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RESUMEN 

Las cianobaclerias se encuenlran en el medio 
natural lanlo en aguas dulces CO I/lO saladas. Ellas 
pueden desarrollarse en grandes masas formando 
"blooms" (florecimienlos) en aguas dulces y saladas en 
di/eren les parles del I//undo, incluyendoAmérica del SlII: 
Talesjlorecimientos, así como crecimientos axénicos de 
cianobaclerias, pueden ser una rica .fi/ente de péptidos 
lineales o cíclicos úllicos, muchos de los cualespresentall 
aclividad biológica. En el pasado la mayor atención ha 
sido puesla en las toxinas microcistinay nodularina. ES10s 
péptidos cíclicos son hepatotoxinas que inhib en la 
proteína.fós/atasa 1 y 2 A, después de ingresar espec(fi­
camenle al hepatocito mediante la captación de las sales 
biliares. S in embargo, en cianobaclerias se están 
enconlrando péplidos con otras aclil'idades biológicas. 
No obstan le, aunque no se consideren tóxicos, estos 
péplidos tienen acti\'iciades biológicas tales como: una 
.fi/erle y espec(fica inhibición de las proteasas (tripsina, 
quimo-Iripsina, elaslasa, trombina, plasminay la enzima 
procesadora angiotensina), anticianobacterias, anti­
algas, antihongos, inmunosupresores y promolores de 
d!ferenciación celulm: Ejemplos de péplidos ciano­
bacteriales inhibidores de proteasas son las ciano­
peplolinas. Las inleracciones de microcistina/proteína 
.ro,~/atasa y de cianopeplolina/proleasa, han sido bien 
eSludiadas por difracción de Ra.vos X en cocristales y la 

delerminación de microcistina y de otros péplidos puede 
ser realizada por métodos químicos y biológicos. 

/l/I/bas, microcistina y cianopeplo/ina han sido 
recientemente determinadas en b/ooms producidos en 
cuerpos de agua en Chile, utilizando cromatogra.fla 
líquida de alta resolución (HPLC) , espectromelría de 
masas (MALD1-TOf') (PSDJ, además de bioensa.vos de 

inhibición enzimática. 

SUMMARY 

Cyanobacteria are /ound world-wide in bot11 
ji'esh and brackish waters. They can del'elop in large 
lIIasses/orllling "b loollls " occllrrence bolh in.p'esh and 
brackish water all Ol'er Ihe Jl!orld inc/uding So ulh­
A lile rica. Such bloollls, as we// as axenicalf)' grown 
cyanobacteria, can be a rich so urce o/ unique linear and 
cyclic peptides, IIIOSt of thel7l hal'ing biologicalfv aClil'il;v. 
In the past, attenlion has been paid lIIostf)' lo Ihe toxic 
microcystins ami to nodlllaril1. These cyclic peptides are 
hepatoloxins due to the inhibili on o/ protein 
phosphalases 1 ami 2 Aa/ter entering speciflcalf)' fo 
hepatocytes by using the bile - sall lIptake ,~)'stelll. 

HOJllel'er, olher biologically actil'e peplides are 
increasing ly /ound in cyanobacleria. A llhough 
considered to be non-toxic, Ihese peptides I/Gl'e biolo­
gical aClil'ilies, such as potenl and specijic inhibilion 
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/J¡ologicu/!.}" oCIfl.'e pepfldes in (~\·(¡I1()b(¡Cle,.¡(/ ~ .J. ff eckesser el 01. 

ol"proleoses (Inpsin, Chyl/loflypsin, elOSIOse, Ihrolllhi/l, 

plos/l/in, ongiolel1sil1 cO/l\'crling eIlZI'II/e), Onlic\!I7IIo­

hOCleriol, 17I71iolgol, o/lli/illlgol oclil'ilies O.\' Il'el! O.\' Ihev 

COIISe, il//Il/lI/1() ,\'I/ppressin/l é!/1I1 pro/l/olion 01" cel! 

di!!ere//I iOI iI.i// oC! iI'i! ies, ExolI/IJles OI"J/'IJleO.\'e-i/¡//ihi ling 

cyonobocleriol peplides o/'e Ihe cl'o/lopeploli/les, TI/e 

il1lemCliol1,\' (11" I/Iic/'Ocyslin p/'olein phu,\jJhOlose OJ.1I1 01" 
c:\'ol1opeplolil1'prOlel1se I/m'e beel1 Imgel\.' sllldied hy .\'­
roy ,\'llIdies (!I"co-c/:vslols, rhe delecliol1 ol"l/Iic/'oc,l'slin,\' 

mul olher peplides cml be perlór/lled Ih/'Ollgh chelllic171 

01/11 biolugic171 I/Ielhods, IJolh, I/Iic/'ocysli/ls 01)(1 

cy(//wpeploli/l.l' Il'ere /'ecenlhjiJll/ld in bluol/Isli'ol/l c:llileor/ 

II'l7ler f¡odies h,l' l/sin?, high IJerliJ/'ll/once gl7s-lir¡l/id 

cI/ro/ll 01 og/'oplll , 1//1'/'('), 1//Olrix-o.l'si.l'led loser 

desorplilJn ;0/1 iZIlI iOI1 lil/le-o/~/lighl (:\/.1 U-rOr¡ I//OS,\' 

speClrO/l/ellT' i/lcllldillg posl sOl/rce deCiH' (p,"'!)) 

ji"ogl/le/llOlio/l 11.1' Il'el! os enzyl/le il1llihiliol1 hilil1SS0y.l', 

JNTRODUCTJON 

} .- Cyanobacte.-ia forming toxic and/o .. 
non-toxic bloollls 

VariOlIS cyélnobacleriél ("bluc-grcen alg;le") can 
clcvcIop inlmge l11élsses CbloOlllS") in cUlrophic fresh élncl 
brackish \\'alcr lllainly in "'élJ'ln snl11l11cr 1110nlhs all o"cr lhc 
\\'orlcl (Fig, 1). inclucling Auslralia. Soulh-Africél.l3r;I7..iL 
Argcnlim. al1CII hc norlhel'll Europc;lIl counlries (Aze\'edo 
el 01" 199-1-: CélrmiclweL i 99.j: Scmlfia el 01 .. 1995), 
Appeélrancc of blool11s is supporlccl by a high nilrogen­
élncl phosph;lle input. such élS;lI1 agriculllll'éll clllng 01' sprcacl 
ferl i I izer. or urbanc \\'élsle i:lclllcling phOsp]¡¡¡IC-COnlai ning 
e1clergenls, CY;1I10baCICri,1 prcfcr gcncr,llly a nClllr,lI or 
slighlly alkaline pH-\';llllc SOI11C cyano))aclcri;l C;ln 
iICCUI11l1l;llc on lhc mllcr surf:lce duc lO gas-\'csicJes cna­
IJ/ing Ihe cclls lo reach ,1 sllil,lblc lighl inlcnsily (Fig, J, 
inSerl), Dcpending oflhe \\inel. a l11illil11Cler lo clecil11Cler 
¡ltick oi 1)' al1Cl p¡lsly,grcen SCUI11 can bc forl11ccl all he shorc, 
This phenol11cnon is ",cll kno\\'n for lhe cOl11l11only 
occllrring gcnera such ,IS /lJic/'Ocystis, Ap!tallizo/lleIlOIl, 

A /1ahllella a ne! Not!,,/aria, M;II1\' c\'a 110b;lcleri,1 ",ere 
isolalecl nnel kcpl a:\enic¡¡lly ;IS 1,1bor;1I0r~' cullurcs e, g. in 
lhc \\ell k no\\n Paslcllr Colleclion of c~'élnoh;lClcria. rcc 
oflhc Inslilol Paslellr. Paris (Fr,lI1cc), 

Peplicles, rc\,e;¡)ing a broacl spcclnll11 ofbiological 
élcli\'ilies. c¡¡n bc isoJaleel frOJ11 bolh blool11s ancl a.\Cnic 
cyanOb¡IClcri;¡) cullures élS \\cll, TIlesc peplicles arc 01 
gel1ernl inlcrcsl nol only by lheir slruclurc-biological 
;IClivily rel,11ionship bul ,liso by él possiblc pllélrl11;lceulical 
inlercs!. This rc\'ie\\' C¡ln co\'cr only parl ollhis 1,lrgc fielel 
of cyanobélCICri¡1I secol1c1ary ll1el<lbolilcs, Especi;lIly Ihe 
I,lrge lisl 01 non-Io:\ic pepl'icles is consl,lnlh' gro\\ing ellle 

20 

lo inCre¡ISing ¡l\\'élrCneSS oflheir broacl elislribution wilhin 
Ihc 51h scclions of c}anObaClcria (Rippka el o/., 1979), For 
rc\'ic\\s onlhe inlensi\'ely slucliecl hCP¡11010:\ic pcpliclcs of 
lhe microcyslin lype sec Cannichncl (199.j). Rincharl el 01, 

(1994). WalaI1i1be el o/. (1 \)%), ancl Falconer (1998). onlhe 
non-lo:\ic pepliclcs (Moore. 19%: Weckesser el nI., 19%: 
Nal11ikoshi & RineharL 1<)%), nnd on non-ribosol11al 
bios)'nlhesis ofpcplieles (Kíeinknuf & VOI1 D6hren, ]995), 
This mini-revic", \\'i 11 fOCllS on a gcncral clescriplion oflhc 
hepaloto,\ic 111icrocyslin pcplie!es anel on 1 hc prolease­
inhibiling peplielcs 01 ¡he cyanopeplolin Iypc. and 
corrcsponcling chel11ical anel biological c1cleclion 111elhocls 
\ViII be cliscussccl, The I11ll11erous olhcr Jinem ¡lI1d cyclic 
cyanobaclerial pepl ieles ",i 1I hc 011 Iy 111 e 11 I ionecl, 

2.- lIep~totoxic Jlcptides (microcystin, 
nodularin) rrom cy~llobacteria 

C~'ilnobaclcrial bl00111S can be lo,\ic bolh lo 
élnil11als anclllllln;lI1 bcings, Dealh ofcows aflcr illgcslion 
of \\'éller cOl1laminaleci by cyanobacleria- \Vas firsl 
clescribecl by Fr;¡ncis (1 X78) in SOlllh ACricil, nncl léllcr on 
clealh of ¡¡nil11als inclllcling li"cslock \\"IS worlel-\\'iele 
rcporlecl (Carmichael. J <)()4. Falconcr. L 9<)8), Roughly 
cslil11aleel. abolll 50%, oC cyanobaclerial blool11s are lo:\ic 
",ilh n prcelominancc of hcpalolo:\ins o\'cr nCllrolo:\ins 
(Si\'onen el 01., 1990), Thus. e1rinking \\,;llcr shoulelnol 
conlainl11orc Ihan 1 l11icrogral11 ( 1 ppl11) microcyslinlo:\Ín 
(see below) pcr lilcr accorcling lO a suggeslion oC Ihc Worlel 
Heallh Organizalion in 1998 (WHOIEOSIlJ8, l. Guiclclincs 
for Drinking-Waler QLl¡llil)'. Heallh crileria ancl olhcr 
sllpporling infor111alion. GeneviI, S",ilzcrlélnd), 

lnlhe 70's Ihc lo:\icil\' Of"'é1ler blool11s conlel bc 
élscribcel lO lhe cyclic peplicles, ca 11 ce! l11icrocyslins, The 
l11os1 slllcliccl is microcyslill-LR (l11icrocyslin \\'ilh Lell <lncl 
Arg, Fig, .jn), Il consisls ofcyclic ring of 0- ancl L-nl11ino 
,lciels, \\'ilh an Llnusu;1I J)-ilInino ilcid "acleb" (J-al11ino-9-
l11elho:\y-2.6.8-1rimclhy 1-1 O-phenylcleca-4-cl ienoic acicl) as 
I hc siclc chain, In bnlckish \\'lller. blooms can be formecl Lw 
Nod"/lIria !>jJu/IIigel1l/. ",hich procluccs a similar pepliclc 
(noclu);¡rin, Fig, .jb), Noclnlmin (pcnlélpeplicle) is sl11allcr 
lhnnl11icro-cyslin (heplapcpliclc), 

Microcysli ns élnclnoelularin ;lrc bolh hepalolo:\ic 
(Carl11icllélel. 1 <)94), In lhe mome bioélssa)'. lhe LD,o of 

microc~'slin is élboul 50 pg/Kg inlhe orélluplake, In casc 
of a sc\'ere inIO,\icalion, clealh is cllIC lO necrosis of IIlc 
livcr élne! inlernal bleecling may CélUSC de;llh, To:\icily by 
Ihe pcpliclcs is causecl by bre;lking clo\\'nlhc cyloskclelon 
oC hepaloc~'ICS (Fig, J a anel b), Adela is csscnlial Cor 
hep¡llolo:\icilY. The lo:\in is synlhesizeclnon-ribosol11élJly 
(f\rlciJ)ner el nI., 19%) élJlclloCllized inlracellLlI;lI'ly (S\¡i el 

nI., 1995), PIII;lIi\'c pcplide s)'nlhcl;lse genes ",cre iclenlifice! 



in microcyslin-prodllcing bulnol in non-loxic Microcystis 
{(eruginosa strains (Ditt.l11ann el al., 1997). Recenlly, dialyze­
palienls dicel cllIe acule liver failure afler being trealed with 
microcystin-LR conlaIllinated waler froll1 a local water 
resen'oir (Dunn, 1996: Jochimsen el al., 1998). FlIrtherll1orc, 
in sublelhal doses lI1icrocyslin-LR has a tlllllor-promoling 
aClivityeven inlhe lo\\'er nanoll1olar mnge (Falconer, 1998), 
lhe effect was recenlly ascribed lo lhe liberal ion oftllll1or­
necrosisfuclor (TNF)-a (FlIjiki & SlIganllma, 1994). In Chi­
na, a relative higher percenlage of liver carcinomas \Vas 
obsen'ed \\'ith a poplllalion. who was consllming micro­
cystin-conlaminalecl drinking waler. Toxicily was dlle lO 
the prodllclion of potenl inhibilors of lypc I ancllype lA 

protein phosphalases (MacKinlosh el al., 1990). 

Non-touc pcptidcs frolll cymlObactcria 
Man)' cyanobacleria fonll non-loxic cyclic ancl 

linear peplides which are differenl frol11 microcystins. In 
spite oflha!. II10st oflhem have biological aClivil)'. Cyclic 
peptides like 1 he ",esliellaillicle froll1 Westiel/opsis prolifica. 
laxaphycins frolll Allabllelllllaxa and lhe honnolhamnins 
fro1l1 Hormot!ulII1I1iol1 el1terol1lorphoides are cyloto.\.ÍC and! 
oranlimicrobial inclllding antifllngal (prinsep el al., 1992; 
Palterson el al., 1994: Frankmolle el al., 1991 ancl 1992; 
Genvick el al., 1992). The linear peptide microginin from 
Microcystis ael'uginosa is ,111 angiotensin-converling 
enzyme inhibilor (Okino et al., 1993a, Ne1l1l1ann el al., 1997). 
Olher linear peptides inhibil specifically and pOlentl)' 
proleases, an example is lhe inhibilion ofthe serin-protcase 
II)1Jsin by lhe aeruginosins fr01l1 Microcystis aerugillosa 
(Murakal1li el al., 1994, 1995: Matsllcla el al., 1996; Shin el 

al., 1997b; Kodani el al., 1998). 
The cyanopeplolins are lhe largesl sI lIcl ied among 

lhe Ilon-lm:ic cyclic depsipeptides (Fig. 5). Theyaredefined 
as (a) cyanobacleriéll 19-membered cyclic depsipeplicles 
cyclisizecl by an eSler-linkage of lhe hydroxyl-grollP oI 
lllreoninewith lhe carbo:\)' lerminus ofllle C-lenninal amino 
acid ofa proposed linear precursor, (b) an lInusual 3-amino-
6-hyclroxy-2-pipericlone uni¡ (Ahp), ancl (c) a cis­
configuratecl amicle linkélge bel",een the amino é1cicls in 
position 3 and 4 (Martin el al., 1993: Weckesser el al., 
1996). There is a greal slruclllral variabilily in lhe 
composition of distinct posilions ",ithin lhe peptide-ring 
as ",eIl as in the sicle chélin. At Ule R I posilion II1ainly basic 
é1l1linoacids (Arg, Lys, N-Me-Lys, N,N-Di-Me-Lys) or1yr 
anclletrahyclro lyrosine (H,-Tyr) OCCUf. The R2 position is 
occupied by strongly val)'ing amino acicls (Tllr, Leu, lIe. 
Phe). In conlrasl , the R3 position wilh He or Val seems to be 
ralherconsen'ecl. High variabilily is founcl inlhe sicle chain, 
where aroméllic (4-hyclroxyphenyIlactic acicl) ancl 
hydrophilic (Gln, Thr, Asp) am.ino acicls, or non amino acicl 
conslÍlllenls (glyceric acicl, aliphalic faUy acicls) occur. So 
far. lhe foIlo",ing peplicles folIow lhe characlerislics of 
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cyanopeplolins: cyanopeptolins A to D, S ancl SS, lhe 
aeruginopeptins, microcyslilicle A ancl micropeptins 
(Marlin el al., 1993: Haracla el al., 1993, TSll.kamoto el al., 
1993, Okino el al., 1993b, Ishicla el al., 1995, Jakobi et al., 
1995,1996, Williams et al., 1996, Erharcl et a/.,1997), 
oscillapeptin ancl oscillapeptin G from Osci//atoria agard/¡ii 
(Sano & Ka)'a, 1995; Sltin el al., 1995), as ",eIl as compound 
A90nOA from Microchaete loÁtakel1sis (Lee et a/., 1994) 
ancl anabaenopeplilides 90-A, 90-B, 202-A ancl202-B fr01l1 
Allabael/lI sp. (Fujii et al., 1995). 

The cyanopeptolins are one within five classes 
of cyallobaclerial clepsipeptides: (1) Cryplophycin A and 
respeclive variants from Nostoc sp. (Tri.ll1urtulu el al., 1994), 
(11) majusculamicle C, alipophilic heptacyclodepsipeplide 
from LYI/gbya nu~iuscllla (Carter el al. , 1984). (1II) hapaJosin 
from Hapalosip¡'ol/ IVelIVitsc/¡ii (Stréltmann el al., 1994), 
(IV) microviriclin, a tricyclic telraclecaclepsipeplide from 
Microcystis viridis (lsltitsuka el al. , 1990) ancl microviricl.ins 
A, B and C from Microcys!is ael'llgil1osa (Okino el al., 
1995), (\1) the cyanopeptolins, as lislened in Weckesser el 

al. (1996). Another imporlant group of peplicles fro111 
cyanobacleria are the anabaenopeptins inclucling 
anabaenopeptjns A-G (Haracla el al., 1995; FlÜii el al., 1995; 
Sltin el al., 1997; Erhard el al. , 1999), Ferinloic acid A ancl B 
(Will iams et al. , 1996), Oscillam.ide Y (Sano & Kaya, 1995), 
Noclulapeptins A and B (Fujii el al., 1997), Kerama.ll1icle A 
(Kobayashi ef al., I 991a) and Konbamide (Kobayashi el 

al., 1991b). The mos! conspícuous property ofseveral cyclic 
depsipepticles frolll cyanobacteria is their polenl and 
specific protease-inhibition: Microviricl.ins B and C inhibit 
the serin prolease elaslase (Okino el al., 1995), aemginosins 
I02-A ancl B inhibit lhrombin (Malsllcla el al., 1996) . 
Micropeplins A and B inhibil trypsin ancl plasmin among 
the serin proteases (Okino el al. , (1993b) , micropeplin 90 
inhibils aclclilionally lhe cyslein protease papain (Ishida el 

al., 1995), compouncl A90nOA from JlJicrocJ/{Iete 
loJ..takellsis 1T)1Jsin, plasmin ancl UlIombin (Lee el al., 1994), 
Oscillapeptin elaslase ancl chymotrypsin (Sltin el al., 1995), 
lhe cyanopeplolins S ancl SS inhibiled lrypsin ancl plasm.in 
more pOLenlly lhan lhrombin (Jakobi el al., 1996b). 

Cyanopeplolins may have fl.lngicidal , cytotoxic, 
ancl anli-lumor aclivi tieso Cryplophycin A is a tumor­
selective c)1010xin from Nostoc sp. (Golakotiu el al. , 1995; 
TrimUfllllu el al., 1994; Moore, 1996: Peltit el al., 1993 ; 
Kobayaslti el al., 1994), majuscu-Iam.ide C inhibits gro\\1h 
offungal plant pathogens (Carter el al. , 1984; Williams el 

al., 1993); hapalosin has lllllltidrug-resistance (MDR)­
reversing activity (Slratlllann el al., 1994), microviridin 
slrongly inhibils lyrosiuase activity (Ishitsuka el al. , 1990; 
Genvick el al., 1994: Okino el al., 1995), micro-cystilide A 
has ceIl-clifferenlialion-promotillg activity (Tsnkallloto el 

al., 1993), ancl cyanopeplolin SS ",as toxic to DlIpllll;a 
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magl1a~ -wh.ile. _~yanopeplolins S ",as not loxic in Ihe 
concentratiolls lesled (Jakobi el al. , 1996a, b). 

3.- Specific interaction ofmicrocystins 
and cyariopeptolins with enzymes 

- MiuoC)'stins: According to co-crystallizalion 
experimenls of Ihe cyanobacleriai enzyme-inhibiling 
peptide and the enzyme foIlowed by X-ray diffraclion of 
lhe complex, a structural elucidalion oflhe peplide-enzyme 
inleraction has been achieved successfulIy wilh 
microcystin bound to protein phosphatase 1 (F.ig . 2: 
Goldbe~g el al., 1995). A covalenl binding ofmicrocyslin 
lo the enzyme has been observed, in Ihat dehydro-Ala of 
microcysÚn binds to Ihe SH-gronp of Ihe cysteine 273 in 
the active center ofthe enzyme. 

- Cyanopcptolins: In contrast lO microcyslins. Ihe 
cyanopeptolin-like compouncl A90nOA from Microcluu..1e 
loJ..1akel1sis interacls with the serin prolease trypsin in a 
non-covalenL subslrale-like manner Ihrough hyclrogen 
boncls, by hyclrophobic inleraclions ancl sleric comple­
menlarity (Lec el al., 1994). II imilales Ihe canonical 
cOIUOnn;¡lion oflhe exposed binding loop oflhe so-callecl 
' smaU- prolease inhibitors using pepticlal ancl nonpepticlal 
c\emenls, whereby the Ahp unit (3-amino-6-hyclroxy-2-
pipericlone, Fig. 6) plays an essenlial role by detennining 
the bincling confonnalion oflhe inhibitor and prevenling 
its dissocialion by ils Iransannular hyclrogen boncls. For 
Ihe inhibilion of papain by micropeplin 90, a similar 
mechanism is suggestecl (Ishicla el al., 1995), ancl Ihe 
interaction of aeruginosin 98-B \Vilh Irypsin \Vas iclenlified 
at an atomic level (Sancller el al., 1998). 

4.- Detection and quantification of 
cyanobactel'ial peptides 
There are several cleteclion ancl quanlificalion methocls for 
microcystins ancl olher cyanobacterial pepticles, inclncling 
chemi~al approaches ancl bioassays. The choice for Iheir 
applicalion clepencls [rom the c1esired sensitivily, specificily 
ancllhe available labonúory equipmenl. The cleteclion lil1lils 
given be lo", concern non-concentratecl water samples. 
Concenlration may allow Ihe increase of sensitivit-y by a 
factor of up lO aboul LO o. 11 shoulcl be nolecllhal cleteclion 
limils ofboth chel1lical ancl biological assays can be given 
in vallle/L or, aIternaliveIy. in value/g cell clry weighl. When 
the microcYSlin conlent of a waler sample relalecllo Ihe 
amollnl of ~yanobaclerial cell is clesirecl, knowleclge ofbolh 
sample voh;me(L) and cyanobaclerial ceIl dr)' ",eighl (g) is 
requüecl . 

a) Chcmical assays 
- Dctcction by JIPLC: A coml1lon way [01' Ihe 

clelection of both microcyslins and non-toxic peplicles 
such as the cyanopeplolines inclucles Ihe exlraclion o[ 
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Iyophilizecl ceIls by water only or in combination with 
acelic acicl or methanoI. The exlracls can be amllyzecl clirectIy 
by reversecl phase high performance liquid chromalOf,Traphy 
(RP-HPLC) with Irilluoroacetic acicl conlaining water ancl 
acetonilrile as mobi! phases anclusing a pholocliode array 
detector (Marlin el al., 1990). Microcystins can be cleleclecl 
by Iheir characleristic UV absorplion at 238 nm, whereas 
otiler peplides by Iheir absorplion maxima al 225 and 276 
JUn. The RP-HPLC allows also qllantification of microcyslin 
in Ihat stanclarcls are commerciaIly available (Calbiochem, 
Bacl Soclen, Gennany), ancl there exisls a linear relalionship 
belween peak area (238 nm) ancl injecled amollnt of 10 IIp 
to 2,000 ng toxin (ca. 10 ng loxin are detectable on a single 
50 ,d iI1iection). Thus, the cletection limil of HPLC­
separalions is about 200 /lg/L for samples ",ithoul any 
concentralion proceclures. 

- MALI-TOF mass spectrometI-y: According lo a 
recenlly pllblishecl methocl, cyanobacterial peplides can 
be cleteclecl clirectIy in ",hole cyanobaclerial ceIls (",ilhout 
material- and time~consuming 'extraction) applying lllatrix­
assislecl laser clesorplionlionization time-of-flighl (MALl­
TOF) mass speclrometry (see also below). Microcyslins, 
micropeptins, ancl anabaenopeptolin ha ve been recenll)' 
clelecled in blooms by Ihis melhod (E rhard et al., 1997). In 
adclilion, Ihis metI{ocl aIlows typing of cyanobaclerial 
accorcling lo Iheir peptide pallern procluced as well as 
clifferentialion between loxic and non-Ioxic bloollls. 
MALDI-TOF mass spectrometl)' methocl reqllires only 
microgram amounts of ceIls. A safe qllantilicalion, however, 
is not possible so far by Ihis melhoc\. 

b) Biologicnl assays 

- MOllsc Icthality bioassa)': OriginalIy toxicity of 
microcystins was testecl by the 1l1011Se Jethality bioassay 
(LD, i~ abonl 50 ~Lg/kg). However, this rather insensitive 
ancl '~nspecific assay is replacecl toclay by the following 
biological melhocls: 

- Immunological dctcction aIHI (IUantification : 
Both polyclonal ancl monodonal antibodies against micro­
cystin are available for ELlSA-lesls indllcling él com-mercial 
t~sl kil such as Ihe ''EnviroGllarcl™ Microcystins Plale 
Kit" EUSA-Iestsyslem (MiIlipore Coring-Syslem Diagnos­
lics GmbH. Gernsheim, Gennany) basecl on microcyslin­
specific polyclonal antibodies, although differentiatioIl 
belween Ihe numerous variants is not possible (Chu el al. , 
1989; PileUe el al. , 1995). Antisera are able to clelect 1 ppb 
ancl mal' aIlow lo evaluale microcyslin contenls in waler 
sample' rapiclly. So far, no reporls are available on the 
immllnological delection ofthe remaining cyanobaclerial 
peplides discussed in this review. The clelection limit of 



lhcse ELISA-sYSleIl1S is abOlll 10 lo cvcn I 'Lg/L. 

- Hepatotoxicit~· test: An hepalolo:xicily assay 
can be used [or lhe clelennina(Íon O[lO:xicily ofll1icrocyslin 
inclucling ilS quanlificalion Heinze (1 <)9G). in lhal ral 
hepalocyles are e:xposecl lo clifrerenl ll1icrocyslin 
concenlralions allCl lhen checkcc\ for \'iabilily by 
phololl1elrical clelerminalion of c\ehyelrogenase aClivily 
(MTT-Tesl) . The lcsl is performecl \Vilh crucle cell c:xlracls. 
lhe clelcclion limil is aboul 40 Ilg microcyslin/g cell clry 
,reighl. 

- Protein-phosphatase inhihition assay: This lesl 
mighl be lhe mosl convcnienl syslem for lhe c1cleclion o[ 
lllicrocyslins wilholll lhe neccl of c:xlensivc laboralory 
equipmcnl. ln aclc\ilion lo a respccli\'e raclioaclive lesl , a 
colorilllelric lesl syslem allows a rapiel allCl sensilive 
scrcening (An & CannichaeL 1 <)94). The lCSI ll1akes usc of 
lhe spccific recognilion anel inhibilion of prolcin 
phosphalases I unc\ 2A. Thc enz)'me is commeI:cially 
é1vailablc (calalylic subuni! of lhe a -isoform o[ prolein­
phosphalase I from rabbilll1uscle_ CalbiochenL Bad Soclen, 
Gerll1any). II shoulcl be nolecl. hOWCVCL Ihal false negalive 
anel/or posilive resul!s cannol be e:xcluclccl (Mllclge & 
Muclge, 199-1-). making neccssary a confirlllalioIl by lhe 
chemical mclhods II1cnlionecl. Thc clelcclion limil of the 
non-raelioacli"e prolein-phosphalase i nhibilion assay is 
aboul 20 'LglL accoreli ng lo our e:xperience. " 'hcreby a goocl 
correlalion between lhe elala resulting frol11 lhis lesls 
syslelll ancl HPLC-separalion was observecl (Warel el al. , 

1<)97: Wirsing el nI. , 1999). 
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for e:XClInple lhc microcyslin varianls microcyslin-LR_ -RR_­
YR ancl-LA are available comll1ercially (Calbiochem, 8acl 
SocleIL Germany). 

6.- Co-occurrence oftoxic and non-toxic 

peptides in bloom s 
Marlin el nI., (1993) described lhe simultaneous 

presence of the hepalolo:xic microcysl in-LR and 3-
demel hyl-microcyslin-LR \Vilh lhe cyanopeptolins A lo O 
in lhe a:xenic .Microcystis PCC 7806. [n Microcystis 
aeru/.:il/osa TAC <)5 lhe aeruginopeplins 95-A and -95-8, 
which are also depsipeplides of lhe cyanopeplolin lype_ 
,rere founcl logelhcrwilh microcystin-LR while .Microc:r.\1is 
aeru-gil/osa M228 proc\ucecllhe aeruginopeplins 228-A 
allCl-228-8 logelher ,yjlh microcyslin-YR (Harada el nI. , 
1993). lnlercslingly, co-occurrence of microcyslins amI 
biolo-gically aClive cyanobaclerial peplicles is (lIso founcl 
in blooms. Jakobi el nI., (1995, 1996 a,b) repoI1cc1 lhe prcscnce 
of several microcyslin variants logelher \Vith cyano­
peptolins S ancl cyanopeptolins SS in a Microqstis sp. 
bloom rrom lake Auensec/Leipz ig (Germany) . Co­
occurrence of <lnolher. so far llniclentificd cyanopeplolin 
logelher ",ilh MCYST -LR. MCYST -RR. MCYST -YR \Vas 
recently obser\'ed in a cyanobacterial bloom (also 
Microc¡;slis sp.) collecled near lhe cenler of Concepción 
(Nelllllann el nI. , 1999). In lhe bloom from lake Walters­
hofener Seco lhe linear, ACE-inhibiling peplicle microginin 
FRI was fOllnd logelherwilh severa I varianls oflllicrocyslin 
(Fig.7). 

5.- Isolation and structural identification 7.- Cyanobactel'ial peptides in Chilean 
ofpeptides lakes 

For lhe isolalion and purificalion oflhc peplides. 
Iyophilizecl cells are e:xlracled by eilhenraler. acelic élcicl 01' 

melhanol (Lawlon el nI., 1994). The e:xlracls are 
chromalographecl on e. g a LH-20 column \Vilh melhanol 
as lhe eluCHI. whereby lhe separalions are Illonitorecl by 
I-lPLC ancl UV c1eleclion al 238 Iun (see abo\'e) . The peplidc­
conlaining fraclions are lhen lrealed by solicl-phase 
e:xlraclion on a C-18 carlriclge. The slruclural idenlificalion 
of lhe peplicles may firsl include ami no acid analysis ancl 
MALOT-TOF mass-speclromelry (sec above). Slruelural 
clelails of lhe moleculcs can be obl.ained by a further 
frélclionéllion of lhe IlIolecule ion using posl source clecay 
(PSD) fragmenl éll ion (Erharcll el nI. , 19<)7). Adclilional 
biophysical/chell1ical Il1clhoc\s are lIsecl such as infrarecl 
spcclromelry lor lhe clelcclion of sul1)hale (Jakobi el (tI. , 
1<)<)6 a.b) ancl gas-liquicl chroma-lography for lhe cleleclioll 
or fally acicls in lhe siclc chain of peplicles (Marlin el nI .. 
1<)93) . rcspeclively. IH ancl 11 C NMR speclroscopy is 
conullonly used for lhe fInal iclenl ifIcalion. Some slanclarcls. 

Firsl reporls on lhe occurrence of cyanobaclcrial 
blooms in Chilean lakes\Vere publishecl by Parra el nI. (1981. 
1986). Pcfialoza (1990) and by Zuíiiga & Carvajal (1990). 
Thcy ,,,ere clominaleclmainly by Micl'Oqstis species ami 
occurrecl in several lakes arouncl Concepción. in lake Aculco 
localecl soulh of Sanliago ancl in lake PeIluelas localecl 
casI of ValparaÍso, respeclively. The bloom observed in 
lake Laguna Recloncla , localecl llorlh wesl of clownlown 
Concepción. was founcllo be highly lo:xic lo mice (Parra el 

nI .. 1986). In case orlhe bloom froIl1lake Aculeo_ a soluble. 
puriuecl io:xin e:xlracl alTecled lhe zooplankton. [n aclclilion 
lo a lo:xin dosis depenclence observed_ c1adocerans werc 
higher sensilive lhan copepocls ancl rolifers. Wilhin lhe 
claclocerans. lhe smaller-sizccl gcnera "'Cre Illore sensilivc 
lhan lhe largerones (Pefiélloza. 19t)() . Inlhe 1995 anc119<JG 
bloollls cloIl1inalecl by Mic/'oqslis sp. " 'ere observed in 
Iake Rocuanl (inlhe II1arshlancl near Conccpción). In bolh 
years sélIl1ples ",cre lcslecl lor Ihe presence of microcyslin 
by RP-HPLC ancl for hepéllolo. 'icil)' using pri Il1ary ral 
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Biologica/ly aclive peplides in Cya nobacleria - 1. Il'eckesser el al, 

Fig. 1. Water bloom, fonned by the cyanobaclerium Microc)'stis sp" in Ule marshland pond ("marisma") Rocuant near ConcepclOlv 
Chile. Inserl: Microc)'stis sp. cells, taken by Iransmission light microscopy (marker: 10 ¡..un). Note Ule presence of gas-vacuoles, 
bringing abonl tllC f10aling ofthe cells on tlle waler surface.Fig. 2. Inleraction of microcystin witll protein phosphatase 1 al its active 
sile. The hydrophobic Adda side chain binds non-covalently lo a hydrophobic region of Ihe active cenler of the enzyme, N-methl­
dehydro-Ala binds covalenlly lo a cysteine residue oflhe enzyme (taken wiUl permission from Goldberg et al., 1995 (Nature 376: 
745-753), slightly modified. 
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Fig.3. Struetures (a) ofMCYST-LR (mieroeystins with Leu and Arg as variable amino aeids, the Ilumbers 1-7 refer to the position 
of anúno aeids) from Microcystis sp., and (b) of nodularin from the braekish water speeies Nodularia spumigella. Fig. 4. Overall 
strueture of depsipeptides of!he eyanopeptolin type. The numbers 1-7 aeeount for!he positions of!he struetural units, Rl, R2, and 
R3 represent variable amino aeids. Note the 3-amino-6-hydroxy-2-piperidone (Ahp) unit in position 2 (see also Lee et al., 1994) and 
the ester-bond between !he hydroxyl-group ofthreonine (position 6) with the earboxy tenninus ofthe amino aeid R3 in position 5. 
Fig.5. Strueture ofmieroginin FRI (Ahda-Ala-N-Me-Leu-Tyr-Tyr, whereby Ahda is l3-amino-a.-hydroxy-deeanoie aeid), Fig. 6. 
HPLC elution pro fi I e of a methanolie extraet ofMieroeystis sp. water bloom material obtained from the Waltershofener SeeIFreiburg 
i. Br, (Gennany) 
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hepalocylcs (Campos el al., 1999), In Ihe bloom of 1995, 
Ihe microcyslin conlcnl was dClermincd lO bc J 30 flg/g elry 
bloom biomass on lhe basis of lhe RP-HPLC pcak area anel 
800 /lg/g on lhe basis o[ Ihe ral hcpaloloxicily assay. 
respcclivcly. In Ihc bloom of 1996. RP-HPLC analysis 
rcvcalcd a microcyslin conlcnl of8, J 3 pglg bJoomll1alerial 
elr)' ,,,eighl and no hcpaloloxicily \Vas llIcasurcel using a 
conccnlralion range up lo 0,8 mg elr)' wcighl bloollllllale­
rial pcr mI in lhc ral hcpaloloxicily assa)'. In 1995 an 
exlcnsivc bloom \Vas observed in lake Tres Pascualas (ncar 
lhc ccnlcr of Conccpción), This bloom also conlainecl 
Illicrocyslin. 1 n élll EUSA Icsl applying lllicrocyslin-spccilic 
antiboelics. a value ofonly 13 pglg blool11l11alcrial dry \\"eighl 
was oblélined (Neumann el al., 1999), Fraglllenlalioll by 

MALDJ-TOF (scc abovc) revealcd [As¡P)]-MCYST-LR. 

MCYST-RR, [Asp(3)]-MCYST-YR, allel MCYST-FR 
(Neumélllll el al., 19(9). Mosl inleresting[y, ho\\"cveL \Vas 
lhc (inding of I,vo addilional pcplides which revcalcd 
characlcrislic fragmcllIs of a c1epsipcplicle of Ihc 
cyanopcplolin Iypc 011 MALDI-TOF (Nelllllélllll el al., 19(9) 
allcl. lhus, ,,'crc callcel cyanopeplolin VW-I allel 
cyanopcplolin VW-2 (NcumHnn el al., 1999), A cell exlJacl 
of respeclive bloom malerial \Vas ablc lO inhibil prolcin 
phosphalasc (Iikely e1uc lo Ihe Illicrocyslins found) and 
sclccliveiy some prolcélses Iikc\y c1uc lO Ihc cyanopeplolins 
founcl (Neuméllll1 el al., [9(9). 

CONCLUDINGREMARK 

Cyanobaclcria proelucc a largc nUll1bcr of 
biologically aCli"c cOll1pounds, some oflhcmltaving bcen 
iclenlifiecl in Ihe lalcs! yCéll"S anel Ihc lisl is slill increasing, 
While lhc ,yorld-widc c1islribulion ofthe Illicrocyslin toxin 

is rCélsonably SlllcliccL awarcncss of lhc significallce of 
non-Ioxic cyanobaclerial peplielcs is JUSI beginning, It is 
also nOled thal cyanopcplolins can be silllultaneousiy 
prodllccd logclher with microcystins (Marlin el al., 1993; 
Harada el al., 1993: Jakobi el al.. 1996 a,b). Man)' o[lhc 
cYélnobaclcrial pcpliclcs are able lO inhibil cnz)'mcs oflhe 
cenlral1l1elabolism ancl rcgulation ofcclls such as prolcin 
phosphalascs or proleases, For examplc microcyslins, 
cyanopcptolins ancl relalecl depsipeplides as \Vell as olher 
peplidcs frolll cyanobacleria nwy, Ihus, scrve as lools in 
biochemislry and cell biology. A possiblc pharmacoJogical 
applicalion cannot bc excludccl. For Ihe l11icrocystins as 
",ell as for Ihe cyanopcplolins Ihc 1110cle ofaclion is kno",n 
cllIe lO Ihe CO-cl~ystallizalion oflhe pepliclc-enzyme complcx. 
In shollld be nOlcd, ho",ever. Ihal lhe physiological in silll 

fllnction of Ihese peplicles is cssenlially unknown. 

Cya nobacleriaJ pepljdes a re cven [ouncl i 11 

ellkaryoles rising Ihe queslion of a possible origin frol1l 
cyanobacteria, as oullinccl in Weckcsser el al. (1996). 
TSllkalllolo el a/. (1993) slalcd: «Therc has been a persisling 
spcculalion in Ihat a nlll11ber of interesting comj)ounds -
many of Ihem bcing peplides - found in lhe sea hare 
/)o!abella are derived from dielar)' algae». ])o!abella is 
JUSI one cXéllnple oflhe finding ofpeptides in sponge. wl1ich 
arc possibly of cyanobaclerial origino 
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