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This study deals with the formation of calcium carbonate crystals in the green alga 
Halimeda incrassata at the ultrastructural level. Crystal formation occurs within tube. 
like organic envelopes in the intercellular space. These envelopes are derived from the 
organic matrix adjacent to the cell wall of the coenocytic filament and exhibit a double 
walled structure. The envelopes act as sites of crystal initiation and also regulate the 
size and shape of the crystals. 
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lt has been reported that a feature 
common to aIl calcareous algae is the 
presence of gelatinous or mucilaginous 
(organic) substances associated with ceIl 
waIls (LEWIN 1962). lt was further sug-
gested that this substance may be involved 
in the deposition of crYEtalline material 
(KOBA Y ASHI 1971). Recent studies (WILBUR 
et al. 1969; BOROWITZKA et al. 1977， 1974) 
dealing with the problem of calcification in 
Halimeda， a typical calcareous alga， have 
fai!ed to confirm the presence of an organic 
matrix in the interceIlular space， the site of 
crystal formation. 
The discrepancy in regard to these ob-
servations prompted us to re-examine 
Halimeda at the electron microscope level 
in order to ascertain whether an organic 
matrix is present， and if so， what role it 
plays in crY5tal initiation and growth. The 
present report describes the results of this 
study. 
Halimeda incrassata was coIlected in 

Harrington Sound， Bermuda， during the 
month of ]uly. Immediately after removal 
from the water， the apical and second 
segment of the thaIlus was removed， cut 
into smaIl pieces and fixed as foIlows: (1) 
in veronal buffered (pH 7.4) glutaraldehyde 
(5%) 501. for one hour， then washed in 
buffer and post fixed in cacodylate buffered 
OsO. 1% for 45 min. (Fixation times were 
of relatively short duration to avoid dis-
solution of aragonite crystals.) The ma-
terials were routinely dehydrated and 
embedded in Araldite 502. Sections were 
cut with a glass and diamond knife and 
stained with lead citrate (2% in 1/10 N 
NaOH) or 2% solution of uranyl acetate 
foIlowed by lead citrate. Thick sections 
were also prepared and stained with tolui-
dine blue in 40% alcohol. 
The basic structure of Halimeda is the 
coenocytic filament. The filaments of the 
outer surface of the thaIlus are in contact 
with one another and form a boundary 
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Fig. 1. Transverse s巴ctionof lilament， (F)， showing numerous spherical bodies (Sb)， and meta-
chromatic coat (Mc)， adjacent to lilament wall. x 800 Figs. 2-6. Transmission electron micro 
graphs of portions of the lilament wall showing development of crystals. Fig. 2. Cr， crystal; 
E， associatecl organic envelope; Fw，日lament ¥も'all;0， network of organic substance (matrix). 
Fixed in veronal bu仔erecl1% OsO.， for 30 min.， llnstained. x 43，000 Figs. 3-4. Sections illl1stratecl 
in th巴seligures were日xeclin veronal buffer巴cl1% OsO.， for 30 min.， stainecl with uranyl acetate and 
leacl citrate ancl clemineralizecl cluring the staining process. Fig. 3. Tl1be.like envelope (E)， pro-
jecting from日lamentwall. Small crystals (C)， present in some envelopes. x 60，000 Fig. 4 
Tllbes (envelopes) mor巴 highlyclevelopecl showing crystals growing within tubes. x60，000 Fig.5. 
Thick section showing ranclomly arrang巴cllarge mineralizecl crystals. x20，OCO Fig. 6. Selected 
area of in terc巴llularspace showing thin inn巴rand thick Ol1ter wall of envelopes surrol1nding 
growing crystals (arrows). Uranyl acetate.leacl citrate stain. x 140，000 



Nakahara， H. and G. Bevelander: Calcification of Halimeda 11 

against the sea water. Between the fila-
ments there are extensive spaces in which 
aragonite crystals are deposited as the 
thallus matures. The filaments are bounded 
by a filament wall and contain in addition 
to several cytological components such as 
mitochondria and chloroplasts， large spheri-
cal bodies that stain metachromatical1y with 
toluidine blue (WILBUR et al. 1969). These 
bodies also occur in the intercellular space. 
Adjacent to the filament wal1 is a zone 
of organic matrix that stains metachromat-
ically (Fig. 1). This matrix also occurs as 
scattered patches throughout the inter-
cel1ular space. Original1y， the matrix ap-
pears somewhat fibrilar. Subsequent1y， this 
material undergoes a reorganization (poly-
merization?) to form randomly arranged 
tube-like envelopes. After this occurs， 
crystals appear within the envelopes (Fig. 
2). Initially， the envelopes are most numer-
ous in the region adjacent to the filament 
wall. Continued development results in the 
differentiation of additional envelopes 
throughout the intercellular space. One， or 
more， crystals are initiated within the 
envelopes (Fig. 3， 4) ; they continue to grow 
until envelopes are completely fil1ed， giving 
rise to straight needle-like crystals charac-
teristic of the mature state (Fig. 5). At a 
relatively high magnification， the crystal 
envelope (Fig. 6) is shown to be double 
layered， consisting of a thin inner and 
thick outer wal1. 
We ha ve demonstrated the presence of 
an organic substance in the intercel1ular 
space in Halimeda which is in agreement 
with the observations concerning other 
calcareous algae (LEWIN 1962). Our inves-
tigations disagree， however， with those in 
which. an organic matrix was not observed 
(WILBUR et al 1969; BOROWITZKA et al. 
1974， 1977). 
Matrix have been defined (EASTOE 1968， 
KOBA Y ASHI 1971) as a substance that is (1) 
in existence before crystal initiation occurs， 
(2) is the medium in which crystals develop， 
and (3) subsequent1y encloses the crystals 
spacial1y. The intercel1ular organic material 
observed in Halimeda conforms to the above 

criteria and accordingly， justifies the use of 
the term matrix. Further， the high degree 
of organization is in agreement with the 
previous contention in regard to the charac-
ter and role of the matrix in algae. 
The presence of envelope-like structures 
has been described in association with 
crystals or crystal formation in higher 
plants (ARNOTT 1966)， Earthworms (NAKA・
HARA and BEVELANDER 1969) and Mol1uscs 
(BEVELANDER and NAKAHARA 1969; ERBEN 
and WATABE 1974). 
This study has demonstrated that the 
matrix is involved in the fol1owing in 
regard to crystal formation: (1) the matrix 
gives rise to envelopes， (2) the envelopes 
act as specific sites in which crystal initi-
ation occurs， (3) they also regulate the 
growth (size) and shape of the crystals. 
The matrix derived envelopes are highly 
organized randomly arranged structures. 
Since the crystals are enclosed within 
envelopes， the arrangement of the crystals 
coincides and is dependant on the arrange-
ment of the envelopes. 
It is apparent that an organic matrix is 
present in the intercel1ular space， and 
further， it is intimately associated and 
plays a decisive role in the initiation， 
growth， shape and arrangement of the 
aragonite crystals in H. incrassata. 
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中原暗* Gerrit Bevelander**: Hαlimeda inclαssata (ミツデサボテンゲサ)における炭酸力

ルシウム結晶の形成，特に Organicmatrixの役割

A沼ti'7切j十法ー透過型電子顕微鋭によって Halimedaincrassala (緑泌)における炭酸カノレシウム結lRIの形成を
観察した。 車内l払の'-1ミ!丸成長は制I1JJ包1:;1;の外側に形成された管状の有機質 envelop巴 '-10で行われる (Fig.2-'1)。

このような envelopeは coenocyticfilamentの外側に接して存在する organicmatrixに巾来するものと考

え1られ，その壁はご.ill:の椛j己をがす (Fig6)0 envelopeは結llJ!の initiationの場とな り， また結1171の)&Jミにあ

たって，その大きさと形を調節する役:Ifliを有するものと考えられる。 れ350-02崎玉県坂戸市けやき台 1-1，城

西歯科大学 **Bermucla Biological Station for Res巴arch，B巴rmucla)

斎藤 譲: ソゾ属の本邦新産種 11. Yuzuru SAITO: Lα1げ仰ciaspecies new to 

Japn.n II. 

Laurencia nidifica J. AGARDII， Species， genera KJ~下 2-3m の 'L:' 1二(l964{f.6 n 28日，利m干IIP.B郎探
et orclines algarum， 2， 'p. 7，J9， 1863. 平111'， ・ミナミ ヨi:; 1977年6ハ5Il，箔者採集〉
ソゾ(新HJi)産地 .1111知y，UqIO)，J;，jニウドガタネの低i相l 以liii，2出i¥f，}i[U也のハワイに多産し，外形や色彩の変

2.cm 

Fig. 1. Lauγencia仰のIlcaJ. AGAIWII (Nyu. 
clogatane， Okinoshima Isl. ne口rShikoku， Japan， 
5-VI-1977). 

化に高む乙とについてものべた (SAITO Pac. Sci.， 

23， pp. 152-3，日g.5， 1969) が，そのF~~;;t白山川上か

らl自られていたヒ記際本のことを失念しており ，iiよ近

に歪11 って日 1 1の n i'1りで現地におもむき ， 自分でf;fÇ;.r~して

検討したと ころ，ぶ般にあてるべきものであることを

知った。形態1'1'すには，ハワイのオアフ島の Kuloa渓

ifiëi"III にほとつ丘い侭 ì':~l*;~下約 1m の宕上から j;fÇ;.r~し

たものにJ:ii似し (Fig.1)，約 10cm まで ~jj く，来日応

色でああ。ぷJHIIIIJ21j、112L:1::1には，私U7f旬のK()杉目辿絡

の存在がlリlらかで，凶分1J21子宮告は平行出配列を示すの

で，Subgenus Laur仰 cw，"ソソ亜局に所属すること

になる。なお，!鑓ij:1II1J包のl践に半)l形肥l享もある殴なの

で，INII本で保兄、され，従来いくぶんの疑問を放しな

カ2ら LaurellciaOIW11Z1げaiYA~ I ADA ミツテーソゾと 同

定されていた版本rl'に本間の合まれている可能性がJf

えら1.l.，る。

ここに十点本をJX(Jじされた三重大学の在m干1I凶).)1¥1，.11士
にお?しを1¥1し1'.げる。
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