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Mirzuta, S. 1987. Structure and generation of cell walls in cellulosic algae I. Microfibril arrange-
ment patterns and cell wall formation. Jap. J. Phycol. 35: 45-59.

The present review concerned with cellulosic microfibrillar structures and their genesis in the
cell walls of certain algae. The microfibrillar orientation patterns so far reported are generally of
three types: (i) Boergesenia, (ii) Boodlea and (iii) Oocpstis types. In the Boergesenia-type, longi-
tudinally and transversely-oriented multifibrillar layers are present along with two transitional layers
between the two crossed multifibrillar layers. The microfibrils in each layer change their orienta-
tion by a unit angle of 30°.  Valonia belong to this type. In Boodlea-type, multifibrils are also arranged
longitudinally and transversely to the longer cell axis but thin transitional layers are oriented sym-
metrically with the longer cell axis. Algae belonging to this type are Ch doris, Dictyosphaeria,
Microdictyon and Chaetomorpha. The Oocystis-type wall consists of only two kinds of multifibrillar
layers oriented symmetrically with the longer cell axis. Glaucocystis belongs to this type. Micro-
fibrils constituting thallus walls are generally generated from the apex toward the base to form helices.
Completed layers become thin as the cells continue to grow but their microfibril arrangements do
not change. Fibril orientation patterns in the aplanospore or aplanospore-like cells which have
developed from the protoplasm of these coenocytic algae are generally the same as those of the thalli.
The outer surface consists of a wall matrix and randomly-oriented microfibrils. The layers each
thicken to about 0.2 um during 3-6 hours of culture at 25°C in a temperature dependent manner.
Following completion of the outer surface, crossed polylamellate walls begin to form. Fibril orien-
tation changes in the walls are aflected by both light and temperature but not antimicrotubule
agents.

Key Index Words: cellulose microfibril orientation; cell wail lamellation; cell wall deposition; cell
wall structure; coenocytic green algae; microfibril arrangement patiern.
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Figs. 1-4.  Cell walls and microfibrillar arrangements in Boergesenia thallus (Mizura and Wapa 1981).
1. Longitudinal section of the thallus wall showing a crossed polylamellate structure. The section was
shadowed with Pt-Pd after embedded resin had been removed. Mex, outermost matrix-rich layer; TLex,
randomly-oriented fibrillar layer; T, transversely-oriented multifibrillar layer; L, longitudinally-oriented
multifibrillar layer; M, transitional layer. The arrow with a circle indicating the acropetal direction along
the thallus cell axis. 2. Outer surface of the wall of the thallus. Layers comprising the outer part of the
wall were separated from the layer underneath and the outer surface was scratched in water with forceps.
The arrow with a circle indicates the longer cell axis. 3. Thin wall lamellae separated from a piece of
Boergesenia thallus wall after being swollen in water. The arrow with a circle indicates the longer cell axis.
4. Microfibril arrangement on the inner surface of the thallus wall. A, fibril of the layer lying at an angle
of about 30” with the longer cell axis (arrow X); B, fibril of the layer on that of A at an angle of 30°; C,
fibril from the uppermost layer lying on that of B at an angle of 30°.
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Fig. 5. Distribution of fibrillar angles with
longer cell axis, as measured in the square shown in
Fig. 4. A, group of fibrils belonging to the under-
most layer in Fig. 4; B, group of fibrils lying on A
at an angle of about 30°; C, group of fibrils in the
uppermost layer of the figure. The ordinate fre-
quency indicates the number of fibrils counted.
(Mizuta and Wapa 1981)
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Fig. 6. Inner surface replica of the polar area of the Boergesenia thallus wall showing fountain-like

structures (a) and illustration of the major fibril arrangement of the fountains (b). Arrow A, major fibril
arrangement direction of a fountain crossing at 30° with the underlying fibrils (arranged B direction) of an

another fountain.
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Fig. 7. Inner surface replica of the Boergesenia
side wall. Arrows A and B indicate the major
directions of fibril orientation. Arrow X, acropetal
direction of the cell; arrows, microfibril terminals.
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Fig. 8. A model of cell wall lamellation in a
Boergesenia thallus. a—g show the inner surface of
the side wall as observed from within the cell. a,
lamellation of a T-layer; b and ¢, lamellation of
transitional layers; d, lamellation of a L-layer; e,

and f, lamellation of transitional layers; g, lamella-
tion of a T-layer.
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growing wall structure of a Boergesenia thallus (Mr-
zuta and Wapa 1981). Mex, outermost matrix
layer; TLex, matrix-rich layer whose microfibrils
are arranged almost at random; L,...Ly, longitu-
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DIA&MITI3 Tlex &7850 Tlex i35 747 Y
WMIEAE 43 EDLIICT VXL ERIEET, JG
DT E/ LT 25MEHEFE LicEETH b0

T O &S IEHIEE D W R A 5 1, BT Ok
FERT &30, BEOWIEFEO L7 ) AKX
DIEEDIED S Z D {ERTERT A &hTx b (Fig
12), Fig. 12 ® a & b [ZTE#HL D 50 pm A H O
fIiiT, a & b RzhzhilomMkicd s. BITEEZ
e Bifilgm CGREIX) (it d A (LE) ot
L 60°~70° )8 T/ L S5 FAFIANRI L (a d
KHIA), DWW T o iRz i oHR (1 J7
iy CREVB) 2 SRS NS (b KIT, BJS
FNCHCS 2 7 « 770 VAL AZ U, 2o s
g CRAIC) il U T /M ZEIERT %0 2oLV
) H Z MR DA IT T - TS IR O T fEi
freiciiz (o), BT &ML T L FA M/
ZBEIICIED. & DITIFRICH] - THED IE L JH
T4 7NV bS5 LD, ZOMMN S RO T EAHE
EEINDEICED (d)o TDEED 7 4 7 ) WAL
BEOHD XD IKHEING, COXIICTAES Y
ITB VT HUEE TR & 0 LI - TIERE NS .
F7, BIIRIZL ST ~ORIZmD & X ;& s
ENBEDTH 5 LAOEHICTEE LT & HIE BN IS )3
SEBAhTiIcB LTSNS (Mizuta and Mkt
1985),



Structure and genesis of walls in cellulosic algae 51

Fig. 10

Fig. 11
Fig. 10. Inner surface replica of the thallus wall of Valonia ventricosa (Mizura et al. 1985b).  A-D show
the major arrangement direction of microfibril group. Arrow X, acropetal direction of the cell.

Fig. I1.  Cross sectional view of a Boodlea thallus wall (Mizura and Mikr 1985). Mex, outer surface
matrix layer; TLex, laminated T- and L-layers; T, transversely-oriented multifibrillar layer; L, longitudinallv-
oriented multifibrillar layer. The arrow with a circle indicates direction of the longer cell axis.
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Fig. 12. Inner surface replica of the cell wall of a Boodlea thallus taken from various parts of the apical
area (Mizuta and Mixr 1985). a and b, portions with a 50 gm base from the tip. Arrow X, longitudinal
direction of the cell; arrow A, major direction of microfibrils of transitional layer covering the underlying
L-layer; arrow B, major direction of the microfibrils of another transitional layer lying on the former sym-
metrical to the longer cell axis; arrow C, a microfibril assumed to be the most newly-formed and to cross
at about 90° the longer cell axis. ¢, a portion of a thallus with about a 150 gm base from the tip. Arrow
X, longitudinal direction of the cell; arrows A and B, major directions of fibril orientation of transitional
layers. d, a portion of a thallus with about a 400 gm base from the tip. Arrow with a circle, longer axis

of the cell.
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Fig. 13. A model of cell wall lamellation in a
Boodlea thallus (Mizuta and Mikr 1985). a—f show
the inner surface of the side wall as observed from

within the cell. Arrows indicate the major orien-
tation of microfibrils. a and b, lamellation of
transitional layers; ¢, lamellation of a T-layer; d,
lamellation of transitional layers; e, lamellation of
a L-layer; f, lamellation of a transitional layer

identical to that of a.

Fig. 15. Crossed polylaniellate structures in

aplanospore-like cells developed from the proto-
plasm of (a) Boergesenia forbesii (Mizuta and WAapa
1982), (b) Valonia ventricosa and (c) Boodlea coacta
(Mizura 1985a).

Fig. 14. A model of a growing cell wall of a
Boodlea thallus (Mizura and Mixr 1985).  L;...Lnp,
longitudinally-oriented multifibrillar layers: T;...
Th, transversely-oriented multifibrillar layers: M;...
Mon -, transitional layers; Mex, outer surface non-
fibrillar matrix layer; TLex, laminated T and L

layers.
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Fig. 16. Appearance of herring bone structure in the cross section of a crossed polylamel-
late structure. Arrows 1-3 in a show the sectioning direction of the wall. Circles within
the structures indicate the cross section of each fibril. L, and L, longitudinally-oriented
multifibrillar layers; T, transversely-oriented multifibiillar layer crossed with I; and L, at
about 90°; M; and M,, transitional layers. kb, a herring bone structure appear in the case
of sectioning direction indicated by arrow 1. ¢, a cross section appears when the sectioning
direction is that shown by arrow 2. d, a herring bone structure when the sectioning direction
is that indicated by arrow 3.

Fig. 17.
of Chaetomorpha.  Protoplasts from Chaetomorpha moniligera were fractured after 3 hr (a), 8 hr (b) and 10 hr (c)
of culture, respectively.

Freeze-replica of plasma membrane (a) and cell wall (b and c) in the aplanospore-like cells



Structure and genesis of walls in celluolsic algae 55

F®7yoiEE (Fig. 15¢) WIRMEERS T,
74 7Y v ORAZEER S T L BEREoZh (Fig.
13) iTflTW 5 ( Okupa and Mrizura 1985),

T A E 7 ORBHFEFIRE &L B
ZRT DO, BNIERMRLOREA A+ 257 4
A Qocystis 275 3% RF 4 R Glaucocystis D3 H
b0 TNHSOBETIIMBORET A (B#EFHE) i<
Emd3ERE bV, MBEHEEICELA,»S
NFRENC SR XIS OEAT 3 2EEOEBE b
- (RosinsonN and Preston 1971 b, 1972)s 2D LS
SN LI 7 « 7)) VDER) % — Y DFEAE
BOBRICB T HLREBRINS M, ZO3EMI
FIHCRFER SN TSN,

AW FREDERICE I 2 RAMNE 7 « 70 i
FOE#RIT, ZOHBRLRNCT TiciBEssart LT
BLEERT, THbL, BREKEGET7 4T ) v
DOEMIIEHEEEN SRR OERERTHOTH S
(Fig. 8, 13)o ABIEFREGOMBIEDOFHOEERIL ~
HEZELBOTHLLBINTN S, Ismizawa F
(1979) Ik 5 L MlamEIHFELICLDFEEX h,
Z OESHTMICERGE, OO MITRRZ T
5o UL, 7ot 7532t hopblicehz<=E
OARBRFRETRTRUOLBRZ 2+ 77 2 MER
#25CO B THIT TICHRINS (Mizuta et al.
1985a) L, LhdbZOL) NMBREETTS T,
L oBAERERLZNZNT ¥ & LI MICTET
% (Ismizawa et al. 1979 ; Mizuta and Waba 1982),
T, BEACLABEDOHEGL T, L BORKET
HARETH B (Ismizawa et al. 1979), - T H 52 =
EDAEOERMEI AR OESH (25°C 6 IFFEILIA)
D, XXZEMEEMEBELRT 20NCHBIL, C
D & S ISR M IS £ DT TAMEICH LRk EdElHs
BEMT 2D DEELOND, MittEOFEDT 56
\3 /5= 4% Fucus evanescens DZFEINHETHIMRI N
TWw3 (QuaTtrano 1978),
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MFIEEE R O I A EIC S { O/NEEEES
., MHaBE= b Y v 2 XSGR EEFIEERANANZ
OERA RUNTED T X D B4 5 (Mizuta et dl.
19852) CZOBRRIZZ v L 7 PESEHDO~ + ) v
7 2B OER RO TEE (MUHLETHALER 1967) &
BT, MNERITVIRIcHERTE 60 LEZ 605,
INEIRAE R B D TR IC b I N B, &
BEOIAR K 12 EF L BRONIZ (Mizuta et al.
19852 ),

2) RAUZBHEDERE I 797 4 7Y VOERK
EHRE

RN L @RS DIERRBIRICIZ—E DR GEBDBETDH
Bo wH A ZEDYPARMBOTEL KB H 43 0.2
um BERETZC EABEL, TORMREEIELEE
N E I EEZ T 5 (Mizuta et al. 19852), Fig.
15 K 17 ¢ iCRY & AN 7 + 7Y VEEREID
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< H2<EDT 4 7Y VEFIEHREL & BERLEIC S
BROEEEIRT . 25CTHR LIS, s
ERIBRICH~N2EU LSS, COFRIZ/ e =T
PTAESFTHIRIZAKETH S OKH, KFEE) %

45
45

fo, S HOH et A ERE ERMBEH TS
D% B3 DCMU (3-(3, 4-dichlorophenyl)-1, 1-
dimetyl urea) I X Y HEE N5 (Mizura and Wapa
1982), T > DFERIEAEIMINA RO HE Z
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Fig. 18. Polylamellae formation and thickening of the walls of new Boergesenia cells
(Mizura and Wapa 1982). Cells were cultured for 1 to 7 days at 25°C in either con-
tinuous light (a) or dark (b). The number of lamellae (—@—) was counted and total
thickness of the wall (—(O—) was measured with five cells in each experiment. Vertical

bars indicate standard errors.
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Table 1. Effects of cytochalasin B, colchicine and griseofulvin on the shift of microfibril
orientation and wall thickening in Boergesenia aplanospore-like cells (M1zuta and Waba 1982).
Reagent Cone. Shift Oforiepadion  Phickening
None 7.0+1.3* 0.58+4-0.15*
DMSO 1.59% 4.34+-0.9 0.214-0.05
DMSO 0.5% 6.04-0.6 0.484-0.07
Cytochalasin B 50 pg/ml 42410 0.254-0.07
in 1.5% DMSO
Colchicine 1072m 6.74-0.8 0.474-0.08
Colchicine 1073 m 6.5+0.8 0.5540.1C
Griseofulvin 10-4m 4.04+0.5 0.304-0.04

in 0.5% DMSO

Cells were cultured for 3 days in ESP medium containing each inhibitor at 25°C under

continuous light illumination (2W/m?).
* Standard error.
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