
585 N. KANGATHARALlNGAM ET AL.

Lorenzen, C. J. 1967. Determination of chlorophyll 311d pheo­
pigments: speclrophotOlllelric equations. Lilllllol. Oaa/lOg",
12,343-6.

Mceslcrs, T. M. 1987. Localization of nitrogenase in vesicles of

Frallkia sp. Cc 1.17 by immunogoldlabelling on ultrathin
crrosections. Arch. Microbiol. 146:327-31.

Paed, H. W. 1982, Il1leractions with bacteria. In Carf, N. G. &

Whiuon. B. A.rEds.] The Biolog)' ofCyanob(lfterja, Botanical
Monographs, Vol. 19. University ofCalifornia Press, pp. 44 I­

6J.
PaerJ, H. W. & BcboUl, B. M. 1988. Direct measuremelll of O ~ ­

depleted microzones in marine Ost'iflalo!"ia: "elation lO N2

fixaLion. SOnlet (Wash. D.C.) 241 :442-5.
Pacr!, H. \\1., BchoUl, B. M. & !)rufert, l.. E. 1989a. Bacterial

associations with marine Oscillatoria sp. (Tr;chodt'smiulII sp.)

populations: ecophysiological implications.). Ph)'cQI. 25:773­

84.
Paerl. H. W. & Kellar, P, E. 1978. Oplimization orN 2 fixalion

in 02-rich waters. Proceedings of the 1st Imernational Mi­
crobi~1 Ecology Symposium, Springer.Verlag. pp. 68-75.

--- 1979. Nitrogen-fixing Anabaena: physiological adapul.
Lions instrumemal in maintaining surface blooms. Sri/'nu

(\IIa,h. D.C.) 204,620-2.
Paerl, H. W., PriSCtl, J. C. & Brawner, D. L. 1989b. Immullo­

chemical localization or nitrogenase in marine TriehodwniulII
aggregates: relationship to N2 fixation potential. AjJjJl. En­
1,iron. N!icrobiol. 55:2965-75.

Parsons, R., Silvester, W. B., J-I arris, S., Gruijtcrs. W. T. M. &

Bullivam, S. 1987. Frallkia vesicles provide inducible and
absolute oxygen protection ror nitrogenase. Plan/ Ph.,·siol. 83:

728-31.
Peterson, R. B. & Burris. R. H. 1976. Properties or heterocysLS

isolaled with colloidal silica. Arch. Microbiol. 108:35-40.
Plau, T., Gallegos, C. L. & Harrison, \'V. G. 1980. Photoinhi·

j. Phl'col. 27, 686-692 (1991)

bitioll of photosymhesis in natural assemblages of marine
phYlOplankton.j. Mar. Res. 38:687-70J.

Prescott, G. W. 1982. Algal' of till! \\'I's/I'm Grm/ Lakes ;\ rea. Ouo
Koeltz Science Publishers, Koenigstein, 977 pp.

Priscu. J. C. 1989. I)hoton dependence of inorbranic nitrogen

transport by phYLOplanhon in perennially ice·cO\'ered an­
tarctic lakes. H),drahiologia 172: 173-82.

Revsbech, N. P. &Jorgensen, B. B. 1986. Microelectrodes: their

use in microbial ecolog)'. AdJ..'. Micrab. Em/. 9:293-352.
Robinson,j. A. 1985. Determining microbial kinetic parameters

using non linear regression analysis: advantages and limita­
tions in microbial ecology. Adv. Microb. Eeol. 8:61-114.

RobsOll, R. L. &- Postgate.J. R, 1980. Oxygen and hydrogen in
biological nitrogen fixation. AI/nu, Rn.!. JIJierobiol. 34: 183­

207.

Sanory, D. P. & Grobbelaar,J. U. 1984. Extraction ofchloro­

phyll a from fresh water phYLOplankton ror spectrOphoLO­
metric anal)'sis. H.wlrobiologia 114: 177-87.

SlCwart, W. D. P., Fitzgerald, G. P. & Burris, R. H. 1967. III situ
studies on N2 fixation using the acetylene reduction tech·
nique. Proc. Nat. A((ul. Sci. U.s.A. 58:2071-8.

Stewart. W. D. P.. Haystead. A. & Pearson, H. W. 1969. Ni·
trogenase aCli\'it), in hctCrocysls of blue-green algae. Nolurt
(Lol/iI.) 224,226-8.

Wetzel. R. G. & Likens, G. E. 1979. Lil/lllQlogir(l1 A1UdJSfS. W. B.
Saunclers Co., Philadelph.ia, 357 pp.

Wilwckson. J. 1977. The apparclll inAuence of :Hmospheric
oxygen concentration 011 nitrogenase activity and slime pro·
duction in KI,bsifU(I/Hll'lImonitll' grown on a solid medium.].

Cm. tV1icrobiol. 101 :311-7.
Wintermans, J. F. G. M. & De MOls, A. 1965. SpectrOphOlo­

metric characteristics ofchloroph}'Us (/ and b ancltheir pheo­
phytins in ethanol. Biocltim. BioJ>ll)'s. !le/a I09:448-5!3.

FISCHERELLlN, A NEW ALLELOCHEMICAL FROM THE FRESHWATER

CVANOBACTERI UM FISCHERELLA MUSC/COLA 1

Elisabet/! M. Cross'

Max·Planck-ll1StilUt fUr Limnologie, Ableilung Okophysiologie. D·2320 Pion. Federal Republic of German)'

C. Peler Wolk.
MSU·DOE Piam Research Laboralory and Ccmer ror Microbial Ecology, Michigan State University,

Easl Lansing. Michigan 48824·1312

and

Friedric/! jiillner'"

Max-Planck·lnstitut flir Limnologic, Abteilung Okophys;ologie, D·2320 PIon, Federal Republic of Germany

ABSTRACT

The bellthie c)'anobacterium Fischerella muscicola
(ThuT.) Gom. UtEX 1829 produces a secondary metab­
olite,fischereUin, that strongl)1 inAibits other cJfl.1l,obacler'ia
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and to a lesser extent members oJthe Chlorophyceae. Eu­
bacteria are not affecled. The major aclive compound is
lipophilic and exhibits a molecular ion al m/z 408. II is
heal- and acid-slable but decomposes in 1 NI sodium h»
droxide (80' C, 1 h). Fiseherellin inhibils the plwlosyn­
Ihetic but not Ihe respimtoTY electroll transport oJ cyano­
bacteria a,nd chloroph),tes. Its site of action is located -in
PS ll. Two other species of Fischerella also !,roduce ft­
seherellin, indicating that the S)"'thesis oJslIch allelochem­
icals might be chamcteristic of the genlls.
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Kp)' i"dpx words: algicidp; allplodlPllliCIII; nl/p/o/)alh.,·:
[."allobar/fria; Fischerella mu "cicola: photos)'Jlpm JJ in­

hibitor: secondary melabolite

1n late summer, cyanobaclerial blooms of a single

species often dominate in eutrophic lakes, and cy­
anobaClerial mats consisting of only one species are
frequently reponed in belllhic habitats (Cohen and
Rosenberg 1989). Several factors lead to the mass
development of cyanobacteria (Paerl 1988), includ­
ing (in differem species) high growth rates, tolerance
to desiccation, and the production of allelochemi­
cals.

Since Molisch (1937) coined the term allelopathy,
several investigations have been made upon the role
of allelochemicals and allelopathic imeractions of
cyanobacteria and algae (Prau 1942, Lef"""e 1964.
Keating 1977, 1978, Pauerson et al. 1979, Rice
1984). In none of these were the substance or sub­
Stances responsible for the inhibitory or stimulatory
3Clivity isolated and charaClerizerl. In recent years,
algicidal compounds from belllhic and edaphic cy­
anobaCleria have been elucidated. Cyanobacterin, a

secondary melabolite of Scyollema hoJmalHli UTEX
2349 that inhibits PS II has been extensively studied
( ~ I a s o n et al. 1982, Pignatello et al. 1983, Cleason
and Paulson 1984, Clea on and Baxa 1986. Cleason
and Case 1986, Cleason 1990). Hapalindole A and
related algicidal compounds from Haj)(/losipho1l JOIl­

tillnlis (Ag.) Bornet, strain V-3-1 were elucidated by
Moore and coworkers (1984, 1987a, b. 1989). The
hapalindolinones of Fischpr,lI" ATCC 53558 inhibit
arginine vasopressin binding (Sch",anz et al. 1987).
Pharmacological screening programs may, though
not primarily so intended, identify secondary me­
tabolites that play a role in chelnical interactions in

ecosystems.
Flores and Wolk (1986) screened 65 filamentous,

nitrogen-fixing cyanobacteria for the production of
bacteriocins and other antibiotics that kill related
strains. or the seven strains that were found la pro­
duce effective antibiotics only Fischerella 11lllsr:icola

UTEX 1829 was shown to syl1lhesize a substance
(or substances) that kills all indicator strains tested.
The substance was protease insensitive and dialyz­
able. We have now isolated and partially characler­
ized the 3CLive compound, which we call fischerellin.
Addilional indicator strains were tested, and the

mode of aClion of fischerellin was determined.

MATERIALS AND METHODS

Fis,!lPl"rlla I/l1l\r;(o/fl (Thur.) COOl. UTEX 1829 (Flon:s and Wolk

1986) and Fischi'rl'lIa ambiguo (Niig.) Com. LJTEX 1903 were
obtained from the Culture Collection of Algae at the L;niversit}

of T ~ x a s at AWilin, Departmelll uf Bow.n}, Austin. Texas. Fi\­

rhl'rrlla li.surf/n/i; Fremf Kom. 1964/-17 was obtained from Dr.

Kov<iCik. Czet:hoslovak Academy of Sciences. Institlltc of Botany.

Treoon. Cz.echoslovakia. Other cpnobactcria. algae, and eubac­

leria were obtained from sources shown in Table 1. All cuhurc.)

excepl F. IWl'nl1ltll Fremy and SC"'/I'd"HlIIII flbli'l"U' (rurp.) KUll
were axenic.

C}"<lIlobacleria were maint::tim:d on c ~ a n o b a C l e r i a l medium

Uilttncr ct al. 1983}. and members of the Chlnroph}oceac on

chlorophycean medium (Kuhl 1962). Both were grown at 25° C

and 20 pE·s I·m-f. Members of the eubacleria were grown either

in NB-mC1:lium (8 g nutrielll brolh lDifcol in I L ofdiMilled waleI')

or in CPS-mediulIl (Col1ins 1963). Indicator 'ilrain<: wen~ gro\\'1l

at 28° C in 300-mL Erlenmeyer flasks in a controlled environment

incubator shak.t>r (lOO mL of suspension. 120 rpm, 50 /oI-E·s I.

t l l - ~ ) . Fisrhl'r,,{{(' spp. was prcgrowl1 in 300-mL tubes (60 /-lE·s l.

m-2) and aeraled "'ilh 0.3 L'rnill j comprcs...cd :tir enriched 10

0.2o/t CO~ Oliltner 1982) and mass c:ullured ill :)-L lubes (100

pE's-I' m 2.0.5 L'min- ' compres:--ed air. enriched le) O.2St COJ.
bOlh at 280 C.

Fisr"rr"lI" was han'esled b} filtration through 3 100-/oI-m nel

and freeze-dried_ Average ~ i e l d s were 4 g [re!ih "'eight (0.4 g df}

\\eig-hl) per liter of culture s u ~ p e l l S i ( ) n . One gram of lyophili/_ed

cells \,'al> extracted lhree limes \\·ith 50 mL of melhanol for 15

mill in an ultrasonicbalh. An equal amount of 10 m'l citric acid­

cilr.IlC buffer (10 mM Hel ndjusled with 10 mM ,odium citrale

so!util)llj2.J g of citric alid hydrate dissoln'd in 20 mL of I M

sodiulll hydroxide and made up 10 I L with dislill<:d walerl to

pH 2.2) was added (C) the combined extracts. After fillralion.llll'

eXlract was partitioned twice \\'ith half the amOlll1l0r tprl-butyl­

methylelhcr: the ether phases were combined. dried over an­

h}'drous sodium SlIlfate, and c\'aporaled lo dr) ne.):--. The residue

\\'a.) di~oh cd in 1.5 m L of methanol and .)ubjected LO ren~rsed

phase HPLC .)eparation on a 25 x 0.46-cm LCl8-column (No.

S-8298. Supelco. Bad HOT"1burg. F.R.G.). Aliquot\ of 50-1 00 J,lL

"'('re l>cparated b} isocr.lli~ chromalography \\ith methanol/wa­

ter (99:1: v/\) u.)ing a Aow rate of I mL·mill I. Absorptlons:1I

267 and 415 nm ",{'re monitored 10 detecl tilt' :.lctin· substances

and contaminating pigment:.. respeCLivd). One-milliliter frac­

lions of lhe eluate were biOitssa)'cd by thc agar difrusion test (see

below). fun her purification of the anive compound was ac,;hic\'cd

by separalioll on a 10 x O.3-Cll1 LC8-colulllll (Chrompack. frank­

furt/''!., f. R.G.) by graditlH e1ulion (20-99"'( methanol in \\':Ht:r

[v/vi al a flow r;tle of 1 mL·mill I).

The amount of fischerellin in the culture medium was deler­

mined by passing 250 mL. of medium through a Cl8-cartridge

(500 mg of sorbens. A n a l ~ ' l i c h e m International, Fr.lIlkfurt/M ..

F.R.G) and subsequently eluting t.his cartridge first with:> mLof

methanol and afterward wilh:; mL of / r r t - b u l ~ Imcth}'lelhcr. The

eluate was evaporated under vacuum, r e d i ~ s o l v e d in methanol,

and subjected to the HPLC :--eparalion and agar diffusion as.)ay.

Because the amount of purified fischercllin \\'a<; nOt sufficienl

10 delennine the specific or molar extinctiun coefficients. ns­

cherellin was quantified b) it.) absor-Plioll maximum :ll 267 nTll

in melhanol. QU3mit<ltivt· data refer to the absorplion of lhe

melhanolic solulion measured in a I-Cm cuvelle.

It \"3S possible 10 separate and anal}'/c h.)cherellin br gas duo­

maLOgraph}' combined with m3SS speClromelr)' (5790 A 1\150,

Hewlett Packard. B5blingcll. F.R.G.) using a fused silica capillar)

column (Snt-DIST-CB, 10 m lenglh. 0.32 mm inner diameter.

Chrompack, Frankfurt/'I .. F.R.G.). One microlilcrofa solution

of fischerellin in to"rl-blll}'hnct hrlclher was injected and sepanut'd

by the following lemperalure program: 150-285°C, 10°C'min 1.

10 min isolherm al 2850 C. injection port and interface lemper­

ature at 28:)° C. Helium was used as the caTTier gas (90 kPa head

pressure). To detect H-reftcli\'t.' subst ituents. 2/01- L ofconcentralCd

fischcrcllin solution in tert-bul),lmerhylether W<;:I'C evaporaled 10

dryness in a strcam of nitrogen and redissolved ill 2 .uL each of

N.O-bis-(l rimcthylsilyl)-trifluoro:\cetamide (BSTF A) alld :--J .N-di­

methrlformamide (DMFA). After 15 min a GC/\fS analysis was

performed.

The biomasses of differenl slrains of FHdurt'lI" 'lIld sterile cell

extracts were tested for inhibitor}' ani\'ity b} a slight modification

of the agar diffusion aSl><!} de.)crihed by Flores and \folk (1986).

~ l e t h a n o l i c or t"thanolic cell eXlraCtS (usuall) !) pL) \,'ere diluted

with an (>qual amoulll of ilerilt: waler and spOiled 011 plales of
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FIG. !. C8·HPLC separation ofpurified tlscherellin. Cradient
elution from 20 to 99% methanol in ....'aler (v/v) at a flow fate of

1 mL'min- ' and detection at 267 and 415 lllll.

medium solidified with 1%agar. The liquid w a ~ dried in 3 Stream

of sterile air and the plate was then overlaid with 10 mL of a

suspension of indicator cells in agM (1 %). Inhibitory activities

could be seen by an arca of clearing around cell inocula Or spots

after 3-10 days of inclIbal ion in the light. Quantification of the

inhibitory effecLS was estimated by preparing serial dilutions and
by the resulting diameter of the clearing zones. Controls were

performed with 50% methanol or ethanol in sterile ....'aler.

To determine the effect of fischerellin on the growlh or liquid

culturcs of SJnl'chococcus. different cOIKcmnuiom of fischerellin

dissolved in 150 p..Lofethanol were added La 150 mLofa gro....,ing

c u l t u r t ~ (5 x 10· cells' m L-I) three days after inoculalion. Control

cultures received an equal amoulll of ethanol. Optical dCl'1Sity

was determined at 530 nm and cell number with the cell ~ l n a l y z e r

system, Casy I (ScharfeSystem, Reullingen. F.R.G.). Chlorophyll

a (chi a) was determined spectrophotometrically aftcr extraction

with cold methanol as described by Wu andJullncr (1988). Pro­

tein was determined with amido black (Schaffner and Weissmann

1973).
Rates of photosynthetic evolution of O! by the pg derivative

of Allab(wUl var;llbi!is ATCC 29413 and of respiraLOry uptake of

O2 by Nannochloris sp. were measured with a Clark type electrode

that was mounted in a 1.2-mL cuvcue. The addition of chemicals

followed procedures given by Alien and Holmcs (1986). Cultures

were harvested during the pOstcxponemial growth phase by cen­

trifugation, washed, and resuspended in 50 mM sodium phos­

phate buffer. pH 7.9 (Scherer et a!. 1988). The resulting suspen­

sion was diluted in this buffer in the cuvelte to yield 17 ~g chi­

mL-I. To measure the effect of fischerellin on photosystem Jl

(PS It), the basal rate of electron transport of PS 1I was deter­

mined after addition of2,6-dichlorophenol-indophenol (167 ",M

DCPI P) that inhibited PS I and served as an artificial electron

acceptOr of PS 11. Electron transport of PS I1 ....·as subsequelllly

determined in tbe presence of fischerellin, 3trazine, or ethanol.

I n the case orps Ilhe basal rate was determined in the presence

of 3-(3,4-dichlorophenyl}-l, l-dimethylurca (12.5 ",M DCM U).

Because no artificial electron donor was added, the resulting

electron transport was very low. After addition of sodium ascor­

bate (4.2 ml\'I)/DCPIP (167 ",M) as artificial electron donor and

8.3 ",M N,N-dimethyl-4-nitrosoaniline (PNDA) as artificial clec­

tron acceptOr, the electron transport was measured aftcr the

addition of fischcrcllin, alrazine, or ethanol.

80 .-

5
,

20

RESULTS

[solation DJ jischerellin. Freshly harvested cells of
FischPrella or lyophilized cell material were extracted
with methanol as de cribed above. To obtain a bet­
ter separation offischerellin from chlorophyll a and
derivatives of chlorophyll. the acidic extraction pro­
cedure was established. The methanolic crude ex­
lraCl was treated with citric acid/ciu"ate buffer to
convert chlorophyll into phaeophytin. This proce­
dure resulted in a crude extract that contained only
low amounts of chlorophyll derivatives. The meth­
anolic crude extract was further subjected to re­
versed phase HPLC separation on a C IS-column.
As indicated by the agar diffusion assay. the fraction
of the HPLC separation responsible for most of the
activity contained a sharp peak at 7.2 ± 0.1 min
when the absorption at 267 nm was recorded. When
this fraction was chromatographed on a CS-HPLC
column in a solvent gradient (Fig. 1). only one peak
appeared that was responsible for all the inhibitory
activity and that coeluted with the compound ab­
sorbing strongly at 267 nm. Because the inhibitory
activity and the strong absorption were found in the
same fraction in all separation systems, both features
were assumed to belong to the same compound. This
compound, which is further characterized below,
was named fischerellin. According to the agar dif­
fusion assay. two other less inhibitory substances that
have not been studied further were present in the

crude extract. The inhibitory compounds were com­
pletely extracted with lipophilic solvents. and no in­
hibitory activity was left in the cell residue when
tested with the agar diffusion assay. The yields of
inhibitory activity of the medium were 50-lOO-fold
lower than the yields of the cells that were suspended
in the medium.

Characterization DJ jischerellin. Fischerellin was
readily soluble in several organic solvents, including
methanol. ethanol, acetonitrile. acetone. diethyleth­
er and tert-butylmethylether. but was only weakly
soluble in water. Freeze dried cells. methanolic ex­
tracts. and the purified compound could be stored
for months at +4· C without any loss of activity.
Fischerellin proved to be ver)' heat resistant: un­
changed activities and peak heights (absorption at
267 nm) after treatment for I h at 100· C were
obtained with the HPLC separation. No differences
in the yield of fischerellin were found after extrac­
tion with 50% methanol at pH I. pH 7. and pH 13
at room temperature. Treatment with 1 M hydro­
chloric acid at 80· C for I h showed no effect. while
I M sodium hydroxide at 80· C for I h led to the
decomposition of fischerellin and loss of its inhibi­
tory activity. Fischerellin could not be retained ef­
ficiently on either anionic or cationic exchange res­
ins. Therefore. the presence of carboxy- and amino­
groups in the molecule can be ruled out.

When HPLC-purified nscherellin was subjected
to capillary gas chromatography/mass spectrometry

001

E41 S(-·-)

52

•,.

E267H

MeCH
'%

(--I 01





690 ELlSABETH M. GROSS ET AL.

ha pal indole, some features of fischerellin appear in­
consistent with hapalindole A and other compounds
from the edaphic cyanobaeterium Hapalosiphon fon­
tin,d;s (Ag.) Bornet, strain V-3-1 (Moore et al. 1984)

Fie. 4. Effect of fischerellin on gro\\,t.h parameters of 5)'111"
rhOCOCClJ.5 PCC 6911: optical density at530 nm, cell number, chlo*
rophyll a. and protein concentration. Fischerellin dissolved in
ethanol was added to the cultures during the early exponential

growth phase (third day of experiment). The cOlllrol cullures
received no (.) or equal amounts of ethanol (I jJ.L·mL-1 culture

medium: \7). The amount of added fischerellin was determined

spectropholOmel.·ically: concentrations c(luivalem to A'!:fJ7 = 0,005

("'). A ~ 1 I 7 = 0.1 (0), and A ~ 6 7 = 0.5 <-> were added.

TAllLE 2. l:..'ffpct ofjischerellill Oil phOIO.5J1llhesis of Anabaena P9.
Basal ratf of PS I was drtermiJlf(f aftrr odditioll of DCMU, of PS II
fljtn addition ofDC?I?, and ojPS 1 + /1 without oItJ'oddil.;oll. ElectrOll
flow mti'S Uli'ri' de/ami/uti aJtu addition of.wdium ascorbate, DCPIP,
and PNDA ill PS I and aftfr addition '?fjischerellill, alraz.hu, or f!thalloi
in both PS. Thr di.ffrrl'1lcr is thi' i'lectroll flow ratt' mill liS basal rate. The
o:qg('J/ cOll..wmptioll ami f1/01u/ion by PS I, PS ll. llnd PS 1+ "Wfrf

determillrd by a Clark t)'pfflrctrodr. PS / + 11 was lll'trrmi1!i'd directl)"
PS I (tllll PS " after dfCoupli"g USing artificial flrrtl'Oll a,cuplors a"d
dOl/ors. Fischi'relliIl1l'{/s addfd as IO ilL ofall t'ihal/olir. solution having
till' indicated valui' of Aw " Controls went performed with an equal
lIolllmr of fthanol or withollt additions.
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Sources: R. D. Simon, DepL of Biology, Stale University of

New York Geneseo, New York; R. Haselkorn, Depl. Molecular

Genetics and Cell Biology, University of Chicago, Illinois: PCe.

Pasteur Culture Collection, InstiLUl Pasteur, Paris, France: T.

Vaara, Helsinki, Finland; UTEX, The Culture ColleClion of Al­

gae, University of Texas at Austin Collection, Depl. of Botany,

Austin, Texas: SAC, Sammlung von Algenkulturen, PAan1.en­

physiologisches Instiwt der Ulliversit3t, Gottingen, FRG: B. Meier,

B. Hickel. and M. Hofle, Max-ptanck-lnSlitUl fiir Limnologie,
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Indicator strain Source Inhihilion

Cyanobacleria

Anabaena t'oriabilis pg
derivalive of ATCC 29413 R. D. Simon +++

AllflbfJl'lUt sp. ATCC 27893
PCC7120 R. Hasdkorn +++

PhofmidiUln sp. UTEX 1540 UTEX ++
SJ'UcJWCOCCflS sp. pec 69 J I I'CC +++
Spll'dlOCJslis spec. CB-3 T. Vaara +++

Ch lorophyceac

AnHistrodeslII us falcalll.! SAG ++
SAG 202-3

NamlOchloris spec. SAG 55-81 SAG ++
SCf'ludl'slI/!ls (lY/l/atus

SAG 276-4c B. Mcier +
Scellfdl'Smus communis

SAG 276-46 SAG +
Sr.f'lUdfSIIIUS jalcaf'Us

SAG 2.81 SAG +
Srtllfdwnus obliqlllls B. Hickel ++

Eubacleria

Alcaligl'1lfs i'1I/TOjJhus
DSM 531 M. Hone

ArtltrobaCltr globiJormis
DSM 820124 M. Hone

Bacillus Cf'rfllS DSM 626 t'o'l. HoRe

Bacillus subtilis DSM 347 M. Hofle

C)'tQplwga joh1lSollar C21 M. Hofle

P.SflldomOlIaS jltloresCflls
DSM 50090 M. HoRe

T ABLf I. Inhibition ofgrowth ofdiJIprl'lll indicalor strains b)'fischrr­
filii,. Grou'lh inhibition DJ iudicator strains was dell'1'Inillf'd b)1 IIU' agar
diJfusioll assa)'. Till' amount ofjischert'llil1 mId fhe arM of lysis wert
lakn/ into comidem/ion. +++ vn)' strong inhibitioll, ++ strong in­

hibition, + weak inhibition, - no illhibilioll obsl'l"'l'l'ti.

ity and ability to diffuse through dialysis membranes
(Flores and Wolk 1986) are consistent with the mo­
lecular weight of 408 deduced from the mass spec­
trum. The mass spectrum did not show ions (M +2),
which would indicate atoms of chlorine and bro­
mine. Because after hydrogenation the molecular
ion shifted from '111 / z 408 to '111 / z 418, at least five
double bonds or an equivalent amount of triple and
double bonds can be assumed in the molecule. The
loss of maxima at 252, 267, and 283 nm in the V
spectrum after hydrogenation further indicated the
presence of conjugated double bonds.

Several benthic cyanobacteria that belong to the
typological group V (Rippka et al. 1979) have re­
cently been shown to produce physiologically active
compounds. The morphological similarities of these
organisms may also be accompanied by similarities
in their secondary metabolism. Although it remains
possible that fischerellin has a structure related to
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and the hapalindolinones from Fischere/la ATCC

53558 (Schwanz et al. 1987). The mass spectrum
gave no indication of the presence ofchlorine 3t0015,

and the Slability of the molecule to acidic hydrolysis
is inconsistent with the presence ofan isonitrile (Bor­
nemann et al. 1988) or isothiocyanate group, both
being characteristic of the hapalindoles (Moore et
al. 1984). The molecular weights of the hapalindoles
are also much lower than that of fischerellin.

In addition to F. I1Hlscicola, F. ambigua and F. 1;5­

serallti; showed inhibitory activity. Our investiga­
tions indicate that fischerellin may be present in
exl racts of the nonaxenic F. t;;)s{'r(l nlii. but the HPLC

separations were not as good as with extracts of the
axenic strains. However. fischerellin could be clearly
idelllified in F. ambigl/a. The production of nscher­
cHin may, therefore, be a charaClcristic feature of
the genus Fischen'/la.

Because nscherellin strongly inhibits photosyn­
thetic organisms, chlorophytcs as well as cyanobac­
teria, it is an algicide. Cyanobacterin, an algicide

from 50'tollema "oJmalllli, also inhibits PS I1 (Mason
et al. 1982, Gleason and Paulson 1984), but unlike
nschereJ1in contains an atom of chlorine and has a

higher molecular weight (Pignatello et al. 1983).
Other biogenic algicides that inhibit photosynthesis
have been isolated from Pandorina l1lorum (Patterson
et al. 1979) and Chal'll (Wium-Andersen et al. 1982).
The first was of unknown struClure and inhibited
the electron Aow of PS 11, the laLter were cyclic
sulfur compounds and active against epiphytic
.Vit:schia palea and natural phrtoplankton. Hapal­
indole A of H. JOlltillalis also exhibits amialgal activ­
ity (Moore et al. 1984). With the exception of the
active extract of Pandorina, all of these inhibitory
subSlances are lipophilic. The ease with which li­
pophilic compounds can pass through cell mem­
branes and can be accumulated in the thylakoid
membranes of the target organisms may be respon·
sible for this feature. In the two-dimensional habitat
of algal and cyanobacterial mats, direct wlllaet be­
tween photosynthetic organisms is quite common,
and an exchange of allelochemicals between cells
that are attached or close to each other can easily
be assumed. 1n these habitats allelochemical imer­
actions seem to be a powerful competitive strategy.
SllIdies of the ecological impact of fischerellin as an
allelochemical are warranted.

This work w a ~ supponed b)' Volkswagen Stifwng(I/63 733) and

the U.S. Department of Energ)' undercolltract DE-AC02-76ERO­

1338. We graleful1y acknowledge 1H:lpful disc.:ussions with E. von

El('n, M PI fLir Limnologie. during the isolalion of fischerellin,

Alien,]. F, & Holmes. N. G, 1986. Electron transport and redox
titration. III Hipkins, M, F, & Baker, K R. [Eds,1 Plw(o.lylth,.\u

EIll'rg)' Trnllsdllr(u)//, IRL Press. Oxlord, pp. 103-41.
Burnemann, V .. I'atterson, G. i\.l. L. & ~'loon:. R. E. 1988. Isoni­

trile biosynthesis in the cyanophYle Hapfllnsiplwlljtmlillfdi.l.

J. ,-\/11. Chrm. Soc. 110:2339-40.
Cohen, Y. & Rosenberg. E. 1989. .\lJCrobitl! J/a{~-P"Jjiologiml

EmlolO ojBf'IIlhir Microbial CO/lllI/lll1i/i,.~. American Socit.'t}, for

Mic.:robiolob'Y' Wa:.hington D,e., 494 pp.
Collins. V. G. 1963. The distribulion and eeulogy or baclcria in

freshwaler. Pmc. Soc. \I'nI. Tmll. EWlm, 12:40-56.

FIOI·es. E. & Wolk.. C. P. 1986. Produ<:tion. b\ l i l . l m e 1 1 l o u ~ . ni­

lrogen-flxing qanobaCleria. of a bacteriocin and or other
antibiotics that kill rel;ncd slr.tins. Arch. ,\lirroblQ/. 145:215-9.

Gleason, V. K. 1990. The natural herbicide. cyanobaclcrin, s p e ~

cifically d i ~ r u p l s thylakoid membran('-structure in El/gl/'lltl
g r ( l e i l i ~ strain Z. FE.\lS ,Vlirrobiol. Lt'II. 68:77-81.

Gleason. F. K. & Baxa. C. A. 1986. AClivil) "I the muural al­
gicide, qanobaclerin. on eucar}'otic miuoorganisms. FE,\IS

JI/(roblQl. Vu. 33:85-8.

Gleason. F. K. &:Case. D. E. 1986. Activit) ofthe natural algicide.
c)"anobaclcrin. on <lngiosperms. Pla/ll Ph.'iliQI. 0:834-8.

Glca..,on, F. K.& Paulson.J, L. 1984. Siteol"aclionofthcnalural

algicide. c}'anoba<:lerin, in the blue-green alga. S)'lIrdw(Q((l1)

sp. Arch. MI(roblOl. 138:2i3-7.
Jiitlner. F_ 1982. Mass cuhiv3tion of microalJ{ae :tnd phOlotro­

phic bacteria under sterile conditions. Pror. BiCJfhl"lll. 17:2-7.
Jlillner. F., Leonhardl, J. & /l.IOhrcn. S. 1983. Envimnmem:ll

f"ClOrs affecting the formation of mesityloxide. dime(hylal­
lylic alcohol and other \·olalilt· cQmpounds excreu:d by All·

lIbfll'l/fI r.,,[jmlnw. j. Gnl. ,Hiu(J!Iwl. 129:407-12.

Keating. K. I. 1977, Allelopalhic influence on bluc-Kreen bloom
sequence in a eutrophic lake, Sdf'l/(I" (\r(l511. D.G.) 196:883-7,

--- 1978. Blue-green algal inhibition ofdialOm growlh: tran­
sition from meso(rophic 10 eutrophic communit), structure.
Sri/',,(/, (Wash. D.e.) 199:971-3.

"uhl, A. 1962. ZUT" Ph)"Siologit: dt:r Spcichcrung kondemicner
a n o r g a l l l s c h ~ r Phosphate in Chlordl/l. I" DeuL'iche Bota­
nische Cesellschaft (Ed.1 Bpf/rf;gi' :ur Ph_wologil' Ulld ,\1nrphol.
ogU' <in Algrtl. Fi~hcr \-erlag. SlUugan, pp. 157-66.

1.efene. M. 1964. E..xlracellular products of algae. h, Jack.son.
D. V.I Ed.] Algat! mul.HIII/. Plenum I're,s, Ne\" York, pp. 337­
67.

Mason. C. P., Edwards. K. R., Pignatello,J" Carlsol1, R. E" Glea­
son. F. K. & Wood, j. M. 1982. Isolation of chlorinc·con­
taining alllibiotic from (he freshwater cpnobacterium Se.\'­

lonl'mfl hoJmmUli. Sr;pncr (\\'a~h. D.C.) 215:400-2.

Moli:.ch. H_ 1937. Drr E i " J I I l I ~ eH/pr Pjfaw:.J' tluj dir nmirrf-Al­

Ji.[o/Hullll'. Fischer \'erIag, Jcna. 106 pp.
~ 1 o o r e . R. E., Cheuk C. &.- !)atterson, C. M. L. 1984. Hapalill­

dole!;: new alkaloids from the blue-green alga HapalosiphQI/
jOl/tlllalis. j. :\/11. Chi-ill, Sor. 106:6456-7.

Moore, R. E.. Cheuk, C.. Yang, X. G.. Pallerson, G. ;\1. L.. 80n­

jouklian. R" Smitka. T. A.. M)·nderse. J. S.. Foster, R. S..
Jones.:\I. D.. Swart7endruber.j. K. & Deeter.j. B. 19 7a.
Hapalindolcs, anlibacterial and antim)'colie alkaloids from

the cyanophyte H(lpalasiIJI/Q1I jU1I/illllll\' j. a'g. Chl'm. 52: I036­
43.

Moore, R. E., Yang, X. G. & Pallerson. G. i\1. L. 1987b, Fon·
tonamide and anh)'drohapaloxindole A. (\\'0 "C\\' alkaloids

from the blue-green alga H a p a l o ~ i p l l O " j o " t i / l a l i l . J. Org. C!"1II.
52,3773-6.

Moore. R. E" Yang. X. G., Pattcrson. G. M. L., Bonjouk.lian, R.
& Smitka, T. A. 1989. Hapalonamides and other oxidized
hapalindoles from Napalos;plwlI JOIl(illalit. Ph.\'torht'l/Ii-slr." 28:
1565-7.

Paerl, I-I. \\'.198. Growlhandreproducli\cstrdtegioorfresh­

\\'aler blue-green algae (cpnobacteria). I" Sandgren. C. D.
(Ed.1 GrQU'11! alld Rrprodllclit',. SlrottgtrJ of FrpsllU'olrr Phyla·
plank(oll. Cambridge L:ni\'ersit), Press, Cambridge, pp. 261­
315.

Pallerson, G. M. L.. Harris, D. O. &. Cohcn. W. S. 1979. Inhi­
bition of photosymhetic and mitochondrial electron trans­
poT! by a toxic substance isolated from the alga Pllll<iori'la
morI/m. Pfam Sci. Lrlt. 15:293-300.

Pignatcllo,J.J .. Porwolt.j.. Carlson, R. E.. Xavier, A.. Gleason,
F. K. & \Vood.j. M, 1983, Structure of the antibiotic cy­
anobactf'rin, a chlorine-containing "Y-1auollc from lhe fresh­
water c)'anobanerium SC_\'IQIII'IfW hll{lIIfl1IIU. j. Org. ClwlII. 48:
4035-8.



692 ELlSAIIETII M. GROSS ET AL.

Prau. R. 1942. 5IUdics on Ch/url'lflll'ufgflris. V. Some properties
of the growth inhibitor formed by ChlQr,Ull cdls. Alii. j. Bo(,

31,418-21.
Rice. E. L. 1984. Alle/o/JOtltJ. Academic Press, Orlando. 422 pp.
Rippka, R.. Deruellcs,j.. W:ncrbury.j. B.. Hcrdman, M. & '(~l'

nit:r. R. Y. 1979. Ceneric assignmcllls, strain h i s l o r i e ~ and

properties ofpure:: cuhure!lo ofcyanobaeteria.j. Gm. -'1/(rol1io/.
11101-61.

Schafrner. W. & \\"eissmann. C. 1973. A rapid. sensiri,'c and

specific method for the determination of prOlcin in dilUle
solution. AI/al. BiOlh,,,,. 56:502-14.

Scherer. S.. Hafele, "Kruger. H. J. & Boger. P. 1988. Res·
piration. cyanide.insensiti\·c oxrgen uptake and oxid;ni,e
phosphoT)')alion in cyanobacleria. PhJJIOI. Plant. 72:379-84.

Sch\\art7, R. E., Hirsch. C. F.. Springer,J. P.. Pcuibonc. D.J. &

j. Ph_yr.l. 27,692-698 (1991)

Zink. O. L. 1987. Unusual cydopropanC-COlH:lining hapal­

indolt=s from a cultured cy"l11obactcrium. j. Org. Chem. :>2:
3704-6.

Trebsl. A. 1972, !\leasuremelllofHill rcaCliollsand phOloreduc­

lion. lu Colowick, S. P. & Kaplan, N. O. IEds.J M'thodJ i1l
EIl::'ylllology, Vol. 24. hI San Pietro. A.IEd.1 Photos)'lIthnlSfllul
.\'ilrogm Fi:mtiOlI. Academic Press. :'\ew York. pp. 146-65.

Wium.Andersen, 5.. Amhoni. U.. ChrislOphcrscn. C. & Houcn.

G. 1982. AJlelopathic effects on phytoplankton by sub­

slances isolated from aquatic macrophrtcs (Charales). OikQS

39,187-90.
Wu.J. T. &Jiilmer. F. 1988. Differenlial panitioningofgeosmin

and 2.methylisobomeol belh'ecll cellular constituents in Os­
(illatona tmuis. jireh..\liaobiol. 150:580-3.

BLUE-GREEN ALGAL MATS IN A SMALL STREAM'

Marsha S. Sloe'" and Ame/ia K. \Vard

Aquatic Biology l>rogrJm. Deparunelll of Biological Sciences. Box 870344

Uni\'ersity of Alabama. TusGlloosa. Alabama 35487-0344

ABSTRACT

Bedroc" erosional features ill a small sl,·eam (Lil/le
Schullz CrFeIl, Bibb County, Alabama) crealed a "ariety
of habitats for epilithic growlh. One such habitat was il­
lustrated by the occurrence ofsmall falls «0.3 m) in the
main channel of Ihe stream and blue-glNn algal mats
associated with them. The cohesive, lamina,. algal mats
were fO'lI1d 01 J5 such sites along a 250-m reach of Ihe
stream. The primary mal matrix consisted of Ihe Mue­
green alga Oscillatoria submembranacea Ardissone and
Slrafforella. The uppermosl porlion ofeach mal consisled
ofa thin « I mm Ihick) grem la)-eY ofbiologically active
filammts. The lower layers were Ihic"er (uP to 2 cm Ihick)
and consisled ofbruwn la minae ofOscillatoria fila mmls
and associaled sediments. In addition, lW11lerOUS diatoms
were associated with the mat surface. Some u.rpre loosel)'
allached (e.g. Achnanthes); others (Cymbella tumida
(Br'b.) V. H.) were stalked. These mats were presml
Ihroughout the year and shawed a bimodal annual dis­
tribulion u'ilh maxima in FebruOl'J andJuly. In February,
total mal coverage wa higher Ihan in July. This willler
maximum ma)' have been related to a mode DJ growlh
depP11dent upon sedimentationfrom storm l"t'l'nls and sub­
sequent upward growlh of Ihe alga. Mat primary pro­
duclivity on an areal basis (432 mg C·lIr'·d·' in March
and 907 mg G-m- 2 ·d-' in April) was 2-12 times Ihe
maxima measured on epizoic and cobble sUlfaces and other

bedrock su,faus in the same stream. The limiud areal

c(mirage DJ the mats, 11..'111'11. compared to other su,faces
available/or algal colonization, made Ihem less imporlanl

'Received 16January 1989. Accepled 21 AugU!tl 1991.
t Address for reprint requesls.

Ihan olher epililhic and epiwic stll!aees ;n terms of 10101

prima,), production in this stream reach. However. we
/nopose Ihat Ihe combination ofIhei r unique strucW re a.nd
high !>rimary produclivity may make Ihese algal mats sites
of high algal and bacterial melabolic acti,'ily, which ma)'
include anaerobic jJrocesses in midchannel. where such
acth1ilJl would not be expected to occur.

Key index words: algal mat; Cyanophyla; ecology; epi­
lilhon; OscillaLOria; photosynthesis; prim" ry productivity;
stromatalile; slream

Small, relatively shallow streams frequently con­
tain a variety of surfaces and microhabitats that serve
as sites for different kinds of biological communities.
The existence of these habitats necessitates exami­
nation of a variety of within-channel features for
evaluation of stream ecosystem productivity. Un­
derinvestigated habitats for microbial (algal and bac­
terial) production may function as site of high pro­
duclion and metabolic activity thal are important LO
the lotic ecosystem.

In a previous study (SLOck et al. 1987), we dem­
onstrated lhat algal communities associaled with epi­
zoic habitats were different from lhose on cobble
and other rock surfaces and were seasonally impor­
tant sites of primary productivity within the stream.
More recently we have observed the existence of
thick. cohesive. laminate. algal mats associated with
erosional features (rime areas with rapid water Aow)
in the same stream. We believed that lhese algal
mats were potentially important microhabitats with­
in the Stream midchannel. where one might other-


