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Study on Bioconversion of 2—Phenylethanol by
Saccharomyces cerevisiae Resting Cell

HUANG Xiaoping, HUANG Guochang, JIN Danfeng, LIU Lan, XIONG Dawet
(Institution of Microbiology , Jiangxi Academy of Sciences, Nanchang 330029 , China )

Abstract: The bioconversion conditions on the production of 2-phenylethanol with Saccharomyces
cerevisiae resting cell were optimized. Incubation time of resting cell,buffer solution and
co-substrate of coenzyme NADH regeneration were determined. Based on the results of single factor
test and Plackett-Burm design, three factors including concentration of co-substrate ethanol,pH and
reaction temperature were picked out as prominent factors affecting bioconversion of 2-phenylthanol.
The optimal bioconversion conditions were determined by Box-Benhnken design and response
surface analysis,i.c.,ethanol concentration 16.5 g/L,pH 5.1,temperature 26 °C ,The yield of
2-phenylethanol reached 3.49 g/L,increased by 49.14% compared with the original condition. The
cell could maintain their bioconversion activity in repeated utilization at least eight times. After 40 h
bioconversion,9.34 g/L of 2-phenylethanol and 83.9% of transformation ratio were obtained under
the condition of adding 10% macroporous resin in situ product removal, the yield of 2-phenylethanol
increased 171.5%
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Fig. 1 Effect of incubation time on 2 — phenylethanol
production by resting cell
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Fig. 2 Effect of cell concentration on 2 - phenylethanol

production by bioconversion
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Table 1 Effect of co —substrates on 2 —phenylethanol

production by resting cells
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— T e
ki e B/ (g/1L) (/1)

X i 0 0.07+0.01 0.01
Gikki 20 2.26+0.12 38.06
T 20 2.46+0.17 41.43
D—H 24 20 2.54+0.08 42.78
D-AHE 20 0.16+0.02 2.69
i 20 0.07+0.02 1.18
i 20 0.11+0.04 1.85
10 2.68+0.14 45.14
7B 20 2.79+0.11 46.99
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Table 3 N=12 Plackett—-Burman experimental factors levels and main effect of various factors

X FEAL IR E/C 5.805 0 0.028 4°
X, LK 14 4 R S v (/1) 8 12 -13336 03139 6
X, JiE -5373 6 0.032 9
X, Z T VR (/L) 10 20 8.405 3 0.012 9~ 1
X; S5 1 6 /h 18 24 2.078 8 0.173 2 5
Xe i -5.922 0.027 3
X, AR 1% 8 12 -4275 3 0.050 6 4
Xs JiE o 1.451 3 0.283 8
X, pH i 55 6.5 -6.511 1 0.022 8 2

T * 25 B (P<0.05) %% 22 F il i 3% (P<0.01) ,

M 3 0T LA L6 4 TR 20 5 AL 3R G 5 KAV, BT T =B ER KT 1 e R T BT S5 2
M FE B R FR KRR A X>Xo>X >X>X 55X, A 15 AT 12 DT 3 A EA, A
COBET R W B pH O FEG AL TR B X 20K £ B PR Y L EE 3 WAITHRZE, L 2T B 8 A i AR
Wi, AR MOV X 22K R A — E R, R it LI BT A R L3k 4-5,
N7 B[R FD L-2R N Rk e A .3, RER= TRBERL R [l U RO B A 5 AR L &R
0.972 7, RAMAGEE RIF S IR E pH Xy FX, W72 2- 28 S RERCR BN R i 3, IR
FUEARIR BE 3 A~ DR AR 2 — 20w 7 10 43 A, H At [ X3 X572 22K ORI RN B2 WK X2 XY

FE SN U 1 K, s OB AR K B L= Xt 7= 228 TR Y b T ROV A B, IR X2
AR N 8 g/L, V] Ky 24 h, B AR A10% ., Xt 7= 2R CTERCR A i SO FH B3 IR X XS,
2.6 MNEIET5SSH X X5 B XX XF 75 2— 28 20 B350 3 1) 28 5% i AN ik
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(V) AR, £OmE T a R (X)) R AR

(X») .pH (X3) Ry A A8 &, ZE 57 B A Ty B ALy .Y =

3.458+0.145 8X,-0.222X,-0.095X5-0.195X >-0.233X >~
0.157X 5,

x4 POHAERBWARSLER
Table 4 Design and results of Box—Behnken
X X, X;
BT B (o/L) | FefbiRBE/C pH

s
Clﬂ

1 -1(24) 0(5.3) 3.163
2 =il 1(32) 0 2.657
3 1(20) =1 0 3.416
4 1 1 0 2.883
5 0(15) =l -1(4.7) 3.340
6 0 =l 1(6.0) 3.163
7 0 1 =il 2.935
8 0 1 1 2.834
9 -1 0(28) —1 3.112
10 1 0 =I 3.340
11 -1 0 1 2.758
12 1 0 1 3.213
13 0 0 0 3.491
14 0 0 0 3.491
15 0 0 0 3.390

R5 DASHFESHER

Table 5 Results of regression and variance analysis

[ 5 455 25 1.0250 0.1139 19.8126 0.002 1™
X, 1 0.1690 0.1690 293908 0.002 9™
X, 1 03926 03926 682929 0.0004"
X, 1 0.0720 0.0720 125266 0.016 6"

XX, 1 0.0002 0.0002 0.0305 0.868 1
X X5 1 0.0130 0.0130 22548 0.1935
XoX5 1 0.001 4 0.0014 02505 0.6379
X2 1 0.140 6  0.140 6 24.466 3 0.004 3"
X7 1 0.200 7 02007 349060 0.002"
X7 1 0.0909 0.0909 158161 0.0106
B 2% 5 0.028 7  0.005 7
J A 3 0.0219 0.0073 21399 0.3342
afiiR 2% 2 0.006 8  0.003 4
Bt 14 1.053 8

VE 2% 5 B3 (P<0.05) ;% 92 M .3 (P<0.01).,
TR 2% PR R R 20K £ T S ) 3 AR R
AN < B At S5 > £ T Jo ik S5 > pHL, A (] 1

FAH N 19.812 6,P=0.002 1(P<0.01), & W iZ 45 A 1%
B35, 200 2B R?=0.972 7, & WA A W 46 51
Bl 0L B A, R SR TR A AR AR ) i
R BV ARG AL SR A R AR O 26.04 °C, Z i
HIRIE N 16.71 g/L,pH 5.11, 7% 27K Z BE Y HLI8 #;
KA N 3.55 ¢/Lo A 5o ma o 1A 1) ] S ) A e £
AR S T HEAT I UE IR, P R B S PR R Y
i P8 B ARG IR A AR 26 °C, OB
JRE W A 17 o/L,pH 5.1, FE L& T 4T 3 K
e 2- K Q-1 72 B ik 3.54 o/L, 5 e
{ECRR ST, 156 B e 7 P T P TR % R i S 200
oG 1 2- 2K BRI G Ak S 2 T AT I
27 HBEMRESHALRE
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Fig. 4 Repeated utilization of resting cell as biocatalyst
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& 6 HZ816 #isx L-X R EBMM 2-K Z B M FH 5 WRM &
Table 6 Static adsorption capability of L—Phe and 2-PE

on HZ816
L—Phe J& & 2-PE [ & K2 fff 2%/ (mg/g)
JEW 4.067+0.011 2.012+0.008
% [
&E]L & 4.009 2+0.003 6 0.976 9+0.021 5.8 103.5
B

B g HZ816 XF 2-PE WL Fff 2 7 103.5 mg/g,
XFIEY) L-Phe BIW 20N 5.8 me/g, XJ =9 ik

®17

B 2RI 2 18 A%, J& —Fh R BRAR 1 7 W 43 s
B g . 10 A5 B R B 95% & T e A Ve i 2
PE, Ve 2-PE &4 (98.3+3.8) mg,2-PE 1%k
B3 95% .,
29 KRAWEERESHEAEMEL 2-FZEF~EK
TE B A M AL oI 10% K AL BR |, 76 B
WAL T AR 40 h, %4k 18 h #MINJE Y L-Phe
HVE 4 B IS I, SR BT RS R IR 7

K FLREBE HZ816 Xt 52 R ML & M 2-PE =2/ % M

Table 7 Effect of macroporous resin HZ816 on 2—PE bioconversion by resting cell

2-PE 7= t/(g/L)

L~Phe it & HZ816 i & L~Phe Jii & VN gy D e Ak 2%
y v sk 1o 5 . ’ ALK Ve T
e FE /(1) SYELI% WeREN) | WIE/T)
1 8 0 0 0 3.441+0.078 0 3.441 57.955
2 8 10 0 8 0.389+0.112  4.758+0.371 5.347 90.056
3 8 10 7 8 1.102+£0.206  8.241+0.336 9.343 83.924
4 8 10 12 10 0.936+£0.363  8.403+0.324 9.339 62.916

FERARH O AR AL R, TR K & 2-PE
PR A T 2 T ST Ak R AR, R A
Y 2-PE # W MIFER AR . 7E L-Phe BTt K&y 8
g/L B, I AR g 09 5 AL W 2-PE 7 i 4R S
55.4%, HALEIKR 90%, WX 2-PE 1% f 5 k
82.4 mg/g, Lt FHLAE K ¥ W 1 T B 22 (103.5 mg/g)
IR, 3 AT RE 2 e Vi BE 1Y) TR AR B AR T AR iR 6T 7 4 )
B, B MR & 1S o/ B PR R R 9.34 ¢/LL,
FC AN I P2 3R 171.5% , 4k S22 7 I 4 i i vk
J¥ 2-PE = B B2, 33X T RE A R IR 2 3k i
T BEAE— 2L B R (S

| 3 2 = .

A0 3k RV T L AN B A B 2 L
SE T REFE 20 h 1 B A Ay i i S A0 SRl B
0.1 mol/L A B R4 2% vh il A M T 22K L B0 A5 1
A Sy i T B DR 9 T A 80 R 2 T e il

SE 3

fitt NAD i NADH, 54§26 1E M4 B WAR L, £ B
VS 5 B I8 T I 3007 W 04 43 e a4k

i 33 Plackett—Burman 5 33 Al 17 77 328 46 2
SF T TR S A B A R SRR ) Rk 2 R R A
) # ELA0 M  AE  A AR A . SRS SR O 16.7
o/L., ¥EALIRE R 26 °C,pH 5.1,2- K L= N
3.49 o/L, AL HT = fE i 1 49.1% ., thAh #8240
FRLAE S A e Ak 50 52 R R 8 Wk, LA A AL T
3R HF 91.5% ., TEHE AT I AR B 47 7 9 B for
R AT ROR LS 2- K W i TR R ) I T
15 /LB, 2-PE P71k 9.34 o/L, JEYIFELR N
83.9%, LL A IMB g7~ g w 17 171.5% ., 54 K 4l
L, SR A B A A R 2— K SRR AR
TG FETC W S T HEATHRAE , FG AL M 20 L 157 5, 40
Mr] Z R EZ M, 5 F el fk X Aok Tl i H
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