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CC ... Haematococcus pluvialis
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(57) Abstract: The present invention relates to a photosynthetic microorganism culturing method using a bicarbonate buffer, prepared
using carbon dioxide in an exhaust gas, and an inorganic phosphate buffer, and more particularly, to a method in which a carbon
dioxide-containing exhaust gas is supplied to a mixed solution of a basic aqueous solution and an inorganic phosphate buffer to form
an exhaust gas-saturated butfer system, and a culture medium and photosynthetic microorganisms are inoculated to be able to culture
photosynthetic microorganisms that generate a useful material. A mixed buffer system of a bicarbonate buffer using carbon dioxide

in an exhaust gas

v
ul e
I
2
Sy



WO 2018/182100 A1 ||} 10PN T Y

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

8 AARFT (EEY RS & 7tsd EE EFY
] g8 e HEE 93l ARIPO (BW, GH, GM, KE,
LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM,
ZW), T2FA o} (AM, AZ, BY, KG, KZ, RU, TJ, TM),
# (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI
(BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

.
—  TAFALE A S} A (FF A21F3))

and an inorganic phosphate buffer according to the present invention has an excellent buffer action with respect to acidity and at the
same time can supply photosynthetic microorganisms with a carbon source and a nutrient source, thus being capable of preventing
a reduction in microalgae productivity, and is thus able to prevent air pollution caused by the discharge of exhaust gas, and has an
excellent cost-reducing effect compared to the existing HEPES buffer and Na,Glycerophosphate.SH,O. Therefore, the mixed buffer
system can be applied to a mass-culturing process of the photosynthetic microorganism that produces a useful material.
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H]-g-o] &1, o] 3= nfo] @ uj 2= Aabe]] glof A =o] oL g} 3,
OB AE FFA A E o H o] TS ]
ol afl v Fel o] 2 37 g o] w2 o] A

CO, + H,0 — H,CO;4

H,CO; - HCO; + H*

g, vlo] 7} E Y| o] E(bicarbonate, HCO3)+= F A ol du=Ar &85
Atk Alotmute] gl ot B A 2ol A WE o] 2 BhA 5 v A Y F(CCM;
carbon concentration mechanism)< A 3218 =&l A o] 2t3l gt Ao}

HRo] ZER Y| o] E o] -5 B =5 = dvh Al E Qo B =E o] A3t ekA o}
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(C) FE25 7W‘ji Alo] ZER Y| o] E o] 25 54 2E=v} qt]
abal A7 e 5= Aok wEEh, vl Fh Rl o] E7F nlj kol H7tE W 81
P2l el Hael olal, HeE 2R3 5 9l

HCO; + H* - CO, + H,O

gh, ?l(phosphorus)= VAl 25 A R el Q1o EHE T 2%
FEFAolth A2 A, FEHQLE =, A T fmTFEY oA HE
(ATP)2} ol 2] A W A5 Adde] o %Ur. Al E = Q1o B2 F ol A

ot He
2 H

=

A0l o 397bA] & HH 4 9lov], B AT Bk 1 Al ofsh

SERERLERESE R PEURE. 2 REEELER LS

gl = R
Ao 72 o A 9) Th(Price, G.D. et al., J. Exp. Bot. 59: 1441-1461, 2008). 12 A| 3
Aol H A Ql & A o] B E A 3E = poly phosphate 3 Bl 2 Q1-8 A| 3 ] o]
2238 Q)

Aoz B34 v AR Wk A vloele] A3k A 99
HEPES(2-[4-(2-hydroxyethyl)piperazin- 1-yl|ethanesulfonic acid) H ¥ &
AL-8-3151 o, 214H -2 Na,Glycerophosphate-5SH,0& A8} 51 ). 814 7F,
HEPES H 3 £} Na,Glycerophosphate-5H,0+= 3L7}0] 7] wjit-ol] f-8&2-&
Aakehz A3 v AR EF Y gl A-&3H] FE A" ¢l o)

o)
DA

olel, B P AES 7] BRI WS Ay Astel o] w et Ak, 7]
Fgolst 7] 291l B g ool w7k 9] o AbalEt A E &) AAA

WA E vhol kvl o) EbR vl o £ Blw A 2 8lg o] g3to] B v AE L
W) ¥ 73, 713 HEPES 1] vl 3} v] A% wj ool o] 214 3} hx) 52 o)

$58h3 B v A ES] Ago] FTI WA vho] Qv 25 X 42
WAk Bl Bk gy e H 9l
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Hpo] 7k R Y| o] E/7 R | o] B/ 2 o] E B ¥ A 2"lel] WA & H7hetaL,
AR A= AT O, o E e A SR 7SS ek w ks
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215}

F3l el A, (a) o] S EAE otz H 7EAE 917
= |Ne] gl Fste] o|hhEt et A B E

$+ vlo] 7L R o] E/7} R Y| o] E/3 2~ 5] o] E (combined bicarbonate/phosphate)
Bl Al 28-S 248k WAL R () 7] 24 F
ulo] 7} R | o] E/7} R Y| o) E/E A5 o] E Bl 1] A| A8l WX & H7}s)ar,
Fd A =S <SS U, o] A EA ShR Ml 7R E I i A vl sl
A E E3tetE Wi 7Es W] o] ASIEEAE o] §ato] Al TR B, 2 77

MG WA & &8 A3 v A E ] el &gk Aol
Bk o] 9lo] A, 7] o] A stEk A= wl vp 2o A B erEh Bd 9 el A
w el 4
EURC A= T

F Kol 27hA o) 4bel v Z3tehis Jala g e 714 dejAi=
Q)

g ol Sl A, A7l |71 A4S E A (NaOH), 57418 2HH(KOH),
Y oH(NH,OH), =4k 312 45(Ca(OH),) HE1= A4S 1v] 45 (Mg(OH),) &

ok
ATk

g ol Qloj A, 7] F71 1A B & -2 K,HPO, %} KH,PO,<]
238N d 5= At

oo Qloj A, Z7] w7k W] o] AkslekA S 3~ 50%Y 5 ot
HEE Al o] o] A gy = A& ol A7) o]Alst et A o] gk oLl ghekas
WA o] el whet Eepd = Q)

B odbrgof] 9loj A, 7] 4719l FEE 5 ~50mM, v SHA = A E
AREEE A 95 ~ 20 mM, TS B2 A= 10 mM 2] 49 71(KOH) & AF-&-31=
e ERASE T o} o]df w4t = & oyt

B oub o] glojaf, AHv] F7] Q1A o] 55 0.01 ~ 5 mM, vFE A EHA = 0.1 ~

APl | mMY 5 Qort olo] FakE = AL ohk,
9 (buffer)= 2| F2 7€ Atoly G771 7he 52 v, 3 &L
3 ao) 5 g AR FAAATH, Ak o 2 ofah 2hu}
Qoll o= o]::_} o719} 1 3o 38 Mo] 2828 Fr),
Ab8E s = HCOL/CO5> e & =8l of] &4 31
M H B B S 7R o] @ FEl HH 2
13F Bk pHE AABA FAT 5 9lonh, 4 WS
>5% viv)®] CO, 5ol A 3= pH B2 7t A8l ¥ 3=}, & Dol A=
EHAE B 3 A 2 " (HCO5/COz2) 0l 571 145 B 3 (H,PO, /HPO.2) 7}
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B4 o Ea7k 1% ek olel vl 27 Aabd ANE A S gl
[33] ofz2], ¥ g o] w7k ¥ 3} Bl Al ]2 o Fstaial s A viAd =
3= v A 2ol whal H A9 pH Z o] 2442 vhE ] witof, sl B4

[34]

[35]

[36]

[37]

[38]
[39]
[40]

n| g =0 A4 pHell SHA| Wi 7F2- o] o] Absf kAo Sk i 7F o) I S L

Wi 7t 3 AIZE 7] 2 57 IANE 9] s E st 24T 5 v
Houkd ol gloj A, A7) FA Al B2 E 2 e E 7 ] 2 (Chlorella vulgaris),

29 e} 42 7| Yo} (Chlorella sorokiniana), 2~ 3] & €] L (Spirurlina) <5,

Tu-g] 4 2H(Dunaliella) 5, 3|7 E 2 F 2~ & 58] & 2] 22(Haematococcus pluvialis),

27| Z 7] E 8] -(Schizochytrium) £, = ¥ H| Z T] Y &(Crypthecodinium) <,

=) EE'_UrZ:(Chlamydomonas) 2, Y] @& 2 2] 2~ (Neochloris) &3 £

H) A & o} 3] 2 v| +=(Aphanizomenon) & £

_4_4

A O}L“‘ 1 2] oH(Cyanobacteria) ¢} 22 34 el golel A& S o= o 5=
Aot COE B2 o] &8 4= 9l v A Eolehd A g glo] ALg-E 4
AT,

E g o] o)A, A7 (yeAle] FEA v AE i gl o8l & EAS
e @AE F7hE £33 Fol o oo HgkE] = 31 oyt

P-ubgol Qloj A, 7] F8 A A F, vl e &gk, WEltE Y
91914 31518, o} ek 2, DHA 2.9, vho] 9617, vho] 2 o] Bhg,
EENEA e B RS RS 507 & 5 9lon} o]o] EkE = RS
ofth

ol sel A= vl A & ANl ol B Hol &
et olE AAe] B B e noh TAS o 4] 99 Ao,
Wi o] w917k ol olshe] Al @A er=thi A e AL Bge] AL
742 Aol Al A & Ao ek

<A@ Az L ugFza>

B kg of] AV-8-¥ 3 - Haematococcus pluvialis NIES-144 2 4] National
Institute for Environmental Studies, Tsukuba, Japan & Z F-E -] 5} T}, B 21 & o)
AFE-F A= NIES-C 3 NIES-N "] o] o] &] + A A3 sh7] [3% 1]
et ST
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[41] [3E1]
NIES-C NIES-N
cha UL R s L
)
Ca(NO3), 0.15¢g CaCl,-2H,O 0.13 g
KNO; 0.10 g KCl 0.07 g
Na,Glycerophosphate-5H,O( 0.05 g Na,Glycerophosphate-5H,O( [0.05 g
71 1Ak W =2 oA 71 1Ak W =2 oA
MgS0,-7H,O 0.04 g MgS0.-7H,O 0.04 g
Thiamine 0.01 mg Thiamine 0.01 mg
Biotin 0.10 ug Biotin 0.10 ug
Vitamin B12 0.01 g Vitamin B12 0.01 g
PIV metal solution(per 3mé PIV metal solution(per 3mé
liter)Na,EDTA 1 gFe(Cl;-6H, liter)Na,EDTA 1 gFe(Cl;-6H,O
0 0.196 gMnCl1,-4H,0 0.036 0.196 gMnCl,-4H,0 0.036
£7ZnS04-7H,0 0.022 gCoC(l, £ZnS047H,0 0.022 gCoCl,
6H20 4 mgNazMOO4’2H20 6H20 4 mgNazMOO4’2H20
2.5 mg 2.5 mg
[42] w3 27 o AN A H. pluvialis THEF ¥ A o] <9 vk 21L&

o el ek L el.
[43] <o =A>

[44] - NIES-C Wl #]: autotrophic medium (A7} Yl #], 5-4]: A

[45] - NIES-N #Hl| #]: autotrophic medium (A7} Wl A, 54 & A3 ~EGAE
X 3] o]_/\Elrx]—E] UZT;G _”__L)

[46] ST B o)A e kA D By B8 7t AE V| E o 2 Fhy n 247 qir

(ThZ3%), 5% CO,, 10% CO, 2 15% CO, (viv)el A Al &8st o, v 7} 2 3= &1
A & kg AL JJuMl Aol A ket o, o] w7t 2o E3E CO, =T oF
3~6%% T2 E UL

[47] - % % : 0.1 vvm (vessel volume per minute)

[48] - GF 252383 °C

[49] -3 (W EH R T 12112

[50] - HES-7] E 5 5L 3] 2] 7] 5 (bubble column) & 2] 2] F7] W&-S o] &5} 4]

A RFsh= 3 (tubular) o] 518 3 3 A= ko7
[51] - A Al B2 50~70 pE/m?/s
[52] - FE7] Al F27 0 300~500 wE/ms
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[62]

[63]

- o] Akl ek A o] 3} 8] FAHS o] &% U] 'hAE W B A2 A] AR EH =
A 714 €9 KOH Z+7} 0mM (T Z ), 10mM, 20mM, 30mM

-pH B8 w3 735 93 7] OJ*J?% H 24 (IM &4 A2 Al) K.HPO,
163.73g/L2} KH,PO, 8.17 g/L & &% & N-& 77} 0 mM (] 2<%, phosphate
source = 4| Na,Glycerophosphate-5H,0 0.05 g/L. & 7}, 0.1 mM, 0.5 mM 1] 31 1.0
mM9] 558 m o] F=ste] 1 5HE A

AA ¢ 1. T8 H ¥ o] A3}

371 = 1o YER ule} 3Ho] Air, 5% CO,, 10% CO,, 15% CO, (viv)E Z+Z}
U w59 74171 (KOH) =8 Aol F33te] Sehil iy =8-S
A zst et o), §bg-7] = F 53 v d 2 A ZHE 7] Z 5 (bubble column)
Fuje] vV 5 ALgs gl o, 35 7F 32 0.1 vvmE J G 81|
A|&A 078 T AE it A7) 78NS jh7] W pHE w4 3] =8
olo] ufg} o] 2te} A= vh2-2] 38} HkE- A7) &) gt

CO, + OH & HCO;y
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