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SUMMARY

The radiochromatographic analysis of the hot 10%
sodium chloride extract of the alga Chlorella
pyrenotdosa-14C indicated the presense of com=
pounds rieh in L-arginine, besides of nucleic
actds and glucose-type polysaccharide estimated
previously., L-Arginine is present in a bound
form, most likely as a protamine-type polypep~
tide or a histone-type protein containing L-argi-
nine as a domimant component, besides of smaller
amounts of L~glutamic acid, L=aspartic acid and
L-gerine. A simple procedure of the Zgolation of
L-arginine-1%C/U/ from the saline extract of ra-
dioactive Chlorella cells, on a preparative scale,
18 deseribed.

INTRODUCTION

Radicactive algae are & highly estimated source of a wide range
of essential metabolites for biochemical and biological studies. Qur
attention was therefore focussed towards making this procedure more
attractive, in particular for simultaneous preparation of aminoacids,
sugars and nucleic acid components, nonspecifically labelled with '4cC.
A new simple apparatus was designed for cultivation of Chlorellas pyre-
noidosa in an atmosphere of '4C02, enabling the production of '%C 1la-
belled compounds of high specific activity /. The relatively selecti-
ve manner of isolation of biologically important groups of compounds
from cell material/%:*/ and the determination of the effect of some
environmental factors in relation to the production of nucleic acids
and proteins by the growing alga’®/ ensure a high effectiveness of
the procedure.
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One of the important requirements of effective production of 1la-
belled compounds by the technigue mentioned abpve consists in an ap-
propriate fractionation of the cell material. In our case, a part of
such procedure is the extraction of nucleic acids from cells with hot
10 % sodium chloride. This type of extrsction of nuclelic acids belongs
to the conventional procedures of biochemical analysis; the principal
possibilities along this direction as well as their modifications ha-
ve been published in review articles’$ It is generally assumed that
nucleic acids isoclated in this way are not undesirahly degraded. The
views on this point vary somewhat as to the gquantitative character of
isolation of nucleic acids, especially in the case of deoxyribonucle-
ic acid/%/. The method finds application most of all during analysis
of bacterial and animal tissues, although some data were also obtai-
ned by applying the method toc the extraction of nucleic acids frem
cells of higher plants/®:7/ and unicellular algae/'-%, 8-10/,

Nevertheless, certain aspects of the method, importent especial-
ly from the viewpoint of optimal production of a wide range of biolo-
gically active substances, have not yet been analysed. First of all,
the complete analysis of the 10 % NaCl extract composition has not
yet been underteken. We have found earlier that another significant
component of the saline extract is a glucose-type polysaccharide/a/.
In the present paper we report on other findings made with the 10 %
NaCl extract, indicative of the presence of remarkable amounts of L-
arginine and of smaller amounts of some other L-amino acids.

MATERIALS
Chemicals

The substances used as standards were obtained from Calbiochem,
USA /aminoacids/ and from Fluka, Switzerland /sugars/ in chromatogra-
phically homogenous form. The other nonactive organic and inorganic
chemicals were supplied by Lachema, Czechoslovakia, in reagent-grade
purity. The source of '°C was Ba'?C0; obtained from USSR of specific
activity 170 mCi/mmole.

Microorganism

A pure culture of the unicellular alga Chlorella pyrenoidosa,
Chick, Coll. Pringsheim, from the Collection of cultures of autotro-
phic organism in Prague, was applied. The alga was propagated in the
above laboratory on Benson's medium containing 0,1 % glucose in the
presence of yeast extract, in the course of several days, at 20-23° C
and illumination of 2,000 lux. A seven-day culture was used for radio-
active photosynthesis.

METHODS

Technique and Apparatus for Cultivation of the Alga

Cultivation of Chlorella pyrenoidosa in an atmosphere of '4¢co,
was carried out in a closed system constructed especially for purpo-
ses of producing radicactive algse of high specific asctivity/'/. The
cultivation executed under such conditions yielded a tatal of 600.0
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mg of radiomctive alga of total radiocaectivity of 525 mCi.

Fractlonation of Cell Material

The radicactive alga was fractionated as described before/?,%/
sghematically shown in Fig. 1/. The grown cvells were freed of 1lipids
and coloured metter by treatment with hot 3896 % ethanol and further
with a mixture of ethanol and ether /3:1/ at room temperature. The al-
gal dry welight thus obtained was then extracted with 10 % sodium chlo-
ride at 100 ° C for 9 hours. The extract /F 8/ acidified to pH § with
acetic acid was overlayered with three volumes of 28 % ethanol. By
standing overnight at 3-4 ° C a precipitate separated, containing
mostly cell nucleic acids and polysaccharides. By centrifugation, this
precipitate /F 11/ was separated from the 70 % agueous-ethanolic su-
pernatant fraction /F 10/. The analysis of this fraction F 10 repre-
sents the ohject of the present communication. The degrse of incorpo-

ration of radiocectivity of 8¢ into the indivicual fractions may be
seen in Table 1.

TABLE 1
Incorporation of radioactivity of 140 into fractions

of Chlorella pyrenoidosa
14
/Total Ba™CO3 503 /625 mCi / = 100 % /

Fraction Rediocactivity T4C
%
F 1 - Nutrient solution 15.8
F 2 - 20, absorbed in NaOH -
F 5 = Ethanol-ether extract 11.8
F 8 - 10% sodium chloride = extract 32.2
F 9 = cell debris containing

140 proteins 40.2
F 10

70% ethanol supernatant 17.9
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Analytical procedures

/a/ Paper chromatography of aminpacids_and sugars

The paper chromatography of both aminopacids and suggars was car-
ried out on Whatman No. 3 paper sheets in n-butanol:acetic acid:water
/4:1:5/ in descending direction at room temperature for 14 hours. In
some cases which shall be mentioned in the experimental section below,
the unidirectional chromatography was supplemented with chromatogra-

phy in another direction using phenol:water:ethancl /2:1:1/ solvent
system.

/b/ High-voltage elesctrophoresis_of aminoacids

For the electrophoretic separation of aminoacids we used a bora-
te buffer of pH 9.0. Separation was carried out at 2.5 kV, 0° C, far
1 hour, using a 3 cm wide and 50 cm long strip of Whatman No. 3.

/e/ Spectrophotometric_estimation of L-arginine content

The content of L-arginine was determined after reaction with the
ninhydrin reagent spectrophotometrically at 570 nm on a double-beam
spectrophotometer /Optica, Milano/, using a calibration curve.

/d/ Detectlon methods

Sugars were detected on the chromatograms by using & method of
Buchan and Savage/ll/. Aminoacids on the chromatograms and electropho-
retograms were detected by the ninhydrin test. The L-arginine was also
identified by a modified Sakaguchi reaction/!?5'3/, Autoradiography
of chromatograms and electrophoretograms with radiocactive 14¢-com-
pounds was carried out by application of X-ray ORWO films. The gquanti-
tative evaluation of radicactive spots on chromatograms and electro-
phoretograms was proved by counting them under a f-tube of the Friese-
ke-Hoepfner chromatogram scanner and by planimetry of the graph obtai-
ned.

/e/ Qeieﬁmingtlog gf_lit_rgdlogcﬁiligy

The radicactivity of the aguecus solutions of compounds labelled
with '®C was determined with the aid of an end-window GM counter of
defined geometric angle. The liquid tested was in a saturated layer with res-
pect to the radionuclids '*C and calibration was done in ths sams geo-
metry with the aid of the ER-2 '#cC standard/product of this Institute/.

RESULTS

The heretofore unidentified fraction F 10 was analyzed, mostly
with regard toc the possible presence of compounds containing aminoa-
cids and sugars as the basic building blocks. The presence of the ra-
diocactive substances mentioned was tested In acid hydrolyzates of e-
guivalent portions of fraction F 10. For this purpose, we used por-
tions of this fraction freed of salts and hydrolyzed then with BN hy-
drochloric acid /105° C, 20 hours/ for aminoacid analyses and with 2N
hydrochloric aecid /100° C, 3 hours/ when detecting traces of sugars.
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Removal of salts from the fraction

Ethanol was evaporated from an aliquot of fraction F 10 /about
1.0 mCi/ in vacuo and the residue was dissolved in 0.5 ml 12N hydro-
chloric acid precocoled to -10° C. After 2-3 min. of standing at this
temperature sodium chloride precipitated from the solution. The salt
was removed by centrifugation at -10° C and 6.000 g for 15 min. After
separation of the liguid phase the salt sediment was washed in the
centrifuge tube with 1.0 ml hydrochloric acid precooled ta -10° C. By
centrifuging the suspension under the above conditions and by combi-
ning the ligquid phaseswe obtained a solution containing organic com-
pounds of fraction F 10, freed practically of all inorganic salts and
fully satisfactory for chromatographic analysis. As no requirements
were made to the prevention of partial destruction of the organic com-
pounds present, the desalting procedure was found gquite adequate for
the purposes of the analysis. The radioactive balance is also favoura-
ble. The described procedure of desalting was repeated several times
and it was found that the liguid phase contains usually 80 - 85 % ra-
dioactivity of '*C of the F 10 fraction.

For subsequent analytical estimations an equivalent part of the
12N hydrochloric acid extract was made with distilled water to 6N or
2N hydrochloric acid and the solutions obtained were hydrolyzed as
described above.

Chromatographic and electrophoretic analyses

Qualitative analysis of the fraction studied yielded the follo-
wing findings.

The radiochromatographic record of the 12N hydrochlaric acid ex-
tract of the F 10 fraction indicated that all the radioactive com-
pounds present either remain at the start or move a negligible distan-

ce /RF = 0.0 - 0.01/. The presence of free sugars or of amincacids in
the extract may be thus excluded.

It follows from'a radiochromatographic record of the 2N and of
the 6N HC1 hydrolyzates /Fig. 2/ that with 2N acid four radioactive
compounds are clearly separated. Nevertheless, in this case a greater
part of the radicactivity /69 %/ remains at the start. The other ra-
dioactive compounds /a total of 31 %/ correspond to L-arginine., L-se-
rine, L-glutamic acid and L-ealanins. Only the compound corresponding
to L-arginine by its Rp /some 10 % of totel radioactivity/ gave a po-
sitive reaction for ninhydrin. It should be noted that in the alterna-
tive tests where the Rg values of radioactive compounds were compared
with thoses of sugars used as internal standaerds, in no single case

was it possible to observe the identity of the autoradiographic and
the chemical detection.

The record of distribution of '®C radicactivity after hydrolysis
with 6N hydrochloric acid is quite different. First of all, there 1is
no radioactivity of '4C at the start. Autoradiography revealed a to-
tal of 11 radioective compounds; chemical detection with a ninhydrin
reagent was positive in seven cases. The identity of the autoradiogra-
phic and the ninhydrin detection is guite pronounced, corresponding
by its Rg to L-arginine, L-serine, L-glutamic acid and L-alanine, the
amount of radiocactivity associated with L-arginine representing some
60 % of the total.
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Fig. 2 - Chromatographic analysis of acid hydrolyzates

of F 10 fraction (Radioactivity of compounds separated

is expressed in % of radiocactivity of acid hydrolyzates).

Aminoacids standards.
2N hydrochloric acid hydrolyzate of F 10 fraction.

positive detection with ninhydrin.

6N hydrochlaric acid hydrolyzate of F 10 fraction.
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The isolation of L-arginine- C /U/ on a preparative scale

On the basis of results obtained by the gualitative analysis, L-
arginine- C/U/ was produced by the above procedure on a preparatory

scale. An aliquot of the F 10 fraction /9.96 mCi/ was freed of salts,
hydrolysed with BN hydrochloric acid and after evaporation of the a-

cid, chromatographed. The radicactive corpounds corresponding to four
standards of amino acids as well as 6 other unidentifield radicactive
compounds were eluted with distilled watzr and the radioactivity of
the eluates was determined. The radioactivity balance sheet is shown
in Table 2.

TABLE 2

Balance sheet of 14 radiocactivity of compounds present
in 6N hydrochloric acid hydrolyzete of fraction F 10
/ Radiomctivity of compounds is expressed in % of F 10 fraction/

Compound / Fraction / Radioactivity
%
F 10 fraction 100.0
12N HCl extract 91.3
. 14

L-Arginine - ~7C/U/ 32.9
L-Serine = 14C/U/ 5.0
L-Glutamic acid -~ l4c/u/ 7.7
L-Alanine - L4c/u/ 3.9
L-Aminoacids 14C/U/ t

- y otal 49.5
Unidentified compounds = 14C/U/ 30.4

Losses of 140 radiogetive compounds
during chromatography 11.4
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The identity of the aminoacids was checked by the method of inter-
nal standards, using two-dimensional paper chromatography and high-
voltage electrophoresis with subsequent autoradiography and chemical
detection with ninhydrin. In the case of L-arginine, this was supple-
mented with detection with Sakaguchi 's reagent. With the exception
of L-serine-'*C where two-dimensional chromatography and electrophore-
sis showed the presence of two other ninhydrin-negative compounds re-~
presenting almost 50 % of ths eluted radiocarntivity, the other aminoc-
acids were found to be chromatographically homogeneous.

With L-arginine~’“c which is important for technological applica-
tion of the method described hers, the radiocactivity estimation was
supplemented with & spectrophotometric evaluation of the weight con-
tent. The specific radioactivit of'L-arginine—"C was 128 mCi/mmole.
A total of 3.3 mCi L-arginine-'*C /U/ was isolated in this preparati-
ve experimsent.

CONCLUSTIONS

Autotrophic batch cultivation in an atmosphere of '4CD, at conti-
nuous illumination was used to prepare radioactive Chlorells pyrenoi-
dosa-'*C. The cells of the radicactive alga, freed previously of co-
loured matter and lipids, were extracted for nine hours with hot 10 %
sodium chloride. Radiochromatography of this extract after prsvious
removal of nucleic acids and glucose-containing polysaccharide showed
that its other important components are compounds containing aminoa-
cids in their structure. L-Arginine, L-glutamic acid, L-serine and L-
alanine were identified positively, the identity of several aother nin-
hydrin-positive compounds remaining obscure. In all the analyses L-ar-
ginine was identified as a dominant component of the aminoacids mix-
ture.

The radiochromatographic analysis also confirmed with certainty
that none of the aminoaclds is present in the extract in the free
form. On the contrary., one can deduce from the relative representa-
tion of the aminoacids and from the facts established in this connec-
tion/'*"1%/ that native cells of the radioactive alga contain remar-
kable amounts of peptides or polypeptides of the protamine type or of
protein of the histone type containing L-arginine as the dominant com-
ponent in their primary structure, together with smaller amounts of L-
glutamic acid, L-serine and L-alaninse.

At any rate, it appears that L-arginine is accumulated striking-
ly in the cells of the growing alga not only during the phase of tran-
sition from growth in a nitrogen-1limited medium to growth in the nor-
mal medium/ % -17/ or in certain phases of its synchronised growth/!%.
!9/ but also in the course of its batch cultivation in an atmosphere
of '%c0; during continuous illumination. Actumulation of L-arginine
in cells of the growing alga was thua established in cultures obtail-
ned under different conditions of cultivation and one may hence assu-
me a more gensral nature of this phenomencon. Significant deviations
observed in estimating L-arginine in the algal cells after application
of different conventional analytical methods can be attributed not on-
ly to the method of analysis used but also to differences in cultivation
and to the external cultivation factors.
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Under conditions of radiocactive cultivation of the alga the argi-

nine peptides may represent an additional potential source of L-argi-
nine-'*C /U/. For this reason, a simple technological procedure for
its preparation in a chromatographically pure form was suggested here.
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