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Figure 1. Structure of sophorolipid. A: lactone type
sophorolipid; B: acid type sophorolipid.
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Tablel. Strainsand plasmids used in this study

Name Description Source
W S. bombicola ATCC 22214 Our Lab
SBSL1 S bombicola ATCC 22214, shleA This study

SBSL2 Pgki-ugtb-Tgki cassette integrated into This study
SBLE siteof W

SBSL3 S bombicola ATCC 22214, sbleA, pxalA This study

SBSL4 Pgki-ugtb-Tgki cassette integrated into This study
PXAl site of SBSL1

SSRH  SBLE knock outed cassette This study

PSRH PXA1 knock outed cassette This study

PUHP UGTB expression cassette containing This study
PXA1 homogenous arm

SUHS UGTB expression cassette containing This study
SBLE homogenous arm
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Table 2. Primersused in this study

Primer name Sequence (5'—3') Restriction sites
SBLE-F ATTGGAACCTAGCCCATAAGCTC

SBLE-R AAACCTACTGCTCTGCCGAT

RSBL-F CGGGGTACCCCTGAGCACGTATTCCGCTA Kpn |l
RSBL-R CGACGCGTTTTGTAAGCCACTTGTACGAC Mlu |
HPH-F CGACGCGTTAGACGTGCATACATGCGAGTT Mlu
HPH-R CGGGGTACCTATGGTTTCCACGTGCACTTACA Kpn
Sble-oF TATCTGGTGAGTTGGCTTTACG

Shle-oR TCTCTCGAGATGGTTCTTCTCA

Pgalk-FB CGCGGATCCGGTCATTTTTTTGATTTTTTTTAAT Bam HI
Pgalk-R CGTAGCCGATCTTGGCCATGACAAAAGAGCTTTGTTTGTTTC

Rect-F GAAACAAACAAAGCTCTTTTGTCATGGCCAAGATCGGCTACG

Rect-R GAACTCGCATGTATGCACGTCTAATAACGTTCATGGTTACTATGTT

Rhph-F CCATAGTAACCATGAACGTTATTAGACGTGCATACATGCGAGTT

Rhph-FB CGCGGATCCTATGGTTTCCACGTGCACTTACA Bam HI
Hph-u ATGCCTGAACTCACCGCGACGT

Hph-d CTATTCCTTTGCCCTCGGACGA

Pxal-F ATTTTGGAGAGTTTGTGACTGCTTTATCAA

Pxal-R TGAGATGACACACGTGACATGTCGATCCTA

rPxal-F CGACGCGTATCCGGAGCGTGTGGGGTCA Miul
rPxal-R CGGGGTACCTACAACTACCATCAGGGTCGTTAG Kpn
Pxal-0F GTCGCTATTGTCATCATT

Pxal-OR CTCGGTCAGTTCCTTGTT

Pro-F CGACGCGTGGTGCTTAGGGTGCGTGTGCAA Mlu |
Pro-R TCACTGGTTTCTCGATGGCCATTTTTTCTGGTTTGGAGGACC

Ugtb-CF GGTCCTCCAAACCAGAAAAAATGGCCATCGAGAAACCAGT

Ugtb-CR AGAGATGACTGCACATACCAGTTTAAGAAGCTAATTCACTA

Ter-F CAATTAGTGAATTAGCTTCTTAAACTGGTATGTGCAGTCATCTCT

Ter-R CGACGCGTATAACGTTCATGGTTACTATGG Mlu |
Actin-F CTCATCTGCTCAACGAACTGTAT

Actin-R ATGTCCTTCTGAGCGGTCTG

qugtb-F GGCGTCACTTCCTGATAGC

qugtb-F GCTTGTCTACCAACATTCCTC

fir; MicroPulser HLEEAUIG B AA SR A v Be 24 (i)
A BR7\ 7] Bio-Rad.

1.1.3 BE3R3E. (1) YPD B53R3k(g/L): BEEEKS 10,
HEFE 20, A% 20, (2) LB Higrsk(glL): bt
¥ 5, HEAMR 10, FfLl 10, (3) YPG if5 7455
H(glL): BEERRY 10, SR 20, EELBE 10, (4)
R KPR IR EE(QIL) : B R BRI A RS
A% 46 °C 1Y YPD Kl 29K i 500 g/mlL .

12 FHERABHRRNBERENE

5T Rec-six 40 (011 25 R ok 8 8 42 1 ]
IR AR AL AN R 3 Fizs . LARE e A (15 24 1%
BEA 14 DNA SR, FI A sble-F il sble-R 73]
¥y PCR ¥ 144545 P Bk IE R - B: SBLE™Y, @i
TA TEfsiE$E 3] pMD19-T Simple 44k |, ik
Rifir 4 Ts-sble; AR Ts-sble WA, FHE4)
rsble-F #il rsble-R S [i] PCR 74 , R1G484H7 [A) J5
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Figure3. A schematic presentation of the SSRH plasmid containing the self-excising hygromycin marker cassette.
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1.5 qRT-PCR XJREMEA: B 22EEEE mRNA Btk
ot

PRI B B P 4R T 5 mL 9 YPD )
AREFRIE, 7E 30 °C 1 200 r/min 4544 F i w8
I o SRIG LUAE A Fh W HE BB i 1) 50 mL 1)
YPD ARSI FR I HEATE SR, B ODeoo 153
1.5-2.5J5, Fff Yeast RNAiso Kit i® i £ 2 B
RNA . cDNA A4 R PrimeScript™ RT reagent
Kit with gDNA Eraser {7 & HR 4 B A5 3k [ 4 s
X3 gPCR 51¥1(# 2), f#iH SYBR® Premix Ex

JSBEEUY v Pgalk Rec m.ﬂx— Editing cassette

~~~~~
-~ s,
.,
-2

44444

N e e
\“\\__/’/ ’ Wild type chromosome
l Homologous recombination
ISBLEUTS  pealk Rec mm_ Asble
YPG
[SBLEU six SBLEU Asble: :six

4. NEEBS SBLE EFERIFRER Asble::six FItg2
Figure 4. Construction of SBLE gene deletion mutant, Asble::six. The functional elements are as follows: the
synthetic codon-optimized B-serine recombinase (Rec) gene was transcribed with the galactokinase (Pgalk)
promoter from S. bombicola and with the (Tgki) terminator from S. bombicola; hphex: the selective marker
hygromycin resistance gene (hph) expression cassette; six: recombinant site containing 90 bp.
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Figure5. Construction of the hygromycin self-excising system. A: The enzymatic digestion of Ts-shle-six. M: DL
5000 DNA marker; lane 1: recombinant plasmid Ts-sble-six digested by Kpn | and Mlu I. B: Construction of SSRH
and PSRH recombinant plasmid. M: DL 15000 DNA marker; lane 1: the PCR product of the Pgki promoter; lane 2:
the PCR product of the rec-Tgki; lane 3: the PCR product of the hphex; lane 4: the fusion PCR product of the
recex-hphex; lane 5: recombinant plasmid SSRH digested by Mlu | and Kpn I; lane 6: recombinant plasmid PSRH
digested by Mlu | and Kpn I.
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6. IBENERTEH PCR WIEREKKALEE
Figure 6. PCR identification of the engineered
mutant and determination of their growth status. A:
PCR identification of overexpressing strains. M: 5 kb
ladder DNA marker; lane 1. the PCR product using
primers Hph-U/Hph-D of wild type; lane 2: the PCR
product using primers Hph-U/Hph-D of Asble; lane 3:
the PCR product using primers Hph-U/Hph-D of
Asble::six; lane 4. the PCR product using primers
shle-oF and sble-oR of wild type; lane 5. the PCR
product using primers sble-oF and shle-oR of Asble;
lane 6: PCR product using primers sble-oF and sble-oR
of Ashble::six; lane 7: the PCR product using primers
pxa-oF and pxa-oR of wild type; lane 8. the PCR
product using primers pxa-oF and pxa-oR of Asble::six;
lane 9: the PCR product using primers pxa-oF and
pxa-OoR of AsbleApxal. B: Growth of the parenta
strain (wild-type) and mutants on YPD and YPD plate
with 500 pg/mL hygromycin B.
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Figure 7. Identification of overexpressing strains. A:
PCR identification of overexpressing strains. M: 5 kb
ladder DNA marker; lane 1. the PCR product using
primers pxa-oF and Pxa-oR of wild type; lane 2: the
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Metabolic engineering of Starmerella bombicola for enhanced
acid-type sophorolipid production

Jiangrui Zhang, Lihua Zhang, Yibo Shi, Wei Shen, You Fan, Xianzhong Chen’

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Bioengineering, Jiangnan University, Wuxi
214122, Jiangsu Province, China

Abstract: [Objective] Sophorolipids are biosurfactants with properties such as solubilization, emulsifying, wetting,
foaming, dispersing, and reducing surface tension of conventional surfactants, and tolerance to the environment.
Sarmerella bombicola can produce sophorolipids, but the components of sophorolipids are complex and difficult to
separate. In order to obtain the single high-yield acid type sophorolipid, the strain S. bombicola producing only acid
sophorolipid was constructed by metabolic engineering. [M ethods] The Rec-six gene editing system was developed
using the hygromycin resistance gene as a selection marker. Based on this system, the critical lactonase gene SBLE
for lactone-type sophorolipid was knocked out to obtain an engineered strain producing only acid-type
sophorolipid. The expression cassette of the UGTB gene (glucosyltransferase) was further integrated into the
genome of the recombinant strain and the PXAL gene (peroxisome membrane transporter) was knocked out to
construct a metabolic process yeast strain with high acid-producing sophorolipids. [Results] Compared with the
original strain, the yield of oleic acid synthase was increased from 20 g/L to 44 g/L, and the lactone type of
sophorolipid was undetectable. [Conclusion] The recombinant S. bombicola can effectively increase the yield of
acid-type sophorolipids by over-expressing UGTB and knocking out PXA1 and SBLE, for enhanced the production
of acid-type sophorolipid by fermentation.

Keywords: Sarmerella bombicola, acid-type sophorolipid, lactone, metabolic engineering, Rec-six
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