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Abstract

The purpose of this study was to synthesize a dipeptide , Phe-Tyr, with
ACE (angiotensin I-converting enzyme) inhibitory activity from N-acetyl
phenylalanine ethyl ester (N-Ac-Phe-OEt) and L-tyrosinamide
(L-Tyr-NH;) via a-chymotrypsin biocatalysis. The mixture response
surface methodology was applied to determine the optimum solvent for
N-Ac-Phe-Tyr-NH, synthesis. At first three kinds of solvents including
tris-HCI buffer (80 mM, pH 9.0), dimethyl sulfoxide (DMSQO), and
acetonitrile were used in this study. The result showed the optimum
solvent percentage for tris-HCI buffer, DMSO and acetonitrile were 25%,
25% and 50%, respectively. The maximum 71.82% of molar production
of N-Ac-Phe-Tyr-NH, could be achieved in the mixture solvent. The
selected mixture solvent was then used to synthesize N-Ac-Phe-Tyr-NH,.
Response surface methodology (RSM) and five-level-four-factor central
composite rotatable design (CCRD) were employed to evaluate the effect
of synthesis parameters, such as reaction time (2~10 min), temperature
(20~40°C), enzyme activity (25~125 U) and substrate molar ratio
(Tyr/Phe= 1~3), on percentage molar conversion of N-Ac-Phe-Tyr-NH,.
Based on a ridge max analysis, the optimum synthesis condition included
an incubation time of 7.4 min, a reaction temperature of 28.1°C, an
enzyme activity of 98.9 U, and substrate molar ratio(Tyr/Phe) of 2.78.
The predicted and the actual (experimental) yields were 87.6 and 85.5%,
respectively. Finally, CCRD data were analyzed by the back-propagation

artificial neural networks with the conditions including cycle number of

X



10,000 times, Gaussian transfer function, Increment training mode and 10
hidden layer neurons . The optimal reaction conditions were reaction time
of 7.11 min, the synthesis temperature of 27.1°C, the enzyme amount of
118.9 U and the substrate mole ratio of (Tyr/Phe) 2.83.The predicted and
the actual yields were 89.7% and 89.1%, respectively. The absolute
average deviation (AAD) value of artificial neural network(ANN) was
0.9601% better than 2.5281% of RSM. The lower the AAD value
represents the more precise prediction of vyield. Therefore, the
back-propagation neural network is more suitable than the response

surface methodology to explain the data of this study.
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WA s E d A AN A A AR B 7 e R EL 0 IR RRgE
MBS B A S ERs 3 o R RA R iR fofE i Tk
o e o R RAT R T FE L L F e e e
(angiotensin-I-converting enzyme ; ACE)#r+/|#|(Suetsuna et al., 2004,
Narai-Kanayama et al., 2009) > & * ** & & i 5 & v & (Mazur et al.,
1969) » H & % e B 2 EFF v FREF R ECE 2 RE
¥ AL % 2 5 (Duke Stephen and Abbas Hamed, 1994; Korhonen and
Pihlanto, 2006; Vlieghe et al., 2010) -

ACE & - 8% &4+ 4 39 g% (metalloprotease) > i & 5 &
WAL g R dmfe s IR FORRE Q3R o G Jg -7 S eh
Angiotensin | » *7 Mr‘x;#(:,% s iR A His-Leu 2 = 2 3 ik
Angiotensin Il » i# = & ¥ 24 foow R A S FME RS RE M )I%
&2 drd] ACE > 23 4. Angiotensin | #& % = Angiotensin Il > 3 5 &= 7
iﬁﬂﬂg}n7¢%%¢%ii:P&MmJVtEﬁ#ﬁwACEﬁw%ﬁ’iﬁgzq
"% 1< o B 13 % (Maruyama and Suzuki, 1982; Suetsuna, 1998; Suetsuna

etal., 2004) -
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al., 2006) o ¥ ¢k & W EEALAN S B R F 2 7 A LA oA B R
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AT A& LS F-9 fe(a-chymotrypsin) & 7 Lt N-2 ¥
P ek ¢ 2k fig (N-acetyl-phenylalanine ethyl ester) v L-f: 5 f& %=
(L-Tyrosinamide) & = & 3 ACE #r 4] ¥ * = 325 ji7 2 4
(N-Ac-Phe-Tyr-NH,) » £ 41 * ;2 & 4 5% 3 (mixture design) » fie & = &
R F A A e EIEAFERHB2Z BE T F R G
(response surface methodology ; RSM) %2 7 P&k w % #icz ¥ w2k F %
2% 3472 (central composite rotatable design ; CCRD) > & 47 & & ¥ #¥ &
= = s rR T4 4 (N-Ac-Phe-Tyr-NH,) 2. B2 588 » ¥ fie & & 3 4 Bl (contour
plots) » F 18 F 2o Bif it & =0 0% i o & {2 1% g4 5 4§ (artificial
neural network; ANN) & » 7 F & w S dic2 ¥ R R F SRE 32 07 %
By 0 AP DPBRIB L iR B4 W R Sl s DTS 2 A
EA B AR R ES S X o R M E R B R B G A
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PREd ARSI AR A iR R AT e S o B - il g
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SR a-BRF 57w - REORA(CNH ) - {455 2 (-COOH) »
- HEERI(CH) ¥ - BpE7 B8 A i ga(side chain) - H
- BRI UE L AT o B BIRAR G B RN REER ) S0
PRGE(~ AERIRAE) M AT ko ULIRT BB MEA Sl R A $ 0L
PX ~ % 73 75(oligopeptide) ~ % 722x(polypeptide) 2 -+ F (protein) - H
Fodrsdn end 2~10 @R A A g R A A Bt R e =
PRenfRr 27 R 8 51T 5 #rRA|(Mazur et al., 1969) ~ ¥ 5 2~4 7%
e ﬁ“?? % it % ACE #r+|#|(Suetsuna et al., 2004; Narai-Kanayama et
al, 2009) > His gr e 2t 2L FF ~FRF L ELE2
FEF AL E > 5 (Duke Stephen and Abbas Hamed, 1994; Korhonen
and Pihlanto, 2006; Vlieghe et al., 2010) - d ** 49 %4 7 ~ Tk ¥ Z
Brich ~A1RHMARE LD 0D g BiL IRahE S &
ALK - B RXPIAPE LA o 3T & RIEIRE S e B 7 g
B R L R B R 2 454 5 & &2 ‘@4atri(Huang et al.,

2006; Guzméan et al., 2007; Vlieghe et al., 2010) -
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Figure 1.The common structure of amino acid (R represents side chain)
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PREEF A THUHEER DR RS0 ] o B AL
BT RTE Rk B Ao KR S R B A oA R ERIF BE b
e e A N AFRERT BERF RESE M o B T 1966

# Dastoli & A #FRAEZ >0 5 3 H ¢ e aiF i E 4 (Dastoli et al.,

1966) ; 1987 # Klibanov ip i 4 F Rk vk E B & R E0EER

¥
% F ’T}“ AR OEE 2T AT %8 Y &7 F & (Klibanov,
1987)
— a0 a3 BRARBEBE TESREZF B YT BB (Laane et

al., 1987; Klibanov, 1997) :

LEIEE A 30 R MY o ST b AR v

2.7 B WIRA T BFRAPATA B RGFDE oo Ao gl > g o
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7.8 % A BL 83 W 0 BT A B s d o
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1. p%% 1 #%2(enzyme engineering) : ¥ 12 %’gﬁ PIRE R AL A I B gt en
GRREEE R IO LEM LA R - LRt g T
MRS iEE e 185 A P $HE 48 T 2 (Villeneuve et al., 2000) - g b

TR CRER RS BPR S RE B RFE Y LR
% (site-directed mutagenesis) » DNA £ & §_ 2 Fi* & A 7|1 420
P BpE R il S F ARE AT RPARR Gecg o LI Ll B8
Z F37h% % (Bornscheuer and Pohl, 2001) -

2. k1 A% (substrate engineering) : § 7 f3fE A& e g H i chis ]
i ’%ﬁﬂ AR S B P s J R AR
G FA PR AT RS P A REREAF i
14+ (Berglund et al., 1998) -

3. /i 1 #2(medium engineering) : :x g F B F P aF 5 FSF o Aok
R 2 e A STY AN T ;Fé BT R EOE g E E ,:}g'rsw

PR S PR E chk 07 % iE % 14 (Gupta and Roy, 2004) -
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201-F % 4 #aale logP @

Table 1. The log P of common organic solvent

Solvents log P Solvents log P Solvents log P
Dimthylsulfoxide -1.3 m-phthalic acid 1.5 cyclohexane 3.2
Dioxane -1.1 triethylamine 1.6 benzophenone 3.2
N,N-dimethylformamide -1.0  benzylacetate 1.6 propoxybenzene 32
Methanol -0.76  butylacetate 1.7 diethylphyhalate 33
Acetonitrile -0.33  chloropropane 1.8 nonanol 34
Ethanol -0.24  acetophenone 1.8 decanone 34
Acetone -0.23  Hexanol 1.8 hexane 3.5
Acetic acid -0.23  nitrobenzene 1.8 propylbenzene 3.6
Ethoxyethanol -0.22  Hepanone 1.8 butylbenzoate 3.7
Methylacetate 0.16  benzoic acid 1.9 methylcyclohexane 3.7
Propanol 0.28  dipropylether 1.9 ethyloctanoate 3.8
Propionic acid 0.29  hexanoic acid 1.9 dipentylether 3.9
Butanone 0.29  Chloroform 2.0 benzylbenzoate 39
Hydroxybenzylethanol 0.40  Benzene 2.0 decanol 4.0
Tetrahydrofuran 0.49  methylcyclohexanol 2.0 heptane 4.0
Diethylamine 0.64  methoxybenzene 2.1 cymene 4.1
Ethylacetate 0.68  methylbenzoate 2.2 pentylbenzoate 4.2
Pyridine 0.71  propylbutylamine 22 diphenylether 43
Butanol 0.80  pentylacetate 2.2 octane 4.5
Pentanone 0.80  dimethylphthalate 2.3 undecanol 4.5
Butyric acid 0.81  Octanone 2.4 ethyldecanoate 4.9
Diethylether 0.85  Heptanol 2.4 dodecanol 5.0
Benzylethanol 0.90  Toluene 2.5 nonane 5.1
Cyclohexanone 0.96  ethylbenzoate 2.6 dibutylphthalate 54
Methylpropionate 0.97  ethoxybenzene 2.6 decane 5.6
Dihydroxybenzene 1.0 dibutylamine 2.7 undecane 6.1
Methylbutylamine 1.2 pentylpropionate 2.7 dipentylphthalate 6.5
Propylacetate 1.2 chlorobenzene 2.8 dodecane 6.6
Ethylchloride 1.3 Octanol 2.9 dihexylohthalate 7.5
Pentanol 1.3 Nonanone 2.9 tetradecane 7.6
Hexanone 1.3 dibutylether 2.9 hexadecane 8.8
Benzylformate 1.3 Styrene 3.0 dioctylphthalate 9.6
Phenylethanol 1.4 tetrachloromethane 3.0 butyloleate 9.8
Cyclohexanol 1.5 Pentane 3.0 didecylphthalate 11.7
Methylcyclohexanone 1.5 ethylbenzene 3.1 dilaurylphthalate 13.7
Phenol 1.5 Xylene 3.1

(Laane et al., 1987)
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ATrL it 2 PPL4] o 41963 & pF > d Merrifield 3 417 - B ATeERK
£ = 3 T FH Ak rk £ 22 (solid-phase peptide synthesis, SPPS) » 4]
2(Merrifield, 1963) o # #2fx & & =3 542 f%* £ §42lg 5 3V R-5 - Box

AR E T BRAT BRI dod T A« BT CH  BP S

ﬂ

ed %8 ¢ % - BryRAfiE {74554 F k(condensation): A1) & sE kg
L 15 A AR S R T T W EI B A g o S A
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Q—CHZCI + HOE(;HNHCOC(CHQ,;
R Step 1 Attaches C-terminal

(protected) amino
acid residue to resin

Q—CHzo((RJ?HNHﬁ(?jOC(th Step 2 Purifies resin with

attached residue by

base

washing

R
CF;COOH in CH,Cl,  Step 3 Removes protecting
group

O_CHZO@?HNH Step 4 Purifies by washing
R

HO@CHNHCOC(CH 3); Step 5 Add next (protected)
amino acid residue

dicyclobexylcarbodiimide
Q—CHzoﬁ?HNHCﬁZHNH@OC(CH;); Step 6 Purifies by washing
R R,

CF;COOH in CH,Cl, Step 7 Removes protecting
rou

v group

Repetitions of steps 4 to 7

HBr in CF;COOH  Final Step Detaches completed
polypeptide
\4
Q—CHzO@?HNH@ﬁ:HNH@FNH—
R R, R>

Bl 2~ FAPILESE = 2

(Merrifield, 1963)

Figure 2. Solid-Phase Peptide Synthesis

11



BEG - A HBBE S L 2 2®F 5 ¥V T g A4 b

T % (racemization) 2 > §8:iE % |4+ (stereoselective) sk 7 -

(=)Egk & =

I AN TR A AL RE LA BATF B2

Bt boo L LB L S ehik g fER (L ST E) S 1 B TS
2T R SRR R RS B o MR G F i 10%-10%
T AR R GRR pH RS )T AT P F s A L

FTRAFLEFRY WAEHE P F RERES S THLLHZ BT
R A AL AST AR VAR R RS
BHE G ATHEHE M ¢ 45 7 E 3% M (substrate selectivity) ¥ $f47 fe %
P B AR EE R O R E % 2 (regionselectivity) ¥ #5R 7 B i ¥
Z AR R Ae AR (TR i 2 M8E 3 14 (stereo selectivity) ¥ T 4 £LIRE 1
4~ (Faber, 1992) -

I PR R TR DR BE R YR B AR L
WERAE S FR O B R FE S RIEER S L
A ETRE REA AR AR AR SRR B R R LR - &
dIE NFTRTIERL FINEERCORFE AT ,fe‘?p.«ifflﬁ

(Narai-Kanayama et al., 2010; Qin et al., 2011) -
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2.

FEd e F Rl £ R Y o B ethans BIREA S T

A
1. -k4p @ ¥ pRpL s 7% % @ 4~ Empedobacter brevis ATCC 14234 -

= Rt EIAF S 80% L-alanyl-L-glutamine = 3+ "< &

(Yokozeki and Hara, 2005) - " g fh 4 % W73 & ¢ 4
o-chymotrypsin » = =z & it & | Tyr-Tyr ~ Tyr-Tyr-Tyr -
Tyr-Tyr-Tyr-Tyr 2 Tyr-Tyr-Tyr-Tyr-Tyr & % %275 (e & S 4p § 7L
(Narai-Kanayama et al., 2009) - & * ¥ it & 5 8- 8 4 F4p § =
TR 5 AR RAR AT R 2 AR A BRI
B d A1 2N RRER R K F TF BRS040 ¥ (methanol)
¢ f% (ethanol) ~ 5 Ak (acetone) ~ ¢ *F (acetonitrile) & ¢ f& ¢ fig (ethyl
acetate) ¥ o 4o #-F] 2_it ¥ % a-chymotrypsin f- papain %2 f&
z fig® & = = #£Px(Zhang et al., 1996) - 2 ¥ Z_i* a-chymotrypsin
Ao sIpg e it & & Errx(Barros et al., 1999) o a0 Lt
AT IAMER RO E A AR PR a4 o RTB
shf% % a-chymotrypsin 4= Subtilisn Carlsberg (serine protease from

Bacillus licheniformis, EC 3.4.21.14) » %[*x » z 7 30% (VIV)z & &

v (tetrahydrofuran) =& % ‘= (isooctane) 2 ¢ fk ¢ fig i {7 it | IR

T

i

"

RO ER DR E A TAE SR

13



(Sergeeva et al., 1997) - y* #F #-F] =_i* subtilisin 72 (Serine proteinase)
oo P gt & a0 Z-Ala-Ala-Leu-Phe-pNA ¥ & 3] 80-90% 3 i
% (Bacheva et al., 2005) -
kgr f84p 2 05 1 33 4p k si(water-ethyl acetate system) » 1 *
%_ o-chymotrypsin & i+ & = N-acetyl-L-tryptophanyl-L-leucine
amide 42 7 & % ok PR A 5 ¥ 8 i 100%(Khmel'Nitski et al.,
1984) - 12 g- chymotrypsin & {7 i 24h > #7/e TR B 5 ¢ fe ¢
kA i v i 10% (VIV)PF > 7 u E 3] 40% s PEPR A 4
(N-acetyl-L-tyrosine-glycine-NH,) (Kisee et al., 1988) - » 7 447
P il 27 3¢ W g g e Ac (acetyl) ~ For (formyl) ~ Z
(zyloxycarbony) . Alloc (allyloxycarbonyl) > Fmoc
(fluorenylmethoxycarbonyl){= Boc (butoxycarbonyl) & %2 A& sk
f& % a-chymotrypsin s i it T » 57 % A & 5 MoK M
acetonitrile - ethyl acetate » ¥ # 3|3 A& & 4~ W] 5 92%%2 99% 94
PX(Calvet et al., 1993) o 5 7 & = 1 & sk jp fervd ik > %
thermoase 7z 3 #&-k 77 F (toluene)is & ™ » ¥ & N =4 i i
7k % L f& (L-Orn, L-Cit, o-aminobutyric acid 4= phenylalanine
homologues)i& i it = = » 7 {# 5|5 B A F 5 86%(Shen et al.,
2005) o gt b 3r 2 7 A Ll ferpipedp S0 r P F RBREFR 5 1ho )

14



*  a-chymotrypsin & it & = Tyr-Tyr-NH, » & & ¥ k& iT
100%(Narai-Kanayama et al., 2010) -
4. & % R EE - 1 CBZ(benzyloxycarbonyl) & i3 A& i 2K % e

H-Phe-NH, ~ H-Leu-NH; £ H-Ala-NH, >+ ¥ =% 2 DMSO ;& &

f-
5 IR

n>»

2 a-chymotrypsin it » #%-24°C T & {72 A FW

“_ﬂ

“Eﬂ

90%(Salam et al., 2006) -
5. &Rk &B % a-chymotrypsin 4 =] ¥ 3tk fifoe B fig2 i3
WP RN ko F R AARTRR - § A (101 MPa)#T {8 3] hA

< AR Ak = % (6.1 MPa)2 ¢ &z fig(Mishima et al., 2003) -
= ~ g-chymotrypsin 2 # e~ 3

1961 # ME 4 - EWPAE L R ¢ T H TR 2 F RiE
FRiTZAFE S L2 Ry RIBLF BT A2 A8 F2F

R AP KR JRARTE S B AR e -

43

(- ) a-chymotrypsin -k {22 p M= 3

a-chymotrypsin & p »* 2 34589 enfiz 2 5 B30 K fEfF 5 v -KfRfs
ch-fi 0 E- B 7 241 BrRARMA KSR F o Z ik
* o Adat 13 BoRARA AL > B4ad 131 BoRAMA R Ciad
97 =i pas 2k o it it 4 F > a-chymotrypsin f-K f# 33 P4 pF >

15



¥+ tyrosine ~ leucine ~ tryptophan % phenylalanine 7 C =4 = ¥ 5 $#&.%
g HF M (Sweeney and Walker, 1993) - # a-chymotrypsin i it 4% 4]
PR T AERREAT B - B L (R 3 T AR SER RS S
57 102 195
His ~Asp ~Ser » {|* =& 3 f 4 (Van Der Waals force) ~ gx k4
(hydrophobic bond) - # 4£(hydrogen bond) £ &+ 4(ionic bond) & £# 2 &
BEFRETEEF RS T (Garrett, 2005) - 5 7T EZ 7 FHROVRAMKA
M~ prh s iR TR AR EokaE S SR RTRE £
CERE A G55 R FKfE - a-chymotrypsin LY oK iR ZR A =
Acylation {= Deacylation » 5 -t Substrare peptide & » F 2% & > 2%
¥BhE&E - Mg ommE ki3 ¥ (aromatic amino acid) > 7t Ser-O” 3%
# peptide F & 2 carbonyl & > 252 % - BB AL 0 2 F Peptide
bond %74 » His 57 &% 3 3+ » 2c ) free peptide C (C-zg7r—- X))
I {4 Peptide N 2 acylation ## Ser195 + » £ 3¢ A% o £ K-k
AGERNFERENT B E b His5T 1 0 R kAT hE e i
carbonyl #% > )= % = BiEAM L > T3 - Ba F A His» &7 % Ser

195 = di#rid e Npeptide » fE % w4 e Ked it ki o

16



R
|
NH (/;b
N T C
Binding of 08,0 ---HN/\\I H\f\
substrate " _NH
—_— R
Formation of
covalent ES complex p
Proton ' 0-
donation

by His{’

0g, 0 HN/}«
i s&..fa

ASp"  Hiss?

C N bond

cleava ge "k /H
Release of O\’ ﬁ
amino

noduc P 4
HN
0y,.0 HN _NH )0 _NH
/ R
Ser‘°° Ser
ASp'®2 HlS’ sp"’Z

1Nucleophilic

attack by water

N ca

o HN i\/

Collapse of ,NH
tetrahedral
inte rmed iate

Se,nss
Asp'° H' 5

C1rl)oxyl product release
0\

O'\(‘J

(Garrett, 2005)
Bl 3 ~ Chymotrypsin eaigtit -K iZ 48 41

Figure 3.The Catalytic hydrolysis mechanism of Chymotrypsin
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(= ) a-chymotrypsin & = 2 {p &= 3

Miyazawa % % ** 2001 % s % & 2 i 4l4c® 40 F L E ¢
LEIRARA ALY R B RRBEY Sk EATF BEA
EX P e kRS T BRI ERMK S BIFREALE S B
Ty - AR Y BN @ RS AR K 2 Pk iR
& it {7 (Miyazawa et al, 2001) o #& 7 %k § 3F 5 £ & 4] *

a-chymotrypsin & {7 & = 3 *X8 7 » 4eru CBZ(benzyloxycarbonyl) % i

# A erve Lt Phe 4o H-Phe-NH, *t % #% 2 DMSO & & 3 % 1/
a-chymotrypsin it » %-24°C T {745 F b 2h > A 5 ¥ i 5]

90%(Salam et al., 2006) o ¥ *h 4 u| >t phfi4h 3 Bk 2 - 7 A HARTC
FRpedr B R L3 % % F &0 1% a-chymotrypsin = = i {F 5]
Tyr-Tyr> AHSEEFARER T F B FIRi>Z B8RS >t F B8
ALK fRS T Tyr-Tyr 2 5 4p% 714> e & DMSO £ % iR
AR F 0 FIDMSO Bk AR § B R L kAT 0 ATE
HREY KiF 7 fé_fr%ﬂ’ g R b 0 ¥ {8 A& & 37 100%(Narai-Kanayama and

Aso, 2009; Narai-Kanayama et al., 2009) -
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RCONHR" + HO-E*
A

H,NR'
Nucleophile

RCO.R' + HO-E* < [RCO,R' *HO-E¥)<= RCO-O-E* + R'OH

Acyl donor Enzyme ES complex Acyl enzyme

H,0
Undesired nucleophile

Y
RCOOH + HO-E*

(Miyazawa et al., 2001)

DA S SRR IR X ]

Figure 4. The enzyme catalytic synthesis and hydrolysis mechanism
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hAFEY P 2 4rr0iE * a-chymotrypsin # i & BfE % > — & o 4

FAG R T L SrkauT g o 908 % enPhe-Gly £ 4 #u3  # i (Ju

o+
s

etal.,2009) - ¥ - = & > 5 F & 5 Fr4] ACE # it 2% » ¢ ACE #v
FIA L H AL T 5 > 4 %= pk (aromatic amino acid) > 4v
tryptophan ~ tyrosine ~ phenylalanine & proline(Cheung, 1980) » & _~ )I?;Je
® W & 3| Phe-Tyr & 3 #r4| ACE c1i® * (Suetsuna, 1998; Suetsuna et al.,
2004) » @ a-chymotrypsin 2 & & &4+ 7 3 F Zk <P tyrosine ~ leucine -

tryptophan % phenylalanine 2 C 3 F OB Bk - e

I ~ACE 2 H Fr#|3|

(- )JACE 2 it 4

ACE(dipeptidyl carboxypeptidase I, EC 3.4.15.1) &_ - & 7 &3+ >
& % 3 p& (metalloprotease): i & i3 & A M e g P A dm iz IR
TERE QIR o g d9 k-3 BB M2 L3Pk Angiotensin | +r “’fﬁ/’f‘\:% 158
el His-Leu 2 = 2 5 B2 ~72%< Angiotensin Il > i3 =& # 2
g ~ & B+ = (Maruyama and Suzuki, 1982) -

Agiotensin IT 5 #8p &5 chn ¢ TedgAl o Hivr & 3L | $7% 0t
Hio b R B AR RR R g o o L R
MEH -~ BRFEFMRBTATED R T g WA PR
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T

»k

Fapr b Ao R AR Y RPN 0 e thiR

Bde o R THRREZ A A Sz BRI A T A (B AP R4

] uumﬂ_’? FHP R m @ AR A EEMER A g B

w3 3

¢ catecholamine f & T #L5 % 2 g #

42 o

w F]
(= ) ACE $r#| R

ACE #r#]% (ACE inhibitor, ACEI) & - f2sf%% /514 % & i

o e el v 2 ACE B & 0 B ACE Fib o izt e

¥ 4 ACE 38 4ok ¢ Angiotensio | st % jg*~ (bradykinin) & & 5 >

P fF b ACE 28 R % > TP 4 skeng 4 4l e

ACEIl 17 4£mx4 (C-terminal) "=z e 2 ¥ =4 (N-terminal) "=

e 2Mm & ekl - %2 4 ACEl #

1=

AR %% 5 ACEl 7 ACE

Rk fe ' 5 > A &R AL (aromatic amino acid) ¢ 4

tryptophan ~ tyrosine ~ phenylalanine & proline - & & & & {0 E &

3 AL i dagnok MR AL 0 4o leucine ~ isoleucine -~ valine(Cheung,

1980)
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+ ~ R %K 3 (Experimental Design)

(- )H #2a5.< & 3+ ( Simplex Centorid Design)

b- BQESFOREFHRERTY 5 F 2L BRRE

- 0 A

S ARE Nz ARE (U3:1/31/3:0:00-10) (1/3 >

¢

SR E
1/3-0-13->0>-->0)%Fd 130kt q ~RE c3F 5 R

bl AEARE S A Fehs s o RESPRENE - S - g

BLER £ 2 5N R R AR S iR £ B Aea o 0 mE ATy
Bl GRStz PR oo AE AR K
REXLTE G TR AT R P A AT 0 R A A A G

A EN - s R E H I T EFERGER A S A

w = (Cornell, 2000; Cornell, 1973; Kowalski et al., 2000) - # A= 7 ¥

-

F Z AREFHRRZFAZ AR SR RE B 4R 5
Xi~ X2 XgR 2 A= ez @ 3 FREVGIAS G- BF %K
gt o
(=)F B¢ & ;2 (Response Surface Methodology; RSM)
FF Rop R IR Banbaf 2 B RR A

Byt R RETRE > PR G ehp Fleo REF 0 p Flond g if

dm
Nhud
<k

ooz g HEiE e - R PR BCDRE IR o T Rie R
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X1=1

X1: X2:1/2

@)
X1: X2:X3:1/3

Xl: X3:1/2

X=X=172

B 5 MR

Figure 5.Simplex Centorid Design (g=3)
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DEA B AT D S L p RS2 B I BT R
@R hEGE ER R EiEE s p S BB A5 o

RSM 7 & * &kj#id-5 B p F8EF - B FIREL B A7 &
Wit E Jd G Rl Mk A T igk p REHY cRSM A £ ¥
NEP B EE > FRE N AT B PRI R > EEF

& ook B 2hE & K 2L(Box and Wilson, 1951) » FJpt > ¥ ru et i@

o

x""

o et s g R

s

(=)¥® <R %9 5% 3+ (Central Composite Design; CCD)

o PR R R S B R EY B R o

E3tH - B = rE(second-order)siie BN IR A F]F Kt o L A P EBF
P 47 [l cpe = R 5 RS NGRS SRR LGRS DERENS =
. 1/4
IM>FRATHA D B B2 VR d 2N 2P NG FFRP(E
BRI F]F K 2h) 2 47 Bk Bh#ic(Thompson, 1982) o #3437 % #c 7]

4o

A SE SRS RN R
s v 3 TR LB T 2 a T Y LR AR ERE
AR FRIEATIE R L o PR RS 0 B S A B aipl R

Bli&kE 7 7 b fihit W BE(R BE)E TREEE e 6o i RF KL F

&

i d 2zt fic 48 statistical analysis system(SAS)2. % & i ﬁﬁ? AR RS e
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Bl 6~ ¥R S

Figure 6.Central composite design
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Bt end & 47 2 58 B8 sigmaplot g B/l v gt j03 2 B K gy i

4

17 & REgA 5 ik (Artificial Neural Network » ANN) % 20 . %
oo AR 5 H2RE G oot MRS £ o a Rolf R ahiga e
BT k- A ks s REEREA o v X B H g
A GARPT 2 A SRR o A 1M G AE A
P EEE S VSRR HE T A A GEABRET W A2 H

LN ’i'ﬁia?]ﬂiﬂ‘éé%i'lﬂi}ﬁ‘ﬂ T A 1A & A (3,2009) o
( )zﬂ ﬁcumﬁ ]

A SRRSO ARAEIE A a1 4 & = (Artificial Neuron) 2t e

i

o

mYH < o_uf,’},q,gﬁglﬂg ) gn;;gﬁﬁaﬁjﬁ]/\ y & o— f@;&ljé“‘;i{fﬁ
st fol Sk e Bl T A 0 v & 3 T A BN (E,2000) ¢

1 A 5 tn(Soma) © d Jme 50~ e [T v Pt e & 0§ X T

2. R (AXON) @ A et IRengh ks o A B Y R g

LBREE v g o
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&xon

Dendrite

Bl 72 i a2 BiER

Figure 7. Structure of a biological neuron
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3. #+% (Dendrite) : #¢ & fmie *h IRk A F 0 A B kRS H B A

Z @j\m;%i o

4. Rfg(Synapse) 1 ¥ =i FMREMRBE 0 AL ERPHER

5. WS BELF - RffLA A EAB SRR RAFARS A AN SRR
B LA A SRR BV B T S AT A S

TG RAEER  SF BB ARAER AT A S

BA SRR & A PA SRR BRI k- B

f‘ﬂ

%k L AR T i SenA 1A mmmm::,\.A‘!Lk\Fu;fé & e R Aj_;fd\f@f_;p

WO 2 pima . 55008 Al o 2 fATLE A o AILE A1

=

Gk fﬁ.?ﬁs?]% B2 eff R3S o - AT R ﬁa?])‘ Bt R AR fr Sl
k7 BRAAFAE T AT BRIV 80 7 E - gL
H A s 5 apid dl s & S0 v gR 5 AR E Rehfi ~ o & 4 A
Fadhts TRILE A - B E SRR R RR kR A E T
A% T 8 e £ T (F,2009)

net; = Yo (Wi; - Xi) — 6 (2)

= f(net;) 3)
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Plud

1 ety G A A J AR~ 0 YRS BEA SRR 2 A
~ i3 mﬁﬁj Mg e m f 58 SRRED 2PN SR 2 #i s
#c (Transfer Function) » b #& 3 Soficenrd oy F8-H U A2 8 9t
E’ﬁﬁi%lf\f.ﬁ_‘ Bk Aol 2 g T‘*’Em%] DB g o3t e 13 W
B E_ G 8FA RBHD 4 P SARA i SERAE -~ L SR
T h D BARILE AWE | BAagRE @R o Xi 55
AR = M R o AR ik lmﬁl%] B o O B G REA SR

AR EAEAZRE L AFTT Y Y2 Xisw Rt &md - Rg F2

(= )4EH SR 2 %

A

A SRR Id F S 1M EAad Ao - Lk HAA
FHT s TRgnE < ~T R 2 TR = B & = (3,2009) :

1. #2323 =~ (Processing Element)

* % A 5 B = & #(Summation Function) ~ i * 3 #ic (Activity
Function) ~ #& & 3 #c(Transfer Function) - H ¥ & § & * 2 243 a8 4%
HeSlicr Sl BT BB Y RE S S8 el Sk g
LA S R e o

(1) 8 & Snfic: i PUFm Licfehr i %8 1 AUL § A5 Rk
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B kAR L B EL o

(2) % Snfic D BRI HPEERBERE S EFLS o

(3) 4 3o - -1 S dfgeengy ) I R gy B B AT
i * 3| en4 w5 Gaussian ~ Sigmoid 2 Hyperbolic tangent (Tanh) o

B 27 #ic(Gaussian)

f(net) = exp [M] (4)
B9 g%% ||net — w2 % B #c(variance)
B W 3 #ie(Sigmoid)
1
fnet) = ©)
g I *r 3 $e(Hyperbolic Tangent, Tanh)
Bmnet_ ,—Bnet
f(net) = tanh(f - net) = W (6)
2. % (Layer)
FFEGARE g2 A G S TR | > o dd SRR S

W

& ,éij\,ﬁnﬁgﬁ_ﬂj;tsnvﬁ]/\% ~ PR ﬁ% R & ogdﬁ]»

=1

%00 dor Rt 2 g Rl P AL E 2R AL ERE R

?*'lz\’r%])‘@mﬁ AR IR AP H A p T oE R

"

TR RS R B ) o 8 M

?\';

Sk RS R RURSEE S S S L RS Sy
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Xi

Xn

B 8~ A 1A gt @

Figure 8.Structure of an artificial neuron
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BH AP REAA L Y SR S
3. = p&(Network)

O - R SRR R BB B R A S
N

‘Q
)
7=
RN
=
k-8
o
7
E‘
gt

2, A D
€ %7

LR

ROLE & B E A MW T T SN - B £V i)

f-‘}
;ﬁg-\
3
i
)
3
g
3
v
—
R

EA ks B ¥ a4 B8 AR ROVEE )L FH oM
AP FE R EEIRAF R M o F PR A F 0
Bt ol Bl RAAUE SR~ DR R R b A B (RMSE) £ 7]
Z kiAo REFRPFNE GRS FEED B STk kA
Foo - AW A GRRT I L REERAH

g BT A S

(1) &3S gl t o af A2 A T A LR R S R R R
B2 o BRI b fenl K o BEAILE A

T > AL BETE > 83

"\Ir';% /‘] }é](g__t)ﬂ,ﬂ—oﬂ\lgﬁz‘m.r

(2) w4 5% e B o ot ) 2 0 O

(=) @ EsEA TRk

G R S R e AP WY Bt BLaug
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Bl 9~ =0 Af 3\ R

Figure 9.Feed-forward Network
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i’%ﬁ DS E=. Ny Fﬁ-;—n IVE'N
v o T o BBy B 2 E Y AR o EEF N %] 5% j B a gk

o i R % -l & Bh ) @ ezl i 5dic(Lee et al, 2001) ¢
net]-n i l]Yln ! 9]

(7)
= f(net;") (8)

2P onetl't B nk % j llﬂ;aﬂ!’ém&@?]/\

W;:%nl k% iBEHESnES|jBEREER
0]:=},

PNk EjBEBRIER
an: £ @]%J l[ﬂ;aﬂ“!:.mﬁﬂ VB
f(net) : # # S #c (Gaussian ~ Sigmoid % Tanh)

$0- BRG] AP

S TETTSEE Y DS S

9)
T B B DR :
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=)
e
G
cﬂ\‘\
S
!
Y
™.

A T R B Y B AR T B PR RN R AL Sk
L Efrhidjca RiEL B E{ihL Sl
R

LT W S B E A L ) AT

0E
Wiy = “awy (10)
B p ot &Y g F(learning rate) o ik R HH P K T
a Z H Iy 3
M WE}* i 4% = (chain rule) ¥ 12 48 $4e
ij
0E _ OE 6netJ’-‘
aWij - anet? 6WU (11)
_ 9 0v]" Onet} 12)
6an anet}l oWi;
(7))~ 8)7 #
onet™ P
J — = (Y.w..yn 1 _pgy=ynr1
6Wl-j o aWij (Zl M/UY] 0]) Yl (13)
aym" P

L= ——f(net]') = f'(net") (14)

anet]n onet

J
- aE-—vA’\—“.,:b @,i.:lj
Pt 7 om AR
J

|
>
g

%o

OE |
avr ~ avp GZI(T =YD = = (T =) (15)
2. ¥ n R LRF - D AgER

0E 5 0E  Onetptt
oyl “Konetptt oyl

(16)
()~ v @
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onetptt

n
o]

9
= ov? (Zj VVinjn —0,) = ij (17)

BLIER O & A

OE

n_ __
5k o onety (18)
4(17) ~ (18)5% 1 ~ (16) 5 1%
oF
avr — Y S Wy, (19)
B 15 a"’”"ij&\ AL A R
L Wy i 8 5 oy 2 2 B
#(13) - (14) ~ (15)7% & » (12) 3 &
2= —(T; = Y") £ (net]) Y (20)
oW - ( J J ne J i
® E(13) ~ (18)7 & » (11)5t 7
oF _
2 @)
d 1A N gpt v i
§' = (T; = Y)) f'(net") (22)
2. Wi =2t R rE gk ke 2 7
4#(13) ~ (14) ~ (19)5% 1 » (12)5% @
oF ) _
wy (= Xk ST Wi f' (net?) Y71 (23)
& £ 34(13) ~ (18)5° & » (L11)5¢ @
oF _
Wij - —Sl-nyin 1 (24)

d (23) ~ (24)5  4p it 7
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— 1

8 = (T 58 W) f' (net}) (25)
FEM A AR T B - Bt

IE _ _gnyn-t (26)

oW ij )t
#d Yyl L Wij ot aw - %if%&«iﬂi%]ﬂ%

&' F Wij #rfts— K & 22 L JEE

F Wij “F teis - A 58 0 R

& = (T; = V) ' (net)) (27)

5 = (LS5 W) £ (metf) (29)
#-(26) 78 i~ ~ (10)58
AW;; = 08y (29)

PG BRI B2 2 BEAE SN

B
|—\
A
=
:ﬁ
h
il
[e

&

AG; = né&" (30)
FEEREA SRR DOEVESNT AL 20 5 - AN

(incrementmode) ; M fF ¥ #N AR EL BB T F o B - BIR
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Bc5" (batch mode) ; # f8 5 ¥ o8 fodf 8855 7 P 2 e T R EL B
A TP

BT SRS ST SRELTE SRS T8
i 05 (quick mode) t B SV BT B 7 — e B R
REREE 0 B A K I R R

s
Z 7L
Z,
S b

LAk AR § v o
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V-2 fil= ¥ [ pL e iy
(N-Ac-Phe-OEt)

L~ it vl v

(L-Tyr-NH,)

Juh

-7 AL

Ll Nl N i

WS Fev LI (e

Bl 11~ Besf (L3 AR & 7 B

40

W3R




N-2 fia-% 3 "=k e iy L&, Ve Ve
(N-Ac-Phe-OEt) (L-Tyr-NH,)
| |

B LA RDR &0 GITR B

WS o fiF TR (E

&
(w

Fit- F- Pl HAF LY

B AR F R R i

e

ZrE AFEago @

1. Response surface methodology (RSM)
2. Central composite rotatable design (CCRD)
3. Contour plot and response surface plot

Bl 12~ B 4 A F 2 %A H R
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= RERFEEE B

(= )F &

5525 F-9 & (o-chymotrypsin )

from bovine pancreas type Il, EC 3.4.21.1,55 units/mg

N-2 fg-% [ & pe ¢ fia (N-acetyl-phenylalanine ethyl ester,
N-Ac-Phe-OEt)

L-p% v=pé "=(L-Tyrosinamide , L-Tyr-NH,)

b Zopda Sigma-Aldrich 5 R IR el A

(= )&
= 7 A 7 (Dimethyl sulfoxide , DMSO)
z % (Acetonitrile , ACN)
z & v (Tetrahydrofuran , THF)

v & ° Agse(Dimethylformamide , DMF)

I

& fir pk (Trifluoroacetic acid, TFA)

I

\

zz v A @ A% % (Tris hydrochloric acid, Tris-HCI)

it i (Acetic acid)

v b F i Sigma-Aldrich & & RIZE = feikiz 5 fa

42



4R 3¢ & F -k H (B603, Firstek Scientific Co., Taipei)

4+ 4| pe k& B 3+ (Cyber Scan pH510)

@ + * I (XS225A,Precisa)

% »x i i 40 & 47 & (High Performance Liquid Chromatography, HPLC) :
¥+ © ODS-2 C18 5um column (250x4.6mm), Thermo Scientific ;
Ff 322 pumps, Gilson(USA) ;

Yo & B FC 203B

eb[F Rk BIE ¢ UVIis-152, Gilson(USA) -

=~ FEE

(- )Big i B3 AR ER %

1.4~ F

P~ F &z 5 N-acetyl-phenylalanine ethyl ester (N-Ac-Phe-OEt)fr
L-Tyrosinamide (L-Tyr-NH)z. & B #crt 50mM : 50mM > 4 >~ 0.5 mL
- ? AT~ e §edr & - 7 A7 FpsedsN-Ac-Phe-OEt i3 2 -
£ 4r > 0.5 mL =1’ 7% (80 mM tris-HCI buffer , pH 9) » & £355 {5 »
7rde Bd % E a-chymotrypsin i {7 it £ & » st jE i Bk Y it
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FHEHZIEETDE B o K RS 4 > 41'-?*1'7%3&"17“ A A #% ILﬁT‘%};f@’
m %k A e A ,;f[ fafre % (50:50, VIV) ; Gd g 0 T O Z KT
4 F (N-Ac-Phe-Tyr-NH,) » #7i{& e g 3= £ %’%‘F} HPLC &= z_& fe e

17 3 P if & op WA (7R Bk 3 - (Juetal., 2009)

2.7 Bk 3t

= ¥z & B253% 3+ (simplex centorid design) 9 s =t #< %
20-1 > g 3 % #c#icp (Cornell, 1973; Shieh et al., 1996) - - F 2%k - &

3Rt B A AR £ de ke d 20 & ARk A KO- mL -
3. fi»;‘L A ’l‘%

£]% B2t 45 % ASASA 1 Bl foSTATISTICAK AL - & * 5 £ v
§ & 7 (Scheffé, 1958) 122 & = 52 = = fh2f 557 7 -
Y =B,x; +B,x2 + Pyxs + P ,X1Xe + P XaX3 + Py XaX3 (31)
Y gy (AF) 0B~ PBz Bz Prz > Biz > Pz &AM
BN R RSB lic o Xy A A ACN > X, &% & tris-HCI
buffer » X; 3 i3 # DMSO - 1345 Cornell % (Cornell, 1973) ey it » j5_
Hest P BiEREES Z F o A TY G RIS R & S A L

R Lo

7
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Table 2 .Three-variable simplex centroid design for mixture solvent
response surface analysis.

Treatment Components of Solvent (%)
Number Acetonitrile Tris-HC DMSO
buffer

1 100 0 0

2 100 0 0

3 100 0

4 100 0

5 0 100
6 0 0 100
7 50 50 0

8 50 50 0

9 50 0 50
10 50 0 50
11 0 50 50
12 50 50
13 33.33 33.33 33.33
14 33.33 33.33 33.33

'Mixture design results in seven formulations
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(Z)B@LEFERR

1.4~ F %

FREFCAHMALEFTRARE B E > BF RAT
N-acetyl-phenylalanine ethyl ester (N-Ac-Phe-OEt) f= L-Tyrosinamide
(L-Tyr-NHy) > 4c » 0.25mL == @ A T/ % ¢ 3 #- N-Ac-Phe-OEt i3 f#

i » & e~ 0.5 mL 0% 7% (80 mM tris-HCI buffer , pH 9) » /& £ 353

.N
=3
]
me,
7
e

fs > ﬂ]\ ‘e 3-v FE% % o-chymotrypsin & 7 it & = » 3258 5
PR RIERGOE o F RS r 4 BRFE DS BB EEEF
o o @ Mk s e L Espcqee 55 (5050, viv) ;g d B 0 ¥ FZ R

PRpT A 47 (N-Ac-Phe-Tyr-NHy) > #7t8 cng $ £ j£d HPLC & {7 2 & fr 2

=

Moo dF i A Z R GTA 2 K RIER IS D FE BRFRF(2-10
min) ~ & =8 & (20-40 °C) ~ p¥ % * £(25-125 U) % A B 5 B fvt
-Phe:Tyr(1:1-1:3)> Sk A 01— =t - F]F 2.3 Vg7, hdrg enF % P o
FEE LR ME MR REAL o
2.5 i 1 1 e 3t

%’%E’ FHARTHREHINHAFPERIEFDF BF 2R R

L 2% F Y w2 R 2 F Bk 2 (central composite rotatable

design » CCRD)* V87§ 2k > H &4k 2 977 o “TiEB-2 if 2 &8
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FRA GG D F R (2-10 min) ~ & 8 & (20-40 °C) ~ fEE * £
(25-125 U)2 A B 35 8 gt -Phe:Tyr(1:1-1:3) iz e 4~ F % ¥ a2
FoMPRAP E R o o TEIIZ ALY BEF TR Rk TR

(high performance liquid chromatography, HPLC) & {7 & 47 °
KRGS U

{1* 5 e 5 i fF (RSREG) erfe /it (7§ S licdj- A 5 A 15 4e
43> WE LT 2K 5 AR
Y =B, + B, X1 + B,xp + BX3 + B,xg + B XF + B, X5 + Pyxi +

BuaXi + BpXaXs + BsXaXs + By XaXe + BygXaXs + ByyXoXs +

B, X3X4 (32)
Y 5 FRE (AEF) PBrai it o Xio Xj L AREL Tfph
#co @ it B4 45 (Canonical analysis) £/ F B & 3357%/»\ 15 2% % b
- 34 ;5 ¥ e Ridgemax (#2354 47 ) E.% KR R4 ar
Wb LT ariB Flenk < F B iE o 1 * Sigmaplot g BlackE > %z ik

Foend BECE TS VBT R EF AR E U
(Z)ESAF 2 A4

%+ Hen-YiJu % (Ju et al., 2009) 387 > 3N » & % b gk iR 4 ¢
s~ 0.1%:= & fEpe(TFA)she 3 fo-k o v 30 1 7052 & 18 i 3% -
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pnik A 1.0min/mL o A AFT Y ¢ 0L F ska iR 4R & 4 R (HPLC) % &
k& o @ % ODS-2 Cog K 47# + o Wi 3 7 0.1%= 4 fis e (TFA)
grkfre 3 (70 1 30Viv) > 235 S 15min: ER 2N E -
de i 03 5mins -kfre 30t 5 70030 (V) 0 EF 0 85 3] Tmins ok
fre st L s 30070 (VV) 0 2 fsfadFdp e gt Bl E 3] 15 mine &

UV 254 nm ™ & ip| H ek g o

(2R %%

%+ Boeriu ~ Barros 2 Clapes % (Clapés et al., 1995; Barros et al.,
1999; Boeriu et al., 2010)en & F 2+ 5 = 5% > % & it AH 2 A4 ih
HPLC % & {7 & 335 o & ®s 5 ¥ 12 4 F(N-Ac-Phe-OEt) -

= 1325474 (N-Ac-Phe-Tyr-NH,) 2 -k iz 4= (N-Ac-Phe-OH) :jd ' & 4 &

(peak area of N-Ac-Phe-Tyr-NH,)x100
Yield(%) = (33)
(peak area of N-Ac-Phe-OEt+ N-Ac-Phe-Tyr-NH,+ N-Ac-Phe-OH)
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(I )H TR

2 = 15 47 11 Neuralpower® (CPC-X Software, 2004)#54¢ & 4 i #c f8 2% =

#-2 BERSMECHR ST~ 5 & i A Y gy~ B A S B B4R

AR LA B R A S A LB P

WA LAl DURE B hinput {e output dicdy o

A FEF R THE # i ad(Gaussian ~ Sigmoid £ Tanh) ~ £ 550
(increment ~ batch 2 quick) ~ 7 % =t #c(1000 ~ 10000 ~ 100000
R) 2 R A 5 B 4e(5-20) -

# Bz P - fEH 55 1904 # (RMSE) 2 4 4T #5453 £ (absolute
average deviation)d | ¥ # % 4 #c(R) BB chim & o 225 o5\
47" (Ghaffari et al., 2006; Basri et al., 2007; Moghaddam et al.,
2010) :

¥2= £ (MSE) :

1 (Vi — Ya)? (34)

357 13 % 5 (RMSE) :
1
(MSE)z (39)
% 4T 354 % X (Absolute Average Deviation » AAD) :

AAD = {[¥721(1yi — Yail /Yai)]/n} X 100 (36)
e 2 I(RY)
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Table 3.4-factor-5-level Central composite design of dipeptide derivative

yield
) Enzyme Substrate
Treatment® ﬁr_ne Tempoerature amount molar ratio
No. (min) (C) () (Tyr/Phe )
X X, X3 X4
1 1(8)° -1 (25) -1 (50) 1(2.5)
2 0 (6) 0 (30) 0 (75) 0(2)
3 0 (6) 0 (30) 0 (75) 0(2)
4 1(8) 1 (35) 1 (100) 1(2.5)
5 -1 (4) 1 (35) 1 (100) -1(1.5)
6 -2 (2) 0 (30) 0 (75) 0(2)
7 1(8) 1 (35) 1 (100) -1(1.5)
8 0 (6) 2 (40) 0 (75) 0(2)
9 -1 (4) 1 (35) 1 (100) 1(2.5)
10 -1 (4) 1 (35) -1 (50) -1(1.5)
11 1(8) -1 (25) 1 (100) 1(2.5)
12 0 (6) -2 (20) 0 (75) 0(2)
13 0 (6) 0 (30) 0 (75) -2 (1)
14 -1 (4) -1 (25) -1 (50) 1(2.5)
15 0 (6) 0 (30) -2 (25) 0(2)
16 -1 (4) -1 (25) -1 (50) -1(1.5)
17 1(8) 1 (35) -1 (50) -1(1.5)
18 1(8) -1 (25) -1 (50) -1(1.5)
19 -1 (4) -1 (25) 1 (100) 1(2.5)
20 -1 (4) 1 (35) -1 (50) 1(2.5)
21 1(8) -1 (25) 1 (100) -1 (1.5)
22 -1 (4) -1 (25) 1 (100) -1 (1.5)
23 0 (6) 0 (30) 0 (75) 2 (3)
24 0 (6) 0 (30) 2 (125) 0(2)
25 1(8) 1(35) -1 (50) 1(2.5)
26 2 (10) 0 (30) 0 (75) 0(2)
27 0 (6) 0 (30) 0 (75) 0(1:2)

® Treatments were run in a random order.
® Numbers in parentheses represent actual experimental values.
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B 2R

AT R AR EFRAAF A ERE B ARRE VB E S DS
A BEAY M EEREEY CRAFHRKIEF R 5 2 (RSM)

il‘ fﬁ:g,\i |x,,.]:£

-

Bofs 1t A SRl Y G e it %
FEFGRMFOLE > NHEPRC ZRIPEFR I L%

by -

F 4 5 4E3H B3 A o-chymotrypsin & = = #x2_ & F @55 &
&% Wiz B 5 DMSO>ACN>THF>DMF » Fpt 3435 & & B c1d #8753
AEFiFR% Y FITHF 2 DMF 22 2 23 24 T > p s d
BAR LA B3R L > BB PE DMSO 4r ACN & 7 5 & Jis e

/i (Noritomi et al., 2009) -

=~ B R AR

255 REFHRETHET 23 IR & 5 en ACN-tris-HCI
buffer = DMSO > #+ a-chymotrypsin & = N-Ac-Phe-Tyr-NH, & % 2. &
FoREEaTd N3 H- AR kBE T 0 1 tris-HCl buffer 2 553

F1644% - it S fEAHR L 2?9 ACNI-DMSO R & # %%
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% 4~ 7 I3 ¥ a-chymotrypsin & = N-Ac-Phe-Tyr-NH, z_ & % 3 &%

Table 4.The effect of solvent composition on the yield of N-Ac-Phe-Tyr-NH,
using a-chymotrypsin synthesis."

Solvent Yield(%)
DMSO 69.27
ACN 69.04
THF 68.62
DMF 68.09

'The reaction was carried out with a reaction temperature of 36°C, a
substrate molar ratio of Phe : Tyr=1:1, an enzyme amount of 165U,
and a mixture solution (tris-HCI buffer : solvent=1:1)
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R2AFFRBAEAFL 0% P RFG e AR Y 5 logP<2
BALK G WIRR o R ARG TVRA T R ARG WRRTEERBE

F OB e A 4 3 F 4 (Laane et al., 1987) 5 § i@ * =
AR L BF A FHL u kTR T 73.36~73.73% ¢ 4 SAS
RPEMY o AnFREalt o T Ao B S F S

Y=3.548X,+13.948X,+3.443X;+253.058 X, X,
+3.648X,X3+253.208X,X5 (38)

H ¢ 5 X, 4 7 acetonitrile » X, % 7 tris-HCI buffer » X3 % 7+ DMSO » # # =_

%8 (R?) 5 09876 » ¥ ¢t = = % 5 ;% (model).5 F-test &% £ % %

m-k’{
RS
5

(p<0.001) » % 7% p* = =

AN
oy
}‘
|
m-w{_
N
A
=

ATV LY

g

Bl R EM GAcd 60 iz BAAY TR F LR T Xp-buffer
(p<0.05) » @ % X, Xo(ACN £2 buffer i2 £)2 X,Xs(DMSO £ buffer ;2 £){

%3 B ¥ # F(p<0.001) > % 7 ACN £ DMSO £ buffer ;2 & i@ * 352 5 &

e

FREAER T 2% buffer ¥ BpF > »c S R EFL ﬁxw%ﬁd
STATISTICA ##g 1= 4 B2 2 23 B L 70 PRIV EFT A
FheW 13> K= A0 3 BT FRE AT LI BFEDRE 0 L 9L T70%
TR K e E g RB A bR TRR AT 2 AT iR 145

44
’

KB DA FEE A70%= 4 @ AR 5% 22 facetonitrile it % 25% ~

)

tris-HCI buffer it %) 50% ~ DMSO it &) 25%FF:E 358 A 5 o
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% 5~ 3% 22 ¥ a-chymotrypsin & = N-Ac-Phe-Tyr-NH, 2. & & 82 %8

Table 5.The effect of solvent composition on the yield of N-Ac-Phe-Tyr-NH,
using a-chymotrypsin synthesis. *

Treatment Components of Solvent (%)
number acetonitrile tris-HC DMSO Yield (%)
buffer

1 100 0 0 5.26
2 100 0 0 4.04
3 0 100 0 16.44
4 0 100 0 13.66
5 0 0 100 2.78
6 0 100 6.31
7 50 50 0 66.58
8 50 50 0 68.63
9 50 0 50

10 50 0 50 0
11 0 50 50 71.75
12 50 50 63.43
13 33.33 33.33 33.33 73.36
14 33.33 33.33 33.33 73.73

'Mixture design results in seven formulations;
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Table 6.Analysis of variance for variables pertaining to the response of
N-Ac-Phe-Tyr-NH, yield

Source Degree  Sumof  Mean F Pr>F R?
of Squares  Square  Value
freedom
Model 6 29312 4885.386 106.12 <.0001 0.9876
Error 8 368.285  46.035

Uncorrected 14 29681
Total
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Table 7.Analysis of single factor and its interaction to the response of
N-Ac-Phe-Tyr-NH, yield

Variable Regression t Value Pr> ||
Coefficient

X1 ACN 3.548 0.74 0.4791

X, tris-HCI buffer 13.948 2.92 0.0193

X3 DMSO 3.443 0.72 0.4918

X1 X5 253.058 11.52 <.0001

X1X3 3.648 0.17 0.8722

X X3 253.208 11.52 <.0001
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(a)

DMSO
0.0041.00

0.75
%0.50
0.75 e 0.25
70
60,4,
1.00 %30, 0.00
0.00 0.25 0.50 0.75 1.00
Acetonitrile Tris-buffer
(b)
B 13- (a)

Figure 13.(a)Contour plot and (b)Surface plot for influence of synthesis
N-Ac-Phe-Tyr-NH, in blends solvent.
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Acetonitrile Tris-buffer DMS30
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Bl 14~ Boig it ot b 2 FERIA 2 A S

Figure 14.Analysis of the optimum solvent ratio and the predicted yield
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FFI* STATISTICA A~ 7 H Bg v b > Frrs G aif s A 5
5 12.22% > Bif 1 R & ] % acetonitrile it 25% ~ DMSO it 25% ~
tris-HCI buffer it 50% o ix pe b it #71F i (VR & W Gl TF %> &%

L
/{

%8 7 N-Ac-Phe-Tyr-NH, 3 % 2 & 5 71.82%> % 71 & B B if

—\

paul

A LU
E b

3

GIRE T ST P L AR BEARRISRARE o SRR SR

—\\

LB RE NG (k- B BT 45 F BT -

F R
B~FEx* 22 A3 2 g0 & Tyr/Phe $13 N-Ac-Phe-Tyr-NH, 2

2 5
B ST AN § 1

Fled o280 FHERFEAT A § BT &7 FAR ik
B T - AL FF T RRAGROTHGEN 2 2T

)

ST N P EROEEN o o 2 L PLEBEGEY 2 2

\\\

—CRT AR HEY b A M- H R

5
l

a-chymotrypsin fLit & =& = 35 jiF 4 $renf if o3 % v ST IF A
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(- )E - T3 43

1 7 PRS2 52 3250

B 15 41 * a-chymotrypsin v & = = " "X & ¥ » 34 7 | P 4
AF2ZFH TR ENF BiFELpEET £ 165U F R & 30C o
N-Ac-Phe-OEt fr Tyr-NH, 2L B 5 8 ot 1.1 1 2 pH 9.0 i e
(tris-HCI buffer: DMSO:ACN = 2:1:1 (v/V)) » a-chymotrypsin sc ‘& ¥

i # N-Ac-Phe-OEt £ Tyr-NH, - i# i it

W

A P O A
(N-Ac-Phe-Tyr-NH,) » & B 5min ¥ £ & 3 & F 75% o
2. PR REHAF2Z P

Bl16 afFd 2 P REAHAFZ BT  THITTF RiFEopEEY
€ 165 U F &P* & 30 min > N-Ac-Phe-OEt fr Tyr-NH, 2k & 5 2 #c
v 1.1 2 2 pH 9.0 1% @ (tris-HCI buffer: DMSO:ACN = 2:1:1 (viV))
R T AR o § B A 2 20C 1 30T FIpEE AR > 2
AZGHRF RS AV FRE R DESAS S A FIEARM
B R iR AL DR FRRXD B EDER S SRS
Hec o &4 > RFAFE R SROBEPHEDLEY TR
Ko fizavf B 5 30°C ¥ 7 75% 2 + g & o gt % 27 Salam & 4

%2 3 41 % a-chymotrypsin & & Phe-Phe = *~ & 5 &8 & 30CP >
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80 A

Yield of N-Ac-Phe-Tyr-NH, (%)

0 5 10 15 20

Time (min)

B 15~ F & pF R $Phe-TyrA & 2. 2 58

Figure 15.Effect of reaction time on Phe-Tyr yield
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Yield of N-Ac-Phe-Tyr-NH, (%)

0 T T T T
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Temperature (OC)

B 16 ~ ~ &8 & # Phe-Tyr 2 & 2. 258

Figure 16. Effect of reaction temperature on Phe-Tyr yield
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Vi kg 84.6%nA F o & ARy eni 4P 1 (Abdus Salam et al.,

(Qﬂ
P
3

AR B R BE it 7 A BE O RERY

-

TR AepF o FBE F A F NG P AR W] 17 7T o 2 A B
oo AFREAZRD UG EFOREEY € AEARE PR i
FORF-AFRFR @AY L5 BUR - 7 FIRFAF DA
F(9T5%) L EfER REFR P FRAS DA S T EP KD
#A e

4. 2P FATERIH EHNAF 2L BT

B 18 s 4FHd 2 AT R Bt B A F2 B8 %% 87 Tyr/Phe

ML LIRS IHEEFLE R VA R AL E O E R

YA A G L A AR K e S e 24 0 L P RIPAT
B RRFFRES - K o ARMPRATERT iR ¥ Ak
fro FREZRESFRZ{BFEATF BAZ A ¢ WA 5 9rind)

gﬁ?",w&& TP é?,&}ii\,ﬁ FRRw g2 /3 o
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Yield of N-Ac-Phe-Tyr-NH, (%)

0 I I I I
0 25 50 75 100

Enzyme amount (U)

Bl 17~ pk * % Phe-Tyr & 2 828

Figure 17.Effect of enzyme activity on Phe-Tyr yield
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AT H* (TyrlPhe) 13 2 A F R B dot 8> fe £ F Sk L
ARz AFE IR E 5 P REIATE IR F 432

A F» ¢ "2 $#& -~ (Narai-Kanayama et al., 2009) -
(z)5 %32 H23i%% §F3

Frd H - FlFEH A E IR R R BIEE - EE N E DR
FefelF 0 TR T RET PR e IR SRR g A
Acetonitrile : DMSO : Tris-HCl buffer=1: 1 : 2 bR £ o= - = B F
% 2% N-Ac-Phe-Tyr-NH, & 2 B8 B Bk 3ix it s 1 F
e 2~10min ~ & = & 20-40°C ~ p¥ % * & 25-125U 2 A F &
B govt @ (Tyr/Phe) 1~-3 » & % | Sk 32 2 -5 S =t o e >
WA REFTEBEREY RGN A 87 2 L BRI
247 504 SAS ¢ chE o & v 7 A 15(RSREG) > 7 # 3] - - i
B AR AT

Y=-13.2871+11.6235x;+2.9431x,+0.3566x3-17.2025x,-0.3883x,°-0.049x,°

-0.0002x3>+2.3571%,%-0.1334X,X»-0.0212X,X3+0.4456X%;X4-0.0035X %3

+0.3208x%,%4+0.0265x3X4 (39)
;E’_t‘ ’XI%"T‘I‘F}:@'E&E&’XZ%frgg\'/ﬁ}i’XS%\'ﬁ‘ﬁ%%?i’

X4%7‘]‘,g%“r§fﬂg¢w o g K- F iF mﬂ}ﬁﬁ s f sl g E S
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Figure 18.Effect of substrate molar ratio (Tyr/ Phe ) on Phe-Tyr yield
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Table 8.4-factor-5-level Central Composite Design for dipeptide yield

Enzyme

Substrate

Treatment Time Tempoerature amount  molar ratio Yif o
No. (min) (C) V) (TyPhe) )
X1 X5 X3 X4 Y
1 1(8)" -1 (25) -1 (50) 1(2.5) 75.10+0.09
2 0 (6) 0 (30) 0 (75) 0(2) 73.43+0.46
3 0 (6) 0 (30) 0 (75) 0(2) 72.53+2.02
4 1(8) 1 (35) 1 (100) 1(2.5) 80.64+0.18
5 -1 (4) 1 (35) 1 (100) -1(1.5) 71.61%0.70
6 -2 (2) 0 (30) 0 (75) 0(2) 53.88+1.60
7 1(8) 1 (35) 1 (100) -1(1.5) 69.23+0.12
8 0 (6) 2 (40) 0 (75) 0(2) 64.00+1.53
9 -1 (4) 1 (35) 1 (100) 1(2.5) 73.34+1.30
10 -1 (4) 1 (35) -1 (50) -1(1.5) 60.84+1.12
11 1(8) -1 (25) 1 (100) 1(2.5) 84.33+2.09
12 0 (6) -2 (20) 0 (75) 0(2) 75.06+0.18
13 0 (6) 0 (30) 0 (75) -2 (1) 69.56+0.86
14 -1 (4) -1 (25) -1 (50) 1(2.5) 65.74+2.45
15 0 (6) 0 (30) -2 (25) 0(2) 67.71+0.24
16 -1 (4) -1 (25) -1 (50) -1(1.5) 61.02+0.29
17 1(8) 1 (35) -1 (50) -1(1.5) 63.68+0.34
18 1(8) -1 (25) -1 (50) -1(1.5) 75.74+1.04
19 -1 (4) -1 (25) 1 (100) 1(2.5) 78.99+2.64
20 -1 (4) 1 (35) -1 (50) 1(2.5) 67.61+0.80
21 1(8) -1 (25) 1 (100) -1(1.5) 78.04+0.25
22 -1 (4) -1 (25) 1 (100) -1(1.5) 71.20+£2.22
23 0 (6) 0 (30) 0 (75) 2 (3) 84.02+0.39
24 0 (6) 0 (30) 2 (125) 0(2) 80.14+2.47
25 1(8) 1 (35) -1 (50) 1(2.5) 74.76+0.11
26 2 (10) 0 (30) 0 (75) 0(2) 82.56+0.36
27 0 (6) 0 (30) 0 (75) 0(2) 77.09+0.89

! Actual experimental values.
2Yield was the average (+SD) of duplicated experiments.
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response) & > @ i TR EF A B AL 90 10Y TRk o

By E F s KRS Rt RZ@E% 090 F - = %7
%% £ Bl 7 (ANOVA)4-#4 9 > # total model »* F-test &g £ 7 &
% ¥ 2(p<0.001) » o przp = =t #-4] § 78 ;84 N-Ac-Phe-Tyr-NH, &
FF B RARB - B¢ X - &5 (linear) & B B ¥ B 8(p<0.001) 5 %
> RE(- TIN)EA F P EEY ahE £ o IR X (total error) 4 47
Bt o = 5 38 5V i 4 M (lack of fit) 7 &g ¥ (p>0.05) > ¥ H A - =
SR ROEAL B FRE WA KRS ok p F %L (pure
error) o gt fh oo B - 3 B B de B A TR R B OB R EKH
N-Ac-Phe-Tyr-NH, & 5 z. B4 2 F4c 4 10 0 % % 81 F BPF R (X)) ~
AT 2 (X)) 2 AFE Ad B (Xy) % ¥ N-Ac-Phe-Tyr-NH, # & 5 &
¥ e 8(p<0.05) » # ¥ x kR PE R A 5 B F (p<0.001) -
Rfp bz {3 2385 > A8 FTHY - Bl NHEAS Fik
B AT w B0 0 fR & 8 N-Ac-Phe-Tyr-NH, 2 & 2. F e
Bfh o B19 52 FeaEE ¢ £ 100U 2 A 5 B ot (Tyr/Phe) 2.5 p& -
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Table 9. Analysis of variance for variables pertaining to the response of

dipeptide yield

Source Degree of Sum of Mean 1
freedom squares square Prob. > F
Linear 4 1172.1 293.0 <0.0001
Quadratic 4 108.3 27.1 0.1450
Cross-product 6 64.8 10.8 0.5662
Total model 14 1345.2 96.1 0.0007
Lack of fit 10 143.7 14.3 0.3232
Pure error 2 11.6 5.8
Total error 12 155.3 12.9

'Prob. > F = level of significance
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Table 10. Analysis of dipeptide synthesis for joint test

Factor Degrees Sum of Prob >F '
of squares
freedom
Time (Xy) 5 591.913834 0.0009
Temperature(X,) 5 180.472429 0.0676
Enzyme amount (X3) 5 344.016529 0.0084
Substrate molar ratio (X,) 5 276.577362 0.0183

'Prob. > F = level of significance
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Yield ot N-Ac-Phe-1yr-NH2 (%)

Temperature (O

Figure 19.Effect of reaction temperature and reaction time on Phe-Tyr yield at
substrate molar ratio (Tyr/Phe) 2.5 and enzyme amount 100 U
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F R B2 F P4 N-Ac-Phe-Tyr-NH, & & 2. 2258 > 2 % kg7
F PR 4 8~9 min 2 F g B 25~30°C » &4 &8 hA 5 0 55
Ry B F R AT TS BEFAAAHESFE G &
Aenier >m F R BARE30CH A T»gﬁw SRR ) Sl
Bl 20 2 AT F PR 8 min 2 AF 35 2 gt B (Tyr/Phe) 25 B » F i

BRERE T 4 N-Ac-Phe-Tyr-NH, 2 F 2 #2538 > F g & & 25~30

|

CHpph 125U b hadoph® BRIHAF LR TEY
B R - tR42i8 30C %éé’—?‘ir%g B4eT "% o Bl 21 5 B2 F B 8min
2pgAE Y £ 100 U & Jif R & A 303 30§t N-Ac-Phe-Tyr-NH,
AF2ZPE F ER A 25-30CE AR E 2 gt @ Tyr/Phe 5 3 p*
FFERFOAS AT ARG W Tyr 3 £ARF 2 5 55 B 0T
* > ¢ Narai-Kanayama ¥ % (2009) 28 & 3 B vt 3430 &2 F 255 4p v
SAR% o LB 22 ¢ £t & F i 2 ¥ N-Ac-Phe-Tyr-NH, & % 2. % 3
B - el REFRBIA D 0 L achymotrypsin i £ =
N-Ac-Phe-Tyr-NH, 2 iz F g2 125 U2 * £ 2 AT 3 Bt @
Tyr/Phe 2 3B ™ » H -k Z F v B 85%A { B 5 AA » 4ok &

25 Uehps * £ 2 AW g0t i@ Tyr/Phe 3 1 ek ™ F Ji » o718

IehA FhB R 45%=+ o
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Yield of N-Ac-Phe-Tyr-NH2 (%)

B 20~ %A H & B ot @ (Tyr/Phe) 25~ & R 8min & & 58 &
Y% * £ % N-Ac-Phe-Tyr-NH, & & z_ 82 48

Figure 20.Effect of reaction temperature and enzyme dosage on Phe-Tyr

yield at substrate molar ratio(Tyr/Phe) 2.5 and reaction time 8
min
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Vield of N-Ac-Phe-Tyr-NH2 (%)

Bl 21~ teF JPFE 8minspxi* £ 100U 7 F i A& AT E 2 gk
v & % N-Ac-Phe-Tyr-NH, #& 5 2_ g2 58

Figure 21.Effect of reaction temperature and substrate molar ratio on
Phe-Tyr yield at reaction time 8 min and enzyme dosage 100 U
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» N-Ac-Phe-Tyr-NH, # % 2_ & % 4 [

Figure 22.Contour plots for yield of N-Ac-Phe-Tyr-NH,
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Figure 23.Estimated ridge of maximum response for dipeptide yield
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Table 11. Experimental design for four independent variables in ANN

Time  Temperature  Enzyme Substrate Yield
ANN  (min) (°C) amount  molar ratio ;
(U) ( Tyr/Phe) (;’)
X]_ X2 X3 X4

1(8) -1 (25) -1 (50) 1(25)  75.10+0.09
1(8) 1 (35) 1 (100) 1(2.5)  80.64+0.18
-1 (4) 1 (35) 1 (100) -1(15)  71.61%0.70
-2 (2) 0 (30) 0 (75) 0(2)  53.88+1.60
1(8) 1 (35) 1 (100) -1(15)  69.23:0.12
0 (6) 2 (40) 0 (75) 0(2)  64.00+153
-1 (4) 1 (35) 1 (100) 1(25)  73.34+1.30
-1 (4) 1 (35) -1 (50) -1(15)  60.84+1.12
Training 1 (8) -1 (25) 1 (100) 1(25)  84.33+2.09
set  0(6) -2 (20) 0 (75) 0(2)  75.06+0.18
0 (6) 0 (30) 0 (75) 2(1)  69.56+0.86
-1 (4) -1 (25) -1 (50) 1(25)  65.74+2.45
0 (6) 0 (30) -2 (25) 0(2)  67.71+0.24
-1 (4) -1 (25) -1 (50) -1(15)  61.02+0.29
1(8) 1 (35) -1 (50) 1(15) 63.68+0.34
1(8) -1 (25) 1 (100) -1(15)  78.04+0.25
0 (6) 0 (30) 0 (75) 2(3)  84.02+0.39
0 (6) 0 (30) 2 (125) 02  80.14+2.47
1(8) 1 (35) -1 (50) 1(25)  74.76+0.11
2 (10) 0 (30) 0 (75) 0(2)  82.56+0.36
0 (6) 0 (30) 0 (75) 0(2)  74.35+1.12
1(8) -1 (25) -1 (50) 1(15)  75.74+1.04
Testing -1 (4) -1 (25) 1 (100) 1(25)  78.99+2.64
set -1 (4) -1 (25) 1 (100) -1(15)  71.20+2.22
-1 (4) 1 (35) -1 (50) 1(25)  67.61+0.80
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Figure 25.Effects of transfer functions and hidden neuron number on
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Figure 26.Effects of learning mode and hidden neuron number on
(2)R*(b)RMSE(c)AAD
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Table 12. Comparsion of absolute deviation between predicted yields and
true yields in ANN and RSM models

ANN Predicted ANN Absolute

RSM Predicted

RSM Absolute

yield (%) deviation yield (%) deviation
75.104 4.82077E-05 79.5279 0.05896
80.645 6.44258E-05 80.1012 0.006682
71.616 8.39198E-05 67.0763 0.063311
53.88 4.85969E-06 59.0929 0.09675
69.227 4.64798E-05 70.4392 0.017466
63.996 6.93188E-05 65.2329 0.019264
73.338 3.00014E-05 74.9558 0.022032
60.839 1.40311E-05 59.1825 0.027244
84.332 2.37602E-05 86.2592 0.022877
Training 75.057 4.50586E-05 73.6612 0.018636
set 69.556 5.98893E-05 70.2012 0.009218
65.742 2.63067E-05 64.8025 0.014261
67.708 3.46965E-05 66.5296 0.017433
61.019 1.27558E-05 61.4529 0.007094
63.688 0.000119739 66.7879 0.048805
78.041 1.10727E-05 79.8046 0.022611
84.018 1.90395E-05 83.2129 0.009606
80.137 4.32643E-05 81.1546 0.01266
74.756 4.76003E-05 75.1275 0.004916
82.556 5.43084E-05 77.1812 0.06515
74.357 9.33235E-05 74.35 0
75.659 0.001069 74.3958 0.017748
Testing 78.982 0.000102 75.7762 0.040686
set 67.611 1.72E-05 65.7396 0.027665
71.199 1.62E-05 71.1042 0.001346
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Table 13.Comparison of the optimum conditions between ANN and RSM

Method ANN RSM
Reaction time (min) 7.11 7.4
Reaction temp. (‘C) 27.1 28.1
Enzyme amount (U) 118.9 98.9
Substrate molar ratio (Tyr/Phe) 2.83 2.78
Actual Yield (%) 89.1 85.5
AAD (%) 0.9601 2.5281

R? 0.99 0.90
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