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Abstract: [Background] Umbelliferone, a compound of the coumarin family, demonstrates the medical
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value in a wide scope and is important raw material for industrial products. Due to the high cost of
extraction from plants, more efficient methods for producing umbelliferone remain to be developed.
[Objective] To heterogeneously produce umbelliferone by microorganisms. [Methods] In this study, the
genes for the synthesis of coumarins were assembled from different plants. Saccharomyces cerevisiae was
used as the expression host in which the metabolic pathway of tyrosine was modified. We then introduced
the assembled genes to S. cerevisiae. [Results] The strain producing umbelliferone was successfully
obtained, which showed the umbelliferone titer of (67.39+4.87) pg/mL. [Conclusion] The strains

producing natural products of coumarins could be constructed via integration of the biosynthetic genes.

Keywords: coumarins; umbelliferone; biosynthesis; expression gene

IEH, LA NER, 73T 38 CoHeOs,
g5 162.142 1 Da, & —Fh ) IZAF7E THEY)
FREER, W2 AR —FhE R R
W A S AR o SRR Y i 44 02 1 T4k
Yz A e Y, Hoh ds SR 2 T
Yy, BIanE G, HIH ., i 7. R
A WOT RIS AN R R R
PRt R, YO R TE A Y AR A
AT Y A &AM B LS R,

I HAT Z R0 PV . I RTTTH <
T BB E BH X6 4 B €0, 7] 2 TR T AR 2 B L T %
Xof H 4R P AT 245 ) 4 9 €0 7 %8 BK T (methicillin-
resistant Staphylococcus aureus, MRSA)FI Kz
FA B EA —E mliE D febiefb i, 4=
T2 B HA 3 B 1,1- = 2R S -2- =il S R i
[1,1-diphenyl-2-picrylhydrazyl radical 2,2-diphenyl-
1-(2,4,6-trinitrophenyl)hydrazyl, DPPH] ) — 2648,
H R 1Y sh s kW], A&
W PRIHAT — 2 1R 7 R AP TR M LA
AN PO Rl S S-RUR M E I 3 IR
Ve & — A RO e 4RI 7 25, I X 47t
1,2- W A SRS i, S B e 5- R
W (R LT SR ) R L8 A 28 AL 4 %o ]
2500 BAE BAT — E WA AE YT O A
i B —E R E N TR, TR R
AR . ol A R S 0RE, BT RE
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HAT, AT i (1R B 3 2 S R ) 48 ORI Ak
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M2 R 6 AT A , 245 T Wi A A 20 SR AR A5 <P T 1
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BRI IIHAEY G A CYP450s 255, il
BEE R IR CYP450s I AHER I A i A= ) oA — =2
P22 AT S 2R IR KSR T B
Rk, AP BOEEREE Rk s 32,
B AH AR B B TR A5 <R T 2 35 TR R
AR Ay 3 2o 3 A 0 R R AR 1S v BRI R 8%
PP AL AT AL S

1 #H57%

1.1 ##

AWESE i BRI BORLIN R 1 Fos . 4t
RgTAL (Rhodotorula glutinis tyrosine ammonia
lyase, AGZ04575.1). PcACL (Petroselinum crispum

4-coumarate: CoA ligase, P14912.1)F1 AdC2'H
(Angelica decursiva p-coumaroyl CoA 2'-hydroxylase,
QCY50327. 1) ZE ¥ 51 . fi ] geneart X Hiitt
A TG 1 BF 25 S 1 I P LA, IRt AR T AR
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1.2.1 EEFERK

DL R CEN.PK2-1C J:[H 4] DNA At
TERF BRI aro10. PDCS F R4 BscH—%F
5|4¥) aro10L-F/aro10L-R . aro10R-F/aro10R-R #I
PDC5L-F/PDC5L-R, PDC5R-F/PDC5R-R, &%}
519 PCR ¥4 500 bp Z247 | Bt , 4351 aro10L
arolOR Al PDC5SL. PDC5R., LLUFik: pUG66 Fil
pESC-LEU JMy#it, FIH51¥%f bleR-F/bleR-R
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Pathway of umbelliferone biosynthetic pathway.

Al PDCSL-F/PDC5L-R ¥ #3545 ble® 5 LEU A
Bt A B ble® 5 A BL arol0 Al PDC5 @it &
PCR %3k 1% aro10-bleR F Bt ; LEU 5 PDCSL
PDC5R i # & PCR % #:4£1% PDC5-LEU.
1.2.2 Aro4 5 Aro7 (I RT

PLTE & CEN.PK2-1C J:[H 4] DNA AR,
EHSI¥%F aro4 large-F/aro4 large-R # aro7
large-F/aro7 large-R 4" 3 aro4 Fl aro7 &K IENH ,
FI ] EcoR 1/Hind 111 Fl EcoR 1/Sph 1 BER B4 55
B aro4 Fl aro7 FeH 437455 3] pUCST Hr, 3K
4 pUC57-aro4 Fl pUC57-aro7 . F| JH G )%} aro4
K229L-F/aro4 K229L-R, DA pUC57-aro4 JHEH
AT, B 229 R R (K) B o 5o
fR(L); [HFEHL, RS54 aro7 G141S-F/aro7
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Table 1  Strains and plasmids in this study
[k AR A FER B % A
Strains/Plasmids Genotype/Use Source
Escherichia coli Top10 F' [laclq, Tn10 (TetR)] merA A(mrr-hsdRMS-mcrBC) ¢80lacZAM15 AlacX74 L5 % ARAT
recAl araD139 A(ara-leu)7697 galU galK rpsL(StrR) endA1 nupG Kept in our laboratory
CEN.PK2-1C MATa Alhis3 leu2-3 112 ura3-52 trpl-289 MAL2-8c SUC2 euroscarf
CEN.PK2-1C-1 CEN.PK2-1C Aaro10-bleR APDC5-LEU AHETE
This study
CEN.PK2-1C-2 CEN.PK2-1C-1 pESCtp01-aro4K229L-aro7G141S NI
This study
CEN.PK2-1C-3 CEN.PK2-1C-2 TAL-4CL-C2’H N
This study
puC57 FH ML ARy SLH % RAT
For routine vector construction Kept in our laboratory
pUC-TAL A RETAL #1405 1 41 i Bok: JE PR
Vector containing codon optimized RgTAL Gene synthesis
pUC-4CL F A PedCL H W TIUAL IS P o1 Sk He A
Vector containing codon optimized Pc4CL Gene synthesis
pUC-C2’H A AAC2'H 5 AL IS 2 41 14 Bk FEIH 5 L
Vector containing codon optimized AdC2'H Gene synthesis
pESC-TRP AT RIAEER A o TRPL i bR 28 i 47 1 S AR AT
For genes assembly and amplification of the TPR1 selection tag Kept in our laboratory
pESC-LEU FIF LEU2 i e bR (4 3% Sy S AR AT
For amplification of the LEU selection tag Kept in our laboratory
pESCtp01 ¥ pESC-HIS 43 37 GAL1-Gal10 ¥ #i}y TEF1-PGK1 S AR

Replacing the promoter GAL1-Gall0 with TEF1-PGK1 in pESC-HIS

P 3R3K S5 aro4K229L Fl aro7G141S

For expression of the site muted aro4K229L and aro7G141S

# TAL #1 4CL 4 f5 B [Fl4d A 3| pESC-TRP

Integration of the genes coding for TAL and 4CL in pESC-TRP

¥ C2'H g% It H4fi A F pESC-TRP

Integration of the gene coding for C2'H in pESC-TRP

IR Y15sitel Al L1 (944

Assembly of the homologous arms Y15sitel and L1

1£ pUC57-Y15sitel-1L1 Hifi A G £ 4525 TRP1

Integration of the TRP1 selection tag in pUCS57-Y 15sitel-1L1

[l 201 #1212 Ay

Assembly of the homologous arms 2L1and 2L2

TE pUCS7-2L1-2L2 Hifi A TAL-4CL 55 & ik R4

Integration of the inducible expression elements TAL-4CL in pUC57-2L1-2L2
[l 3L2 #1313 MRS

Assembly of the homologous arms 3L2 and 3L3

TE pUC57-3L2-3L3 H4fi A C2'H 55 Kk S 14

Integration of the inducible expression element C2'H in pUC57-31L2-3L3

pESCtp01-aro4K229L-
aro7G141S
pESC-TAL-4CL

pESC-C2'H
pUCS57-Y15sitel-1L1
pUCS57-Y15sitel-
TRP-1L1
pUCS57-2L1-2L2
pUC57-2L1-TAL-
4CL-2L2

pUC57-3L2-3L3

pUC57-3L2-C2'H-3L3

Kept in our laboratory
EN
This study
ESTE
This study
EN
This study
ES T
This study
AT
This study
ESTE
This study
AT
This study
ESTE
This study
EN
This study

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



REESE: B A A 3083

x2 KARFAAIMIIE
Table 2 Primers list in this study

5| ¥4 X Primer name

J¥%1 Sequence (5'—3")

arolOL-F
arolOL-R
arolOR-F
arolOR-R
bleR-F
bleR-R
PDCSL-F
PDCSL-R
PDCS5R-F
PDC5R-R
LEU-F
LEU-R

aro4 large-F
aro4 large-R
aro4 K229L-F
aro4 K229L-R
aro7 large-F
aro7 large-R
aro7 G141S-F
aro7 G141S-R
aro4 L229-F
aro4 L229-R
aro7 S114-F
aro7 S114-R
RgTal-F
RgTal-R
Pc4CL-F
Pc4CL-R
AdC2'H-F
AdC2'H-R
Y15sitel-F
Y15sitel-R
L1-F

L1-R

TRP1-F
TRP1-R
2L1-F
2L1-R
21L2-F
2L2-R

CCAAAGTGTCGGTTACCTAC
GTCGACCTGCCTGATTTCGTATCGATGGACA
CCACTAGTGGCGAACAGCTAAAGTGCATG
CTAAGTTAGCAGACATTTAG
ACGAAATCAGGCAGGTCGACAACCC
TAGCTGTTCGCCACTAGTGGATCTGATATCAC
CTATTACTGTCGCTAACACC
TAGACGAAACTTGACTTGGCTCAATCTTTCAAATAAA
GATATTTCTTGCTAGAAACTACGAAACCCACAG
GGTATGGTTAAAGATCACAC
GCCAAGTCAAGTTTCGTCTACCCTATGAACATATTC
CGTAGTTTCTAGCAAGAAATATCTTGACCGCAG
GTCAGAATTCGAATCTATCAGAAATGAGTG
GATCAAGCTTGAGGAAAGAATGTACGTTAC
GGGTGTTACTTTGCATGGTGTTGCTGCTATCACCACTAC
CAACACCATGCAAAGTAACACCCATGAAATGGTGAGAATG
GTCAGAATTCGCTAACAAATAGCACTCAGC
GACTGCATGCGAATTGTTACCGTGATAGCC
GAATAACTTCAGTTCTGTTGCCACTAGAGATATAGAATG
GTGGCAACAGAACTGAAGTTATTCTTATCATCACCATCTC
GTCAGAATTCAAAACAATGAGTGAATCTCCAATGTTC
GATCGAGCTCCTATTTCTTGTTAACTTCTC
GTCAGGATCCAAAACAATGGATTTCACAAAACCAG
GATCGAGCTCTTACTCTTCCAACCTTCTTAG
CAGTGCGGCCGCAAAACAATGGCTCCAAGACCAACTTC
CAGTGAGCTCTTAGGCCAACATCTTCAACAAG
CAGTGGATCCAAAACAATGGGTGATTGTGTTGCTCC
CAGTGCTAGCTTATTTAGGCAAATCACCAG
CAGTGAATTCAAAACAATGGCTCCATCTACTACTGA
CAGTGAGCTCTTACATCTTAGCAAAATCCA
CAGTGAATTCGCCAGGCGCCTTTATATCAT
CAGTGGTACCGGTCTCACATCCTACAAAATGAATCTA CATTTC
CAGTGTCGACGGTCTCAAGGTCCCCGGTCCGTTTGTTCTAT
CAGTGCATGCAGGCAATTTTAGAGGGGA CT
CAGTGGTCTCAACCTGAGAGTGCACCATAAACGAC
CAGTGGTCTCAGATGGCGGTATTTTCTCCTTACGC
CAGTGAATTCCCCCGGTCCGTTTGTTCTAT
CAGTGGTACCGGTCTCACATCAGGCAATTTTAGAGGGGACT
CAGTGTCGACGGTCTCAAGGTGACAAAGCGCCAAGGAACTG
CAGTGCATGCTAGTCCGCGAGTTGGATAGC

GED)
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(8L3% 2)
TADH1-F CAGTGGTCTCAGATGGAGCGACCTCATGCTATACC
TCYC1-R CAGTGGTCTCAACCTCTTCGAGCGTCCCAAAACCT
3L2-F CAGTGAATTCGACAAAGCGCCAAGGAACTG
3L2-R CAGTGGTACCGGTCTCACATCTAGTCCGCGAGTTGGATAGC
3L3-F CAGTGTCGACGGTCTCAAGGTAACGACGGTAGACGCCAAC
3L3-R TCAGAAGCTTGCGGACTTAGTCCGTTTCTC
4L3-F CAGTGAATTCAACGACGGTAGACGCCAAC
4L3-R CAGTGGTACCGCGGACTTAGTCCGTTTCTC
Y15site2-F CAGTGGATCCAATGGAAGGTCGGGATGAGC
Y15site2-R CAGTGCATGCATAAAGCAGCCGCTACCAAAC
TAL-verif-F GGTGGTTCTGCTGATACAAG
TAL-verif-R GTGGCCTAGTAACATCATGC
4CL-verif-F GGTTAAGGATTATGCTGCCG
4CL-verif-R CATAGCTAAAACTGGACCAG
C2'H-verif-F CCAAATCGTTAACCACGGTG
C2'H-verif-R TCCAAGTATCAGTTTCCATC

T T RIZF IR R, IO Bsa T REDILA

Note: Underline indicates restriction site, bold fonts represents Bsa I restriction site.

G141S-R, pUC57-aro7 AR 4T PCR ¥73#,
W 141 A28 H 2408 (G) B y 22 2 PR (S) o s 548
PCR /¥4 Dpn 1 BV1G 4T B & #3740 K
W P, 3R A5 ) TR pUCS7-aro4K229L Al
pUC57-aro7G141S &l 7Rk IE#a 1 )5 , F5
W%t aro4 L229-F/aro4 L229-R # aro7 S114-F/aro7
S114-R ¥ 143545 aro4K229L Fl aro7G141S FrEk,
Wit EcoR USac 1 Ml BamH 1/Sal 1 34 5|40k
pESCtpO1(HIS)H', 3k4% pESCtp01-aro4K229L-
aro7G141S,

1.2.3 EHREL
4 aro10-bleR £ F B il o FL % b i1 5 =8

S FER B RE CENLPK2-1C H, &4
10 pg/mL J& B % 2 (phleomycin)#Y YPD 15 7 3k
HE AT 0 0, 3K 15 Aarol0-bleR T KR 3 T OB
PCD5-LEU 3 AAarol0-bleR FkkH , L SC-LEU+
phleomycin 7 F£ HEHE1 T 1€ , $4% CEN.PK2-1C-1
AR (R 1o

6] A H , #F KL pESCtpOl-aro4K229L-
aro7G141S § A CEN.PK2-1C-1 Bk, DL

SC-LEU-HIS+phleomycin A5, 3545
kT8 F CEN.PK2-1C-2 (3% 1),
1.3 FTixHIKAIHEE

TR TG IR 2 s,
1.3.1 &EREFETE

D AR A NG . 4-7 SR IE A 5
fity . A A A FRALEG AR i BUZ DU S
TG B ReTAL. Pc4CL I AAC2'H ¥R ¥
§1|(pUC-TAL ., pUC-4CL. pUC-C2'H) M HiH,
4y 3R] 51 4 %t RgTal-F/RgTal-R . Pc4CL-F/
Pc4CL-R, AdC2'H-F/AdC2'H-R ¥"343k15, i@
it Not 1/Sac 1 #1 BamH 1/Nhe 1 ¥ RgTAL Fl
Pc4CL 1 A #)# /& pESC-TRP 1, #J## pESC-
TAL-4CL; @1t EcoR 1/Sac 1% Fr B& AAC2'H #fi
A pESC-TRP, #4§# pESC-C2'H,
132 RIEER=E

HRAE SCHR[23 14138 , A 5% DA TR P Bk e
& XVI H11 sitel5 VERIME R B G0 LA
PR VA 2R SE R 4 DNA AR, ) I 51 4%
Y 15sitel-F/Y15site1-R § #3545 H B Y15sitel ;
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DL L1 R4 B Y, R 5 9%t L1-F/LI-R 3~
HIRAT 101 R B MSIX 2 A B e )a i EcoR 1/
Kpn 1. Sal 1/Sph 1 {3 j5. %4 ) pUC7 EERENG RIS

5% pUCS57-Y15sitel-1L1, [F]Efif i Y15sitel-R A
L1-F 5| A Bsa I BVIf £ . LL pESC-TRP JJyfiiti
FIFHG19%F TRP1-F/TRP1-R /3 orp FBZ, i@
Bsa 1 BV 554/ A £ 24k pUC57-Y 15sitel-1L1
t, 35 pUC57-Y15site]-TRP-1L1., F) F [F1FE Y
7, S % 2L1-F/2L1-R #1 2L2-F/2L2-R
Fy#t pUC57-2L1-2L2, L) pESC-TAL-4CL Jyfk
¥, FIFHSI%F TADHI-F/ TCYCI-R 434 375
TADHl—TAL—GallO—(UAS)-Ga11—4CL—TCYC1 A
B, i1l Bsa 1 {3 534 %] pUCS57-2L1-21L2 H7,
59%1% pUC57-2L1-TAL-4CL-2L2,

J5H, DL L2 A L3PY R B,
S1¥%F 3L2-F/3L2-R # 3L3-F/3L3-R REHP"
1=y S 5@ i EcoR 1Kpn 1. Sal 1/Hind 111 37
AR pUCT ik, 15 pUCS7-3L2-3L3,
PL pESC-C2'H MHit, FIH5I4%F TADHI-F/
TCYC1-R ¥ 143845 TADH1-C2'H-Gal10-(UAS)-
Gall-TCYC1 h B, % Bt Bsa 1 i i 5
#| pUC57-3L2-3L3, k1% pUC57-3L2-C2'H-3L3.

DL L3 A B, FIHBIHIRAT 4L3-F4/
L3-R ¥ 343545 413 F Bt P LATRIA i B 5L R 24
N, IS Y15site2-F/Y 15site2-R 4144k
1% Y15site2 7Bt iX 2 Bl EcoR VKpn 1,
BamH 1/Sph 1 FE I i 46 )5 4 A 2] pUCST 2
kb, 3K15 pUCS7-4L3-Y15site2.

1.3.3 RiEHHBIEE

L pUC57-Y15site]-TRP-1L1, pUC57-2L1-
TAL-4CL-2L2 .,pUC57-3L2-C2'H-3L3 Fl pUC57-
4L3-Y15site2 MM, AT Y15sitel/
1L-R .2L1-F/2L2-R .3L2-F/3L3-R Fl 4L3-F/Ysite15-R
P4 F Bt Y15site]-TRP-1L1, 2L1-TAL-4CL-2L2 .
3L2-C2'H3L3 Fll 4L3-Y15site2, ¥ 4 B

W) )28 /R %4 W) s %% 46 15 £ CEN.PK2-1C-2. VI
SC-LEU-HIS-TRP+phleomycin A i 55 FE 4k
AT FIBE R CEN.PK2-1C-3,
1.4 BEHRBIAE

itk CEN.PK2-1C-3 7£ SC-LEU-HIS-TRP+
phleomycin 17 F 5557, 30 °C. 240 r/min
B9% 24 he $% 2%5543) 50 mL MRl gL E

TrRmEsEFE, M AEEHATH] 12 h B, 5000 r/min

FAR S0 10 min, FIAS S # AR R 35 R
2K, AHEDITE A RS 8 R 557 5 he 7
WL, & A FUBE A & i & B ) SC-LEU-
HIS-TRP+phleomycin 35 F# 3 224, 1715
SR T
1.5 K =4 Ra 4

FEAMALEE . B3 mL KB E] 10 mL &0
Brp, BTUK b RS R G AT R
PRI 10%, ALEREEFEISHY 10 min, 217 5s, #HE
580 ZJa FHINAGE B R (H 42 400-600 nm)
FIWE RS ) A e, A e s R v A3 e AR
% 1 min, VK E#E 1 min, & 10 %, 400
E— ik IMA SRR IR AT, 4 °C
B IR o B 2 mL IR A WAE 4 °C. 12 000 r/min

T 10 min, BT —IK . B 1 mL 17 AH A
Jpigiy el
ARG . {Y#% . Thermo UltiMate 3000,

COSMOSIL %4 (250 mmx4.6 mmx5 um), H
A% Nacai Tesque w5 FAH: 0.05% (IRFE0)
IR LBIKIRBU(A), LI B); ML, 0-2 min,
10% B; 2—4 min, 15% B; 4-10 min, 45% B
10—14 min, 75% B; 14—20 min, 90% B ; 20—25 min,
90% B; 25—30 min, 10% B; 30—35 min, 10% B
PERERRL, 10 L, K

Wi, 1.0 mL/min;

330 nm.
JETEARGIN . AL HS . AR RO O TS - DU AT &
£ FBSE) BR R FAY,  1290-6545 Q-TOF LC/MS,
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ZHERRHL (h EA R~ F] . Hypersil GOLDTM
BRER:, 100 mmx2.1 mmx1.9 um, FEBR AR
BHEAF s Wi 0.1% (IRF50) H B K%
W(A), ZIEB); BB, 0-1.0 min, 5%B,
1.0-3.0 min, 5%—-95% B, 3.0—5.0 min, 95% B,
5.0-8.0 min, 95%—5% B, 8.0—9.0 min 5% B;
W, 0.3 mL/min; $EEEIRFL, 5L,

BT, Dual AJS ESI, 1EBFHi; T4
HREE 300 °C; TR 5 Liming 25 bk
71 45 psi; BEIRE 250 °C; # P 11 L/min;
TAE I 4000 Vs HEFLHLE 65 V5 205% A
MS F 2l Targeted MSMSS #2172 ; MS #E =,
W E R PR R VL E m/z 100-500 ; Targeted
MSMS i, WE —HB ISR R LT E m/z
100-500 , &8 g B IR R B E miz
20-300 5 ¥ 45 ok 5 K ab B 53 0 Sk & HE AR
MassHunter Workstation Data Acquisition B.06.01
F1 Qualitative Analysis B.07.00 4.

2 BREM

21 FREEMBE
2.1.1 arol0 F1 PDC5 B9 E F R

Sh T AR O A I ) 7 A IR LR AR R O
FWREILIRPY, ARWFFEXT Arol0 (phenylpyruvate
decarboxylase). PDCS5 (pyruvate decarboxylase)
MR IEATREBR, ble® Fl LEU 43510 - B rii B 14
PROG PR A o MR 18 15 SR ik b e BB % R 1Y
v, Xt arol0 F1 PDCS 193 M R BR R 443 31
WL FXT ST PCR B, #HIA arol0 Al
PDC5 X E R H#k CEN.PK2-1C-1 (& 2. & 3),
2.1.2  Arod 0 Aro7 IR FI a9 R &

A EERIER T DAHP S8 Arod
1 chorismate FHIMF Aro7 23| L-FB& 2R A1
L~ TR U R 1) B il 220 oy 7 it v i S il 1Y

T, S BOCER[251 380 7 58, il s 848 5|
Ykt Arod 229 (iRY K Bl L, K Aro7 H
141 fif) G Bl S, mad P50 F s R A8 1Y
IEHfTE OB Aro4K229L I Aro7G1418S i %L A
A3 pESCtp01 H, 43 1) T BRI I B i S 50
F PGK1 Fl TEF1 Ji 8h T i, 3k4% pESCtp01-
aro4K229L-aro7G141S ., #iZ ik 5 A CEN.PK2-
1C-1 FkRH, K15 CEN.PK2-1C-2 £ikf5 £,
TE aro4 1 aro7 FERWNHRIEI S|P, X Frakis
HIE R PEAT PCR B3IE(F 4).

2 CEN.PK2-1C-1 E#kH arol0 £ E &R A3
iE 14 ERMEI8 arolOL-F, arolOR-R,
A B GERRY 14 F BER/N R 2.7 kb, RAERE A 2.2 kb,
5-8 {51914 aro10L-F il ble-R, Hf£E B 4™
BB, RAERRN 1.7 kb, 1. 5 5 CEN.PK2-1C
M Pk gDNA E R P AR ; 2. 6 4 arol0-ble® A
Be; 3M17. 4 #8458 2 4~ CEN.PK2-1C-1 #%
LT ¢DNA E R334k ; M: DL5000 DNA

Marker

Figure 2 Verification of the arol0 gene deletion in
the strain CEN.PK2-1C-1. Primers arolOL-F and
arol10R-R were used for 1-4, the amplicon of the
wild-type strain was 2.7 kb, 2.2 kb for the mutant.
Primers arol OL-F and ble-R were used for 5-8, non
amplicon for the wild-type strain, 1.7 kb for the
mutant. gDNA of CEN.PK2-1C was used as
amplification template for 1 and 5; Fragment
arol0-ble® for 2 and 6; gDNAs of two
CEN.PK2-1C-1 transformants were used as
amplification template for 3/7 and 4/8, respectively;
M: DL5000 DNA Marker.
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3 CEN.PK2-1C-1 E#kH pdc5 £ E R FR a5
iE 14 #5190 PDCSL-F, PDC5R-R, B
A RUBERRY 18 B BER/INR 2.5 kb, RAERR K 2.2 kb,
5-8 ffifH5 145 PDCSL-F. LEU-R, HpA4E#ITCH"
R B, 584Kkl 2.2 kb, 1. 5 K CEN.PK2-1C
Pk gDNA 1E R 9 #4545k ; 2. 6 iy PDCS-LEU FE¢;
317, 4 18 435Ik 2 4~ CEN.PK2-1C-1 L1
gDNA VER$ ##5H ; M: DL5000 DNA Marker

Figure 3  Verification of the pdc5 gene deletion in
the strain CEN.PK2-1C-1. Primers PDCS5L-F and
PDC5R-R were used for 1-4, the amplicon of the
wild-type strain was 2.5 kb, 2.7 kb for the mutant.
Primers PDCS5L-F and LEU-R were used for 5-8,
non amplicon for the wild-type strain, 2.2 kb for the
mutant. gDNA of CEN.PK2-1C was used as
amplification template for 1 and 5; Fragment
PDC5-LEU for 2 and 6; gDNAs of two
CEN.PK2-1C-1 transformants were used as
amplification template for 3/7 and 4/8, respectively;
M: DL5000 DNA Marker.

22 HIKSEHREE
2.2.1 RIEHBREE
¥ RegTAL. Pc4CL 1 AAC2'H Zfith 3L K

MEO1.3.1 R ik T ol 45 3] pESC-TRP
wh, JREEFRL pESC-TAL-4CL ., pESC-C2'H; 7]
F, PEERARIEERE 15 Sk oy R B sitel
i site2 fE G AL, DAFJEE B L1, L2

L3 FBARitR, MEFR. pUCS57-Y15sitel -
TRP-1L1, pUC57-2L1-2L2, pUC57-3L2-3L3 .
pUC57-4L3-Y15site2, A pESC-TAL-4CL .,

pESC-C2'H AR ¥ 1 TAL-4CL. C2'H F B,
A3 %4 B FokE pUCS7-2L1-202 . pUCS7-3L2-
3L3 1, 3k45 pUC57-2L1-TAL-4CL-2L2 .pUC57-

E4 CEN.PK2-1C-2 k¥ aro4K229L-aro7G141
FERBY IS E 1-4 EHMEIY R arod/7-F |
aro4/7-R, BFAE RV MR ICY 14 B, 287858k 1.9 kb,
1 & CEN.PK2-1C H ¥k gDNA fE Ry Has; 2
i pESCtp01-aro4K229L-aro7G141S; 3 F1 4 4335
A 2~ CEN.PK2-1C-2 ¥4k 7 & DNA 1 A § i ps
#z; M: DL5000 DNA Marker

Figure 4 Verification of the aro4K229L-aro7G141S
fragment in the strain CEN.PK2-1C-2. Primers
aro4/7-F and aro4/7-R were used for 1-4, non
amplicon for the wild-type strain, 1.9 kb for the
mutant. gDNA of CEN.PK2-1C was used as
amplification template for 1; pESCtp01-aro4K229L-
aro7G141S was used as amplification template for 2;
Total DNA of two CEN.PK2-1C-2 transformants
were used as amplification template for 3 and 4,
respectively; M: DL5000 DNA Marker.

3L2-C2'H-3L3 (&l 5). ik, TAL. 4CL #il C2'H
SRt RE R IS 814358 pESC-TRP Fri () Gall Al
Gall0, 11435k TADH1 #1 TCYC1 ( 5).
222 FRIEFEHKBIEE

PR 1.3.3 thpgsege i, K45 Y15sitel-
TRP-1L1. 2L1-TAL-4CL-2L2. 3L2-C2'H3L3 #I
4L3-Y15site2 iX 4 4~ B, FH R i 5% Ak Rk 15
F CEN.PK2-1C-2. 4 A~ Bl L[] U5 SR 2 AL
il 38 2o [ R A e —fE, JFiELl Y1Ssitel A
Y 15site2 137 55, , B i BeE A 31E R R B (E 6A),
Ak J5i 1S SC-TRP-LEU-HIS+phleomycin & ¥
BRPE R IR RIS H5 /b T CEN.PK2-1C-2-TAL-
4CL-C2'H, ¥ iZWtan4 i CEN.PK2-1C-3,
X ZFE R PR A 3 MK TAL. 4CL Al

C2'H #47 PCR HiiF (&l 6B).
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Figure 5 Schema of expression plasmid construction.
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Gall Gal10

TAD!IL

4CL TAL>9—< 2121
>< chcz Gall TA[)III
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1 CoH] T {303

Y 15site2

{Y15site] == Y15site2 }

\l/ Chromosome XV

CEN.PK2-1C-3

Eeo FRiZEREEBBIMES A RAENEBSEFNAESRER; B: B5EHMA PCR KiE.
1 #1123 F1 4 J2 5 F1 6 43 5118 51 ¥ %) TAL-verif-F/TAL-verif-R .4CL-verif-F/4CL-verif-R #l C2'H-verif-F/
C2'H-verif-R, 1. 3. 5 43%ILL pUC-TAL. pUC-4CL #l pUC-C2'H H#itz, 2. 4. 6 L) CEN.PK2-1C-3
Hilk gDNA R, $ 3 K/N351H 0.6, 0.6 F10.5kb; M: DL5000 DNA Marker

Figure 6 Integration of expression genes in yeast genome. A: Schema of integration of expression genes in
yeast genome; B: Verification of integrated genes by PCR. Primers TAL-verif-F/TAL-verif-R,
4CL-verif-F/4CL-verif-R and C2'H-verif-F/C2'H-verif-R were used for 1-2, 3-4 and 5-6, respectively.
pUC-TAL, pUC-4CL and pUC-C2'H were used as templates for the 1, 3 and 5, respectively. gDNA of the
strain CEN.PK2-1C-3 was used as template for the 2, 4 and 6. The amplicon was 0.6, 0.6 and 0.5 kb,
respectively; M: DL5000 DNA Marker.

2.3 FRIEEHRHI A B K BREH [M-+HH] YRR 5T HE R 163.039 0,15%25 4 2.45%10°°);
R BT R AR TE I e 8 R 0k Fs Ak, HRAE — 2 3k I (18] 8B), ¢ AE T F W 1 J5 e
JELL TAL, 4CL Ml C2'H RS I T 3, 56 107.048 9, [RI, AR4EHE s> F 8 0 T <JE
IERRRRIERYE. DL 1.4 A e stk 3G ¢ B g b i 2R A2 (5] 8B). JiT ik 45 S ik B
FrEEE. 1S PRIBAHSERRGS & Al SJERITE CEN.PK2-1C-3 TRk H 2 & .
A4 B 7 ARG A B ) % T P AT N .
B, B 4 4 BepEry O ARSI AR
(67.39+4.87) pg/mL. #E Mo, fal 2] % i G A I S AR BRI ™ Wy ) —Fh o
WP IR EE T8 FUERRHIERE i, Rl ST, MERMAR =Y E KRG RIEE
PR DTE AR AT . MR — T I (] 8A), B AHIEAE TR AR AR R LA P& BT SRk
ATE BB F[MAH] i Hh 163.038 6 CRTRER Al st feto,
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Figure 7 Liquid chromatographic diagram of umbelliferone in fermentation liquid sample.
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Figure 8 Mass spectrometry result of umbelliferone in the fermentation culture of the strain CEN.PK2-1C-3.

A: MS; B: MS/MS.
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A G 38 2o 5 AN R ) A 5 4 i < T B
A AR SEIR B ) T e B v FR ik A
TEHA TR o ABIF 5% Hh 3R 38 56 DX Y e % 32 AR s
A & SCHR A 2 096 P A EEEO2Y it X Sclk
AN [F) SR 15 P [7) ) i A b Tl AR 5 3 S0 il 1) 2 0
Ry i@ it BLAST EbX3RAS 0 5 A [R] A )
B VR IEAT RGBS X SR TR R AR 9k
IR B ARG YE— e A e 22 5, BRIk, Wik
e T P R AT R R G R PR S R AR T )
PR, W, A E B iU
WAL S R P b AT 0 F b4, AL M il oG
TG o 3 A B 5 A X A T S R
KB — 2P S S IR R AT H B, g
AR

DI A WA RRELL 2 FhE IERE N A AT
AR P2, AT B TAL, FZH Ry ]
DL#S I PAL Fll C4H (W54, i — 2 TAL
WAL BV AT RAG N R . Ak CEN.PK2-1C-3 4%
REAS B 90 1) K % 3 B 7™ 1) < DR 7 A
R, ArRE R AE EAGWREARYE 22
PR B A AR g B, T A I A DR AL
TS 5 A BRI e 4 o AR sT R,
Xt 05 B I A L FR T 1R PEP 1 4-B R 7R & 4
(14 B J I A2 1o 3 2K AT A 5 o i R e i

MRS KGR FE BRI 11 AroL W] & 42
Tt G R e R P Rk, FEE ORI T AR,
W k2% g Tk, e g PR B R N
RIRFER/ S RERR YRR G Kae T [
1 W WD =3 5 W RN | [ % N 45y W gL B
A A HE T 5 . AR IR ER Y )
EA TGRS, ERXAREY . MY
PR IR A BE EAT LB . B AT E N M=
XPIZIE MG PR LA 4B, B, BN R R
%\AﬁHEEM4£M$%A% Hh i fb il

AT ER LA A, 3 e R 3 A O e AR

PHIE PR RO AT, 0] 3 o g 7 5 PR TR T
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