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Abstract : From three strains of the red algae Amifhamnion plumula and one strain of the green alga Cladophora 
rupesfris, twenty seven strains of marine bacteria have been isolated and characterized. The various genera met 
were Pselldolllollas, Alferomonas, Acinefobacfer, Moraxella, Deleya, Flavobacferium, CyfopllOga and Vibrio. 
Sorne species were found on both algae : Pselldomas gelidicola, Pselldomollas elongafa, Acilletobacter sp. , 
Deleya marina and Alteromonas mac/eodii. 

In view of obtaining axenic algae, the reactions of these bacteria to different antibacterial products and to 
19 antibiotics, have been studied. The most efficient antibiotics are rifampicin and carbenicilion. 

Résumé: A partir de 3 isolats de l'algue rouge Antithalllnion pill/llula et d'une souche de l'algue verte Cladophora 
IlIpesfris , 27 souches de bactéries marines ont été isolées et caractérisées. Les bactéries appartiennent aux genres 
Pseudol11onas, Alteromonas, Acinetobacter, Moraxella, Deleaya, Fla vobacteriulIl , Cytophaga et Vibrio. Quelques 
espèces sont communes aux deux types d'algues : Pseudol1lonas geUdicola, Pseudol1lonas elougata, 
Acinetobacter sp. , Deleya marina et Alterol11onas mac/eodh. 

Dans le but d'avoir des algues axéniques, la réponse de ces bactéries à divers agents antibactériens dont 19 anti­
biotiques a été étudiée. Les antibiotiques les plus efficaces sont la rifampicine et la carbenicilline. 

INTRODUCTION 

Identification of marine bacteria using only phenotypic features is very difficult because 
of the paucity of the literature in this field. Thirty years ago, several Pseudomonas, 
Achromobacter, Empedobacter, Flavobacterium and Acinetobacter species from the marine 
environment have been described (27), but discriptions are incomplete. More recently 
Baumann et al. (1, 2) have studied different pseudomonads and, on the basis of their DNA 
G+C content, created the genus Alternomonas (1,4). This was completed by an investiga­
tion of the biochemical differences between Alteromonas and Pseudomonas (14, 23). From 
the genus Alteromonas, a new genus has been created : Marinomonas, containing two spe­
cies : M. vaga and M. Communis (22). Fresh water Acùzetobacter have been studied by 
Pagel et al. (25), who identified two species : A. calcoaceticus and A. lwojjï. More recently, 
new pathogenic species of Acinetobacter have been described : A . baumanii, A. haemolyti­
cus, A. johnsonii and A. junii (11). The marine Achromobacter-Alcaligenes group was 
recently reviewed by Baumann et al. (3). They created the genus Deleya to accomodate for 
the previously named Alcaligenes aestus, A. pacificus, A. cupidus and A. venustus. 
Surprisingly, Pseudomonas marina was inc1uded in this new genus although it differed 
frorm other species by the presence of polar flagella. The Virbionacea family has been 
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extensively studied by Kalina et al. (18), who created a new genus, Allomonas, by R.R. 
Col weIl and coworkers (15,16,19,31,32) and by Baumann dal. (5). 

The study of bacteria living within or on algal ceIl walls is interesting, especiaIly if one 
wants to grow the algae axenically. In this paper we have studied the bacteria living with 
two different species of muiticellular marine algae, Antithamnion plumula and Cladophora 
rupestris in an attempt to axenise those algae. We have phenotypically characterized the 
bacterial strains we found and we have investigated their behaviour in relation to various 
antibiotics and antiseptics. 

MATERIALS AND METHODS 

- Algal strains and growth conditions. Antithamnion plumula (Ceramiales, Ceramiaceae) 
na 6 and A are the male gametophyte and the tetrasporophyte, respectively of the laboratory 
strains R3556 of the collection of Maine University (Maine, France). The wild types of 
Antithal11niol1 plumula and Cladophora rupestris (Cladophorales, Cladophoraceae) were 

collected at Roscoff (Brittany, France). These algae were kept or cultivated at 14°C in Von 
Stosh's medium (30) with a 12h-12h photoperiod and a light intentsity of 20 uE m" sec']. 

Solutions of antibiotics, antiseptics and vitamins were sterilized by filtration through a 
0.22 Ilm MiIIipore membrane. Manipulations were done aseptically within a laminar flow 
hood. 

- 8acterial strains and growth conditions. Bacterial strains were isolated from the above 
algae which had undergone or not a treatment by antibiotics or antiseptics (Tables 1, II). 
Bacteria were grown on ZobeIl's medium or on a basal salt medium (BSM) (28) at the tem­
perature of 25°C. 

- Investigations of phenotypic features. Morphological observations were performed 
with cells grown on Zobell's medium with a photonic microscope at the magnification 1100 
X. The motility and its type as well as cell morphology was noted. Flagella were stained 
according to Rhodes' method (29) and the flagellation types were recorded. To detenninate 

the respiratory types, bacteria were inoculated in Veillon's tubes containing ZobeIl's 
medium solidified with 6%0 (w/v) agar. The metabolic type was determined with the modi­
fied medium of Hugh and Leifson containing 0,5 % glucose (17). Strains were characteri­
zed as inelt, alkaline, oxidative or fermentative. The ability to use various carbon sources 
was tested in BSM containing the investigated sugar at the concentration of 0,5 % (w/v). 
Oxidase activity was assayed with disks impregnated with dimethylparaphenylene diamine 
oxalate (Diagnostic Pasteur) (20). Catalase activity was assayed by mixing one colony from 
a ZobeIl's agar plate with a drop of hydrogen peroxide at 10 volumes. Strains were investi­
gated for amylase and DNase activity using starch at the concentration of 1 % (w/v) in 
Zobell's agar plates and DNase Agar (Diagnostics Pasteur) supplemented with 25 g/l NaCI 

as respective substrates. Activities were revealed with a lugol solution on starch agar and 
HCl 1 N on DNase agar. The nitrate reduction test was run with Griess reagent. Other tests 
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Table 1 : Time course of the appearance of different bacterial strains upon treatment of Amilhall/I/iol/ pill/llula 
with various antibiotics 

Antibiotic treatment 

o 

1+2 

1+2+3 

1+2+3+4 

5 

5+4 

Wild type 

WI ;W2 

WRC 1 

WG-I; WG-2 

WGR21 ; WGR22 ; WGR23 

WGR24 

WRGI ;WRG2 

Aigai strain 

strain 6 

6-1 ; 6-2; 6-3 

6RCI ; 6RC2 

6RGI ; 6RG2 

Strain A 

Ap;Ag 

Antibiotic treatments were chosen l'rom antibiograms results. Treatments were performed subsequently on the 
same algal fragment. 

Treatment 1 Rifampicin 20 /lg/ml and Chloramphenicol 7 /lg/ml for 45 hours simultaneously 

Treatment 2 Gentamycin 2 /lg/ml for 48 hours. 

Treatment 3 Gentamycin IO /lg/ml and rifampicin 5 /lg/ml for 24 h Followed by rifampicin 5 /lg /ml for 24 
hours. 

Treatment 4 Rifampicin 30 /lg/ml for 7 days followed b y gentamycin IO /lg/ml for 5 days. 

Treatment 5 Rifampicin 5 /lg/ml and chloramphenicol 5 /lg/ml for 24 hours simultaneously. 

Antiseptic 

treatment 

o 
1 

2 

Table II : Time course of appearance of different bacterial strains upon treatment of 
Cladophora rupeslris with various antiseptics . 

Aigae strain 

cu ; CIT ; CIB ; CIP 

CI70 

CIT60 a ; CIT60 b 

Treatments 1 and 2 were performed with different ex-plants bec au se the fragment having undergone the treatment 
nO 1 did not survive. 

o : untreated 

Treatment 1 Ethanol 70 % for 5 mn. 

Treatment 2 Temerol 12 /lI/mi for 4 hours. 
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were performed by utilization of API 20 NE and API 20 B galeries (API System SA). 
Antibiograms were determined with antibiotic disks (Diagnostic Pasteur). Finally, to discri­
minate between Pseudomonas and Alteromonas we followed the identification protocol of 
Lee et al., (23) and Gilson et al. (14) (see Table VI). 

RESULTS 

- General 

Twenty seven bacterial strains were isolated from the untreated algae and from the ex 
plants treated with various antibiotics (Table 1 and II) . Their nutritional requirements as 
weil as their morphological and physiological features are summarized in table III. 
Antibiograms are given in table IV. 

All strains grew between 24 h and 48 h on Zobell's agar plate. Colonies were generally 
smooth, entire, round. All strains were catalase positive, strict aerobes (excepted the strain 
ClT 60b). They all had a respiratory metabolism, with the exception of the strain CIT60b 
which had a fermentative metabolism. No cocci shaped cells were observed. No strain 
could grow on Zobell's solidified medium without NaCI excepted the strain WGRr 2. They 

ail were gram negative and did not fix nitrogen ; none cou Id use H2 and CO2 as energy and 

carbon sources, respectively. No growth occurred at 43°C. With the exception of the strain 
WGR2-2, no strain was capable of denitrification. With the exception of the strain Clt 60b, 

no strain produced indole from tryptophan. No strain synthesized a fluorescent pigment in 
king A and B media. 

- Description of individual strains 

SU'ain 6-} : Small, round, smooth colonies with a slow growth rate (48 hours at 25°C). 
Cells were sm ail (2 /lm x 0,5 /lm), motile rods with polar' flagella. The strain was oxidase 
positive, oxidative (produced acid from glucose), did not reduce nitrate to nitrite, did not 
produce amylase, desoxyribonuc1ease and gelatinase and did not cut esculine. 
Strain 6-2 : Flat, not pigmented colonies which spread on the plate with a slow growth rate 
(48 hours at 25°C). Cells were motile rods with polar flagella. The strain was oxidase posi­
tive, alkalin , did not reduced nitrate no nitrite and did not cut esculine. This strain exhibited 
a very few positive phenotypic characters (Table IV). The main difference with the strain 6-
3 was the aspect of the colonies. 
Strain 6-3 : SmaU, round, smooth colonies, pigmented in red in primary isolates but loosing 
their pigmentation upon sub-culture. Growth was slow (48 hours at 25°C). Cells were smaU 
(2 /lm x 0,5 /lm), motile rods with polar flagella. The strain was oxidase positive, alkaline, 
did not reduce nitrate to nitrite, did not produce amylase, gelatinase and desoxyribonuc1ease 
and did not cut esculine. As for the previous strain, it exhibited a very few positive pheno­
typic characters (Table IV). 
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St/'ain Ap and CU : Big, round, smooth, slimy yellow-pigmented colonies which grew 
within 24 hours. Cells were polymorph, motile cocobacilli with polar flagella. They were 
oxidase positive, oxidative, did not reduce nitrate to nitrite, dit not produce amylase and 
desoxyribonuclease and cut esculine. These strains did not survive more than six days in 
Zobell's bath at 25°C. 
Strains Ag, W2, WRGl, CIP : White, round, smooth colonies which grew within 24 hours. 
Cells were motile coccobacilli with polar flagella. The strains were oxidase positive, oxida­
tive, did not reduce nitrate to nitrite, did not produce amylase but produced gelatinase and 
desoxyribonuclease and cut esculine. 
SU'ain Wl : Round, smooth, white colonies growing within 24 h. Cells were motile cocco­
bacilli with peritrichous flagella. The strain was oxidase positive, oxidative, reduced nitrate 
to nitrite but did not denitrify. It did not produce amylase, gelatinase for desoxyribonuclease 
and did not cut esculine. 
Strains WRC1 , WG2 , WRG2 and ClT60a : Colonies were round, smooth and white and 
grew within 24 h. Cells were non motile coccobacilli. The strains were oxydase negative, 
oxidative. They did not reduce nitrate to nitrite, did not produce amylase, gelatinase, or 
desoxyribonuclease and did not cut esculine. 
Strain 6RG2 : Colonies were round and rough in primary cultures then became and not pig­
mented smooth upon sub-culture. Grow was slow (48 h at 25°C). Ce Ils were very small (l 
!lm x 0,5 mm) non motile coccobacilli. The strain was oxidase positive and inert on gluco­
se, did not reduce nitrate to nitrite, did not produce amylase, gelatinase and desoxyribonu­
clease, did not cut esculine. 
Strains 6RGl and CIT : Colonies were small and smooth. Growth occurred within 24 h. 
Cells were motile rods with polar flagella. The strains were oxidase negative, inert on glu­
cose, did not reduce nitrate to nitrite, did not produce gelatinase or desoxyribonuclease but 
had amylase activity. They did not cut esculine. 
SU'ain WGRr3 : This strain grew into round, smooth, cream-pigmented colonies. Cells 

were motile coccobacilli with peritrichous flagella. The strain was oxidase negative, oxida­
tive, did not reduce nitrate to nitrite, did not produce amylase, gelatinase or desoxyribonu­
clease and did not cut esculine. 
Strains WGl and ClB : Small (1 mm), round, smooth. Colonies growing within 24 h. Cells 
were very motile rods with polar flagella. Those strains were oxidase positive, inert on glu­
cose, did not produce nitrate to nitrite and did not produce amylase. They did produce gela­
tinase and desoxyribonuclease and cut esculine. 

'. SU'ain WGRr2 : Round, flat, adherent, brown, rough colonies with a wrinkled appearance. 

Cells were motile rods with polar flagella. The strain was oxidase positive and oxidative, 
capable of vigorous denitrification. It did not produce gelatinase or desoxyribonuclease and 
did not cut esculine. 
Strain WGRrl and 6RCI : Colonies at 24 h were not pigmented very small «1 mm), round 

and smooth. Cells were rod shaped and were very motile by polar flagella. The strains were 
oxidase positive and inert on glucose. They reduced nitrate ta nitrite but did not denitrify. 



Table III : Morphological, physiological and nutritional of the bacterial strains 
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They did not produce amylase, gelatinase, or desoxyribonuclease and did not cut esculine. 
Only the strain WGRrl was investigated further for its biochemical characters (Table III). 

Sn'ain WGRr4 and 6RC2 : Round, smooth lemon yeIlow- coloured colonies. Cells were rod 

shaped and not motile. Those strains were oxidase positive and inert on glucose. They did 
not reduce nitrate to nitrite, produced gelatinase but did not cut esculine. Only the strain 
WGRr4 was investigated further fot its biochemical characters (Table III). 

Sn'ain C/70 : Round, rough, orange. Cells were very long rods (20 to 50 Ilm), not motile. 
This strain was slightly oxidase positive, inert. It reduced nitrate to nitrite but did not deni­
trify. It produced gelatinase and cut esculine. 
Sn'ain ClT60b : Colonies were round, smooth, and grew weIl within 24 h. Cells were very 
motile polymorph rods with polar flagella. The strain was oxidase positive and fermentative 
(it produced acid from glucose in closed tube). It reduced nitrate to nitrite but did not deni­
trify. It had gelatinase activity, produced indole from tryptophan and did not cut esculine. 

Given the above results, aIl the strains we found could be assigned a species or a genus 
name (Table V). Phenotypic features used to distinguish between Alteromonas and 
Pseudomollas, are summarized in table VI. 

DISCUSSION 

In order to identify with certitude bacteria, especially marine bacteria, one generalJy 
compares their DNA to that of reference strains by hybridization or assaying for the G+C 
content. Such methods are heavy, expensive and can only be do ne in well-equiped laborato­
ries. In this paper we show that it is possible to have a good presumptive determination of 
different heterotrophic bacteria using easy and unexpensive methods such as the utilization 
of two types of API galeries (API system) adjusted to the marine environment, as weIl as 
different staining methods and the investigation of the mode assimilation of glucose and 
other carbon sources. In spite of a few discrepancies with the taxonomic investigations 
published previously, these methods enabled us to give most of the bacteria we found spe­
cies names already assigned in the literature (Table V) , the remaining strains could be assi­
gned to groups already described (1). Sorne of the se strains might be new species, whose 
identification would require a detailed genetic analysis. Globally (Table VII) results indica­
ted phenotypic percentages similar with those found by Berland et al. (7) . In this study, 
however, more strains were able to acidify the medium from various sugars. Notably, the 
percentage of strains which were capable of utilization of glucose was much higher (80 %). 

This result is similar to those of Banchi A (94 %) (9). The sugars more utilized were gluco­
se (80 % of strains), maltose (72 % of strains) and galactose (94 % of 17 strains tested). The 
less used sugar was arabinose (1.2 %). These results are again very close to these obtainly 
Berland et al. (8). It is interesting to note that galactose is a main wall component of red 
algae and that glucose is constituent of cellulose, the main wall polysaccharide in 
Cladophora rupestris (26). 
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Many of our strains did appear in the algal culture medium upon treatment of the algae 

with antibiotics or antiseptics. For example, the C170 strain only appeared after treatment 

of Cladophora rupestris with 70 % ethanoi. We suggest two possible explanations to this 

finding. First, it is known that algae often excrete antibacterial substances (6, 10,24). Such 

a secretion of antibiotics either by the alga or by sorne of the bacterial strains would inhibit 

the development of other bacteria. Weakening the plant or elimination of the former bacte­

ria by antibiotic or antiseptic treatment might result in the development of the later strains. 

Another possibility is that treatments could liberate sorne bacterial strains previously stuck 

to the alga cell walls. In this respect, as has been observed by optical microscopy (not 

shown) the Cl 70 strain was stuck perpendicularly into the cell walls of C. rupestris. This 

strain might have been physically released from cell walls upon treatment of the alga with 

70 % ethanoi. Bacteria were also noted more or less embedded within the cell walls of A. 

plumula. 

Pseudomonas gelidicola, P. elongata, Acinetobacter sp., Deleya marina and 

Alteromonas macleodii were found with both species of algae. They displayed the same 

phenotypic features wherever they came from, with the exception of one strain of 

Pseudomonas elongata (WRG, strain) which had a different antibiogram pattern than the 

others. Other bacteria have been found with one algal strain only. This is the case of 

Cytophaga sp. (Cl70 strain). This genus, often cellulolytic was found, on Cladophora 

rupestris, the cell wall of which contains up to 70 % crystalline cellulose (26). We do not 

know, however, whether any of these is specific for one alga. 

Very few antibiotics were effective in eliminating the contaminant bacteria (Table IV). 

The most effective was rifampicine (12 strains out of 20). Carbenicilline also was rather 

effective as 5 out of the 6 strains tested were sensitive. The strains which were resistant to 

rifampicine also were the only ones sensitive to the aminosides. This is the case of strains 

of Acinetobacter sp. (WRCI ; WG2 ; WRG2 ; CIT60a strains). Two strains resisted to all 

the investigated antibiotics, Vibrio parahaemolyticus (CIT60b) and Deleya aesta (Wl). 

Both of these species are characterized by an important metabolic activity. Perhaps these 

strains synthesize ensymes which destroy antibiotics by plasmid or episome attainment. 

The strain 6RG2, which we have assigned to the species MOI·axella sp., was not sensitive to 

penicillin G, contrary to all other Moraxella, but was the only strain sensitive to ampicilline 

(Penicilline A). AlI the other distinctive characters of the genus were correct. 

Antithamnion plumula resisted well to the treatments with carbenicillin, gentamycin, 

rifampicin and chloramphenicol (Table 1) bud did not resist to a short immersion (l h) in 

Temeroi. By contrast Cladophora rupestris was resistant to treatments with Temerol shorter 

than 8 hours (Table II). The treatments that were investigated did reduce the number of bac­

teria but did not succeed in making the algae axenic. However, the knowledge we have gai­

ned on the various bacterial strains and the behaviour of algae towards antibiotics and anti­

septics should prove useful in further axenisation attempts. 
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CIB 

CI70 

CIT60 b 

COMMENSAL BACTERIA AND MARINE ALGAE 

Table V : Assignement of stra in 

Pseudomonas sp. Baumann's group DI (Baumann 1972) 

Pseudomonas cl'lIci\'iae (Gray & Thorton 1928) 

Pscudomonas sp. Baumann's group 12 (Baumann 1972) 

Pseudomonas gelidicola (Kadota 1951) 

Pseudomonas elongala (Humm 1946) 

Deleya aesta (Bauman, 1983) 

Acinetobacter sp. (Brisoll & Prevot 1954) 

Moraxella sp. (Zwoff 1939) 

Deleya lIIarina (Baumann 1983) 

Deleya cupida (Baumann 1983) 

Alteramona mac/eodii (Baumann 1972) 

Pseudol1lonas stutzeri (Zohmann & Neumann 1896) Sijderius 1946 

Pseudo/J/O/ws sp. Baumann's group H2 (Baumann, 1972) 

Fla\'ubacteriulI/ halmephilulI/ (Elazari & Vo1cani 1940) 

Cytophaga sp. (Winogradsky 1929) 

Vibrio parahaemolyticlis (Fujino, Jibazaki, lwanami & Eukumu 1963) 
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Table VI : Phenotypic characters of Psel/domol/as and Alteromol/as modified from Lee et al. (ref. 23) 
and Gilson e/ al. (ref. 14). 

Tests 

Requirement for Na' 

Arginine dihydrolase 

Growth in 7,5 % NaCI 

Glucose Metabolism 
(Hugh & Leifson) 

DNase 

OX : Oxydative ; 1 : Inert ; AI : Alkalin ; d : differential. 

Pseudomonas 

d 

d 

d 

OX or liAI 

d 

Al/eramol/as 

+ 

+ 

liAI 

+ 

Table VII : Global results of phenotypic features exprimed in percentage of tested strains 

a(%) b(%) 

Morph%gy 
White colonies 80 61 
Yellow colonies 12 29 
Orange colonies 4 5 
Translucent colonies 20 18 
Strains Mobile' 72 68 
Strains Mobile' 28 26 
Strains Gram' 100 95 
Physiology 
Growth in 0% NaCI 4 30 
No growth at 43°C 100 63(40°C) 
Fermentative strains 4 10 
Oxydative strains 56 22 
Iner! strains 40 68 
Aerobic strains 96 88 
Anaerobie facultat ive strains 4 13 
Enzymology 
Oxydase 72 90 
Catalase 100 85 
Gelatinase 40 43 
Nitrate reductase 16 43 
H2S 0 35 
Indole 4 1 
Medium acidification with : 
Arabinose 12 Il 
Glucose 60 16 
Galactose 56 9 
Mannose 12 15 
Fructose 48 15 
Maltose 56 18 
Saccharose 48 21 
Manitol 56 10 
Sorbitol 4 4 
Antibiogram : Sensitive to : 
Penicillin G 0 35-55 
Streptomycin 10,5 65 
Chloramphenicol 30 75 

a : our results ; b : Berland et al. 1975, Hydrohiologia 47, 481-497. 



COMMENSAL BACTERIA AND MARINE ALGAE 373 

ACKNOWLEDGMENTS 

This work was supported by PIRSEM, CNRS "Connaissance des Algues". Décision n° 
3234. We are grateful to Susan Loiseaux-de Goër and Bernard Kloareg for critical reading 
of the manuscript. We are grateful also to Marie-Thérèse L'Hardy-Halos for kindly provi­
ding us with Antithamniol1 plumula. 

REFERENCES 

BAUMANN, L., P. , BAUMANN, M. MANDEL & Richard D. ALLEN. 1972. Taxonorriy of aerobic marine eubacteria. Journal 
ofBacteriology 110: 402-429. 

BAUMANN, P., Ron D. BOWDlTCll. L. BAUMANN & B. BEAMAN, 1983. Taxonomy of marine Pseudomonas species : 
Pseudomo//Os stanieri sp. nov. Pseudomonas pe/feetomarina sp. nov. ; nom rev ; Pseudomonas nautiea and 
Pseudomonas doudoroffï. International Journal of Systematic Bacteriology 33 : 857. 

BAUMANN, L., Ron D. BOWDlTCH & P. BAUMANN, 1983. Description of Deleya gen. nov. Created to accomodate the 
marine species Alealigenes aestl/S, Alealigenes poeijïcl/s, Alcaligenes cupidus, Alealigenes venuslus and 
Pseudol11onas marina. IntemationalJoumal of Systelllalie Bacteriology 33 : 793-802. 

BAUMANN, P., L. BAUMANN, Ron D. BOWDITCH & B. BEA MAN, 1984. Taxonomy of Alteromonas : Alteromonas nigri­
faseiens sp. nov. ; nom rev ; Allerolllonas l11ac/eodii and Alleromonas haloplanklris. IllIernalional Journal of 
Syslemalic Baeleriology 34: 2. 

BAUMANN, P., L. BAUMANN, S.S. BANG & M.J. WOOLBALIS. 1980. Reevaluation of the Taxonomy of Vibrio, Benechea 
and Pholobacleriulll : abolition of the genus Beneckea: Cah. Microbiol. 4: 127-132. 

BERLAND, B.R., D.1. BONIN & S.Y; MEASTRINI, 1972. Étude des relations algues-bactéries du milieu marin. Possibilité 
d'inhibition des algues par les bactéries.Télhys : 4 : 339. 

BERLAND, B.R. D.1. BONIN, J.P. DURBEC & S.Y. MAESTRINI, 1975. Bactéries hétérotrophes aérobies prélevées devant le 
delta du Rhône. 1. Estimations quantitatives des populations et déterminations. Hydrobiologia 47 : 481. 

BERLAND, B.R., D.J. BONIN, J.P. DURBEC & S.Y. MAESTRINI, 1976. Bactéries hétérotrophes aérobies prélevées devant le 
delta du Rhône. III Utilisation potentielle de différents substrats organiques comme source de carbone, 
Hydrobiologia 50: 3-10. 

BIANCHI, A., 1971. ÉCOlogie et taxonomie des bactéries hétérotrophes aérobies des sédiments marins, leur participa­
tion à la dégradation des matières organiques. Thèse Doct. Université, Aix-Marseille, 22 1 pp. 

BONIN, D.1., 1969. Influence de différents facteurs écologiques sur la croissance de la diatomée marine 
Chaetoceros a.tfinis, Zauder, en culture. Théthys 1 : 173. 

BOUVET, Ph. J.P. & P.A.D. GRIMONT, 1986. Taxonomy of the genus Acinetobacter with the recognition of 
AcinetobaCler bal/manii sp. nov., Aeinetobacler haemolyticl/s sp. nov., Aeinetobaeter johnsonii sp. nov. and 
Aeinetobaeler jUllii sp. nov. and emended descriptions of Aeinelobacter caleoacelieus and Acinetobaeler Iwolfii. 
InternalionalJournal of systemalic baeteriology 36: 228-240. 

BUCHANAN, R.E. & N.E. GIBBONS (ed.) 1974. Bergey's manual of determinative bacteriology, 8'" Ed. The Williams & 
Wilbins Co. , Baltimore. 

DOHLER, K., A.R.H. VOLKER & G.Z. WALTER, 1987. Transfer of Pseudol11onas pe/feelomarina Baumann, Bowditch, 
Bauman & Beaman 1983 to Pseudol11onas stulzeri (Zehmann &Neumann 1896) Sijderius 1946. Inlemalional 
Journal of syslel11atie baelcriology : 37 : 1-3. 

G,LSON, D.M. , M.S. HENDRlc, N.C. HOUSTON & G. HOBBs, 1977. The identification of some gram negative heterotro­
phic aquatic bacteria p. 135-159. In F.A. Skinner & J.M. Shewan (ed.) Aquatic Microbiology Published for the 
Society for Applied Bacteriology by Academic Press London, New-York, San Francisco. . 

GUERINOT, M.L., P.A. WEST J.Y. LEE & R.R. COLWELL, 1982. Vibrio diazolrophieus sp. nov. a marine nitrogen fixing 
bacterium. IIIfemalionalJoumal ofSyslematic BaC/eriology 32: 350. 

HADA, H.S. , P.A. WEST, J.Y. LEE, J. STEMMLER & R.R. COLIVELL. 1984. Vibrio lubiashii sp. nov. a pathogen of bivalve 
mollusks. InlcmationalJournal ofSystematie Bacleriology 34 : 1. 

HUGH, R. & E. LElFSON, 1953. The taxonomic significance of fermentative versus oxydative metabolism of carbohy­
drates by various gram negative bacteria. Journal of baeteriology 66 : 24-26. 



374 ~BARBEYRON, Y.BERGER 

KALINA, G.P., S.A. ANDREW, T.P. TUREVA & T.T. CRAFOVA, 1984. Allomonas enterica gen. nov. sp. nov. : 
Desoxyribonucleic acid homo log y between A//omonas and sorne other members of the Vitrionacea. 
Internationa/Journa/ of Systematic Bacteri%gy 34: 150. 

KAPER, J.B., H. LocKMAN, E.F. REMMERS, K. KRlSTENSEN & R.R. COLWELL, 1983. Numerical taxonomy of Vibrio isola­
ted from estuarine environments. Internationa/Journa/ ofSystematic Bacteri%gy 33: 229. 

KOVACS, N, 1956. Identification of Pseudomonas pyoeganea by the oxydase reaction. Nature 178 : 703. 
KRlEG, N.R., & J.G. HOLT (ed.), Bergey's manual of systematic bacteriology, vol. 1. The Williams & Wilkins Co. 

Baltimore. 
LANDSHOOT, A. van, & J. de LEY, 1983. Intra and intergeneric similarities of the rRNA cistrons of A/teromonas, 

Marinomonas gen. nov. and sorne other gram negative bacteria. Journa/ of General Microbi%gy, 129: 3057. 
LEE, J.v., D.M. GlBSON & J.M. SHEWAN, 1977. A numerical taxonomie study of sorne Pseudomonas like marine bac­

teria. Journal (j(General Microbi%gy 98: 439. 
LOlsEAux, S. & C. ROZlER, 1978. Culture axénique de Pylaiella littoralis (L.) Kjellm (Phéophycée) Rel'. A/gal. N.S. 

13: 333. 
PAGEL, J.E. & P.L. SEYFRlED, 1976. Numerical taxonomy of aquatic Acinetobacter isolates. Journal of General 

Microbiology 95-220. 
PRESTON, R.D., 1974. The physical biology of plant cell walls, Chapman & Hall. Londres 491 p. 
PREVOT, A.R., 1961. Traité de systématique bactérienne. Tome 2. Dunod (Ed.). Paris. 
QUATRANO, R.S. & B.A. CALDWELL, 1978. Isolation of unique marine bacterium capable of growth on a wide variety 

of polysaccharides from macroalgae. Applied and Environmenta/ Microbiology : 36 : 979. 
RHODES, M.E., 1958. The cytology of Pseudomonas species as revealed by a silver plating, staining 

method. Journal (j(General Microbiology 18: 639-648. 
VON STOSCH, H.A., 1963. Winkung von Jad und Arsenit and Meeresalgen in Kultur. P 142. In De Viville, D. & J. 

Feldman (ed.) hoc Int. Seaweed Symp. 4 Pergamon Press. Oxford. 
WEST, P.A., P.R. BRAYTON, R.R. TWlLLEY, T.N. BRYANT & R.R. COLWELL, 1985. Numerical taxon orny ofnitrogen fixing 

"Decarboxylase Negative" Vibrio species isolated from aquatic environments. International Journal (j( 
Systematic Bacteriology 35 : 198. 

WEST, P.A., P.R. BRAYTON, T.N. BRYANT & R.R. COLWELL, 1986. Numerical taxon orny of Vibrio isolated from aquatic 
environments. InternationalJ ournal (j( Systematic Bacteriology 26: 531. 

ZOBELL, C.E., 1941. Studies on marine bacteria. I. The cultural requirements of heterotrophic aerobes . .J. mal'. Res. 
4:41. 


	CNS_0361.pdf
	CNS_0362.pdf
	CNS_0363.pdf
	CNS_0364.pdf
	CNS_0365.pdf
	CNS_0366.pdf
	CNS_0367.pdf
	CNS_0368.pdf
	CNS_0369.pdf
	CNS_0370.pdf
	CNS_0371.pdf
	CNS_0372.pdf
	CNS_0373.pdf
	CNS_0374.pdf

