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Due to various environmental problems, it is expected to produce useful chemicals from carbon dioxide and
methanol. In this study, a technology for producing D-lactic acid from C1 compounds by co-cultivating methanol-
metabolizing yeast and microalgae was developed. In the co-culture of the yeast Pichia pastoris and the microalgae
Chlamydomonas reinhardtii, D-lactic acid was successfully produced from the C1 compounds. Controlling pH was

found to be an important factor in promoting the growth of both microorganisms.

1. WIZEHM

A Ok 2 bR &= DAL IR AL
DL B 72 RIRIRFE IR Sl 2 DA %
TAHHMOHEIRDLNTEY, TDO—D& L
TCULEWDRA Y R X T ) —VHhEHSNT
W% (Pfeifenschneider et al. 2017), F 72, HiEk
AL 2~ OBRFEREZ T 52, CLILEWTH
B ZRAGIR K T il A4 O RALE IR B Hol
DORZERHELI KD SN TS (Ngetal 2017),
NSO CLALEMOH P E~OZRIZ, i -
WHETRISSEST L PUSFFRMED S WY 7%
E ORI A iR, AEE»DOE AV
F — BRI R B A 7 1 & 2 ORESEDSIIRE
T 5%,

AFZE TR, A ¥ — V% H4 DG HILEWIC
TR A & ) — VAR & . IR EZ
T % O A HALG W28 5] B 70t 3 & L5528

THIET, X¥ ) —VBIUOBILRE»S
DENZE A W A EBAR OIS % Hig L 720

BARMIZIE, D-AMEERET 2 25 7 — VAH
% 1} Pichia pastoris & . T/l Chlamydomonas
reinhardtii % 3538 U, D-FLERA BEME % 5140 L 72,

2. WEEN%E
2.1. A% 7 = VANHEERE & Gl & D JER; 3
WEFeEEH H 1, AW EAT ) i & LhE
B2 AT D %\ KGRI RE 7 & DR KA
bR AR 5 2 LT Ol o B Gl R A% 1A b3
5ZEaRMLTWwS (Yamada et al. 2023), L
ML, X — VAR T TORGHE & 788 48
WY L OEBEFRIZOVTIEIME IR TV,
Z 2T, WrgeiEE 5 03B %E L7z D-FLER & A2 g
35 RA % ) — WAREEERE P pastoris GS115/S8/73
(Yamada et al. 2019) & . ffillie C. reinhardtii %



A AR S FE S & A 52 4
2021 4£B2 (4% 53 A1) Wh

B4 R ORI T X & ) — L 2 SR
R L 72,

1 (A) WRT XIS, MR RIc XY
HAGHA LS B9 5 C &SRR S 2. EERED )
WL EE S T B o0 B B3 A <
0. PR BRI =1 020 0 L &L OBE
2 68 WER 2 O M S EUZ 8.06 % 10° cells/mL
., MHEREEE KL T5. 1 ol
— )T, R LA, B R 164 R DA

VISR DI EE M T 3 2 IR ATHERR S 7z

M1 (B) (R &9, BRI b IR 2812
0 BRI EE DS L B & & AR S 7z, E?i@
VIR EE 25 T & BERF O BHEE b w5 <
0. PSRN BRI =10 20 O & & BEAE
260 5[4 OB REM X 166 % 10° cells/mL & 72
D, B CTER LB ED 2.9/ ol

DEXY . X% ) = VAFAET T D-FLMR 2 S
b A% ) — IAHEEREP pastoris GS115/S8/Z3 & .
WAIEE C. reinhardtii % L5538 5 L. WOEE. B2
BRE IR EEATKIR I ) 15 5 & g S iz,
— i T BB B CTOMME C. reinhardtii
MR EEAM T 3 2 BIRAHERR S 7z, Flixe OB
AoRR, ZOBROTENIZ pH DK TIZH S
ZEMERR I NIz,

(A)

—_
o

17/°
11

o N L » (o0}
T

TARSEE R AR [ % 108 cells/mL]

0 50 100 150 200 250 300
B%RE [h]

BARE - T%-IxIb¥F— - RBE  268m (PRE)

2.2. X% 7 — )AGHTTERE & Bl & OIERRICH
'} % pH D5

IZBWT, BB MEE C reinhardtii
MR MR 4 2 B SERE S . T hud pH
DIETHIERNTH 5 2 L RSNz 2T
) 33540 e ok FEE L 7 B et e < IR BRI =1 ¢ 10
& LT, bk P pastoris L #lE C. reinhardtii O
A 24 @ pH T 720

K2 (A) RT LIS, pHAEHIMTZZ LT
B N o e i iR B A4 A BIRITAE L
Bl o7z FFICPpH 9.0 ICHHEE L 22856, Bige
260 K[54 O MEHTHHITLIR EE 1% 22.1 % 10° cells/mL
EibE R, pH 2308 L 2 Wil H s &
WL T2.915L %-72

2 B) IIRT LI, pHEHBTLZ LT
BERE DO BARIARE D 2L L7z pH 5.0 ISR L 7235
B KEAE 260 W £ 0 B BRI 9 A& 211 < 10°
cells/mL &b H < &0, pH i L 2 WEERE
HRg L IR L C3. 71 o7z,

2 (C) WRT LI, AF )= VHFFETT
D-FEEAFET B A ¥ ) — WAREIEERE P pastoris
GS115/S8/Z3 &, ik C. reinhardtii % SLR5783
52 El2k ) D-AROEE DR SNz D-FL
WA i ld pH O 2% %215, pH8.0BX19.0
THICERENS b 2 EDHER SN, X2

(B)
200

150

100

o

FEEHAARA [ % 106 cells/mL]
[6)]
o

o

50 100 150 200 250 300
BERE [h]

MHEHEIEE @HIEE(S) @XLIEE(1:110) OHIFE(1:20) OHBHIES
1 A% —NVEETFICBT B A ) — VACHEERE L B & ot 3%



A AR S FE S & A 52 4
2021 4£B2 (4% 53 A1) Wh

(A)
= 25 —
E E
2 20 &5
S 2
e 15 <
X 10 x
2 2
§ 5 =
. : et
ﬁ 0 i
x 0 50 100 150 200 250 300
B [n]
ry
2
< I
s H
® @
- &
[m]
0 50 100 150 200 250 300
B [h]
®pH50 @pH60 @pPH7.0

BARE - T%-IxIb¥F— - RBE  268m (PRE)

250
200
150
100

50

0 50 100 150 200 250 300
BER [h]

(D)
1.2
1
0.8
0.6
0.4
0.2
0

®pHB.0

®pH 9.0

2 X% —)VCHTIERE L BRI & DG RICE T 5 pH ORSE

(D) \RT & D12, Biag 260 Wi > D-7LMkA
X pH 8.0 DIFIZ 1.06 g/L D E L o7z,

VLEX Y, EBEP pastoris GS115/S8/Z3 & %
e C. reinhardtii & OILFEFRIZHB VT, pH %l
W52 L TENENOBGERE DK 3 5
CTEEWSPIIL, T SOEEERICLY
D-$LEE % AEPE$ 5 2 LRI L7z, A, BiME
REFRBAN L2 5% L8 EEO M R, fLH
TA712 & % P pastoris GS115/S8/Z3 DE 575 D-
FLRAEERE O F 2 HiE T,

3. ZE W

1) Ng IS, Tan SI, Kao PH, Chang YK, Chang JS
(2017)
engineering of microalgae for biofuels and bio-
based chemicals. Biotechnol J 12: 1600644.

2) Pfeifenschneider J, Brautaset T, Wendisch VF

Recent developments on genetic

(2017) Methanol as carbon substrate in the bio-
economy: Metabolic engineering of aerobic
methylotrophic bacteria for production of value-
added chemicals. Biofuel Bioprod Biorefin 11:
719.

Yamada R, Ogura K, Kimoto Y, Ogino H (2019)
Toward the construction of a technology
platform for chemicals production from
methanol: D-lactic acid production from
methanol by an engineered yeast Pichia
pastoris. World ] Microbiol Biotechnol 35: 37.
Yamada R, Yokota M, Matsumoto T, Hankamer
B, Ogino H (2023) Promoting cell growth and
characterizing partial symbiotic relationships in
the co-cultivation of green alga Chlamydomonas
reinhardtii and Escherichia coli. Biotechnol J 18:
2200099.



