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Effects of organic/inorganic carbon source on the biological
luxury-uptake of phosphorus by cyanobacteria Synechococcus sp.
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ABSTRACT

Biological phosphorus removal is accomplished by exposing PAO(phosphorus accumulating organisms) to anaerobic-aerobic
conversion conditions. In the anaerobic condition, PAO synthesize PHB(polyhydroxybutyrate) and simultaneously hydrolysis
of poly-p resulting phosphorus(Pi) release. In aerobic condition, PAO uptake phosphorus(Pi) more than they have released.
In this study, cyanobacteria Synechococcus sp., which is known to be able to synthesize PHB like PAO, was exposed
to anaerobic-aerobic conversion. If Synechococcus sp. can remove excess phosphorus by the same mechanism as PAO,
synergistic effects can occur through photosynthesis. Moreover, Synechococcus sp. is known to be capable of synthesizing
PHB using inorganic carbon as well as organic carbon, so even if the available capacity of organic carbon decreases,
it was expected to show stable phosphorus removal efficiency. In 6 hours of anaerobic condition, phosphorus release
occurred in both inorganic and organic carbon conditions but SPRR(specific phosphorus release rate) of both conditions
was 10 mg-P/g-MLSS/day, which was significantly lower than that of PAO. When converting to aerobic conditions,
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SPUR(specific phosphorus uptake rate) was about 9 mg-P/g-MLSS/day in both conditions, showing a higher uptake rate
than the control condition showing SPUR of 6.4 mg-P/g-MLSS/day. But there was no difference in terms of the total
amount of removal. According to this study, at least, it seems to be inappropriate to apply Synechococcus sp. to luxury

uptake process for phosphorus removal.

Key words: Carbon source, Synechococcus sp., EBPR(Enhanced Biological Phosphorus Removal), PAO(Phosphorus
Accumulating Organism), PHB(Polyhydroxybutyrate)
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Fig. 1. Conceptual diagram for biological phosphorus removal through anaerobic-aerobic metabolism by cyanobacteria

Synechococcus sp.
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Table 1. Composition of BG 11 medium

Composition Concentration (mg/L)
NaNO; 1500
MgSO,- 7H,0 75
K:HPO, 40
CaCl,- 2H,0 36
Na,CO; 20
Citric acid 6
Ferric ammonium citrate 12
EDTA 2
ZnS0O,-7H,0O 0.22
MnCl,-4H,0 1.81
CuS0,-5H,0 0.079
Co(NOs),-6H,0 0.049
Na;MoO,- 2H,0 0.39
H3;BO; 2.86
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Ao AHEE wjx 9] 7|24 BG 113} 5ds} e 2A FAET AEEE AE edske 1 F
, A 9 Qe AP EHo] Hitstes 2T ot e d oA E o] 8-3}o] biochemical reductant
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Working volume 0.5 Loj| Synechococcus sp.= 0.5 OD o0]% 100 PPFDO] IxALE &) 37127402 A
2 UFW F, 27] pHE 852 A0, FRA @R W, FoREE FFHE Conmol 27
S T3 Qe AAVE fREHE AR A¥E ANAEIC 2404 AR4E 9 AR vlse ¢
At & vehiglth meby 6x7ke] B7EA e
Smechococeus sp.%) A3l AshE QoA ke A
2.3 EMYY o2 weHd
WAz AAwe WA Slstel MLss 9 08 L
OD E4& AAaleit. OD HAE ul4E Haol AN |
W0 2 AbgElE 660 nme) TP o] gato] S o
3t W HE &0 spectrophotometer (Optizen POP, Mecasys, E 0.7 i .
KOREA)S © 85} %743 S 06 |
AlRE 0.2 um F=2 7} syringe filter(Minisart 25 g 05 : ' —e— Control
RC, Germany) @ ol¢ ¥ @ol ojofg olgsfe] O ; == AN/AE-LC
Ba 9 ity BALS A AR f7)Ha 9 o | e
B7letal TOC analyzer(TOC-V, SHIMADZU Co., 03t
Japan)E o] §510] HABAIL, LHA(POPIE 4 ’ * time () 2 *
A&EA kitys  o]83Fo]  water  analyzer(model Fig. 2. Effects of anaerobic condition on Synechococcus sp.

HS-3300, HUMAS, KOREA)Z EA5tth SEAA
+= DO meter(DO-K3000, IStek, Korea), pH+= pH
meter(pH-200L,IStek, Korea)S ©]-&35to] =43}t
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Fig. 3. Effects of anaerobic condition on Synechococcus sp.
growth according to carbon source.
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=, oleh Blagte ), ] =1 e
t} (Frison et al., 2013; Frison et al., 2014).

S 71270 A control &7, AN/AE-IC, AN/AE-OC
Z A0 A 9] SPUR(Specific phosphorus uptake rate)~=
Z+ZF 6.4 mg-P/g-MLSS/day, 8.8 mg-P/g-MLSS/day, 9.2
mg-P/g-MLSS/day = AAFE Rt} Control Z7 o] H|3f
AN/AE 27104 9-Algk SPUR 3L-& UEt= Ao R
EOP 6A1 7+ 7| 2A0 WE Synechococcus sp.2)
ol Ak Asle olof A e Aoz weke T of
= AR oA ASE WA eirthe AT Ane} B
st Ao welth
71Z2Ao0 2 A3 Al ANAE Z7-L control =7
P P EN I TR

& ZhHom H3skels] dEe £ SPUR
8] Frleka =4 HEP 7R 2409
A el e, ¢ AlA = T
oA mE 2A 7te] (ot X}O]% U Aew Aot
Hk E3F Synechococcus sp.2] SPUR ZF2 AN/AE-OC
Z70) A 9.2 mg-P/g-MLSS/day2 Htjzte H g oLt
gl 2]olo] SPUR Zho] 20~60 me-P/e-MLSS/dayol A
of H|3lo] AXITHA Fe &£ =& R It} (Frison et al.,
2013; Frison et al., 2014).

Wil A BaTl vl 2l o
HAATL 5T Ao st A A &
T 9l =5 ZHoflA control A thH] 725t o7}

ALk o2k AY Aol ‘I}EP A7]-27] AeR
283t Synechococcus sp.2] Q1 A= PAOL} A3
U2 A e Aom AREY, AAEAE
ARt wAYUE ool ofge Aeolth EIF Bha
ol we} PHBE @Ak 7|4to] th2u= ¢l W=
A AALE 2po|7} Q& Aolekal o 4dskile
grago] WE ¢l AAE F3F Zpol7h itk

HA7)1270A PAO= AlEZ Q79 f7|8as Al
W PHBO| ez AAstH o] ypgoa Alx LH
poly-PE 7tpiafisto] o|A& dal oo wf <l
ko] dojutt. Synechococcus sp.2] Q1 wWrEo] PAO
oF Zro] cell 9] gAE PHBE Aot 1ol A
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(Fig 5., Fig. 6.).
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o 10 Time (Hr) 20 30 5 5 Y AUAIE ol&ste] 2/E A= F
d HAZE dofuA] 97 Wmo = At ETh o] %
7)Ao R AgsS W AN/AE-O S
o] Aol A7 WAE A 21T 4= A=l
ol Br|EtA HZEo] wel Synechococcus sp.©|

Residual OC Conc. {mg-C/L)

Fig. 5. Residual organic carbon concentration according to
carbon source.
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E 20 712 = & HERY AN/AE 279 H-9,
z ] ,

[='4

control ZZE T} o7} =2 SPUR 71 B lou, ¢l A
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O EF, el Kot o $E R AAGEe] Jo)}
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2 ol A7 oA felk Aol7t glsiet

0 20
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Fig. 6. Residual inorganic carbon concentration according to
carbon source.
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