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Figure 1. w-oxidation pathway of Candida tropicalis.
12-18
) HFD1 HFD2 HFD4
)
2] B- 7]
B- 2
CtAldl  CtAld2
[3]
Paso 1 AR %
CYP
1.1
Craft
CYP 1.1.1 JM109
mRNA CYP52A13
CYP [4] XZX
(8]
Eirich ATCC 20336 03
FAO1 FAO2 (FAO2a ( CAT )
Tm-gda324-URA3 Bl pMD19-T
5] (Simple) TaKaRa
6] 112 DNA Ligation
Kit DNA TaKaRa PCR
( 1
ALDH3A2 (YNB) 5- (5-FOA)
) « )
4- (HEPES) B-
(Yarrowia lipolytica) (NAD") Sigma
HFDA4) 4

(HFD1 HFD2 HFD3

http://journals.im.ac.cn/actamicro



1494

Zezheng Wang et al. | Acta Microbiologica Sinica, 2018, 58(8)

x1 AWARPEASIY
Table 1.  Primers used in this study

Primers Sequences (5'—3’) Restriction sites
Ald1-1F ATGAGTAAGTCATACAAGTTGCCA
Ald1-1R CTACAAAGAGGCACCAATAAAATC
ReAld1-1F TGCACTGCAGTCTGGACATGGTGCCTACCACGGA Xba |
ReAld1-1R CTAGTCTAGACAGCAGCATTGGCAGCAGCGGC Pst |
Ald1-2F AAGCAAAGCCAACTCCTA
Ald1-2R AGATGTATTCAGCCAACG
ReAld1-2F CTAGTCTAGAGAGGGACGTTATCGAGAA Xba |
ReAld1-2R TGCACTGCAGACACACGGTGGAAATCTT Pst |
YZAId1R CGATCTTATGAACTAGCTCTACA
Ald2-1F CTATTGCTTATTAGTGATGAACT
Ald2-1R ATGTCCCCACCATCTAAATT
ReAld2-1F CTAGTCTAGACAACTCATTCAAGCCACCC Xba |
ReAld2-1R TGCACTGCAGGCCAGCTCGACCAGATCTT Pst |
Ald2-2F GAACCGCTGGTGAAGATGT
Ald2-2R ATGTCGAGCTTGCATGAGT
ReAld2-2F CTAGICTAGAGGTCGTCTCAGGAATACCACCATCG Xba |
ReAld2-2R TGCACTGCAGGAATTCTACCCTAACTTGACCAAAGACACCA Pst |
YZAId2R CACAAGCAAGAAGATCACCAA
The underlined are restriction enzyme cutting sites.
1.1.3 (1)LB (/L) 5 ScHFD1
10 10 (2) MM (/L) YNB ATCC20336 (
6.7 10 20 (3) SM MM )
0.006% (W/V) (4) 5-FOA NCBI Constraint-based Multiple
SM 0.2% (W/V) 5-FOA Alignment Tool
(5) C+ (o/L) YNBG6.7 10
0.06 20 mL Fast Minimum Evolution
(6) (/L) YNB 6.7 Max Seq Difference 0.75 Distance
3 3 1 Grishin (protein)
1 75 20 g/L DNAMAN
1.2 1.3
[7] National Center for Biotechnology [10] CtAld1
Information (NCBI) 2

HFD1 HFD2 HFD3  HFD4
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Ts-CiAldl1 4621 bp

pUC ori A Xba 1(2624)
l Reverse PCR l Xbal & Pst 1
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Ts-CtAld] [-gda324-URA3
5190 bp

pUC ori

Algy IR URA3

CtAld11D ~Xba 1 (2676)
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Figure 2. Construction of CtAld1 disruption plasmid Ts-CtAld11-gda324-URAS.

ATCC 20336 DNA CtAld11U-Ts-CtAld11D gda324-URA3
PCR TA 2 CtAld1l
pMD19-T (Simple) Ts-CtAld11-gda324-URA3
Ts-CtAld11 Ts-CtAld11 Ald11F  AIld11R PCR CtAld1
ReAld11F  ReAld11R PCR 2 CtAldl
CtAld11U-Ts-CtAld11D CtAld1
Pstl  Xbal Ts-CtAld12-gda324-URA3  CtAld2
Tm-gda324-URA3 Ts-CtAld21-gda324-URA3 Ts-CtAld22-gda324-
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URA3
1.4
[9]
XZX
URA3
MM
PCR
5-FOA
URA3
URA3
15
[7]
SM 30 °C
200 r/min 36 h SM
2% (VIV)
20 h 4 mL PBS
2 (25 mmol/L HEPES
100 mmol/L KCI 10% 1 mmol/L
5 mol/L NaOH pH 7.3)
0.45-0.50 mm
30s 30 min 4°C 1000xg
10 min 2
1% (VIV) 80 20 min 4 °C
13000xg 10 min
Bradford
1 mmol/L M
[25 mmol/L HEPES 100 mmol/L 0.25%

(VIV) 80 5 mol/L NaOH pH  7.3]
1 min 140 pL
10 puL 50 pL 4 mmol/L NAD" ( M-buffer
) 30°C 45 min 340 nm
NADH 6.22 L/mmol
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1 C)
NADH

1 umol

1.6

SM 36 h
SM ODéoo
0.10-0.15 8h ODeggo
SM 36 h
SM 206 (VIV)
36 h

C+ ODsoo
0.10-0.15 24 h ODsoo
1.7
[11]

200 pL SM 2% (VIV)

30°C 200 r/min 48 h 10%

60 h

pH 6.0 72h  pH 7.2

12h pH 72 24 h 1
72h  120h 2% (VIV) 165h

0.05 mol/L

[12]

2 HERFQH

2.1
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5
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Figure 3. Phylogenetic tree among the putative fatty aldehyde dehydrogenase proteins in Candida tropicalis and
the fatty aldehyde dehydrogenase proteins in other strains including Saccharomyces cerevisiae and Yarrowia
lipolytica. The accession numbers of each protein sequences from NCBI are given in brackets.
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Figure 4. Disruption of the CtAldl or CtAld2 genes in C. tropicalis. A: Scheme of CtAldl disruption in C.

tropicalis and confirmation using PCR. B: Scheme of CtAld2 disruption in C. tropicalis and confirmation using
PCR. C: Identification of gene disruption plasmids by restriction endonuclease Pst | and Xba I. Lane M: 5 kb ladder
DNA marker; lane 1-4: Ts-CtAld1l-gda324-URA3, Ts-CtAld12-gda324-URA3, Ts-CtAld21-gda324-URA3 and
Ts-CtAld22-gda324-URA3, respectively. D: Confirmation of CtAld1 disruption in C. tropicalis. The specific size of
individual PCR products was shown in Figure 4-A. M: 5 kb ladder DNA marker; lane 1-3: the PCR product using
primers Ald11F and YZAId1R, XZX-1'URA3", XZX-1'"URA3™ and C. tropicalis XZX as template, respectively; lane
4-6: the PCR product using primers Ald12F and YZAId1R, XZX-1URA3", XZX-1 and C. tropicalis XZX as
template, respectively. E: Confirmation of CtAld2 disruption in C. tropicalis. The specific size of individual PCR
products was shown in Figure 4-B. M: 5 kb ladder DNA marker; lane 1-3: the PCR product using primers Ald21F and
YZAId2R, XZX-2"URA3", XZX-2"URA3™ and C. tropicalis XZX as template, respectively; lane 4-6: the PCR product
using primers Ald22F and YZAId2R, XZX-2URA3", XZX-2 and C. tropicalis XZX as template, respectively.
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dodecanedioic acid (DCA12) production in C. tropicalis.

3 ik

actamicro@im.ac.cn

B- [3.14]
ATCC 20336
B-
-CoA -CoA
CtAldl  CtAld2
CtAld2
CtAld1
CtAldl

(https://ihg.gsf.de/ihg/mitoprot.html)
CtAldIN 44
CtAld1 [l
2

B- [2.16]
CtAld1
CtAld1
B-

%< 2. CtAld1 P ¢ At iE 5L 7 2 £
Table 2. Prediction for CtAld1 subcellular localization

Computed parameters Values
Analyzed regions 47
Cleavage site 45

Cleaved sequence MSKSYKLPKSSISPIVKGKTSA
KSSKSSKTPSPPPSGSPPTSRI
Probability of export to 0.8048

mitochondria
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Functional identification of fatty aldehyde dehydrogenase genes
CtAldl and CtAld2 from Candida tropicalis

Zezheng Wang', Lihua Zhang', Mangi Zhang', Shiyuan Hu?, Li Li* Wei Shen', You Fan,
Xianzhong Chen""

! Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi
214122, Jiangsu Province, China
2 Evonik (Shanghai) Investment Management Co. Ltd., Shanghai 201108, China

Abstract: [Objective] Candida tropicalis has become an important industrial strain to produce dicarboxylic acids
due to its high w-oxidation activity. Fatty aldehyde dehydrogenases (FALDHSs) play important roles in the
w-oxidation pathway, converting fatty aldehydes to fatty acids. However, FALDHSs characterization and their roles
in the synthesis of dibasic acids have not been studied in depth. Therefore, we cloned two genes CtAld1 and CtAld2
encoding FALDHs and evaluated their function in cell phenotype, enzyme activity and dicarboxylic acids
accumulation. [Methods] We screened two genes of CtAldl and CtAld2 through genome mining and sequence
alignment. Based on sequence analysis, we deleted CtAldl and CtAld2 either separately or accumulatively by
homologous recombination method, and generated various mutants. The effect of deletion of CtAld1 and CtAld2 on
cell growth, FALDH activity and dodecanedioic acid (DCA12) production were evaluated and compared. [Results]
XZX-1 (ACtAld1/4CtAldL), XZX-2 (ACtAld2/4CtAld2) and XZX-12 (4ACtAld1/4CtAld1, ACtAld2/4CtAld2) were
obtained. When using dodecane as sole carbon source, deletion of CtAld2 gene significantly inhibited cell growth,
and the intracellular FALDH activity was only 30% of the parental strain. Deleting CtAld1 had a slight promotion
of cell growth, however intracellular FALDH activity was decreased to some extent. Furthermore, simultaneous
deletion of CtAldl and CtAld2 significantly impaired the cell growth performance and decreased FALDH activity,
thus causing a distinct lower DCA12 yield compared to the wild type strain. [Conclusion] The deletion of CtAldl
in C. tropicalis could reduce the yield of DCA12. And CtAld2 plays an important role in the growth on dodecane
and production of DCA12. To our knowledge, they could be recruited as target genes for metabolic engineering of
w-oxidation pathway in C. tropicalis.

Keywords: Candida tropicalis, fatty aldehyde dehydrogenase, gene disruption, dodecanedioic acid
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