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Chemistry of Bluce=Creen Algae (Cyarophycecae)
oy
‘ G, K, Barashkov '

Dluish=green algae are dictriluted preferably in fresh wator.During some peridds
of the year the sea form of these algae may constitute a considerable part of the
phytoplankton, but their total value in thc sca is inferior to the role of other types
of algae.

Iz recent years are appearing quite large numbers oi: investigations dealing in
photosynthesis arnd mineral nutrition of bluish-green algae, as wall as dealing in
other problems of their physiology. In thesc conditions of great importance is the
knowlelige of their chemical composition as vases to comprehend the processes occurring
in them, The knowledge of the_chemistry of c2lgee is also necessary far proper evalu.
ation of their role in nature, The existiag revicw of the biochemlstry und physioloey

of bluish-green algae (Fogg 1956) has became comewhat obsolete, besides, no sulfie
cient attention is devoted in it ‘o the chemistry of theso organicms,.
Carbohydrates

The total amount of carbohydrates in Lluishegrcen algae reaches 70=75%, i.c..
the very same order, as in brown end red algese (Goryunova,1950).

liono and Oligosaccharides, Conventioral determination of reducing sugers in alcoheld

extracts of bluishegreen algae with tie aid of l'eling liquid always gives a necé-

ative result. For example, S.V.Goryunova {1950) found no reducing sugars in Cscilla-

toria sylendida, and (Fayen,1953) in Rivularia bullata, Calothrix pulvinata an’ liostoe
camuns, But in some form have been found traces of free monoses, And so, vith

the aid of chromatographic analysis of alcohol extracts Nostoc muscorum, grown in an

srtificial medium from c“‘oz. was fcund glucose and in free form, ead in for.» of
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phosphete (Norris L. INorris .R.D; Celvin, 1955). It must be taken into ccnsiuciration
however that nostol possesses a r..ter slimy cover, and this doec not allos to obe
taia a bacterial less culiure. It iz thercfore nscessary to practice oerc with resicet
to this fact,

,-E’ olizoscocharides in sluisbesreen alme have been doteciel trehalosessusur,
found under natural comdisions only 5o mushrooms and red clpme. In alecohol cirtructs
Xosto*nscamm vere dct.ected traces of saccharose (Norris,L; Iiorris ReB.Calvingl955)
but this is not without doubt. '

Zfolyoses, Up until acw polyscccusrides of bluishesreson wlz:e have not beex suf.
ficiently investimmted, But a majority of seicatists, occupying themselves with this
problem, assumes, that the basic ccrionent of these ulgae cre rucoid polyucchu‘idﬂi
enalogous to such of red alpee (Fo:: 195(). I+ :iould be pointcd out, that since 1938
whea Fayen undertook to otuly sluss of three trues of Lluish-;roen alp‘.ﬂro@'asa in
expleining the siructure of thesc rolyoscs was very small, pirtially because of
their exclusive stability Vo acid aiud alikuli hydrolysis, lin (1943) discovered mo
free sugars in sea algee Celothrix scopulorunm,

Mygodd Polyssgcharides of bluiskegreen algae are well extracted by hot vater
extraction.In this vey ves extragted a slug from Nostoc sp (Hough,Jones,Wadran,1952),
from Zhormidium tenue (Fayen,1933), froc Rivularia sp.(Fayen,1938) and from cslothrix
(Ky1in,1943). Fron inabacna cylindrica these polysaccharides wore oxtracted with s
47 sodiun hydroxide {3ishop, sdams, Hughes,1954); from Oscillatoria splendids « with
hot 2%=hyirochloric scid (Goryunova,1950); fra: Nostoc muscorunm « 10Z=trichlorcecctic
acid and then settlod with G0%-ethanol (Bisvas,1957a)s In the la ter case the yield
equalled 3.5 = 4% of dry wei-ht of algae, B

In Hydrolysates of varicus algpe are &etcctel various sugars ond wromde adjp.

vhen investigating polyssccharid~s of Iresh weter 2lpro ihbrsidium toage was mm :
a dextro-rotary extract, in which efser ol hyirolyszis weve f-:v.ndw_:;
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nose, pglucose, and galactose, From neutralized hydrolyscte was obtained & lisght deposi.tiall
of mannuronic acid (Peyony1953). Previoucly,vhen hydrolyzing. polysaccharides frdm
Rivularia bullata, Calothrix pulvinata and llostoc corrmne were obtained in addition to
uronic acids glucose and arebinose in the first algae, rcalactose and mannosc in the
second and arabinose in the third one (Iayen, 1928).

Micoid polysaccharidss froam Calethrix scopulorum have in fheir composition
ester=bound sulfuric acid, ncutralized by calcimm 213 magnesium (Kylin,1943). This
exalony with nolysaccharides of red elgae supnlemsnts the difficulty of their Iydroa
Lyziagme and s8¢, vhen hydrolyzing slugs of liostoe it is quite casy ¢o hydrolyse about
€0Z. Thc remeini.g part clecaves -t 2 rmeh lower rate. Tac pocrly hvdrolizable part
consisted of uronic acids- glucouronic an? galectouronic, In spite of the creater resigte.
r::;;yof the polysaccharide to hrdrolysis, ¢t vwas _cusiole to establish, that it con-
teing about 30% of hexuronic acids, 10% rhamnose,257 vylose and 357 m:lactose with
small admixture of zlucose and unidentified sugar (Fough,Joncs,adman,1952).
Folysaccharides,extracted from Nostoe muscorum with tricularwacetic acid and 4d=so-
lution of caustic soda, were fcund to be vory similar in qualitative camposition
(Bisvas,1957a). It was explained,thut these polysaccharides, or polysaccharide, ave
in screway bourd with nucleinic acids of she cells (Diswas,1958),

A highly resistent to hydrolysis polysacchairide was separated from Anabaena cyle
indrica. After continuous hycirolysis the researchexs detected in it glucose, galzciose,
xylose,rharnoce, arabinose and zlucouronic ecids Th> molar ratios were found to be
S1lslslslel recpectively (Sickop, Adems,Hushes,1954). The structure of the relysaccharide
hos not been investigeted, it can only be assumed alter ccatiruous tweadng of the
e.sracts, that rostly . in it are ulpha=form hoals, iperinents with acetylation
ol this polysaccharide wers found ¢to be without results,.

It i3 evident from above mantioned data thut 4o not coincide with each other
neither in quality nor in gquantity. ilost likely this is explained by the fact that
in bluishegrecan algae exist several hard to seporate polyoses,differing in variau:s
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forws, The opinien was clso ex ressel, that these polysaccharides can be found in
several stotes, diffcrins from esch other in physical proporties. These difforences are
caused by verious degrees of dearrresation of noleculss (Goryunove ,1950),

As a general property of mucoid polysaccharides of blulsh=green algae shoulil be
mantioned their poor hydrolyzehility with acids and alkalis, The fact of inccrpl:ote
rydrolysis of Oscillutoria aiosna shells of olysacchsrosis with lyrocine also atiestin
1o the same (Fuhs,19520,

We can spealzr about the rreseuce in bluishesrenz algae of a recerve polys{\ﬂ*aridc
= % starch of bluisheseen ", They are detectel by the reddishebrown culor with iodine
. . and, prokbly, are present ir nloais in form of submicroscopic rronules (Kylin,
1943). Prior to Kylin's investi~ation this rlycogcno kind subctance has been detected

also by other scicntists (Hcgler,1901, 2uctschli,1902, Fischer,1905, Payen,1938).

Starch of blue=greens from Oscillastcria spe.wuas separated with cold water,in which
it dissolved well. The sclution had greater positive rotation (Hough,Jones,Wadman,1952),
This ®*starch ® hydrolyzed easily with a malt extract and mineral acids, but not with
acetic., During fermentation hydrolysis the given polysaccharide,separated from Calothrix
scopulorum, gave maltose and glucose (Kylin,1943). Tais allows to assume an alpha=
forw of the 1.4 type bond, in spite of the fact that this typo may not be unique.

During the methylation of the mentioned polysaccharide, separated frar Oscillatoria
spe it revealed a positivs rotetion, In hydrolysate with the aid of peper chromato
zraphy and a colu.n were found irimelhyl-,tetramethyl-and a small amount of dimethyl
lucose (Hough,Jones,vadman,1952). Tuese data allow to essume,that per average number
of glucose radicals, equalling 22-26, in the chain of the azylopectin type exists ons
nonreduced terminal groupe

lolecules of somewhat diffeorent vulue give the synthesis of starch of bluishegreen
from glucoso=lephos;hate with the aid of ferments from Oscillatoriea princeps. The
synthesized polysaccharide contained 1,16 glucose radicals, Its remaining properties,

such as solubility in cold water and coloring with iodine; coincided with the pro-
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perties of naturel starch frcm vluishegreens (Fredrick,1951, 1952, 1953).

In addition to slugs and starch,Kylin,l943 has occasionaly found in bluish-greens
a substance, reacting as cellulose whén treated with iodine and sulfuriec acid. hen
studying the siructure of the cellular shell of ceriain types of bluishegreen algae
with the 2id of an electron microsoope wers found fibrils of a cellulose like sub=
stazce (Schulz,1955; Drews,Niklowitz,1956, iklowitz,rews,1956).But thorough chemical

;mlyses revealed practically no cellulise in Oscillatoria splendida (Goryunova
1950), Quelitetive reactions in this substance (letzner,1955) during the study of
five types of bluish rreen algas were found to be negative in contrast tg%%ts
of Kylin,

Quantitative reactions of carbohydrates of bluishegreen algae are nos per-sonified.
with the exception of the starch reaction. The cellular wells of certain algae as result
or treating with periodate snd Schiff reagent (leukofuchsin) are colored red (Prings
heim.19jh). Such a color of the shell is obtained after treating the algae with a
reagent on a pectine substance of higher plants - with red ruthenium. The methylene
blue colors the cellular walls in blue colar, reaching in some instances to bluish =
violet, All these data, aé it would appear, indicute the presence in the cellular walls
of five investigate: types of algae of pectin like substances (Metzner,1955). 1t is
known howevery, that similar reactions give also other polysaccixarides, with uronic
acids in *their composition, Consequently the results of nicvochemical . qualitative
determinations should not be considered as ;roof of the presence of these or any ote
her polysaccharides in the algae. .

The available data on the chemistry of carbohydrutes sllow to assume a greater
affinity beiwcen polysaccharides of bluishegreen and red algae,This is confirmed first
of all by the presence of trehalose and esterification of polysacchbaridee with sule
furic acis. The very high stability of the cerbohydrate complex of bluish-green algae

even againat highly reactive reagents also reminds the propert .es of polyoses of red
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algae.
iitronen conteining campounds

The amount of nitrous substences in bluish-greenvalgae is quite high, The total
content of nitrogen in insbeena cylind¥ica culture of normal growth goes up to 6,517
of the Ary weight of cells, and albunina was discovered in the anount of about 277
(Fouden,1951)., In contrast to reprecentatives of other types of algas,blueerroen alsac
shou no reverse connection between the accwaulation of lipides and the content of
nitrogen in the cells iCollyer. Fo-~,195%). Th= content of nonalbuminous nitrocen in
these cells may exceed the content of albuminous nitrogen, This has bcen observed by
(Krishna=Fillai, 1956) in Oscili:r toria, S-irulina, Aphanothece and Fhormidium tenue
of salted lagoons of India,

Fram individual albuming frow bluish-green alpae are !czm-m‘:hromoproteides- rhyco-
erythrin and phycocyanines, which 2., =z2r to be additional nirmacnts in them.. A study
of nhyccbklines from Arthrospirs mexima chowed that it contains two phycocyanines -
C-phycocyanine and allophycocyanine,differi.r fram each other by the chrowomorphous
groups (O'heEocha,1958). In additicn (Castrce,1953) found in cells of certain {ypes
noticeable gramules, consistiaz of resurve albumin of bilichrcuioproteide *Cyziucihycin®,
The swall nuclei of cyeuncphyein, awoa: a muber of other formations, in 18 forms « Ansbaena
wostoe, Cylindrorpermmrm, Sopionoma, Tolypcitirix, Oscillutoria and Lyngbya have also
been observed by Tischer, 1957.

Albuaina of bluish-grecu alzae ccnrist of ordinary zmino acids, the amounts of
wvhich conteined i some of thews are described in table.

Anino acid composition of tluichiesreen algae (in Z of the amount of ale
buminous nitrezen),.

£ A : T e
Amdno acid 23, $ E 2 AN anino acid# { T eNs O P‘\ ) 3 )
ITIS Je Y.am S| Y 3o 23 ".g\x
v¥ |y °3’I7 \’31 g NS _“x\l
3183y |3rTiv PR TN g,'—é:
e |93 ES |EEESS o8I = JZEES
Aspartic | L.9| 4.5 .1 argicine n 9.2 19,1
Glycize |6.5| b 54 Histidine | 25 3.9 26
Turecnine | 57| — i1 Lysine b 0.0 53 :
Alanine |&? | 5.2 oV Trvotophan | J.9 0.2 -—
Tyrosine (1& | I ¥ 2.1 | ctiionine |12 2.0 2.4
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) $e0iv_consirucy
Valine 2o 617 3.3 Cystine - 0.0 I
Phenylaleninc| 2.9 U 24 ‘rides 8.0 1€ X
Sor fne 24| — %1 FEuminecs — 2.1 -
2‘4 ..-:;mic S| ¥4 «2 uO:::/proli - 2.3 ;"
Isuc.‘.ne 6'2 Q-l 4‘ é UQSO.S . — — q 5:3
oleucin 39 | — total niirogen{gq.7 6.1

rroline s0ol 7o 2 5

It is evident frecm this table, that L the investignted algae are Jncountered
relatively large quantities of argiuine eand z2nides. arginine is detected also in
the composition of the central body and cyteplasma of ccrtain blue-green algae and
;.ay the positive histochemical reactions (3iswas,l957u).

Of other amino acids could be menticned the presence in hydrolysates of Anabaena
¢ylindrica, Cmeillatoria, idcrocoleus vazinatus uiad liastizocladus laninosus a,EB~diemis

nopimelic acid; its amount constitutes 0.1 = 0.8% of the dry weight (Vork,lewey,1953).
In hic review (Fozg,1556) underlined, that thiz acid was found also only in came bac-
teria and in zreen algae Chlorella ellipsacidea,

After incubation of Nostoc cells with solium bicarbonmate,containing traced carbon Cu‘
vithin a reriod of 5 minutes and studyinrg the alcohol sxiract from it was obtained
active citrulline, The basic part of the activity, up to 7C%,belongad to the carbamyl
group (1H=-CO-NHp) and only 2-3% weat to the carboxyl groupr (Llinko,Holm=Hanscn,Bashar,
Calvin,1957). Carbamyl groups goe next, most likcly,ror the synthesis of nmucleotides.

sucleoproteides, of bluishegreen algae ure o differnt in quality co.position from
rucleoprotcides of other organisms (Biswas,1956) lockeridge,1927, was first %o find
adend.ne.guaninc.cytosine and uranyl in Nostoe hydrolysates and he identified sane,
Then Biewas.195ll_%a pyronine ani methyl green dye came to the coaclusion about the
aceumlatiocr in the central part of cslls of these algae of ribonucleonic end dosoxy

ribonuclee ic ecids. Magee, Burris,1954, f.und in lostoo muscorum adenine, cytorins,

and 2,34 respectively of the total nitrog=. {1 the hydrolysate. It shou:!.d be pointed

out, that qualitativo reactions c¢an also h-r. leawd to wroag conclusions, And so,

~uwaninc,thymine, uranyl and xanthine, the : .cunis of which were 0.4y lely 0e3, 043, 10 ‘
{
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cells of Oscillatoria princeps ~ave no positive Feylgen reactions-characterictic re.
action for nuclear substance. Apparcutly, this can be explained by the presence in
algae cells of cersaip albu;;;ina, suppressing the Feylgon rcaction,

It vas found, th:t in LXK (Dsscxyribose nucleic acid) the ratio of purings to ryri.
midines equals 0,79 (Shinke, Ishid:,Ueda,1957). This ratio docs no% agppear %o be con. .
stant fcr verious bluish-green alsae, For example,in DK of fresh water type - Aracyse
t1s niéulaneeit vas founi to e cqual 1,04 (Lo,1958).

Pberidines have bLeen detested chramctosraphically in {macystis nidulaas, Adabasaa
variabilis and Nostoc ruscorum iz apount,2qualling 0.1e=042% of dry weight of algaa
(Forrest, Van Baalen, Mrers,1957), and from ..ldulans was also separatcd alphaeslue
coside of bioptorin (Forrest,Van Bzalen,llyers,1958).

But the question concerning the urcsence of pteridines in living cells of algae
remains ucanswered, bocause a thorouzh study of the comdition of formation of the
yellow fluorescent compound on chrowatosrams showed, that it appears to be an artee~ .
fact of chroumtography on paper (Fuller, anderson, Muthan, 1958).

It has beea noticed zlready long ago that in waters ovlooming with bluish-green
algae (in reservoirs), togother with a reduction in the number of nitrate and ammonjwm

: nitrate, appears and accumlates with time orgenic aitrogen, mainly in form
of amino acids(Aleyev, ludretsova,1937). The fixing elementary nitrogen can be sepa«
rated in form of peptides as well as anides, This was shown on an Anabaena cylindrica

1 culture. It was explained that the separated substances are not specific,for bluishe
green algac, nitroscu fixation products. They are necessary for normal growth, )
aad their separation takes place always,vhen the algae grow under _normal conditions,
This separation does not depend upon tho volume of oulture media,. presence of
accessible bound nitrogen and glucose, as well as upon the difference in lizht ine
tensity (Fogz,1952)« The ability of bluishegreen algae to fix atmodheric nitrogen
is being used practically in China, Into water, whicih caver rice ficlds, are addcd

FID=-TT=63=193/1 8




certain cultures of actively binding nitrogen of bluishegreen algae to fertilize the
rice with nitrous caupounds,

43 already mentioned, bluishegreen algae by the qualitative amino acid composition
and the composition of mucleinic acids are no different from other algaes Consequently
efforts arc made, on the basis of data pertaining to amino acid camposition of algae,
to ccmpare same to plants, offering most valuable nutritive albumina for farmw animals
(Kclousek, Zazvorkm,1957)eBut the mechanical uce of results of chemical analysss to
evaluete the nutritive value of bluish=green algzae without consideration of other
faectors may lead to a ~reater error. And so, the introduction of freshly collected
cells ldcrocystis aerusinosa into the avdominal cavities of white mice caused mnting
and Geath of the animals within 4-}8 hours (Hughes,Gorham,Zchnder,1958).

Lipides

The content of lipides in bluish=grcen alpae variocs within small limits, In
Anabacna cylindrica and Oscillatoria culturas the lipides amounted to 2 - 12% of dry
weight (Collyer, Fogge1955) «

Fats in Gleeotrichia echinulata concist in approximate 60Z of unsaturated fatty
acids, i.e,they are analogous in this respect with lipides of other types of algae
(Mazur,Clarke,1942)s In addition, Mazur and Clarke noticed the presence in that algae
of alcohols and hydrocarbons, Goodwin and Taha,1951, detected in Oscillatoria sp.
unidzntified st@roidecs, On the other hand Certer‘and co=vorkers found no sterols in
the invesiigated algae (Carter,Heilbron,lythgee,2939).

Pigments of bluish green algae have bcen Fite thoi'oughm investigated. In the
review, covoted to ;igments (Cook,1945) noticed the presencc 1n then of chlorophyll a,
beta=carotin and several unindentified carotioides. In addition to chlorophyll a
Handke,1954-1955 in alcohol extracts of 10 types of algae, obtained in pure cultures..
detected chlorophyll b, Chlarophyll b was also found in algpes of hor sources Yellows
st’ono Park, California, Nevada (Trman,1940), Still Pogg does not consider irrsfutidle
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the presence of chlorophyll b in bluishegrcen alpae (Fozr,1956).

0f the carotinoids, in adiition to beta=carotin, were found small amounts of alphoe
carotin, myxoxanthena,.yxozanthophyll and oscillaxanthine (Karrcr,Jucler,1950),The
»resence in bluish=green algae of ry:ixanthine is highly specific ani ¢zt merve as
an indication ol their develozment, if in the past this subetance is found duria:r the
stuly of depasitions in this or any cther reservoir (Vallentyne,l954).Among all caro-
tinecids per fraction of carotin 20-4C% belong in Anabaené cylirdrica, A.variabilis,
Coccochloris elcbens, Cylindrorsermmn sp, lastizocladus laminosus,tdcrecoleus varsinatus

- and Hostoc muscorum algte., Cther imsortant ccmponents of carotinoids in these
algae are occhinenons, xrvxoxanthoplwil and zeaxanthin, Intein has ot been found ir the
enumar’.\éted algae (Coodwin,l957; Ticcher,195%9; Lefrancois,1960).

In this way, by the canposition and ratio of carotinoids bluish-mreen algae dif-
fer from other rhotos;athesizing organisms. 1% is necessary to nention, that the raa.
tio of carotiroids differs in varicus forms, 3ut w’.’len studying the diffeorent quality
of pipgments in verious typres of bluirh-grecn algae it is necessary obligatorily to
consider the conditions of their existence. For exaz::gle. at higer temperatures as come
pared with normal in Oscillatcria sudbbrovis was always observed a higher coateut of
carotinoids regardless of the illumination inteasity (Ger nier,1958), The very same
thing has been observed in Anicystis nidulazs and Anabaena sp. (Halldal,1558).

Exactly like red alcme, bluislfcme‘y almae contain bilichromoproteins,or phycoe
bilines, physoerythrin, phycocyanin, allophycocyanines and others (Guerineiluniartrait,

1960).
Other Invastications

Ash content in bluishesreen alcme wmay rcach up to 10«20%, incrcasing in algese,
thriving in morc saline wators ., The hasle part of the ach is made up of farric sulfate,
rognesium sulfate, caleium an;d potassivu sulfates, Tha creater the amount of chlorineg

‘. 1ons in the surrounding water the greater :}s the sulfate ion accumlation iz

the algae cells, In ths ash were alco deteoted J43,Zn,Cu,Na,Cl (Krishna=rillai,1956).

PID=TTw63-192/1 10 '
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Fermeatc of slucthegrcen alrzae huve been only pertially investigated. Gurta,1953, )
noticed thas in the surrouniing medium they do not form, In the cells was found lipase,
catalase, proteinase, whereby the catalase of heat resistant Oscillatoria sp. has ro-
verse prozeriies (Kubin,1959). ot detected were éxq'lases. inulase, raffinase,oxidase,
peroxidase._cellulase, pectinase and plycolytic ferments,the preseace of invortase
is doubtfule The absence of basic fermonts, inherent of starch accuvmilating higher
rlants (arylase invertase), comrels to acsume, that the name "starch® attributed to
one o the polycaccharides of bluishegroen algze, appears to he conditional. It is
therefore advisable to call it "starch of bluiskegrecen®.Interccting is the absence
in Anacystis nidulans of aldolase (RicYjter,1959). This indicates the extraordinary
way of formation of hexoses during photosynthesis. '

A whole series of experimant&%?n‘ied out by Fredrick,1954, 1956, 1957, 1959 for
the purpose of studying ferments, synthesizing polyglucoside in Oscillatoria princeps.
He discovered the participation of two ferments in this procecss - phosphorylases and
branching ferment, whereby.the activity of th2 latter was approximately 20 times greatcv,.

than phosphoryleses. The reaction mechanisz of the branching ferment lies in the fact,
that the glucose radical of the glucoso-l-phosphatc attaches itself to the 6-th c'arbqn

atom of the dextran radical with the formation of a=1l,6m=glucoside bond (Fredrick,
Malldgan, 1955).(ertain differences between the polyglucoside composition of the mutant
and ordinary roots of this algee(Fredrick,1956) is expluined by the differcnces in cons
centretions of branching ferment and the Iresence in normal root of phosphorylases-
inhiviting the chenant agent of amino acid nature (195-9). from thc properties of both
rorments cun be mentfonsd the sharp irhibition of same by ionic surface=-active sub. |
s4aances and metal ions, This inhibition is removed upon the addition of intrecomplex i
ccnpounds, such as ethylenedieminotetra acetic ard koyevaya ? acids. Ion surface act.
ive substances, apparently, physically block the active centers of ferments and hinder

in this way the formation of fermnt-substrah‘ccmpmndl (Fredrick,1957)
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Group of vitamins with By, factor (cotalamine) was found in Anabaena cylindrica
in the anount of asbout L mz in 1 g of dry weight; this value is of the very same muge
nitude, as in bacteria, but hisher, than in other algae and higher plants. Cyancobvala.
mine constituted 65-707 of this amount, found were algo traces of A and B fuctors
(Brown, Cuthbertson, Foez, 195%)e
Separation of orgaﬁic substunces by bluishe-preen algae has been noticed repeatedly.
In addition to amino az;id‘s and peptides,were detected separated Oscillatoria splendida
cells of mucoid polysaccharides of oxalic, succinic, citric,tartaric acids, as well
as volatile substances of thc nhytocyte tyrpe,representing aldehydes and volatile acids
(Coryunova,1950), Similar ceparations of certain representatives of bluishegreen ale
gae may exert an unfavorable effect on the quality of water, making it poisonous for
fish and animals. Substences, separsted by bluish-éreen algae in greatsr quantities,
at points' of their mass develomment, apparently, play a greater role in the formation of
sapropela, dirt arnd humous soil complexes,

The nature of toxic substances separated by certain bluish green has been investigated
very little. Toxic substances of filirates of 5-6 week old cultures of Nostoc muscorum wer:
found to be highly soluble in fatty solvents, but not in water, They had an alkaline
reaction, fluoresced in ultraviolet light, But their nature is unknown (Jacob,1957).

Folyphosphatcs were detected by Keck,Stiech,1957) in Phoraddium sp and Oscillatoria
sp, and Tischer,1957, discovered sawe in 18 types of bluishegreen algae, |

Conclusion

It is evident from the presented review, that in recent years the number of investi.
gations on the chemistry and biochemistry of bluishegreen algae,has increased, This
is due to a whole series of h{ighly noticeevle differences in the data of alsne and
other organisms, In first place atiention is attracted oy their noticeable abilily

to fix atmospheric nitrogen, in spite of the fact that the substances formed thereat

are not apecific only for bluishe-green algae. luch remains unknown in the mechaniam
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of fixing {the molecular nitrogen.

ngong the additional pigments to chlorophyll om 1mportént is taken up by bili=-
chromorroteines or phycobilines - phycoerythrin cnd plwcocyanines."l’his brings them ‘
closer ito red algae,and td the properties of carbdl'\w/drates as well, :

The properties of bluisherreen algae make them a quite interesting object for
studying a whole series of general problems of biocheuietry and plant physiology,
the more so, since the separation of rpure cultures frowa thedr natural populations
can be realized relatively easily with the aid of certain antibiotics (Zehnder,lughes
1958).

Although the total productivity of bluishegreen is consideradbly lower than the
productivity of such algae, as diatomie, in freash waters it may constitute a greater
relative velue and exert an influence on the tiological productivity of this or any
other reservplr, It should be pointed out that the: photosynthetic ability of bluishe
green is always lower than that of diatomeae (Tsyrina,1959).

The content of albumina in bluishegreen algac reaches up to 35%, carbohydrates
up to 70%. lipides up to 10%, ashes and other substances constitute 10«207% of dry
weight. If it is assumed,that the amount of lipides in these algme equals 6% of the
organic substance, then a 100 g of this substance will heve L4l calories, But in spite
of the quite oreater calculated caloricity, & series of data alioss %c assume, that :
bluishegreen alrae do not have greater nutritional vaiue for plankton enimalc and
fish, In favor of this are speaking the results of chemical anal.ysea (about 65% of
organic subctances constiiute highly stabdble tc hydrolysi:s cerbohydrates), byirobioe
lozdcal invertigations and observations of water quality, of water which "blooms®

with bluishepgreen algao,
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