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(54) Title: METHOD FOR CULTURING MICROALGAE
(54) 28 9 B v Al ) e

(57) Abstraet: The present invention relates to a method for cultivating microalgae, and the method for cultivating microalgae according
to the present invention comprises: a step (S100) of injecting a KOH aqueous solution into a reaction vessel and supplying carbon
dioxide so as to generate bicarbonate ions; a step (5200) of injecting a KHCO5 aqueous solution into the reaction vessel in which the
bicarbonate ions are generated so as to form a first buffer system; and a step (S300) of adding a medium to the first buffer system,
inoculating microalgae, and then photoculturing the microalgae while supplying carbon dioxide.
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[74] 2w AA ) 40l i w2 T g o] R A ot w28 FalE,

2
| %] = TAP-CE AM&-3F3l o v 22 AT o 450me 5-9) g 2 ofjof o
(aeration)= 71 akGlrh. o] & H A of HA| 28] 2318 37| Asf vf 24
7foll 10mM <] KOH, 2mM KOH, 3mM KOH, 4mM KOH =& & 7}7} 23] &+ %
aerationS 21333 Ath Y A 671 5 57] 9l &= 10mM KHCOs, 8mM KHCO,, 6mM
KHCO;, 4mM KHCO;, 2mM KHCO; =808 Z}2F 52913t 2 geration= % & 5}
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[75]

[76]
[77]

[78]

[79]

RO v ] 7] B L (control) A F S 3l o} A = W A &gkt HEh
2mM KOH7} & o] 1t v 224 & o] = 8mM KHCO;, 3mM KOH7} & ¢ {1+ uj 222!
o] = 7mM KHCO;, 4mM KOH7} £ 7t v 22 & ¢ of = 6mM KHCO: & &
F3ate]l AA AR 10mME 555 2t} Yol & KOH® KHCO, 9| 9% &
W2 o] 4B} e AT A &2 0 7 T E o] I pHE 7.590 4] 8ALol & A€ = 2
t}. "] Al Z& 5= Neochloris  oleoabundans®} Chlorella sorokinianas AF-83F3
W Z7] HEEE vlo] Qull A 7|5 0.05g/6E B o Zp s 9f v AT o
A Z¥7F 3~ 4470 A 4 ~ 6D 7] FRe Aol A W& 300 pE/mYs o2
AL ATt v A H T o FF Al oF 3= 500me = 5T

o)Ak E} e A4 o] F ol T E S W] o] KH,PO,F Urea 7= Al & 4]
27 &l 107] 9] Z8f2Aol= 16 78] € 7] 0 10mM KOHE 5+ 8} 2L aeration
Al71o] B3] Al 'S A 23 3 TAP-C WA & 43 03 717 100m Y 5
Agk = A7 #5270 = Wi sttt

T =
%-—'——E’.

lﬂﬁ

2] o] 4, A2 A (Growth stage) 9} -5 & 7| (Induction stage)ol] A ] vlo] @ 1]
-4
HA o A A28l A 2817] Y3 F g 3] Al AT A Y]
Aoz ke xdstar, 1 ARE 53R 5 109 YEFTH & 32 A A4
| & KHCO, "5 =" 2 | %8 Neochloris oleoabundans®| cell density S -E}
W= 22, & 4 A9 40 & KHCO;%} KOH 558 2 W ¥ Neochloris
oleoabundans®] cell density S WEF &= 12 2, & 55 A Al 4] 4¢f & KHCO,
9} KOH 5 5= 2 W &% Neochloris oleoabundans2] *|7 g% (Lipid content),
A2 Ay 4FAd (Lipid productivity) 2 FAME A4 (FAME productivity)= L-EF LY
T Y E, E 62 A Aol 40 w2 KHCO, 9} KOH & %= 2 1| ¥ Neochloris
oleoabundans®] =224 e A3 5 Yeh= 18 32, & 78 A A4 400 o}
£ &34 KHCO,;2} KOH & X9l X Neochloris oleoabundansS | 32 W 2] O,
evolution k& W EF = 1832, & 82 A A] o 4o w2 2 2] KHCO,9} KOH &
=o)X Chlorella sorokinianas V| %32 2] O, evolution #k-& YENH = 18
X5 9= A Ao 40 b E KHCO, & 58 & Neochloris  oleoabundansZ= ¥l %3
£ el pH M 3HE e = 28 2, = 102 A A o 40 uhE KHCO;9 KOH &
58 = Neochloris oleoabundanss W % 3-& w2 pH ¥ 3} & YEN = 2832 0]

P>

EN

~
2

=

T 3WA 255 #A 2, 2mMe KOHE 5+ 3} aeration A 71 ¥ 8mM
KHCO;E T3k 7oA 78 =2 cell density(g/) ¢} A A ghsF 18] 11
FAME A& 7hx0 k= 218 B9l givt. i, o o) o], 2524 3
A E A 7] 2L w) F22E 744 30171 10mM KOHE AF&-3
uj 2} KOH 8mM, KHCO; 2mM & A}-8-31-& o 1o} tt]o] %)= A& g2l35t5]

9o
=

9o
=
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[80]
[81]
[82]

[83]

[84]

th. o] & &3 KHCO, 8mM ¥} KOH 2mM< 5131 31& off 434 afo] 53t
v 2lE dEstl e, o gdst A S8etr] A8l A a i
= 0, evolutione =% 0}035} =4 A3} Neochloris oleoabundansS} Chlorella
sorokiniana®| A B A7 A0 53t = A& =7 =88 Eof ElE
T AT ol & T, A o ®E FEMtol S A Ao m Yol Ao A
7FvhE Al & vk 9 WA 108 F R, a ek Yo A 9] pHE E

& 201 7.0~80 /\Mf’a 1431 fA1H 9o, fFEdAE Y8l A]= vlo] &
W] 271 1.0 ~ 1.5 g/edl] =233 S w, t 83 1 P2 7] & ALE8-sho] 59l
W %) & A A8 106 62 & 7)ol A

B RS IRk =

Olfo

AN o] 5.8 F A ol A o] AkBp kA

olAkstErA o F o] T ehE S W o] KH,PO,} Urea =) A # 4
£ 3] flal Co, 1ol B ol A v & Fol e A7) w5~ 271 7} vfo] v 27}
0.8g/¢0] H & o, o]AtstetA o] T3S SHAIITH S HA 7L 6
Neochloris oleoabundans , Chlorella sorokiniana X7 pH7} 9.57} 4] 5-7+81 S
o vlo] Qv 2ol A Bl &k 4l o) itz A& I 5= AU ol & A
st7] &l 670 9] E ek~ 0] 10mM KH,PO,4, 5mM KH,PO, + 5SmM Urea, 10mM
Ureas duplicate® WO 5 th Y ] 47 2] Zetiaol = oliksl e Ahe]
ol THE A o} FAL Yol X gh= 2717} o|AS R AE XS A0 ' 0}
= 271S duplicate & a8t ar, 7 AHE ¥ 11 WA & 149 EA8HYch &
2 2 Al 59 u}E 5%2] CO, T = T KH,PO,S} UreaS &330< uj %k
¥ Neochloris oleoabundans®] cell density S WEF & T 3Z, &= 125 A Ao 5
of WE 5%2] CO, &7 59 F KH,PO,9} UreaS &+ 32 ul vl %E Chiorella

sorokiniana®| cell density S W EMH = 2232, & 132 A A of] 59 o} & 15%2]
CO, 39 59 ¥ KH,PO, 2} Ureas & 3 -& Wl Wl ¥ Neochloris oleoabundans
9] cell density, 2 pH ¥ 3} & Y el = 18 Zo| T},

11 WA 129 o], Al S g A BE 2ol A pHiE 8 o] 3hE St

oL A AR, KH,PO,} Urea s &A1 0ll Wol5=3l& vl nlo] e =7} 714 &)= A
gelsk = ATt o] = KH,PO, 7} Q14 ¥ 3 o &hE b/ AL Ureat= =l =5
79 w ol Lat o astet a2 B o] A9 AlF oF Wk ol of
PSS Ttk a0 B3 & 7 V] ol v o] Akst AT Abdh ] =
5k 1 o] vho] @ uls 5 0] mhel Wl T e vl S gl s
of ghry= A w3k Flet = ATt
7HA AL 15% 2] a1E 5 ot sh A7) g5 H = EQE 31
A gl By}, -1 A3, 5 133 o], 15% 9] ©]

A4 Q1 who] v 223z 7k &3t A, ) % % o] AF

1o,
of
bt
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[ 1]

[dr@2]

[ 3]

[7d - 4]

[ 5]

135 6)

(7478 7]

[ 8]

(@%8%ﬂﬂKer ~%$%ﬁ , OIS A S F e ete] SRkl
ol &g sk vl

(b) 371 F ol &0] A4 A 437] HhS §7]el] KHCO, 589 593
o, Al 3] A| ~ES A e @A 2

(© 7] A1 B9 A= wol) WA & Wb, WA EFE S 08, 4
7 olatE e TehdA Bl Fehs S EHe

-

o ¢ Y-

7 1ol §lef A,

AF7] KOH 78 M9 %5 = 4mM o] 5F¢] 1] Al 25l vk
73 100 Qlof A,

’J7] KHCO; 8N 2] 55 6 ~ 10mM Q] v Al 25 nlj 1k,
73 100 Qlof A,

71 (c) ©AI=,

AAATA A vl EH L A7) ol Atk A S SR Ehas W7 E, AV )
Aol F38te], g7 o4t et A S 8k v A2 F
77 4ol §loi A

A7 AAIAA 2B A7) w7 o] 3ol b A 9o,

KH,PO, 5=, Bl & 4>(Urea) 58 2 7] %] ol 7}sto], A2 B9
AN&a'E 2 shE GALE U 28k Al .

8 500 i A,

247] KHPO, 891 9] 553 1 ~ 10mM Q] Pl Al 25 v .
73 500 Qlof A,

A7) 8 FgAe] Hri= |~ 10mMQ] VA 2T ] oFEbE.

73 100 Qlof A,

71 Al x5,

29 e B 7] 2 (Chlorella vulgaris), £ = A&} A2 7] Y o} v} (Chlorella
sorokiniana), 2~ 3] & &] U (Spirurlina) 47, T 1}2] < 2H(Dunaliella) <5, 3]l
nhE F 52 5 51| 2] 22 (Haematococcus pluvialis), =7 27| E 8] =
(Schizochytrium) <5, =1 Bl Z U] 1 & (Crypthecodinium) 27, &} =5
L} 2x(Chlamydomonas) %5, U] 2.2 & ] ~(Neochloris) &7, o} 3 1] v +=
(Aphanizomenon) %7, & A] o} =4I| 2] o} (Cyanobacteria) = 7 ¥ o=
T A E s Ao sk o] gl Az vl Y.
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KHCO; buffer system

25+
-~ Controi(ho buffer system)
=k KHCO3; 10mM
504 v KHCO; 8mM
= KHCO; 6mM
g KHCO3 4mM
ry g3 KHCO,; 2mM
B 15
:
S 104
o
0.5 -
0.0 ¥ 3
¢ 1 2 3 4 &
Time{days)
4]
KOH + KHCO; buffer system
$ B
F “#= KHCO; 8mM + KOH 2mM
' =3 KHCO; 7mM + KOH 3mM
wipes KHCO3 6mM + KOH 4mM /o
- wis KOH 10mM .
% 3 *
]
1
{} T —w * -~ . ‘:“ ) v ¥ ¥
0 1 2 3 4 5 6
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[5=7]

Neochloris oleoabundans # UTEX1185

250

@ KHCO, 8mM + KOH 2mM |
O KOH 10mM

180 -

0, evolution (umol mg Chi* h)

* L] b * h )

Chlorella sorokiniana # UTEX2714

- 250 4

@ KHCO, 8mM + KOH 2mM
O KOH 10mM |

0, evolution (umol mg Chi* h)

B R *

100 200 300 400 500
Light intensity (umol photons m™ s)
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KHCO; buffer system

ws. KHCOg TOMM  7mommmewm s meim o '
8.0 <~ KHCO; 8mM oo ;
s :..- KHC03 6mM ¢
{;= e KHCO3 4mM
i e KHCOp 2mM e e
784 :@‘

o 1 2 3 4 5
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[510]
KHCO; + KOH buffer system
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“e--= KOH 10mM




7/8

WO 2024/019516
%11]
Neochloris oleoabundans#1185

et G000 o
e Agration {after Sday)
e UreaiOmii(after Sday)
i KHPO4 10mM{aiter Sday) o
~u— KHoPO4 SmM + Urea Smi(after Sday)

s
=

Cell density(g/L)

o
A
.
N

e
E=1 o

~ae Control

= At atION (after Sday)

~ UrealOmM{afier Sday)

o KH2PO4 10mMiafter Sday)

~m~ KH2PO4 SmM « Urea Smi(after Sday)

o

|

b
o

Cell density(g/L)

=

.

00 ¥ ; . .
0 2 4 8

Culture twaay}

R

PCT/KR2023/010390



PCT/KR2023/010390

8/8

WO 2024/019516

[5213]

(Aep) swi L
9 g 2 £ 2 L 0

- 99

-8 ,
- G4

- 8
- 98

pOdzHs oI o | ©
rOdZHMI/EaIN YiM—g= | Mrm

(%00 *09)
Aiddns seb any
ur uondniisug

{Rep) swil
9 g ¥ e b 0
i % i o
g0
L
1O
Gl 8
2 8
; o g¢
YOdERDeaIN INOUIM - &
YOAZHN/BRIN YlIM =g
ge
q
{%S1~£1L “09)
jueid samod
paiy-feos
wiosj seb ang4




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2023/010390

A. CLASSIFICATION OF SUBJECT MATTER
C12N 1/12(2006.01)i; C12M 1/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12N 1/12(2006.01); C10L 1/02(2006.01); C12N 1/38(2006.01); C12P 1/00(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: ¥|Al|Z H-(microalgae), T4F3H2-5(KOH), ©]4tstehA~(C0O2), FEHAlol-&
(HCO3-), & AP (A4 ZHE, KHCO3), ¥l Y (culture), Al Y Q1AFZE(KH2PO4), 8.4 (urea)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

KR 10-2018-0110781 A (KOREA UNIVERSITY RESEARCH AND BUSINESS FOUNDATION}) 11
October 2018 (2018-10-11)

Y See abstract; claims 1-9; paragraphs [0006] and [0018]; and figure 1. 1-8
US 2017-0313972 Al (THE UNIVERSITY OF TOLEDO) 02 November 2017 (2017-11-02)
Y See abstract; claims 1-10 and 18-21; and paragraphs [0004], [0050], [0055] and [0063]. 1-8

YU, B. S. et al. Improvement of Photoautotrophic Algal Biomass Production after Interrupted CO2 Supply
by Urea and KH2PO4 Injection. Energies. 02 February 2021, vol. 14, thesis no. 778, pp. 1-14.

Y See abstract; conclusions; pages 3-4; and figures 1-2. 5-7

KR 10-2017-0021100 A (KOREA UNIVERSITY RESEARCH AND BUSINESS FOUNDATION) 27
February 2017 (2017-02-27)

Y See abstract; claims 1-7; and paragraphs [0007] and [0024]. 1-8

KR 10-1765833 B1 (INHA UNIVERSITY RESEARCH AND BUSINESS FOUNDATION} 08 August
2017 (2017-08-08)

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
03 November 2023 06 November 2023
Name and mailing address of the [SA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2023/010390
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
KR 10-2018-0110781 A 11 October 2018 KR 10-2009554 Bl 09 August 2019
WO 2018-182100 Al 04 October 2018
TUS 20170313972 Al 02November2017  US 10457909 B2 29October2019
us 11015167 B2 25 May 2021
us 2020-0017820 Al 16 January 2020
KR 1020170021100 A 27February2017 KR 10-1731554 Bl 28 April 2017
KR 101765833 Bl 08 August2017  Nose

Form PCT/ISA/210 (patent family annex) (July 2022)



F A ZALR I A A YW B
PCT/KR2023/010390
A. g o] &3t 7| B/ (SASH EFIAPCY
CI12N 1/12(2006.01)i; C12M 1/00(2006.01)i
B. ZALE Eof
AL H AT (EA S8 575 71 AD
C12N 1/12(2006.01); C10L 1/02(2006.01); C12N 1/38(2006.01); C12P 1/00(2006.01)
AR 7] e Eofel Sl #H A o] 9] 3
s EA 8T B Sk F A B AIME L AL FH AE g el 71 A" IPC
A2 HAEAMNTE 3 EF /WA SLPTH: AL FH A @l 7] A IPC
A ZAFo] 0] 8- AAL H o] B ] o) A (d| o] B W o] 2] WA 2 7] Mol (sl el A )
KOMPASS(E38 3 W% ZAMA~2"y & 719%:  vAZF(microalgae), TAF31ZHE(KOH), ©]AFsbebs
(CO2), T Ao -2(HCO3-), T AL F (@At 25, KHCO3), Wl U (culture), 4] 4 <1 47‘ B(KH2PO4), 8.2~ (urea)
C. #d &4
F}el a2 * gwdd B Ad FAE e A )9l 71 A w3
KR 10-2018-0110781 A (Z & o st . 2F8}5d & 1) 2018.10.11
v .ok 47+ 1-9; B2} [0006], [0018]; = 1 1-8
US 2017-0313972 Al (THE UNIVERSITY OF TOLEDO) 2017.11.02
Y ok A8 1-10, 18-21; ¥+ [0004], [0050], [0055], [0063] 1-8
YU, B. S. &, ‘Improvement of Photoautotrophic Algal Biomass Production after Interrupted CO2 Supply
by Urea and KH2PO4 Injection’, Energies, 2021.02.02, 147, :=5-H & 778, #H| 0| #] 1-14
Y 25 A8 Hlo]A] 34, =W 12 5-7
KR 10-2017-0021100 A (Z & st Abshe & ) 2017.02.27
Y 8ok 479 1-7; ©EH[0007], [0024] 1-8
KR 10-1765833 B1 (213} o] &} L Akshod 2 ¢F) 2017.08.08
A 1-8
57t 240 yell 714 le] 9lgret. e ESo] BE A S G Q.
* Qg5 wd o i
AT 53 B 10 Kol AWAQ T £ 5ES T FAZUY E P ol Tl FH o, U3
el i 45817 spor] wige) 7] 27k v el o] 24 ol a5}
D7 B =AE Flol A g E el Qg v
B S =AY BT AT P FAFAY 0 2ue pao] Y B Y B A shbvos P e
o1l & Ee 5wl AgpA QR 0] Qi Ao R Bt
v $AE F A7) 8h e B i T QG5 o] R e a1 N
B9 Bolf(ol 8 BAE Ul Astey Y THE el Ak £ oY g alo] shiolgel e
0185 B3 —fqiiﬁil?:dbit]]é ’:i ox qul 3 ?111’0” Al AFg gk A9
* ] 3 L Ao Ao
07 FF WA, ARE, AN B e REs At g B PTAREE Aol Ul A B
P A o) o] FAHY O FAENY o) Alel] FE wy & TARHSFAT A Hohe I
TA| ZAe] AA SR T A ZALE LA e
20233114 03¢(03.11.2023) 2023311406 (06.11.2023)
ISA/KR®] W3 & -HFa A AL
= 534 o
(35208) ) A FH A AT+ HALZ 189, 45 (4T, 53
AEHHAD
a9 W 35 +82-42-481-8578 A3hH 3 +82-42-481-5373

XA PCT/ISA/210 (- A 27y (202213 78)




A Z AR I A TAEUH D
NSE3 o B AR

PCT/KR2023/010390
A ZAFH 314 of & - el -
i 2719 e 2719

KR 10-2018-0110781 A 2018/10/11 KR 10-2009554 B1 2019/08/09

WO 2018-182100 A1l 2018/10/04

US 2017-0313972 Al 2017/11/02 US 10457909 B2 2019/10/29

US 11015167 B2 2021/05/25

US 2020-0017820 Al 2020/01/16

KR 10-2017-0021100 A 2017/02/27 KR 10-1731554 B1 2017/04/28
KR 10-1765833 B1 2017/08/08 =

A2 PCT/ISA210 (H]-8-5-3] F=7F8-#]) (2022 79)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

