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Cellulosic Wall Component Produced by the
Golgi Apparatus of Pleurochrysis scherffelii

Abstract. The Golgi apparatus of a marine chrysophycean alga Pleurochrysis
scherflelii Pringsheim produces wall fragments (circular-to-ellipsoidal “scales”)
which are released to the periphery by an exocytotic process involving the fusion
of cisternae and the plasma membrane. The cellulosic component of the scales
ts a complex network of fibrils (10 to 25 angstroms in diameter) that resist treat-
ment with strong alkali. Untreated washed scales vield galactose, ribose, arabi-
nose, and traces of glucose; alkali-purified scales vield much more glucose. The
fibrillar scale constituent shows a positive iodine dichroism of the intact wall, a
positive zinc chloride-iodine reaction, breakage sites characteristic of highly
crystalline cellulose, and solubility in Schweizer's reagent.

Pectic cell-wall polysaccharides are
formed within the Golgi apparatus and
extruded in typical vesicles by an exo-
cytotic membrane-flow mechanism (/-
4). The same process is very likely for
formation of hemicellulosic components
(5, 6); however, it is generally agreed
that cellulose is not made within the
Golgi cisternae. Instead, the cellulose
fibrils are thought to be formed outside
of the plasma membrane from intracel-
lular precursors (/, 4, 6, 7).

The difficulty of assigning to the
Golgi apparatus the role of cell-wall for-
mation comes principally from the lack
of morphological evidence for equiva-
lent structures within the Golgi cisternae
in comparison with constituents of the
cell wall in situ. Such morphological
proof for the role of the Golgi appa-
ratus in the production of the cell wall
of a marine chrysophycean alga Pleuro-
chrysis scherflelii (8) was recently
demonstrated by Brown (9), who sug-
gested that the cell wall was composed
of cellulosic substances as indicated by
a positive iodine dichroism and a nega-
tive spherite birefringence of the intact

wall. Pectic substances were also
demonstrated in the wall by a positive
reaction with Ruthenium Red and up-
take of Alcian Blue at pH 0.5. This
report provides biochemical and addi-
tional morphological evidence that at
least one component of the cell wall
produced by the Golgi apparatus is
composed of a cellulosic glucan.
Axenic cultures of P. scherffelii were
grown in agar slants of von Stosch’s
medium (/0) modified to include 4
grams of vitamin-free Casamino acids
(Difco) in each liter of medium. Pure
fractions of cell-wall fragments or
“scales”™ were obtained from dissolu-
tion of mother-cell walls during zoo-
spore production (/7). The scale frac-
tion was separated from the zoospores
by centrifugation (1600g, 20 minutes),
and the supernatant containing the
scales was again centrifuged at 70,000g
for 20 minutes. The resulting pel-
let consisted of circular-to-ellipsoidal
scales (Fig. 1A). Whereas some of
the scales produced an image of a dis-
tinct network of concentric microfibrils
with an underlying layer of radial



ones, others revealed, in addition, some
amorphous substances covering the
scales. The fibrillar network resisted 10
minutes of boiling in water, but the
amorphous material did not. Further-
more, the fibrillar network resisted 10
minutes of boiling in 5 percent KOH,
although a progressive loss of order
of arrangement occurred during this
alkaline treatment as a result of the
differential removal of the radial fibrils
(Fig. 1B). When the fibrils of the
scale fractions were subjected to 24
percent KOH for 12 hours or more,
they lost all of the characteristic terti-
ary order of arrangement and consisted
only of short rods about 1000 A long.

For chemical analysis, a scale frac-
tion, purified as described above, was
treated with 0.5N H.SO,; at 100°C for
| hour and then centrifuged at 70,000¢
for 20 minutes. The pellet was washed
with distilled water until the washings
were neutral. This partially hydrolyzed
scale fraction was subjected to 24 per-
cent KOH for 10 hours at 20°C, and
then 2 hours at 100°C. Native cotton
served as a control.

The resulting flocculent was thor-
oughly washed with distilled water and
concentrated by centrifugation, Both
this fraction and the washed untreated
scales were hydrolyzed in SN H.SO, in
sealed ampoules at 60°C for 15 hours,
then neutralized with BaCO,. The hy-
drolyzate was subjected to thin-layer
chromatography (/2), and the chromat-
ogram was sprayed with anisidine
phthalate (/3) for detection of sugars.
The alkali-purified scale hydrolyzate
yielded glucose, but in a few cases traces
of galactose were also detected. In con-
trast, the hydrolyzates of nontreated
washed scales contained galactose,
ribose, arabinose, and traces of glucose.

Our data indicate that the fibrillar
network of the scales consists of cellu-
lose or at least of cellulose-like glucans
because of: (1) a positive iodine dichro-
ism of the intact cell wall and a cor-
responding positive reaction of the
alkali-purified material with zinc
chloride-iodine; (ii) the appearance of
breakage loci characteristic for highly
crystalline cellulose known from other
preparations (/4-17); (ii1) a resistance
of the fibrillar component to boiling 24
percent KOH: (1v) solubility of alkali-
purified fibrillar component in Schwei-
zer's reagent (Cuoxam); and (v) thin-
layer chromatography of the alkali-
purified hydrolyzate showing that glu-
cose is the predominant sugar.

Equivalent structure corresponding
to the isolated negatively stained scales

iIs shown in Fig. 2. The very same

structures are observed within the cis-

ternae of the Golgi apparatus (Fig. 3)
thus demonstrating that the 10- to 25-
A concentric and radial fibrils are syn-
thesized within the Golgi apparatus in
the same arrangement that they show
in the cell wall. This confirms directly,
for the first tme, the role of the Golgi
apparatus in the synthesis of a cellu-
losic substance.

1}

N
S
o
=7
. W
.
'
F
'T'_

1-'-.-"' 1- T T

- AV

-

iy

Scale production by the Golgi appa-
ratus is Kknown in other organisms,
namely the algae of the classes Hapto-
phyceac (/8), the Prasinophyceae
(/9), and the Coccolithophoridae (20);
however, a cellulosic component never
has been reported from these members
even though the morphology of certain
of these scales is similar to those of
Pleurochrysis.

Green and Jennings (27) reported

Fig. 1. (A) Negatively stained preparation of Golgi-produced untreated scales isolated
from the cell wall of the marine alga Pleurochrysis scherffelii. The fibrillar network is
cellulosic, while the more globular structures are probably pectin or other polysaccharide
substances (x 72,500). (B) Scale fraction treated for 10 minutes with 5§ percent KOH.
Amorphous substance is lost and cellulosic fibrils become progressively deranged. Break-
age loci, characteristic for highly crystalline cellulose, are shown at arrows ( x 80,965).






