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Isolation of Rhodospirillum rubrum N-1 and Its Characteristics for Treatment of Swine
Wastewater. Kyung-Min Choi*, Jae-Kyung Yang, Eung-Roh Park, Keuk-Soo Bang' and Sung-
Taik Lee. Department of Biological Science, Korea Advanced Institute of Science and Tech-
nology, Taejon 305-701, Korea, 'Department of Horticulture, Iri National College of Agricuiture
& Technology, lksan City 6§70-752, Koreag - Photosynthetic bacterium strain N-1 was isolated from
the cutrophic wet soil and identified as Rhodospirillum rubrum. The optimum conditions for the cul-
tivation of R. rubrum N-1 were estimated as 0.2% (w/v) of sodium acetate, 0.2% (w/v) of sodium pro-
pionate, 0.2% (w/v) of sodium butyrate in the Lasscelles basal medium at 30°C, pH 7.0 under 4000
lux of the illumination. The removal efficiencies of total organic acid and chemical oxygen demand
(COD,) in swine wastewater were 80% and 87%, respectively, when 10% (v/v) of R. rubrum N-1

was inoculated.
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Table 1. Characteristics of swine wastewater used in this
study

Factors Concentration (mg - 1)
Total solid (TS) 9,120
Volatile solid (VS) 6,900
Suspended solid (SS) 7,920
COD,, 18,700
BOD; 22,000
Total organic acid 169.4

Acetic acid 84.0
Propionic acid 20.3
Butyric acid 14.1
Lactic acid 5.1
Total nitrogen 810.0
Ammonia nitrogen 530.0
Total phosphate 290.0
Total sulfate | 563.1
pH 7.2~8.5
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Table 2. Removal efficiencies of orgamic acids and cell
growth of isolated strains

Cell growth *Removal efficiencies

Isolated

, g -1 of total organic acid (%)
strains :
3 days 6 days 3 days 6days
N 1 2.42 3.19 62.9 82.5
N il 1.89 3.07 51.3 76.3
N 201 1.94 3.11 55.8 79.2

*The cultivation was carried out at 30C for 6 days under 4,000

lux of the illumination in the Lasscelles basal medium(l) con-
taining sodium acetate 1 g, sodium propicnate 1 g, sodium bu-
tyrate 1 g with initial pH 6.8.

phyll a2l ol FFxe} d=]3}= 7lelsieH(Table 3).
ol Ads} o] M E2L] F7] B 2ok, polar flagellumoll
013l -EA, B3] AtAR-Fo wedl Agle] =5 A
A, *]’FJ"H A2 AzlgkA EA 9l bacteriochloro-
phyll a2 R-fdvh= A3 3713 BEZ A ufjeFdo]
A Jeidicks & Fo 2 e FelF N-12 49
$-3LA|F 0 24 Rhodospirillaceaestoll S & 5 AU
th. =3k N-12 Azlel Za&gol g, AFUAREA
bioting &3}, wh3kE 31352l benzoic acid®} sul-
fide, o= o] 8% 5 Yok A¥E
el el at(Table 4), 7]ek Aelshx A2S ZFEd 2
7} Bergey's Manual of Systematic Bacteriology(17)%4
o) Rhodospirillum yubrum™} 24 A AE Vel ich

A7 S ,q]—‘.},g_ olg] 73 X4 w2t
A Aol glojA] ZA| o8k Wk dE A 92 (19)
A4 & A7) R R] oo g B oo Foli= B3
A AF R rubrum N-1% o838} 7] & o o
gF 933F 2 {75 Ealol vx|= &%, pH, 22| 43FF
S AEesledd. N-1 57 #7]4H acetate, propion-
ate, butyrate)®] & 9|x&= 2%, pH, %9 %33

Table 3. Morphelogical and physiological properties of the
isolated strain N-1

Characteristics Strain N-1 Rhodospirilium
rubrum
1. Morphology
Shape Spiral Spiral
Motility Motile Motile
Cell size (um)
Width 0.6~0.8 0.8~1.0
Length 1.7~2.0 1.5~2.5
Gram staining Negative Negative
Spore formation Negative Negative
Color of culture red Pink to red
2. Physiology Growth
Anaerobic, light Positive Positive
Anaerobic, dark Positive Positive
Aerobic, light Positive Positive
Aerobic, dark Positive Positive

Bacteriochlorophyll a a

Amax of living cell 375, 493, 545, 377, 550, 807 nm
802, 875 nm

Amax of cell 360, 465, 490, 493, 600, 768 nm
free extract 600, 780 nm

Gelatine hquefaction Negative Negative

Starch hydrolysis Positive Positive

Casein utilization Positive Positive

Catalase activity Positive Positive

Nitrate reduction Positive Positive

Vitamins required Biotin Biotin




Table 4. Utilization of electron donors and organic com-
pounds by the selected strain N-1 for the comparison with
Rhodospirillum rubrum

Carbon source of . Rhodospirillum
Strain N-1
electron donors rubrum
Formate - -
Acetate + +
Propionate + +
Butyrate + +
Valerate + +
Glycolate + +
Pyruvate + +
Lactate + +
Malonate + +
Malate + +
Succinate + +
Fumarate + +
Citrate - -
Aspartate + +
Glutamate + +
Benzoate - -
Glucose - -
Fructose + +
Mannitol + +
Arginine - +
Tartrate - -
Sorbitol + ND
Glycerol + -
Ethanol + +
Sulfide - -
Thiosulfate - -

*Substrates were added to a concentration of (0.1% (W/V). +:
positive, -: negative, ND: Not detected.

Table 5. Effects of culture conditions on growth of Rho-
dospirillum rubrum N-1 in synthetic medium

Cell growth *Removal effciencies fo

Culture condition g -1 total organic acid (%)

Temperature (T) 20 1.98 56.3
30 3.10 82.0

40 1.76 45.9

50 (.56 23.1

Initial pH 5 0.3 12.1
6 2.51 61.8

7 3.23 83.9

3 1.90 56.9

9 0.92 27.1

Illumination 500 0.78 20.1
intensity {lux) 1000 1.87 48.1
2000 2.10 52.4

3000 2.67 60.1

4000 3.30 83.0

5000 2.91 62.9

*The cultivation was carried out in optimal culture medium for 6
days at various environmental conditions in Lasscelles basal
medium containing 0.2 % sodium acetate, 0.2 % sodium pro-
pionate, (0.2 % sodium butyrate.
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Fig. 1. Scanning electron micrographs of selected strain N-1.
Cells grown for 3 days were negatively stained by amylacetic
acid. The cell magnified 10,000.
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Fig. 2. Absorption spectrum of acetone-methanol extract
strain N-1.

Full grown culture broth 1 ml was centrifuged (6,000 rpm X 10
min), and the cell pellet was suspended in 1 ml acetone-
methanol(7:2). After centrifugation (6,000 rpm X 10 min} the su-
pernatant was used for analysis.

Dry cell weight (mg / ml)

0.6 2 4 & 8 1.0

Bacteriochlorophyll (C.D at 770nm)

Fig. 3. Relationship between bacteriochlorophyll and dry
cell weight.
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Fig. 4. Changes of bacteriochlorophyll and organic acid re-
moval in swine wastewater by Rhodospirillum rubrum N-1.

Cultivation was carried out under the 30C, pH 7.0 and 400 lux
culture conditions with various inoculum size. Straight lines is
organic acid removal efficiencies and dot lines is bacteriochlo-

rochyll a. Inoculum ration: ~@—; 0%{v/v), —D—; 5%{(v/v), - ¥
=3 10%{v/v); —7 —; 20%(v/V).
100
9
:; a0
]
0
C
2 60+
=
®
™
> 40
o
£
o
£ 20 -
Q
Q
0 , : , . ' |
0 1 2 3 4 5 & 2
Time (day)

Fig. 5. Change of COD removal effienciey in swine waste-
water by Rhodospirillum rubrum N-1(Inoculum size: 10%((v/
v), Initial COD load: 10,000 mg - 1").
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