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In recent years the Botanical Department of the Biological Research
Institute at Tihany has been engaged in the study of inorganic carbon sources
of unicellular green algae (Felfoldy 1960a—e, 1962) performed in the interest
of working out the principles of mass cultivation of algae.

In the last year this trend was extended to the investigation of organic
carbon sources primarily with the aim of covering the carbon requirements
of algae at least partly from organic materials and not only from photosyn-
thesis giving much trouble in the technology of mass culturing of
algae.

It was endeavoured to work out simple methods for determining the
degree of sugar-utilization of our strains.

There is a great deal of evidence that the “dark metabolism” of photo-
synthesizing plants, algae also included, is essentially similar to that of non-
photosynthetic organisms. From purely biochemical viewpoint, therefore, we
would expect that almost any substrate or intermediate in the major pathways
of energy metabolism might substitute for photosynthesis. This expectation is,
in fact, fulfilled only partially and to varying degrees in various species of
algae. Therefore, in dealing with the heterotrophy of algae we must be con-
cerned not only with the question of how certain substrates function as carbon
and energy sources for growth, but with the equally difficult questions of why
the same compounds support growth of some species and not of others, and
why, in a particular species, one substrate will support growth, while another,
very closely related compound will not (Danforth 1962).

The degree of usefulness of the different sugars was measured by their
stimulating effect on respiration, on basis of Tay1or’s (1960a, b) conclusion,
that the kinetics of uptake of sugars stimulating respiration (glucose, mannose)
differ, from those of simple diffusion, and sugars which do not stimulate
respiration penetrate much more slowly, following the Kinetics of simple
diffusion (fructose, galactose, sorbose and various pentoses). These latter
substances cannot be taken into consideration as carbon or energy-sources.
The findings of Beicher and Fogg (1958) that certain organic substances
(also sugars) stimulate respiration but do not support growth in darkness
were also considered notwithstanding that these were obtained in the case
of diatoms.

The degree of oxidative assimilation of various organic substances is
the specific property of the single algal strains and may serve as a key in the
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physiological identification thereof. The degree of effect is, besides, dependent
o? ?ge, physiological properties and conditions of the preparatory cultures
of algae.

M aterial and methods

In the experiments the axenic strain 7K Chlorella vulgaris Beyer.
originating from the collection of algae of the Biological Research Institute at
Tihany was used.

Sugars used in the experiments are: DI-Arabinose (Dr. Theodor Schu-
chardt — Miinchen), D-lyxose (Fluka Ag.), d-ribose (Zellstoff-fabrik Wald-
hof), D(-(-)xylose (Nutritional Biochemicals Corporation — Clevland), fructose
(GyAK — Budapest), d-galactose (GyAK — Budapest), d-glucose (Merck —
Darmstadt), d(A)mannose (Merck — Darmstadt), L-sorbose (Merck —Darm-
stadt), D-tagatose (L. Light and Co. Ltd. — England), L-rhamnose (Fluka
Ag.), melibiose (GyAK —Budapest), saccharose (GyAK — Budapest), tura-
nose (L. Light and Co. Ltd. — England), lactose ( %AK — Budapest), mal-
tose (Spolek pro Chemickon — Czecho-Slovakia), raffinose (L. Light and Co.
Ltd. — England), stachyose (L. Light and Co. Ltd. —England).

Algal material for the experiments was cultured in one litre Erlenmeyer
flasks in KXop,—Pringsheim nutrient solution containing only anorganic
salts (Pringsheim 1946) at a temperature of 19—22°C and at 9000 Lux
light intensity provided by Tungsram “warmwhite” fluorescent tubes. 3per cent
carbon dioxide in air was bubled through the suspension. The cultures were
kept under strictly aseptic conditions and reached a density of 1.0 g dry
matter) litre within 6—7 days. For manometric measurements cells were
separated by centrifuging a known volume of suspension and washed in a
1: 1dilution of Knop—P ringsheim nutrient solution and suspended therein.
For experimental use starved cells (Cramer and Myers 1949) were prepared
by aerobic incubation of harvested and washed suspensions in darkness for
at least 24 hours and at temperature used for growth and manometry.

Density of suspension was adjusted on basis of dry matter determinations.
This was achieved by filtering a known volume of suspension through weighed
filter paper disc and drying it at 105°C to constant weight.

Respiration was measured with the usual Warburg technique in 20 ml
conical vessels by placing 2 ml algal suspension into the main compartment
(= 12 mg dry matter), 0.1 ml 2M KOH solution into the center well, and in
every case nutrient solution containing sugar of 5 yM quantity into the side
arm. Measurements were performed at 25 d: 0.1°C temperature in darkness
(a double walled bag made of black cloth was pulled on the vessels). Endo-
genous respiration was measured in the first 60—80 minutes of experiment.
Thereafter the sugar solution was dipped into the main compartment. A sepa-
rate vessel containing 5 fjM. glucose was used also parallel in case of every
sugar investigated for the purpose of obtaining a basis for the comparison of
the stimulating effect of the various sugars on respiration.

Rates of respiration are expressed in terms of QO, with the usual
dimensions of /A 02mg dry weight, hour. It is not a simple matter to correct
these values by ground respiration. After Kratz and Myers the amount
of endogenous 02should be considered as 100 and exogenous Qo, as per cent
of this value (Table 2).
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In order to obtain more knowledge on the properties of the strain
7K Chlorella vulgaris, the degree of glucose utilization was also measured.
According to Myers and coworkers (1947) this may be computed from the
guantitative relations between consumed sugar and oxygen. I"or this purpose
the knowledge of the respiratory quotient (R. Q.) pertaining to the given
conditions is necessary.

R. Q. was determined by Warburg’s indirect method (Warburg 1924,
French et al. 1935). The method may be rendered convenient if the pH of
suspension is adjusted to 5 because in that case carbon-dioxide retention is
negligible. Myers et al. (1947) show that the respiration of the Chlorella
pyrenoidosa strain used in their experiment does not change considerably
between pH 3.8 and 6.8 (see also Handler 1954, Steeman Nielsen 1955,
Bergmann 1955 Daniel 1956, Griffiths et al. 1960). The relation between
pH and respiration in strain 7K Chlorella vulgaris is presented in Table 1.

Table 1 — 1. Tablazat

Changes of respiration in Chlorella vulgaris
at different pH values of suspension
Chlorella vulgaris légzésvaltozéasa
a szuszpenzié kulonbozé pH értékei mellett

pH groun(?o—2 alap glucoseQ& glukéz
3.95 1.2 6.5
5.00 1.3 6.5
5.99 1.3 6.6
7.42 1.2 6.5

In case of low pH values the effect produced on ground- and glucose-respiration
was small. Accordingly two vessels were used for R. Q. measurements. Into
the center well of the one (I) 2M KOH solution, into that of the other (H)
3N HZS04 solution was placed for the determination of oxygen and carbon
dioxide respectively. The values were computed by using the following formulae:

*52= hi «Kb2; *Qm= hii mKco, - **,, where
Ko.
Xg2 = fil oxygen consumed,
®eg2— yl CO02 released
hi and hU = manometer readings at manometers | and Il (mm).

K g2= constant of the first vessel computed for oxygen determinations.

KOa resp. Kco2= constants of the second vessel, computed for 0 2and C02determina-
tions respectively.

pH measurements were performed with Beckman GS pH-meter.
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Results
1. Respiratory experiments

Out of the 18 sugars examined stimulating effect on the respiration of
strain 7K Chlorella was produced by the following ones: xylose, glucose,
fructose, galactose, mannose, sucrose and raffinose. The results are pre-
sented numerically in Figures 1—3 and Table 2.

timein minutes time inminutes
60 80 o 160 200min 60 0 10 160 min
Fig. 1. — 1. abra. The effect of fructose and xylose on the respiration of Chlorella

vulgaris — A frukt6z és xiléz hatdsa a Chlorella vulgaris légzésére.

Table 2 — 2. Tablazat

Stimulating influence of various sugars on the respiration
of the algal strain 7K Chlorella vulgaris
Kulénb6z6 cukrok stimulalé hatdsa 7K Chlorella vulgaris
alga torzs légzésére

Substrate respiration

Qo, Substrate in % of the Qo2 value
Sugar — Cukor ground respiration —  of ground respiration —
respiration — Szubsztratum Szubsztratum légzés az

alap l1égzés 1égzés alap 1égzés Qo2

értékének szazalékaban

Xylose e 0.75 141 188
Glucose ... 0.71 6.70 945
Fructose ... 0.70 4.97 710
Galactose.. 0.80 1.62 202
Mannose..... 0.70 4.37 624
SUCIOSe . cvrcienne 0.69 5.77 838
Raffinose.......... 0.83 1.39 168

As the Figures and Table 2 show the respiration of strain Chlorella is
most intensively stimulated by glucose, next to which fructose comes pro-
ducing a similar effect. Except for some special algal strains (Chlorella:
Finkte et al. 1950, Synechococcus: Dyer and Gafford 1961) and the majority
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of acetate flagellates (Hutner and Provasoli 1951) glucose proved to be an
useful substrate for all algal strains investigated (Saunders 1957, Gibbs 1962).

Mannose which proved to be unefficacious in case of other Chlorella
strains (Neish 1951, Samejima and Myers 1958) increased considerably the
respiration of strain 7K Chlorella. Further experiments are needed to determine
whether less efficaceous sugars as xylose, galactose and raffinose are utilized
or not. The saccharose respiration of the 7K Chlorella is most extraordinary

time in minutes

Fig. 2. — 2. abra. The effect of mannose and galactose on the respiration of chiorella
vulgaris — A manndz és galaktdz hatasa a chlorella vulgaris légzésére.

because this substance is either not utilizable (Myers et al. 1947, Netsh
1951, Samejima and Myers 1958) or only barely utilized (Spector 1956) by
most Chlorella species in general. Utilization of this substance by Tribonema
equate only after a three weeks long lag period was observed by Belcher
and Fogg (1958). In the experiments reported here the increase in respiration
observed immediately after the addition of the substrate was similar to that
observed in the case of glucose.

2. Oxidative assimilation of glucose

The stoichiometry of oxidative assimilation was investigated by numerous
workers (Myers et al. 1947, Cramer and Myers 1949, Taylor 1950, Syrett
1951, Daniel 1956, Fujita 1959, etc.). In the knowledge of the respiratory
quotient under the experimental conditions it is possible to compute the
respired and absorbed proportions of the substrate from the amount of
oxygen required for complete utilization of a known amount of substrate.
Results of twelve RQ determinations are tabulated in Table 3 (R. Q. = 1.03).
The amounts of oxygen consumed during the glucose experiments were
readed off from curves constructed similar to the Figures 1—3. Location of
the exact position of the breaks in the curves is made with some uncertainty.
The amount of oxygen required by the substrate is here arbitrarily estimated
as the oxygen uptake from the last point on the initial endogenous respiration
curve to the first point on the final endogenous respiration curve. Only small
differe(?ces occur if the extrapolated intersections of the curves are used
instead.



Table 3 — 3. Tablazat

Determination of R. Q. in 7K
Chlorella vulgaris in the presence
of glucose (bg the indirect method

of Warburg at pH 4.4)
? meghatarozas 7K Chlorella
vu garisban 8Iukoz jelenlétében

(Warburf irekt modszerével
4 pH mellett)
Qoi QcOi R. Q.
3.57 3.60 1.01
3.69 4.10 1.11
2.66 2.66 1.00
3.36 3.26 0.97
2.46 2.81 1.14
2.46 2.50 1.02
3.16 3.05 0.97
3.86 3.74 0.97
2.66 2.66 1.00
3.24 3.02 0.94
2.36 2.69 1.14
3.54 3.76 1.06
average — atlag: 1.03
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Fig. 3. — 3. abra. The effect of saccharose and raffinose on the respiration of Chlorella

vulgaris — A szahar6z és raffin6z hatasa a Chlorella vulgaris légzésére.
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Knowing, that to the full oxidation of 5 jiM glucose 30 /iM (733.8 fi\)
oxygen is required at a temperature of 25°C and pressure of 760 Hg mm it is
possible to compute easily the proportions of oxidized and assimilated glucose
(Table 4).

Table 4 — 4. Tablazat

Oxidative assimilation of 5 /<M glucose bK 7K Chlorella vulgaris
5 /iM gluk6z oxidativ assmmlla(:lo;a 7K Chlorella vulgaris esetében

<xM 0 2 respired — Per cent of glucose /XM 0 a respired — Per cent of glucose
ellélegzett 02 oxidized — Ellélegzett 02 oxidized —

juM-ban Oxidalt glukéz % uM-ban Oxidalt glukéz %

2.37 7.9 2.50 8.3

2.32 7.8 2.41 8.0

2.27 7.6 2.41 8.0

2.45 8.2 2.32 7.8

2.50 8.3 2.54 8.5

2.50 8.3 2.37 7.9
average — atlag: 8.05

Discussion

It has been demonstrated that the strain 7K Chlorella vulgaris has a
quite intense metabolic rate. The measure of the endogenous respiration decre-
ases to a fairly constant level even under a starvation period of 24 hours
(Genevois 1927, Daniel 1956). Such starved cells are closely analogous to
the resting cells commonly used in studies of this type performed on other
organisms (Myers et al. 1947).

As it is seen from Table 2 seven sugars stimulated the respiration of
this strain. Other Chlorella strains known from literary data display more
poorish reactions. Mannose and sucrose is ineffective, and the effectiveness
of xylose is also questionable (Samejima and Myers 1958). Evidences on
raffinose utilization of some algal strains is presented only by Beckwith
(1933) and Watanabe (1937).

The strain examined in this work assimilates glucose very intensively,
since only about 8% of it is lost by respiration (Table 3). This fraction agrees
fairly well with the value recorded by Syrett (1951) for Chlorella vulgaris:
9.7% and Griffiths (1963) for the Emerson strain of Chlorella vulgaris:
10%, but is considerably less than those quoted by Myers et al. (1947) for
Chlorella pyrenoidosa: 15%, Daniel (1956) for different Chlorella strains:
about 13% and Taylor (1950) for Scenedesmus quadricauda: 16%.

A number of workers presented evidence on the negative responses of
Chlorella strains to sucrose and galactose. Griffiths and coworkers (1960)
suggest that the growth promoting effect of these oligosaccharides is produced
only after an “adaptive” periode and respiration itself is not stimulated by
these substances.

The assumption that the strain investigated in this work may have a
good oligosaccharide utilization is indicated both by the very intensive sucrose-
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respiration and the well measurable promoting effect of galactose. These
results may have importance also in practice, because saccharose is the most
cheap organic source economically.

Summary

A range of sugars have been tested as respiratory substrates using 7K
Chlorella vulgaris Beyer, axenic strain of the Algal Collection of the Hungarian
Biological Research Institute as test organism.

Much higher rates of respiration were obtained with glucose, fructose,
mannose and sucrose. Much smaller effect was observed with xylose, galactose
and raffinose. Sustained respiration was not observable with any other sugars
tested (arabinose, lyxose, ribose, sorbose, tagatose, rhamnose, melibiose,
turanose, lactose, maltose and stachyose).

The respiratory quotient of glucose respiration may be taken as 1.03.
The pH between 4—7.4 was ineffective either on endogenous respiration rate
or on the exogenous ones.

The oxidative assimilation of starved resting cells of this strain is ver
good, only about 8 per cent of the absorbed glucose was completely oxidized,
the remainder being presumably converted into algal dry matter. A con-
siderable sucrose utilization is indicated by the intensive respiratory increase
in consequence of sucrose, and its ecological wiev points are also emphasized.

Sincere thanks are expressed to Dr. L. J. M. Felféldy, head of the
Botanical Department for his interest in this work and the author takes also
pleasure in acknowledging the helpful assistance of Mrs. Zsuzsa F. Kalko
and Mrs. Brigitta Szab6 under these experiments.
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TANULMANYOK AZ EGYSEJTU ALGAK OXIDATIV ASSZIMILACIOJAROL*

osszefoglalas
Toth LaszIlo

Megvizsgaltuk 18 cukornak a hatasat — Intézetiink térzsgyGjteményébd6l szarmazé
— 7K Chlorella vulgaris Beyer, torzsiink légzésére.

Torzsunk légzését a legintenzivebben a glukdz serkenti, hozza hasonl6 mértékben
a fruktéz kovetkezik. A mannéz, mely tobb Chlorella torzs esetében hatastalan, 7K tér-
zsiink légzését lényegesen befolyasolta. Kisebb mértékben hatasosak voltak még a xyloz,
galaktoz és raffindz (1—3. abra, 2. tdblazat).

Igen feltlind torzsiink szahar6z légzése, ami igen jé hasznositasi lehetéségre utal.
Gyakorlati fontossaga is lehet, ezért kilon tanulmany targyat fogja képezni (3. abra,
2. tablazat).

Vizsgalt torzsink légzésére hatadstalanok voltak a kdvetkez6 cukrok: arabindz,
lyxdz, rib6z, szorbdz, tagatéz, ramnoéz, melibiéz, turandz, lakt6z, maltéz, sztahyoz.

7K Chlorella térzsiink alaposabb megismerése érdekében megmeértik gluk6z hasz-
nositasi fokét is, amit az elfogyott cukor és a fogyasztott oxigén aranyabol szamithatunk
ki akkor, ha ismerjik a vizsgalt torzs — vazolt kérilmények kozotti — légzési egyitt-
hatojat (R. Q.). (3. tablazat).

Az R. Q. meghatarozast w arburg indirekt modszerével végeztilk, aminek egyik
feltétele, hogy a szuszpenzi6 folyadék fazisdban a pH 5 alatt legyen a széndioxid retencié
miatt és a vizsgalt torzs légzése az alacsony pH mellett ne valtozzék lényegesen (1. tab-
lazat).

A gluko6z oxidativ asszimilaciojara vonatkozé eredmények szerint torzsink a
gluko6zt igen nagy meértékben hasznositja, mintegy 8%-at lélegzi csak el. (4. tablazat)

HABMOAEHWNS MO OKUCIUTENBHOW ACCUMUNAALNN OAHOKNETOUYHbIX
BOJOPOC/EN
I. BANAHUE PA3NINUYHbLIX CAXAPOB HA CHLORELLA VJLGARIS BEYER

1. ToT

M3yyanocb BNuaHuWe 18 caxapoB Ha AbixaHuwe wTtamma Chlorella vulgaris Beyer — 7K
NPOMCXOAALLErOCA W3 KOMNEKUUU WHCTUTYTA.

[ObixaHne 3aToro wramma Hambonee WHTEHCUMBHO YBeNWYMBAETCA MO BAUSHWEM [/1H0-
KO3bl, ¥ 3a HUM cnefyeT (pyKTo3a. MaHH03a, ABNAOLWLAACA HeIPMEKTUBHON Y MHOFUX LUTaM-
moB Chorella, y wramma 7K Bbl3MBana 3HaunTeNnbHOe U3MEHEHWE fbixaHUA. B MeHbLuel mepe
6bln ewe 3hPeKTMBHBIMU KCWMN03a, ranakrtosa U paduHosa (Puc. Ne 3, Tabnuua Ne 2).

BpocaeTca B rnasa ynorpe6neHue caxaposbl C 3TWMM LUTAMMOM KOTOPOe YyKasblBaeT Ha
BO3MOXXHOCTM €e YCBOEHMSA. YnoTpebneHne caxapo3bl MOXeT MUMeTb 1 MPaKTUYecKoe 3HayeHue,
noaToMy Mbl 6yfeM OTAenbHO M3yunTb (Puc. Ne 3 Tabnuua Ne 2).

Ha gblxaHue u3yyaemoro LiTamMma oKasanucb Hea(geKTVBHbIMK: apabuHo3a, MKCo3a,
pu6o3a, copbosa, Taratosa, pamMmosa, Menubuosa, TOpaHo3a, N1aKTo3a, ManTo3a W cTaxiosa.

C uenbto nogpo6bHOro osHakomneHus ¢ wtaHHom Chlorella 7K 6bin n3mepeH n Koag-
(OMLMEHT MO/Me3HOr0 [eCTBUS T[/IIOKO3bl, KOTOPbIA BbICHUTAETCH MO COOTHOLLUEHWUIO YNOTpe6-
NIAemMOro caxapa WM KUCnopoga, B TOM cydae, ecnv fbixaTenbHblii KoaduumeHT (RQ) nsyvae-
MOro LTamMMa W3BECTEH B [AaHHbIX 3KCMEePUMEHTa/lbHbIX YCMOBUAX.

Vi3mepeHune AbiXxaTeNbHOro KoahduumeHTa MPOM3BOAWAN NPU MNPUMEHEHWUW HEenpsMoro
meToga Bap6ypra, cornacHo KoTopoMy Ph >kuakoli asbl CycrneHCuM [O/KeH O6biTb HUXe
5 U3 — 3a peTeHUMMN YINeKNCNOTbl U [blXaHWe M3y4yaeMoro LiTamMMa He [JO/DKHO CYLLecTBeHHO
MEHATbCA MNpu HU3Koi Ph. (Ta6nuua Ne 1.).

CornacHo HawuvM fAaHHbIM, MOJYYEHHbIM MPU WU3YYeHUW OKWUCAUTENbHON accuMunaLun
rMI0KO3bl, U3y4yaeMbllii LUTaMM B 3HAUYUTENIbHON Mepe YTWAW3UPYeT F/IOKO3bl, U ANS CBOEro
OblXxaHna ynoTpebnsieT Tonbko 8% Bceit rmokosbl (Tabnuuya Ne 4).

I. Kilonféle cukrok hatidsa a Chlorella vulgaris BEYER légzéséi”.
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