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Chemistry of Blue-Green Algae (Cyanophrycae)

by

G. K. Barashkov

Bluish-green algae are distributed preferably in fresh water.taring same periods

of the year the sea form of these algae may constitute a considerable pert of the

phytoplankton, but their total value in the sea is inferior to the role of other types

of algae.

In recent years are appearing quite large numbers of investigations dealing in

photosynthesis and mineral nutrition of bluish-green algae, as well as dealing in

other problems of their physiology. In thece conditions of great importance is the

knowledge of their chemical composition as bases to comWehend the processes occurring

in them. The knowledge of the chemistry of clgae is also necessary for proper evalu. -

ation of their role in nature. The existing revicw of the biochemistry and physioloS

Of bluish-green algae (Fogg 1956) has becc somewhat obsolete, besides, no suffi-

cieut attention is devoted in it to the chemistry of theso organi.ms.

Carbohydrates

"The total amount of carbohydrates in bluish-groen algae reaches 70-75%, i.e.

the very same order, as in brown and red algae (Coryunova,1950).

L•ono and Oligosaccharides. Conventional determination of reducine sugars in alc(ohol

extracts of bluish-green algae with the aid of Peling liquid always gives a nei.

ative result. For example, S.V.Goryunova (1950) found no reducing sugars i- C.-cilla-

toria splendida, and (Payen,1953) in Rivularia bullaet, Calothriz pulvinata an, :;ostm.

cmne. But in some form have been found traces of free monoses. And so, with

the aid of chromtographic analysis of alcohol extracts Nostoo muscorum orwn in an

artificial modium frn C14%0, was found glucose and in free form, and in for..i of
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£Phospbafe (Norris U E'orris *R*Z; cp.lvvin, 1955). It msut be taken into omiai~cration.

hOtieTVe that UOStct POSSesses a L-ýLter sliqr cover, and this docz not a1lol to ob..

tain a bacterial less culture, It ic therefore nmoessary to practice carc with rr,-;oct

to thin fact*

f~oli~osaccharides ia .4,uishm-cpeen alyea have been dotectied trebalose-suzaar,

found under natural conditionz only in =hroom3 and red elgae. In alcohol cttra.olts

Nosto~w~corium wore detected tracc3 of sacoharose (Norris,"'; :ýorris 3.L.Calvin,61955)

but this is not ','thout doubt.

2byss Up until. ncrw Pol'A.'o-,cc~iridcn of 'bluizh-_-Xen hacebve mot been sut..

ficiently investi,-tod. But a majo~oity o' scicatists, occuyingi thanselvos with this

problem, assumes, that the bosic cc=z->oncnt of theoe -1lgae crc ru.coiA ;o3.ysacohari'idi

analogous to such of red s1c'ae (FoL_ !0/) It hczdbe pointcý out', that since 1938

when Payea undertook to ,tudy 31ug:s o-7 three ty;i~cs of '-luish-Lyoen algesWep i5e In

explainine the structure of thesc z£oiyos'cs wao vor.y xsnll, rýrtially because of

their exclusive stability to acid aiul *lk,:li hyd~rolysis. Kylin (1943) discovered a

free sugars in sea algae Celothrix scopulorum.

ýuco2g Polccbarides of bluish-g~reen. algae are well extracted by hot vafte

eztraction.In this way was extracted a slugg from 11,ostoc; sp. (11ouh,3on,ZmeVAW~szl952).

from 2hormidium tenue (Ehyen, 1953), from Rivularia s9.(i:hyen 1938) and from calothriz

(2Cyin,943. Jon Anabaona cylindrica these polysaccharideo wore extracted with a

V4o- sodiuz bydrozid. (Bishop, ,=A9 1hig h.hes,l954); fra2 Oscillatoria splmndifa P with

hot 2%-hydrochloric acid (aoryunove, 1V,50); form, Nostoc massoww - 10%otriohlcwmetic,

acid and then settled with 90%-ethanol (Bisums,l957a)e In the ls ter "Ms t3ja yA*3A

equalled 3.5 - 4% of dry woi,:ht of ol~aeo

In IVrdralyactes of various al,-c -ire dP103cte! various sugars and WemU ad&,*.

'len"e investigating polysacacharide's of frwesh water ttlv~ ~o zidium to"* Was*"i

a 4IW*-yob17 -exista , in which aftUr eo~t hyalrolyzia were f ;tmd I o ~

2
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nose, Gl.ucose, and galactose. From neutralized hydxolysate was obtained a lig~ht depoaitiJ

of Mannuronic acid (Peyon,1953), 1freviou-1y9,whcn hyd-rolyzing polysacoharides from

Rivularia bullata, Caiothrix pulvinata and iNostoc commne were obtained in addition. to

uronic acids Glucose and arabinoso in the first aleae, Calactope and. mnnnosc in the

second and arabinose in the third one (1byan, 19'38).

Ivkwoid poly sacohar ides from-. Ca].othrix scopulorurn have in. their composition

estexr-bound sul-furic acid, n'cutrnlized by cslcii' .- O s mangnesiuxn (1ýylin,l9,43). Thiq-

53Lloey with no2.ysaccharides of rei clgae suiplern'rnts the difficulty of their brdr~o.

iyzi~. nd o, ~he: hyrol .;n -l)ues of ::ostoc it is quite easy te hdo so albuut

60%. rThc remeiniiC: part cle~aves 't :3 nuch lo-ecr rate. Tlaa pocrly hydrolizablo part

consistet of uronic acids- Clucouronic a!Vd Calr.ctouxonic. In spite of the Oreater resist..

j~cijof the pol.ysaccharide to b-d~rolysis, it1 was o~~eto ettablish, that it con-

tains about 30% of hexuronic acids, 109 r)amaose,2$;ý4 )ylose and 35% ,4aclwoze with

small admixture of Clucose and unidentified sug-ar (I~ouih,JTon.-,Rý.adinan~g,l92),

Polysac char ide z.extra ct ed from iNostoo rauscorum, with trichlortcotic acid a~nd V-so-

lution of caustic soda, were fcund to bu v-.ry similar in qualitntive cumposition

(Bieuvas.1957a). It was exp~ainedothat thezýe polysaccharides, or polyeacobaride, are

in someway bound with nucloinic acids of the coils (~wsl5)

A highly resistont to hydrolys~is polysaccharide was separated from Anabaena cyl-

intirica. After continuous 1*ydro3ysis the researcbersadetected in it glucose, &alz-ctooc,

xylose,rharmnoee, arabinose and C~lucouron-ic cold. mh :olar ratios were found1 to be

'5:134%lsl&4 reepectively (Bi-chop, JAdaisIluhi esc-,1954,). Thc structure of the ~lschrd

hanot been izmcotirated, it can only be ascurned .2ftei continuous turning of the

u..tracts, that mostly .in it are ulPha-form :As i:,Peiuazts with acetylation

o: this polyzaccharide wore foum! to be without resul.ts,

It is evident from above mmntioned data th,,tv do xLot coincide with each other

ueither in quality nor in quantity* Abst likely this is explained by the fact that

in. blulish-Grecan algae exist several. hard to se~narate polyosea,differing in various
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forms. The opinion wa nlz e•.re1asc, tbat these polysacoheridos can be found in

several states, diffcrir. frcz c:ch other in physical properties. These differences ore

caused by various deorees of deasfre tion of molecules (Gmr•unova,1950).

As a gen•eral jroperty of inucoid polysaccharides of bluish-crean alCae should be

mentioned their poor hydrolyzability with acids ond alkalis, The fact of incc'ipl':te

hydrolysis of Oscllatoria a:.oina shells of lolysaccharosis with lyrocine also attest•

to the same (Fuhs,l ).

We can speah about the rresenice in bluish-Creen alce of a reserve polyzci'ri.c

. a starch of bluish-•.oeen 0. Thcy arc dctectca by the reddish-brom color w.ith iodis-t

* and, probably, are present in nlcats in form, of submicroscopic r-rcnules (Kylin,

191!3). Prior to Xylin's investi:tion this Clycogcno kind substance has been detecied

also by other scicntists (-Ic'glr,1901, Juctschli,1902, Fischor,l1905, Pyen,1938).

Starch of blue-greens from Oscillatoria sp.was separated with cold waterin which

it dissolved well. The sclution had Creater positive rotation (Fough,Jones,Wadman,1952).

This 'starch ' hydrolyzed easily with a m&at extract and mineral acids, but not with

acetic. During fermentation hydrolysis the given polysaccharide,sparated from Calothrix

scopulorum, gave maltose and glucose (Kylin,1943). This allows to assume an alpha-

form 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 from Oscillatoris

sp. it revealed a positive rotation. In hydrolysate with the aid of paper chromato

-raphy and a colui.n were found trimebhyl-,tetramethyl-and a small amount of dimethyl

glucose (Hough,Jones,W'adman,1952). These data allow to assume,that per average number

of glucose radicals, equalling 23-26, in the chain of the a.ylopectin type exists one

nonreduced terminal group.

iv•oleculas of somewhat different rulue give the synthesis of starch of bluish-green

from glucoso-l-phosphate with the aid of ferments from Oscillatoria princeps. The

synthesized polysaccharide contained 14-16 glucose radicals. Its remaining properties,

such as solubility in cold water and coloring with iodinej coincided with the pro-
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parties of natural starch frco bluish-greens (Tredrick,1951, 1952, 1953).

In addition to slugs and starch,Kylin,1943 has occasionaly found in bluish-greens

a substance, reacting as cellulose when treated with iodine and sulfuric acid. TWhen

studying the structure of the cellular shell of certain types of bluish-green algae

with the aid of an electron microscope were found fibrils of a cellulose like sub-

stenace (Schulz,1955; Drews,Niklowitz,1956, Niklowitz,.I•ews,1956).But thorough chemical

analyses revealed practically no cellulc•se in Oscillatoria splendida (Goryuno.a

1950). Qualitative reactions in this substance (I.e.tzner,1955) during the ctudy of
certain

five types of bluish r reen algae were found to be neSative in contrast tof results

of Kylin.

Qiantitative reactions of carbohydrates of bluish-green aleae are no* personified,

with the exception of the starch reaction. The cellular wells of certain algee as result

or treating with periodate and Schiff reagent (leukofuchsin) are colored red (Prings

heiml9j4). Sach a color of the shell is obtained after treating the algae with a

reagent on a pectins substance of higher plants - with red ruthenium. The methylene

blue colors the cellular walls in blue colo, reaching in some instances to bluish

violet. All these date! as it would appear, indicate the presence in the cellular walls

of five investigate, types of algae of pectin like substances (Mietzner,1955). It is

known however• that similar reactions give also other polysaccharides, with uronic

acids in their composition. Consequently the results of micvocbemical - qualitative

determinations should not be considered as proof of the presence of these or any Ot-

her polysaccharides in the algae.

The availcsle data on the chemistry of carbohydrates allow to assume a greater

affinity between polysacoharidem of bluish-green arii red alpo.This is confirmed first

of all by the presence of trehalose and easterification of polysaceharides with sul-

furic acia. The very high stability of the carbohydrate complex of bluish-green algae

even against highly reactive reagents also reminds the propert .es of polyoses of red

FTD-TT-63-i93/i 5



algae.
;;itro-en containing compounds

The amount of nitrous subst-,nces in bluish-green algae is quite high. The total

content of nitro,,!en in Awbabena cylindlica culture of normal rrowth -,oes up to 6.rig

of the dry waeight of ce2lls, ar-d albumiia %mu discovered in the ta-,Iount of about

(Fovwden,1951). In contUrast. to rcp)re.-cntntives of other types of ac1,-ablue -frro er.U'

show, no reverse connection bet-*!een the3 accumaulation of lipides and the content of

nitrogen in the cells (Collyer, Fo'-.195ý). Th'.i eontent of nonalbuminous nitroCea in

these cells may exceed the content of' albuminous nitrogen. This has beecn observed by

(1rishna-piilai, 1956) in Oscill- toria, S,-irulina. Aphanotheco and Thorn-iddium tenue

of salted laCgoons of India.

From individual alburairr, fro%.~ bluirih-rrcen algae are Icn~zw)hromoproteides- rhyco-

erythz'in and phycocyaninca, w~hich a. s,:-r to be adC-itional :i."mc'ts in them *A study,,

of r~hycobilines from Arthros~irr. mexinra chorweA that it contains two phycocyanines

C-phycocyanine and allophycocyanine,differioit- from each other by the chroraomor~hous

groups (O'h-Eocha.,1958). In addition(7- 4.-atrc,1953) found in cells of certain types

noticeable granules, conasistia,- of resurve albumin of bilichr-c~ioprotoide' *Cyau."itycino.

Thea small nuclei of cyauoj.hýýuin, a nu-iber of other formationa, in 18 f'ormis - A'iabaena

.ýostoc, Cylindro;7;,crnnu, 2ý-tnýn. 'Luyj~cthrix, Oscill~itoria and Lrn,,,bya havv also

been observed by Tischer, 1957.

Albtt-ina of bluish-Cre..-n r,1Cac cca.-ist of ordinary E~mino a-cids.ý the amounts of

w~hich contained iu sorte of' the4 are described in table.

Araino ncid composition of 'Oluir.-zhroen alC~ae (in I of tbe nriount, of al.
bumainous nitroc'ae).

"xino acid ! I -ŽAiino acid 3~; 1"%% ,

Glparic (0-.5 1-41 44/ rgEidinte 1.1 2.2.
Threonina f-' - I.2 Lysineo 6'.10 0.0
Alanins i S.2 k.V9 T'ryptophan 1-e 0.2.
T~jrosine I.h If .7 2.1 ;.Gthionine 1.,2 2.0

rv)-TT-63-l93/3. 6



tabit! centlinuc(=

Yaline 1.0 C.? .ystine - 0.0

Scrine 2.4 --. , -um•nies " . I
Glutau4 .C. L. A 4 % O.•r oline -- 2.3

Lcueno , .2:L ý.Iss -5.4
Isoleucin 4. - .4, -oa irogen q4. -.1 1(0 q 3.33.9G -1.__otlnt

xToline 5.0 '7.0 2.5

It is evident fromt this tablet thEt iii the invo-tiS'ted aloae are ncountered

reL-tivaly lar•c quantities of CEiiiinc eaO. amides. Ar(,inine is detected also in

the composition of the central body and cytoplasma of certain blue-green algae and

by the positive histochemical reactions (Bimms,1957?).

Of other amino acids could be menticned the ;r--sence in hydrolysates of Anabaena

cylindrica, Oscillatoria. * icrocoleus va•inatus -iixC i°stisocladus laminosus a.P-diami.

nopimelic acid; its amount constitutes 0.1 - 0.37. of the dry wzeight (;4cr'kDewey,1953).

In his review (Foag,1956) underlined, that thiz acid was found also only in some bac-

teria and in vreen algae Chlorella ellipsoidea.

After incubation of Nostoc cells .:ith sodium bicarbonutecontainiag traced carbon C14

within a j-eriod of 5 minutes and studyir.G the alcohol extract froa it was obtained

active citrul.ine. The basic part of the activity, up to 7o%,belon6ed to the carbaz1

Croup (C:•-CO-NIM2) and only 2-3,% went to the carboxyl group (Linko,Holm-Flanson, Basham,

Calvin,1957). Carbanl groups go. next, most likelyfor the qnthesis of nucleotides.

j.,4cleoprotaides, of bluish-green algao ure no differnt in quality co:.position from

nucleoprotcides of other orgnisms (Biswas,1956) Viockeridgcl027, was firet to find

adenine, guaninccytosine and uraryl in Nostoc hydrolysates and he identified same.

Then Biewas,1951 ;,a pyronine and methyl ceen dye came to the conclusion about thc

accusnulaticn in the central Part of calls of these algae of riboaucleonic and dosoy

ribon&clee ic acids. agoe, Burris,1954, fT,.ua in :ýostoc muscorum adenine, cytoeina,

•-anincothymine, uranyl and zanthine, the . .ounto of which were 04o, 1.1, 0.3, 0.3, 1.0

and 2.3% respectively of the total nitro,. '1 the hydrolysato. It should bo pointed

out, that qualitative reactions can also 1-'. lead to .ronc c;nullusions. Anrl so,
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cells of Oscillatoria prince.)s Zavv no positive Feylgen reactions-characteristic re-

action for nuclear substance. Apparoetly, this can be explained by the prcsence in

algae cells of certai4 aibuý:.na, suppresoing the Feylgon reaction,

It was fourn, th.4t in rCM (aiso:zjribose nucleic acid) the ratio of purines to ;yri.

miiines equals 0.79 (CMinke, Ishid!;,Ueda,1957). Tnis ratio docs not aopear to be con.

stant for various bluish-grreea alg-ae. For examplo,in LUC of fresh water type - Anacys-

tis nidulans-it %sl fou:n• to be c-aal 1.04 (Low,1958).

Iteridines have been deteoteJ chrcaatoLraphically in Anacystis nidulans, Afabaena

variabilis and Nostoc ziusco=um ia nzount.oqualling 0.1-0.2% of dry weight of algae

(Forrest, Van Boalen, Vtrers,1957), and from A.Nidulans was also separatcd alpha-clu-

coside of bioptorin (Forrest,Van Baalcn,slters,1958).

But the question concerning the prcsence of pteridines in living cells of algae

remains unanswered, because a thorough study of the condition of formation of the

yellow fluorescent compound on chrorntogrTams showed, that it appears to be an arte-

fact of chromatography on paper (Fuller, Anderson, Nbthan, 1958).

It has been noticed already long aco that in waters blooming with bluish-green

algae (in reservoirs), together with a reduction in the nurber of nitrate and amno n n

nitrates appears and accuximlates with time organic nitrogen, mainly in form

of amino acids(Aleyev, 1o.dretsova,193?). The fixing elementary nitrogen can be sepa-a

rated in form of peptides as well as azaidos. '.is was shown on an Anabaena cylindA k&

Sculture. It was explained that the separated substances are not specific,for blujsl.-

* Green algae, nitroocn fixation products. They are necessary for normal graowth,

and their separation takes place always~when the algae grow under normal conditions.

This separation does not depend upon the volume of culture media,. Xesence of

accessible bound nitrogen and Clucose, as well as upon the difference in liaht ino

tensity (Fogg,1952). PTe ability of bluish-geen algae to fix at ric nitrogen

is being used practically in China. Into water, which cover rice fields, are addcd

PTD-TTl-63-l.93/i



certain cultures of actively binndIng nitrogen of bluish-green algae to fertilize the

rice with nitrous coupounds.

As already mentioned, bluish-green algae by the qualitative amino acid composition

and the composition of nicleinxc acids are no different from other algae* Consequently

efforts are made, on the basis of data pertaining to amino acid composition of algae,

to compare same to plants, offering most valuable nutritive albumina for farm animals

(Kclousek, Zazvor1a,1957).But the mechanical uoo of results of chemical analyses to

evbluate the nutritive value of bluish-green algae without consideration of other

factors may laed to a -reater error. And so, the introduction of freshly collected

cells iicrocystis aeru.inosa into the abdoninal cavities of white mice caused pcntiag

and death of the animals within 4-48 hours (Righes,Gorham,Zehnder,1958).

Lipides

"The content of lipides in bluish-grcen algae varios within mall limits. In

Anabacna cylindrica and Oscillatoria culturas the lipides amounted to 2 - 12% of dry

weight (Collyer, Yogg,1955) .

Fats in Gloeotrichia echinulata consist in approximate 60% of unsaturated fatty

acids, ice.they are analogous in this respect with lipides of other types of algae

(,azur,Clarke,1942). In addition, Mazur and Clarke noticed the presence in that algae

of alcohols and hydrocarbons. Goodwin and Taha,1951, detected in Oscillatoria sp.

unidentified steroides. On the other hand Csrter and co-workers found no sterols in

the investigated algae (Carteor,Heilbron,lthg(e,1939).

lPigaeats of bluish geen algae have been tuite thoroughly investigated. In the

review, acvoted to Aigments (Cook,19l5) noticed the preoencc in them of chlorophy'll aq

beta-carotin and several unindentified carotizoidos. In addition to chlorophyll a

Handko,1954-1955 in alcohol extracts of 10 types of algae, obtained in pure cultures,

detected chlorophyll b. Chlonrophyll b was also found in aloes of hor sources Yellow-

stone Park, California, 1evada (2mman,1940). Still Fogg does not consider irrefutible

flD)-TI63-193/i 9



the presence of chlorophyll b i.n bluish-Creen algaee F~l5

Of the osrotinoids, in addition to beta-carotin, were found small amounts of alpha-

carotin., n'coo~ntlieno ,i:,yxozzan'thophyll and o~c illaxanthine C7Carrcr * Juckocr .1950) .ITn

presence in bluish-creen a1~ao of =V.:ix'nthiao is hi~hly specific an, cal. :ýrerv at

an indication o.2 their develoX~ent, if in the past this suqac is rcund- dlurinj: t~i'c

,ýtulky of dopqsitiorns in t; As or any ~.ther roservoir (Vallcntyn~e,l934)-A..Plnj all caro-

tiinoids per fraction of carotIn 3~~%belong in Anabaena cylindrica, A.variabilis,

Coccochloriq elcbens, Cylindroý-,Derrruu sp, 1Ahsti'-ocl-ndus landinosus,iVacrecoleus Vasinatits

.and U1ostoc: muscorum algae. OtIhcr is_-ortivrit ccmponents of carotinoids in these

algae are ochinenons, nrpxoxanthophyll and zeaxnthin. .zxtein has not been found in the

enumsr'ated algcae (Gooa-Ar.:i1957; Ti'cccher, 19,58; ILefrancois, 1960).

In this way, by the ca-nposition and~ ratio of carotinoids bluish-_green alLIae dif-

for from other photos.,athe sizing organisms. It is necessary to mention, that tho ra..

tio of ourotiroids differs in varicus forms. But A(ea studyini' the different quality

of pi~uents in verious typ'es of b~uir:'--,roen algae it is necessary oblioatorilv to

consider the conditiona of their existeiuce. For examples at hiCer temperatiures as com.-

pared with norzal in Oscillatoria subbrovis was a-ways observea a highew coateat of

carotinoids re~ardless of the illumnination intensity (Oawnier,l958). The very same

thing has been observed in Anacystis nidul~'aa and Anabaena sp. (Halldotl1,J958).

Mmoctly like red al.,e, bluisif algae contain bilichronmoproteins,or phyco-

bilines, physoerythrin, phycocyanin, allopbycocyornines and others (W.erinpiAux&ar trait,

1960).
Other Irriasti~at ions

Ash content in bluish-,-reen al-ac mnay rcach up to 10-20%, ilicrcasing in algae,

thriving in moro saline wators . Thex basic part of the ach is made up of fvwrie, su~lfate,

magnesium sulfate, calcium and potassitra sulfates. Zia Creater the amount of clalorine

ions in the surroundine water the greater ia thc sulfate ion accumulation in

the alea. cells, In thq ash were alco, detected ;3q3,7,Cu,I~a,Cl (&fishnna-iJlai,1956),

Fl"D-T-163-l9,/l 10



Fermcnto of bludh-(Xeen algae have been only partially investigated. Clzpta,1953,

noticed that in the surrounlinC medium they do not form. In the cells was found lipase,

catalase, ýroteinase, whereby the catalase of heat resistant Oscillatoria p• hats re-

verse properties (Mibin,!959). ':ot detected were earqlases, inulase, raffinase,ccidase,

peroxidese, cellulase, pectinase and Clycolytic fermsntD,the preseace of invortase

is doubtnfUl. The absonce of basic fermonts) inherent of starch accuimtlating higher

plants (an-'lase invertase), compels to acsune, that the nnm OstarchO attributed to

one of the polysaccharides of bluiah-groen algac, appears to be conditional. It is

therefore advisabla to call it Ostarch of bluish•-roen%.Interczting is the absence

in Anacystis nidulans of aldolase (RicUter,1959). This indicates the extraordinary

way of formation of hexoses during photosynthesise
wer.

A whole series of experiments carried 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 process - phosphorylases and

branching ferment, whereby the activity of tha latter was approximatel3y 20 times Creater

than phosphorylases. The reaction mechanism of the branching ferment lies in the fact,

that the glucose radical of the glucoso-l-phosphatc attaches itself to the 6-th carbon

atcn of the dextran radical with the formation of a-1,6-glucoside bond (Fredrick,

.alliqan, 1955).Cartain differences between the polyglucoside campositi of the nAtant

and ordir.y roots of this algat(Jredrick,195 6 ) is explained by the differences in conp

centrations of branching ferment and the presence in normal root of phoophorylases-

inhibiting the chenant agent of amino acid nature (1959). Frcm the properties of both

fcnncnts ciii be mentioned the sharp inhibition of same by ionic surface-active sub.

:taaces anti metal ions. This inhibition Is removed upon the addition of intrecom.plex

comnounds, such as ethylenediaminotetra acetic and kcpevaya ? acids. Ion surface act.

ive substances, apparently, physically block the active centers of ferments and hinder

in this vey the formation of ferment-substrat4 ompounds (Fredriok,1957)
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Group of vitamins with B1 2 factor (cobalaisine) was found in Anabeena cylindrica

in the amount of about 1 =, in I C of dry weight; this value ;a of the very same mu--

nitude, as in bacte.ia, but hicher, than in other algae and higher plants. Cyancobala.

nine constituted 65-70% of this amount, found were also traces of A an1 3 f4ctors

(Brown, Cuthbertson, Fo&5 , 191'l6).

Separation of organic substancos by bluish-Creen algae has been noticed repeatedly.

In addition to amino acids and peptides,wcro detected separated O0cil!T.toria splendida

cells of •mcoid polysaccliarides of o,:lic, succinic, citric,tartaric acids, as well

as volatile substances of thc phytocyte typerepresenting aldehydas and volatile acids

(Coryunova,1950). Similar coparations of certain representatives of bluish-&Teen al-

gae may exert an unfavorable effect on the quality of water, making it poisonous for

fish and animals. Substances, separated by bluish-Treen algae in greater quaftities,

at points of their mass develo.•nent, apparently, play a greater role in the formation of

sapropela, dirt and humous soil complexes.

The nature of toxic substances separated by certain bluish green has been investigated

very little* Toxic substances of filtrates of 5-6 week old cultures of Nostoc muscorum war,

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 (3acob,1957).

2olyphosphates were detected by Keck, Stich,1957) in Thormidium sp and Osoillatoria

sp, and Tischer,1957, discovered same in 18 types of bluish-green algae.

Conclusion

It is evident from the presented review, thatt in recent years the number of investi-

gations on the chemistry and biochemistry of bluish-Creen algaehas increased. This

is due to a whole series of highly noticeabhl, differences in the data of alge and

other organima. In first place attention is attracted Dy their noticeable abilits

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

are not specific only for bluish-geen algae, I.urh remains unknown in the mechinium
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of fixing the molecular nitrogen.

Among the additional pigments to chlorophyll Dm important is taken up by bill-

chromoproteines or phycobilines - phycoerythrin and phycocyanines. This brings them

closer to red algae,and tU the properties of carbohydrates as well.

TMe properties of bluish-Creen algae make them a Tuite interesting object for

studying a whole series of general problems of biocher.stry and plant phyeioloey,

the more so, since the separation of pure cultures froma theJi natural populations

can be realized relatively easily with the aid of certain antibiotics (Zehnder,1ughes

1958).

Although the total productivity of bluish-green is considerably lower than the

productivity of such algae, as diatomic, in freash waters it my constitute a greater

relative value and exert a-. influence on the 'ciological productivity of this or any

other reservoir. It should be pointed out that th2 photosynthetic ability of bluish-

Green is always lower than that of diatcmeae (Tsyrina,1959).

T~e content of albumina in bluish-green algao reaches up to 35%, carbohydrates

V to 70%, lipides up to 10,1, ashes and other substances constitute 10-20% of dry

weight. If it is assumedothat the amount of lipides in these algae equals 6% of the

organic substance, then a 100 g of this substance will have 44 calories. But in spite

of the quite -reater calculated caloricity, P series of data alla0s to assum, that

bluish-&reen alCae do not have greater nutritional value for plankton animals and

fish, In favor of this are spoakini tha results of chemical analyses (about 65% of

organic substances constitute highly stable tc hydro3.lyris carbohydrates), bydrobio.

.o.ý±ical invectigations and observations of water quality, of woter which 'blooms

with bluish-Creen algae.
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