TR A SR IR Oct. 20, 2021, 48(10): 35693579
Microbiology China DOI: 10.13344/j.microbiol.china.210010

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

REMEE (RZE2 B R EN FRVTRIE K 58 E 721

Ak KA KB AR WER OB KRR
LR TR TR BRSSO L8 214122

. [Hx]) AR LB (Starmerella bombicola)Vk ) —FF IE H AR L BEE A, AR ALES”
MABIR A R ERA QA MZE 2Rz, A, T AFNEARRGITRTE, AT ZEH®
Rt o AERGE. [B69] L. MaBRERH AT NR BT REAM. [F%] @b byt
A BLBFLARRAR IR B G ERE L, FLEERDTRMME, FiLRFEAI B
FAEEF 5], vA ShGFP (BATHACG 6 BEEIG R A & 0 B GO AMRE AR /TS KL, @il
FERAEQBERIEFNKISHET B TRE. [ER] £5 50 FH B4 F b BRAE A —E R 6
FMT, BET Preps A7 Popp £ NEBRRIZISAT T H R T B G004 FAKF. BT Peypsavi~ Purans
Pucrar P Prop A& VAT BR A vE—BR R BT EL A 35 4% 37 M, o fEvA &) Z)4E A Y — AR BT ) R A 3] g A1 B
HEEFE M, ERNCNADBREFE BT, dt—F A A E R ALZF PCR (RT-qPCR)* ShGFP #HAT
HFKFSN, HMEREZERAREAKTF—2., [4£4) KRBT L7 A BRAeBFANREE
T, #—FFF T HRAROEREAM, HARARORH TAARERA R R L S AR T T A,

KRR A BLRE, BT, FATHR, KELLEG, ARRLLAE

Screening and intensity analysis of promoters in Starmerella
bombicola
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Abstract: [Background] Starmerella bombicola, as an unconventional yeast strain, has attracted wide
attention owing to its ability to produce sophorolipids biosurfactant. However, its expression system is not
well defined, which limits the development of metabolic engineering. [Objective] A panel of endogenous
promoters were cloned and characterized from S. bombicola. [Methods] In this study, through the
comparative analysis of the whole genome of S. bombicola and 9 target genes, combined with the
promoter prediction website, a series of promoter candidate sequences were screened and obtained, and
ShGFP (codon-optimized yeast enhanced green fluorescent protein for S. bombicola), as the reporter gene,
was integrated and expressed in S. bombicola. The promoter strength was identified by analyzing the
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intensity of green fluorescent protein and its transcriptional levels. [Results] When glucose and colleseed
oil were respectively used as the sole carbon source, the promoters Przr; and Pgpp showed higher
transcription levels under both conditions. The promoters Pcypsang, Pucrar, Puersi, and Pyop had weak
transcriptional activity when colleseed oil was used as the sole carbon source, but no transcriptional
activity was detected when cultured with glucose. It was speculated that they were colleseed oil-inducible
promoters. Transcriptional level of SbGFP was further analyzed by real-time fluorescence quantitative
PCR (RT-qPCR), the result was consistent with the expression level of SOGFP. [Conclusion] A panel of
different promoters were screened and characterized, which would further enrich its expression elements
and lay a theoretical foundation for the metabolic engineering for S. bombicola.

Keywords: Starmerella bombicola, promoter, codon optimization, SOGFP, gene expression and regulation
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Table 1 Strains and plasmids used in this study

PRI ETRE iR P 3/
Strains and plasmids Description Source
Strains
Starmerella bombicola ATCC 22214 Host strain Our lab
Escherichia coli IM109 Used for plasmid construction Our lab

Plasmids

Ts-PXAI-hphex-PXAl

expression and hygromycin B resistance gene

Containing homologous arms of PXA4/ gene for integration  This study

Ts-PXA1-Promoter-SbGFPex-hphex-PXA1 Containing SbGFP expression cassette This study

%2 AWRFAY

Table 2 Primers used in this study
51 52 T 5,
Primers name Sequences (5'—3") Restriction sites
Prgri-F TCTAAACTCAAATCTGAGAAACGCGTGTCCTATGGCTTCTGCTTTG Miu 1
Preri-R AGCTCTTCACCCTTGCTCATGGATCCTTTTCAAATTAAGTTTTTTG BamH 1
Ppgki-F TCTAAACTCAAATCTGAGAAACGCGTGCTTCCTCAG CTACCAGCGC Miu 1
Proki-R AGCTCTTCACCCTTGCTCATGGATCCTTTTTCTGGTTTGGAGGACC BamH 1
Peno-F TCTAAACTCAAATCTGAGAAACGCGTAATACGAGTTTGGGTCTCAC Miu 1
Peno-R AGCTCTTCACCCTTGCTCATGGATCCAACGGCCATTTCTAATAGAT BamH 1
Prpui-F TCTAAACTCAAATCTGAGAAACGCGTAAGCAAAAAGACATACCAGG Miu 1
Prpmi-R AGCTCTTCACCCTTGCTCATGGATCCTCTATAGAAATCTAAAACGA BamH 1
Pgarp-F TCTAAACTCAAATCTGAGAAACGCGTTGCTACCTTATTGAAGTCTA Miu 1
Pgarp-R AGCTCTTCACCCTTGCTCATGGATCCTTGTGTAGAGTTGTTTTTGT BamH 1
Pmos-F TCTAAACTCAAATCTGAGAAACGCGTGACACTATACGAATCAAACA Miu 1
Puvos-R AGCTCTTCACCCTTGCTCATGGATCCAGGAGTTTTTGGATTAGTCT BamH 1
Pugrai-F TCTAAACTCAAATCTGAGAAACGCGTCAGATATGCATCAGGGGCAC Miu 1
Pugtai-R AGCTCTTCACCCTTGCTCATGGATCCTGAATATTCGTAGGGAGAAG BamH 1
Pugrei-F TCTAAACTCAAATCTGAGAAACGCGTGAGAGTGGGACCTGATTCAG Miu 1
Pugtei-R AGCTCTTCACCCTTGCTCATGGATCCATAGGAGACTTTATTGTTTT BamH 1
Pcypsami-F TCTAAACTCAAATCTGAGAAACGCGTCATCGTAGTTGAAGTAGTCG Miu 1
Pcypsovi-R AGCTCTTCACCCTTGCTCATGGATCCATATGTACTTTTCAATATGA BamH 1
PperrtSbGFP-F GGTCCTCCAAACCAGAAAAAGGATCCATGAGCAAGGGTGAAGAGCT BamH 1

Troxr+SbGFP-R
PXAI1-F
PXA1-R
Actin-F

Actin-R
q-SbGFP-F
q-SbGFP-R

CTCGCATGTATGCACGTCTAACGCGTTTTGAAAAAATTTATTTCTA
ATTTTGGAGAGTTTGTGACTGCTTTATCAA
TGAGATGACACACGTGACATGTCGATCCTA
GTCATCTGCTCAACGAACTGTAT

ATGTCCTTCTGAGCGGTCTG

ACTACCTTAGCACTCAGA

AGCAGTAACGAACTCAAG

T8 MEIOLAR T IZehr it

Note: The restriction sites introduced into the primers are underlined
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(GenBank %355k EU552419), UGTAI (GenBank
545k HM440973) . UGTBI (GenBank %55y
HM440974) )2 MOB (GenBank %555 KM596776)
it 7 o KA SR it 7 5 5 4 Pl R T
ST, R AR R LR ) EAARGE B, FF I
it PR IGZE ST EUFZ) 1 500 bp /47 DNA J¥#
FIWVE A 87D BE X3 il e MRS | (R
1), DIREMEA: (R 22 W R SR 4 A, liad PCR J
VB Ga4 S IR E R U= oI wads I VRs 7/ B a1 SR
WA AL G ) ShGFP SERF AL K21k F
Trexr IR G MER N ml ik 246 . K SbGFP FE[A
KZANETF Tporr FBESIR ST Ppoxy #ATRIA PCR
P, RBARH] Ppoxy PRSI TR LR A0 1%
K& Ppokr-SPGFP-Tpgir, VAASSZIG % FijHH Frba a2 1)
T PXAL FE[FERE Ko 55 2 PirE R R (HPH)
T VEFRIC RS T TR Ts-PXAI-hphex-PXAI 4
REM, & M 1EEDIS R, SHRMak a0
HHARIIEL CL12 — SIS AL E. coli
IM109, FFIRMTRNEHERERE R, ®&57 5
AR B F e SO BAR Ts-PXAI-Ppokr
SbGFPex-hphex-PXAl, VhZJA s+ 4k o6
W EA, %L N VI Miu T A1 BamH 1
IFENHAE, 5 IR R PR A 8 R N

ST oy BT — 2 i e PRAS FE A TR A
E. coli IM109 J&3Z A i, ARG G 3+
Proxi TEWIY 9 A3 A RE 8l T4 (05 GRS 2k
(E 1), FERETRIN SR A P AR A B w A 50
JF R IE
1.4 RedE4 (e B avEE (b R PR L Fa93REX

DL E iRt g i R A R, DL PXAL-F Al
PXA1-R N5 [¥14050E4T PCR 3545 H 3L R KA &
B, 2 PCR P43 Vi g alifb o R s o
FEAL LG AL T 1 R RE M A B 22 B B, f5 H AL
FBEAE] PXAL FERNL S LS 1 mm
ABAR, W 1.5 kV. HALAEMORNINA YPD 3555
¥, 30°C H55% 16-18 h, HUE i ARG AT 2 54 1
RPN, 30 °C 4R2E1535 3 d, B HE
TEIRIULRZ] DNACR L TR DNA $2H05 7
HRPES% SCHR[14132817), LL PXAL-F fil PXAI-R K
5145347 PCR B0iiF, KA BAMREALF .
1.5 EHEMFERAEFNUERLNE

R i 1 £ 14 5 TR0 4 0 96 O B 1 A R A0
(488 nm) B ST /RERE I REERT ) X4 T bR

S. bombicola SpGFP gene Ampr— A)sz;lgf I
RV g VWV
Ts-PXA1-hphex-PXA
hphex
PXAI
G- PXAl
Ampr
- Miu 1
—~P
Ts-PXAI-P i
SbGFP-hphex-PXAl
BamH 1
PXAl
ShGFP
T

hphex

1 Ts-PXAI-Ppg-SbGFPex-hphex-PXAI E 40 R
EE

Figure 1 Construction of recombinant plasmid
Ts-PXAI-PPGKI-SbGFPex-hphex-PXAI
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PEA TGO BE ARSI . K A AR LR 2 10 mL
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VR Z S0 mL DU WE AN R A E—Ri R Y
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P TSR . DL Actin A E TSI,
Fe 15330 cDNA MBI, LA Actin-F/Actin-R &
q-SbGFP-F/q-SbGFP-R M4 S5 | W%t (3 2), #i
SYBR" Premix Ex Tag™ 1l (Tli RNaseH Plus)iiiH]
5, i CFX96 #47 SbGFP %% /K- E S04
B 3 A FEAT7REAS . RT-qPCR J2 W AR 2R B S5 4
B SCER14TE T, FFRIR 27 st S DR 2
ST T,
2. R4
21 FEKAEAERE SOGFP TEREMEE L
BrRiIRERIE

AN [R) A 4y 8 R 1 P ) - 22 R K
I, 7ESIRFRIBTER LS, O E o —Fh
A H T AT RO e ok A . A S 1o
o, FRATE RS TR ARSI % (A R (R 22 9%
BR1E EALIS T CtGFP JEFTERE A 15 22 I B
TG ERIR, RINZ TR IE B S T LT
KA n thak o0 AT Re 2 [ 8 AN ARz [
PITE B i AR, SRR EIOCE N
FERIJCTETE RE e A Al 22 W Bl I 3Rk . il ARG

He AR 22 T BE B A I AP A Eids . s EO0E
HAE R TSI E N AR, R A
%R SbGFP. ¥ iz3EH 5 EHENBTIT Prox
K Toara 2 1EFE TRlG PCR, 2 4k15 F BE Proxar-
SbGFP-Tycxi, ¥z R Beddi A2 Bk Ts-PXAI-hphex-
PXAI W, PASTEA TR, PCR RIG5EHEILIHE A
RKikGIn, Wi R R AR R R RbR,
K A BT P PR O N 4 - 3F4 T PCR B0 iE, ek
153 FEPER AL . R A3 B A B SRR VR HE RN 22 5 mL
YPD g g s, R fEROCH R E R
Mg, G5 R LBMTRAL 5 A R R T Ak £,
DG SOGFP HEH REMSTE RE A i 22 e R Ak
iRk, i H AT DA A A LR iR A 7 e 22 50 5 (&
2). [FIEF, B PL AR mE Ay S MR R TE AR e AR R
2P RE P I FRB TR TR TR AR
22 FEMYHHRABSRIINEEHBHFRAKL
HHEKERE

i B E A B DA KA Bl 7 FE 2R )
Softberry 437 (http://www.softberry.com/)i% 144 5+
Y5191, LLS. bombicola ATCC 22214 FE[F 4 hhi

CtGFP SbGFP

Bright

0 pm 25

0 ym 25

Fluorescent

0 pum 25 0 um 25

2 RREEARAEBSESRABNTIMILRRIEEIE
BARERAERRER

Figure 2 Integration expression of codon optimization
yeast-enhanced green fluorescent protein gene in S.
bombicola

TE: CIGFP AR R LIRS FRALIS 1) yeGFP; SbGFP g
eI L R 22 BERAL IS 1Y) yeGFP

Note: CtGFP: Codon optimized yeGFP for Candida tropicalis,
SbGFP: Codon optimized yeGFP for S. bombicola
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B, PCR 4 4452 H Ay 8 FhAEI IS 37 DNA J k2,
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28 5 1 1K itk I T A B e A A5 22 I R A AU T
PR, &SR AR, B 8
FIRHRIUE A DNA, F£H PXAI-F/PXALR 5|4
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WEIER RS, DRI X TUFR S 2l R il iR 5 5
JAhFo Tk, DIMBR IR IR FA RRE S 8 h
JEH WS o Peypsamr~ Pucrars Pugrsr 1 Puos Fefl
TN MRS P 4B), R AW R i iR 15 5
RR 55
H TR R I FR R B A T 10T

A T 2 TR 0 31 A R A 2 S o — Bl G R
8 h J&, WUERRF R 218 MR, Zim=tdn
PSRN G BEAE . 45 R WoRa Aot
WOCILR A B MR A R — 8, — MO0 M 4Lk
I BT A6 I RR IR b A s A R e Y, (R
SETE LI A ME—BR IR 15 7R, K SA. 5B
XTHCRT A, BR T Prom VASE, Preri Porp. Ppexi
F Pevo MV SRTEVEY 20T a4 X R I 4155+
SRR HA RIS, X288 3 T RYFE SIS I 22
B E PR, P REIE Ny e i Ak il 22 e B TR
AR Ay R — RSN TR 4 ) S A 15 il s, 1
Pevpsami~ Pucrars Pucrsr B Puos IR BN T, TEIMBRY:

4 5 6 78 9

Figure 3 Identification of green fluorescent protein vectors and transformants

H: A: 1: BH3IF Prow PCR 721 2: SHGFP PCR 77¥); 3.

Prox-SGFP-T i PCR =¥, B: 1-9: £ E 4 JFk:

Ts-PXA1-Promoters-ShGFPex-hphex-PXAI BamH UMu 1 BV % ER . C: S. bombicola FFk PXAI 2£H PCR 7=#); 1-9: 435 N1k
F Proxis AT Prgrs s $54ET Porn BALTF Povo AT Promr . AT Povpsavs« AT Puora . AT Pucrar . 546 F Pros PCR
7=H]. M: DLS000 DNA Marker

Note: A: 1: PCR production of promoter Ppgxs; 2: PCR production of SOGFP; 3: PCR production of Ppgx-SbGFP-T. B: 1-9: Recombinant
plasmid Ts-PXA4I-Promoters-SbGFPex-hphex-PXAIl BamH 1/Mlu 1. C: PCR production of PXA! in S. bombicola; 1-9: PCR production of
transformants Ppgxr, Prers, Perp, Peno, Prowi, Pevpsav, Pucra, Pucrsi, Puos. M: DLS000 DNA Marker
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Figure 4 Observation of SOGFP of transformant strains

IE: AL B BT 7R LU G BERIINR g vl — i IR SR RO L R AR L

Note: A, B: Observation of transformants when cultured in glucose and in colleseed oil, respectively

FEI ST s s PR . kA, T
U b o3 PO R (4 3 B FAERG sk BN 2E R, 1
3 S AT R RN 2 W R R DR R B 3R 2514 T, 30 °C
200 r/min ¥55% 8 h Ja BRI B AT AR 2L RNA
W SR 3RS cDNA, SRJ5 54T RT-qPCR 43#7 .
SRR, BROSOEER R Y RIS L SRKOF
—3(E 5C. 5D). XK 3 FERH L sl ih i
PR R, MmN RE
24 AEHEFREESFEED

A IEAR R AR EY, BT A SR A
(AR Ak Bt S DR (S, A )RRl i e ikK 22
R —E Bk AR, R T B R I Bl
TER RSR[5 S TR AR M, KA e b Rk
TE LA 2 W5 FI0 R o S [R) e U5 1 2 A0 T 4 2 8 57

80 h. %FFE 8 h HUFEUEA T tnm Bl e . MIET 6 W]
DA, ANFG s F AN A AR B ) e SR s R
AT, HP R BT Prgey TERGSR 8 h L S 1
fei, WEFRE 16 h B SEIGTESRIE , J5 015 RGPk
AR — A XATRE R IEA K, 4niE
TEVERIR TS B 3IF Porp. Ppaxi X Peno W&
B EFHE T RS T AR G
EFRUR T, BR T Pucr BEE BEFRIN R A &K
B SRR VA AT AN, Poypsan X Pucrsr Feim 1
FRERFFTERARACY . WAEADBEFRITRE , JA 3
F Preriv Popp. Prvo Fl Ppgiy #B5 BUH AH X 8
ARG YE, T Peypsavi s Puerars Pucrer 2 Puos
JE BTG TERSS . A SCGE , YRS K 5 KT
B ST I DR N LN S B SRl hua R AW I NAE{ e 2 d Al
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Figure 5 Analysis of expression and transcription levels of SbGFP in recombinant strains of S. bombicola

TE: AL B PN EAL TAE DU A RIS B TR A9 OEHRIE s CL D 20 A AL T LU A AR FR I 5% AP 20 Hr 5
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