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2 TR )RR Y S TARRECRPISE L, TP BT 530004

WeERs, B AS, Bhmimh, BAEKPL, JREE, A Rl R ot e R B B3 [GRAR (E Ak 2- R )], e
TR, 2025, 52(6): 2707-2720.

YANG Xinglin, REN Jinying, LU Rongrong, YANG Luhang, SU Huiying, QIN Xiulin. Metabolic engineering of Ehrlich
pathway in Komagataella phaffii improves the synthesis of 2-phenylethanol from sugarcane molasses[J]. Microbiology China,
2025, 52(6): 2707-2720.

8 ZE: [# %] 2-K LB (2-phenylethanol, 2-PE)R K Z &#tZ—, & 2 A FR&. Ltkds.
MAFAEZR ZLd, [B49]) @K TR X KEE, FAHEREEAHKRESR2-PE, H#H
# 2-PE T {4 & ¢4 5 7k B H (Komagatael la phaffll)&)#%ﬁ&%zﬂ (7;‘3&] AR A2 Bt B B
@A PD-TA XL Ki&#2, WE 2-PE &Mk, ALK EEARAL, BRE7F. [4R] BE AR
BB, ZLH PD-TA ¢94£ KZH M GS115 89 1.4 42, vAH #& PD-TA 75 X H, SR ERBL A B R
ALD3 z 2-PE 22 R 57T 30.7%. 4T 13 MNEEBLAHFo K CBAE R BEEAL 2-PE A 89 3K
F, i$ &I B H B 4 (Saccharomyces cerevisiae) B3 Bt 2.8 2L [ SCADH5 TA2H 49 2-PE &R ER 5
BARARST 29.9%. TRARAFRILAIIAE AROLO, 2-PE 24 & T 19.7%. # 4% ALD3
Fr 4 &L ARO10 #2 SCADH5 # A2 # P2 #9 2-PE * Z 4 18 f‘ﬁ#&% 7 109.4%, &% 397 mg/L,
%4&&@#&:—%%11 B P2 23K B 36 h 49 2-PE 245 T 218.1%, A% 1263 mg/L. [4
1 B A& R E A S W A E 4 2-PE 495 h . RATR AME OIS 2-PE £AH
A B R mIe ) RAE T R A B AR A,
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Metabolic engineering of Ehrlich pathway in Komagataella phaffii
improves the synthesis of 2-phenylethanol from sugarcane molasses

YANG Xinglin!?, REN Jinying'?, LU Rongrong'?, YANG Luhang'!?, SU Huiying"?, QIN Xiulin"!*

1 State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, College of Life
Science and Technology, Guangxi University, Nanning 530004, Guangxi, China

2 Guangxi Research Center for Microbial and Enzyme Engineering Technology, Guangxi University,
Nanning 530004, Guangxi, China

Abstract: [Background] The organic compound 2-phenylethanol (2-PE) known for its
attractive floral fragrance is widely utilized in the cosmetic, pharmaceutical, and food
industries. [Objective] To develop an enginecered Komagataella phaffii strain for de novo
synthesis of 2-PE from sugarcane molasses. [Methods] The Ehrlich pathway was engineered to
enhance 2-PE production in the recombinant K. phaffii strain PD-TA, and the fermentation
medium was optimized. [Results] With sugarcane molasses as the carbon source, the cell
density of PD-TA was 1.4 folds that of the original strain (GS115). The deletion of ALD3 from
PD-TA resulted in a 30.7% increase in the 2-PE titer by reducing by-product formation.
Furthermore, we investigated 13 candidate genes encoding alcohol dehydrogenase (ADH) or
phenylacetaldehyde reductase (PAR) to identify the optimal enzyme. The highest 2-PE titer was
observed in the strain overexpressing SCADHS5, with an increase of 29.9% compared with that of
PD-TA. Additionally, the overexpression of ARO10 led to a 19.7% increase in the 2-PE titer.
The simultaneous overexpression of SCADH5 and ARO10, combined with the deletion of ALD3,
enabled the engineered strain P2 to achieve a 2-PE titer of 397 mg/L in shake flasks,
representing an increase of 109.4% compared with that of PD-TA. To further improve the
production of 2-PE, we optimized the fermentation medium, which achieved an increase of
218.1% in the 2-PE titer (1 263 mg/L) after fermentation in shake flasks for 36 h. [Conclusion]
This study demonstrates the potential of K. phaffii as a chassis for the de novo synthesis of 2-PE
from molasses. Furthermore, it offers both theoretical and technical frameworks for the
establishment of microbial cell factories for the production of aromatic chemicals including 2-PE.
Keywords: 2-phenylethanol; Komagataella phaffii; sugarcane molasses; Ehrlich pathway;
alcohol dehydrogenase

2-7% Z #(2-phenylethanol, 2-PE) X FR B-28 3£ H & &b 245 o 15 B 8 P )5 (Food and Drug

W, BAMRREEAER, ERAIZHR
SERIZ—, BTN TR Al S
M5 TRl 2-PE 8 F AT A ORI R AT
R, RS RIS 25 U BAT R R R4
FHT, 2-PE &ML FEA G ik . 1H
Yo ls b S5 M A Y Bk o Al A
# 2-PE BIE NI Z 3R, B A BIECH A

Administration, FDA)FJ“R IR IR, FH Y 5k
$EH 2-PE Jr L2044 HARBGRAR, Toik
W 2T KRBT K . E &L 2-PE A
BRI . IR slidl T2 AE AL
B, JEAHBIRIR 2-PE B Tolk Ak i -ol,

H SRS A E 2R R A 5 AL 2-PE 19X
&S, IR 2 £E(Saccharomyces cerevisiae) |
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Bk e B (Komagatael la phaffii) . ## 15 B [G e B
(Yarrowia lipolytica)Fl 7= H i {i 22 ¥ £F (Candida
glycerinogenes)% 12, [EREA: ™ 2-PE FEA ISR
WPl (1) IR, LIAEIREN G, 2ob
T e s A 2 RS ) 8 T e it 2K A T 2 R 1l TR 1S
MRS LR R TR -4- BRI A5 5 A2 B 3-J 4 -D- BT
$r A7 B 1 A R -7- W5 R £k (3-deoxy-D-arabino-
heptulosonic acid 7-phosphate, DAHP)iE A 7 &
MRigie, WHORNENRR, il BiR . BMEEM
H Rl 2-PE; (2) VL L-ZE TN &R (L-phenylalanine,
L-Phe) i Ji L, i AL [Ri& 42 (Ehrlich pathway),
ZERE A . R A =20 O AR i 2-PE.
WAE A # A WL G 8 2-PE AU 8%
B S Z BAFTEZ M R i A -, 2-PE
R R, JEAE ST Dl feA ™. R
AR 2-PE BIRCREGR, & Y HIAED G L
2-PE MWF5E A 58 L-Phe 205 & i 2
PR 2 Il Aro8/9 Fe Z 5 IR IN IR , AR5 7R
S ] 722 0k 2 TN TR % o #2 1§ (Ao 10p, PDC1/5/6,
THI3) 32 M 78 £ 1% (phenylacetaldehyde, PAH),
I s U B (alcohol dehydrogenase, ADH)IA
J5A 2-PEPL, @A T AR T B A s A L
R RaEAE, LA R 0.7-6.0 g/L Y 2-PE 14,
¥ S. cerevisiael#) ARO8 il ARO10 3L [Hl L33k,
2-PE j=11(2.61 /L) RIRREEE A T 36.8%L,
AN, CREA AR N B EREE T LUAE L PAH,
WAT DA A2 B L-Phe. 38 12wl 55 05 75 1 24 2L PR
S ALY AROS,  BH W A< P T R 0 1] A
L-Phe B 0K, #2557 S cerevisiae [ 2-PE A A
' S TR RE ER ECEE RS B 2-PE A AR
wAR, AR TR S A BUELR R A 2R iR
J5 i (phenylacetaldehyde reductase, PAR), M3k
FEE 2-PE & agts, FIFH#EM AR 2-PE ;7 i
H 2 669.54 mg/L!"", Kong 5PV B AR 2B
(Komagataella phaffii) = 52 B 1 75 25 i Mk &
B 2-PE, FIFHZH RS 5 30 F Poap i 35 15t
Ptk 22 DAHP & i 3k K AroG™ Fil 43 Sz il i 7k
filf 5L DK PheA™ , 3 338 57 R 55 B i i ad Il 3 [

AROS. AR AR R e 2 1l (K] AROL0 Al 2
Jii S M EE ] ADH6, 2-PE PA ik 1 1.1 g/L.
EeRme bk N A KB . AR E
WAAE R SRR BOR B . R T2 A
PoFie, C RN f ok i B 05 8 1 R IA A
I EALE DA G U, Be R Rl 5 & i
2l i W B A LR A B R 2N A& 42 (generally
recognized as safe, GRAS) /AW, FHRUEHF
T2 RN b Aol o H e 2 2 H e RO o 7R
PR PR, AAUE A KR AT R R
(SBEE AN 60%), & SAFEEMICHLER &
I, A B A & R R, AR 4w
HRHE T A TR R 75 B (Penicillium oxalicum)
SRR B- Ik R SR TR B-fructofuranosidase, B-FFase)
Y B8 IR 2R E 2 1A PD-TAPY, % AR RE A FH %
BE R E— IR A o AR A TR s
e R, fRUERE S E R A 2-PE, DAY
FHE 2-PE A B Tl A Az 7™ B bk 29 St

1S

1.1 #&

e % W R (Komagatael la phaffii) GS115 {45
FTARSLEZE . KA1 (Escherichia coli) DH5a
TR ke, A5 PT AR BORL AN 2R 1
JIi7s o

AW B W 2, Fra 594 srn
JE¥ A T AW TR (R A FRA R 58
1.2 ExHE

KIHFFE SRR LB K3k, YRtk s
FLE IR YPD 553736020 MD 53756020 L lx
Fl BMDY 5353021

MN 55380k ASH AR MD B30k

MS }iFEHk(g/L): HEME 20.0, PELEILAHAR
(yeast nitrogen base, YNB) 13.4, E#JZ 4x107%,

MSM }5373E(g/L): HREREE 40.0, YNB
13.4, EWE 4x107,

BMD-N ;%23 . % BMDY ¥ 3% YNB
FH 4.5% 80 B ik
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Table 1  Strains and plasmids used in this study

TR/ TR Fitk R
Strain/Plasmid Characteristic Source
Strain
GS115 Commercial Komagataella phaffii host strain; his Invitrogen
PD-TA GS115, Ppp-BF-Taoxi-ble-his4 [21]
KO-ALD3 The ALD3 gene was deleted in PD-TA, hph This work
KO-ALDH1 The ALDH1 gene was deleted in PD-TA, hph This work
KO-ALDH2 The ALDH2 gene was deleted in PD-TA, hph This work
KO-ALDH3 The ALDH3 gene was deleted in PD-TA, hph This work
OE-ADHI1 The ADH1 gene expression cassette was integrated into the Z1 site of PD-TA, hph This work
OE-ADHS5 The ADHS5 gene expression cassette was integrated into the Z1 site of PD-TA, hph This work
OE-PAR1 The PARL gene expression cassette was integrated into the Z1 site of PD-TA, hph This work
OE-PAR4 The PAR4 gene expression cassette was integrated into the Z1 site of PD-TA, hph This work
OE-ScADHS5 The SCADH5 gene expression cassette was integrated into the Z1 site of PD-TA, hph This work
OE-CgADH1 The CgADH1 gene expression cassette was integrated into the Z1 site of PD-TA, hph This work
OE-ARO9 The ARO9 gene expression cassette was integrated into the Z1 site of PD-TA, kan This work
OE-ARO10 The ARO10 gene expression cassette was integrated into the Z1 site of PD-TA, kan This work
Pl The PAR4 gene expression cassette was integrated into the ALD3 site of OE-ARO10, kan, hph  This work
P2 The SCADHS5 gene expression cassette was integrated into the ALD3 site of OE-ARO10, kan, hph This work
P3 The CgADHL1 gene expression cassette was integrated into the ALD3 site of OE-ARO10, kan, hph ~ This work
Plasmid
pET-32a Cloning vector, kan Novagen
pPIC9k K. phaffi expression vector, kan Invitrogen
pTEF-hph Hygromycin resistance gene hph expression vector, Pteri-hph-Tcyc1 Our
laboratory
pZ1-kan pET-32a derivative containing integration site Z1 (PAS _chr 1-1_0407) This work
pD-ARO9 pZ1-kan derivative containing Pro-ARO9 cassette This work
pD-ARO10  pZl-kan derivative containing Ppp-ARO10 cassette This work

®2 AXFASIY

Table 2 Primers used in this study
5| ¥4 FX Primer name  5|4/%%!) Primer sequence (5'—3")

PD-F ACTAGTCGATCGCATTTTGGCCTCA

PD-R TTTCGTAATCAATTGGGCTATGC

TAOX1-F GGGAGCGTTCACCATCATCA

TAOX1-R AAGCTTGCACAAACGAAGGTCTCACTTAATC

ARO9-F TAGCCCAATTGATTACGAAAGGTACCATGACCTTTCCAGACTCAAACGTA
ARO9-R TGATGATGGTGAACGCTCCCGGATCCCTAGCTGGATTCAAGGTCTTGGA
ARO10-F TAGCCCAATTGATTACGAAAGGTACCATGGCCCCAGTTCCAGATATAG
ARO10-R TGATGATGGTGAACGCTCCCGGATCCTTAACCTACGATTTTGGCTTTGTT
ALD3L-F AATGGCCCAAAACTGACAGTTTAAACTAAAAGCGTTCCTTCCAGAAATGT
ALD3L-R TGAACTGTCGTCAAAGGGATCAACTATGCCTGGTCGTCCAGAAAC
ALD3R-F TGTAGACACCTCCTTGATATTGACTAAAACAAAAAGTCAACCACCAGT
ALD3R-R TGGAATTAGTCAAACCAATTGTCGACAAATTTGGTTGGCGTTCCTCA
ALDHIL-F CAAATGGCCCAAAACTGACAGTTTAAACACCAAGCAAAACAACAACTGGA
ALDHIL-R ACTGTCGTCAAAGGGATCAATTAGCCTCGGGTACTCCGC
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5% 2)

5|¥) % FF Primer name

51975 Primer sequence (5'—3")

ALDHIR-F
ALDHIR-R
ALDH2L-F
ALDH2L-R
ALDH2R-F
ALDH2R-R
ALDH3L-F
ALDH3L-R
ALDH3R-F
ALDH3R-R
ADHI-F
ADHI-R
ADH2-F
ADH2-R
ADH3-F
ADH3-R
ADH4-F
ADH4-R
ADHS5-F
ADHS5-R
ADHG6-F
ADH6-R
ADH?7-F
ADH7-R
ADHS-F
ADHB8-R
ScADHS5-F
ScADHS5-R
CgADHI-F
CgADHI1-R
PARI-F
PARI-R
PAR3-F
PAR3-R
PAR4-F
PAR4-R
hph-F
hph-R
kan-F
kan-R
ZI1L-F
ZI1L-R
ZIR-F
ZIR-R
Z1-F

Z1-R

AGACACCTCCTTGATATTGATCATGAGTGAAAAATCTTATTATTAGTCG
TGGAATTAGTCAAACCAATTGTCGACCAACCCTTAATGGAAGATGGATT
CCAAAACTGACAGTTTAAACATGTATCATTTAGCTCCACGGAAG
ACTGTCGTCAAAGGGATCAAGTGAGTGAAATTGCCCAATTG
AGACACCTCCTTGATATTGATACCAGCATCGGTTGGACTAGA
TAGTCAAACCAATTGTCGACATGGCACTGTCTCTCAAGAGATCT
CCAAAACTGACAGTTTAAACAAGACTGGTTTGTCTTCCCAGAG
ACTGTCGTCAAAGGGATCAACTATATGCCTTTCTTCGTTCTGTATT
AGACACCTCCTTGATATTGATTAGAACCCACATTGATTTGGATAC
TGGAATTAGTCAAACCAATTGTCGACTTTAATTACCAGAGAGATCGCTAACG
TAGCCCAATTGATTACGAAAGGTACCATGGCTTACCCAGACACTTTTGA
TGATGATGGTGAACGCTCCCGGATCCCTATTCAAACTGTTTTCCGTAATTAGTA
TAGCCCAATTGATTACGAAAGGTACCATGGAAAAAAAAGCTTCCAGTGA
TGATGATGGTGAACGCTCCCGGATCCTCACCTACCAAATTTCTTTAGTTCA
TAGCCCAATTGATTACGAAAGGTACCATGACTACAATTCCCAAAACCC
TGATGATGGTGAACGCTCCCGGATCCTCATTGAGGGATCTCGAGAGTC
TAGCCCAATTGATTACGAAAGGTACCATGACCACAGTTTTCGCTTACG
TGATGATGGTGAACGCTCCCGGATCCCTACCCCCTGACTTTACTTAGACTCT
TAGCCCAATTGATTACGAAAGGTACCATGTCTACCGAAGGTCAAGTAAGTT
TGATGATGGTGAACGCTCCCGGATCCTTAGTGCATAGTAATCACAGCACG
ATAGCCCAATTGATTACGAAAGGTACCATGTTCAAACTCAATTCCAATATAATC
TGATGATGGTGAACGCTCCCGGATCCTCACTCGTATACAATAAGACTCTTACCAT
TAGCCCAATTGATTACGAAAGGTACCATGGCGTACCCAGACACCTT
TGATGATGGTGAACGCTCCCGGATCCCTATTTGAATGCCTTATCGTAACCG
TAGCCCAATTGATTACGAAAGGTACCATGTCTGCTTACAAAACTGATATCG
TGATGATGGTGAACGCTCCCGGATCCTTAACGTCCGCAGTATTTCAGC
TAGCCCAATTGATTACGAAAGGTACCATGCCTTCGCAAGTCATTCC
TGATGATGGTGAACGCTCCCGGATCCTCATTTAGAAGTCTCAACAACATATCTAC
TAGCCCAATTGATTACGAAAGGTACCATGCCTTCGCAAGTCATTCC
TGATGATGGTGAACGCTCCCGGATCCTCATTTAGAAGTCTCAACAACATATCTAC
TAGCCCAATTGATTACGAAAGGTACCATGCCAGGAGAAAGAGTTTTACTTA
TGATGATGGTGAACGCTCCCGGATCCTTATTTTGCAGACTCAAGGATTTGT
TAGCCCAATTGATTACGAAAGGTACCATGGTTTCAAAGGTTTTATTGACA
TGATGATGGTGAACGCTCCCGGATCCTTACTTGTTTGCTCGCAATATCT
TAGCCCAATTGATTACGAAAGGTACCATGGTTTCTAACGTTTTATTGACAG
TGATGATGGTGAACGCTCCCGGATCCTTATTTATTGGCCCGCAATAT
ATCAGTGACCGACCATATAATTGATCCCTTTGACGACAGTTC
TTGAGGCCAAAATGCGATCGGTCGACTCAATATCAAGGAGGTGTCTACAAG
ATCAGTGACCGACCATATAATTGATCCCTTTGACGACAGTT
TTGAGGCCAAAATGCGATCGGTCGACTCAATATCAAGGAGGTGTCTACAAG
TGGTGGTGGTGCTCGAGTGCGGCCGCTCTCACAATCGAACAATCGC
ACTGTCGTCAAAGGGATCAATTATATGGTCGGTCACTGATGAACT
AGTGAGACCTTCGTTTGTGCAAGCTTATACGTTGAGAATGTTATTCTTCCTC
AACGCCAGCACATGGACAGCCCAGATCTTTTATTTTGGCGTGTATTTCGTT
GATCCCCACAATCTATTCTTATCAC

ACTAAACAGAGAAATTTGGAAAGG

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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BMY-M }igs5k: K BMDY Kigs 5k 4y
Wi 4% b5 2 2 i

BMY-MN: ¥ BMDY ({#iZ#Hl YNB 4>
B 4%EE N 4.5% R

BMY-MNP };iF# 2k 7 BMY-MN KR 2k
7SI 5.0 g/L L-Phe.
1.3 EERHFIFNLER

Fok NI ERBOATA & . 3@ 1% DNA 4fifk
MISCATR £ . EREIEN 4] DNA $#BGHI&, K
AR (AL 7)) A BR A Al 2xPhanta Max
Master Mix, 2xTaq Plus Master Mix, Exnase II .
FLbG, Rt MERE A VIR R A R A R s FR
il ¥ 9 U) B A1 DNA marker, Thermo Fisher
Scientific /7] ; T4 DNA Ligase, TaKaRa /A ;
YNB. #4:¥ % (biotin) . %" 75 % % (ampicillin,
Amp)HIEEH R G418, bR ERHEA R
/N Fl; Zeocin™, Invitrogen /A iEE B
(hygromycin B), A FREA YR A BR S A
2-PE Hran, b e MR R A R A
wl s ORG24 8 E AL R AT BRA
H, CI8 {Gi%4:(5 um, 250 mmx4.6 mm), JL5T
LA R R RAIRA A o B RO A 6,35 (high
performance liquid chromatography, HPLC){{ A
S H A F Y 20A R

TR £h 2% wp £k 7K (phosphate buffered saline,
PBS) (g/L): NaCl 8.0, KCI 0.20, NaHPO,
1.42, KH,PO40.27, #75 pH & 7.4,
14 EFRESTIEENEE

EEIRIERESR IR FE N L GS115 95 DNA
Bitl, ik PCR ¥ 194845 . & DNA SRl bk
BLIAZH DNA B0 &8, PCR iR 5
(25 uL): DNA #i#z 1.0 uL, 1E[5514(10 pmol/L)
1.0 pL, SIE54%5(10 pmol/L) 1.0 uL, 2xPhanta
Max Master Mix 12.5 uL, ddH,O 9.5 uL, PCR J2
454 : 95 °C 3 min; 95°C 30's, 58 °C 15 s,
72 °C 1 min, 30 MG 72 °C 7 min,

ALD3HE A R He R e B B 2 PR A i 7
H5 1471 ALD3L-F/ALD3L-R #i1 ALD3R-F/ALD3R-R

SR ALD3 WA . A RITERE; DA
R PUMEILIA hph (1 5k pTEF-hph AR, 5]
¥ hph-F/hph-R ¥"1% hph JL[K; F) 8 S i
PCR ¥ ALD3 Z [R5 . hph FKIAHEF ALD3 45
[ R AT R Bl & s s LR G ™ W) A
e, H514% ALD3L-F/ALD3R-R ¥ 1% ALD3 £:[H
MRS PR S AL IRk PD-TARY, 345 T
i# KO-ALD3, ALDH1. ALDH2, ALDH3
DR e 83 T e P ) s =2 5 e AR [

Hoe, LIEkR GS115 5 DNA Mk, H
2#) Z1L-F/Z1L-R Fl ZIR-F/Z1R-R 4} 5l s 45
fii 5 Z1 (PAS_chr 1-1_0407)WZ5 . AR LA
pPICOk Jitki itk , F5I# kan-F/kan-R 43
G418 HrtERE kan; # Z1 Z[FEE . kan
Z1 LRSS TRG, IS pET-32a 1
Not Il Bgl I, RAG GO0 1Y ik
pZ1-kan, F|HESLEH PCR¥ A 3+ Peol?',
ARO9 JL RN [FF Taoxa HHAT H BLi &, 3R15
ARO9 Fik£r, ARO9 Fik & valES| ks pZ1-kan
) Hind 1I/Sal IEFVIf A, 48 AROQ i ik it
% pD-ARO9, JFikiZ Not IF Bgl IZEPEAL HL 551k
Fk PD-TA, #%E TFEE OE-ARO9. T FEH
OE-ARO10 a5 It AR

VR P B R 7 I AR 2 R ) I
H:[H SCADH5 (Gene ID: 852442)F1 CgADH1
(GenBank: MT733521. 1)1 4k T AW TR (EiE)
et A R A E A . FIHEZEM PCR ¥ Z1
AP . hph BEDRA Z21 A5 [a) VR EA TR
JEFEE 3] pET-32a (1) Not IF1 Bgl 15, #g
LRSS Z1 I BORE pZ1-hph, ) FH BB SE
PCR ¥ Ppo. SCADHS5 FEL[RFI Taoxy 3647 H BEFl
5, 345 ScADH5 ik £ mifE R Bkl pZ1-hph
/) Sal I/Hind TEEEI(7 A5, 4% SCADHS i %
ik Jiki pD-ScADHS . ik BifiZs Not 11 Bgl 1T
Lrfuls, HALE K PD-TA, M TRW
OE-ScADHS . H: {5t JIi &0 Wil 5 [8] o 238 T2
PR S AR ]

I S SE{f PCR ¥ ALD3 Ay e [] IR
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PARA JL[K ik &0 F ALD3 A TRl R RL S, Rl d
F B L OE-ARO10 #Rf53L 3k ARO10 Al
PAR4 Jffifk ALD3 B9 T.#21& P1. T.FEME P2 Al
P3 a7 5 AR ] .
1.5 SRS TIEEERAE™ 2-PE

¥ MD AR bR A 2 3 mL YPD B
Fekerp, 28 °C., 250 r/min B 5510 B L
FhEESAE 50 mL KRR E(BMDY, BMY-M,
BMY-MN, BMY-MNP)f¥) 500 mL =ffif, 4%
PRI B4R B R ODgoo 4 1.0, 250 t/min
28 °C K i% 60 h, EF[A]FE 12 h B % ODgoo A1
2-PE /7 fg. M 24 h FFUREERS 12 h M 1% %
BEEE 29088, 1 5 mol/L E AL pH (H A
5.5-6.0. WA EHMOEETFFIEK 600 nm
A2 3000 5 W S PR
1.6 ZHEEYIENEER 2-PE

W BMDY #5535, T 28 °C. 250 t/min
FEN A BE 36 h, HURIAR PBS &k 2 Ik,
B F PBS H LA E ODgoo 4 10.0, ZH A
B R A A A AT o BB A B TR R PAH ¥
(2 g/L PAH)45 1 mL B8R4 S, T30 °C,
220 r/min #1TE QA DfEAL, ALY PAH
ALK 2-PE, [ 4 h, FIFH HPLC IE f W
A Z ) 2-PE &,
1.7 HPLC & 2-PE

BUA B 1 mL, HE T 12 000 r/min &0
10 min, FiEWZ 0.22 um JERLS 38 B AT R4
FESRKSEIN . 2-PE A HPLC #EF7 400 . ) H
Waters 2489 HPLC Z4:, CI8 (A%l (5 um,
250 mmx4.6 mm)., 73 & 550 h . AR 40 °C,
SIHI R 30% 0, iR 0.5 mL/min, 2-PE K5l
WK 210 nm, H A28 17 ming

2 ERE54M

2.1 EEREERIELHE PD-TA &1 2-PE

2.1.1 E4HEF PD-TA FIRFEZE HHRIEE K
BOSRIERE GS115 BE[R 2 e b it KL ]

ANEEACIH FEA L FRATT AT IIAS R 0 B AR T

21 TR PD-TA Be LA REREVE AR I A4, DRS00
FEIRNY -k e SR WH T G BB HERH K A Sk T A
A 2 B RN SRR HPLC A6 T H RERE 2
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He#, WHE PD-TA 4 2-PE = K48 m {H &l
PR IRk B3 fin (1] 2C).o
2.2 [HETER CERYE B2 BEXT 2-PE & ARY
=AU

A I S i (aldehyde  dehydrogenase,
ALDH)iEfk PAH A iiZE 212, J& 2-PE AW
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Figure 2 Production of 2-phenylethanol by K. phaffii strains GS115 and PD-TA. A: Cell growth; B: 2-PE

production; C: The fermentation products analyzed by HPLC.
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Figure 3  Effects of blocking phenylacetate synthesis branch on growth and 2-phenylethanol synthesis. A:
Ehrlich pathway in K. phaffii; B: Cell growth; C: 2-PE and phenylacetate titer. *: P<0.05; **: P<0.01.
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Figure 4 Effects of endogenous and heterologous alcohol dehydrogenases on 2-phenylethanol synthesis. A:
Production of 2-PE by whole-cell biocatalytic conversion of phenylacetaldehyde; B: Cell growth; C: 2-PE

titer. *: P<0.05, **: P<0.01.
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pathway engineered strains. +: Overexpressed gene;
A: Knockout gene. *: P<0.05, **: P<0.01.
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