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Abstract: [Objective] o-hydroxy fatty acid (o-HFAs) is a green, safe, non-toxic, ideal biodegradable
material with good biocompatibility. It is widely used in chemical industry, food, pharmacy. Microbial
fermentation, the method for producing @-HFAs has important research significance and application
prospects. [Methods] In order to obtain high-yield metabolically engineered strains of w-hydroxy fatty
acids, the POX gene in the B-oxidation of Candida tropicalis was continuously knocked out through
homologous recombination technology. The effect of gene deletion on cell growth and the ability to
synthesize w-hydroxy fatty acids was investigated. [Results] The recombinant strain F4PT (4POX4,
APOX5) was successfully constructed. Growth in the medium with fatty acid methyl esters (C;,~C,4) as
the carbon source was significantly slower than that in glucose, indicating that the deletion of the POX4
and POX5 genes reduced the metabolic ability of fatty acid methyl esters. Secondly, through the
fermentation experiment, the concentration of 12-hydroxydodecanoic acid and 14-hydroxytetradecanoic
acid were 3.01 g/L and 8.69 g/L, the conversion rates were 11.44% and 33.14%, respectively. The
ability to metabolize fourteen-carbon fatty acids is significantly stronger than that of twelve-carbon
fatty acids. [Conclusion] Candida tropicalis with double deletion of FAO and POX genes can
obviously accumulate w-hydroxy fatty acids, but the accumulation efficiency of different carbon chains
is different. The production and conversion rate of 14-hydroxytetradecanoic acid are higher, and the

recombinant strain has the potential to convert methyl tetradecanoate to 14-hydroxytetradecanoic acid.

Keywords: Candida tropicalis; B-oxidation; ®w-oxidation; ®-hydroxy fatty acids; fine chemical products
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NADPH-Cytochrome P450 reductase; @: fatty-alcohol oxidase and Fatty alcohol dehydrogenase; @:

fatty-aldehyde dehydrogenase; @: fatty acyl-CoA synthetase; ©:

acyl-CoA oxidase; ®: enoyl-CoA

hydratase; (@: B-hydroxyacyl-CoA dehydrogenase; (®): carnitine acetyltransferase.
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1.1 #7#
1.1.1 H#HF514)

ST FHEAR N E 1, U-204 Bl
C. tropicalis ATCC 20336 FI|Ff] CRISPR-Cas9 3 [X 4
BRGMHE BRK; B Tm-gda324-URA3 .
Ts-POX41-gda324-URA3 . Ts-POX42-gda324-
URA3 Ml Ts-POX5-gda324-URA3 YA SC 1%
PRI, AEXT I 51 P13 2% SCHk[12], gda324
i URA3 SN 7 #1519 Ugda324 Fl Dgda
P ISR 324 bp A B, FEAEHE URA3 M
s RO AEE41 s PCR SN 2, #mh

x1 KHRETAEK

I 4 MR R0 A B2 W) G
1.1.2 EEZERE

(1) LB B335 (/L) : BEBRHEIY) 5, &AM
10, S4k4H 10; (2) MM }553(g/L): YNB 6.7,
AW 20, BRFRER 105 (3) SM HEFRAE: MM B
FEHLFTRAN 0.006% (W/V)IREENE ; (4) 5-FFLIF IR
B gL SM REFRIEIRIN 0.2% (W/V) 5-FRFLAG
B2; (5) HR—ikIEIEFEH(g/L): YNB 6.7, TilRek
10, FRMEWE 0.06, WRMAEEFEIEEGRIE A T4 1 F:
2% . 2% (V/V)IE+ —HE . 2% (V/V)IE+PUkE
0.1% (V/MAKERRHEE. 0.1% (V/V)AERERRH
fi o [EARE: FRRAE AR FR AL BERE B, A

Table 1  Strains used in this study

Strains Characteristics Sources

C. tropicalis ATCC20336 URA3/URA3 FAO/FAO POX4/POX4 POX5/POXS5 ATCC

C. tropicalis U-204 ura3/ura3 This lab

C. tropicalis F3YT ura3/ura3 faoll::gda324/faol2::gda324 fao2a::gda324 fao2b::gda324 This lab

C. tropicalis F1PT ura3/ura3 faol/faol fao2/fao2 pox41::gda324/POX42 This study

C. tropicalis F2PT ura3/ura3 faol/faol fao2/fao2 pox41::gda324/pox42::gda324 This study

C. tropicalis F3PT ura3/ura3 faol/faol fao2/fao2 pox41::gda324/pox42::gda324 This study
pox5::gda324/POX5

C. tropicalis FAPT ura3/ura3 faol/faol fao2/fao2 pox41::gda324/pox42::gda324 This study

pox5::gda324/pox5::gda324

*2 AWMRFATY
Table 2 Primers used in this study

Primers Sequences (5'—3") Restriction sites
Ugda324 AACTGCAGACTAAGCTTCTAGGACGTCAT Pst 1
Dgda GCGTCGACACCCGATTTCAAAAGTGCAGA Sal 1
UPOX4 TCTGGCAATGTCTGTAGCTC

DPOX4 ACAATCTGATGATGGCAAC

U2POX4 ACGGCTCCTACTACGACT

D2POX4 CTTAAAGATAGCCTTGGTGT

UPOX5 TTTGGCCTCGGTTCCAC

DPOX5 GTAATGATACCGTACTGCAAG

rUPOX4 AACTGCAGAGGACCTTGTGATACACT Pst 1
rDPOX4 GCTCTAGATGCTGAAGCCATTGACC Xbal
rUPOX5 AACTGCAGACTCCTTTGGGTTGAACTTG Pst 1
rDPOX5 GCTCTAGAGGTAAAGCCTACTCCGACT Xbal

The underlined are restriction ezyme cutting sites.

<l actamicro@im.ac.cn, & 010-64807516



THARSE | BUES, 2022, 62(1)

81

2% (W/V)3 g 5 (6) YPD B55R 5k (g/L): Hi % b
20, A 20, BEEERY 105(7) KRR IR (g/L):
EEM 3, WHE 6, YNB 6.7, K,HPO, 7.2,
KH,PO4 9.4, Hi%jHE 20, JRMENE 0.06,
1.1.3  EEEH 5

E TR, IR AEERRTERC,) . WS
St IR FH TR (C o) S50 H I BTRL T A AL R B 1y
BRNH]; S-TRFLIEFR(S-FOA) . B EE(YNB)IA H
A MR A BR A ] AR ILBYEE
EDTA-2Na. ZPFE(Ei5%). &M 6. HEEE A
AR PR A B — e a /
G TRABRAR . M GO,
TSQ quantum Ultra EMR — 5 PUZ AT i A SO
H R EFER CHRBHABRA R UV2000 2£400]
WA EREETHE A _FisE TR RS A R A
Fl; PCR 4 34U A HLHIKERAES A R A F]
1.2 mBRENER

51 W R B G A A SR T 1 5 %
BR[17], C&imat xR 22 & ATCC 20336
FEHA AT 00T, 345 3 4 POX SEH, 4350
POX41, POX42, POX5 }:H, POX41 #1 POX42
k1 POX4 1 1 X SER, POXS A 1 XA ]
MISENT LN, MR HESE N P oA s e B . )
i PCR 714 K15 @i bR & POX42-gda324-
URA3-POX42 I POX5-gda324-URA3-POX5 Jr
B, BRFTASIYILE 2,
1.3 B-|IIRREEE EAPRITIE

KAl S ALY R & A
PO B 2R . ARRFGE LA F3YT M A RR, i
VEFRIC LR & URA3 LN, W URA3 SERMIEEA
bR, AR AR MM B RRE SR
AR, BRI 3 d, THERBOLNA, @i
PCR S %8E HIEMF LT B L T1E 5-
FALE RIS IR o bRiC LR, B IR RN
4d, KWWY, @il PCR KFIEHE A,

WA R URA3 J=, PCR F=Hkf i,
PRUETF A HEXS Teis, RGN IR I T IR A
W s B2 A AR iC URA3™ . ELARR BRI
PL POX4 SE AR AE R BIAnE 2, POXS JEA
BRI AR POXS SR B S0t 2 bk 2 K.
14 BEEMRAER—RIFEEFRE LB STE
EKIFR

A AT A T S B0 2 BESCHR[20] 0 A KPR
S SR WP4E R U-204. F3YT. F4PT M HkiE
IRIZE 1L, B TE S SM 1R 3E, BRI
il ODe0o=10, FH 0.9 % 4= BRERKIEVE A 2 K,
SRR 100, 10', 107, 10° 4%, L% 10 pL 78
R AR SR B FE 30 °C, BAMELIHA
BEOMBRIEERE FRIE FAK 2 d, sRRIE+ ke, IE
TPOkE . R H R . A RS R IR AR Y R
Frdk BAK 3 do PR 2 e bR R L B
L P B AT A HEE HC SR AR R A K B

AR LR SEE: B4R U-204 . F3YT #1 F4PT
R TE SM O BEFREE R SRR, IR
ODgoo=10 B}, N 0.5%, #2A 50 mL SM 1%
FeHr, 7830 °C, &ME 4 h WE—IK ODgg, il
G EIVVER N
1.5 #ERAREXE

FER I 7762 OCHR[3], K AR U-204
F3YT. F4PT X|Z &1k, #5R 7% #] 20 mL YPD
Brgegerh, 30 °C. 250 r/min 5555 2 d; #H L
2% (V/VyHEF 35 30 mL YPD KiFRIE7E
500 mL HEFEIM PR SR, FBHIA 2% (V/V)iE+
el 2% (VA EERFEREESE 2 d; RJE D
10 % (V/V)HEeharfl e 2 L ek Fe ik, $Epp
12 h IR A E AL B Be, A 3% (V/V)IET
TR 2% (V)T EERR R, 30 °C K3 4 d,
BYRE 3 MEW AT, KEHGE, A
24 2 mol/L NaOH F1 2 mol/L H,SO4 ¥ pH 8 &
7.0, 5:F% 24 h #M 2.5% (V/VYH(50% (V/7)).
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Figure 2 Sequential gene disruption of POX4 in C. tropicalis.
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2.1 POX ERRTHRHIIE

KK H 5258605 POX4  POXS FEIN bR £ R
B Ts-POX41-gda324-URA3 .  Ts-POX42-
gda324-URA3 M Ts-POX5-gda324-URA3 T, &7
AR E L TR AR, 3k PCR 4714 AH b A g ok
BB, WK 3A WkiE 1, Kot k&R
BHiE NHFRHRE F3YT 1, A=Kl A wibRad A
U514 UPOX4 Fl DPOX4 MHAT RN HIGE , 4

(A) ®)
kb M 1 2 3 kb M I

= =W A

SO VLOO O
— W
S LOO O

3 POX EFEBRREKRAIGE

A3

K 3B, #IAIUETKE 1 kI 5% 1k 18 bk
FIPT(URA3Y), i PCR =4 i 5iE A TE A )
AL T, B TIER T SM B gedtrh, FEIRAN
F S-EFLBEMRE AR TR L, KWL,
5/ RS 1% UPOX4 Il DPOX4 HEATHER 4
PCR, 5o iFykiE 2 NE#k FIPT(URA3),i#id PCR
FEYIF RS UE A URA3 FRicd sl bk, TKiE A,
hU-204 MR REZ EIRERE, 250
TIFIEE BBk F2PT . BRE F3PT. FFE FAPT,
2.2 FAO #1 PoX ERARRITHMAEATE
£

U-204 A SZEG AT BE B VR (URA3 JE DR BILf
RIGARR), F3YT NASEE A KR(URA3 Fll FAO
JE DR e B TR TR AR ), 3 Aok [ R L ) R T
PR, S3IEMk FAPT AL H M ME(URAS.
FAO ., POX B ERFARIIR) . 43HTIX 3 MRS IATE
WM. BTk IETIOkE . AEERAER. A
TEMR R 5 Fh R IE T AR B
6 As

4 A, s 7 8 A

Figure 3 Construction of a gene deletion strain of POX gene. A: knockout cassettes. M: DL 5kb DNA
Maker; 1: plasmid Ts-POX41-gda324-URA3 PCR products; 2: plasmid Ts-POX42-gda324-URA3 PCR
products; 3: plasmid Ts-POX5-gda324-URA3 PCR products. B: POX4 gene disruption, M: DL Skb DNA
Maker. 1-A; are PCR products of primers UPOX4 and primers DPOX4, the templates are FIPT(URA3"),
F1PT (URA3"), U-204, respectively; 3—A, are the PCR products of primers U2POX4 and primers D2POX4,
the templates are F2PT(URA3"), F2PT(URA3"), U-204, respectively; 5—A; are PCR products of primers
UPOX5 and primers DPOXJ5, the templates are F3PT(URA3"), F3PT(URA3 "), U-204, respectively; 7-A, are
PCR products of primers UPOX5 and primers DPOX5, and the templates are F4PT (URA3"), FAPT (URA3"),
U-204, respectively.
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Figure 4 Growth of control strain and mutants on solid medium with different carbon sources.
(A)2o . U-204 B) 10 _._U-204 (C) 10 r - U-204
%% | —F3YT —F3YT —E3YT
18 +— F4PT g 8 t —F4PT 8t FAPT
16 -
2 14 + =4 6 S 6t
y 12 S 2
S iof 8 4} S 4}
6 L 2t
or 2
g o :
0 4 8 12 16 20 24 28 32 0 4 8 12162024 28323640 0 4 8 12162024 28323640
t/h t/h t/h
W10 0 u-204 () 10F = Legit
——F3YT g | —F4PT
g | —=F4pPT i
Q%
S 4
2+
0
0 4 8 1216 20 24 28 32 36 40 0 4 8 1216 20 24 28 32 36 40
t/h t/h
B5 MBERSERRARTREFRBRREERE LNEK

Figure 5 Growth of control strain and mutants on liquid medium with different carbon sources. A: Glucose
as a single carbon source; B: Dodecane as a single carbon source; C: Methyl laurate as a single carbon source;
D: Tetradecane as a single carbon source; D: Methyl myristate as a single carbon source; error bars represent
the standard deviation of three independent experiments.
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