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. LR B2 (Wickerhamomyces ciferrii, W.c)»2 —FF 5 & A 74 64 4 7 HLEE B, 4545 K
A o sk v9 TEHEIA M ¥ R BF (tetraacetyl phytosphingosine, TAPS). &1 F £ & TAPS & = 7 &
AR, RAFR 8 EME We 6B F R A %, R W LBLAALY 35 285 (TAPS)4) ~ £,
FBEFEALBIRFRBES AR, AmAR—FFRIIEERM Wy T b4 FE 73
B AFFR BRI 2 AN 8 £ 8 U (CEN, 2p)7H4248 11 ANRIR B ) T Ui E 2 L8 H
B A o) B RAE A S, RINL ZRAFHIE KM A IEZE69 Sr2f Leh2 i 2 F R 3 TAPS 69 = £.
[) B 4% i) 1% 4% % I8 6Bl 4% X R (reverse transcription-polymerase chain reaction, RT-PCR)F= /L X, 48
FOARFE S T BRC IR o BB S ASIR LA K 5 ik, MRAZAR ATCC 14091 &, Hik %] 54k %
ERE MR T a- 2AZIK W 140 £ * TAPS KPR 3, 243 4.74 mg/g, H/Z L %) 32.61 mg/L.
12 R % B Z R % B F4Ri% £ (atmospheric and room temperature plasma, ARTP)4& K F= KBt 50 4 2 49
EAERAE AR AT H K H AR W.e 140-A9 F= W.c 140-A11 & if & 3A €28 B #& W.c 140 OELcb2 = W.c
140 OESyr2. 5 & 4k W.c 140 481k, 5 L4k TAPS F 205485 T 61.39%4 67.09%. TRAE
EAR T BRFHER K 22442 2.564%, £ %] 10.60 mg/g F= 12.14 mg/g, AiL T W44 ATCC 14091
e, RFRTMENZEREZARPRFOEL AR L ER AR EHHBETEIE S
BAETAEFARLET A,
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Establishment and application of a genetic operating system in
Wickerhamomyces ciferrii for the synthesis of tetraacetyl
phytosphingosine

LIU Liu, YIN Zheng’an, PAN Li"

School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006,
Guangdong, China

Abstract: Wickerhamomyces ciferrii (W.c), an unconventional heterothallic yeast species, is
renowned for its high production of tetraacetyl phytosphingosine (TAPS). Due to its excellent
performance in TAPS production, this study aimed to construct a genetic operating system of W.c
to enhance the production of TAPS and to screen high-yielding strains by mutagenesis and
genetic engineering, thus laying the foundation for further development of industrial production
of sphingolipid metabolites. In this study, we selected two autonomous replication elements (CEN,
2p) and mined 11 endogenous promoter elements to establish a genetic operating system in W.
ciferrii. The overexpression of Syr2 and Lcb2 in the sphingolipid metabolism pathway
significantly increased the production of TAPS. Meanwhile, we established a method for the
identification of haploid mating types of W. ciferrii by combining RT-PCR and flow cytometry.

Five strains of W. ciferrii with different mating types constructed from the standard diploid W.
ciferrii ATCC 14091 were screened out. A-type haploid W.c 140 showcased the highest
production of TAPS with a yield of 4.74 mg/g and a titer of 32.61 mg/L. Mutant strains W.C
140-A9 and W.c 140-A11 were induced by atmospheric pressure room temperature plasma
mutagenesis. The recombinant strains W.c 140 OELcb2 and W.c 140 OESyr2 with overexpression
were constructed with the genetic operating system established in this study. The TAPS yields of the
mutant strains increased by 61.39% and 67.09%, respectively, compared with that of starting strain
W.c 140. The recombinant strains cultured in the LCBNB medium achieved yields of 10.60 mg/g and
12.14 mg/g, respectively, representing 2.24 and 2.56 times of that in strain W.c 140. Moreover,
the yields of the two recombinant strains were significantly higher than that of the diploid strain
ATCC 14091. The genetic operating system and the haploid strain W.c 140 established in this
study provide a basis for the subsequent establishment of genetic engineering tools for W. ciferrii.

Keywords: tetraacetyl phytosphingosine; Wickerhamomyces ciferrii; sphingolipid metabolism;
promoter screening; haploid screening
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RIS G o3 1o o, VO & Tk L AH ) B 2 B
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PR BLAS Tl A A P B it T — S5 AT AT s A2
TAPS YA W) & nliad 22 4R T PN ot I 14 Ji
BT, DL 22 & PR AE FE R ¥ F%2 BE (serine
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E 1 TAPS &RiERE
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Lcbl, Lch2, Tsc3: Z A MREFME ML, #o M4 W R FL A ; Tscl10: 3-F S A

palmitoyltransferase, SPT)E(J@%VEFHﬂ?@)?\“G] °
Rt L-22 R SEA ARG A 1045,
A 3-SR, R RO N SRR R
A U AR T R R BRYT, AR Y 3 R
Y 2 B B )5 o 8 B AU B B T (nicotinamide
adenine dinucleotide phosphate, NADPH )& #i fit)
3] U e e A 4y — U A
23t Co-FALMEVE I — A ARt — i ik
R R U SR A A
% A B R T R IR ALY, SR JE E AKMRL
HRAE A R IR £ T e RN I T d i N-IE AL
A 2R e M o TR P S A £ TR A R Bl
DU PG s e B rp R e R PY (18 1).

v Acs
Acetate —»  Acetyl-CoA — Palmitoyl-CoA
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Leb2 (SPT)

Ts¢3

3-keto-sphinganine
Isc10
Sphinganine — TriASa
Syr2
Phytosphingosine

Atf2
Stil

Tetraacetylphytosphingosine

APS) g

BRI RE N s Syr2: CA-FRALBEILIN ; Serl: BRMRZAMRAILFEREMEELIN ; Ser2: WML 22 A TRWEIR AL
LD s Ser3: 3-WEMR HIMMR MG SBR[ s Acs: STEHIME A 5 UEEIEA ; Ald: ZFEEI EBEEE ; Adh:
CBEME A RGIE 5 <7 RN R AIRLE

Figure 1 The synthesis pathway of TAPS. Lcbl, Lcb2, Tsc3: Serine palmitoyltransferase genes for each
subunit; TsclO: 3-ketodihydrosphingosine reductase gene; Syr2: Cs-hydroxylase gene; Serl: Phosphoserine
aminotransferase gene; Ser2: Phosphoserine phosphoryltransferase gene; Ser3: 3-phosphoglycerate
dehydrogenase gene; Acs: Acetyl coenzyme A synthetase gene; Ald: Acetaldehyde dehydrogenase gene; Adh:
Ethanol dehydrogenase gene; “?” indicates unknown pathway.
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H 20 4 90 40, JLEESMA FETF
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) 1 PRSPk L 3 e e R A
“F{& (atmospheric and room temperature plasma,
ARTP)IFE L H AR GAM 58 37 1AL 1R AF R 5E
Py v 7 TAPS Bl ve Ut 7Y 3 19 B BAATH IR TR R o

1 HE5xZ

1.1 #8
1.1.1 Etk5S R
AWEFE TR ILEE 1, TR L 2,

Table 1 Plasmids used in this study

Plasmids Descriptions Sources
pMD18T-cen-nat Contains centromeric sequence and norethisterone resistance gene This study
pRS426-nat Contains 2 replication origin and norethisterone resistance gene This study
p18CN-PENO1-SYR2-TENOI1 Contains Syr2 gene This study
pl8CN-PENO1-LCB2-TENO1 Contains Lcb2 gene This study

x2 FAMRFAAE
Table 2  Strains used in this study

Strains Descriptions

Sources

Wickerhamomyces ciferrii ATCC14091
W. ciferrii CBS 1990
W. ciferrii CBS 1991

Diploid standard strain
a-type haploid standard strain
a-type haploid standard strain

American Type Culture Collection
CBS (National Collection of Type Cultures)
CBS (National Collection of Type Cultures)

W.c 1990/cen-nat Contains plasmid pMD18T-cen-nat  This study
W.c 1990/2p-nat Contains plasmid pRS426-nat This study
W.c 14091/cen-nat Contains plasmid pMD18T-cen-nat  This study
W.c 14091/2p-nat Contains plasmid pRS426-nat This study
W.c 38 a-type haploid screening strain This study
W.c 99 o-type haploid screening strain This study
W.c 105 a-type haploid screening strain This study
W.c 133 a-type haploid screening strain This study
W.c 140 a-type haploid screening strain This study
W.c 140-A9 Mutant strain This study
W.c 140-A11 Mutant strain This study
W.c 140 OESyr2 Overexpression strain This study
W.c 140 OELcbh2 Overexpression strain This study

http://journals.im.ac.cn/cjben
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1.1.2 EERAFNSNEE

Seamless Assembly Cloning Kit ,
Smarter 2 7] ; PrimeSTAR R4, TaKaRa 2y
w); FREITEANYIEE, Thermo 2AH]; KT HE
TOP 10 /&3Z 4 . Ezup H:xUERE L F 41 DNA Hil
PR G, A TAEY TR A RAF;
PCR 7¥ a7 G . Bok/N B U7 6
HiPure Fungal RNA Mini Kit, | H3EFRA Rl
FARAT; Evo M-MLV st &, #im
R B TRARAF; Zymolyase-20T . i
MR /R W &R, LIBEREA YR AR A A ;
TAPS prifE i . LI BE (propidium iodide, PI),
Sigma A F. AT ULAEE BT, Eppendorf
NFE; ZINREBEARY, Tecan A\F]; R AH
%4, Agilent Technologies 23 A .
1.1.3 EEEZRELAR

Toft 3% % e — T B2 OCH) 35 11 R A A A
i #Hk (yeast extract peptone dextrose medium,
YPD): 4NN 20 /L, BERHEEW) 10 g/L,
MM 20 g/L,

A S EE "
broth (LCBNB): BEEHEEU 0.700 g/L, #ij %54
44.000 g/L, -E/KHREREE 0.880 g/L, —/KEILES
0.220 g/L, Sfk4k 4.830 g/L, S4kHH 0300 g/L,
AR — 2050 1.000 g/L, SR IR ZHT 20.000 g/L,
MERICR(EF L 4. 96% Kilig 20.000 mL, —
KEFBRR 50.000 g, -E/KBRER 4% 48.000 g,
EIKBREREE 16.700 g, -L/KBRERE 2.500 g, —
KBRS 1.880 g, Wiz 2.000 g, ffLAf 0.500 g)
0.300 mL/L, 44K L P& 96%HIR
3.600 mL, fH/Z 2.000 g, p-iZRES 2.000 g, #
fi 2% 2.000 g, ML EE 0.320 g, p-EHZ 0.016 g)
0.150 mL/L,

YMgl Kigedk: BERRRHUY 3 g/L, Z2F4E
Y3 g/L, AuE A S g/L, Hli 3 gL,

Clone

long chain base nutrient

&: 010-64807509

MA 53Rk 2R 50 g/L, Biflg 45 g/L.

MR McClary ¥5323E . #4584 20.000 g/L,
FAALE 1.800 g/L, BEMREN 8.200 g/L, LKL
B 0.127 g/L, 355 20.000 g/L.

WCCB K36, Bt 4N 7.60 g/L, Ffk
Bl 17.40 g/L, BRBREE 0.18 g/L, HHjZiH# 0.90 g/L,
TR 15.00 g/L.

Solution A: 1.00 mol/L ILIZLEE, 0.01 mol/L
N,N-— R ZHH & W (pH 8.35), 3% (KFLH) L
B,

Solution B: 40% (it {&F k) PEG 1000,
0.20 mol/L bicine (pH 8.35).

Solution C: 0.15 mol/L NaCl, 0.01 mol/L
bicine (pH 8.35),

FACS Z&iifi: 0.20 mol/L Tris-HCI, 0.02 mol/L
EDTA, % pH & 7.40,

1.2 F&
1.21 RABHAFREBHERIRERED
WS

AW GE T A A B R AT i e ik
PEULS % CHR[30].,

Jak o DU PG of [ R A7 A B
DU PG I R H I AR , 7 YPD ARG 57 5
RIZ, 30 °CHEFE 48 h, PREUEATETE S 20 mL
YPD ik F2 3L, 30 °C. 250 r/min FEIR K33
A o FEHIE IR ODeo=0.15 %% HE X o (A AR ) 14
&2 100 mL YPD {415 57 3 11250 mL #2)
30 °C. 250 r/min 155 & ODgo=0.6—1.0. F Fi i
BATCH B L& T, 4 °CE.O 5 min IETH
& . JIMA 50 mL solution A, #42WFT i B A &
B, 4°CEL 5 min WEETRKR, FEEVEG 2 K.
F 2 mL solution A H A A, AR /34 200 uL
% 2mL W E.CE T, UE T80 CHR IR /K
FIRAT

Jak 5 DUV 3R i RE G AE . KE 10 uL DNA 5
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carrier DNA 7850 R 21IG , NI B DU PG 3 1%
BEERSZ A, R IRIR 21X 37 °C . 800 r/min
A1 PRV 10 min, A 1.5 mL solution B, & T
30 °C/K LR, 100 r/min 5 1 h, 2.0 5 min
IEEF, {#H 1 mL solution C EEFIA, B
O 5 min AR, A 1 mL YPD WA R; 753,
30 °C. 250 r/min W7 4 ho B0 5 min WEEHE
&, ffiF 200 L YPD ¥R K 77 SL B A, IR
TS RE AR YPD BRI R, T
30 °CHEFR, TR fb PRI TS
1.2.2 WKL EHEF REKIE AN

H5—80  °C LT A JaR v LR 7Y 3 F A T Ak A
YPD [E RS FRILHATRILL, 75 30 °ClEEK
P EIEESE 48 hy PRBUREE M TRA
25 mL YPD AR FR 5 100 mL =,
30 °C. 250 r/min $53% 72 h VE R AR,
K AN WA EIERE TG ODgooo $2FP 5545
A 100 mL LCBNB }i £ 5£ 500 mL #8fHh, #%
LR ODgy M 0.15, 30 °C, 250 r/min £557 96 h,,
1.2.3 TAPS BJIRELS N

B 1 mL & BERGES 0 30 min PB4,
A I mL H BT e 4R, #E ks B IE , B
DUE T BT IR AL 200 uL B EE, I A e R A
A R o 18] ZORBAX SB-C8 column
(Agilent, 4.6 mmx150 mm, 3.5 pm)i#EfZH K%
JESN 200 nm FERAMEINIES, WEAH A K
(18.45% , MRFLLL)FI =9 £ 1#2(0.05% , ARFLL)
AL, WshAH B M HEE(81.5%, &BILL), L
0.5 mL/min [FETE 60 °CHIAEIR Fi247 35 min.
PR AT B R ol . B Y TR
R 1 mL W, B0 10 min JFEF LI,
SERKTELE TR SR, HlEE
i, MR SRR AR T
1.2.4 RA5EENE

B 200 pL B R 2 96 LR BEbR i

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

] Tecan Infinite M200 FfFRAKS 2%, 5656
FRIF: Wk 488 nm, & 5F 520 nm, H£3{E 100,
[A] I 7E 600 nm AL R4 240 W 2 FE A I SR AN 25
PG X R R HE AT 9O AL IR, Bl 1R IRA
(D) IR D58 E (Floorrected) o

FI F _ FI control (1)

corrected
OD600 OD600 (control)

BFERNBABEETFER TN

1.2.5
T %
PRBUB &R YPD B AR 373 I 1 g 5 i)
VG B B RE AU A ATCC14091 BAT I 4570 T
YMgl A 35 72 it 25 °CH5 35 3 d I 200 puL
B IR WA A U A T R A R i 55 5 |
25 °CHi % 7 d, Hiu) B RITE G T g+
TR O, Gt 5 AR B EERE
BORmF A5, MHAXQIE 7%,
F%@%%:% @)
1.2.6 BEXEAFEESTFERTHNTE
FER AT B, e G & E A T
B3 E A B AR 45 B 2 mL T R (2
RS EAE 103 N4 H/mL), 55 °C/KIBALFE 5 min
J& B0 5 min YWHE R A 1 mL PBS 22 M1
FAEJF B S min WAERK . FMA 1 mL PBS
G2 0PN 5 UL B-Si AL O BE, TE 30 °CIYZKIBHE IR
#1100 r/min #5745 30 min, B0 5 min YE
WG A 1 mL Zymolyase-20T (10 mg/mL),
30 °C. 100 r/min F N 2 ho B BB B iE
fEEUG AT 2R YPD [EASE SR 5 a5 7= AR
W%, POBURETE TREIA MA B ik —
WIS -
1.2.7 RT-PCR 54 AR LB E M
B0 AR B AR S TG TR K Uk 2 B
B, BT-80 CUKFIV R, BEJGEHIEZ4/NE
MA, EEREE RNA A$EHUZ IR HiPure Fungal
RNA Mini Kit L] #4T, RNA S sk H
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Evo M-MLV S50 & 1 )7 . RT-PCR 5|
Yy 50 L2 3, RN 4514 R - AR P 94 °C 5 min;
94°C30s, 58°C30s, 72°C30s, 30 MEH;
72 °C 10 min.

%3 RIT-PCR 3|{15I%&
Table 3 Primers used in RT-PCR

Primer name

Primer sequence (5'—3’)

MATa JD-F TACAGAAAGGCTATTGAGGC
MATa JD-R GTTGTCTCTCTCTGCTGTTT
MATal JD-F CAACTGTTACTTTAGTCGCC
MATal JD-R CAAGTATTGTCTCCAGTTCC
MAToa2 JD-F TCCACTCTATTAGGCTCTTC
MATa2 JD-R TCTCTTGTATCTAGGACCAC

W gE 0.5 mL A= K = XU (OD6e=0.6-0.8)
FIBEREAN I, (KT R 70% 2 BESEAT 8 4k A
5E 5 0.5 mL FACS 2% i Pk A% 1 52 A 4 it
JmA 100 pL RNase A (1 mg/mL),37 °CH#¥ 5 2 h;
FEH 1mL 1xPBS ¥, MA 100 pL #fb g
(50 pg/mL), 4 °Cit &P a5 JA 900 pL 1xPBS
&, i 200 HEt@ g MBS T, ARy
i R A 5
1.2.8 HES

JOTAT H50H0 (A R ST 3 R ST AR
HX, {§iH Excel X PowerPoint #7455t
FIE FHIAE . B ab 38 5 73 Hrfdi il GraphPad
Prism 9 F1 FlowJo X A4, I FH t 458 K 0
ARG A LSRR 0 22 7 W

2 EREM

2.1 BERINEBHEBERSERRERSH
N

JE e DUV 3R R o RUBAREIARCH R TAPS
AFERRE, RN AEFS TAPS sl =&AL,
M a BIBAMHAERRAY TAPS PRaE w0, &6
I3 BT SR E K 7E LCBNB 15373
W, XSUEIR ATCC14091 427 TAPS P Al LIk

&: 010-64807509

F| 735 mg/g, WHE 5228 mg/L, o HEALEIA
CBS1991 A HEA 47 TAPS WIAE ST, 1 a A
ffK CBS1990 ‘E7= TAPS TERER %, &N
2.85 mg/g, WEIUN 15.23 mg/L, I A KX
fEIK ATCC14091 (8l 2A. 2B),

15t TR v e O B 1Y) A0 R A RS 1 3R
R N TR TR IE R R, R 2
AR V8 R 22 T R P AR A pRId
IR, F T I oA 42 4 280 v 5L 48 G o o 5 Py 05
YA FEHTTH, AT RIEBUR A IR A
FA A, SR FH R [ BE SR UE ) CEN 45 22007 5|
B2y G E S, MIEE T R 1A X R e U P 9
BERERZERR BURL, JTERGVTAL TR & Hil Tt
FAERKMEm, 8RS & CEN B 22k 5
() B S DU PG 3R T B TR R (W.c 1990/cen-nat, W.c
14091 /cen-nat) 4 S & 2p 5 i J5 05 14 B 5 I i P
SRR AR (WL 1990/2p-nat, W.c 14091/2p-nat) .,
XF T B 5 DURR PG BE AR FL AR K CBS1990, 7
YPD g3, Joit 2 S WA & i S S R,
Higt 4 d J5 ODgoo BEIRF] 20 UL | SRW, 1E
LCBNB 7254, FkE W.c 1990/cen-nat £F 4=
K 4dJ5, ODgpRENSIAE] 6 Zf7, SAE kL
FXF B MR We 1990 A KR BLARRL, [H B BR
W.c 1990/2p-nat 7 4 d Y5535 FEH, ODgoo—
BLAEFELE 1 LUF o X o DU VS 9 B R LA
& ATCC14091 , Joie 4857 W A 52 1] Ji o i Bk
EERARREEFRZMT, BIA S BUE KA
(X1 2C), LCBNB }i5# 35 YPD Hiff i) %
ZRETHOAEIEE . A THIT A6 x
LCBNB H;F2 B E bk W.c 1990/2p-nat 31 1 4E
KA, KA LCBNB B33 h ik W.c
1990/2p-nat %2 LCBNBP £ 3L(B/MNRN
T 20 g/L F R LCBNB) T, ILFREMRERS T H
A RBRT, 45 W.c 1990/2p-nat /£ LCBNBP 1%
FE B ODgoo HILF 14.25 (B 2D), X—%k
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A B
_ 15 - 80
A=200 nm =1 TAPS yield
== TAPS titer
o) - —H60 =
ERT S
W.c ATCC14091 g g
= —
- S 140 8
standard > g
AN £ st é
L 1 L 1 1 < a9
2 24 26 28 30 a ; SR
Retention time (min) ﬁ .
0 | 1 1 0
2=200 nm o RN o
N 9 9
.\bt %\ %\
QC; & Nl
A& : <
™ ¢ ¢
W.c CBS1991 & N N
e e Strains
W.c CBS1990
/™\ standard D 15
22 24 26 28 30 10 -
Retention time (min) g
C 8
40 - L
e ¥V.c 1990/cen-nat
® [V.c 1990/2p-nat
A W.c 14091/cen-nat 0
g ® JV.c 14091/2p-nat & ésl
S * W.e 1990 O
* W.c 14091 v
--- YPD medium Medium
- LCBNB medium

2 EFNBFBEEIRERNK TAPS WEFMERAREFRETEKEKERNOLEE A Hox
DIV 3 B ATCC14091 .CBS1990 Fl CBS1991 & ik HPLC 25 2% ; B« B 5e DU PY 3f i B ATCC14091
CBS1990. CBS1991 TAPS =& S B LL#; C: & ASIm) 52 il I st i s UV 5 e B TR AR AE. YPD Al
LCBNB FHE K Z R D: HHE W.c 1990/2p-nat /£ LCBNB #1 LCBNBP FA4: K 2 % H#L .

Figure 2 TAPS production performance of W. ciferrii standard strains and comparation of growth in
different media. A: HPLC results of fermentation broths of W. ciferrii ATCC14091, CBS1990 and CBS1991;
B: Comparison of TAPS vyields and titers for W. ciferrii ATCC14091, CBS1990, and CBS1991; C:
Comparison of growth differences between W. ciferrii strains containing different replication origins under
YPD and LCBNB; D: Comparison of growth differences of W.c 1990/2u-nat under LCBNB and LCBNBP.

BRI, i 8 TR A a4 DU AR T U AR JERT BT ST B S ARGE T8I i AL 1 I 2
HRER A IRY . MHILZN, SUSREEE  F Penor 3-8 H MBS Z 8IS 317 Poaron LA

RIEEENE, XPANRE IR RV HA TR BRI SR W) o IV Bl T Pepar 75 B
BERE ST, HAE AR il AN W SODUH P o R R A HUIE SR I Bl S U iR AR
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FE G BRI PO2T Sk T ey gl B Ry 2R AL I 1B 5
DUIRVPG Sh W BRI R 8, AR E 2 MY e
T IoTFRAREAE R, I, AT A R
WEEREE R sh T, BT 5 Ao RREhE
BAKBE ST BIFEEM TR 3T Pres
CBEN E IS BT Papn N BEWE IR A Prpry
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Figure 3

Screening for endogenous promoters in W. ciferrii. A: Fluorescence observation of haploid

recombinant strains of. Bar=10 um. B: Characterization of the relative fluorescence intensities of different

promoters in W. ciferrii CBS1990.
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Figure 4 The effect of overexpression of different
genes on the yield of TAPS. A: Effects of
overexpression of sphingolipid metabolism-related
genes on TAPS production. B: Effects of
overexpression of genes related to serine synthesis
and acetyl-CoA synthesis on the production of
TAPS. **** means P<0.000 1, *** means P<0.001,
** means P<0.01, * means P<0.05, ns means
P>0.05.
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Table 4 Spore production rate (%) of W. ciferrii in
different sporulation media

Sporulation medium Incubation time (d)

4 5 6 7
Modified McClary 4.88 5.13 7.26 8.97
medium
MA medium 41.23  49.11 56.73 62.34
WCCB medium 36.84 45.05 47.74 51.11
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Figure 5 Morphology of haploid primary screening colonies of W. ciferrii. A: Phenotypic differences
between W. ciferrii diploid ATCC14091 and haploid CBS1990, CBS1991 on MA medium; B: Identification
of W. ciferrii haploid candidates for phenotypic priming on MA medium.
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Figure 6 Differential expression of mating genes in the W. ciferrii diploid ATCC14091 and haploid

CBS1990, CBS1991. A: Transcriptome assay results; B: RT-PCR identification results. FPKM: Fragments
Per Kilobase of exon model per Million mapped fragments.
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Figure 7 RT-PCR identification results in haploid candidate strains of W. ciferrii. The three lanes in each
group from left to right were validated for MATa, MATal, MATa2. Since not all candidate strains are haploid,
only the number of strains is shown.
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Figure 8 Flow characterization of diploid strain W. ciferrii ATCC1409 (A) and haploid candidate strains of

W.c 105 (B), W.c 133 (C), W.c 140 (D).
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Figure 9 TAPS production performance of W. ciferrii
haploid screening strains. A: HPLC results of
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99, W.c 105, W.c 133, W.c 140; B: Comparison of
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Figure 10 TAPS production performance of mutant strains and overexpressed recombinant strains of W.
ciferrii. A: Comparison of TAPS yields of W. ciferrii mutant strains; B: HPLC results of fermentation broths
of W.c 140-A9 and W.c 140-A11; C: Comparison of TAPS yields of W. ciferrii overexpression strains; D:
HPLC results of fermentation broths of W.c 140 OESyr2 and W.c 140 OELcb2. **** means P<0.000 1, ***

means P<0.001, ** means P<0.05.
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25 Ve g v WU P 9% i £ NRRL Y-1031
F-60-10A X — MR IEAE [, RA v HH&ksm g
WA, IR T —HREUE TAPS 1Y
ZEARKR 7365 TESMHE AREL AR, IR BR
TR ERAE RS, AR T 17.7 ¢/L;
ik g 105 R 43 At Rst A% A8 S e A iR, AR bR
736 Ok HEmE RN IF R A, HHE Cl16:0 .
Cl16:1, C18:1 F1 C18:2 JRMFR/KF-3em, J+H
Tscl0 %% sk PP A R T 30%., 7
2022 4E (A ST Y, Park Z5PM LK vE UG o %
BEXUR% A NRRL Y-1031 fE R SR A B bE,
FEREFR O TR AR T 200t 2Rk, 40
T BB B P7 TAPS Rt 2 ARk M40,
SRR R L (SR el W | e N TaY N4 Z SR €
o A 2 BT AR (B2 45 TAPS Al TriAPS) [ =
i, HE AR 5,114 g/L. AREF5RH
TART FRITEER ARTP BASH AR, Mahik
2T Hk W.e 140-A9 F1 W.c 140-Al11, fiiy=&
BOERBEMAM IR T 61.39%F1 67.09%, 7=
=I5 3] 7.65 mg/g A1 7.92 mg/g.

UeAh, A TR s R RS = TAPS
JA S U VG I R B PR R B A BGER R . 2012 4R,
Schorsch 2275 S wif T 42 1) Ja 5T 0 1 v off J £
Ligd 3[R Gk BRAR AGJE AN [, SRER T XU 5 s ik
it — it , DIRIL =&k, Bk,
i RS L-Ser 23 A RIETAH DG 1Y Shm, Shm2,
Chal A, Jfid &k L-Ser A AHAHC
() Ser3 FE[H, I T L-Ser YR FHIE; Hik,
X BERE S A BEAC R R T T TR NGE, &
Fhad e A gt SPT 2 A W A Ay FL [ Lebl
Al Leb2, milRk SPT My WAL A Ormi2, LA
N Lcb4, HiE i Poappn sl Leb2 A1 Syr2 fyid

R XL ERESET 20 BB
el EEET TAPS WP E, E S 1 E

S DU PG B R E 4 AR A B 199 mg/g.

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

AW FEAE b 3R E ik BRI AR Y T AR W
140 Hfv, 38 5 23 S48 5 Syr2 Bl Leb2 JE[H i3k,
FRAS Bk W.c 140 OELcb2, W.c 140 OESyr2, fifi
TAPS P2 & TFE 10.60 mg/g il 12.14 mg/g, &
SR T TR PR A 8 B A 7 R [F], TAPS
FEEARC T LR RE , HRARAETE N P
TE LU PG o B RE AR P TAPS (OBFST 2458 T B,
i ZEARAT I B R ™ o T R e DUV B
FEXUBARH Mk ATCC14091 B 7K, ASHIF S ) 1
4 Ja v LAV B I RE 5 AL BRAE R a8 R AR IR 28
BC A S5 58 ke, R e U PG I P B 1 ity A
YreE b s St T AT AR A AT TR E T,
J& S5 AT LU i 4 5 SRS RS 5 7 TAPS (1)
RS AR SE U S IR LR, X TAPS 194
Y16 5 e B T A R A SR
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