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Effect of Growth Improvement in Photosynthetic Bacteria as a
Function of 880 nm Light Emitting Diode Luminosity
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Light Emitting Diode (LED) of 880 nm was used as a function of luminosity in culture of the photosynthetic bacteria
including Rhodobacter sp.. An array of 880 nm LED was driven with an energy density of 6.0 mW/cm’. In processing
time, we were able to show that the cell growth were gained of significant changes in the pigment and in the dry weight.
And we also showed that photosynthetic bacteria had the resonable relativity of optical density to dry weight. LED-880
nm 1s of great significance for the potential use of photo-bioreactor construction.
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(A) 630 nm LED

(B) 880 nm LED

Fig. 1. 630 nm LED and 880 nm LED panel array. They had the
same energy density (6 mW/cm?) but their colors were different.
The 630 nm LED was reddish and the 880 nm LED was no
colored.
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Fig. 2. Effect of cell growth as a function of LED luminosity.
880 nm LED-treated group had a significantly higher absorbance
compared to 630 nm LED and light-treated groups.

Light 630 nm

Fig. 3. Pigmented aspect of purple bacteria in culture medium.
In processing time, 880 nm LED significantly enhanced the
pigment compared to the other light sources.
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Fig. 4. Dry weight of cell growth as a function of LED lumino-
sity. 880 nm LED-treated group had a significantly higher the
amount of dry weight compared to the other groups.

7} bacteriochlorophyll-2 7} 334

=N EARCR=vL s SRR R

T Ao AbEE BT A

A A gA7E Bojshs i #stdde
51

o,
=
51
=
Al
= #3319 =1] Rhodobacter E2 ETFgH A -3A
I
Ko3
I
i

o, X
:

E\I
é
r[m

o Hl
i
©

H

A7F e vElle 5
T ARkl uhE -E—%r.si_oﬂ Bl siA A= HE

|=Ne)
72 h %—?} aotE A NS AR $ HAEsEdx
NA de Az FAFS SAste] tixrek Hlass
o} (Fig. 4). A& 2423 F ST Ax dAZS 44
9.0 mg, 8.0 mg & 59 mgl.E FFES} vV E B
zpole YA okar, HE LA F 54T Ax
FA L 717F 257 mg, 200 mg L 146 mgH o, HEF
A7 T % dAES 247 323 mg, 255 mg H 212
mg? 880 nm LEDe| A wlokg 7471 4% 48/\] 7k 0] %
CREE P 2o AF #AHS UEEE Slst

(Fig. 4).

_ 93 -



Fig. 404 B& viel 2ol 880 nm LEDE H o=
o] &3lo] wjoFet HFAAFY HE FAFEF] 630 nm
LED R Atapa iy Ae-Hn B5s & 5 ok A4

T 2AIZF &QF mekel A2 AR v A3 880
nm LED A #]:72] 7Z-%7} 630 nm LED®)| ¥]3)] 26% A=,
b fsze) vl 52% AE =& wAES HERSE
th o] A3= Fig 298] 3% SAX S} vpzbrbA]
How B AAAn=HE 880 nm LED A2 vt
o] FFro} njekehe] Az A JHAAdo] AL

C
2 o

flo

ArAg el H kA A At e e Al
oo A, B 54 o]83st] st AR
A3}, 7lEe] e9E HAH xHe A=A SEAst
s 7= HAd A Sl AL8AA AL (Ken et al,
2005), o724, AR A7, w71E BRe] Vs

A F-oF (Nah et al,, 1997)°14 ZH A AlLHE 5
=qA o]go| et T TAumA (Sasikala and
Ramana, 1995), 30| 4E A A Mundt et al., 2003), A&
A A5 (Suwanto, 1999; Sasaki et al., 2002) 52| &
=85 Al A E AENT dTEe] &ds] X
o] gih.

SA0]-F-2 A ] 22 F (Rhodobacter species)<-
715 Hubes 77158 Fddhse A= 5
A o]gsli= EAol o] (Lee, 1971; Cheong et al., 1997)
w71& HTe gAY R FYA olE SHAAA o
TF7F o|n] gks] s ar Y} (Matsunaga et al,, 1991;
1998; Rajasekhar et al., 1999). Rhodobacter

HIE}] B),, Coenzyme Q10, ALA (amino-
levulinic acid), porphyrin¥} 722 o] ekF-ofo]| o] 8- 7153t
IRIEA EEES AT 5 Qlgo] BaEa QA
Rhodovulum sp. PS889] 78-F- AlF AN SF57A| =2 0]
5oL, AFHGV]TE g HolAEE ol & T3l
RNA % drug delivery system (DDS)ol| 483 = Q&=
ESPo} 2o BASS ANT 5 Qo] LA oo
A Akde) HEANRE FHT o B A7)
dk S=of] QlT} (Ken et al., 2005).

Aol Al i ejte] Zeido] thFsH
A 71 ApAEREs o] 8- n|AE ujdfol A obr]|H =
o] TAHE (Pulz, 2001)= A3 $I8k WHOZ

T

Halon et al.,,

speroids®] 73

Mz FPoz thAste] n|AES] thHEFA
Vs 3hAl HTE (Kim, 2002). A714
)\]g/\% q]fru\% /‘*uﬂ H]% }\rmEFH
HH 52 JfXS s FdAA wide #IF ¢
49102 1D, LED, VCSEL 59 ¥ &4E 223 o
TEo| Y, FJIEe] BHiE ATt (Bertling et al,

-

Magnesium porphyrin $}¢H=<] bacteriochlorophyll (Bchl)
& T 8-3M 7] dEAQ FeHd MR Behls S
3= chromatopore®] F53AE Auge o o2
FoA FroiE vetded oA=L R
A& 2 {718 FE2& AHSSH Be HAE
B3-of Aefoll A 805 nmét 875 nme] A FHo| Ak
Frades vehlis o= 2ud vk gl (Kim and
Kim, 1981), Chromatium tepidum HFZ) 7% chromatopore
o] F4Erado] 917, 855, 800 nmol A F= 7t YR
= Ao 2 H31% 3L (Tsunenori et al., 1986), Rb. capsulatus
37B4 %] 75 860 nmoll A F=TH7F WEh=E A
o2 BYAT} (Bertling, 2005). ©]¢} o] An|F-3
Aol Aedl wpg 9 RReld F5TE ekl
= ‘6}‘-: Zioﬂ %‘Jo}oﬂ 880 nm LEDZ ©|&3

glolal B Ao A= 880
gt B RS
o= 5~ 10;:1 7 Olfﬂ Bl <
AIZHE 28 A 9 A]?ll;—- ANE &+ A
Hans 5©°| 660 nm LED7} &= 334 A ﬁ & bioreactor
2 skele] Fzdet B AP AAEGE W D
H) =do] Ao oA FaHAA 7} rh= Bal
Z 3l v} 9lo] (Hans et al, 1996) 1L7}8] #lo|A tho|e &
(LD} Wl e 9] ¥ B LED 3¢9

o]_Q_o] 7:1;1]24 z_uqoﬂ,q y_q _-“5_3]_ 1% o} _)1': 219}

71E =wdde 54 dds o8 :} TG vl
AP B TR= 5,000 Lux ©)de] Fde= of& T

A 2] BjokH oL} (Kim and Lee, 2000), 3,000 Lux A%
o] FFee FUOE o] g3t ALAE ALFSH= Rhodo-
bacter capsultus2] M F5/3 (Cheong et al,, 1997y A3t
= 59 Al Al #dE 7D AEe] ot 830 nm
LEDE o]&3 2 A7xAxSy vud 4 gt =
s AHToR ARSHIW AR L}EM‘: 630 nm
LEDE Adl 2185 A 41712 6 mWiem™E 3+
& weo] "o s 2EAR %—23%-% W 2k 8,000

ux AR ¥7)E VeI, B8 2o s Ao

-94 .



- °F 25 Lux®] 3o
H71E YeESlEd), & @337531}01]/\1_}_; NPT
T E2T 2,025 Lux® 358 njaE s 7He
o

A8 & 5 gsien, 7 Adzel T2 o

LED% %—r O 2 ALE-slo] THA|Zhe §17Jrz<j,_g_§ AEE

TS e & s €0 U8l
e Ee % 2 AshEokol 880 nm LED7F F-2h¢
53

Alas
FRAAME I E ARSI ZA v AAE bjokd] 8
57 e AFQAER Q 4 464 Sl oxqu] 2
& AL 59
Ao g vjgFete] ALRT S 9,1“% 3\ O 2 Al=E™, single
cell protein®|tt 3| A& A A, drug delivery system®l] A

T AUe =EESs Alehs %’:}a Wl:ﬂﬂ A el =

REFERENCES

Bertling K, Hurse TJ, Kappler U, Rakic AD. Lasers-an effective
artificial source of radiation for the cultivation of anoxygenic
photosynthetic bacteria. Biotechnol Bioeng. 2005. 94: 337
-345.

Cheong DY, Chot YM. Isolation and cultural characteristics of
d-aminolevulinic acid producing photosynthetic bacteria. Agr
Chem Biotech. 1997. 40: 561-566.

Halon SP, Graham DL, Hogan PJ, Holt RA, Reeve CD, Shaw AL,
McEwan AG. Asymmetric reduction of racemic sulfoxides by
dimethyl sulfoxide reductases from Rhodobacter capsulatus,

Escherichia coli and Proteus species. Microbiology 1998.
144: 2247-2253.

Hans CPM, Hans B, Udo M, Van H, Bernd MAK, Luuc RM,
Roger AB. Application of light emitting diodes in bioreactors:
flashing light effects and evergy economy in algal culture
(Chlorella pyrenoidosa). Biotech Bioeng. 1996. 50: 98-107.

Ken S, Masanori W, Yoshito S, Akihiro I, Napavarn N. Application
of photosynthetic bacteria for medical fields. J Biosci Bioeng.
2005. 100; 481-488.

Kim YU, Kim KS. Studies on the isolation and the application of
photosynthetic bacteria. J Kor Agr Chem Soci. 1981. 24: 132
-138. |

Kim JK, Lee BK. Mass production of Rhodopseudomonas palustris
as diet for aquaculture. Aquacul Eng. 2000. 23: 281-293.

Lee CG, Palsson BO. High density algal photobioreactors using
light emitting diodes. Biotechnol Bioeng. 1994. 44: 1161-1167.

Lee KW. General characters and application of photosynthetic
bacteria. Kor J Microbiol. 1971. 9: 130-138.

Matsunaga T, Takeyama H, Sudo H, Oyama N, Ariura S, Takano
H, Hirano M, Burgess JG, Sode K, Nakamura N. Glutamate
production from CO, by marine cyanobacterium Synecho-
coccus sp. using a novel biosolar reactor employing light-
diffusing optical fibers. Appl Biochem Biotechnol. 1991. 28:
157-167.

Matthijs HCP, Balke H, Van Hes UM, Kroon BMA, Mur LR,
Binot RA. Application of light-emitting diodes in bioreactros:
Flashing light effects and energy economy in algal culture
(Chlorella pyrenoidosa). Biotechnol Bioeng. 1996. 50: 98
-107. |

Mundt S, .Kreitlow S, Jansen R. Fatty acids with antibacterial
activity from the cyanobacterium Oscillatoria redekei HUB
051. J Appl Phycol. 2003. 15: 263-267.

Nah KC, Cho JY, Chung SJ. Effects of compost supplemented
with cultured solution of photosynthetic bacteria (Rkodo-
pseudomonas capsulatus) on the early growth of plug
seedings of tomato. Kor J Organic Agr. 1997. 5: 105-115.

Pulz O. Photobioreactors: Production systems for phototrophic
microorganisms. Appl Microbiol Biotechnol. 2001, 57; 287
-293.

Rajasekhar N, Sasikala C, Ramana CV. Photoproduction of
L-tryptophan from indole and glycine by Rhodobacter
sphaeroides OUS. Biotechnol Appl Biochem. 1999. 30: 209
212,

Sasaki K, Watanabe M, Tanaka T. Biosynthesis, biotechnological
production and applications of 5-aminolevulinic acid. Appl
Microbiol Biotechnol. 2002, 58: 23-29.

Sasikala C, Ramana CV. Biotechnological potentials of anoxygenic

- 95 -



phototrophic bacteria. 1. Production of single-cell protein, Tsunenori N, Taisei F, Masahiro H, Michael TM. Organization of

vitamins, ubiquinones, hormones, and enzymes and use in intracytoplasmic membranes in a novel thermophilic purple
waste treatment. Adv Appl Microbiol. 1995. 41: 173-226. photosynthetic bacterium as revealed by absorption, circular

Suwanto A. Genetically engineered Rodobacter sphaeroides for dichroism and emission spectra. Biochimica et Biophysica
the overproduction of delta-aminolevulinic acid. Appl Micro- ~ Acta. 1986. 852: 191-197.

biol Biotechnol. 1999. 51: 794-799.

_ 96 -



