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Lipid Production Characteristics of the Basophilic Blue-Green Algae Arthrospira
platensis Depending on pH for Alkaline Wastewater Treatment
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Abstract

This study investigated the growth and metabolic characteristics of Arthrospira platensis (A. platensis) according
to pH, which has an alkaline optimal pH. The intake of inorganic carbon was expected to be the highest at
the optimum pH 9, but it was different from the expectation, so the cause of the excessive intake of
inorganic carbon at pH 7 was investigated. We tried to verify the triacylglycerol (TAG) synthesis metabolic
mechanism because it was assumedthat the inorganic carbon intake of A. platensis according to pH is closely
related to lipid production inside the cell. To verify this, the effects of pH on inorganic carbon intake were
examined through lipid analysis inthe cell of A. platensis according to pH. As a result, in the case of the
effect of inorganic carbon intake of A. platensis according to pH on TAG content, pH 9 and pH 11 showed
no significant difference in TAG content, but at pH 7, it was two times higher compared to pH 9 and pH
11. It was assumed that the reason why A. platensis excessively consumed inorganic carbon at pH 7 was
because itincreased the TAG content in proportion to the intake of inorganic carbon to protect cells from
external pH stress. In addition, it is considered that the TAG content produced in proportion to the intake of
inorganic carbon is because acetyl-CoA produced in the Calvin cycle is required for the synthesis of TAG.
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1. Introduction

AstEE AYGste B4 JF5E ez 8, AT
W&ol F55H FHJAth 20199 AHH S mEFS <F
480THE/QDolH, 11 F €7 HFIE oF 40%E At
ATHME, 2021). €ZEA HFe FsxdA FHHE &
AR F, <A Fdd ) At s AHS 7
71E AAEEC] 90%=E FAT A48 Q19 AAZES 10~
30%2 Yot wEbi st /19 AARES w07 A%
gete g mAERFE A& stHFAY ATV EdsHA
AP =3 A THAmaro et al., 2023).

olo &z g PAERFE EZATAZ A HESrHH,
F7H8Q 8 AE #4 glole E2 £A4Y 288 EY A
o2 718k Chlorella vulgariss= 737 A34% A&
2 Ql AAFe] £7] Wil stEFaLEAE ATl ®ol Ab
g8t 28y C vulgarise H3 pH &70] 7~80]7] o
ol &Zed HEE AYste vde d#go] Utk

dbH, A7 pH7F 921 Arthrospira platensis= T2 WA X
RO AE WFY aRd o] £7] wEo #HolA
B2 22E AAT & R2H(Yu et al, 2021), 27 Sl
Al ddFHez JFETH JFERFY AATe] wohe FF
©] ATH(Zhai et al.,, 2017). A TE71E PAIEFA 4.
platensisg ©]&3td] &ZTAY AFE Aste AL T
ZAea 7|dh

pHE HIAZEF 48 A& Fa 37 21024, HA
279 gaESWAYEFSL CO, Concentrating Mechanism
(CCM) 2] carbonic anhydrase (CA) &4 40 9&S vz
o CCM o]& CA &4l 93] HCO; € CO& gst,
CO, 555 37MIRLEN, 35§ B 33 71&E ¢
AlSHA ke WA Y E o] tH(Price et al., 2013). &7 pH7} o}
d 3442 CA 549 48§ 4F3I CCM £85 A2AA
A ZF tiAte] ASE £oha €A AH(Muley et al.,
2014). &=, A ZF7E Fetrlel A @S pHYE obd 84
AXE PAZERY G54 Fhol JAHL, ol BFE &
s FFE A7) Il IFHLE HAZFY
A gto] LA AT B A THDel Campo et al., 2000). ©]
gt WE&s Hoh HEJA XA {sted, pHZF A
platensis®] 374 2 FFED tAbel HX &= FEFE Totst
£ #8 3o, 83 pH Bt 42 pHOlA Fr]gart v3
Aoz HEdA HAHe Aol LAHAT ot 4
ko] YeRd Ale] s, Ma (2020)9] ATl ©EW mA
ZHE 2EH S SFAA AEE BEs] Yo, AE |F
9] duA tAFE Agste] HSA AAQI triacylglycerol
(TAG)E FA<tha ®Bag | Qlth
& Frlga A4Fs TAGY &4
5o, 71& ATFETFE A
of m& TAG FA | &g
q3 Fr1ed AFHY AR
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2. Materials and Methods

21 Y OJM=®/ M S o

2 Ao AH&¥ mlAZF+= Korean Collection for Type
Culture (KCTC)oN A EFT2 Arthrospira platensis &< At
&3t Pel+= Fig. 1% 2tk 4. platensis®] Wl &S 93l
ARG B A= SOT HiAolH, FAZQ] %2 Table 1¢]
YeEbR AT SOT WA= &4, 24, o= /4% SOT-1
I mFds 2 ntadlE, UEE, ZFE 2 522 7HE

Fig. 1. Shape of Arthrospira platensis.
(Nowicka-Krawczyk et al., 2019)

Table 1. Composition of SOT medium for A. platensis

culture
Components Amount
(Distilled water K,HPO, 05¢g
600 mL) NaNO; 25 ¢
K80, 10 g
NaCl 1.0 g
(Distilled water CaCl, * 2H,0 0.04 g
400 mL) Na, + EDTA 0.08 g
FeSO4 ¢ 7H20 0.01 g
Trace-metals solution 1 mL
Trace-metals solution MnSO; - 7H,0 250 g
(Distilled water ZnSO; - TH,0 022 g
1L Na;MoO; + 2H,0 021 g
CuSO, - 5H,0 0.08 g
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SOT-22 o] FojA qt} AFof| o] &F A platensis®] B=
F GRE 93, A platensisE SOT wWiA| o] &I} &, 2%
25°C, ¥ 100 PPFDY] 7o) /4% B &71(HB-305M,
Hanbeak CO, KOREA)o Al At go] &= et Aoyl
& T BE F9 A platensisE T2 2 pH controllerE
0]-&3}4], 30°C, pH 9+0.5 2 200 PPFD = Z 7oA Anj
FS APk

22 M = WU ah

pHol W2 A. platensis® F718t4 A3 2 TAG 30l
e dFe o] A&, 83 pH Bt % pHe 3
3 pHE Hlwstax st o, F7H8 02 A% pH Bt =
< pHE® HAs¥th wekxd pH 7, 9, 119 Wis] pH
controllerE ©]&3l4 +0.5 O]LHE 0.1N H,SO0,8+ 0.1N
NaOHE FYtHA FASHES stk 2 AFA &4
£FS 1.0 L2 stod, 9947+ *E‘ffé% AFstHR e, TAG #
A& 1Y 27] YEFTE 1.0 ODE =4 A3

ol ALEH WA= SOTY A4 & €4 NaHCO; 200
mg-C/L, B4E NaNO; 32 mg-N/L, 2 K,HPO,E 4
mg-P/LE $35t9 FUAFAeH, Fred, da
fed batch type2 2 IZAEHX] &A wd F7t FYANFATH
F=Z7AL 200 PPFDE A3sI¥oH, Bl 25& 30°CE
FASFAT. 718 AFAS 2 &8 %2732 Table 290 g8
sto] YeERfATH

m o]%

ols

2.3 =M HiY

2.3.1 Optical Density (OD)

A. platensis® 383& B7tst7] 915t OD 4 & 24
st OD &3 Al FAER AIRE T89S 2 £
spectrophotometer (Optizen POP, Mecasys, KOREA)S ©]-&
stod, 660 nme] FgelAl FF 5T

232 F7|Etx
E718: 23S 98] TOC analyzer (TOC-V, SHIMADZU

Co., Japan)E ©] &3ttt A4 AH&H AlE& 045 um

Table 2. Experimental conditions for TAG accumulation in
A. platensis according to pH

2 L Erlenmeyer flask

Reactor (Working volume 1.0 L) Temp. | 30°C
Algae Arthrsopira platensis Light | 200
species (Initial seeding conc. 1.0 OD) intensity | PPFD
7.0 £ 0.5, 9.0 £ 0.5, 11.0 + 0.5 stirring | 80
pH
(by pH controller) speed | rpm

Modified SOT medium
(NaHCO3;, NaNOs, K,HPO,4 are modified
Medium | NaHCO; 200 mg-C/L as carbon source |C, N, P
NaNO; 32 mg-N/L as nitrogen source
K,HPO4 4 mg-P/L as phosphate source)

fed
batch

(Whatman, NO. 1822-047, UK) &R 2 o]#3t oJAS FF
Wolo] @A st AFES AT}

233 &4 & ol

A, Q19 B Auto-samplers 223 $2AFEA7]
AA3(AutoAnalyzer 3, SEAL Analytical, Germany)S ©]-&3}
o X33 th NO;-N2 550 nm, Po4-Pb 800 nm &%}
oA st on, B4 ALEH Alge FrEdhet &
A3sHA 045 ym (Whatman, NO. 1822-047, UK) X2 o
J3 Jae FF HAR A5ty FPsAh

234 SMXIE TAG &3

A 274 TAG 32 S35t P2 TE5E9FH
nile red FAE Fo] e, & = 9%
&t TAG &S g2t W< nile red 9
A tﬁ% AHESFA T TAG @32 Chen et al. (2009)2] nile
red ¥4 HHE APt g3 2ol A WA 2
&3} 2A7)(F60, FISHER SCIENTIFIC, USA)E ©] &35t
0.6 OD®| A. platensis A& 5 mLE 383 AAZ Ak A
A2l 9 A. platensisd] 100 ng/mL &% nile redS 20 ul &

S 40°CAlA 1087 A0 &, FFSA(F-7000,
Hitachi Ltd., Japan)E ©]&3}4] exitation 470 nm, emission
560 nmolA FEE ZHsta TAG FEFS BA stk

>

Hata Al

235 B=223! 9l 2k At

A. platensis®] TAG &F& F337] A8l, A4 ZFEL
¢l triolein (Sigma-Aldrich Co., USA)E 2®EITt=2 o] &3}

Few, 0.1, 05, 1, 2, 5, 10 pgmL E=2| trioleinS nile
red2 @Aste] 84 FEE Z45AHFig. 2). ol & &
Tol M2 FF BEE ol &ste] AFAE A 2, A
FA Y ABFAFR)E 099882 =S AMHS iaiﬁlﬂ,
o] & ol &3t A. platensis®] TAG &S S35 Th

OI

JN

Triolein 0.1
—— Triolein 0.5
Triolein 1
Triolein 2
Triolein 5
Triolein 10

NT

T T T T T T T T T T 1
450 500 550 600 650 700 750 800 850
nm

Fig. 2. Fluorescence value by triolein concentration at
excitation 470 nm.
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3. Results and Discussion

3.1 A platensisS| MEtzk

pH 7~119] W3t A platensis 73l vlX=
Z33ste] of# Fig. 3ol YeRth HIAGEE FHNA
pH 70] 0.01/day2 7+ ke, pH 9= 0.07/day, pH 11

< 0.03/day®] ¥9EEEE AT

v Z& T A FEE vket ol A platensis7t 37835171
of g pH 9 2AE Adstas, pH 73 1194 2%
pH Z2EZAE Wre Hoz Ho|u, pH 794 T & 2EH
25 ¥ Aoz Haln:

olg % HF pH7F ofd pHelA A7ge] Azt o=, A

o 7H88 & & AR 2olE & 5 Ut Ihnken et
» (2014)] 2™, WA ZF7L AZgee] 1o A pH
OML AE WF pHY & FAs=E L85 E oY
Ae A9 vt A Aok v, 9% pHYL 27 pHIL
ofd ZAANAE AE WF9 pHE AHEF pHE A5V
st B2 9 dUAE ARFA Hi, o2 sty 4
AARoZ NEFG AHEEHE AT} ”71 f 2o DW
279 437 AR AE & + okl BiEn
THSun et al., 2018).

A% pH7F obd pHelA o] AxT & 349 o] FZ,
BAE T 42T B RNV EAHE Y3t F9
2H9 RSJES & F Utk &gl doues 2 °

%

gFZolE g FA TV EAst=, FAE BRe o
A2A Aok 2099709 B, G54, FRH =S T2

2 7 50] 9lthAmtzen et al, 1978, as cited in Machold,
1981)
=3 B3 UAL E Eese BANCNA Be F559

of| A
959 A7 BAE AN
09 37 S8H2HE 22 9
THWollman et al., 1999).

olXE BAY TFHAES B9 FE&UF HAHE I3t
S8 2HY 25 JRo] BF guldz FAE g3, gy

L5 +

oD {660 nm)
[y
1

0.5 +
——pH7 —8—pH9 —O-pH11

Time (day)

Fig. 3. Growth of 4. platensis according to pH.
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A2 pHell 9s 94A gl e A2 9sll, Chorvatova
(2020)°l1A HILg uie} Zo] pH LE#H A ZANAE 9F
pHel o3 BAY W4T FFY AR T35 A7 LA
ol Fgo] AWZ o] FAXA K3 G AfE T2
Aoz FEHAT

3.2 pH =40l ME F7[Et 2H|E

A. platensis®] F71& 4 4nlo| vX= pHY FT& Fig
4o YRk B AT A platensis® 87 pH 99
A Ty AF7 S =8 ALE Ao, pH 7
oA Frlerdke LH7L PR R AesA HAES
GRISHATE pH 7oA R84 &n7F 74 E9kew, HF
pH 9 2t} 1.6, pH 11 BT} 454] 713F & AMFS B
At

o]Z =% pH 79X & g Hl& FrIeA aH|Fe] &
I AJSZ A platensis7t pHOl 93] ~EHAE @

¥W7] wEolgtal ALE ] YATHLenka et al., 2016).

| 252 Ao Ads 34 A ATt QXA
I ZAAR 22 AE FRHLE Fa3 TS e 4
144 %2 5FA wHSatpati and Pal, 2015), 9% SF=70]
”]"11--#94 B8l 2EH2E & o, vI54d XZEQ TAGE
83t ¢ A JokIllman et al, 2000). ©]o] TAGZ}
BEE MAUSS AENE AH(Fig 5), TAGE 3&4Y
3 5 AW 3| Z(Calvin cycle)d HAMIET {71480 &
AE AYL vk dgE AT

Frleart RIS ER AdEHe FEA AW JRe
CO,7} &M S A F3HHEI3-phosphoglycerate (3-PGA)7F
P F &=, Alishah Aratboni (2019)9] WEZWH 3-PGAE A
A A ZHolA acetyl-CoAZ FHAE 2, S H acetyl-CoA
7} ACCase®ll 2|8 malonyl-CoAE WEFH 22 thAlo] o]
SHt Baggch

Z, B8 FEAA CO7F &ulEaL, A S 2edA Y
5 & 3-PGAZ <130, acetyle-CoA7} T =M, acetyl-CoA7}
malonyl-CoAZ H&H 22X TAGY FA o] o|FoAEZ,

24,
= @2, AE Es dAUS 93 TAGE £33
4& A

=

_p

>~I

=
N
o
o
1
1

Cumulative IC removal Conc.

Time (day)

Fig. 4. Cumulative consumption of inorganic carbon by A.
platensis as a function of pH.
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Ribulose- 1.5-bisphospha

Calvin

V :
e e

= ==~ alutamate
-
Protoporphiyrin IX

Biliverdth |

Pyl

Fig. 5. Mechanism of carbohydrate, protein and lipid
metabolism in microalgae. (Ma et al., 2020)
(Gray: carbohydrate biosynthetic pathway,
blue: protein biosynthetic pathway,
Purple: lipid biosynthesis pathway,
orange: pigment biosynthesis pathway)

pH 79149 2 Frga HH= TAGY 34 2 33
#Ho] & ol ADHAT o] FES FEsH] Hal,
ot 3.300A pHell W& A. platensis®] TAG FFHI}E £
A g aFsHH T

3.3 pH =40l mE TAG MMHEM

9de AX pH 7~11° tigt A. platensis®] TAG TFHE
A AFE Fig. 63 2t TAG BAS E35) pH =74 38
TAG &S vwd 23, pH 99 pH 112 TAG ol &
93t Aol E Holx| gigkont pH 79l E 493k o] %, pH
99} pH 119 Hl3] TAG @&o] o 2v &Sk ol A
AF3t vke} Zol, A platensis7t pH 2EH 20 93] TAG
FXete 544 99 A #dEHIUT
é F 2 71d LA AEF vkek 2ol A platensis<
11e]lX = pHell &gt ZEHAE Wokoy, TAG &3
HA Atk ole TAGY 40| F7ea H4H9 #4d
EAG AL Z AF= ] Fig. 790 A. platensis7t 359
o FrlgA e &g AAS TAGY FHTH v & 9
vpetetarzt stk

St HFA F71e4AE pHER HustHS o, pH 72
120 mg-C/L/day, pH 9+ 53 mg-C/L/day, pH 112 23
mg-C/L/day¥ A#3S Bk Frlga 4393 TAG &
Fg v A7, TAGY TFF2 Frled 439 v st
As & F UAdTh wHA Frlaas dHAZo 7P B
pH 7914 TAG & &3 Ton, Brjehk g Fo] 7t
g A2 pH 11914 TAG &Fo] 7 428 Rtk

_
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o

—
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o
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A

T pH 99149 B7)ekA A& o] pH 11 B} oF 2u)
=L T B35 TAGY ol pH 117 8§93 o)=
Holx] 2 o|fZ, 4. platensis®] B3 pHAA FFo] &

=
E=Y
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=
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Fig. 6. TAG content of A. platensis according to pH.
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Fig. 7. Inorganic carbon consumption per day by A. platensis
as a function of pH.

o

Wte] whet A EE AN 54 dfolgta FES3ch

pH 991 A A. platensise 2 HZZ £&& Ho Ei, A
FAd Frleie A E 9 PGB ofg, gl 2 &
ARl 9 g5sE 59 FHAE AMEEHYI “ﬂ—'i— o, pH
9ol A MG Frleay GvHE TAGY &Fol F71eHA

E3 A platensis®] 27 pH X
Frlea AF7F HE AR w3 AL 2EfS
A AMEE B551R, TAGY F§FS =
A AT &, TAGY FH2 vAZF7
AR Z oA BAEE acetyl-CoAS o] &ats E4S
SO 2, A platensis7} 95 pHoll 93] 2EHAE B
2t TAGY ¢ Frigad H4FFH vl#ste B4
AFS & F ATk

A T

jﬂ

4. Conclusion

B A7 A pHrF L2 AHQ A platensisE ©] &3t
pHol W2 4. platensis®] 378 2 WAEA & Fetstazt 5
ATk A. platensis] 27 pH 9ol Fr|eka o] 437} 7HE
=S Aoz gaEgot, daw 2@ pH 794 FEg
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Frlgas dF A i A& FEtLA shATh
Z, pHAl M2 A. platensis®] F7184 AFH7F AX HHF<]
AF B4 A#gdol A wuEo TAG 248 At
AUFE F-A gl Bzt st o]& AFF
5371 Y3, pHAl M2 4. platensis®] AW AL E
a pH7F Fr1e4 AAF mAE §FS st
A3}, pHoll WE A platensis®] F71€ta HFH 7T TAG
o HA= TS B, pH 99 pH 112 TAG Tl
g ApolE HolA] @tou, pH 7914+ pH 99 pH 1191
vl TAG &3ol <F 28] =34t} A platensis7t pH 7oA
HEo Frlgs AHEATEE BYW 91, ¢F pH =E
g 2AdA AXE Bostaz, Fr1aad JHAF 4l
gt TAG FFS =7 dEoldta #aE Uy £,
Frleae] AF% vEstd AAHE TAG 52, 771
g7 fUISRER AdSEE ANIRAAN AdEHE=
acetyl-CoA7} TAGY F/doA o757 diolgt AR
Ak

o off [ ofm o

o uk
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