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2-0-Methyl-p-xylose containing sheath
in the cyanobacterium Gloeothece sp. PCC 6501
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Abstract. The sheath of the unicellular cyanobacternim
Glagathere sp. POC 6501 was isoluted (rom cell homog-
enates by dilferential and sucrose gradient centnlugation,
followed by lysozyme treatment and hot sodium dedecyl
sulfate extraction, The sheath contains a major fraction
of enrbobydrate consisting of galactose, glucose, mannose,
rhamnose, 2=0-methyl-p-xylose, xylose, glucuronic and
galacturonic ackds, but only traces of fatty acids and
phosphate, A prolein content of about 2% (of fraction dry
weight) could not be removed by the detergent irestmenl.
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Sheatli Mrom eyanohocteria can be deflined as distinct and
finc-structured layers which loosely surround cells or cell
groups (Drews and Weckesser 1982; Vaara 1982). They are
often directly viable in the hight-microscope, Presence of
lack of sheath is used for taxonomical purposcs among
unicellular cyanohacicria {Rippka et al. 1979); strains hav-
ing a typical sheath belong to cither Gloeobacter, Gloenthece,
of Glococapsa, The enclosed cells produce new layers,
forming & multilavered sheath surrounding flnally. sngle
cells and cell groups as well. The sheath of Gloeohacier
seems to be formed by successive excretion from the outer
membrane (Rippka et al. 1974).

Little is known about the chemistry of the cyvanohacterial
sheath. Posative staining with muetheniom-red indicated acidic
polysacchanides (Vaara 1982). Polyvsacchande compounds
were confirmed by analyses on solaied sheath fractions,
such as of Clloraglocopsiz PCC 6912 (Schrader et al. 1983)
or Chroovocoas miimuiue (Aadhikary et al. 1986). The present
paper describes the isolation and gives chemical data on the
sheath of Glocotheee sp, PCC 65301, a unicellular cyano-
hacterium with cell division in one plane (Rippka et al.
19749,

Materials amd meihods
Sewaatn aend craltivaiion

Axenic Glocothece sp, PCC 6501 was kindly provided by the
Pasteur Culture Collection (PCC), Inatmut Pasteur, Paris,
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Abbreriarion. 5035, sodium dodecyl sulinte

France, Mass cullupes were grown photoautatrophically in
BG-11 mediom (Stander et al. 1971, pH 7.5 01 25°Cin a
12 ] fermentor (Jungket, Géttingen, FRG), Cultures were
irradiated with white Muorsscent lamps (1 =4 kix} and con-
tinuously gassed by a stream of air/COy (99:1, viv, 2501
h='), Cells were harvesied after 15 days cultivation and
washed once with 20 mM Tris-HCI buffer, pH 8.0 {used
throughout sheath izolation).

Iralarion af sheath

For cell homogenization, freshly harvesied cells were
suspended in bulfer (see abowve), mixed with glass beads
(0,25 mm in dinmeter; oell to glass bead ratio 1:2, v/v; with
some DNase added) and broken in a Vibrogen shaker {type
%12, E. Bithler, Tabingen, FRG) at 4°C at Mull speed for 2 h
Lysozyme treatment (EC 3.2.1.17; 5 mg in 25 ml ammonium
poetate buller, pH 6.8) was at 37 C for 12 h, sodium dodecyl
sulfate (SDS, 2%, w/v)—extraction in Trs-HC buffer (ns
above) at 100°C for 5 min (for further details see Adhikary
et al. 1986).

Microscopy and aralyifcal procedwres

For microscopy, cells were fixed with Os0y (scc Golecki
1977}, debydrated by ethanol {70 fo 100%), and embedded
sccording 10 the procedure of Spurr (19%69). For light-
micrographs semi-thin sections (05— 1 pm) were stained
with methylene-blue Azar [1{Rihardson 1960}, for electron
microscopy ulirithin sections were conbrusied with uranyl
acetate and lead citrate before being examined in a Philips
EM 400 ar 80 k¥ (Golecki 1977}

Hydrotysis conditions for liberation of monomenc
compounds and experimental details of gas-chromato-
graphic determination and mass-spectrometric ragmenta-
tion of neutral sugnrs (as alditol acctates) were as described
elsewhere [Adhikary et al. 1986). 2-0-Methyl-p-xylose was
tolafed in preparative amounts (1 mg) by preparative paper
chromatography  (solvent system: ecthylsceiate-pyridine-
waber = 12:5:4, v/v/v). Oplical rotation was measured in
u Perkin-Elmer polarimeter, type 141, using a 1 ml quartz
cuvelte and a Hght pathway of 10 cm {wavelength: 389 nm).
Demethylatbon of O-methyl sugar (1 —2 meg, dissolved in
0.5 ml dichloro-methone) was curned out with BBr; (3 ml}
in a0 e-bath during 18 b (McCmie et al, [968). Solvent and
excess of BBry were remaved by evaporation im vagwo {307 C,
repeated 5 nmes with the addition of methanol afier the first
cviaporation). Uronic acids were detected by high-vollage
paper-clectrophoresis and quantitatively determined by



Fig. 1. Inicrlerence-contrasl pictune of Glocothece sp, POC 6501
cells, Mode the destinctly visible lnyers in the sheath surrounding
sngle cells and cell groups as well. Bar represents 20 jum
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Fig. 2. Liltrathin secteon of Gloeatbece sp. POC 6500 cells (Os0,-
fineel, wranyl acetnte/lead alrate-contrasted). The inner arca af the
abicalh 15 weakly stamed, the owier layer heavily, CHW cell wall; Sk
sheath, Bar represents 0.5 am

carbarole/H,50, (Galambos 1967), amine sugars and
iming acids determined in an sulomatic amino acid
analyrer, fatty acids gas-chromatographically as methyl
esters and phospharus according to the Lowry method (for
references see Adhikary et al. 1986).

Resulis

Interference-contrast  micropraphs of Gloeothece  sp.
PCC 6501 showed single oclls and ocll aggregates afier cell
division surrounded by distinctly wvisible sheath layers
(Fig. 1). In electronmicrographs, the inner sheath area i3
weakly stwined showing few fibers onented parallel to the
cell surface (Fig. 2). The outer arca is heavily stained.

Tiofation of sheath from cell homogenates

Homogenization of cells for separation of large sheath
fragments was most elfective by applicating a Vibrogen
shaker nmong the various methods wed (e.g. Ulira-turrax;
ultrusonication ; Braun dismembrator 11, Braun-Melsungen,
FRG), as controlled by light-microscopy, DilTerential cen-
trifugation (130:= g, 4 C, 15 min; then sedimentation of the

Fig. X, Lighi-microscopy of shenth isolaied from cell homogenates,
purified by sucross gradient centrifugation, hysoryme digesticn and
hat 5135 treatment {for experimenial details see text), Sinining with
methylene-blue Azur 11, Bar represents 200 pm

supernatant gt 3,000 = g, 4°C, 15 min) viclded in the latier
sediment unbroken cells covered by a thick, gel-like layer of
sheath material. A lour times purification (3,000 = g, 4°C,
15 mun} af the sheath material, followed by sucrose gradient
centnifugation (60, 55, 50, 45, 40% sucrosc, w/w, in Tris-
HCl-bulfer) sedimented the sheath, dgain, as a luyer directly
overlving the residunl unbroken cells at the lube bottom.
The yield was 6% of whole cells (dry weight basis) after o
seven-fold washing (48,000 = g, 4" C, 30 min). Further purifi-
cabion Wwiis achieved by lyvsozyme trentment [ollowed by
SDS-exiraction. The yield was 2% of whole cells (dry weight
basis). SDS-extracted sheath [lractions siill showed
methylene-blue Azur Il stainable structures on semi-thin
sections {Fig. 3).

Galactose, plucose, mannode, rhamnose, xybose and an
unknown sugiar were found in the isolated sheath (Table 1),
The latier behaved hpophilic on thin-laver chromalography
(R = 1.13 in solvent system ethylacetale-pynidine-water =
12:5:4, viviv) and stained red with anilinium hydrogen
phihalate. On mass spectromeiric lragmentation of the
sugar nlditol acctaie (reduction with NaBDy), the primary
lragments mje 261 and 217 and sccondary fragments at
mje 201, 141, 159, 117, 127, 99 and 187, 127, respectively,
were oblained indicating a 2-C-methyl pentose (Jansson et
al. 1976). Xylose was found after demethylation of the
isoluied sugar, as proven by thin-laver chromatography {2ol-
venl as indicaled above) and by simultancous injection of
the demethylation produect and authentic xvlose {as alditol
acctaics) into the gas-liquid-chromatograph. Optical config=
uration of }FO-methyl-p-xylose was reported by Laidiaw
{1954) 1o be {a}i® +37°C. Since only about | mg of the
purified 2-O-methyl sugar from Gloeothece sp. PCC 6501
was available, only the {positive) direction was measured,
allowing to identify it as 2-0-methyl-p-sylose.

Baoth, ghicuronse and galacturonie ackd were found in
ihe izolated sheath of Gloesthece. The fatty acid content of
all frections did nol exceed 0.4% of dry weight (Table 1),
Cig and Cy4: 1 being dominating among the small amounts
found. The phosphorus content was pegligible. The only
amine sugar found was little glucosamine which 1ogether
with the small amounts of diaminopimelic scid found repre-
sents a peplidoglvean contamination. The protein mobcty of
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Tabde 1. Chemical analyses (jeg/100 pg lraction dry weight) of sheath
fractions {rom Glaeotheor sp. sbram CE 6500, The sheath wan
twolated from ccll Bomopenaics by differential and sicross gradient
centrifugation followed by lysorvme and SDE-treatments

Compound Subsequent purification by
Sucross Lysoeyme SDS-ircaiment
gradient  digestion (2%, 1007 C,
ceniri- 5 min)
fugation
Todal newtral sugars LR 410 4410
20-Methyl-teaylose 39 449 5l
Rhammos: 1.6 4.0 42
Xylose 1.2 1.3 14
M inimnas fid T 50
Chalactive 15 136 14.2
(Flsccee i (I 196
Livosic pcids {glcuronic
amil palacturonk: acidsh 23 24 1.3
Prodeim 18 i12* i6
Diaminopimelic acid 02 —* ="
Clucosamine | 0.2 - -t
Faity mcads .4 04 1]
Phosphorus [iX1.3 LUTE ] o3
* Dug o incomplete removal af lysoeyme
* Albseal

abour 2% of sheath dry weight wis not removed by the hot
SDS-treatment.

Discussion

Isolntion of sheaths rom cyanobacieria incloding Gilovo-
thece sp. BCC 6501 s focilitnted by high density and mechan-
ical sabality of the sheath. Accordingly, the sheath iselaied
from Glocothece sp. PCC 650 cell homogenates by centrifu-
gation steps contains only linke cell wall contamination.
They could be removed by Iysomyme and SDS-treatment,
Resisiance aguine sirong delergents, with even retuining the
fine-structure, hus also been observed with the sheaths of
Chiorogloeopsis sp. PCC 6912 (Schrader ct al. 1982) and
Chroococcns minwtny (Adhiknry cf al. 1986), However, in
pontrast to Chforogfoeopsiy sp. BOC 6912, sheath material
of Glovothece sp. PCC 6501 is also extracted into the waler-
phase of bot phenol-water extructs (T, Lukas, unpublished
work). Probably, this is due 1o the lower protein content of
the Glaeotkece sheath, although the SDS3-insolubility re-
miins to be explained. A lower protein content may also be
responsable for the weak staining of inner area of this sheath
on ultrathin sections for electron microscopy, |1 deserves
connolation, however, that protein s not completely re-
moved [rom alweath fractions of all cvanobacteria studied so
far even on application of drastic detergent treatmenis. The
chemical nature of the association of proten and carbo-
hydrute remuins to be characterized.

The sheath of Gleeethece, like those of other cyano-
bactern {Drews and Weckesser 1982; Jirgens and Weckesser
1985) has a major sugar modcly confaining neutral sugars
and wronic acids, The 2-O-methyl-p-sylose (identified here
for the first time i a natunl product, (o our knowledge)

represents another example of sugar O-methyl ethers, fre-
quently found in cell enwvelope polymers, including
lipopolysaccharides, [rom cyanobactera and phototrophic
bacteria as well (Weckeser ot al. 1979). They contribute
sugar specificity to the cell surfuce: in case of lipopolysaccha-
ride 1o the outer membrane, in case of sheath to external cell
envelope lnvers. Complex sugar compostion with rare sugar
O-methyl ethers included, topether with insolubility and me-
chanical stability, may render cyanobacierinl sheaths resis-
funt to enzymatic degradation (Schrader et al. 1982; Direws
and Weckesser 1982; Adhikary et al. 1986). Preservation of
ecvanobacterial sheaths in geological sediments and fossils is
a well known phenomenon (Schopl and Walter 1982).

About half of sheath material was not identified in this
study, This seems nol to be caused by degradation of
identified compounds during hydrolvss, In addition, pro-
tein and pids can be excloded as major compoonds. Thus,
the residual sheath material, assde from its water conlent,
may ke compased of aonidentified compounds. The sheath
of Glacothece ATCC 27152 has recently found to contain
sulfute (B. Tease, persona| communbcation),
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