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Production of fatty acids by engineered Ogataea polymorpha

FENG Dao'?, GAO Jiaoqi’, GONG Zhiwei', ZHOU Yongjin J.>*

1 School of Chemistry and Chemical Engineering, Wuhan University of Science and Technology, Wuhan 430080,
Hubei, China

2 Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, Liaoning, China

3 Dalian Key Laboratory of Energy Biotechnology, Dalian 116023, Liaoning, China

Abstract: Fatty acids (FA) are widely used as feed stocks for the production of cosmetics, personal
hygiene products, lubricants and biofuels. Ogataea polymorpha is considered as an ideal chassis for
bio-manufacturing, due to its outstanding characteristics such as methylotroph, thermal-tolerance and
wide substrate spectrum. In this study, we harnessed O. polymorpha for overproduction of fatty acids by
engineering its fatty acid metabolism and optimizing the fermentation process. The engineered strain
produced 1.86 g/l FAs under the optimized shake-flask conditions (37 °C, pH 6.4, a C/N ratio of
120 and an ODy of seed culture of 6—8). The fed-batch fermentation process was further optimized by
using a dissolved oxygen (DO) control strategy. The C/N ratio of initial medium was 17.5, and the
glucose medium with a C/N ratio of 120 was fed when the DO was higher than 30%. This operation
resulted in a titer of 18.0 g/L FA, indicating the potential of using O. polymorpha as an efficient cell
factory for the production of FA.

Keywords: Ogataea polymorpha; metabolic engineering; fatty acids; nitrogen limitation; process
optimization
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CRISPR/Cas9 R SE N gl 242, T
SR IE faal (B 1A). BARMEZPIRMT : B
S, MR LN faal B sgRNA FikEA,
DL leu2 fE Rifiikdnic, o 20 bp 07510
5'-ATTGATCCTAACGATAAGCG-3'; %, #
LA DNA 43+, 40l 3 faal Hi%IX
L FESS 1000 bp J751, L f@lA PCR 7ikik
fRoe s itk DNA F B K sgRNA RIR A FI
LK DNA LI4% 500 ng (94, b iE A%
HH Cas9 HAMEADGREEE, T SD il
37 CHrERGSR 2-3 d; Fib T2k SD K55k
FEREFR I SRR AR AR, IF LA 49 p311
(5"-TAGTCGAGTACTGAGGGGCG-3") fl p159
(5-TTGCACCAGGAGGAGTACCT-3")i#47 PCR
SO IF o BH A T A R YRR I A5 AR
(& 1B), ¥ FHE SC e AE YPD B 35 3k b 4734 48
AR JBORE . JORE 25 2% i ) B PR Al 44 O 233,
T R IR B R S st g R AR K
R IR & B 52, ¥ Opleu2 34T T IR A7
[ kb, LT #E CGMCC 2.2497 K& 41 J#id
P18 B A eI BERY Opleu2 FEN A BE, R
25 1000 bp P AEMETEE , DL 1 ug 5 5l H
AL EBR 495 1 23-3, F SD-LEU “EAEFT
e, FHEARAERAENIREE T, RIS
¥ 2P BIEIE S, 43 9lar 4k FDO6 F
FD09.

*1 ALBERAEHRTIR
Table 1  Strains used in this study

Strain name  Genotype Source

Ogataea Wild type; diploid CGMCC, 2.2497
polymorpha

Ogataea Wild type; MATa leul.l CGMCC, 2.2412
polymorpha

23-3 MATa leul.l faal A This study

FDO06 MATa leul.1::Opleu2 This study

FD09 MATa leul.1::Opleu? faal A This study
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F: faalA Bi¥k FDO9 fii I B2 4H A,
Figure 1

Growth and fatty acid production of wild type and engineered O. polymorpha. (A) The

biosynthetic pathway of fatty acids. (B) PCR verification of the seamless deletion of gene faal. (C) Growth
profile. (D) Fatty acid titers. Fatty acids profile in control strain FD06 (E) and engineered strain FD09 (F).
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UV 245 (Parallel Bioreactor Systems-DASGIP),
1% %] Eppendorf,
1.3 SWHE
1.3.1 FFiREF

MN—80 CHUHIRIEHY O. polymorph 7= Ra i
e TR HMA, T YPD EARRIZ G, K53k
3dJE, WP T SD A4, dksk
38 2d. NS SD M A HRE 3 4B TE
7T 3% 3 mL A Abid (U w iR Delft 3537 3L
T 37 °C .200 r/min {H %K IEFE 16-18 hoDelft
BEFR R4y : 20 g/L CeH 1,06, 14.4 g/L KH,PO,,
0.5 g/L MgSO47H,0, 2 mL/L & cE M
1 mL/L 4E4: %, JH] 3 mol/L KOH ¥ pH { % 5.6,
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TRICRE )T (g/L): FeSO,-7H,0 3.0, ZnSO,- 7TH,0
045 , CaCL,2H,0 4.5, MnCL2H,0 1.0 ,
CoCl,-6H,0 0.3, CuSO46H,0 0.3, H;BO; 1.0,
K1 0.1, Na,MoO,-2H,0 0.4, Na,EDTA-2H,0 19,
W4 pH H 40, 4EERBEWAL S (gL):
D-CoH;¢N,O3S  0.05, D-CoH;sCaNOs™ 1.0,
C1,H;CIN,OS-HCI 1.0, CsH;(NOsP 1.0, C¢HsNO,
1.0,C7H,NO, 0.2 Fll C¢H 206 25 F BB ¥ U ODgoo
0.1 A0 ZE 20 mL KRG IR AL, KW IR A
[}y 20 g/L %8 Delft, SD B350 20 /L
A, 6.7 g/L LA SEmE AR, FEAT-An
A 2%3EH

Fh PR PR, B S mL AT 3R 3E 1 000xg
B0 5 min, FSEERFIC K PER MR Z )5 0
ODsoo, HFATIRFRHE G HFN .
1.3.2 EFEREALLMRK

BB EBE R R 6,15, 60, 300, 600,
1200, 55 4R A E/R R 60, 120, 180, 240,
300, FAERCH] 1 L AN BiER SR 1) Delft 55575,
20 g CeH 206, 14.4 g KH,PO,, 0.5 g MgSO4-7H,0,
2 mL IR JCEM 1| mL 44K, H A wiaeh
400 g/L BR, BAMUCKEESE A, fuEoc &R
AR IIEBRE S IMA . 4304 AR 18 mL 43
%2 100 mL #EEH, |G S ME 2 MA 70 g/L

2 AERAERLELZEMA 70 g/L RS
Table 2 The volume of (NH4),SO; used in fermentation
with different C/N ratios

C/N ratio 70 g/L (NH,4),SO,4 (mL)

6 2.095

15 0.838

60 0.210
120 0.105
180 0.070
240 0.058
300 0.042
600 0.021
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1200 0.010

(NH,),SO, MK /K & 20 mL. &EEE 3 - FAT,
BEMS T 37 °C. 200 r/min T8 IR 45 K &
1.3.3 LA RLL EREE

B SEAE 3 mL Delft R —HF I, o
W SR 5E4% 100 pL & 20 mL Delft B 373,
37 °C. 200 r/min }5 5% . KEEHENI MGG IR 50 B
f# 300 mL Delft, FCJ75FEIARIR] . #kEE 57 3L
AR LR 120 M REFR AL, MR 500 g/L
C6H1,04, 15 g/L KH, POy, 2.5 g/L MgS04-7H,0,
9.17 g/L (NH,),SO04, 10 mL/L f##ICE Ml 5 mL/L

K VS EOCIRAMRL o K AT 2R W RO 78R
BRSO B AU 30% I MEAT A SR,
fIEF 30%3hmF 70%5 1k 4k, #MEHEUR N
3mL/h; WEEHERRTE 37 °C, pH 4EH71E 5.6; &
Ffl 2 mol/L KOH FI 2 mol/L HCI1 ##75 pH.
1.3.4 MEFE

R AR TR B 2R A0 6 BE TR K 600 nm
NHEATIE o AR B AR AR IO AT G
. BURE ST 1.5 mL B0, 13 000xg 2
> 3min, BEWE, FRBEHRKESR 1 gL LI,
B 25 uL HERE

BRI R BT %« 4 ARG B J B 100 pL
IIAZE] 100 uL £ 27K F 10 pL S AA A Y 2
o, FEAIA 200 uL FEER 4K IR (200 mmol/L it
B - — A BEm, & 100 mg/L + FkeFRIE
KHFPEY), 1 600 r/min $&% 30 min, ZJ5
2 000xg &> 10 min, BT EAVA 2, HE
FJ5 1 200 pL IF ke F B R

JE 7 1R 5 ek I 2 SR FH 26 [ 8 R AUME (035
{¥ Gas Chromatograph-Trace 1 300, F LN -
PERECTIRLEE Jy 280 °C, RAE MG E A 2%
(FID), WEH 250 C, M EBHMEFRAS N
HP-5 (30 mx0.25 cm, 0.25 pm /SR, 23 B5 %
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SONAS, W 1 mL/min, FHEREF: WHBE
40 C{& 2 min, Ll 30 ‘C/min J} & 180 C,
BE LA 4 °C/min TFE 200 ‘CIEH 1 min, e A
2 “C/min FI & 240 ‘CIf-4E4F 10 min.

2 BEREAW

2.1 BERRER A BK O. polymorph TIZE #3312

FERUEY AT, BB TR 19 A W & i A
N TS A (acetyl-CoA), ZWEHiEE A B JC/E
R RE R G B LR BT, IRAE SRR A B2
LR (Accl) ML ZEM RPN — R 0 It AT A
HEIWiTR &l (Fas) MKIKAMEALTN MR ARG A
B IBE R SE AR, AR VRIS BB, A IR TR
B A, fJanl BRI R AR R . 40
WARTES IR AR, B NG AT G A 5 B 35T
TR WIR A IR R4 A, F LA 20 i P9
MRS (B 1A). DUGIMEERE P RBEARE A
B faal FERRAS . SR T 3N AE IR Ao AR
B, RATRBET faal 3K (K 1B). AT #EG
B IR A RO B AR AR K B, A AN T
leu2 I, 51X BEEE FDO6 F1 faalA
itk FDO9 (% 1), fHIE 1C #1 1D AL, faal
o 535 J WS TR AR AV T A0 R ) A R 2, (R
PRI TIRUIMRAE, &M 013 g/L #2535
0.69 g/L, DUEMEEREF 245 16 T il 18 ik H.
BEREWTIR , Horp AR MR (Cl6), IR (C18-1) Al
WIHR (C18-2) ik, iK% 90%LL s #%
REhAR (Cl6-1) FEEMR (C18) &RV H
XTHRRPR S faal A TRBRTE NS D5 TR 4 AR T AT
WEMZES (B 1E-1F). HIt, FZEHRE
B AR A AR 1 R R BR A FDO9 ifE 475255
2.2 Ogataea polymorph BEPHER B (TR TE
REE (C/N)

HRAE SCHR[28 14138 , ™= I i A 1 e e R B il
AT REBUEMMAE . b0 1 b R /R
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o (C/N) k4R e AR 7= it . [ 42 20 g/L 4
ZIMEAE R, 8 2 R A R e e A il L
IR E R 6. 15, 60, 300, 600, 1 200, 7E
PE P 2 SR AN AR K L IR W R - . Pl BT 2B
AR HRZ AT T, C/N AR T 60 I fF AR 4 R Ak
AR, P C/N KT 60 B &R L 98 % FiBE A
ERAERK, BEASEmAERKEE, & C/N #
=, Mg imR i w1 (B 2A). {H4 C/N
T 300 B, EEREA K Z BB (& 2B). R
C/N 2 300 1 60 B 52" i —4F, {H C/N
300 B, 4B FE B T R R REFESE
(B 2C), FRE A IEBR I T 40 AR K i i
BAREER . 2 CO/N & E] 1 200 B, #AHEL
I IHAE (B 2C), Ho g iR ™ e AL AR
LTk (K 2A-2B). £ C/N KT 60 BF, i
Jif A K VR R T AR AR R, SR F R i
MRE AL L, A C/N BAE 60-300 2 8],

AT — LA NR TR & Ik #7 E C/N,
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O. polymorph F=JgiREE 1. 24 C/N & 120 B,
BEWilR =k Bl il 1.42 ¢/L (B 3A). 5y
WIgE AL, BEE O/N $Em, B4 KR4
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i C/N i 120, BPFER A 5200 AR 116 Bl
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PEMJE, 7E C/N S 120 00T, HiApHEFEl
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HEME (B 3C)e XF Tl bkl HA L f
FEX, A BT iHE AR S TR SR
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Figure 2  Effect of C/N ratio on fatty acid
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production of O. polymorpha. (A) Fatty acid titers.
(B) Growth profiles. (C) Glucose consumptions.
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Figure 3  Further optimization of C/N ratio for

improving the production of fatty acids in
O. polymorpha. (A) Fatty acids titers at different
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C/N ratio. (B) Growth profiles. Glucose

consumption profiles.
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Figure 4 Cell growth and fatty acids production under different temperatures and C/N ratios. (A) The
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scheme of temperature setting for seed and fermentation cultures. (B) The fatty acids titers. Growth profiles
under different temperatures and a C/N ratio of 60 (C) and 120 (D).
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Figure 5 The effect of seed culture condition on fatty C/N ratio
acid production of O. polymorph. Wash indicates the
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Figure 6 Effect of different pH on cell growth and
fatty acid production of O. polymorph. (A) The final
pH of culture under different C/N ratios. Growth
profiles (B) and fatty acid titers (C) under different
initial pH.
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Figure 7 The cell growth and fatty acid production of O. polymorpha under DO-controlled fed-batch
fermentation. (A) Growth and glucose consumptions. (B) Fatty acids titers.
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