitschmannii 13 

C. geitleri I4 

C. Pinicola I4 

C. hindakii I4 

C. terricola 14 

C.脚 noica I4 

C. noctigama 14 

C. brannonii 15 

C. tex，酎tsis 15 

C. chlamydogama II C 
C.脚畑山ii II C 
C. dorsoventralis II 

C.ゆ'haerella II 

C.何'sae II 

C. pulsatilla II 
C. reginae II 
C.fimbriata II 
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Table 3. Grouping of algae in the order Volvocales on the b唱sisof cell walls and 
their degrading enz戸nespecificities. 

MATSUDA et al. 
(1987a) 
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ROBERTS et al. 
(1982) 
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Asケ'ephomenegubernaculifera 

A.peゲorata

GOllium multicoccum 

G. octonarium 

G. pec tora le 

G. quadratum 

G. sacculiferum 

G. sociale 

Palldorina morum 

Volvulilla steillii 

Eudorina elegans 

Pleodorina california 

Vollツoxaureus 

V. carteri 

Stφhalloφhaera pluvial日

y々smoゆhococcusglobosus 

Phacotus lenticularis 

Pteromollas angulosa 

Haemotococcus lacustris 

Carteria crucifera 

C. eugametos 

Chlorogonium elongatum 

C.倒的lorum

Polytoma uvella 

Lobomonas piriformis 

Pyrobotヮscasinoensis 

Dunaliella salina 

Pedinomonas minor 

Species 

Phacotaceae 

Chlamydomonadaceae 

Spondylomoraceae 

Polyblepharidaceae 

Family 

Astrephomenaceae 

Volvocaceae 

tract from Volvox carteri is incubated with a 

salt-insoluble fraction (i.e. the inner wall 

layer) from C. reinhardtii and vice versa， 
whereas no interspecific assembly occurs 

between C. reinhardtii and C. eugametos. 
In order to further investigate the re・

lationships between the cell wall glycopro-

teins of Chlamydomonas and between those of 

related algae， ROBERTS et al. (1985b) raised 

a rabbit antiserum to one (termed B2; 270 

kDa) of the m司jorglycopolypeptides of the 

C. reinhardtii cell wall. Western blotting 

analysis showed that the antiserum cross-

reacts wi th the cell wall of C. angulosa (class 
1) and Lobomonω(class IV)， but does not 

crystal structure (class 1). Interestingly， 
the class 1 structure is typical of some 

colonial volvocacean algae， Pandorina， 
Eudorina and Volvox (Table 3). C. a.rym-
metrica belongs to class 111， while Lobomonas 
piriformis has the class IV structure. That 

C. reinhardtii and Volvox are more closely 

related than C. eugametos is also indicated 
by biochemical and morphological analyses 

ofthe cell walls (ROBERTS 1974; MUSGRAVE 

et al. 1983; GOODENOUGH and HEUSER 1985; 

AnAIR et al. 1987). In addition， a recent 

hybridization experiment by ADAIR et al. 

(1987) showed that hybrid walls are ob-

tained when a chaotropic salt-soluble ex-
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bind to the glycoproteins from the cell walls 

of C. moe ω usii (class 11) or C. a-9ザ伊抑')171仰7
(class 111町). An indirect immunofluores-

cence study showed that the cell walls of 

Volvox aureω， Eudorina elegans， Pandorina 
morum and Gonium pectorale all fluoresce 

brightly with the antiserum (ROBERTS et al. 
1985b). MATSUDA et al. (1987a) extended 

the immunofluorescence study using more 
than 40 species belonging to six families in 

the Volvocales (Tables 2 and 3). Among 

15 species of Chlamydomonω， C. globosa， C. 
incerta， C. smithii， C. cribrum， C. komma and 
C. angulosa are labeled strongly with anti-
glycopeptide B2， while others show no or 
weak cross-reactivity with the antibody. The 

antibody also cross-reacts strongly with the 

cell walls of a unicellular alga belonging to 

the Phacotaceae (Dysmorphococcus) and many 
colonial algae belonging to the V olvocaceae 
(Gonium， Pandorina， Volvulina， Eudorina， 
Pleodorina， Volvox) and the Astrephomen-

aceae (Astrψhomene). On the other hand， 
unicellular algae， Haematococcus， P加cotus，
Carteria， Pteromonω， Polytoma， Chlorogonium 
and Lobomonas， and colonial algae，乃robotヮs
and Stψhanosphaera all have cell walls that 
do not react with the antibody (MATSUDA 

et al. 1987a). A similar pattern oflabeling 

was obtained when a polyclonal antiserum 

raised against deglycosylated 2BII fraction， 
which recognizes only the protein core of 
2BII glycoprotein molecules (ROBERTS et al. 
1985b)， was used except that the cell wall 
of C. angulosa cross-reacted with the anti-
deglycosylated 2BII much more weakly 

than the anti-glycopeptide B2 (MATSUDA et 
al. u叩 ublisheddata). 

2. Hatching enzyme as a taxonomic marker 

Hatching enzyme activity can be demon-
strated in all species of Chla吻 do仰 naswhich 

can be grown in synchronous cultures. 
According to the group-specific action of 
hatching enzymes， SCHLOSSER (1976， 1984) 
h出 classified65 strains of Chlamydomonas 
into 15 groups (Table 2). For example， 
C. reinhardtii belongs to group 1; a crude 
solution of hatching enzyme from this alga 

can dissolve the sporangial walls from all 

algae of group 1 (C. globosa， C. incerta and 
C. smithii)， and vice versa， but cannot act on 
those from algae of other groups. In most 

cases， the mutual Iytic action is restricted 

to within the group， but there are some 
exceptions: hatching enzymes from group 

2 act non-reciprocally on all strains of group 

1， and those from group 3 act on group 4 
(SCHLOSSER 1976). 

In Volvox， mature autocolonies escape 

from the parental spheroid through the 

enzymatic rupture of the peripheral somatic 
cell layer (JAENICKE and WAFFENSCHMIDT 

1979， 1981). JAENICKE and WAFFENSCH-

MIDT ( 1981 ) ha ve purified the ha tching 

enzyme from V. carteri and characterized it 

as a protease with tryptic properties. The 

enzyme has limited species specificity (v. 
aureus is sensitive， V. africanus is less sensitive， 
and V. dissipatrix and V. gigas are not 

sensitive)， and does not act on the cell wall 
of C. reinhardtii wall. 

3. L"ytic en毛')Imeωataxonomic marker 

In conjunction with the analysis of 
antibody binding (see above)， MATSUDA et 

al. (1987a) have analyzed the sensitivity of 

cell walls of a variety of members of the 

Volvocales to lytic enzyme of C. reinhardtii. 
In the genus Chlamydomonas， the lytic 

enzyme acts only on the cell walls of all 

algae of group 1 (see also SCHLOSSER et al. 
1976)， C. komma which belongs to group 2 

according to SCHLOSSER (1976)， and ι 
cribrum which belongs to class 1 according to 

ROBERTS et al. (1982) (Table 2). Among 

other genera tested， the cell walls of Gonium 
and Astrephomene are sensitive to the C. 

reinhardtii Iytic enzyme: their colonial 
structures are broken into individual cells 

by exposure to the enzyme， and protoplasts 
are then formed. Formalin-fixed colonies 

are also sensitive to the enzyme， suggesting 
a direct action of lytic enzyme on the cell 

wall Iysis. Hatching enzyme of C. 
reinhardtii appears to be unable to break up 
the colonial structures of Gonium and 
Astrephomene (MATSUDA et al. 1987a). 
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If the sensitivity to lytic enzyme is com-

bined with the labeling with anti-cell wall 

glycopeptide B2， the algae in the Volvocales 
can be divided into three classes (Tables 2 

and 3): class A organisms (six species of 
Chlamydomonas including C. reinhardtii (G. 
reinhardtii group)， six species of Gonium and 
two species of Astrephomene) whose cell walls 
are sensitive to the enzyme and show a 

strong cross-reactivity with the antibody， 
class B organisms (C. angulosa. Dysmorphococ-

cus， Pandorina， Eudorina， Volvulina， Pleodorina 
and Volvox) whose cell walls are resistant to 

the enzyme， but show a strong cross-
reactivity with the antibody， and class C 

organisms (many other species of Chla吻 do・

monω Carteria， Chlorogonium， Polytoma， 
Haematococcus， Lobomon叫 Phacotω Ptero-

monas， St，ψhanosphaera and 乃robot~ys) whose 

cell walls are resistant to the enzyme and 

show no or weak cross-reactivity with the 

antibody. Since lytic enzyme digests the 

inner wall layer of the Chlamydomonas cell 
wall while antibody will recognize the outer 

layers (see above)， the cell walls of the class 
A organisms might be similar in chemical 
composition and arrangement of compo-

nents to those of C. reinhardtii itself. 
Taken together， alllines of evidence sug-

gest that the members in the genus 

Chlamydomonas are composed of phylogeni・
cally diverse groups. For example， C. 
reinhardtii which belongs to group 1 appears 

to be closely related to other members in 

the same group and group 2， but distantly 
related to many other algae (e.g. C. 

eugametos) in other groups. Moreover， C. 
reinhardtii and its relatives (the C. reinhardtii 
group) are on the evolutionary line leading 

to the multicellular members of the 

Volvocales (ROBERTS et al. 1982; MATSUDA 

et al. 1987a). MATSUDA et al. (1987a) have 

proposed that there is an evolutionary 

sequence 企oma C. reinhardtii-like ancestor 

to the colonial algae， Gonium and As-

trephomene (Fig. 5). There might also be a 

line of evolution from an ancestor of the C. 

reinhardtii to the volvocacean algae (except 

SINGLE FORM coしONIAL FORM 

且m血liM
Volvox 

Fig. 5. Schematic representation of evolu-
tionary lines from a C. reinhardtii-like ancestor to 
unicellular and colonial algae in the Volvocales. 

Stephanosphaera) because of the similarities of 
the structure and chemical composition of 

their cell walls (Fig. 5). These phylogenic 
relationships agree well with those suggested 

仕om microscopically visible features 

(FULTON 1978a; NOZAKI 1986). The pattern 

of cell cleavage in Gonium (specifically， G. 
pectorale and G. octonarium) and Astr，ψhomene 
is a parallel-type， whereas that in Pandorina， 
Volvulina， Eudorina， Pleodorina and Volvox， 
which undergo inversion during the colony 

formation， is a rotational-type (POCOCK 

1953; STEIN 1958a， b; GERISCH 1959 ; 

GOLDSTEIN 1964; STARR 1969; FULTON 
1978b; NOZAKI 1983， 1986). Stψhanosphaera 
shows a radial-type cleavage (HIERONYMUS 

1884). Furthermore， every cell in a colony 
of Gonium and Astr，ψhomene is surrounded by 

the inner and outer layers of cell wall， 
whereas in other volvocacean algae， the 
outer layers do not cover over the individual 

cells but surround the colonial surface as an 

extracellular matrix (FULTON 1978a; 

NOZAKI 1986; NOZAKI et al. 1987). 

The cell walls and their degrading 

enzymes will constitute very important 

taxonomic kevs in 印刷restudies to in-

vestigate more detailed phylogenic re・

lationships between chlamydomonads and 

other members of the Volvocales. 



2印 MA百 UDA，Y. 

Acknowledgell1ents 

The author gratefully acknowledges Drs. 

H. NOZAKI and H.J. Hoops for their kind 

advice on the systematics of the V olvocales. 
Thanks are extended to Drs. A. MUSGRAVE 
and Y. TSUBO for improving the manuscript. 

References 

ADAIR， W.S. 1985. Characterization of Chlamydo・

manas sexual agglutinins.]. Cell Sci. 2: 233-260 

(suppl.). 
ADAIR， W.S.， STEINMETZ， S.A.， MATTSON， D.M.， 

GOODENOUGH， U.W. and HEUSER， ].E. 1987. 

Nucleated assembly of Chlamydomonas and Volvox 

cell walls.]. Cell Biol. 105: 2373-2382. 

BERNSTEIN， M. 1960. Synchronous division in 

Chlamydomonas moewusii. Science 131: 1528-1529. 

BLOODGOOD， R.A. 1987. Glycoprotein dynamics in 

the Chlamydomonas flagellar membrane. Adv. 

Cell Biol. 1: 97-130. 

BLOODGOOD， R.A. and LEVIN， E.N. 1983. Transient 

increase in calcium effiux accompanies fertili-

zation in Chlamydomo即 s.].Cell Biol. 97: 397-
404. 

BOLD， H.C. 1949. The morphology ofChlamydomonas 

chlamydogama， sp. nov. Bull. Torrey Bot. Club 

76: 101-108. 

BOLD， H.C. and WYNNE， Mふ 1985. Introduction 

to the Algae. 2nd ed. Prentice-Hall Inc.， 
Englewood Cliffs， New]ersey. 

BROWN， R.M.]r.，]oHNSON， C. and BOLD， H.C. 1968. 
Electron and phase-contrast microscopy of sexual 

reproduction in Chlamydomonas moewusii. ]. 

Phycol. 4: 100-120. 

CAπ，].W. 1979. The isolation and chemical com-

position of the zygospore cell wall of Chlamydo・

monas reinhardii. Plant Sci. Lett. 15: 69-74. 

CATT， ].W.， HIL凶， G.]. and ROBER百， K. 1976. A 

structural glycoprotein， containing hydroxy-

proline， isolated from the cell wall of Chlamydo・

monas reinhardii. Planta 131: 165-171. 

CATT， ].W.， HILLS， G.]. and ROBERTS， K. 1978. 
Cell wall glycoproteins from Chlamydomonas 

reinhardii， and their self assembly. Planta 138: 
91-98. 

CAVALIER-SMITH， T. 1975. Electron and light 

microscopy of gametogenesis and gamete fusion 

in Chlamydomonas reinhardii. Protoplasma 86: 1-18. 

CAVALIER-SMITH， T. 1976. Electron microscopy of 

zygospore formation in Chlamydomonas阿inhardii.

Protoplasma 87: 297-315. 

CLAES， H. 1971. Autolyse der Zellwand bei den 

Gameten von Chlamydomonas reinhardii. Arch. 

Mikrobiol. 78: 180-188. 

CLAES， H. 1977. Non-specific stimulation of the 

autolytic system in gametes from Chlamydomonas 

reinhardii. Exp. Cell Res. 108: 221-229. 

DAVIES， D.R. 1972. Electrophoretic analyses of 

wall glycoproteins in normal and mutant cells. 

Exp. Cell Res. 73: 512-516. 

DE品 ON，T.R.1967. Chlamydomonasgymnogama，anew 
homothallic species with naked gametes. ]. 
Phycol. 3: 109-112. 

DETMERS， P.A. and CONDEELIS， ]. 1986. Tri-

fluoperazine and W-7 inhibit mating in 
Chla町)ldomonasat an early stage of gamete inter-

action. Exp. Cell Res. 163: 317-326. 

ETTL， H. 1976. Die Gattung Chlamydomonas 

Ehrenberg. Beih. Nova Hedwigia 49: 1-1122. 

EπL， H. 1983. Chlorophyta 1 Phytomonadina. p. 

1-807. In H. EπL，]. GERLOFF， H. HEYNIG and 
D. MOLLENHAUER [eds.] Suswasserflora von 

Mitteleuropa. vol. 9. Gustav Fischer Verlag， 
Stuttgart， New York. 

FRIEDMANN， 1. COLWIN， A.L. and COLWIN， L.H. 
1968. Fine structural aspects of fertilization in 

Chlamydomonas reiIYwrdii.]. Cell Sci. 3: 115-128. 

FULTON， A.B. 1978a. Colonial development in 

Pandorina morum. 1. Structure and composition 

of the extracellular matrix. Develop. Biol. 64: 

224-235. 

FULTON， A.B. 1978b. Colonial development in 

Panほiorinamo問 m11. Colony morphogenesis and 

formation of the extracellular matrix. Develop. 

Biol. 64: 236-251. 

GERISCH， G. 1959. Die Zelldifferenzierung bei 

Pleodorina california SHAW und die Organisation 

der Phytomonadinenkolonien. Arch. Protistenk. 

104: 292-358. 

GERLOFF，]. 1940. Beitrage zur Kenntnis der Vari-

abilitat und Systematik der Gattung Chla叫)1-

domonas. Arch. Protistenk. 94: 311-502. 

GITELMAN， S.E. and WITMAN， G.B. 1980. Puri-

五cation of calmodulin from Chlamydomonas: 

calmodulin occurs in cell bodies and flagella. ]. 

Cell Biol. 98: 764-770. 

GOLDSTEIN， M. 1964. Speciation and mating 

behavior in Eudorina.]. Protozool. 11: 317-344. 

GOODENOUGH， U.W. 1977. Mating interactions in 

Chlamydomonas. p. 324-350. In ].L. REISSIG [ed.] 

Microbial interactions， receptors and recogni-
tion. series B. vol. 3. Chapman and Hall， London. 

GOODENOUGH， U.W. and HEUSER， ].E. 1985. The 

Chlamydomonas cell wall and its constituent 

glycoproteins analyzed by the quick-freeze， 
deep-etch technique. ]. Cell Biol. 101: 1550-

1568. 

GOODENOUGH， U.W. and WEISS， R.L. 1975. Gametic 



Chlamydomonas cell walls and degrading enzymes 261 

differentiation in Chla叫ydomonasreinhardtii. 111. 

CeIl waIl Iysis and microfilament-associated 

rnating structure in wild-type and mutant 

strains. ]. Cell Biol. 67: 623-637. 

GOODENOUGH， U.W.， DETMERS， P.A. and HWANG， C. 
1982. Activation for cell fusion in Chlamydomonas: 

analysis of wild-type gametes and nonfusing 

mutants.]. CeIl Biol. 92: 378-386. 

GOODENOUGH， UルV.，ADAIR， W.S.， COLLIN-USDOBY， 
P. and HEUSER， ].E. 1985. Structure of the 

Chlamydomon沼sagglutinin and related flagellar 

surface proteins in v昨 oand in situ. ]. CeIl Biol. 

101: 924-941. 

GOODENOUGH， U.W.， GEBHART， B.， MECHAM， R.P. 
and HEUSER， ].E. 1986. Crystals of the 

Chlamydomonas reinhardtii ceIl wall: polymeri-

zation， depolymerization， and purification 01' 

glycoprotein monomers.]. CeIl Biol. 103: 405-

417. 

GRIEF， C. and SHAW， P.]. 1987. Assembly of cell-

wall glycoproteins of Chlamydomonas reinhardii: 

oligosaccharides are added in medial and trans 

GoIgi compartments. Planta 171: 302-312. 

GRIEF， C.， U'NEILL， M.A. and SHAW， P.]. 1987. 

The zygote cell wall of Chlamydomonas reinhardii: 

a structural， chemical and immuno10gical ap-
proach. Planta 170: 433-445. 

HARPER， ].D.I. and ]OHN， P.C.L. 1986. Coordi-

nation of division events in the Chlamydomonas 

cell cycle. Protoplぉ ma131: 118-130. 

HEIMKE， ].W. and STARR， R.C. 1979. The sexual 

process in several heterogamous Chlamydomonas 

strains in the subgenus Pleiochloris. Arch. Pro-

tistenk. 122: 20-42. 

HERSKOWITZ， 1. and USHIMA， Y. 1981. Control of 

cell type in Saccharomyces cerevisiae: mating type 

and mating-type interconversions. p. 181-209. 

In ].N. STRATHERN， E.W. ]ONES and ].R. 

BROACH [eds.] Molecular biology of the yeast 

Saccharomyces. Life cycle and inheritance. Cold 

Spring Harbor Laboratory， New York. 

HIERONYMUS， G. 1884. Uber St，ψhanoゆ'haerapluvialis 

COHN. Beitr. Biol. Pfl. 4: 51-78. 

HIL凶， G.]. 1973. Cell waIl assembly in vitro from 

Chlamydomonas reinhardi. Planta 115: 17-23. 

HIL凶， G. ].， PHILLIPS， ].M.， GAY， M.R. and 
ROBERTS， K. 1975. Self-assembly of a plant cell 

wall in vitro.]. Mol. Biol. 96: 431-441. 
HOMAN， W.， MUSGRAVE， A.， MOLENAAR， E.M. and 

VAN DEN ENDE， H. 1980. Isolation of monova-

lent sexual binding components from Chla同y-
do脚 naseugametos flagellar membranes. Arch. 

Microbiol. 128: 120-125. 
1MAM， S.H.， BUCHANAN， M.J.， SHIN， H.-C. and 

SNELL， W.]. 1985. The C，ω:hlωa/吻?坦ゆ砂Eり汐yμ，d，伽d
characterization of the wall f仕T凶amework.]. Cel1 

Biol. 101: 1599-1607. 

]AENICKE， L. and WAFFENSCHMIDT， S. 1979. Matrix-

Iysis and release of daughter spheroids in Volvox 

carferi-a proteolytic process. FEBS Lett. 107: 
250-253 

]AENICKE， L. and WAFFENSCHMIDT， S. 1981. Libera-

tion of reproductive units in Volvox and Chlamy-

domonas: proteolytic processes. Ber. Deutsch. Bot. 

Ges. 94: 375-386. 

]AENICKE， L.， KUHNE， W.， SPESSERT， R.， WAHLE， U. 
and WAFFENSCHMIDT， S. 1987. Cel1-waIl Iytic 

enzymes (autolysins) of Chlamydomonas reinhardtii 

are (hydroxy) proline-specific proteases. Eur.]. 

Biochem. 170: 485-491. 

KASKA， D.D. and GIBOR， A. 1982. Initiation of cell 

walllysis in gametes of Chlamydomonas reinhardi by 

isolated flagella of the complementary mating 

type. Exp. Cel1 Res. 138: 121-125. 

KASKA， D.D.， PISCOPO， I.C. and GIBOR， A. 1985. 

IntraceIlular calcium redistribution during 

mating in Chlamydomonas reinhardii. Exp. CeIl Res. 

160: 371-379. 

KATES， ].R. and ]ONES， R.F. 1964. The control of 

gametic differentiation in liquid cultures of 

Chlamydomonas.]. CeIl. Comp. Physiol. 63: 157-

164. 

KOSEKI， M.， SAITO， T. and MATSUDA， Y. 1987. 

Properties of hatching enz戸nereleased into the 

culture medium during zoospore liberation in 

Chlamydomonas reinhardtii. p. 273 Proceedings of 

the 52th Annual Meeting of the Botanical 

Society of] apan， Tsukuba. 
LANG， W.C. and CHRISPEELS， M.]. 1976. Biosyn-

出esisand release of ceIl wall-1ike glycoproteins 

during the vegetative cell cycle of Chla吻 'do・

monas reinhardii. Planta 129: 183-189. 

LEWIN， R. 1975. A Chlamydomonas with black 

zygospores. Phycologia 14: 71-74. 

MARTIN， N.C. and GOODENOUGH， UルV. 1975. 

Gametic differentiation in Chlamydomonas rein-

hardtii. I. Production of gametes and their fine 

structure.]. CeIl Biol. 67: 587-605. 

MATSUDA， Y. 1980. uccurrence of waIl-Iess cells 

during synchronous gametogenesis in Chlamydo・

monas reinhardtii. P1ant CeIl Physiol. 21: 1339-

1342. 

MA'百 UDA，Y. and SAITO， T. 1986. Differentiation of 

sexuality in ChlamydomOl悶s.Seikagaku 58: 1119 

1138. 

MAτ'SUDA， Y.， TAMAKI， S. and TSUBO， Y. 1978. 

Mating type speci抗cinduction of cell waIl Iytic 
factor by agglutination of gametes in Chla叫ydo-

monas rein加rdtii.P1ant Cell Physiol. 19: 1253-
1261. 

MATSUDA， Y.， YAMASAKI， A.， SAITO， T. and YAMA・
GUCHI， T. 1984. Puri自cationand character-



262 MA'百 UDA，Y. 

ization of cell wall lytic enzyme released by 

mating gametes of Chlamydomonas reinhardtii. 

FEBS Lett. 166: 293-297. 
MA'時 UDA，Y.， SAπ0， T.， YAMAGUCHI， T. and 

KAWASE， H. 1985. Cell wall lytic enzyme 

released by mating gametes of Chlamydomonas 

削減ardtiiis a metalloprotease and digests the 

sodium perchlorate-insoluble component of cell 

wall. J. Biol. Chem. 260: 6373-6377. 

MATSUDA， Y.， MUSGRAVE， A.， VAN DEN ENDE， H. and 

ROBER百， K. 1987a， Cell walls of algae in the 
Volvocales: their sensitivity to a cell wall lytic 

enzyme and labeling with an anti-cell wall 
glycopeptide of Chla叩'domonasreinhardtii. Bot. 

Mag. Tokyo 100: 373-384. 
MA'官 UDA，Y.， SAITO， T.， YAMAGUCHI， T.， KOSEKI， M. 

and HAYASHI， K. 1987b. Topography of cell 

wall Iytic enzyme in Ch白川ydomonasreinhardtii: 

form and location of the stored enzyme in 

vegetative cell and gamete. J. Cell Biol. 104: 

321-329. 
MA'司 UDA，Y.， KOSEKI， M.， ONO， Y. and SAITO， T. 

1 988a. Cell walllysis and cell differentiation in 

Chlamydomonas reinhardtii. p. 300 Proceeding of 

the Annual Meeting and 28th Symposium of the 

Japanese Society ofPlant Physiologists， Osaka. 
MATSUDA， Y.， SAITO， T.， UMEMOTO， T. and TSUBO， 

Y. 1 988b. Transmission patterns of chloroplast 

genes after polyethylene glycol-induced fusion of 
gametes in non-mating mutants ofChlamydomonas 

reinhardtii. Curr. Genet. 13: in press. 

MlHARA， S. and HASE， E. 1975. Studies on the 

vegetative life cyc1e of Chla"!JIdomonas reinhardi 

DANGEARD in synchronous culture. III. Some 

notes on the process ofzoospore liberation. Plant 
Cell Physiol. 16: 371-375. 

MILLER， D.H.， LAMPORT， D.T.A. and MILLER， M. 
1972. Hydroxyproline heterooligosaccharides in 

Chla"!JIdo脚 nas.Science 176: 91ι920. 

MILLER， D.H.， MELLMAN， I.S.， LAMPORT， D.T.A. 
and MILLER， M. 1974. The chemical com-

position of the cell wall of Chlamydomonas 

gymnogama and the concept of a plant cell wall 

protein. J. Cell Biol. 63: 420-429. 

MILLIKIN， B.E. and WEISS， R.L. 1984. Distribution 
。fconcanavalin A binding carbohydrates during 

mating in Chlalゅ伽nanas.J. Cell Sci.価:223-

239. 

MINAMI， S.A. and GOODENOUGH， U.W. 1978. Novel 

glycopolypeptide synthesis induced by gametic 
cell fusion in Chlam)伽回nasreinhardtii. J. Cell 

Biol. 77: 165-181. 

MITRA， A.K. 1949. A pecu1iar method of sexual 
reproduction in certain new members of the 

Chlamydomonadaceae. Hydrobiologia 2: 209-
216. 

MONK， B.C.， ADAIR， W.S.， COHEN， R.A. and 

GOODENOUGH， U.W. 1983. Topography of 

Chlamydomonas: fine structure and polypeptide 

components of the gametic flagellar membrane 

surface and the cell wall. Planta 158: 517-533. 

MUSGRAVE， A.， DE WILDT， P.， BROEKMAN， R. and 
VAN DEN ENDE， H. 1983. The cell wall of 

Chlamydomonas euga抑制.Immunological aspects. 

Planta 158: 82-89. 
NOZAKI， H. 1983. Morphology and taxonomy of 

two species of Astr，ψhomene (Chlorophyta， 
Volvocales) in Japan. J. Jap. Bot.珂:345-355. 

NOZAKI， H. 1986. Sexual reproduction in the 

colonial Volvocales (Chlorophyta). Jap. J. 

Phycol. 34: 232-247. 
NOZAKI， H.， H組 A，Y. and KASAI， H. 1987. Light 

and electron microscopy of pyrenoids and species 

delitation in 防lvulina(Chlorophyta， Volvoca・
ceae).J. Phycol. 23: 359-364. 

O'NEILL， M.A. and ROBER胃， K. 1981. Methylation 

analysis of cell wall glycoproteins and glycopep-

tides from Chlamydomonas reinhardii. Phytochemis-

try 20: 25-28. 
ONO， Y.， SAITO， T.， HAYASHI， K.， KOSEKI， M.， 

TSUBO， Y. and MATSUDA， Y. 1987. Cell wall 

lytic enzyme in vegetative cell of Chla叩 domonas

reinhardtii. p. 274 Proceedings of the 52th Annual 

Meeting of the Botanical Society of Japan， 
Tsukuba. 

PASCHER， A. 1927. Volvocales-Phytomonadinae. 
Heft 4. 506p. In A. PASCHER [ed.] Die Sus-

swasserflora Deu包chlands.Osterreichs und der 

Schweitz. Fischer，Jena. 
PASQ.UALE， S.M. and GOODENOUGH， U.W. 1987. 

Cyc1ic AMP functions as a primary sexual 

signal in gametes of Chlamydomonas reinhardtii. J， 
Cell Biol. 105: 2279-2292. 

PIJST， H.L.A.， VAN DRIEL， R.， JANSSEN， P.M.W.， 
MUSGRAVE， A. and VAN DEN ENDE， H. 1984. 
Cyc1ic AMP is involved in sexual reproduction in 

Chlamydomo附 eugametos.FEBS Lett. 174: 132-

136. 
POCOCK， M.A. 1953. Two multicellular motile 

green algae， Volvulina PLAYFAIR and Astretho・
mene， a new genus. Trans. Roy. Soc. S. A仕.34:

103-127. 
RAY， D.A.， SOLTER， K.M. and GIBOR， A. 1978. 

F1agellar surface differentiation. Evidence for 

multiple-sites involved in mating of Chlamydo-

monas阿inhardi.Exp. Cell Res. 114: 185-189. 

ROBER羽， K. 1974. Crystalline glycoprotein cell 

walls of algae: their structure， composition and 
assembly. Phil. Trans. R. Soc. Lond. B. 268: 
129-146. 

ROBERTS， K. 1981. Visua1izing an insoluble glyco-
protein. Micron 12: 185-186. 



Chlnmydomonas cell walls and degrading enzymes 263 

ROBER'ぉ， K.， GURNEV-SMITH， M. and HILLS， G.J. 
1972. Structure， composition and morphoge-
nesis of the cell wall of Chlamydomonas reinhardii. 

I. U!trastructure and preliminary chemical 

analysis. J. Ultrast. Res. 40: 599-613. 

ROBER百， K.， PHlLLIPS， J.M. and H江 LS，G.J. 1975. 
Structure， cornposition and morphogenesis of 

the ceIl waIl of Chlamydomonas reinhardi. VI. The 

flageIlar coIlar. Micron 5: 341-357. 

ROBERTS， K.， GAV， M.R. and HILLS， G.J. 1980. 

Cell waIl glycoproteins from Chlamydomonas 

reinhardii are sulphated. Physiol. Plant. 49: 

421-424. 

ROBERTS， K.， HILLS， G.J. and SHAW， P.J. 1982. The 
structure of algal cell walls. p. 1-40. /n J .R. 

HARRIS [ed.] Electron microscopy of proteins. 

vol. 3. Acad. Press， New York. 

ROBER'百， K.， GRIEF， C.， HIL凶， G.J. and SHAW， P.J. 
1985a. Cell wall glycoproteins: structure and 

function. J. CeIl Sci. 2: 105-127 (Suppl.). 

ROBERTS， K.， PHILLlPS， J.， SHAW， P.， GRIEF， C. and 
SMITH， E. 1985b. An immunological approach 

to the plant cell wall. p. 125-154. /n C.T. 

BRETT andJ.R. HILLMAN [eds.] Biochemistry of 

plant cell walls. Cambridge Univ. Press， 
Cambridge. 

SAGER， R. and GRANICK， S. 1954. Nutritional 

control of sexuality in Chlamydomonas reinhardi. 

J. Gen. Physiol. 37: 729-742. 

SAπ0， T.， TSUBO， Y. and MATSUDA， Y. 1985. Syn-

thesis and turnover of cell body-agglutinin as a 

pool of flagellar surface-agglutinin in Chlamydo・

monas reinhardtii gamete. Arch. Microbiol. 142: 

207-210. 

SAITO， T.， TSUBO， Y. and MATSUDA， Y. 1988. A 

new assay system to classify non-mating mutants 

and to distinguish between vegetative cell and 

gamete in Chla問yd，由 加nasreinhardtii. Curr. Genet. 

13: in press. 

SCHLOSSER， U.G. 1966. Enzyrnatisch gesteuerte 

Freisetzung von Zoosporen bei Chlamydo問問5

reinhardii DANGEARD in Synchronkultur. Arch. 

Mikrobiol. 54: 129-159. 

SCHLOSSER， U.G. 1976. Entwicklungsstadien-und 

sippenspezifische Zellwand-Autolysine bei der 

Freisetzung von Fortpflanzung5zellen in der 

Gattung Chlamydomonas. Ber. Deutsch. Bot. Ges. 
89: 1-56. 

SCHLOSSER， U.G. 1984. Species-specific sporangium 

autolysins (cell-wall-dissolving enzymes) in the 

genus Chlamydomonas. p. 409-418. /n D.E.G. 

IRvlNE and D.M. JOHN [eds.] Systematics of 

the green algae. Acad. Press， London. 
SCHLOSSER， U.G.， SACHS， H. and ROBINSON， D.G. 

1976. Isolation of protoplasts by means of a 

“species-pecific" autolysine in Chla町ydomonas.

Protopl拙 ma88: 51-64. 

SCHMEISSER， E. BAUMGARTEL， D. and HOWELL， S. 
1973. Gametic differentiation in Chlarrz..ydo・

monas reinhardi: Cell cycle dependency and rates 

of attainment of rnating competence. Develop. 

Biol. 31: 31-37. 

SNELL， W.J. 1982. Study of the release of cell wall 

degrading enzymes during adhesion of Chlamydo・

monas gametes. Exp. CeIl Res. 138: 109-119. 

SNELL， W.J. 1983. Characterization ofthe Chla町 do・

mon哩sflagellar collar. Cell Motil. 3: 273-280. 

SNELL， W.J. 1985. Cell-cell interactions in Chlamydo・

monas. Ann. Rev. Plant Physiol. 36: 287-315. 

SNELL， W.J.， BUCHANAN， M. and CLAUSELL， A. 1982. 
Lidocaine reversibly inhibits fertilization in 

Chlamydomonas: a possible role for calcium in 

sexual signalling. J. Cell Biol. 94: 607-612. 

STARR， R.C. 1969. Structure， reproduction and 

differentiation in Volvox carteri f. nagariensis 

IYENGAR， strains HK  9 & 10. Arch. Protistenk. 

111: 204-222. 

STEIN， J.R. 1958a. A morphological study of 

Astrephomene gubernacul扮raand Volvulina steinii. 

Am.J. Bot. 45: 388-397. 

STEIN， J.R. 1958b. A morphologic and genetic 

study of Gonium戸ectorale.Am. J. Bot. 45: 664-

672. 

TAMAKI， S.， MA'百UDA，Y. and TSUBO， Y. 1981. The 

isolation and properties of the Iytic enz戸neof 

the cell wall released by mating gametes of 

Chlamydomonas reinhardtii. Plant Cell Physiol. 22: 

127-133. 

TRAINOR， F.R. and CAIN， J.R. 1986. Famous algal 

genera. I. Chlamydomonas. p. 81-127. ln F.E. 

ROUND and D.J. CHAPMAN [eds.] Progress in 

phycological research. vol. 4. Elsevier Biomedical 

Press， New York. 

TRIEMER， R.E. and BROWN， R.M. Jr. 1975a. The 

ultrastructure of fertilization in Chlamydomonas 

脚 ewusii.Protoplasma 84: 315-325. 

TRIEMER， R.E. and BROWN， R.M. Jr. 1975b. 

Fertilization in Chlamydomonas reinhardi， with 
special reference to the structure， development 
and fate of the choanoid body. Protoplasma 85: 

99-107. 

TSCHERMAK-WOESS， E. 1959. Extreme Anisogamie 

und ein bemerkenswerter Fal! des GeschIechts-
bestimmung bei einer neuen Chlamydomonas-Art. 

Planta 52: 606-662. 

TSCHERMAK-WOESS， E. 1962. Zur Kenntnis von 

Chlamydomonas suboogama. Planta 59: 68-76. 

VAN DEN ENDE， H. 1985. Sexual agglutination in 

Chlamydomon刀s.Adv. Microbial Physiol. 26: 89-

123. 

VANWINKLE-SWIFT， K. P. and AUBERT， B. 1983. 

Uniparental inheritance in a homothallic alga. 



264 MATSUDA， Y. 

Nature 303: 167-169. 
V OIGT， J. 1985a. Macromolecules released into the 

culture medium during the vegetative cell cycle 

of the unicellular green alga Chlamydomonas 
reinhardii. Biochem. J. 226: 259-268. 

VOIGT， J. 1985b. Extraction by lithium chloride of 

hydroxyproline-rich glycoproteins from intact 

cells of Chlamydomo即 sreinhardii. Planta 164: 

379-389. 

VOIGT， J. 1986. Biosynthesis and turnover of cell 

wal¥ glycoproteins during the vegetative cel¥ 

cycle of Chlamydomonas reinhardii. Z. Naturforsch. 

41: 885-896. 

れTEISS，R.L. 1983. Coated vesicles in the contractile 
vacuolefmating structure region of Chla叩 do・
monas. J. Ultrast. Res. 85: 33--44. 

WIESE， L. 1965. On sexual agglutination and 

mating-type substances (gamones) in isogamous 

heterothaJlic chlamydomonads. I. Evidence of 

the identity of the gamones with the surface 

components responsible for sexual flagel¥ar 

contact. J. Phycol. 1: 46-54. 
れTIESE，L. 1984. Mating systems in unicel¥ular algae. 

Encyclo. Plant Physiol. New Series 17: 238-260. 

Note Added in Proof: Recently， LEMIEUX et al. (BioSystems 1985， 18: 293-298) and JUPE et al. 
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松田告弘:クラミドモナスの細胞墜とその溶解酵素

オオヒゲマワリ目は，クラミドモナスのような単細胞性藻からオオヒゲマワリのような群体性藻まで多彩な部

類で構成されているが，乙れらの細胞~や外被は，いずれも粘蛋白質より成り，高等植物や他の藻類でみられ

るポリグルカンを殆ど持たない。細胞墜の構造，牛ー化学，構成成分の合成と分泌，人為的分解と再構成，さらに

突然変異については，とくに Chlamydomonasreinhardtiiを材料として研究が進められており，乙乙では，まず乙

れらの段近までの知見を概説した。また， C. reinhardtiiでは，プラス型，マイナス型両配偶子が接合する時!C分

泌される細胞墜湾解酵素(リティツタエンザイム)と無性的増殖11寺lζ母細胞墜をl政って娘細胞が放出されるため

に必要な解案(ハッチングエンザイム)の両者が，最近単離精製された。乙れらのプロテアーゼ性細胞壁溶解酵

素の分子性状，細胞壁の分解様式，細胞内存在形態および存在場所，分泌シグナJレなどをまとめて論議した。こ

れまで Chlamydomonasの種レベルでの分瀕は，主として光学顕微鏡下のごく僅かな形態的特徴の違いに基いたも

のであり，問題が多い。そこで，最後に Chlamydomonas属内での積のグJレーピングや，オオヒゲ7 ワリ目内で

の単細胞性藻と税体性藻の聞での系続的類縁関係を論議するためになされた，細胞遊と二種類の溶解酵素の特異ー

性を利用したいくつかの研究を紹介した。 (657神戸市灘区六甲台1-1 神戸大学E里学部生物学教室)




