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Summary. Changes in the structure and composition of cell walls of Fucus gardneri Silva 
were related to embryo development. Results of histochemical treatments of walls from 
embryos of different ages were compared with those of differential extractions and electron- 
microscopic examinations of isolated walls. At 24 h after fertilization alginie acid, fucoidin 
and cellulose were structural constituents of the embryo wall. The distribution of alginie 
acid and cellulose was uniform over the cell walls of embryos of any age, but fucoidin was 
concentrated at the rhizoid end of cell walls isolated from germinated embryos. Evidence is 
presented for the presence of sulfated xylogalactofucoglucuronan and fl, l -3 glucan in the 
embryo cell-wall. Electron micrographs of untreated and differentially extracted cell walls 
showed that alginic acid comprised the fibrillar material and fucoidin comprised the amor- 
phous material of the wall. 

Fucus eggs do not have cell walls and the zygotes began wall synthesis within 40 min 
after fertilization. During the first 2 h there was a rapid deposition of alginie acid. After 4 h 
the wall thickness increased linearly through 24 h. Embryos treated with cycloheximide 
ceased wall growth after 6 h. Wall isolated from 24-h-old cycloheximide-treated embryos 
resembled wall isolated from control embryos 2-4 h old. 

Introduction 

The shape of the  cell wall  la rgely  de te rmines  the  shape of p l a n t  cells. Local ized 
changes in wall  composi t ion  t h a t  affect the  mechanical  p roper t ies  of the  wall  m a y  
be the  p r i m a r y  events  necessary for morphogenet ic  responses involving changes in 
bo th  cell size and shape.  E m b r y o s  of the  mar ine  alga F u c u s  are excel lent  ma te r i a l s  
for s tudies  concerned wi th  the  re la t ionship  be tween  a l te ra t ions  of the  wall  and  
ear ly  morphogenesis  of the  zygote  because the  eggs are shed free of the  pa ren t  
p l an t  and  are wi thou t  a cell wall.  Wal l  synthesis  begins wi th in  40 rain following 
fer t i l iza t ion (Pollock, 1970). The es tab l i shment  of po l a r i t y  occurs a t  abou t  12 h, 
fol lowed b y  in i t ia t ion  and growth  of the  rh izoid  (gaffe, 1968; Quat rano ,  1972). 
E longa t ion  of the  rhizoid,  referred to  as germinat ion ,  causes the  spherical  zygote  
to  develop into a polar ,  pea r - shaped  cell wi th  a def ini te  axis of symmet ry .  Since 
large numbers  of embryos  can be grown synchronously ,  and  p repa ra t ions  of 
i sola ted  walls can easi ly  be ob ta ined  from embryos  of different  ages (Moon and  
Fo rman ,  1972), changes in cell-wall  o rganiza t ion  and  composi t ion  can be corre- 
l a t ed  wi th  the  deve lopmen t  of the  embryo.  

Whi le  de ta i l ed  chemical  s tudies have  not  been done on i so la ted  walls of brown 
algae, the  t o t a l  polysacchar ides  of these p lan t s  have  been  descr ibed b y  m a n y  
au thors  (reviewed in Perc iva l  and  McDowell,  1967; Bourne  et al., 1969; Bidwel l  
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et al., 1972). These  s tud ies  h a v e  b e e n  on  whole  f ronds  a n d  t h e  cell  wal l  is de f i ned  

as t h e  m a t e r i a l  r e m a i n i n g  a f t e r  e x t r a c t i o n  of t h e  f r o n d  w i t h  d i lu te  ac id  a n d  base.  

E x t r a c t i o n  w i t h  d i l u t e  ac id  a n d  base  r e m o v e s ,  r e spec t i ve ly ,  f uco id in  and  a lg in ic  

acid,  c o m p o u n d s  t h a t  h a v e  b e e n  d e m o n s t r a t e d  to  be  p r e s e n t  in t h e  wal l  of Fueus 
(MeCully,  1965-1970) .  

Th i s  r e p o r t  dea ls  w i t h  t h e  c o m p o s i t i o n  a n d  d e v e l o p m e n t  of t h e  Fucus e m b r y o  

cel l -wall .  These  s tudes  h a v e  i n v o l v e d  d i f f e ren t i a l  e x t r a c t i o n ,  e l ec t ron  mic roscopy ,  

h i s t o c h e m i c a l  t e c h n i q u e s ,  a n d  t h e  use  of c y c l o h e x i m i d e  to  s t u d y  t h e  r e l a t i onsh ip  

b e t w e e n  p r o t e i n  syn thes i s  and  wal l  d e v e l o p m e n t .  

Materials and Methods 

Treatment o/Embryos and Preparation o/ Walls 
Embryos of Fucus gardneri Silva were obtained and walls isolated from them as previously 

described (Moon and Forman, 1972). Embryos designated as eycloheximide treated were 
derived from gametes released and fertilized in sea water plus 5 ~g/ml cycloheximide. The 
culture of the embryos, so obtained, was continued in the presence of the drug until the 
embryos were used. Wall preparations were made from these embryos in the usual way, 
except that  the centrifugation between homogenizations was carried out in a Serval centrifuge 
at 5000 rpm for 15 min. Cell walls from embryos treated with cycloheximide are very light 
and difficult to bring down by gentle hand-centrifugation. 

Cell- Wall Extractions 
Fucoidin was extracted fl'om the cell walls by treatment with 0.1 N H2SO 4 at room 

temperature for 3 days (Percival and McDowell, 1967), alginic acid by treatment with 3% 
Na2CO 3 at 50 ~ also for 3 days (Percival and Ross, 1948). To obtain walls from which both 
alginic acid and Iucoidin had been removed, the walls were first extracted in 0.1 N H2SO 4 
and then in 3 % Na2CO 8. Cellulose is not removed by these treatments (Percival and Ross, 
1949). Cell walls were also incubated in 0.1% RNAse (activity of the enzyme confirmed by 
measuring the hyperchromicity developed when incubated with a standard RNA solution) 
in water overnight at room temperature. 

Histochemistry 
Suspensions of cell walls, either untreated or extracted by one of the above procedures, 

were spread on glass slides coated with geletin adhesive (Jensen, 1962), dried on a slide 
warmer, and stained by one of the following treatments. 

(1) Periodic Acid-Schi//'s Reagent (PAS) (Jensen, 1962). Walls were oxidized 20 rain 
in periodic acid and stained 15 rain in Schiff's reagent. Since the periodic acid reacts only 
with those polysaccharides having free adjacent hydroxyls, cellulose and alginic acid will give 
a positive reaction and fucoidin will not (McCully, 1965). 

(2) Totuidine Blue 0 (TBO, Matheson Coleman and Bell, Cincinnati, Ohio, USA) at 
pH 6.9 (McCully, 1965). Walls were stained with 0.05% TBO in 0.1 IV[ phosphate buffer, 
pH 6.8, for 15 min, washed thoroughly in running tap water, and rinsed in deionized water. 
Both alginic acid and fucoidin stain positively. 

(3) Totuidine Blue 0 (TBO) at pH 0.5 (McCully, 1970). Walls were stained in 0.05% 
TBO in HC1, pH 0.5, rinsed in 1 N HC1, washed thoroughly in tap water, and rinsed in deionized 
water. At this pH the carboxyl groups of alginic acid are not ionized, and this stain is considered 
specific for fucoidin (McCully, 1970). 

(4) Azure B, pH 4.0 (Jensen, 1962). This basic stain is used to test for the presence of 
RNA and I)NA. 

(5) Unna, pH 4.4 (Jensen, 1962). This stain was prepared by dissolving 0.5 g of methyl 
green in 100 ml of 0.1 M acetate buffer at pI-I 4.4. The solution was extracted with chloroform 
to remove residual methyl violet. Then 0.2 g of pyronine B was dissolved in the solution of 
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methyl  green. Suspensions of cell walls were stained from 1 to 3 min and then placed in a 
differentiating solution of ter t iary  butyl  alcohol and absolute ethyl  alcohol (3:1, v/v) for 
about  3 min. This mixture of methyl  green and pyronine is usually used to s tain nucleic acids. 

(6) IKI-H2SO ~ (Jensen, 1962). This is a s tandard procedure used to tes t  for the presence 
of cellulose. 

Extraction- Weighing Experiments 
To determine the relative amounts of alginic acid and fucoidin present, a wall preparat ion 

isolated from 27 h embryos and  weighing roughly 0.1 g was extracted by the above procedures 
and the percentage of the wall removed (by weight) after each extraction was calculated. 
The wall preparation was dried 2 days in a desiccator at room temperature, weighed, homo- 
genized, extracted in 0.I N H2SO a to remove fucoidin, washed with water, dried, and re- 
weighed. The walls were further homogenized and extracted in 3 % Na2CO a to remove alginic 
acid, washed, dried, and weighed again. Before washing, a small aliquot of each preparation 
was checked for the removal of alginic acid and fucoidin, using the appropriate histochemical 
tests. 

Electron Microscopy 
Whole embryos were fixed for electron microscopy according to Pollock (1970) in 2% 

glutaraldehyde (Ladd ampule), 2% formaldehyde (from p-formaldehyde),  0 .15M sucrose, 
0.05 1Yi caeodylate buffer, pH 7.4-7.6, for 12 to 20 h. The subsequent  procedures were all 
carried out  at  4 ~ Following fixation the embryos were washed for 4 h in buffer with decreasing 
sucrose concentrations,  and placed in 2% OsO 4 in acetate-veronal buffer over a 2 h period. 
They were then stained with 2% uranyl magnesium acetate from 4 to 12 h, washed with 
deionized water, and placed in a 5-ml beaker with a small amount  of water in a desiccator 
over pure acetone and CaCl 2 under  reduced pressure (Sitte, 1962). After 2 days of dehydrat ion 
the  beakers were removed and the embryos given one change of acetone. A mixture  of half 
acetone, half Spurr  Epon (Polysciences, Inc., Warrington,  Pa.,  USA) was dripped into the 
beaker  with rapid st irr ing until  the Epon concentration was about  15%. The acetone was 
allowed to evaporate and fresh Epon added. The embryos were infi l trated wi th  Epon from 
12 to 24 h, pu t  into plastic c~psules, and  polymerization caxried out  a t  40 o for 24 h. Sections 
were cut  with an LKB ultramicrotome, s tained with 1% uranyl acetate and lead citrate 
(Pease, 1964), observed in a Philips electron microscope model 300, and photographed on 
70-ram film. 

Treated and untrea ted  cell walls were prepared for electron microscopy by  first drying 
the isolated walls on a millipore filter (Millipore Fi l ter  Corp., Bedford, Mass., USA), then 
wett ing the filter and walls with water, and peeling the  walls from the  filter in a continuous 
sheet. Fixat ion and subsequent  t r ea tment  were identical to t h a t  of whole embryos, except 
t ha t  sucrose was omit ted  from the buffer washes. 

Determination o/Cell Wall Growth 
The thickness of embryo cell wags was determined by measuring micrographs of median 

sections of whole embryos cultured in sea water ei ther with  or wi thout  5 y.g/ml cycloheximide. 
Measurements were made at  2 h intervals for 0 to 24 h after  fertilization. The average value 
from measurements  of 10 profiles was used for each age. The electron microscope was calibrated 
with a carbon grating replica (Ladd), 21,600 lines/era. 

Results 

Histochemistry 

U n t r e a t e d  i s o l a t e d  wa l l s  f r o m  24-h  e m b r y o s  s t a i n e d  d e e p l y  a n d  u n i f o r m l y  

w i t h  T B O  a t  p H  6.8 (Fig.  1 A) a n d  P A S  (Fig. 1 E).  W h e n  t h e s e  wa l l s  w e r e  s t a i n e d  

w i t h  T B O  a t  p H  0.5 (Fig.  1 B)  t h e  r h i z o i d  e n d  w as  m u c h  m o r e  d a r k l y  s t a i n e d  

t h a n  t h e  t h a l l u s  end .  Cell wal l s  f r o m  e m b r y o s  w i t h  d o u b l e  r h i z o i d s  (e.g., F ig .  1 G) 

we re  s t a i n e d  i n  b o t h  r h i z o i d  reg ions .  Cell wal l s  t r e a t e d  w i t h  R N A s e  d i d  n o t  d i f f e r  
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Fig. 1A--Y. Summary of histochemical treatments of cell wails. • 160. 
First column from left: walls stained with TBO at pH 6.8 
2nd column: walls stained with TBO at pH 0.5 
3rd column: walls stained with Azure B 
4th column: walls stained with Unna 
5th column: walls stained with PAS 
gow A E : walls untreated 
Row F - - J  : walls treated with gNAse 
tgow K--O:  walls extracted in 0.1 N H2SO ~ 
Row P--T : walls extracted in 3 % Na2CO S 
Row U--Y:  walls extracted in 0.1 N H2SO 4 and 3% Na~COa 

from un t rea ted  cell walls in  their  react ion to any  of the histochemical techniques 
used (Fig. 1 F - - J ,  compared with A - - E ) .  

Cell walls extracted with 0.1 N H2SO 4 to remove fueoidin exhibi ted a deep and  
uni form stain with both  TBO at  p H  6.8 (Fig. 1 K) and  PAS (Fig. 1 0). The aff ini ty 
for TBO at  p H  0.5 (Fig. 1 L) was very slight and was no t  darker at  the rhizoid end. 

Cell walls extracted with 3 % Na2CO a to remove alginic acid exhibited similar 
polar s ta ining pa t t e rns  with TBO at  both p H  6.8 (Fig. 1 P) and  p H  0.5 (Fig. 1 Q). 
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There was little stain with PAS (Fig. 1 T), but the color was slightly darker at the 
rhizoid end, indicating fucoidin may react slightly to this procedure. 

Cell walls extracted with 0.1 N H~SOa and then with 3% N%CO 3 to remove 
both fueoidin and alginic acid had little affinity for any of the above stains, but 
gave a positive reaction to the IKI-H~SO 4 test for cellulose. A wet mount of these 
doubly extracted walls is difficult to see unless viewed with phase-contrast optics. 
In  spite of the removal of these major polysaccharides, the walls did not disinte- 
grate but retained the shape of the original embryo. 

By using these specific histochemical techniques, patterns in wall changes were 
studied in relation to the overall development of the zygote. Cell walls of embryos 
less than 1 h old did not stain with TBO at pH 0.5, and there was little or no 
reaction to the IKI-H2SO 4 test for cellulose. The walls stained positively with 
TBO at pH 6.8 and PAS, and disintegrated in 3% N%COa but not in 0.1 N H~SO 4, 
indicating the major, if not the only, component of these walls was alginic acid. 

Embryos from 1 to 8 h old showed increasingly dark, uniform staining of the 
wall with both PAS and TB0 at pH 6.8, indicating an increase in alginlc acid. 
After 1 h, all cell walls gave a positive reaction to the IKI-H2SO a test for cellulose 
and none disintegrated in 3 % N%CO 3. The walls of embryos younger than 8 h 
showed little or no affinity for TBO at pH 0.5, indicating fucoidin is not a signifi- 
cant constituent of the cell walls of embryos of these ages. 

After 8 h, increasing percentages of embryos had walls showing a localized 
deposition of fucoidin. By about 16 h nearly all the walls showed this fucoidin- 
rich area, and it was from this part of the cell that  the rhizoid was always initiated. 
The walls from embryos 8 to 24 h old gave increasingly darker reactions to PAS. 
By 12 h the cell walls already stained very deeply with TBO at pH 6.8, and it 
was difficult to detect additional staining in the walls of older embryos. 

I t  has been reported on the basis of histochemical criteria that there is an asym- 
metric distribution of RNA in Fucus embryos at the time of rhizoid initiation 
(Nakazawa, 1966; Nakazawa and Takamura, 1966). Because the distribution of 
RNA reported by these workers so closely resembles the distribution of fucoidin 
in Fucus  cell walls, and because TB0 is a basic stain that can be used to localize 
nucleic acids (Brachet, 1953), Fucus cell walls were treated with nucleic-acid 
stains to see if these basic dyes would also attach to acid polysaccharides. 

Both Azure B and Unna stained fucoidin. Azure B also stained alginic acid. 
Unna at pH 4.4, interestingly, was specific for fucoidin and the stain was identical 
to the pattern observed with TBO at pH 0.5. 

Cell- Wall Extractions 

An initial extraction of cell walls from 24-h embryos with dilute acid removed 
33 % of the weight of the walls. Subsequent extraction removed 37 % of the weight 
of the walls with dilute base. If the walls were initially extracted in dilute base 
44% of the weight was removed, and an additional 25% of the weight was then acid 
extractible. The initial extraction, whether acid or base, removed 7-8% more of 
the wall than it would have, had it been the second treatment. This 7-8 % is thus 
nonspecifically extracted, although it is not removed by distilled water. Divalent 
cations, such as calcium, have been proposed as cross linkages between alginic 
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Fig. 2A--D. Isolated walls. (A) Untreated; (B) acid extracted; (C) base extracted; (D) acid 
and base extracted. Bar~ 1 txm. X 8200 

acid and fucoidin (Percival and McDowell, 1967) and such cations could be dis- 
placed by removal of either polysaccharide. The weight of the residue remaining 
after all extractions accounted for ca. 30% of the initial wall weight and was not 
affected by  the order of the extractions. 

Electron Microscopy 

A comparison of electron micrographs of unoxtracted, isolated walls (Fig. 2A) 
with cell walls of fixed and sectioned embryos (Fig. 3B) showed tha t  the cell wall 
is multilayered in both and the ultrastructure was not affected by the isolation 
procedure. Both these figures show cell walls tha t  were composed of oriented, 
electron-dense fibrils. Cell walls tha t  had been extracted in 0.1 1N I-I2SOa prior to 
t rea tment  for electron microscopy (Fig. 2B) showed that  the removal of fucoidin 
did not affect the electron density of the walls, but  did disrupt the ordered array 
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Fig. 3A and ]3. Cell walls of whole embryos. (A) Wall a t  thallus;  (B) wall a t  rhizoid. Arrows 
indicate amorphous material.  Bar ~ 1 ~zm. x 22000 
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Fig. 4. Growth of wails from 0 to 24 h 

of the fibrils. Cell walls that  had been extracted in 3 % NaCOa to remove alginic 
acid (Fig. 2C) showed greatly decreased electron density. The fibrillar material 
of the walls had largely been removed, and the only electron-dense material was 
the amorphous, darkly staining material  at the outer surface of the wall. If  the 
cell walls had been extracted with 0.1 N H2SO 4 and then with 3 % Na2CO s (Fig. 2D), 
almost all of the electron density and fibrillar character of the walls was removed. 
Extract ion with dilute base, whether or not it had been preceeded by extraction 
with dilute acid, removed the fibrillar component of the wall. The histochemical 
and ultrastructural evidence thus suggests tha t  the fibrillar component is compos- 
ed of alginic acid. 

A comparison of the ultrastructure of the cell wall at the thallus end of the 
embryo (Fig. 3B) with the wall at the rhizoid end (Fig. 3A) showed tha t  at 24 h 
the rhizoid portion of the wall was thicker and had additional amorphous material 
at the exterior. Since the amorphous material appears at  10-12 h, and it is 
extracted from isolated walls with dilute acid, we consider this Component to be 
fucoidin. 

Determination o/Cell Wall Growth 

Electron mierographs of Fucus embryos showed tha t  from shortly after fertil- 
ization through 24 h the thickness of the cell walls was increasing. ~ghen cell walls 
were measured from mierographs, and the width of the fibrillar portion of the cell 
wall was compared to embryo age (Fig. 4) it was apparent  tha t  alginie acid was 
being continually incorporated into the wall. Wall material was rapidly deposited 
during the first 2 h, and then laid down at a linear rate through 24 h, reaching a 
thickness of 0.85 Fm at tha t  time. 

Embryos tha t  were released and cultured in cycloheximide also showed a 
rapid rate of wall deposition for the first 2 h following fertilizaiton; by 6 h, 
however, wall thickening had virtually ceased (Fig. 4). The cell wall at tained a 
maximum thickness of 0.19 Fro, approximately the same as in a 2 4  h embryo. 
A comparison of electron micrographs of 4-h embryos with those of 24-h cyelo- 
heximide-treated embryos (Fig. 5A and B) showed the ultrastruetural similarity 
of these walls. Both are composed of oriented fibrils, and neither exhibited the 
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Fig. 5A and B. Cell walls of whole embryos. (A) 4-h control; (B) 24-h eycloheximide treated. 
Bar = 1 urn. • 16000 

darkly staining amorphous material. They were also histochemieally indisting- 
uishable, giving positive reactions for alginie acid and cellulose, and showing no 
indication of ~ucoidin. Cyeloheximide itself did not interfere with fertilization; 
however, embryos cultured in eyeloheximide did not germinate nor adhere to the 
Petri dishes as did the control embryos. 

Discussion 

The results of TBO staining at both acid and neutral pH indicated that alginic 
acid and fucoidin are major wall components. This agrees with previously published 
work dealing with eheInicMly fixed cells walls of Fucus (McCully, 1970). Stainirtg 
of unextraeted walls of 24 h embryos with TBO at pH 0.5 was much darker at the 
rhizoid end than at the thallus end. But when these walls were stained with TBO 
at pH 6.8, the alginie acid stained uniformly over the wall and intensely enough to 
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mask the presence of fueoidin. Base extraction removes most of the PAS-staining 
material, indicating alginic acid is also responsible for most of the color developed 
by  PAS. The PAS procedure is usually used to stain the total polysaceharides of 
the plant cell. In  the wall of the F u c u s  embryo cellulose is present in such small 
quantities tha t  PAS can be eonsidered specific for alginic acid in this material. 

Walls extracted with 3 % Na2CO a reacted very similarly with T130 at either 
p H  6.8 or 0.5, indicating tha t  fucoidin is the only major charged polysaeeharide 
remaining in these walls. Walls extracted with base gave a slightly positive PAS 
reaction, darker at  the rhizoid. If  fueoidin were incompletely sulfated, the occas- 
ional sugar residues lacking the sulfate would have a pair of adjacent hydroxyls 
open for a t tack by periodic acid. Also, even highly purified fueoidin contain traces 
of other sugars (Percival and MeDowell, 1967) which might provide a small number 
of adjacent hydroxyls. However, the PAS stain in base-extracted walls was 
negligible, and fueoidin is essentially PAS negative. 

Because fucoidin is a polyaeidie molecule, it has special affinity for nucleic 
acid stains. Aeetocarmine, used to stain nuclei, reacts with polysaccharide material 
at the rhizoid end of the embryo (Torrey and Galun, 1970). Our work demonstrated 
tha t  both Azure B and Unna stained fucoidin. This staining may  be the basis 
of the reports (Nakazawa, 1966; Nakazawa and Takamura,  1966) that  RNA is 
concentrated at the rhizoid end of F u c u s  embryos. In  these studies whole embryos 
were stained with Unna, and the resulting pat tern  resembles tha t  of an isolated 
eell wall stained for Iucoidin (Fig. 1 ]3). In  our experiments both Azure 13 and 
Unna were used at pH values at which alginie acid was ionized, but only Azure 13 
stained alginic acid. 

Other polysaeeharides reported in F u c u s  include laminarin, which is water 
soluble and would not be found in isolated walls, and a polysaecharide containing 
xylose, galaetose, sulfated fucose, and glucuronie acid (Bourne et al., 1969; 13idwell 
et al., 1972). The lat ter  is extractable with dilute base but not with dilute acid, 
and consequently would be removed with alginie acid. Isolated walls that  had been 
acid extracted retained a pale, persistent, uniform stain with T130 at pI-I 0.5. 
Walls extracted with dilute base lost this ability to stain, consistent with the idea 
tha t  this heteropolysaccharide is a wall component. 

The lack of TBO staining at any pH by cell walls extracted in both dilute acid 
and base indicated tha t  all acid polysaeeharides had been removed, including the 
above-mentioned sulfated xylogalactofucoglueuronan. Previous studies have 
demonstrated tha t  small amounts of cellulose remain in fronds after extraction 
with dilute acid and base (Percival and Ross, 1949 ; Percival and McDowell, 1967). 
This cellulose could account for the faint PAS reaction and positive IKI-H2SO a 
reaction. Our results, however, indicated that  nearly one third of the wall weight 
remained after these extractions. If  this residue were primarily cellulose a much 
stronger PAS reaction would be expected. 

To remain unstained by  any of the above histoehemieal procedures, any 
remaining polysaeeharide could have neither acidic groups nor free adiaeent 
hydroxyls. In  whole fronds, the residue remaining after extraction with dilute 
acid and base is made up almost entirely of glucose units in fl, 1-3 or fl, 1-4 linkage 
(Bidwell et al., 1972; Bourne et al., 1969). A 1-3 linkage glucan would have no 
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adjacent hydroxyls, and would therefore be unstained by PAS. Thus it seems 
likely that this gluean forms a major fraction of the cell walls of Fucus embryos. 

Differential extractions have previously been done on embedded and sec- 
tioned Fucus fronds (MeCully, ]970; Parker and Diboll, 1966). There studies, 
however, have not involved embryos or materials prepared for electron micro- 
scopy. Alginic acid has previously been demonstrated in the fibrillar areas of the 
wall, but was interpreted to comprise the fine, rather discontinuous fibrils of the 
fringe of the filaments (McCully, 1965). Our results indicate that on the contrary, 
alginic acid comprises most of the fibrillar material of the wall of Fucus embryos. 

The rate of wall synthesis is much greater during the first 2 h following 
fertilization than during the period of 4 to 24 h, and this initial wall is cyclohe- 
ximidc insensitive. Allen et al. (1972) have demonstrated that newly fertilized 
zygotes of Pelvetia, a close relative of Fucus, are in osmotic equilibrium with 
the environment until 3 h after fertilization. At this time the zygotes begin to 
take up inorganic ions, increasing their osmotic pressure until they germinate. 
The time course of these changes in Pelvetia corresponds to the measured wall 
changes in Fucus. Assuming the same osmotic phenomena to be occurring in 
Fucus, the internal pressure does not increase until the wall has developed suffi- 
cient strength to contain the developing forces. Likewise germination does not 
take place until a localized wall change allows the expansion of the rhizoid in 
response to the build up of internal osmotic forces. 

The Fucus embryo offers some unique advantages for studying the control 
of wall formation. Two wall components, alginic acid and fucoidin, are easily 
differentiated by histoehemistry and are also easily differentially extracted from 
isolated wall preparations. They are transported at different, times to the wall. 
Alginie acid is rapidly laid down at the onset of wall formation and steadily 
thereafter over the whole cell surface. Fucoidin is deposited shortly before rhizoid 
initiation and in a highly localized area. Since these materials exist as high- 
molecular-weight compounds in cytoplasmic vesicles (McCully, 1968), the export 
of these vesicles must be controlled by two different mechanisms. I t  would be 
interesting to know if this control may be involved with the electrical current 
found in the zygote during rhizoid initiation (Jaffe, 1966-1970). 

References 

Allen, R., Jacobsen, L., Joaquin, J., Jaffe, L. : Ionic concentrations in developing Pelvetia 
eggs. Develop. Biol. 27, 538-545 (1972) 

Bidwell, R., Percival, E., Smestad, B.: Photosynthesis and metabolism in marine algae. 
VIII. Incorporation of 14C into polysaccharides metabolized by Fucus vesiculosis during 
pulse labelling experiments. Canad. J. Bot. 50, 191-197 (1972) 

Bourne, E., Brush, P., Percival, E.: The active carbohydrate metabolites of the brown 
seaweed, Fucu8 vesiculosis. Carbohyd. Res. 9, 415-422 (1969) 

Brachet, J. : The use of basic dyes and ribonuclease for the cytochemical detection of ribonu- 
cleic acid. Quart. J. ruler. Sci. 94, 1-10 (1953) 

Jaffe, L. :EIeetrical currents through the developing Fucus egg. Proe. nat. Acad. Sci. (Wash.) 
g6, 1102-i109 (1966) 

Jaffe, L. : Localization in the developing Fucus egg and the general role of localizing currents. 
Advanc. Morphog. 7, 295 328 (1968) 

Jaffe, L. : On the centripetal course of development, the Fucus egg, and self-eleetrophoresis. 
Develop. Biol., Suppl. 3, 83-111 (1970) 



78 A.M. Novotny and IV[. Forman 

Jensen, W. : Botanical histochemistry. San Fransisco: Freeman 1962 
MeCully, M.: A note on the structure of the cell walls of the brown alga, Fucus. Canad. J.  

Bot. 43, 1001-1004 (1965) 
McCully, M. : Histological studies on the genus Fucus. I. Light microscopy of the mature 

vegetative plants. Protoplasma (Wien) 62, 287-305 (1966) 
MeCully, M.: Histological studies on the genus Fucus. II.  Histology of the reproductive 

tissues. Protoplasma (Wien) 66, 205-230 (1968) 
McCully, M. : The histological localization of the structural polysaccharides of seaweeds. 

Ann. N. Y. Acad. Sei. 175, 892-911 (1970) 
Moon, A., Forman, M. : A procedure for the isolation of cell walls of Fucus [urcatus embryos. 

Protop]asma (Wien) 75, 461-464 (1972) 
Nakazawa, S. : Regional concentration of cytoplasmic RNA in Fucus eggs in relation to 

polarity. Naturwissenschaften 5, 138-139 (1966) 
Nakazawa, S., Takamura, K. : An analysis of rhizoid differentiation in Fucus eggs. Cytologia 

(Tokyo) ]~., 408-415 (1966) 
Parker, B., Diboll, A." Alcian stains for histochemical localization of acid and sulfated 

polysacearides in algae. Phycologia 1, 37-46 (1966) 
Pease, D. : Histochemical techniques for electron microscopy. New York: Acad. Press 1964 
Percival, E., McDowell, R.:  Chemistry and enzymology of marine algal polysaccharides. 

London, New York: Acad. Press 1967 
Percival, E., Ross, A. : Marine algal cellulose. J.  ehem Soe. 1949 3041-3043 
Pollack, E. : Fertilization in Fucus. Planta (Berl.) 92, 85-89 (1970) 
Sitte, P.:  Einfaehes Verfahren fiir stufenlose Gewebe-Entw~sserung ffir die electronen- 

mikroskopische Preparation. Naturwissenscha~ten 49, 402-403 (1962) 


