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M emfefR A E M. LA ROS KRE . SAKIERAL, FAFRAEE PCR AN X428 AR &
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Effects of 2-phenylethanol on physiological and biochemical
characteristics of Saccharomyces cerevisiae
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Abstract: [Objective] To provide useful basis for enhancing the biosynthesis of
2-phenylethanol (PEA), we studied the variation of physiological and biochemical characteris-
tics of Saccharomyces cerevisiae sp. strain R-UV3 treated on varied concentrations of PEA.
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[Methods] Morphological observation was performed by a transmission electron microscope.
Membrane permeabilization, intracellular reactive oxygen species (ROS) and mitochondrial
membrane potential after staining with propidium iodide, dihydroethidium and rhodamine 123
respectively were investigated at the single-cell level with flow cytometry. The expression of
arol0 gene was determined by real-time fluorescence quantitative PCR. [Results] With the
increasing PEA concentration (0—4.0 g/L), the membrane permeabilization, glycometabolism
and expression of aro10 gene in the yeast cell decreased and mitochondrial membrane poten-
tial increased. ROS increased when PEA concentration was below 3.0 g/L and decreased when
PEA concentration was beyond 3.0 g/L. The physiological and biochemical characteristics of
the yeast, such as membrane permeabilization, glycometabolism and expression of aro10 gene,
varied notably as PEA concentration increased from 2.4 g/L to 3.0 g/L. [Conclusions] The
aqueous PEA concentration should be controlled at 2.4—3.0 g/L when in situ PEA removal
technology was performed.
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2-7% £ (2-Phenylethanol, PEA)J&—Fh B
BORE RN = BB, FRIRTEAR, &R
A, fEBEZY . Bk Aokt KEFCRT H AR S AR
BN Z N, BCA T T RS P
FEATRF, KR PEA FR4IE, JToA R A
Y, H3RZ BN R, Kl mis s+
fb2g 4 iy PEANY, R B LN E R
(L-Phe)A= il PEA & Tl Ak 7= KRR PEA 1A A
w7z

Hbrr=9 PEA X TRk (A3 i 200 328 Kl
PO BE, S PEA AEYIA B R B BRI, T
PEA Xif i h: (1) e AL ) K B i P HLEE AT BY
TN B EE A L PEA IS BRAIAIR, Ml PEA
T35 PR LA o A ALV X Bk A /R FH A7
FORZ, AR PREE A A T A ST L 53
Boe, BAHPIRTERTERE . BT IR Ma f
FREENT W, X PEA BIBFFTE/ I, =4
AR AT AE SR KX AR A A T b, BA
SAFTEED . REUER . WEisRE . FREK
LA, T AN A B A AR R B ) T
H F A0 AR X PEA V5 IS 1 R 40 ff A 2
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HACFE A AT OIS, R IAHSCHGE . ASSCHT
FAEAFIMRE PEAVERTT, BEER Qe
ML ANEIEEENE . A ROS WK | Zihi
PRI FLAE | O SRR (AT 14 208 26 A B A AL RS 0
AR, AL PEA AW i B fR ik el
{518

1 MRS

1.1 ##l

111 ER: ERPEEAE R-UV3 A S E e E P,
112 EFZEMU&E: JOLERE PCR {L(ABI Prism
7500), Applied Biosystems 7\ #l; % 4 L BE
(JEM1010), JEOL 7~ wl; i =X 4 il % (Coulter
EpicsXL), Bechman Coulter 2\ ]; B O HL
(Z323K), Hermle 2y H]

1.1.3 EFZRAF: wlfepyne . PP 123 1A
Z.WE(98%), Sigma 72y Al; TRIZOL a5, M
Invitrogen /A F; ¥4 50 &, TaKaRa A rl; 2¢
JtsE & PCR i 7 £ (SYBR® Green), Applied
Biosystems /A ] o

114 EFE: O FFE (L) 74 b
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20.0, &5 20.0, BEhERM 10.0, pH 5.0; @ HE
AT 73 (g/L): #% M 10.0, KH,PO, 1.0,
fI% 2.0, MgS0O, 0.3, CaCl, 0.2, pH 5.0; ® 43iti%
fEREFR3E(g/L): #i%HE 60.0, KH,PO, 1.0, Ik 1.0,
L-Phe 10.0, MgS0,0.3, CaCl,0.2, pH 5.0,

12 %

1.2.1 #FiEFR: WRHmEF 234 25 mL #+
K774 250 mL #2)H, 30 °C T 250 r/min &%
SR 12-14 h ZEXHEUH

1.2.2 FEE PEA SbIBFAIE: WX HUH A
T, DL 0.6% (T H) M ASA 25 mL sifiti%
fERE LAY 250 mL FEHH, 30 °C. 250 r/min &
Viige 18 h, BLOWUERIR, JCR/KEER 2 K5,
b AT 25 mL & PEA 53R 5L 250 mL 2
W, BR/NESEMIT 0.25 g H AR (50%, WIW),
30 °C. 250 r/min ¥535% 24 h,,

1.2.3 FERIEFRBENE: WICH2].

124 BLRIERE: OIS PEALLTE 24 h
(REREAIM, ] PBS Wik 2 RS 107441
Jifg/mL, HZ 100 pL 4RGN 1 ul 2.5 mg/L AYRLAL N
IE, 37 °C #HGIEE 50 min, J11 900 uL PBS, R4,
Wi AR (38 % 488 nm, FL3 Al el
605-635 nm & SIEsmEE), 1%k 10 000 >4 .
125 ZECWEHEE: BOWNELPEALIE 24 h
(REREANM, 1 PBS Wik 2 GRS 107441

Ha/mL, HX 100 pL ZH AN 900 ub 7 0.01% DUk
L= ELR AR PBS AT 1 pl 30 mg/L ) A 2
IE, 37 °CHECIEE 30 min, 72X 40 M ASURG I (384 &
5t 488 nm, FL3 Kl #5 605-635 nm A& 5 Stk
JF), 1%k 10 000 -4 .

1.2.6 FFHRE 123 et BOWREZL PEA LbH
24 h REEREZRAE, ] PBS PEIAMKGH RS 107
A /mL, HX 100 pL 4HAE N 900 ul PBS 12 pL
1 mg/L 9% FHIH 123, 37 °C #EEMFE 20 min, it
AN ARSI (3 % O 488 nm, FLL G 2% 0
505-545 nm & $1EER ), 114K 10 000 4
1.2.7 ESTREME: BOIEL PEALLTE 24 h
MREREAM, & 10" MIMINA 1 mL 1) 4% £ R
FHEFN 2.5%)% — [ €W, 4 °C FEE 3 dJe, &
FErR R R B LI Z A 50 nm D]
fif I S LR IET T UREE, LR 80 KV,

1.2.8 arol0 EFEEMFRESHRM: I 1 mL FELE
(L 1081, B0k B, A 1 mL 1%8%4-
Mt AN 20 pl 5% —Fi RS UL, 37 °C Hii/ii
% 30 min, 4 °C. 1000xg &5.0> 10 min £ Fi&
W, A 1 mL TRIZOL &7, 2 CHk[3]H2H
RNA. $2 3% a0 @ Ul T 15 42 BB RNA
WS cDNA, FIFH SYBR Green i & kA7
SEIF G E B PCR K, PCR 514 .3 1, PCR
RN ZERE W 2,

*1 EER LTS

Table 1 The primers of the cloned genes

2P 751 =7

Gene Sequence (5'—3') Product (bp)
Forward TCCAATGAACCCTAAATCAAACAGAG .

actin 5
Reverse CAAAATGGCGTGAGGTAGAGAGAAAC
Forward CCCTGGTGATGTTGTCGTTTGTG

arol0 177
Reverse TTGATGTGAGCGTTTGAGTGGTC

http://journals.im.ac.cn/wswxtbcn
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Table 2 Parameters of real-time PCR

IR e R A] (D
Step Temperature (°C) Time (min) Cycle
Predegeneration 94 3.0 1
Degeneration 94 0.5
Annealing 60 0.5 40
Prolonging 72 0.5
Terminating 72 5.0 1
95 2.0
72 1.0
Melting Curve 1
95 0.5
30 1.0

BAFES 4 AEERE, DL actin SRR,
AC = arol0 (7 C; — actin [1°F-3) C; LAASN
L-Phe A FIVEXT I, AAC=RESEL AC - A
L-Phe 41 AC,, Lk 27"V 3LAF arol0 3 [ (1 A%
ki,

2 HRHWE
2.1 PEA XEZEHENAGIEMERIR N

A3 A A 20 M AR S Bl Y S . R A i
AR A I P T R HL A 3 A RS S LR Wi
PEo WE T AN EE PEAFEF 24 h SRk
ARG IR B (E, S5 LI 1. BRI B
{HKE PEA ¥WREEXGIMMIFEAL, 76 PEA YREEH L
24 g/L J5, TREEHSTINGE, PEA REKX
F 3.0 g/lL J7, FRE#EH A%, 75 4.0 gL
PEA fEHIG, BEACIIR B EY A 0.43, BEHTILAET
FERER AR SE 20T, A5 4 Gt g
2.2 PEA XEE SRR SR

BERE 4 0, 2.7 A1 4.0 /L PEAEF] 24 h
J&, VIR aEST ISR (K 2). & 2A B REA
PR BRI, 20 AL RE S5 200 A 5T S RS e, Y
EREEASERF AT UL, AMEIRME . Kl 2B &2 2.7 g/l

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

PEA TEFHRTERELNM, 51 2A Bl g< s i 4 A
JCHA 225, 18l 2C i1 2D &4 4.0 g/L PEA 7EH
FTEREAN MG, 20 B P ERLE A AR A A N T, 4
JoT e £ B S AR, T g R PR Dk 2 RIS o 1 4
58, AN R AN
2.3 PEA XH{fRafRZE %89S0

200 B R I 2 B P A M T I R SR B e, 4
JEE i Mk G s s O N SR L B, AT
AN 5 E M LIBE P E (Propidium iodide,
PI) G 58], I =4 ML A E 1 284S [m] k32
PEA 1EH 24 h J5 4z & n 22 1k, 4558 0
&l 3. W&l 3 wHL, 44N PEA HEE/NVT 0.8 g/L
B, 4R 2R R ZEE(E/INT 1, R PI

1.2
1.0
0.8
0.6
0.4
0.2

0

Glycometabolism
retention value

0 05 1.0 1.5 2.0 25 3.0 35 4.0 45
PEA concentration (g/L)
1 PEA MEREHERGHREERIZIT

Fig. 1 Effects of PEA on glycometabolism retention
value of yeast
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2 AEIRE PEA1EREEEANRRIE S RIRE
Fig. 2 TEM micrographs of yeast on varied PEA concentrations
TE: Ar K% PEA 4b3E, x30 000; B: 2.7 g/L PEA fEH] 24 h, x30 000; C il D: 4.0 g/L PEA f£H 24 h, x30 000.
Note: A: Without PEA, x30 000; B: With 2.7 g/L PEA for 24 h, x30 000; C, D: With 4 g/L PEA for 24 h, x30 000.

B, VLY K 5 A M A e . B A
APEA VK EEXG N, ZOGIERT 1 A4 Mublok i 22,
ot FF AR 1 2 200 M 1) 200 M RSS2 B IR o R Y
AN PEA W EE FH 2.4 g/L #4/m%) 3.0 g/L, #% P1&
75 (A EEREBA 3G 0, i HL 28GR A = i 4t B
32, 1 B A0 I R AZ R B B R . Y
PEAWKIE R T 3.09/LJE, FEEFIMZEIX S 71k
AN, UL AR AR T Mk
2.4 PEA MR ROS KFB952 00

T PR 48 5% (Reactive oxygen species, ROS) &4
WAL R, ROS et m, S8 b .
e S ) TN =17 U7 NG e A 8= P S R L 7 BV s
P NTTE LU ek e ] ol B S I STER i |
B A KA ROS, MMZA AT, L
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Fig. 3 Evaluation of permeability of yeast cell mem-
brane by flow cytometry
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A 2 WE(Dihydroethidium, DHE) AL a5, =
AN E T 2N RREE PEA VEF 24 h JE 4
N ROS /K-, S5 ULPE 4 hiE 4 r] 1, Fi PEA
WREERAIN, AR BRSO AN A i, [\
AT A [ S 2 1 7 T %, Ul B B ik 22
YL ROS WEERIM T o PEA MEEM 1.6 g/L 4
Tz 2.4 g/L B, ROS ZURI¥E N, PEA 1t 3.0 g/L
J&, ROS VRJERIN T F%, X Al REIE H T-4i 52 3|
MR R A%, 774 ROS RYRE T S T R

0 4.0 3
35 @
30 &
S
24 §
i s
6 S
100 08 &
101 ©§
D L L

4 EREYAERA ROS KFRAANE T E
Fig. 4 Evaluation of intracelluar ROS content by flow
cytometry

2.5 PEA &R {RiEHT R 00
YRS EAZ AN P ) SN R, 7R
T PR REEAE R . ZORiAR D) RE ARG o I B
AT 2 WEm 32 v R mE RS, D
FHI] 123 (Rhodamine 123, RH123)Mi%4%F, Ui
YU E AR BE PEA AR IS T RE A A
BRI, 45L& 5. W&l 5 A%, HE
PEA MR BEXGIN, TEDOAER By X Izt vt 1 3047 2
ffL0gE, DR R TG 22, DT MR 52 )
feitass, FelJe PEARE 3.0 g/L 5, I TJLA
PENCABAL U, AHARFRHEI & 531k, >4 PEA
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FERERL 3.5 g/L J&, M CIEANM 2URIE £, Ui

| RS R R LN ER VATE 31y NS 7 TR N T E R A
by NI B VS TR LN L) i o A A G B 9 Y 1)
JF-, TR AR A AR R A,
P A A, DRI Zobr (A i H A3 34 K
W A KT A A, A AR R
Stark ZFU SR IR 2 ZM N PEA W 1 TH, 41
LU SR 2B in, T X B R T, M)
JI2EFAE ) PEA S EU I AT A A Gy
FRAIRPE AL TR . P29 R, A gk ik
R HL A3 T A E S8 ROS YR THis L,

>
5§
3.0 >
4 §
le¢ &
1o 0 &
0 10! ) IS
102 1030 S
RH]
23 (FL; LOG) 5}‘

5 EEEHRAELRIRAR AR AL B 77
Fig. 5 Evaluation of mitochondrial membrane poten-
tial of yeast by flow cytometry

2.6 PEA Xf arol0 R Z35 AR50

TR TN B PR A R B2 L-Phe 42 i PEA IR ALY
SRR —, arol0 Je PRIy fe B v 5 24 TN R iR
Ft R = B N O, KRR AN A & 1% L-Phe
) PEA B53# 51595 3 h ), 15E arol0 FE K A%}
Feiki, 4RI 6, PEA IINAKKT arol0
MFeik, 7E PEA WRIZIAF 2.4 g/L JFRIEK A
JEI R %, PEA W1 3.0 g/L, arol0 A k2T
[FIZA AN L-Phe AY7KF-. arol0 FHXT Rk & RE4h
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hn PEA WREERI AL IC R gpne B PEA YR JEHYE
TR BOSEAR{L, AL, PEA i L-Phe %5161
FELHZ —, J& PEA #I7] arol0 JEH Ag%: 5% .
H TN ERIRR IR 2 L-Phe ¥5%:, [H1ij PEA &
# aro10 FEH B AKCE T B JE R 7] G2 PEA 11
il T L-Phe MU .

arol0 relative
expression level

0 05 1.0

1.5 2.0 25 3.0 35 4.0
PEA concentration (g/L)

B 6 PEA Xf arol0 EEFRiXrIF M
Fig. 6 Effects of PEA on expression of aro10 gene

zZi b, M PEA MR H 2.4 g/L ¥5n%) 3.0 g/L,
R-UV3 BEEER S AR RE T . Al fss i 1
arol0 FL R Feik K254 A AL RREAR & AR 5
BERAAL, T SECE AT 2R
MANBH R L ROk B, 24 SR PEA
JE#IE 3.0 g/l J&, PEA BB KA AR 8, thEpTE
T X — UK X [ AFTE . PEA X EE40 M A R0
BRI EE R EA PSR X, T HX St s
YIEA % (In Situ Product Removal, ISPR): ¢
KA PEA Mk BE 5 HAT S2Pras S/E ] o 12 ISPR
AR, AR A PEA R, I ARk
YRR R A TE M, AT R I 2s 5K
MRPEASCHFFT 45 3R, ISPR i R /K A PEA ¥ J& nl %
FEyHTE 2.4-3.0 /L,

2 % X M
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