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Abstract. Four species of the unicellular green alga Chlorella, 
C. vulgaris, C. luteoviridis, C. minutissima, and C. zofin- 
giensis, were characterized with respect to DNA similarities 
as determined by quantitative DNA hybridization pro- 
cedures. In contrast to previous results, C. vulgaris turned 
out to be a homogeneous species with the exception of strain 
211-11c of the Gdttingen collection, which was shown to 
belong to C. kessleri. Similarly, C. luteoviridis and C. minutis- 
sima represent well defined species in terms of phenotypic 
and genotypic features. Within C. zofingiensis one strain is 
clearly different with respect to DNA base composition and 
DNA hybridization data even though it shares phenotypic 
characteristics with the other strains, of C. zofingiensis. 
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The application of DNA reassociation studies to unicellular 
green algae of the genus Chlorella strongly supported the 
current taxonomy according to Kessler (1982, 1987). Only 
within the species C. sorokiniana and C. saccharophila strains 
have been found which are physiologically and. bio- 
chemically identical but are not closely related with respect 
to DNA base composition and DNA homologies (Huss et 
al. 1986, 1987a). All other species studied so far are very 
homogeneous with DNA similarities of 85 -100% found 
for the different strains within each species (Huss et al. 
1987b, 1988). 

To complete this series of DNA reassociation studies in 
the genus Chlorella we present DNA/DNA hybridization 
data of four more Chlorella species: C. vulgaris, C. luteo- 
viridis, C. minutissima, and C. zofingiensis. In a previous 
study by Kerfin and Kessler (1978) DNA hybridizations 
within C. vulgaris showed this species to be heterogeneous 
with DNA homologies ranging from 33-100% in spite of  
the uniformity of physiological and biochemical characters 
found by Kessler (1976). Since in a similar case the reexamin- 
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ation of DNA homologies within C. fusca var. vacuolata 
confirmed the homogeneity of this taxon (Huss et al. 1987 b), 
we decided to reexamine the data of Kerfin and Kessler 
(1978) also with respect to C. vulgar&. 

The six strains of  C. [uteoviridis studied, also are very 
uniform in physiological and biochemical properties. They 
are characterized by the ability to tolerate up to 5% sodium 
chloride and by a DNA base composition of 4 3 - 4 4  tool% 
guanine + cytosine (G + C). These values represent the 
highest salt tolerance and the lowest G + C content found 
in Chlorella (Kessler 1974; Hellmann and Kessler 1974). 

C. minutissima is characterized by a small cell size ( 1 -  
3.5 gin) with an average of 2 gm under natural conditions 
(Fott and Novfikovfi 1969). It resembles C. luteoviridis in 
most physiological and biochemical properties including 
DNA base composition but is much more sensitive to acidic 
and high salt conditions, similar to C. zofingiensis in this 
respect (Kessler 1976). DNA hybridizations, however, 
showed no significant relationships between any of these 
species (Huss et al. 1989). 

Cultures of C. zofingiensis grown under conditions of 
nitrogen deficiency turn into a bright red-orange colour due 
to the production of high amounts of secondary carotenoids 
as e. g. canthaxanthin and astaxanthin (Kessler and Czygan 
1965). Further characteristics of this species are high sensi- 
tivities towards an acidic environment with a pH lower than 
5 and salt concentrations of more than 1% (Kessler 1965, 
1974). In spite of these common properties, one strain of 
C. zofingiensis (C-1.2.1) is clearly distinct by a different 
DNA base composition (Hellmann and Kessler 1974), This 
situation is similar to that of  some strains of C. sorokiniana 
and C. saccharophila. 

Materials and methods 

All strains of C. vulgaris, C. luteoviridis, C. minutissima, and 
C. zofingiensis were the same as those used in the studies 
of Kessler (1974) (Table 1). For a confirmation of results 
concerning strain 211-11c of C. vulgaris, the strain from the 
G6ttingen collection was included in this study as well as an 
additional strain (1.80) of C. minutissima. Culture con- 
ditions, DNA preparation, and the determination of DNA 
base composition and DNA hybridization have been de- 
scribed before (Huss et al. 1986, 1987a, 1988). 
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Table 1. List of strains studied, their origin and DNA base compo- 
sition 

Species Strain Origin a G + C  
content 
(tool % ) b 

Chlorella luteoviridis 211-2a r G6ttingen 45.2 
Chodat 211-2b G6ttingen 44.5 

211-3 G6ttingen 45.0 
211-4 G6ttingen 45.0 
211-5a G6ttingen 45.0 
21l-5b G6ttingen 45.4 

C. minutissima Fott and C-1.1.9 Bethesda 46.0 c 
NovAkovA 1.80 G6ttingen 45.9 

C. zofingiensis D6nz 211-14a T G6ttingen 50.1 
211-14b G6ttingen 49.8 
211-14c G6ttingen 50.3 
C-1.2.1 Bethesda 63.2 

C. kessleri Fott and 211-1 lg T G6ttingen 55.1 d 
Novfikov~ 

C. protothecoides Kriiger 211-7a r G6ttingen 59.0 e 

C. vulgaris Beijerinck 211-11b x G6ttingen 61.2 e 
211-1e G6ttingen 59.6 
211-81 G6ttingen 62.0 
211-8m G6ttingen 60.7 
211-11c g G6ttingen 56.4 
211-11 f G6ttingen 60.7 
211-11j G6ttingen 61.5 
211-111 G6ttingen 61.0 
211-1 lp G6ttingen 61.9 
211-iiq G6ttingen 60.6 
211-11s G6ttingen 60.7 
211-11t G6ttingen 61.6 
211-12 G6ttingen 62.0 
211-19 G6ttingen 60.8 
211-21 G6ttingen 59.8 
395 Austin 61.0 
396 Austin 59.6 

211-8k T G6ttingen 63.1 h C. sorokiniana Shihira 
and Krauss 

G6ttingen, Algensammlung des Pflanzenphysiologischen Instituts 
der Universitfit G6ttingen, FRG; Austin, culture collection of algae, 
Austin, Texas, USA (formerly Bloomington, Indiana, USA); 
Bethesda, culture collection at Bethesda, Maryland, USA 
b Escherichia coli B (52.0 mol% G + C; Gillis et al. 1970) was used 
as reference; c Huss et al. 1989; a Huss et al. 1987b; * Huss et al. 
1988; e Huss et al. 1987a; g This strain was found to belong to 
C. kessleri; h Huss et al. 1986; r Type strain 

Results and discussion 

As shown in Table 2, D N A  hybr idizat ion data,  with one 
exception, confirm the otherwise observed uniformity 
(Kessler 1982) of  different strains of  C. vulgaris. This is 
in contras t  to the da ta  of  Kerfin and Kessler (1978) who 
determined D N A  homologies  with strain 211-8m as a refer- 
ence and obta ined low similarities ( 3 0 - 4 0 % )  with a number  
of  strains (Table 2). Fo r  a better  comparison,  we reexamined 
these da ta  with D N A  of  the same reference strain used in 
the original study, and purified by the same method  (CsC1 
density gradient  centr ifugat ion for separat ion of  chloroplas t  
DNA).  The results are in good agreement  with our  da ta  
obtained with the type strain of  C. vulgaris (Table 2). A 

Table 2. DNA homologies of C. vulgar&, C. protothecoides 211-7a r, 
and C. sorokiniana 211-8k T using the membrane filter technique in 
3xSSC/formamide at 45~ under optimal conditions (TM-25~ 
related to the melting temperature of the (aH)-labelled strain) 

Source of 
filter-bound 

Degree of binding (% D) with 
(3H)-labelled DNA from: 

211-11b x 211-8m N 

211-1ib T 100 79 (59)" 
211-8m 87 100 (100) 
211-1e 85 70 (74) 
211-81 86 88 (t00) 
211-11c 9 7 (100) 
211-11f 86 86 (34) 
211-11j 78 83 (38) 
211-111 78 75 (84) 
211-11p 86 92 (79) 
211-tlq 91 90 (60) 
211-11s 83 85 (33) 
211-11t 85 64 (34) 
211-12 78 82 (37) 
211-19 86 76(100) 
211-21 93 95 (87) 
395 89 88 (100) 
396 88 90 (95) 
2ll-7a x 8 -- (12) 
211-8k T t l  12 (27) 

a Values in brackets are results from Kerfin and Kessler (1978) for 
comparison 

Nuclear DNA, purified by CsC1 density gradient centrifugation 
T Type strain; - = not determined 

Table 3. DNA homologies of C. luteoviridis using the renaturation 
rate method 

Strain Degree of binding (% D) with 211-2a T 

211-2b 98 
211-3 102 
211-4 105 
211-5a 101 
211-5b 100 

T Type strain 

similar discrepancy to the results of  Kerfin and Kessler 
(1978) has been repor ted  by Huss et al. (1987b) concerning 
D N A  homologies  within C. fusca var. vacuolata. 

Strain 211-11c which previously was shown by Kessler 
(1976) to belong to C. vulgaris, can be clearly excluded f rom 
this species as it shares less than 10% D N A  homology  with 
other members  o f  C. vulgaris (Table 2). The reexaminat ion 
of  its physiological  and biochemical  propert ies  (data  not  
shown) as well as D N A  hybridizat ions  showed this strain to 
belong to C. kessleri (95% D N A  homology  to C. kessleri 
211-11g~). Strain 211-11c of  the G6t t ingen collection of  
algae, therefore, is no longer C. vulgaris but  C. kessleri. A 
similar confusion has been observed with another  strain of  
the G6t t ingen collection, 211-11a, which also turned out  to 
be C. kessleri instead of  C. protothecoides (Huss et al. 1988). 

All  strains of  C. luteoviridis share D N A  homologies  of  
about  100% (Table 3) forming a well defined species with 
respect to genotypic and phenotypic  criteria (Fo t t  and 
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Table 4. DNA homologies of C. zofingiensis using the renaturation 
rate method 

Strain Degree of binding (% D) with: 

211-14b 211-14c C-1.2.1" 

211-14a T 94 106 45 
211-14b 98 32 
211-14c 40 

a The homology values of strain C-1.2.1 are within the background 
noise of the renaturation rate method and do not indicate a specific 
relationship (Huss et al. 1986) 
T Type strain 

Novfikovfi 1969; Kessler 1982). Similarly, the two strains o f  
C. minutissima studied are closely related (94%D as deter- 
mined by the renaturation rate method). Unfortunately, the 
type strain of  C. minutissima, strain Lef+vre/1948 no. 87 in 
the Paris collection, was not available for our studies but it 
has been compared with our strain C-1.1.9 by Fot t  and 
Nov~tkov~ (1969). They placed both strains in the new 
species C. minutissima largely because of  the characteristic 
small cell size o f  about  2 ~tm under natural conditions. Re- 
cently, a new marine microalga, Nanoehlorum eucaryotum, 
with minimal eukaryotic features (Zahn 1984) and a cell size 
of  I - 2 pro, has been described by Wilhelm et al. (1982). The 
question has arisen whether such microalgae are primitive or 
reduced in evolutionary terms. The small subunit ribosomal 
R N A  sequence o f  Nanochlorum, however, was shown to be 
similar to that o f  Chlamydomonas and higher plants and 
therefore evolutionary reduction is favoured as the source 
of  its minimal features (Sargent et al. 1988). Similar features 
are characteristic for strain C-1.1.9 of  C. minutissima. Beside 
small cell size, its nuclear genome has been shown by D6rr  
and Huss (unpublished work) to be only 3 - 4  times as com- 
plex as that of  E. coli and is similar in this respect to that of  
many prokaryotic algae (Herdman et al. 1979). The small 
subunit ribosomal R N A  sequence of  strain C-1.1.9 shows 
C. minutissima likewise to be a typical green alga, more 
closely related to Nanochlorum than to other Chlorella 
species (Huss and Sogin, unpublished work). 

Within C. zofingiensis, D N A  similarities o f  9 4 - 1 0 6 %  
are found between three strains. Strain C-1.2.1 shows no 
significant relationship to this species in terms of  D N A  
homology (Table 4). This result was expected based on the 
different D N A  base composition of  this strain as compared 
to other strains of  C. zofingiensis (Table 1). This is another 
example within the genus Chlorella in which no phenotypic 
criteria have been found which can differentiate between 
genotypically unrelated strains. D N A  hybridizations of  
strain C-1.2.1 with other Chlorella species which share a 
similar base composition also revealed no significant re- 
lationship (data not shown). Investigations of  small subunit 
ribosomal R N A  sequences will reveal the taxonomic pos- 
ition of  this strain. 

The intention o f  this series o f  papers, in addition to the 
physiological and biochemical characterization by Kessler 
and coworkers (cf. Kessler 1982), was to clarify the confus- 
ing taxonomy of  Chlorella spp. and to facilitate the choice 
of  suitable strains for basic research and for biotechnological 
purposes. The evolutionary aspect and the phylogeny of  
Chlorella within the green algae will be the subject of  further 
investigations. 
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