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1s0LATION, CBARAC~TION AND IDEI\"TIFICATION OF PHOTOSYNTHETIC BACTERIA 

Franco G. Teves 

INTRODUCTION 

95 

In 1967, the term photosynthetic or phototrophic bacteria according to 
pfennig (1977), w~s used to designa~ the green and purple bacteria performing hotosynthesis with~ut the evolution of oxygen (_anoxygenic photosynthesis). tith the advances m cytology and electron nucroscopy, it was shown that the blue-green algae have the same prokaryotic cellular organization as the bacteria. The blue-green algae, however, perform oxygenic photosynthesis 
m·common with the eukaryotic phototrophs. 

In view of their common cellular structure with bacteria, the blue-green 
algae (cyanobacteria) are now considered as members of the kingdom Prokaryotae (Stanier, 1974). Figure 1 shows the cyclic photophoephorylation in anoxy:genic photosynthesis of green and purple bacteria while Figure 2 shows the non-cyclic photophosphorylation which occurs in cyanobacteria in addition 
toicyclic photophosphorylation. 
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Fi . gure 1. C;vclic phc;>t9phosphorylation (Cohen et al., 
Pel~zar et al., 1977). 
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Figure 2. Non-cyclic photophosphorylation (Cohen et al., 
1975; Pelczar et al. , 1977). 

Ecologicolly, phototrophic bacteria are important because they co:i:;. , ute to the productivity in the habitat where they thrive, in the cycle of ~at 1; 691 well as in the detoxification of sulfides to sulfates (Culver and Bruns~l, grain· Fenchel, 1969; Sorokin, 1970; Hayden, 1972). Figures 3a and1 3b ar.~ •~b tion ma lie representations of a meromictic lake showing the vertical di~tri ; the of oxygenic nnd anoxygenic phototrophs and the relative concentrations, water profile of dissolved oxygen and 1¾S, 
. case . . . . ChlorobUl '" The phototrophic green bacteria belong to two families. . . R}lodo~· ~~ Chloroflexaceae while the purple bacteria comprise the fam•il

10
\ 0 8ulfur pirillaceae (purple non-sp.lfur bacteria) and Chromatiaceae (purJ> bacteria) (Pfennig and Tru.per, 1974; Stanier, 1976). 
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h green and purple bact~ria can be differentiated from one another 

T e hology and ultrastructures and physiological and biochemical char
by cell ~orp 

terist1cs. 
9.C, 

The objective of the ~xperiment conducte~ and of this report is to 
. and identify the isolated photosynthetic bacteria. 
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Review of Literature . 
Molisch (190:), van Niel (1957), ~d ~tanier (1976) described t 

ulfur bacteria as bemg photoautotrophic, with a very narrow ra he Pllrp] 

s_ 'lable organic substances, strictly phototrophic, able to oxi? of Photoase 
SlIDlmulate elemental sulfur as intermediate product in the oxid t· e lI2s :i ... d· 
e.ccu . h h a 1onor~ ""'-I 

So .2 The purple non-sulfur bacteria on t e ot er hand, as des 'h .q2S ~
' . hi 'th b d en ed b I.I) 

same authors, are photoheterotrop c_wi a roa r~ge of photoass· _Y the 

organic substances, able to grow aerobically or anaerobically in the dar~ahJe 

oxidize H s or accumulate elemental sulfur. Only under special condit· ' do not 

the second physiological group utilize sulfide as an electron donor£ ions does 

(Hansen e.nd van Gemerden, 1972). or growth 

Flagellar motility together with the ability to respond photo- and h 

tactically, positively or negatively, to environmental conditions allo c erno. 

individual cell to adjust to optimum growth conditions in a particular~ :~ch 
(Clayton, 1957; Pfennig 1967; Sorokin, 1970). a 1tat 

Stanier (1976) and Pfennig and Truper (1974) enumerated ten gen 

of purple sulfur bacteria and three genera of purple non-sulfur bacteria. ;ra 

prominent difference in the metabolism of these two groups is that the k:e 

enzyme of the dissimilatory sulfur metabolism of purple (and green) sulfu~ 

bacteria, adenylylsulfate (APS) reductase, has been proven to be absent from all 

Rhodospirillacease studied so far ( Truper and Peck, 1970; Hansen and 

Voldkamp, 1972; Kirchhof and Truper, 1974; Pfennig and Truper (1974) 

described five species ofRhodospirillum, six of Rhodopseudomona and only one 

species of Rhodomicrobium. 

With the exception of the ability of Rhodopseudomonas gelatinosa to 

liquify gelatin, the known purple non-sulfur bacteria charateristically lack 

the capacity to break down organic macromolecules such as starch, cellulose, 

pectin. chitin,neutral lipids, and proteins (Pfennig, 1978). In naturalhabitats, 

they der,end on the preceding activity of chemoorganotrophic bact.eria capable 

of degrading such macromolecules. This dependence has been cited as one 

reason why Rhodospirillaceae are never seen in blooms comparable to 

those of the green and purple sulfur bacteria (van Niel, 1971). They are, howev~, 

found in relatively high proportions together with chemoorganotrop~c 

bacteria (Kaiser, 1966; Biehl, 1973). The most commonly encountered species 

in nature are Rhodopseudomonas gelatinosa and Rhodopseudomonas 
palustris (Biehl and Drew, 1969) 
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Materials and Methods 

samples were obtained from nine shallow port· (a 5 
L g

una Lake waters behind the Public Market of Los10Bns_ - Lmeters de~~) 
of a l S anos, aguna usmg 
a rnodified water sa;ip e\ th ai;1pl~s were immediately brought to the 
?,{iorobiology Labor~ o~ o e ~ti tut~ of Biological Science, UPLB' for 
• 1ation characterization and identification The samples fi 
iso1 , • · were irst 
inoculated to screw-~ahppeded t':1tbhes

0
two-thir~ filled with PBM I liquid medium, 

ch separately ennc w1 .1 % sodium succinate 0 101 sodi . t t ea 
1 

, • 7o um ace a e 
and0.1% ethano. 

The tubes were then incubated 60 cm from a 25w bulb as a source of 
pbotic energy observed daily until a characteristic red or brown color was noted. 
Wet mounts were then made to check the morphotogy of the predominant 
bacteria. 

Eight serial dilutions were made from each original tube which showed color 
change, into tubes with PBM II agar while still melted, sufficiently mixed, 
,allowed to solidify and then sealed with vaspar. These tubes were incubated 
in the same conditions as before until well- isolated colonies were seen. A 
colony was then picked up using a sterile needle and ~ second set of serial 
dilution was made for further purification. When iaolated colonies appeared, 
one was picked up using a sterile needle and transferred to another PBM II agar 
tube and sealed with vaspar. Nine stock cultures were produced using the 
abovementioned proe;edure which were used as sources for the different 
experiments conducted. 

Obligate phototrophy, cell morphology and pigmentation were used as 
main bases to separate families. Among genera, ceH morphology was -used as 
differentiating characteristic whereas among species, methods of reproduction, 
flaggellations, cell morphology and size, pigmentation and unique c~ll groupings 
and cell structures were used for identification. These are indicated in Figures 
4 and 5 and Tables 1 and 2 
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Photic Requirements 
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Obligate phototrophs Facultative phototrophs 

I I 
Chromatiaceae 

Spiral 

Rhodospirillaceae 

Cell morphology 

Rod-Shaped, 
oval or spherical 
not forming 
filaments 

I 

Ovoid to 
elongate ovoid; 
form filament., 

Rhodospirillum Rhodoseudomonas Rhodomicrobium 

Figure 4. Key to the families of purple bacteria and genera of Rhodos· 

pirillaceae. (Modified fr.om Pfennig and Truper, 1974.) 
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Rhodopseudomonas 

r 
Rod-shaped 

to elongate ov:oid 

I . 
im· palustrlB 
Rp. viridis 
Rp. acidophila 
Rp. gelatinosa 

Cell morphology 

I 

Rod-shaped to 
spherical (pH dependent)' 

I 
Rp. capsulata 
Rp. sphaeroides 

Pigment 

Pigment Light yellow to 
I 

Greenish 
brown 

I 
Rp. capsulata 

Red to 
,dark ·brown 

Yellow-green, 
\I • II 

Orange-brown 
to purple red 

'lbl. Dalustri§ 

Figure 5. 

~ 'rll!CllNJcIAN 

green or dirty 
green 

Rp. viridis Rp. acidophila 

Key to the species of Rhodopseudomonas. 
(Modified from Pfennig and Truper, 1974). 
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brown to 
dark brown 

I 
Rp. Sphaeroides 

Pale brown to 
peach 

Rn- gelatinosa 
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T bl 1 Some differentiating chorocteristice of Rhodopseudoma.,-o e . •~s spp, • 

&2. BP. h h Ru. ~ 
gal11!!1iii:I .riri.dia 11t;idnphil11 gelatinosa S:~ D Ill.II II.Lil 

~ 
~ 

Morphology 
affected by 
pH 

Mode orre- budding budding budding fission fission fission 
production 

Color of red to dark yellow - orange - pale light 

pigment in brown green, brown to brown yellow ireeniah 

anaerobic green purple to to 
Brown. 

red light brown 
t.o 

medium or dark 
"dirty " pink brown 

green 

Pigment Behl a, Behl b, Behl a , Behl a, Behl a, Behl a, 
molecules caroten- caroten- caroten- group 2 group 2 group 2 

oida of oids of oida of caroten- caroten- caroten-
the the the oida oida oida 
spirillo- neuro- apirillo-
unthin aporene xanthin 
aeries & lyco- aeries 

pene 
serieal 
derivatives 

Flagella polar polar polar polar polar polar 

Slender + + NA NA NA 

tube 
produced 
during 
budding 

~ 

NA --- not applicable l 
I 

• Modified from Pfennig and Truper (1974). 
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Table 2. Some properties of Rhodomicrobium. v . l " * annze ii. 

ells ovoid to lemon-shaped. ?t{ature c 

103 

oung cells s~herical, originating as buds at :he end of filament.a which are 
Yi approxunately 0.3 um and one to several times as long as the mother cell. 

Mature birds ma~ remam
1
· attached to the filament and form another filament at the opposite po e. 

Mature cells may produce as many as three daughter cells; one, by formation 
of a primary filament from the pole of the cell and one or two or more 
by lateral outgrowth of new filament.a from the primary filament upon which the first daughter celil is borne. 

Facultative phot~troph. . . 
Form from pinkish to reddish brown pigment. 

Both wet mounts from agar stabs with a little a.mount of crystal violet 
and flagellar staining using Gray's flagellar stains were made. The photomi
croecope at the Central Laboratory was used to take pictures of the isolates. 

All taxonomic keys and schemes were based on references listed under 
Literature Cited ip. this report. Minor modifications, however, were made for 
better \,lee ofsuch keys. 

--------
· •Modifi ed fi;om Pfennig and Truper (1974). 
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Results and Discussion 

All enrichment cultures turned reddish purple from . 

brownish to grayish due to muddy sediments. It was also shown tha~ ~l'lginal 

(nine in all) were able to grow in the dark. However, growth in th d lBolatea 

obser:ved to be slower than in the presence of light, in anaerobic cul~ ark Was 

on these charact.eristics, it _was established that all isolates belong::· :ased 

family Rhodospirillaceae (Figure 4). the 

This family is composed of only three genera which can be se . 

from one another by t~~ir cell morphology and ability to form fi!-am.ents.ps;:!:; 

genera are Rhodospirillum, Rhodopseudomonas andRhodomicrobium (Fi 

4). gllre 

Wet mounts with a little amount of crystal violet for contrast and 

flagellar staining of the nine isolat~s showed ~t eight isolates were rods that 

didn't produce filaments and one isolate havmg an elongate ovoid or lemon

shaped form which produced fil~ents. It was evident that after three trials 

made showing the same results, eight isolates belonged to the genus Rhodopseu

domonas and one isolate to the genus Rhodomicrobium. 

Pfennig and Truper (1974) in the 8th edition of the Bergey's Manual of 

Determinative Bacteriology recognized only one species of Rhodomicrobium, 

that of Rhodomicrobiu'(n uanielii. Figures 6a-6b are photomicrographs of the 

Rhodomicrobium uanielii isolat.ed. Table 2 and Figure 4 provide evidence for this 

identification. 

The same authors recognized only six species of Rhodopseudomonas 

(Table 1 and Figure 5). Microscopic examinations revealed that out of eight 

Rhodopseudomonas isolates, seven showed rod-shaped cells, which produced 

slender tubes during budding, giving the appearance of dumbbells, form rosettes 

and cell clusters, each cell about 0.6 to 0.9 um xl.2 to 2.0 um ( Figures 7-12). One 

out of the eight showed budding cells but without the formation of slender tubes 

between mother cells and daughter cells. Each cell was 1.0 to 1.3 um x 2.0 to 5·0 

um. Based on Figure 5 and Table 1 sevenRhodopseudomonas isola~s w~re 

Rhodopseudomonas palustris (Figur'es 7-10, 12-12a, 13-14) and one Rhodopseu· 

domonas acidophila (Figures lla-lld). 
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Figure 6a. 

-~Rhodomicrobium vanielii (Isolate No. 2, lOOx on flagellar staining). 

~ • ' •. ;.. • b!'\ .. . .~ ~ j 
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r 

Figure 6b. 
:o~microbium vanielii (Isolate No. 2, 200x onflagellar staining) 

owmg lemon-shaped mother cell, prominent filaments and small 
buds (cells) at tip of filaments formed between the mother cells and 
daughter cells (buds). 
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Figure 6c. 

Rhodomicrobium vanielii (Isolate No. 2, 400x on flagellar 
staining) showing the typical cell morphology of Rhodomicro
bium uanielii . 

'·' 
) :; 

' t .. _, 

Rhodomicrob . Figure 6d. nar 
stainizi ) ~um vanielii (Isolate No. 2 lOOOx on flage t 

g · A distort· (b l · ' h filamen was caUSed b - ion u gmg) on the left and of t e d 
a,IateraI fil Y agar that got in between a secondary (Jlament an u 

a:rnent bran bing ff Th lower ce on the right . c o frQm the former. : e cell 
in between filend 1B the mother cell followed by the daughter 

aments 
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Figure 7. 
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• l/ • . .. . • . 

• 

Rhodopseudomonas palustris (Isolate No. 1, lOOOx onflagellar stain
ing). Budding cells formed dumbbells showing tubes in between 
dividing cells. Also shown are rosettes and clusters common to this 
species. 

Figure 8. 
!h?d~pseudomonas palustria (Isolate No. 3, lOOOx on flagellar 
W~g)showing very visible flagella. . . 

mount of this isolate shows the charactenstic cell 
f. :.;i. tnorphology of the species. 

I :~'rtcu..-
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Figure 9. 

Rhodopseudomonas palustris (Isolate No. 4, l000x on flagellar 

staining) showing rod cells in cluster, budding not prominent, but 

cell morphology in wet mounts was typical of the species. 

. ,; 

.# ' 

~· 

I 

Figure_ 10. 

!h?d_opseudomonas palustris (Isolate No. 5, l00Ox on flagellar 

in ~g~. Rod ce~ in rosette formation. Budding not prominent 

~ picture, but morphology in wet mount was typical of the 
species. - -
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Figure lla. 

R~'fidopseudomonas acidophila (Isolate No. 6, l00Ox in wet mount 
with small amount of crystal violet). Cells were larger than Rp. 
paiJsll!is. No slender tube was formed. Buddmg was by coi1atric
tion of the mother cell (sessile buds). 

Fiwe llb. 

109 

R\~:!.,0Pseudomonas acidophila (Isolate No. 6, l00Ox .on fl.a~~:~ 
~- ) showing two cells about to s~parate ~oµi tp~o~ 0 

.c.o~~ ion. A flagellum can be seen .from one of the ce 8 ove. ~'.-~n,, JUNE 1988 
-~~~1CIAN VOL VII NO. 1 
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• Figure llc. 

Rhodopseudomonas acidophila (Isolate No. 6, l00Ox on flagellar 
staining). Polar flagellum visible. 

Figure lld. 
Rhodopseudomonas acidophila (Isolate No. 6 lOOOx on flagellar 
staining). Cells in cluster reminiscent of cl~rs of Rp. paluBeris. 
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Figure 12. 

Rhodopseudomonas palustris (Isolate No. 9, lOOOx on flagellar 
staining). Rods were shown to form a rosette of three cells. 

Figure 12a. 
Rhodopseudomonas palustris (Isolate No. 9, lOOOx on flagellar 
staining). Bands of flagella visible. Cells were not prominent. 
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Figure 13. 

Rhodopseudomonas palustris (Isolate No.' 8, lOOOx on flagellar 

staining). Rods in clusters . 

. ~ . 
. -· .. 

,, •. :-t 
~ r~ 
... #' • 

<' .. \ . . . 

Figure 14. 

Rhodops.eudomonas palustris (Isolate No. 7 lOOOx on flagellar 

staining). Rod cells in cluster. ' 
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Summary and Concl118ion 

Water samples were collected from various pom· ta • L 
· M k t f Lo - m aguna Lake 

, d the Public _ar e o s Banos, Laguna. All sp~ies of isolated 
~synthetic ~a~ena belong_ to the . family Rhodospirillaceae. Morpho
p~ ·~-al cbaractenstics as shown m ~hotonucrographs revealed that the isolates 
Jorl ng to two out of three recogruzed genera of Rhodospirillaceae namely· 
be O 

• d Rh d d ' ' 'JlhoiJomicrobium an o opseu omonas. 

It was shown fu~her that seven isolates belong to the species Rho
, dopseudomon~ pal~stl~~s, one to Rhodopseudomonas acidophila, and one to 

Rhodomicrobium uame ii. 

These results were insignificant because it was shown that members. 
, of ,Rbodospirillaceae·can be speciated without resorting to electron microscopy. 
I Moreover, one of the isolates, Rhodomicrobium uanielii, was reported to be 

8 
vety rare species and the only member of the genus. Finally, the isolation 

technique described may prove useful in growing cultures of photosynthetic 
bacteria for physiological and biochemical studies and for biotechonological 

, research as there has been recent interest in using photosynthetic bacteria 
,for single cell protein (SCP) production. 
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