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Chemistry of Diatato Aloge (IATOWAZ)

by

0. K. Barashkov

Diat••ic alga. are widely distributed in natuire, especially In seas, where

StheY form enoVMous Masses of organic substance - about a half of the amount synthe.

sized on the gtobe within a year.

They have a brwnish color with various shades of yellowness and greenish*

tinoes. This is due to the presence in them of a complex of pigments additional to

chlorophyll, known under the general name of diatomin (diatomite). The characteriau:

difference of diatoae from other algaea is the shell of various de•Tees of 81-

lification, consisting of two halves. The component part of the shell are cousidprei

pectin substances, and the product of assimilation and a reserve substance - oil

(gauze, Poahkins-LAvrenko, Sheashukova,1949).

Development of diatomic algase in seas of noderate and high latitudes assures

approximtely tenfold surpssing of primary production and baemsses of the plankton

in these latitudes as compared with tropical zones (Bogorov,1958). A generally adopt.

opinion about the diatomc plvtoplankton as a source of feeding plankton crustaceaq

basieally copepoda, which in turn are consumed by much larger a.nials (Zernev,1931tj

ZgnkevicJ4l951.).

The interest to the chemistry of diatanmse in determined not only by such first

rate lmpoeftnt problems as photosynthesis and biological productivIty at water

reaf oiOus but ale e bAeU ISh at eOPOstion•ue•eAletIon in water reseRvoves WW

emaveslos of theae sediAen4vy organic substances.

In recent ye.as thero is a noticeable increase in the intor•ect of various soxe-.

t~ste, Including bloehemiats, In diatauaew a wmbser of repwts has appeasedeomssi.



derably enlarged our idean about these algae. So far thee are no reviews of books

dealing in the chemistry of diatonic algae. This report appears to be an effort to

fill in this gap.

Carbo!Wdrates

Mone- and oligosoccharides. The chemistry of carbohydrates o! diatcmeae was being

investigated only since 1952 at the Xosoow University. G.KeBerashkov showed that

glucose and several olisosaccharides transform into an alcohol extract of diatomic

phytoplankton. One of these saccharidos coasists of two, the other one of three sln.

cose radicals (Baraohkov,1956). 'he Glucose content %fter three monthly storing of

assembled easples in an 30%,-alcohol reached 8% of the weight of the organic ýart of

the material; the coatent of olicvewccharides in such algae varied within 14-16% of the

organic part (Serenkov and Larashkov.1950).

The detection on chrocritogrems of several oligosacoharides, consisting of glu-

cose, made it posSible to assume, that oligosaccharides of diatmeae appeak to be the

product of decomposition of a me co;lox compound. It con, appareatly, tmnsfort

into high concentration alcohol with gradual hydrolysis into glucose*

Polposes. Until recently literature had no information on the chemical arnmIs

of ay mne carbohydrate or polysaccharide of diatomic algae. iolynaccharl4es of

diatomeae were conjectured only by results of qualitative reactions.

Frensel (1897) showed that under the silicon shell 1M4elosira nummaloides there 'is

an organic shell, presum=ly consisting of pectin substances. Then blanSgn (1908) on the

basis of positive coloring the shell of algae protoplasms Bidduiphia sinensis withRutheau
an annonia solution of trichloride (better known under the name rcS

Ruthenium) also made an assuaption about the presence of pectin substances in diatorio.

mae. The shell of cells of these algae was also colored with methylene bluoe safra.

nine, nutral red. Liebiach (1929) repeated Frlnzel's and Mancin'sa exzerlmantseoolcktg

the Shell of respuentativeg of various typos of algae with methylene blkeBe also

7T-TW63-92/l2
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asips using cold water. Losses of carbohydrates in sua•es aftur redeposition reache

80-90% of the initial amount (Bbrazhkov.1956).

In the mentioned experiwat in hydrolyoate samples of polyacbhaidse was reveal

gluosoe plactose, oylos, rbhaias0,arabiwo. o= mnnnoas and en unindeaoifigd suat.

anttative paper chromatography showed, that polysachaeride oonsists of 60-80% of

gluoose. A considerable pert of it is constituted also by zyoses remaining supr-

was in Iasig•W•ioant amount. Uronia acids in the compounds have not been detected

neitber by the chwomtogaphio method,nor when e.pl9ing the qualitative reaction

with carbazole. These data indicate the absence in the investigated alaoe of pectin

substances, which appear to be, as is known, polyuronides.

In addition to the experiments carried out by us in 1958,were published also re-

sults of analogous investigations in representatives of two-sided diatoneao - sea

A 0peWa rutilans (Lawin,1958) and obtained from artificial culture Phasodactylva

ricoonutum (Lewin. Levin and Philpottg 1958) which the authors consider as belonging

to dittcOaeo The results of these investigations also confirm tho absence in the in

vestigated algoe of pectin substances. In the A.rutilans hydrolysmto were detected

)ylose. wninoseo traces of rhamose and two unindentified sugars with low mobility,-

on the chrcmtogram. Neither uronic acids, nor hexaseamine have been detected, A

similar anglysis of hydrolysater of uacilaglnwi capsular mterial of oval oells

of Petriconwum, soluble in hot water, shoved the pesence in it of qyloee, mAunoOe,

fucose and Salaotoose In addition to groving the abselnce of pectin substances in all

eomorated alae, the mentioned analytical investigations give poof, that each type

of algae has a collectign of sugars, differing fram * in other alVoe

There are data•econfiring the foruation In diatmaeunder certain conditions,

of at st" c poei saubtm•es• And so, in a two-sided fo le.U Pelliculosa, aLga..

mis~ted artificaUr at insufficient content In the cltr.m4 of eewtaft~g"Owinry

for "I~s vilalit, OlqM00ts, slaeh as silicon, nitrogen V wehoomisu, was 6eteate

S the f~A*& tiaf a jelly-111. cwpmsUl arouan the cells. ftis caposul was well

,IP T4"349/l 4



5o L.. in) au &11W solution of sodium hyrodza . e ASe2Iu48 bew dm - O

in It basiesJ1' of gi ecuzonle acid (lowin,19_55a)*

When Ua.t~ipting the autolysis procesases in Y671in5 plaaktumi4 &Up* vih On

aid of luminescent cicroScopy 8.T.OCWYuno'Va (1958) found, that the ui.l10401

of Cosoinodiscus type calls, In coftrast to remining plankton d~umae AWINS U

banbardnt with ultravioleS light possess a bu'igat Mlfb nd-psean*ls aon

This in due to the fact* in the opinion of the authors that al1gae of this tyis eatoa

specific organic substances of the poectic acid types

These in~vestigations indicate that in *ns instances dis~mea aggsw~. wan

form zzacilegaguas substances of carbohydrate natue of the typo of specifte peattaft

substances, which possess exceeptiona ly hI~h stability to ebomacal ?eactiin.e

A greater contant off substances of carbohyvdrate nature , reaching 30 m i en per-

cen~taGes of organic algae substance, forces us to cnke still a-m~thr assuinwM dMZ

feriag from the gverally adopted Ideas. As has been mentioned, the prftc t sudti

lation and the reserve substance of diatomeae is c~nsidered to be oil.. a the besis

of aove m lnimed data about the quentita tive content of ear'b*4wes Is a2p

(diatomee). It Is possible to am=*n that caz'bcbhdrstea cam be reinew athetwees af

these al~p.. This assumpt ion gains stestntial confirmamf In the fact, Itht sells

at F~mooactribm triecorntm algae, situated in varimsn stages at develane (ovl af

spindle-shaped), differ sherply from each other in the content at e-"Wh zateu

oval calls eonatai 2M% and spindle-shasped - 2% of carbabIdrftes of the total anie

af organic mabotanoes (lowin, Iewis and Philpott.1938). Such 4 CbW4 A 00 MINO

of azs' given substance duriag the developent cycle is ordi ori3y owmidre as a

sive. Obeaoteriistic for reserv substance a,

About the smonts* of nitroos substances in diatumut l~Mw MA Ids sbe galset

from Uhe guite spree data an the deterlmtion of total aitr ogsabsm In *240- UA.



Table 1.

Coat•cnt of nitroCen in aiatomeae (in percentages of dry weight)

Nitrogen Literature source

,,I•vic€au jblicu :lo sa..... ..... $3. os C..Zysev a. "qgc1,5
MtI1:,,'. - Ca 14 ecc~os, RI, izose~e, iia, iW oj

M-R; t•XoV IO......i a. Sc. eto-.C .Ma, Y. oo.p 113!
Tkal .ssio . . ... 1P .

11o15L 9q7A o'&+.Ctm-&a,

It is evidcnt fria this tablo, tlat *.inly -ixtur"s o sea diatomoae have been

subjected to investi~ption. The average ar=.uut of nitrogen constitutes more than 3%.

Since the investigited cea algae have a •reater ash content (more than 50%)itshould

be concluded, that the organic part of the algae is Voh in nitros substances,

Analysis of a mixture of Far Lastern planktonic sea diatnmeas, eowisting of 90-

95% of representatives of Mialssionira type, showed the presence in them of 29,09%

albumins when figurine the org ic pert of the cells* A similar amalysis of a more

variegate& sixture of diatocreae showed the presence 1A them of 36.1% alkzmiiain ratio

to the €gmani peart (Serenkov and Barashkov,1e954).There are also data about a greater

content of albwuina in diataneae. For example, the calculated amount of albumins in

oval cells off .baedodaotylum tricornutum equalled 39%, and in spindle shaped 47% in

ratio to the organic ;ert of the calls (Lewin, Lewin and 1hilpatt,l958).

In the investivated rmxtures of Far Eastern phytoplankton almost one half of the

total nitrogen was nonalbuminos nitrogen (2.12%) nonalbumincus and 4.34% total in

the first sample end 2.39 6nd 5.08 respectively IM the second one)., In this war,

in this respect diatamio alias, as well "e a n•bw of other types of aloeo.differ

trm & em ca8s, in which nmalbuminous nitrocpn constitute on an ~&Ve. 1/10 lart

at the tot A eoonsiderable part of the nonalbtinaos nitrogen as fouedto be

1TD-I-6392/16



Leluble in ether, icesit belongs to lipides.

The at*dy of the nature of nonalbuminous nitrous substances showed that -a vme1ai

of their part is made up by amino acidssaspartio, glutamic acids# glycine, Ao390#In

tyrosine. The amount of free sndno acids reached 0.2 - 0.3% of dry weilt (eerankw

and lBaaahkmov.1954).

In the composition of albli= have been detects& amino acids ordinary for Vlanits

including all irreplaceable. The greatest pert of the albumin was med" up J•f asarifo

and glutanic acids (33-39%) as well as of lysine and prolIne.

Qpsiktitative analyses of nucleinic acids showed, that RN and E 'in toto cof-

tute about 5% of dry weight. Purine nucleotides were found in samwhwt peeter-immn

than pyrimdine nucleotides (1.0 1 0.7) Serenk1ov and Pakdcuova,1955).

The data by Low 1955., confirm the presence in diatcaeae of ordinary amino acid&.

Differences in qualitative composition of amino acids in sea and fresh water aloh•

have not been detected, but oxyproline was found only in fresh water Nitzsohia pales. After

separating nucleinic acids and analyzing sam was detectes a certain p3revaleme of

purines over pWrimidines. Zn fresh water algae slavicula pellioulona and Nitasela pales

the ratio of purines to pyrimidines was 10.3 and 1.04 respectively. and in aone 1'ln

drotheca gecills 1.01. In all instances the qualitative aoupositian of IME and RK

did not deviate from typical capounds of these acids made frc omtha seramn. 546*61)

cytoolin has not been detected (Low,1958).

LUp~des

Lipides appear to be the most investigated diatomae aubstances, theMy awe unLaer

extracted from eells and are owd.narily contained in greater quanties. the ,gamll.

tatively soluble in bemaens fraction ftvieula pell•iuloss was lw%5-jU C i y dr-vy

(CODlyer and log& 193_551 Feoga9 ). Zn itaisehn a sp algae in artifiqj aohe

content at eapido was lower, reaching only 9a5% (Deautic:asaten and ashes W49)

On tUe averse. t.ln Into consideration a preater amount at ashes in. istame IS

7



is possible to assume, that they contain about 20% of lipides. For example, a mixture

of sea diatcmeae had 10% of lipides at 50% ash, another mixture contained 15% lipides

at 369 ash. A mixture consisting of 75% Rhizosolenia closterium had 8% lipides at 46%

ashesa and artificial culture Nitzschia cloateritum had about 59 lipides at 4i2 ashes

(Clarke and Mazur.,1941). A ,mixture of sea. planktonic Far Zastern diatameaeaconstittii.

Ing 90-95% of Thalassioskra type algae had 15% lipides at an ash content of 52.3%, and

in mixture of Thalassiosira (75-80%), Fvagilaria oceanica (5-7% and Chaetoceros fur.

cellutus (10-ý5% was found 16% of li;ides at an ash content of 53,2% (Serenkov and

Baras 51kov,1954).

The total amount of lipides, roduced by di(Iczeae, is considerably greater*

since about 10% of the dry weigrht of algae cells are constituted by lipides,fo-med

alive in the medium. In a culture modium, in which Synedra sp ha been Ser. inate4

S.V.G•-yunova (1954) were dotecteck considerable quantitios of lignoceronic acids.

rats constitute in Nitzschia lipides 80_5%. Amona triglycerides were dotocted. the

followings 1) glycerin-stearic acid, glycerin-oleoic, glycerin-linoleic, 2) glycerin-

linoleic, glycerin-stearic. The iodine number of this fat reached up to 116 (Deutich

and others 1949; Kathen,1950).

Judging by the acid composition -Iitzschia closterium fats represented a mixture

consisting of saturated acids with C1 4 8%, C16 17%, C18 2% and from unsaturated acids

from C14 l% C1 6 36%. C18 20% and C0 16%. In this way,tha basic mass of acids is

represented by unsaturates (Lovern,1936). Approxziutely the very same ratio of satu-

rated and unsaturated acids is indicated by Clarko and Iazurbut they detected more

high molecular acids. And so, of all unsaturated acids per fraction of the acid fram

Cu26% was from C22.24 319 and fromi C26. 3 0 11%

Determination of the Mpunt of triglycoerides only by the saponification resu.ts

fo dietansas lipid.e does not appear- to be without errars. This was shown by a

and 1941#. a an artificial culture of Iitzschhia closterium and M a MuXtWe Ot.



m06diatmafe as well. Xt was explmnedo that In freshly prepalaI &Us. thur. -M I

somwhat Moe of free fatty acids, than bound oaes. The ocmposetica mof £iLtcine 211Mg.

found by them, in given in table 2.

It is evident from the dat+f thin table that the amount of free fatty marid de.

creases during stor•ge. A study, of this phenomenon showed that after a six month nto.

age the content of free fatty acide in the lipides deceasenbut the enount of lo.tto

oarbons increases. Clarke and Mazur consider this lphmencon as highly isportant frc€

the viewpoint of petroleum formation. In a nonsaponified fraction they found a Fo•ut

of the sitosterol type.
About the quite larger content of sterols

Table 2. Composition of diatameae li-
pider according to Clarku and Mazur- in Navicula pelliculosa, of the order of

Fracionofn%)0.01 - o.06% of dry weight, was rporte by
Fraction ofq

lipides 4Low,19_55. It ideatifiet the basic eecpnent

___ __ 14~ as codi]~ n

Free fatty qJO 9. '10 54 Iimewts of diatonae are listed in the re.
acids
Bound fatty sume by ook,1945. He noticed the presenceac itds !11 5 1 1

Noft-sepcul of chlorophyll A and C (chlowctaines r
fying fract-
usm - I2 choohl 6-aaief9cntit
Alcohols 3 -

itrdrocarbs 3 - and pigments,con¢titutifg the diatmsee

(neofucozanthine, diatianthifh and diadio.

zathine). Apparently, diatomes have ch1cro.

phyll capounds -albim2n-fueosmathine, To the very same conclusion cas Vassink and

,erste•,1947) when stu•ing light absorption by alcohol extract•s and live

ella of Nitasocha disuupats.

Arallosou oeqiu*W allm with the aid of an enaerg muiatio nechanSm to

t Aat the enaor of .aattwa absoPtion to the necessary alaee not m ficea

cblop01lt. moleculesbut also from iole••I•e of other pimnts. Zhi Is at U**eer.

bioloj al Impautancebeowe it Increases by m timoe the

=Wr"3192A9



if fectiveness of photosynthesis on accoawt of adopting the snewwy of, the oater

Sad•itional zone of the spectrum.

Other Investigations

Ash contente As already mention the content of ashes in £iate. alp* is TOW ýA•

ind reaches up to one half of the dry weigfit of cellaq, a id t in even highere In

# oarh water ftwin the content of ashes is, as a rule, smaler* than In sea al oe.

It is known, that .the diatmeae shell contains silica, close in ac ositicn to

opal (Arnoldi, 192.5)..It is therefore perfectly natural, that to the exch1%ge of Si

in 8iatdo algae was devoted an extensive number of investigstio.e.

Tho content of ailicic acid in shells of 15 investigated ferw of diatomees

was highly variegated and inversely proportional to the number of cells in the popiu•

lation (znnele and kimm1938). 2oese data, obtaineo on planktonic material, were then

confirmed an Nitzsclaia poles cultuesg cultures of 3sci11a La. paradoms and 7balassiosirs-
.oana Uorged n ao1955). e lanktonic farms in lakes of

Danamark show mach a dependence (Zcwgensen 19.53)e *orgensemn assumes that diatcee

as they gow fam in the medium certain substances, inhibiting the assimilation at

8102, lose there is self-poisoning of this process in - Limted volainz~f the

medium. 7hoe observations shou ld be accepted during cuturing at dietae for the

purpose of obtaining a peater number of unterialo

It is apparents, that silicon plqas a m•ch greater role in the vitality of algae,

and this not only of ditctte, which is ordinarily considered as a fact accv oli 3h

addition to the mentioned investigations by $orgensen, to such a conolsicn osC 0ne

arrive an the basis of recent investigatifts by Rythe and uillard9,1959. M ha.V

shown, that the addition of silicon salts to sea water, containing natural Vto-

Lplankton, resmits in a cons~iderably greater increase in rote of P.toba"NtheS in

~i~ion p Ine inumtritlios salts In the oceaniothan the Adhitic of pOsAM" -a -'w

nitro" salts*

~~*0 s rap h(F .--- -



us naturee To such a conclusion came Hv when investigating shells of diatemae

with the aid of an electron microscope. Consequently, it can be asesied that such a she]

has greater absorbability and it probably participates more actively in the metabolism

between protoplasma and surrounding medium (Helmcke,1954).

Assimilation of silicic acid by cells of Navicula pelliculosIiatomeae is ccwecS

with the process of aerobic breathing. At partial appearance of silicon absorp-

tion. the ability toward its assimilation is restored by adding to the medim sulfur

containing conmpounde, such as glutathione, I-cycteinemethionine, sodium thiosulfate

and sodium sulfide, as well as a mixture of sulfate and ascorbic acid (Iwin,1954).

Vxperiments on the effect of poisons on respiration a.n silicon absorption confirmed

the relationship between the two processes (Lewin,1956).

In addition to silicon the mixture of diatomeae Seeletoner-, Thalassiaotrix and

Chaetoceros showed the presence of iodine in the amount of 0.003 - 0.023% of dry

weight of cells. AgPoVinigradov (193e)asmames, that iodine in the fat of fish has

a Odiatcnic* origin and is accumulated as result of the nutritional chain pbytopla•k

ton- zoooplankton-fish existing in the sea.

Of other substances it .is rossible to notice the presence in diatacems of Fragia.

laria and Navicula types of volutin-polyphosphates. No nucleoproteides have been

discovered ib volutin (Seck and Stich,1957).

Very poorly investigated were conversions which take place with diataneae after

their dying off, although they are of consideable interest. As result of investia.-

ting the process of mineralization of residues of planktonic alpae it was explained

that In the first 11 months is liberated almost the entire nitroSen, but oalciu

remains almost in toto bound in the cells (M.eerekoper, 1953).

&mflary

A review of available literature shows that there are not too ny reports

dealing in chemistry and biochemistry of diato•ic alpse.

The albumina content, according to available datetonstitutse In algae eelos

7TD..T1-63-192/l 11



is 20-30,, 5-20% lipides, 12-20% carbohydrates and 20-60% ashes of try weight.The

greater content of ashes, quite sharply clhnging in various alae, compels one in

acknowledging as adviseable to exprecs the results oanalyzing diatcneae in percenL

aes of the amount of the organic substance. In this case it is possible to judge move

objectively 3bout the chemical composition of algae.

Sea diatomeao in the period of mass develop;mt contain easily hydrolizable pol3y.

alucoside, and not pectin substances, as it has been considered itatil now* At the PA

time in their composition are encountered many nitrogen containing substances, of which

about one half of the total nitrogen cells goes for nonalbuminous substances*

In the co..osition of lipides, having an unsaturated nature, up to 80% of fatty

acids can be found in free foria. If it is ascumed, that the conteant of lipides in rato

to the general %:eight of organic diatomeae substances conastitutes in planktonic

algae 30%, then we will deviate Luch from the true value. The amount of energ of

100 g of organic substances of the cells constitutes 525 cal. This vctlue raise the

caloricity of such a highly nutritive product, as chocolatt .

The above mentioned review shows clearly, that the enormous imortance of diatomic

mic alae for subsequent oranisms in nutritional chains of water reservoirs is not

accidental. These algae in the period of =as development have in their composition

substances, which together with high caloricity, hydrolyze easily aM are well edoZAact

ted, representing a full values food.This pertains also to carbohydrates, and albuminap

mina, and lipides.

No one should think however, that all diatomeae always have substances of idon-

tical chemical caopositionx which possess high nutritive value. Fcw example, 1.S,

Gayevakaya,1947, considers,that Caspian diatoweae Rhizosolenia caloar-avis does not

have a positive effect on the bioloeic3l productivity of the seaj although it gives

greater values of primary production, because its cells are not in Meat dennd

by planktonic crustaoea, As mentioned in review of reports dealing in carbohydrates

some algae can for• under unfavorable conditions spsific polysacchMdesq,•bih
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apper to be exctrezwly stable to chemiical actions. Suach wAbletaWNe brrdly OweW

greater nutritional value. But they no doubt play a SI'coter role in nature ,pwti.,

cularly in processes of deposition accuailxatica, *where. they zzy appear in the role

of bindine substances*

The peculiarity of the chemi.cal cocposition, and interchanae of distecc algae, the

great im~port~ano in their vitality of silicon and sulfur. the :wesaen of lipides in

role of reverve producte etc.- aill this attracts s~ocita1 uttention, of '.bic..

chemisuts to diatomeas, But riGht: =., theo baic hindran~ce ia ctudyina this type of

plants. Aiich a ,-arently, plays an iLportant role in the' nuturul ;wooozse of the

globe, is the Creator difficulty ir; thut obtaimmont of sufficient qpastities ofater

for analyses. lirect invosti~ation on. bocxd 2ar~er expedition shilps in Wloes vhere the

sea blocis sneers to be an isportant step in furtharing? the study of diat~4c algae.

In thin connection Greater attention chould be devotea to the adoption of mkthodn of cul-

turing these algae Ln 2Aboratoy cmdi'Aiozxs*
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