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INTRODUCTION 

In I936 VAN ITERSON 3 studied the cell wall of a green unicellular marine alga, 
Halicystfs Osterhoutii, obtained from the Marine Biological station at Bermuda. He 
stated that  it consisted mainly of "amyloid",  since it coloured blue with a not too dilute 
solution of IKI ,  even after prolonged t reatment  with cuprammonium. True cellulose 
and polyuronides were practically absent. In swollen sections up to 6o lamellae were 
observed. 

Two years later SISSON 6 revealed that  the X-ray ring-diagrams of three Halicystis- 
species resembled that  of regenerated cellulose (cell. II).  This "cellulose" was oriented 
at random, except for the i o i  crystal plane, which was preferentially oriented parallel 
to the surface of the cell wall. This is not unusual with films of regenerated or native 
cellulose. However, in addition there was a non-cellulose interference from a 12.5 A 
interplanar spacing likewise oriented tangentially. Recently cellulose I I  or a derivative 
of it has been found in the cell wall of several other algaeL 

Native cellulose (cell. I) is more crystalline than cellulose II .  The former invariably 
consists of microfibrils of rather uniform thickness, whereas regenerated cellulose is non- 
fibrillar, although fibril-like threads of varying thickness may be produced by mechanical 
or ultrasonic disintegration of rayon fibres. 

We wondered whether these differences were due to the different way of formation, 
or were inherent to the different crystallographic forms. In the first case the Halfcystis- 
cellulose might be expected to be as highly crystalline as native cellulose and moreover 
fibrillar; in the second case, moderately crystalline and perhaps non-fibrillar. Therefore 
we decided to determine the degree of crystallinity with the X-ray method of HERMANS 
AND WEIDINGER 2 and to prepare electron micrographs. 

We found a moderate crystallinity and a fibrillar structure, but chemical analysis 
compelled us to assume that  the main constituent of the cell wall is of hemicellulose 
nature. Therefore, the question which induced our investigation remained unanswered. 

* Division of Electron Microscopy, Technical Physics Department ,  Delft. 
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MATERIAL 

We  had  a t  our  disposal  only abou t  zoo mg  dry  ma te r i a l  and  some ceils preserved  wi th  me thana / ,  
bo th  be ing  k ind ly  furn ished  by  Prof.  VAN ITERSON. This  lack of ma te r i a l  ser iously h a m p e r e d  our 
work, especially the  chemical  analysis .  In  va in  we tr ied to ob ta in  add i t iona l  ma te r i a l  f rom Naples 
or B e r m u d a .  

MICROSCOPIC OBSERVATIONS 

Some cross-sections of about 5 # thickness were embedded in methyl benzoate and 
studied between crossed nicols. As demonstrated by Fig. I, there were three optically 
different layers. The higher refractive index is radial in the thick central layer and 
tangential in the thin outer ones. 

Fig. I. Section of d ry  Halicystis cell wall, embedded  in m e t h y l  benzoate  and  observed wi th  crossed 
nicols, w i thou t  (left) and  wi th  (right) compensa t i on  of the  double  ref rac t ion in the  cent ra l  layer.  

Vibra t ion  p lanes  and  direct ion of ny  indicated.  

Fig. 2. Section of Halicystis cell wall, m o u n t e d  in wa te r  and  observed  wi th  a phase  con t r a s t  microscope.  

The whole section stained with chlor-zinc-iodide and with congo red. The diehroism 
confirmed a tangential orientation of the stained cell wall constituent(s) in the outer 
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and a radial orientation in the central layer. Radial orientation is very unusual in cell 
walls. Protein reactions were negative and ruthenium red stained faintly. 

The lamellar structure, already described by VAN ITERSON, was beautifully revealed 
in a Leitz phase contrast microscope, even without swelling, but the number of visible 
lamellae was very much increased after swelling in diluted cuprammonium. See Figs. 2 
and 3. In concentrated cuprammonium the whole section disappeared as also pieces 
of cell wall do. 

o :~ 

Fig. 3- Section of Halicystis cell wall, mounted  in diluted cuprammoniu ln  and observed with a 
phase contras t  microscope. 

ELECTRON MICROGRAPHS 

The methanal-preserved material was used for this part of the investigation. The 
cell wall of Halicyst is  is too thick for direct examination. By tearing it, either before 
or after treatment with hot alkali or chromic acid, or by scraping a piece of cell wall, 
previously glued onto a slide, we in vain tried to obtain lamellae thin enough for direct 
observation. 

Therefore we resorted to a replica technique, which could show details of less than 
I00 A 1. To prevent an interchange of the inside and the outside of the cell wall, special 
measures were taken (cotton thread drawn through the cell before dissection). After 
washing, pieces of the cell were left to dry on a glass slide and the edges were fastened 
with small strips of Scotch tape. 

After shadowing with Pt the specimen was coated with a "carbon" skin, formed 
by polymerised fission products of an aromatic hydrocarbon, e.g. toluene in a glow 
discharge 4. For that purpose the specimen on the slide was placed in a vacuum jar on 
a metal support acting as a positive electrode. At a distance of some cm above the 
specimen, the other electrode was mounted. The vacuum jar was filled with toluene 
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vapour  of a pressure of o.oi mm Hg. Next, a tension of 2 kV was put  on the electrodes 
for about 3o see, the current density being o.5 mA/sq, cm. In  this way  a film of about  
6oo A was formed on the specimen. 

In  the glow discharge the toluene molecules are disrupted, forming small molecules, 
ions and radicals such as CH, C~, C, C +, H and H~. These fragments  recombine and form 
a film on the anode and on the objects lying on it. Such a film is insoluble in all known 
solvents;  the t ransparency for electrons is very high. 

The thus created triple layer of cell wall, p lat inum and "carbon" ,  was cut into 
portions of the size of a specimen grid and brought  upon the surface of a cuprammonium 
solution, the "cellulose" side downwards. The cell wall material dissolved and the replica 

Fig. 4. Electron micrograph of a replica of the 
exterior of the untreated Halicystis cell wall. 

: . . . . . . . . . . . . . . . . . . .  z 

Fig. 5. Electron micrograph of a replica of the 
interior of the untreated Halicyslis cell wall. 

floated on the solution. After rinsing with distilled water for half an hour, it was mounted  
on a specimen grid, ready for use in the electron microscope. 

Because of the much higher contrast ing effect of the heavy atoms of the plat inum 
with regard to the light carbon atoms of the "ca rbon"  film, the image formed in the 
microscope may  be considered to be caused by the pla t inum layer only. Thus a positive 
replica is obtained, giving details as occurring on the original specimen. 

The electron micrograph of Fig. 4 shows tha t  the exterior of the unt rea ted  cell wall 
has a granular surface without  special structure. Probably  some kind of incrusting 
material  is present. 

As apparent  in Fig. 5, the inner side shows a network of microfibrils, oriented at 
random. The fibrils have a diameter  of about  8o A. 

On the (wrong) assumption tha t  the cell wall consisted mainly of cellulose II ,  and 
wanting to obtain electron micrographs of cleaned cell walls, a cell was cut  in two and 
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t r e a t e d  with  2% N a O H  at  I o o ° C  for 2 hrs. This t r e a t m e n t  reduced  the d ry  weight  
by  60 %. 

As visible in Figs. 6 and  7, a f ibri l lar  ne twork  now is present  bo th  on the outs ide  
and  on the inside. On the outs ide the  fibrils are longer  and they  seem to be embedded  
in non-f ibr i l lar  mater ia l ,  which might  have been present  original ly,  bu t  might  also have 
been produced  by  d is in tegra t ion  as a resul t  of the  a lkal i  t r ea tmen t .  On the inside the  
fibrils are short ,  or m a y  be shor tened  by  the t r ea tmen t .  

X-RAY DIAGRAM AND DEGREE OF CRYSTALLINITY 

A. Character o/the diagram. The r ing d iag ram of the  u n t r e a t e d  cell wall  s tuffed into  
the  specimen holder  of an A s t b u r y  X - r a y  camera  is s imilar  to  a r a yon -d i a g ra m wi th  
the  except ion  of the  curious interference corresponding to a 13.o A spacing (see Fig.  8, 
I and  II). The o ther  interferences  correspond closely to the  002, iog-  and  IoI - re f lec t ions  
of rayon.  This has been contro l led  b y  t ak ing  d iagrams  with monochroma t i c  focussed 
rad ia t ion  in the  mul t ip le  Guinier  camera  af ter  DE WOLFF. Compared  with  the  cellulose- 
d iagram,  however,  the  in tens i ty  of the  IOi interference seems somewhat  reduced  and  
t ha t  of the  IOi- in terference s l ight ly  increased.  

The spacing of the  13.o A interference va r ied  be tween 12.4 A in sharp ly  dr ied  and  
13.8 A in wet cell wall  mater ia l .  I t  d id  s tay  af ter  hea t ing  in 2% N a O H  at  I o o ° C  for 
2 h (Fig. 8, III) or af ter  boil ing for 24 h wi th  wate r  and  t r e a t m e n t  for I8 h at  35 ° C 
wi th  a pancrea t ic  enzyme solut ion (Fig. 8, IV). As ment ioned,  the  a lkal i  t r e a t m e n t  

Fig. 8. Powder X-ray diagrams of: 
I. Untreated Halicystis cell wall. 

II.  Viscose rayon fibres. 
III.  Halicystis cell wall treated with hot 

dilute alkali. 
IV. Halicystis cell wall boiled with water and 

treated with a solution of pancreatic 
enzymes. 

Quadrants I and II occur on the same film, 
I I I  and IV on films which have been exposed 
somewhat shorter. Pinhole o. 5 X 4 ° ram; 
distance specimen-film 4 ° ram; Cu K radi- 

ation. 
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caused a loss of 60%, but  the  "cel lu lose"-  
pa r t  of the d iag ram cleared up  only a l i t t le ,  
whereas the  13.o A interference was m a r k e d l y  
intensif ied (compare Fig.  0, I and  I I ) .  

B. Degree o~ crystallimt 3' 

For  a descr ip t ion  of the  me thod  used, 
the  reader  is referred to HERMANS AND 
WEIDIN'GER'S pub l ica t ion  2. To enable  the  
p repa ra t ion  of the  3 mg s t a n d a r d  pellets,  the  
cell wall  was first cut  into "f ibres"  of 2o 
thickness  wi th  a microtome.  Fou r  and  three  
de te rmina t ions  were made  wi th  enzyme-  
t r e a t ed  and  a lka l i - t r ea t ed  cell wall  mater ia l ,  
respect ively ,  wi th  r ayon  as a reference. One 
pho tome te r  curve of each is shown in Fig.  9. 

AooJ c rys ta l l in i ty  in rayon ,  Assuming  a ~ ,o 
the  degrees of c rys t a l l in i ty  of the  cell walI 
samples  were ca lcu la ted  and  p lo t t ed  in the  
nomogram of Fig.  IO. In  view of the  l imi ted  
re l i ab i l i ty  of such de te rmina t ions ,  the  figures 
mus t  be considered equal  and  roughly  4o°"/o, 
bo th  i~ treated a~d untreated cell wall material. 
The intensif icat ion of the  13.o A interference 
following the alkal i  t r e a t m e n t  (see Fig.  9, I I ) ,  
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although marked, appears still to be too small to modify the total degree of crystallinity. 
As far as we can see, the disappearance of 60% dry weight during alkali t reatment  

without marked change in the "cellulose"-part of the diagram, nor in the degree of 
crystallinity, bnt accompanied by intensification of the 13.o A interference, can only 

be explained by assuming that :  
r 

/V~3 Z8 

•q-31.7 
~- Radius 

l:ig. 9. l ' ho tometer  curves of pow- 
der X-ray  diagrams and of refer- 
ence substance (Iv.). 

1. Halicyslis cell wall boiled with 
water  and treated with pan- 
creatic enzyme solution. 

11. Halicyslis cell wall t reated 
with hot  diluted alkali. 

11 l. Viscose rayon fibres. 

I. there is an alkali-resistant non-cellulose minor 
constituent causing the 13.o A interference; 

2. the "cellulose"-part of the diagram is in all 
probabili ty due to a major cell wall constituent, which 
is moderately crystalline like regenerated cellulose and 
also resembles it in other respects, but gradually dis- 
solves in hot dilute alkali. 

Finely ground viscose-rayon loses much less 
weight during similar alkali t reatment  and moreover 
withstands boiling with 2 % HC1 better than Halicystis- 
cell wall material which rapidly dissolves. This differ- 
ence in resistance at first was thought to be due to a 
very low DP of the Halicystis cellulose II ,  but ac- 
cording to the chemical analysis (see next section), it 
seems to be a hemi-cellulose. 

I Cryst, 
i 

80 a Halic. enzyme-treated 
o ,. a lkal i - t reated 

60 , Viscose rayon 

40 

20 

sb ,bo ,~o :bo 2~o 
I Arnorph 

Fig. lo. Approximate  degrees of crystallinity in 
Halicyslis cell wall as compared with rayon. 

Io% 
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If  there were not one, but two or more quantitat ively important  cell wall constitu- 
ents in addition to the alkali-resistant one, then their alkali-solubilities would very 
probably be different and consequently some marked change in the "cellulose"-part 
of the diagram or in the degree of crystallinity would have been caused by the alkali 
t reatment.  

PRELIMINARY CHEMICAL ANALYSIS 

Owing to lack of material, only a qualitative determination of the sugars in the 
main cell wall constituent was possible. About 3 mg of untreated or alkali-treated cell 
wall material was kept in I ml 72% sulfuric acid at 20 ° C for 3 days. The solution was 
diluted to IO ml and boiled for 8 h. After neutralising with BaCOn, filtering and concen- 
trating, paper  chromatograms were prepared with butanol-acetic-acid-water as running 
liquid and aniline phthalate as spray. 

Re/erences p. 3.52. 



VOL. 11 (1953) CELL WALL OF Halicystis Osterhoutii 351 

To our astonishment, all showed the presence of xylose and glucose in about 122 
proportion, both be/ore and alter alkali treatment. With ninhydrin spray traces of amino 
acids showed up. Very probably a xyloglucan is the main cell wall constituent, for if 
these sugars were in separate polymers, some marked change in proportion might be 
expected after alkali treatment. This is in line with the results of the X-ray work. As 
is well known, several hemicelluloses stain blue with IKI  and dissolve in cuprammoninm. 

It  is hoped that others will be able to check and extend this preliminary analysis. 

CONCLUSIONS 

The microscopic observations reveal a poly-lamellar cell wall, which readily dissolves 
in cuprammonium and is stained dichroitically with IKI, chlor-zinc-iodide and congo 
red. Double refraction and dichroism indicate that the molecules of the stained bire- 
fringent constituent(s) are radially oriented in the central layer and tangentially in the 
outer ones. 

The preliminary chemical analysis suggests that  the main constituent is not 
cellulose II, but a xylo-glucan. The fact that  the ratio of xylose to glucose does not 
seem to change after 60% of the cell wall material is dissolved in hot dilute alkali 
does not suggest the presence of separate xylan and cellulose II, for, usually, pentosan 
is much more alkali-soluble than cellulose II. However, it is not impossible that some 
other glucan and a xylan, both moderately alkali-soluble, are present. 

The X-ray investigations suggest the occurrence of an alkali-insoluble non-cellulose 
minor cell wall constituent with a characteristic 13.o A interplanar spacing, which 
somewhat varies with different moisture content. 

In addition, a moderately alkali-soluble main cell wall constituent is present, or 
there might be more constituents, but in that  case these must equal alkali-solubility. 
This main cell wall consti tuent (or one of the constituents) produces X-ray interferences 
which are quite similar to the IOI, IO~ and 002 ring-reflections of cellulose II, although 
there seem to exist differences in relative intensity. The mean degree of crystallinity 
of the cell wall is of the same magnitude as that  of cellulose II. 

The E.M.-graphs of the untreated cell wall reveal a non-fibrillar, granular surface 
on the exterior and a fibrillar network on the inside. After t h e - - r a th e r  destructive--- 
alkali treatment, fibrils are to be seen on both sides, but those on the inside are shorter. 
Comparison with the untreated cell wall suggests the possibility that the fbrils on the 
inside might have been fragmented by the alkali treatment.  The abundance of micro- 
fibrils suggests that  the main cell wall constituent is fibrillar, but  the alkali-resistant 
constituent might be fibrillar too. The occurrence of two types of fibrils in the treated 
cell wall is in line with that  possibility. 

A C K N O W L E D G E M E N T S  
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SUMMARY 

The poly-lamellar cell wall of Halicystis Osterhoutii very probably contains a xylo-glucan as 
major constituent. Its X-ray ring diagram closely resembles that  of regenerated cellulose and it also 
indicates the same moderate degree of crystallinity. In addition, an unknown alkali-resistant non- 
cellulose minor cell wall constituent with a 13.o A crystal plane spacing is present. Electron micro- 
graphs reveal that  the major constituent or both are fibrillar. 

RI~SUMt~ 

La paroi cellulaire polylamellaire de Halicystis Osterhoutii contient trSs probablement un xylo- 
glucane comme constituent principal. Son diagramme de rayons-X ressemble de pros A celui de la 
cellulose r6g~n~r@e et il indique le m@me degr6 mod6r@ de cristallinit6. La paroi contient en plus un 
constituant secondaire inconnu, r~sistant A l'alcali et non-cellulosique avec une distance r@ticulaire 
de 13.o A. Des micrographies 61ectroniques font voir que soit le constituant principal, soit les deux 
constituants sont fibrillaires. 

ZUSAMMENFASSUNG 

Die polylamellare Zellwand yon Halicystis Osterhoutii enthAlt sehr wahrscheinlich als Haupt- 
bestandteil ein Xyloglucan. Das R6ntgen-Ringdiagramm ist dem yon regenerierter Cellulose sehr 
Ahnlich und zeigt ebenfalls den gleichen mittleren KristallinitAt. Ausserdem ist noch ein unbekannter 
alkaliresistenter, nicht aus Cellulose bestehender Zellwandnebenbestandteil mit einem Kristallnetz- 
ebenenabstand von 13.o A vorhanden. Elektronenmikroskopische Aufnahmen zeigen, dass der 
Hauptbestandteil  oder beide Bestandteile fibrill~r sind. 
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