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Optimization of Enzymatic Resolution Technique of Glycidyl
Butyrate via Response Surface Methodology
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Abstract: Our previous work has indicated that enzymatic resolution of glycidyl butyrate are strongly affected by many factors,
including concentration of substrate, amount of lipase, the temperature, pH, shaking speed and reaction time. In this study,
Plackett-Burman design was undertaken to evaluate the effects of the six factors. By regression analysis, concentration of substrate,
amount of lipase and the temperature were found to be important for enzymatic resolution of glycidyl butyrate. In the second phase of
the optimization process, a response surfacemethodology(RSM) was used to optimize the above critical factors, and to find out the
optimal concentration levels and the relationships between these factors. By solving the quadratic regression model equation using
appropriate statistic methods, the optimal parameter of the variables were determined as: 0.499 mol/L glycidyl butyrate, 30.23 mg/g
lipase and 29.68°C. In the optimum condition, the value of enantiomeric excess(ee%) was 93.28%. Compared to 84.65% which was
the maximum ee% under the non-optimized condition, this study has a significant advancement. The experimental data under various
conditions have validated the theoretical values.
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AT IR Y A5 AR

o AR g L A s Oy 12 ek, A
FGE ks B 0 AR 28 P T R4 /K H I BR 2R B Ok, 20
BB = AR B, R B XA Sl A0
PSS o, FRARPE VRS ¢ 1151 e e [a]=
alcL(L=2 dm). R-T R4 K H M ER 9 ee(%) =
[([RI-[SD/([RIH[SD] x 100 = [@)/[&]max X 100, i 4f
R- T 1R 4 Kk H il Bg 72 20°C W A4 1L e % 2
[ @]max=—28.4°1"1,

Py S R I e AR SRk,
i 5.0 g MgCly'6H,0, & THIEH T, MBBE A
5.0 mL [ERER ZBEVA (0.2 mol/L), YR i, F
JIA 1.0 mL ¥ 5 B 4 ialRE PR 355 (VR A o 76 = i e
S 30 min J5 LA 30 mL Z& 48 7K (i MgCl, 5¢ 415 i,
P 2 IR By 4k 7R W, 1 0.1 mol/L Y NaOH #r

HEVE TR 2 B 2k B RN 2605, &5 FRRVEXT IR, 3
SRR A TR

2 HZXRE5iH
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Table 1 Plackett-Burman design and its result

Trial Factors Value of
No. A B ¢ D E F G  c(%)

1 + + + - + - - 65.96

2 -+ + + - + - 72.36

3 - - + + + - + 60.62

4 + - + + + - 50.69

5 - + - - + + + 81.33

6 + + _ _ + + 56.41

7 + + _ + _ _ + 82.53

§ - - _ _ - - - 90.44

2.2 WAL 9k (RSM) L 3256 &4

3R 2 PORSEIE R AL, B Rk E
AR X R O 2, REEEE, D
KRy B A8, X B b S8 6 Ay e oy AL, 1) ] g
WA HPi 33 T = [ & =K E il 56 8 2 B
1, FUE BT RS A R A% 2 M R &K pH
7.6, BFEZH 4 h, %34 150 r/min.
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0.185X,2=1158.417X,°—0.555X5*~15.625X,X,+0.0972

X1 X3=8.395X,Xs, FHIHLAT H HIH AT 45 51 (G 5).
T ZEo T 2R (3 6) MR L 1T o A B (B 1, 2 A 3).
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F 2 Plackett-Burman 23 i% it & E Rk FHIDREZMPR
Table 2 Level, code of variabl and results of Plackett-Burman design

Trial No. Factor Coded level T-test Prob>T
Coded Variable -) (+)
1 A Amount of lipase/(mg/g) 30 35 —34.13889 0.01864
2 B Concentration of substrate/(mol/L) 0.4 0.6 30.56944 0.02082
3 C Temperature/°C 25 30 —34.47222 0.01846
4 D pH 7.5 8.0 —-19.40278 0.03278
5 E Time/h 4 5 -29.95833 0.02124
6 F Totation speed/(r/min) 150 200 -26.91667 0.02364
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Table 3 Level and code of variables of Response Surface

Method
Coded level
Variable Symbol
-1 0 +1
Amount of lipase/(mg/g) Xi 25 30 35
Concentration of substrate/(mol/L) Xz 04 05 06
Temperature/°C X3 25 30 35

R4 MEEAHKRERTRER
Table 4 The experiment design and results of Response
Surface Method

Trial No. X4 X, X3 Value of ee (%)
1 -1 -1 0 65.02
2 -1 0 -1 72.12
3 -1 0 1 67.34
4 -1 1 0 76.05
5 0 -1 -1 57.17
6 0 -1 1 63.74
7 0 1 -1 69.75
8 0 1 1 59.53
9 1 -1 0 83.18
10 1 0 -1 66.81
11 1 0 1 71.75
12 1 1 0 62.96
13 0 0 0 90.02
14 0 0 0 87.14
15 0 0 0 86.88

#=5 BEERSEYVAFEETS LR
Table 5 Regression for the regression equation of
enzymatic resolution

Parameter Value Error t-value Prob>t
y-intercept —1140.708 133.624 —8.537 3.631E-4
A (X1) 16.105 4.705 3.423 0.0188
B (x2) 1877.992 214.502 8.755 3.222E-4
C(x3) 34.510 4.705 7.335 7.388E-4
D (x%) —0.185 0.0664 —2.787 0.0386
E (x2) —-1158.417 166.025 —6.977 9.305E-4
F (x%) —0.555 0.0664 —8.361 4.005E-4
G (x1X2) -15.625 3.190 —4.898 0.00448
H (x1x3) 0.0972 0.0638 1.523 0.188
L (x2x3) —8.395 3.190 -2.631 0.0465
R-Square(COD) Adj. R-square Root-MSE(SD)
0.9671 0.9078 3.1902

Ja, B IE O, SN ARG E KN, B 1]
WO HEAT, FAAT R, ee EALAHN N R AT 1
L MRS R BER, 15 R e R Al P X B
M EAEREHEE B K 2 Wi, WHRYk

JERSR RN ENRZ—o 75, WK 3 dn] b
A, LR A A ] A S A
*6 BEEFOEVEAFTEAESRER

Table 6 ANOVA for the regression equation of enzymatic

resolution
Source Sum of squares DF Mean square F value Prob>F
Model 1493.737 9 1659703  16.3075 0.00338
Error 50.888 5 10.1775
Total 1544.620 14

23 mEMRKEZFHHHE
h TR R W, X E R AR
BERY Aok — B e, IR HSETE, ol LAg 8
AR A, SRS T R A
16.10475-0.37014X, -15.625X, +0.0972X, =0
1877.99167-15.625X, -2316.8333X, -8.395X; =0
34.51025+0.0972X, -8.395X, -1.11054 X, =0
R R, RARA X=30.231223; X,=
0.499 170 01; X5=29.676 608
R R LAk e 244

24 HIZHIWIE

T LPLE AR HEZE RSM 19 16 3056
SRR i) 2 BN = e S (ENPS K7 R = e ks
TG, FATLURE 29.68°C; M A& 30.23 mg/g;
JEYIAE 0.499 mol/L, FF&54 MH R & 4 pH
7.5, #3150 r/min FMEFE] 4 h, XFBCAG EAE K
93.28%, X BRI Ak 22 Rl B4 o £ 14 B4 e KT i {4
I {E 84.65%, A T RKMAEE, U RSM %4k
ST 22 RTAT I .

g
0.42
bstrcte (muJ/L) A

Fixed levels: Temperature ( °C)=30
Bl EYMRKENBAEXEZMN e ERHEE

Fig. 1 Response surface of ee% versus concentration of
substrate and amount of lipase
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Fig. 2 Response surface of ee% versus concentration of
substrate and amount of lipase
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Fig. 3 Response surface of ee% versus temperature and
amount of lipase
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U, REA R e e K 7 S TR T MR 4 K H
R, Bk R BUER, SR 3 KT8 3 880CR o A SCTE i
PR TR 4 K H g 9 2 PR 3R ol AR OIS
Yk g 0.4 mol/L; il FH &k 30 mg/(g IEY)); pH 7.5,
IR 30°C; #55# 150 r/min; BFA] 4 h)JERE F, R
Plackeet-Burman 56 15 3 [ 7E 22 101 52 W) g iy 1 it 2 4
YRR R, AR e E BN R R | B
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Optical Coherence Tomography

Principles and Applications

By Brezinski

Product Type: Hardcover

Price: $98.95

Subject Area: Engineering / Electronics - Biomedical Engineering

This book brings together information that is needed by the various and sometimes
disparate groups interested in optical coherence tomography. It gives a broad treatment
of the subject including 1)the optics, science, and physics needed to understand the
technology 2)a description of applications with a critical look at how the technology will
successfully address actual clinical need, and 3) a discussion of delivery of OCT to the
patient, FDA approval and comparisons with available competing technologies.
Although the required mathematical rigor is present, it is accessible to non-scientists and
non-engineers so they may gain a basic understanding of OCT, its applications and the
issues of bringing the technology to the market.

Spine Technology Handbook

By Kurtz and Edidin

Product Type: Hardcover

Price: $72.95

Subject Area: Engineering / Electronics - Biomedical Engineering

Over the past decade, there has been rapid growth in bioengineering applications in the
field of spine implants. This book explains the technical foundation for understanding
and expanding the field of spine implants, reviews the major established technologies
related to spine implants, and provides reference material for developing and
commercializing new spine implants. The editors, who have a track record of
collaboration and editing technical books, provide a unified approach to this topic in the
most comprehensive and useful book to date.

Environmental Forensics

Contaminant Specific Guide

By Morrison and Murphy

Product Type: Hardcover

Price: $97.95

Subject Area: Engineering / Electronics - Biomedical Engineering

Environmental forensics is the application of scientific techniques for the purpose of
identifying the source and age of a contaminant. Because of the wide-spread application
of this science, it has become a billion dollar industry. Investigators and governmental
agencies use environmental forensics to trace the source of oil, chemical, and pollution
release, to evaluate crime scenes and to ensure national security. It is also utilized in civil
law for claims from property damage and trespassing to land disputes and well
contamination. This book provides the environmental professional or student with a
contaminant specific resource for investigating and solving the important questions
which need to be addressed when a contaminant release occurs. It also provides the basis
for apportioning liability among multiple responsible parties.
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