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THE GELATINOUS SHEATH OF MICROCYSTIS IN LAKE SUWA
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ABSTRACT

 Chemieal characteristies of the gelatinous sheath produced by the three
MLti,guggyE:ti speeies wh!ch constitute waterbloom in Lake suwa were investigated
from an eeologieal standpoint,
 The outlook and solubiUty of the gelatinous sheath were different among ij.
aeru inosa, ij. viridis and M. weseBbey ii, though the main component was
similar for them all; heteropolysaecharides. The gelatinous sheath of the
three speeies was eomposed o£ the same sugar constituents, but each proportion
was different among them. The easily soluble part of the gelatinous sheath of
lj. aeru inosa and M. wesenber ii fluctuated considerably with time. The or--
ganic materials of the gelatinous sheath released to lakewater eould depend on
the domiBant species. The sugar eomposition of earbohydyates in the cells
changed aecording to envSronmental stresses sueh as water ternperature, solar

radiation and the nutyient concentya£ion.
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 INTRODUCT!ON

 }t12Lgtegy t produees ge}atinous sheath surrounding the aggrega£e o£ cells.
The gelatinous sheath eould accelerate the constitute of waterbloom by adsorb-

 ing some metals and protecting the ceHs from mierobia± attack and IQw
 temperature. However, the know!edge oB the gelatinous sheath of wwti ti
 is very limited yet. Shnyukova and Pirezhenko(3) reported that slSme was com--
posed of earbohydrates like hemicelluiose and pectie acids. Nakagawa et
al.(2) also reported chemical eomposition of slime of axenic pt. g,g!ggk}gE K-
3A isolated from Lake Kasirmigaura.
 It is also iRdicated that the extracellu}ay products of phytop}anktoR are the
 important eaybon source for heteyotropkic bacteria in aquatie environment.
Kato and Stabel (1) found that free-iiving bacteria took extracellular dis-
 solved organic caybon released from phytoplankton and synthesized their cel-
 lular materials. Thus, to reveal the chemieal nature of the gelatinous sheath
 of the extraeellular products oe ltt!:Lgpogys!St is essential in considering the

 functionofwwt t inanecosystem.
  In this paper, I briefly sumarized some properties and sugar composition of
 the gelatinous sheath of the three species, and their behavior in Lake Suwa.

 EXPERIMEN[rS

 The cells of !t!J,gzgg}yi}Xs£ were eollected from Lake Suwa. They were isolated
 uRialgally and cuitured in B12 medium at 250C and 2500 lux as the staltdard

 conditions. M. virldis NIES-102 was obtained from the National Institute £or
 Environmental Studies.
 The gelatinous sheath was extracted by shaking (Yamato shaker, Model SA-31,
 8), heat treatment (18-121oC), sonication (Toray Seiko ultradisruptor, UR-200P,
 25W), addttion of EDTA, and dissolueion in alkaiine solution. Then, the
 gelatinous sheath earbohydrates were separated from intraeeiluiar ear-
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             '
bohydrates by using a column ehromatography of DEAE-Sephadex A-25.
 Lakewater samples with rwt t were eollected in the morning at around 9
a.m. from the surface at the lake eenter of Lake Suwa during the period of
bloom. Sampled lakewater was fraetionated iRto four fraetions; Dissolved or-
ganic material fraction (DOM), ES-shake fraction which was obtained by
shaking, ES--sonie fraetion obtained through soRication, ancl residual cell
fraetion. The procedure of the preparation was summarized Fig. 1.
 Carbohydrates and proteiRs were determined by pheno} sulfuric method and
Lowry method, respeetively. Sugar eonstitueRts were determined by using a gas
ehromatography according to the method of Nakagawa et al. (2).
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sheath of Mieroc stis
 The gelatinous sheath of the three btlls!ggslMptffIEt species collected in Lake Suwa
was examSned through mtcroscopy. The gelatlnous sheath of ¥. aeru inosa ap-
peared elearly when stained with an India ink (Photo la). Some gelatinous
sheath surrounding eells was stained light blue with aieian blue stain con-
talning O.1 M MgC12 (Photo lb), while the otheys were not stained. This
gelatinous sheath is aiso called siime, beeause it is undefined and
unstruetured. Photo lc shows M. viridis stained with an India ink. This
gelatinous sheath ls also grouped into slime. Tkis slime was stained blue
with alcian blue containing O.1 M MgC12. The slime ;"as smooth with solid sur-
face and somewhat waving. When a eeli is released from the slime, a traee of
the eell was clealy seen. Photo ld shows M. wwt stained with a
nigrosin. There observed slime ±n the most outer layer, and the sheath exlsts
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as a structured layer ins2de the siime. In addition, the sheath
cells iR sol type slime. When the sheath is cut, cells come out
gelatinous sheath of three MLa;tLg!ggy t s speeies showed different
   .a mlcroscope.

surrounds the
slowly, The
aspects under

Photo

    a
    c
    d

  l

. b.

.

.

Three spectes of uteneoeystis
Mteyoeystis aevugtnosa
thevoey$tts vtnidis
Mictr?oeystas wesenbeMgti

Solubillt of the elatinous sheath in water
 Solubilization of the gelatlnous sheath was attempted by a shaking method,
heat treatment, sonieation, addition of EDTA, and dissolution ln alkaline
soiution ([rable 2>. ktSglcogMsJ!.t celis colieeted in Lake Suwa on Aegust 6 1986
were employed. The slime of ij. aeru inosa and ¥. IIIesgl}Ptgxtg2L.l, eould be partly
solubUized by all of the treatment methods, However, the sheath of Mww. wesen-

lt£]:gELI. was not solubilized by these mild treatments. With ¥. viridis, the
sUme could not be soiubitized at aH by these mild physieal treatmenLs. It
eould be solubilized with sod2um hydroxide at the eoncentration of O.25 N.
The solubility of the gelatinous sheath also differed among the three speeies.

Table 1 Methods for geiatinous sheath extraction

i

2

3

4

5

6

. Shaking

. Continuous '

. Senication <25 W)

, Heating at 750c
 more than 1000c
. EDTA extraction
. Sodium hydroxide
   O.025 N or more
   O.25 N or more

centrifugatlon
Part

Part

Part
Part
Slime
Part

Slime
Slime

Of (i6iiiMooeoe{ gM>･ aemtginosa and M. wesenbevegti

of slime of M. ae]r7ugtnosa and M. wesenbergti
of slime o"f M. aeruginosa and M. wesenber'gti
of slime of M. aer,ztgtnosa and M. wese.nhex)gtz
 of M. aer'ugtnosa, M. wesenber,git and P4. vlytdis
of slime of M. aerugtnosa and Pf. we$enbex?gtt

 of M. aer)ttginosa and M. tuesenbe7gii
       vi"idis of M.



58

Chemieal com osition of the elatinous sheath
 The chemical composition of the gelatinous sheath was determined in different

times. The gelatinous sheath £rom ust t eells collected from Lake Suwa
was continuous!y centrifuged by 1,6 x 104 G. Tke gelatinous skeath was eoR-
sisted of earbohydrates with uronic acids by 35 to 47%. Some 18 to 24% was
proteins (Table 2). The ash eontent ranged from IO to 20%. Little amounts of
lipids and nucleic aeids were also deteeted.

Table 2 Chemical composition of the gelatinous sheath of Micyocysti6

Com onent
5 Sep. 1980 22 July 1981 22 Aug. 1981 9 Aug. 1982

Carbohydrates
 (Uronic acids)
Protelns
Fats
Nucleic acids
Ash
Others

 46.3
(!4.0)
 18.2
  3.0
  2.2
 18.6
 11.7

 45.3
(14.2)
 24.5
  2.3
  1.4
  9.7
 16.8

 47.0
(14.8)
 24.3
  4.1
  L6
 14.6
  8.4

 35.4
(12.2)
 23.4
  2.7
  3.0
 20.1
 15.4

Su ar com osition of the e}atinous shea£h of the three eultured s ecies
 The sugar eompositioR was determined aRd eompared £or the three species. The
gelatinous sheath was prepared through the sonication of eells cultured in B12
medium and a colim}n chromatography of DEAE-Sephadex A-25. Figure 2 shows the

carbohydrate £ractions separated into three peaks. Fractions A was eiuted
with Tris buffey at pff 8.0 without sodium chloride. A buffer eontaining
sodium chioride at a concentration of O.1 M for peak B, and a buffer wSth a
linear gradient fyom O.1 to O.8 M sodium chloride for peak C, were e}nployed
respeetively. It was found that intracellular carbohydrates appeared in frae-

tion A and earbohydrates o£･ the gelat2nous sheath appeared in fraction C.
Flgure 3 shows the sugar composition of the geiatinous sheath. Xylose or
glucose was the most abundant for two strains of aj. aeru inosa, whlle for ¥.
wesenber ii glucose, galaetose, and xy!ose were the dominant constituents.
For X. viridis, mannose was the main constituent. There found different
proportions of sugars in the di£ferent strains and speeies even under culture
eondition.
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Behavior of the elatinous sheath of Mieroe stis eolleeted from Lake Suwa
 The behavior of the gelatinous sheath in La}ce Suwa was examiRed during a
bioom of twwt in 1985, when cyanobacteria oceupied from 93.8 to 99.7%
of the total algal eell numbers from August 1 to Oetober 4. Then it deereased
to 79.6% on Oetober 13. )t!2s}xl!2gtli1fijLl,sier ti speeies aecounted for above 90% iR cell

volume among eyanobaeteria betweeR August 13 and October 13. The change iB
the maln componeRts of the geiatinous sheath was determined quaittitatively and
qualitatively for the fraetionated lakewater. Table 3 shows the perceRtage of

the ES--shake aRd the ES-sonie £raetions "elative to £he total algal cell
fraetion. The gelatinous sheath of M. aeru inosa and rmM. wesenber i2 was ex-
traeted in the ES--shake and the ES-sonic fraetions, while that of lf. viridis
remained in residual eeU fraetion. IR July to September, the pereentage of
gelatinous sheath in the ES-shake and the ES--sonie fraetions was 7 to 22%.
The low pereentage was obtained on August 31 and September 23, when ¥. viridis
predomlnated.

                   Clrabie 3 Percentage o£ ES-shake and
                             ES-sonic to ?OM (algal cells)
                                                  (Z)

                                     Sl±me

                             ES-shake ES-son±c Total
                   20 Ju2y 5.7 16.0 21.7
                    !Aug. 3.9 8.2 12.1
                   }3 Aug. 3.3 11.i 14.4
                   31 Aug. 3.4 S.O 8.4
                   23 Sept. 2.3 4.7 7.0
                    40ct. 9.8 l4.5 24.3
                   13 0ct. 2.e 6.7 8.7

 Dissolved organic carbon ranged from 3.9 to 5.2 mg/l with smail fluetuations,
and slime layer of the ES-shake and ES-sonie fraetioRs ranged from O.35 to 5.2

mg/i. POM fraetion ekief}y eonsisted of algal eells, and fiuetuated £rom 2.4
to 11.4 mg Cll. The DOC contaSns not oniy alga! extraeeilular produets but
other sources as products of decomposition.
 Figure 4 shows the earbohydrate and protein conients in each fyaetion in dif-
ferent months. These eoraponents in the 90M fraetion comprised only about 30%
and little fluctuated. Duying the bioom, the earbohydrate eontent was kigher
than the proteiR eontent. The largest fluetuation in the pereentages of the
two components was in the ES-shake fraetion. The total of the two eomponents
amounted to about 80% on the average. The fluetuation of the ES-sonie frac-
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tion was smaller than the ES--shake fraetion, aRd the earbohydrate contene was

generally higher than in the POM fyaction. In the POM £raetion, the content
of each component was fairly eonstant, eontaining wi£h much protein aRd less
earbohydrate. The amounts of eaybohydyates and proteins in the gelatinous
sheath of ij. aeru inosa and ¥. weEst}lt£ng2Ll, whieh are readily soluble in
water, fluctuated very signifieanUy,
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the POM was extraeted <Fig. 5). ThSs eontent is higher than that of the
physical treatment. The high eontents in October are probably caused by
so}ubiiization of intracellular materials by ehemieal extraet.
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The amount of carbon of the physically extracted slime fraction was eompared
to that of the chemieally extraeted fraetion. The recovery effteieney of the
gelatinous sheath by the physieal treatment compared to the chemieal treatmeBt
decreased apparantly, when ¥. vtridis became dominaRt in ce}1 number among the
three speeies (Fig. 6>. The nature of the slime layer of M. viyidis could
differ from other £wo speeies. The orgaRic materials of the gelatinous sheath
released to lakewater might depend on the dominant species.

  125
･
 h
ts･e loo
Vl
os

8
,". 75
.x

x
pt

   sob
s
g

& 25

o

ee

×ss

IOO
   "

   r,

75 rv
   ,.n
   x   ･s
,, g･
 
 
 
g
.2s E
   g
   ts
   pa

7120 811 8113 8131 9!23

o

Fig. 6 The relatlon between the prevalence of M. virtdas
in thevoeystis cells and the recovery efficiency of the sUme
by the phystcal method coinpared to the cherntcal analysis

 Figure 7 shows the seasonal changes ln the composition of neutral sugar for
four fraetions. In the DOM fraction, there observed littie ehange in the per--

centage o£ the diffeyent eonstituents. In the ES-shake fyactSon, the percent-
age of glucose fluctuated largely. The other constituents appeared at about
equal percentages and ehanged little IR percentage. However, the percentage
of niannose increased from tke end of August to September. Mannose and fucose

also inereased at this time in both the ES--sonic £raetion and the residual
eell fractioR. Thus, the intrace!lular sugar eomposition changed sMghtly.
Beeause Zhe dominant speeSes changed in the rniddle of August, the ehanges in
the intracellular sugar eomposition seemed not to coyrespond to the change in
the dominant speeies.
 I studied the environmental eonditSons that might affect the changes of
ehemical eonstituents of tke gelatinous sheath. The photosynthetic aetivity
of Xt;Lg.l;{2s}]LEtiEoe t drops significantly at water temperatures beiow 20oC. After

September 21, the water temperature decreased be}ow 20oC, and the gross
primary productivity decreased shayply (Fig. 8). Solar radiation also af-
fected the synthesis of carbohydrates. The deereased solar radiation on Sep-
tember 22 may also explain the changes in sugar eomposition (Ftg. 8). Though

the inorganie phosphorus and nitrogen eoncen£rations of the lakewater are not
shown, the amount of inorganic phosphorus decreased aRd that of inorganic
nitrogen inereased between September 21 and 30. This means tha£ ehanges of
envirormientak stress sueh as water temperature, soiar radiation and the con-
centration of nutrients may result in the ehanges in the sugar eomposition of
£he ce}ls.



ANv
M
rd

tu
:
ut

ANvN
as

oo
v
ca

tiN}

oa

ea

･tg

sa

su

op

su

as-

te

 e

tgjg

su

ea

re

ee

ee

pm

su

N
lg

 e

a. DOM fraction

  ?-2g ei{St

c. ES-sonic

gile Etr3t

fractlon

g/23 teiga 1git3

7i2{l emt 8il3

    Fig.

 gi3t gi23 iM4

7 Changes in

           % Rha

x

"

 1(l･t13

 sugar

 ge Fu6 Xxyi

tgg

ca

ea

n
ea

su

ea

sa

zz

te

 e

SEBS}

ea

au

re

ea

ea

ca

su

N
te

 e

b. ES-shake fraction

d . Residual ceU fraction

       ?-2g

composition

   va trlsn rw Gts1

Evat . 8!i3 gi3t EIJt29

of four fractlons

 ew Glo

"

t[li94 le!t3

B



63

Av
o

v

A-I
 h
 co

w
 .
co
l

a
 .
oo
 No
v

ar
as
as
as
as

n
at

2S
S9

18

t7

IS

15

t4

t3

t6

9

8

7

B

5

4

3

2

t

a. Water temperature

72tlB 7t2S 8,Ul

b. Primary

8-ti3 8,t2t gi3?b

product±on

Sttlt 9t21 9t3g lgtll tEStas

71tg 7i2S 8tgSt en3 8i21 g,3g 9ttl S,21 see IBill tWt21

Ael
l

xc
uv
.

ov
1

N
o
.

el
r
do
v

wn

m
am

222

1EXI

g

c. Soiar radiat±on

gt2B gt21 9,22 9x23 9i2A $i25 Sx28 9ilrr

Fig. 8 Water temperature,
and solar radiation
period in Lake Suwa

primary
 duriRg

product±on
the observation



64

 In contrast to the carbohydrates, the amino acids composition of protein
whleh was produced during the bloom of Microc stis showed small fluctuation.
This may suggest that the propoytion of structural substaRee. as protein is not

so easily a£fected by environmental stress than the yeserved one of
earbohydyates,
 The features of the gelatinous sheath of the thyee speeies are distinguished
under the micyoscope. The gelatinous sheaeh also differed in solubllity and
sugar composition. The differenee in features o£ gelatinous sheath among the
three speciGs may be eaused by the dlf£erenee in sugar composition, beeause
the properties of polysaecharides are kRown to depend olt the nature of their
constituent sugars, the mode of their arrangement, and linkage eonfiguratioR
and position, The repeating unit of the main polysaceharides of gelatinous
sheath might differ to a great extent among the three specSes,
 In lakewater, the contents of carboltydrates and proteins of gelatlnous sheath
fluctuated and it$ sugay compositioR also changed fyom july to Oetober, The

ehanges in chemical composition of gelatinous shea£h were probably resulted
from a shift of dominant speeies, aRd productioR and solubiUzation of parts
of gelatinous sheath which were affeeted by eRviyonmental eonditions. In or-
der to elueidate the behavioy and yole of the gelatinous sheath in lakewater,

knowledges on chemical strueture of gelatinous shea£h are strongly required,
There are at least three steps. First, the ehemieal structures speeific to
each speeies are to be found a£ter the gelatlltous sheath is solubiltzed and
purified, Second, the chemiea} structures of the gelatinous sheath produeed
in relation to chaRg2ng environmeRtaZ coRditions are yevealed through the
study of chemical struetures of ge}atinous sheatk produeed under the various

culture conditioBs. Third, tke chemieal structure o£ the gelatinous sheath
solubilized in water is to be also revealed, beeause this part dissolves in
lakewater as a form of DOC. Thereaeter, the funetion of the gelatinous sheath
of !t!:l,gl!sl!gMsk.IEt will be understood more elearly in eeosystems.
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