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Abstract

The recombinant strain of E. coli p274 possesses the capability
to produce RPLKPW, an anti-hypertensive peptide, in a submerged
culture. The objection of this study is to approach the feasibility of
producing RPLKPW by fermentation technique with this recombinant
strain. Usually, the genetic stability is the first criterion for a
fermentation strain, but unfortunately this strain lost part of capability
to generate RPLKPW after storage in 20% glycerol at -80°C for 1
year and in LB agar slant for months. The medium studies revealed
that extra carbon sources such as sugars and glycerol did not
improve the productivity of RPLKPW, some of sugars even
repressed the peptide gene; tryptone and Yeast Extract have been
decided as indispensable in gradients of the medium, and the
optimal amount used in the medium were 1.20% and 0.80%,
respectively. The optimal composition was figured out according to
the regressive equation:

Fusion protein proportion = -1.614 + 3.030 *tryptone + 0.099 *YE —
1.316 *tryptone® + 0.150 *tryptone*YE — 0.175 *YE?
And the equation was derived from the data of response surface

methodology.
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ACE) ~ & 7 fz¥g% | #3552 % 4/ F| (Angiotensin I-converting

enzyme inhibitor, ACEI) £ & /& =  «hhf 1%
1. ACE £ x & 933 177
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it #9 LIt & 5 e angiotensin | > 2 ér‘ C-terminal = His-Leu = i %=
RAPL o E# G E e B iR ll(angiotensin ) - g flg 2 gAY 5
S RAET ey o o F ek R R o

¥ b ek 2 RAAS kosid > § o B F A pEs £ 050 prekallikrein
kininogen » i&— # # # Kkallikrein 4 f% kininogen ¥ 3|« ¥ 75 %

(bradykinin)4= & » @ = BT ;s ACERE 7 it R & 5 B



bradykinin » 3 ",ért C-terminal 7 Phe-Arg = "% ik - #& % = inactive

bradykinin > # 3 a &P o
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|

Na" retention
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B- ~ T &4 plcigER % ¥u(Tabacova and Kimmel, 2001) -

Fig. 1 The renin-angiotensin system.



2. ACE & ACEI kg %

(1) ACE p% % # iz

ACE % »+ 2% 5 140160 kDa » A iLis >t A sk d
oS B R B Pt s B i J]%';»E’L I S L A S
kA 5 c ACEf2Z2 2 ¢ A BiA|HiF* =% » &1l % C-domain
2 N-domain > i&a BiREEEE BT 3 ka0 FEAHT B2 F D
Mfed 2R oo

(2) ACEI # 3«

= B e g F #k pF & #7414 (Angioensin I-converting enzyme
inhibitor, ACEI) & * %k e % ACE %% & RAAS % 3udtid & 13 o
R R 5 A 312 BRI Y e £ 4 S F
o Bl I F LA B < L PR PR R AR 1T i 00 4
(analog) - 8228 ACEl hk i 2 I > A3 %} ~ B2 2 g4pk > i
FE G AT ,?qj’ ACE p2 % % & 2 16 » 38 ¢ #r+4] ACE B2 %
FIE T o

(3) ACEI 1 * )

ACEl ~ 5 ¥ Jciigd ~ o 473k % 3800 49 &2 ACE fif & enid i3t iz
2LH= -ﬁj A Al 4o e 715 ACEl % eh 3 = & ®(sulfhydryl-,

carboxyl- # phosphorus- containing group)# ACE &5 (43R fi?f? B
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7 v ek ACE #- bradykinin ## 3% = & ;2 3 & /& ™ *% /hinactive

bradykinin » E . p iFERERR L 0 2 BREIFRL T o

ACE
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Bl- ~ ACEl 413 & B2 iv% 22 (Maruyama et al.,1982) -

Fig. 2 The pathway of ACEI anti-hypertension.



3. ¥ 2 ACEI &4

p o %H;,@f B o R &—g #E de > < 5 % Captopril - Enalapril ~
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"B dpie * h Captopril 5 &) > i+ F 543 A4 - i alanine {r
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Fig. 3 The structure of Captopril.



£ HPIR ot BREL 0 4 ACE F#r4]»< % it (Enalapril -
Lisinopril shi® * prfF 4 24 -] pF) > iz i &3 5 BliF" o dmRl i &K
T Tlgcltier o BRERTEE > ERA LR~ B9 SRR
2o R B T ROk (ACEL ¢ @ 497 F2 T8 b ¥ ndm g5 k
BB € ERUIE FEF P EDE)E -HIREZHFXIRY 7 i ¢

SRR H R R

o~ YRR BEPRKR
o BPRFE T adzhk pd < 1970 & > Ferreira et al. % 31
d 3 % W 0% # Bothrops jararaca i 4 # ) - 2P

EWPRPQIPP » # ICs 4 & 0.56 UM » 58 Ondetti et al. 5 5 %

P ACE $rdlid fh(ded — ) » FItdRB 0 A SEEE L ROEAS
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Fo— & Re A 1 HwErk g d| ACE fif % S 1ot i e

Table 1 Comparisons of natural and synthetic peptides inhibited

ACE activity.
Peptides sequence Natural / Synthetic? ICs0° (ug/mL)
V-2 Natural 2
(Pyr'-EWPRPTPQIPP) Synthetic 5
V-6-| Natural 9
(Pyr-EWPRPQIPP) Synthetic 8
V-6-2 Natural 39
(Pyr-ENWPRPQIPP) Synthetic 35
V-7 Natural 3
(Pyr-ENWPHPQIPP) Synthetic 1
V-8 Natural 3
(Pyr-ESWPGPNIPP) Synthetic 3
V-9 Natural 13
(Pyr-EGGWPRPGPEIPP) Synthetic 17

1 Natural £ "Leeagie 4 . 7 4 4 Synthetic £ 1 & & &
2.2 @ Pyr &45 N-terminal %4 5% % Pyro-

2.3 1 1Cs £A7 #74] ACE ¥ % 50%% 1447 3 & ek A -



(RS RR RS S Bt
d 20 B E L HACEI LG 5B F* > T A QEbrEFE- f&
MF-d FokfEy A2 o ACEl kB~ B8 > e ok L% A & (40 k
Sfrkz) RAREYRECHWFLREFTVRY RIL 2o
FIESPF I DFEES & d ~ 1979 & > Ohsima * § 4 1%
clostridial collagenase(EC 3.4.24.3)-k %% 4= ¥} (gelatin) ¥ 7| #ic i &
7O ML R EAE P 1B PR R 2 ACEI peptide 0 T 3 2%
hfE e BB s 4% - B ESF Y HIACEI G F o 2
fgP~@ izt ACEl eha - hihi & | 5 A sg i dv Kz
¥ o # 3} ' 39 (bovine casein)(Maruyama et al., 1982; 1985) ~ %
F v (a-zein)(Miyoshi et al., 1991) ~ ) = 4 ¢ (Matsui et al.,
1993) - ¢ (Matsumura et al., 1993)% o izt Rl § @ o3 5
S Y FREA KRGS €W R - ki H P - e
L R ACE sk o gt b > HEF S e % ¢ BT A M
3 ACEIL > #4e - ¥ i (Kinoshita et al., 1993) ~ i /F(Saito et al.,
1994) - 5 & (Okamoto et al., 1995) ~ 2 p% 5 (Nakamura et al., 1995;
1996)% - izt ACEl cha X iRm7 b > Frdlsakies 7 b o fe 85

”ﬁ AP 0 ENEs gL e
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Table 2 The development of ACEI peptides.

= ~ACEl 2 B o

£ PR Kk PR ICs0(MM)
1970 Ferreiraetal. "Eivf e i EWPRPQIPP 0.56
1979 Oshimaetal. & & &9 & PP-AP-AHyp 8.3-8.6
("% B 30 ) at C-terminal

1982 Maruyama et Trypsin -k f% FFVAPFPEVF 77

al. bovine casein GK
1985 Maruyama et Trypsin -k f% FFVAP 6.0

al. bovine casein  AVPYPQR 15
1991 Miyoshietal. a-zein-kjz4 LRP-~LSP~ 0.27 ~

LQP 1.7~1.9
1993 Matsuietal. 7 4 ¢ kfz 0.24
it

1993 Matsumura et &4 ¢ kfzH IKP 1.7

al. IKPLNY 43
1993 Kinoshita et %’?iv’r 0.71-17.8

al.
1994 Saito et al. FE > A 76-136
1995 Okamotoet  F‘f 0.16-0.27

al.

% = ~ ACEl Z 4 erja 4 -
Table 3 The activities of ACEI drugs.

3 b oo PR B LR |Cs0(LM)
1981 Squibb(# ) 4t H Captopril 0.022
1984 Merck(% &) 1 & Enalapril 1.2
1987 Merck (£ &) ‘o @ Lisinopril 1.5

10



Cheung et al.>> 1980 # 3>t ig3f 1 ACE| P27 Fr {2 1% 10 T ehjF
B (1)rh (C-terminal) i A pe g fddr | 4 &2 ACE ¥ % 5% ohig

£ 2% i (active site) - 1 B § 7 it 1ch ACEl » fumt of e Jh e (& 3

NS

£

I ER) Y A > A EavR R > ¢ 35 0 d =k (Tryptophan, Try) ~ p& i<
f«(Tyrosine, Tyr) ~ ¥ 5 *=p&(Phenylalanine, Phe) ; 2 &_f; "epk ¢
(imino acid) 3¢ 1<pz (Proline, Pro) - (2) % = (N-terminal)& & 3 7
Peng Laad 0 G A A shaws kB AR #4200 R
(Leucine, Leu) ~ %"=f&(Valine, Val) ~ & v ’=f&(Isoleucine, lle) - &
B F Syl fe B I el g O Rpl > BIE R @ R e B g e A

MoeiEddid PRl § R iE S ACE Frdlscsk > p m Akl it 2 b ACEN

P 1t
p o H e

2. Bt AT B H ML Nk

PECE A B L AR A AP R iR
EX DNAF=ZZE > e RO /B ES T - LB LA
BB A PER ¢ 22 AT 2 3] AT DNA £ et in
BELA T 0 SR T A RREMASIEIN S F ORI E o 2 AR
T A RFRE AT S SN R s R R G B T

kb ¥k g k4 A A ferg & 5viex(Gill et al., 1996) -
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Fow o~ FEPRL A3 R LR o

Table 4 General comparison of currently available approaches for the

synthesis of peptides.(Gill et al.,1996).

oAt & &

Rppit g &=

e pES
- ﬁ)’i*ﬁﬁf % ;t.«“'ﬁ;’:"[- ;u §u~ B §u~ il ;u“"ﬁ%_
LRSS SR T
e - B~ 4 B E4b~F0
B
Proline &4 =
B 7] * 4 #£ # #£
HpFim f?r;’f’é;‘i—
X A AR R o f AR * 5
F s i 1 73 Bfe~g 3 e
AEHE AR % ¢ ~3 5~
Rt 0
Wt RLT 59 5%
& HEE1E4 1E4F
S $21%52 4
A
FFE SR 2R = R ®E g R
= A gp‘%‘ s B
BHEE~? ¢ ~FH ES
oA 3 ;%, = iE’& A K 4P
L TR 93 PR D

A KRB

ke
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1977 # > ltakura etal.@ §#-i- & & =2 4 £k 75

A

(Somatostatin) & Fle 7 & » + H F o 2@ W2 K gE F]F oo
1979 # > Goeddel etal. @ G #-1v & & = e 5% § % A 7l 78 2 ~
~HERREART B 1982 & 2 W FDARE T+ 5 7 DNA £
L g E Y W AL % o Moks et al.(1987a; 1987b) 11
* < 4R Bk St IR ZZ fusion protein f- human insulin-like growth
factor | =2 fusion protein » I 12 IgG Sepharose it - 2002 & » *
Fz 1" DNA € e dimfp A S R4 m s 2 5 5 ag ek
b vk eh Bk E4RI3 PR (YR 0 2002) 0 SET IS L T AEGRAR B
7122004 & > AR F A AR i Siae 9 & & ACEl vk (3)

2004) -

3. "% n B2 RPLKPW &3 & i 42

1995 & - p » & ¥ Fujita etal. & r v 3-¢ (ovalbumin)# - {1 *
pepsin(i & Z)iEZ-kfE o A BB FR - Bd N BIRARL a2 0
PX P ovokinin > % 7] 5 : Phe-Arg-Ala-Asp-His-Pro-Phe-Leu
(FRADHPFL) » #.¢r v 3-v % 358-365 Bixflpi=¥ > §
SHR(spontaneously hypertensive rats,£ % 1+ 3 o B« &) v JR 25

mg/kg B¥ > 3 "F 5 B xS o 1 & R F]E_ovokinin i fr bradykinin By

13



receptor & & (IC50=64 uM) > fljcs o m¥e o ik 71 a;]zé
(prostaglandin o) i< = /& o

1999 £ > Matoba et al.#- ovokinin 12 chymotrypsin(s25* v f#)
iz % -k f# 1% 3] Arg-Ala-Asp-His-Pro-Phe(RADHPF)?47% > &2 ovokinin
% 23 % TH28 = E 74P > & & 5 ovokinin(2-7) - i&

%7 5 /% SHR IR * 10 mg/kg 5 » £ 4 4+38 SHR #+*

/F\

% (ICs0>1 mMM) > & B ¥ -1 10 mmHg » & 2 J b 3225 ¢ B BB R
Almre s flge— § 14§ (NO)ens e m ¢ 5 F 475 > & /& "% 14 - Matoba
et al.(2001a) £ 3 4v *% n A o I Hpt 2R HL F 0w BER
(site-directed mutagenesis)== ;% A jicd $ ¢ Big i AR kv
B o % RADHPF % ='=fpk Arg i) 2 /¥ > ADHPF = > 2 & 5 ACEI
B o g Arg $F ovokinin(2-7) e L B E A F e BF kP
Cheung et al.ﬁﬁf:@p\ It &k 2. ACEIl #4 > #- ovokinin(2-7) e L e & 7))
Bk 240y 3R p o # R RPFHPF(RZ T4 & & 5
[Pro®,Phe’l-ovokinin(2-7))=1" & &= { % - 10 mg/kg R 8 fi
57 :& SHR = &% 1 24.5+2.2 mmHg -
Matoba N. et al.(2001b)*t I & &4 4%+ RPFHPF »+7< » 353311
PEEAZZFAF AR B BB S kded T o F F 5

fred g ez fh o B R AREE R T2 2 18 - RPFHP > PFHPF 727k & iz @

14



B Fpt da ik 22 RADHPF s272%4p i1 » § = Arg fopd =8 0 Phe 4
o2 ACED G 12800 JF e o st AR Y L Pl 1 SE iR MR AL R
(lle ~ Leu ~ Pro ~ Tyr 4= Trp)B~ & » w2 Trp B~ % e RPFHPF #47x 7% |4
B o ¥ E & RPFHPW % 3 il pk Phe 5 Trp ~ Tyr ~ lle 4r
Leu > #p$%% o BRE v S i 4eiE 7] 2.8 518 » RPLHPW 7% 4 50
il fe e L Ala ~ Arg ~ Lys » % 3. RPLKPW s4p 475 1+ 3.2 &_
ovokinin(2-7)i=2 = # &% > m * SHR JE* 0.1 mg/kg fjf‘u? "F A
v B 15 mmHg > # 45 4-6 -] pF ; % SHRPRE* 0.3 mg/kg s = B+
#1420 mmHg T35 < 5 8 ) pF o sz 7§ £ RAFHPF
RPFHPW ~ RPLHPW = RPLKPW £ 5 *% n BFE M 2% > &gt i®
FPfER ) it %% % (pancreatin)ipl i > B % BT o Gl RPFHPF
BTREER KRt > R AR FIOV AEE - S s 4 £
RPLKPW £183%% % - 42ip] RPLKPW =1 Pro-Trp 432 44 -k f& i
ot U IR

Matoba et al.(2001a; 2001b; 2003) &~ & #v B-conglycinin o’
S H A F IRz iE54p 03 RPLKPW 1R 7] 5 A w £
Arg-Pro-GIn-His-Pro-Glu (RPQHPE) ~ Arg-Pro-Arg-GIn-Pro-His
(RPRQPH) ~ Arg-Pro-His-GIn-Pro-His (RPHQPH) >+ 2 ¥ F 3

(extension domain)® > * BL% %> Vi A 2 5 2 B RPLKPW i3

15



DNA J 5> gd < %45 ik & 0o @ 13 5 - 2 RPLKPW 1§
B A B FRE S - BAgIeGIN ¢ 72 B R

trypsin -kjzs > A BB F R e o KB X HBREF >N TBHIA
e M B R gk o o] 3 ooeH R 5 1.0 mglkg(drd 2 ) o

TEF- A FFEFRRRE RS B ST § B

& 1434 75(Onishi et al., 2004) -
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4 7 ~ SHR v JE ovokinin(2-7)i=2 4 {3 e4p ¥+ % o & % 4 (Yamada
et al., 2002) -

Table 5 Relative anti-hypertensive activity of ovalbumin(2-7)

derivatives after intravenous administration in SHR.

Peptides Relative anti-hypertensive
activity

RPFHPF 10
[Pro2,Phe3]-ovokinin(2-7) '
RPFHP 0

PFHPF 0
RPFHPI 0
RPFHPL 0
RPFHPP 0
RPFHPY 0
RPFHPW 2.5
RPWHPW 1.3
RPYHPW 1.2
RPIHPW 1.2
RPLHPW 2.8
RPLAPW 2.0
RPLRPW 3.0

RPLKPW 3.2

17



# = ~ovalbumin f=4] * 2k F]12 4F c7 B-conglycinin o’ ¥ 4 & SHR

ts er'% o J& &1 (Onishi et al., 2004) -

Table 6 Anti-hypertensive activities of ovalbumin and genetically

modified B-conglycinin a’ subunit after oral administration in

SHRs.
B #r4|# €  Relative anti-hypertensive
(mg/kg) activity
Ovalbumin 2000 1
Modified
B-conglycinin
Full length
3 RPLKPW-a™* 10 200
4 RPLKPW-a’ 2.5 800
Extension domain
4 RPLKPW-a’* 1 2000

* > .
g -

1. % ¢ 3RPLKPW &4y &+ & ¥ a

33 PK o
2. %% 3RPLKPW £45 2+ & &9

RPLKPW 527% o

' H A B4 = 5 RPLKPW

CHE AN REY LG R



= MR RS ZFBRE A 22T
1. 2 2 RPLKPW £ = Fth2 (25

9 %75 W% RPLKPW & Fli# 7 & » pEZZ18(4r Rl 2 )i 44
P AR kAL A TR S~ 3% 3 ZZ protein
chfe £ 30 (fusion protein)» "% i B I2PSdn g & v ORI (40
B1)> f1* ZZ & IgG-Sepharose®mfrit Al chd — [kl » -
EFo Al - ALK (FM)E A FREEEE LA LR
B0 Fv-Fap "8 a ZZ@ & v PR S E & Fc®E > F]W
1% 1§ 1gG-Sepharose® et B T 11 I FEH #-ZZ f & 3o RNt

£ A1 RS -
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2912 2971

|AlnA.'5n Sar Ser Ser Val Pmo Gly Asp Pro Leu Glu Ser Thr Cys Arg His Ala EHLN!
G-L‘.lﬂ AAT TCF-.AG{: TI'.:‘G l:']-T.H.L[.‘-GIE GGI'EEEH.T [:f.‘.iT ET&GAIG TEGH.EF TGC .FLEE.'-I CAT E{:LA AGC T"I'Jﬂ

Ecofll Sacl Kpnl—g_7 BamH| Xbal  Sall Pstl  Sphi Hindil

Ori : Origin of DNA replication from plasmid ColE1

f1 Ori : Origin of DNA replication of the phage 1

lac Z’' : Part of the B-galactosidease gene

S : Part of spa(staphylococcal protein A gene) encoding the signal sequence of
staphylococcal protein A

Z : Part of spa encoding a synthetic IgG-binging domain

P lac : The lacUV5 promoter

P spa : The spa promoter

Rz i pEZZ18 sk FIWH -

Fig. 4 The genetic map of plasmid pEZZ18.
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fi Ori

pEZZ18-E-RPLKPW

lacZ'

RPLKPW

z / \

P spaP lac

BT TR A TR -

Fig. 5 The predicted genetic map of the recombinant E. coli.
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2. BA Az it

(1) §1* Plackett-Burman(PB)z# 5% & 3+ & 8 o= 1>

Plackett f= Burman *t 1946 & & ) 7 384 F]3 K32 2 > 7 |
*nBERRERPIENTBFFEHF BORE T NG 4 FEEE (A
8-12-16...2)F »  +14v—1 P FPER 4o

n=28 R

n=12 +4+—+++———+—

n=16  +4+++—+—++——+———
RLPEINLZFE - FEAF-F 0@ %2 FENRE- L - F7()%
- B IS - A Fenk (S - o R EEIE > S n—1 {7 (7))
ZZEF o Bfs - TR A » —1 Rk m S FRERRE -

Plackett-Burman 2% 2+ s 43 * (30 08 2% 2 iR i § c0F 5 7
FOoRRF T RRERDIHFE AR E RS DET 2R R
REGEREAT R Y PR AAEIFR LR IET B E T HEY
HeehB R T o

(2) fI* = F1+ 1¢ & (Two factor levels):k 344 T e = (7 B34 L

PRFT AE O TS P RSl B TR R TS
fit s —1 3 41 am 21k #(coded level) o gt 2k 3+ 12 = 4 A e

= T[%%;Q\F_,IJZ{:, P'__ ,];r‘]_,_ m7}\_$§zlh s & ,E;:a %%EJI“’/\‘L Y 'ﬁﬁ
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S IR
RS M I RA L SRR T Y

b. igf&1 % (orthogonal)ik 3+ 7 & 4 3+ B PFRF » &> ik fFet &8

(L F o

on R ENF S A 3 F SR ERIR @R T 2 2 (least

\\

square method)i §F s 17 3177 713 4230
Y = apta Xi+aXy - +aXpta X Xot+- -+ agXoXs+: - +an.1 nXn1 X,

n
=ao+zai +Z Zau i
i1

i=1 j=i+1

v ’ 2 //

Y=2A%"KE; 5 ao % BIE 5 a~an » %) 5 X4~X, 7% 8 5 aig~an.1n

23 e a2 Uil XX~ Xpa Xy 5 2 3 0 5 o
d GEFHEF S ORE T EL I RE BRI BT &

-

B AVYREXTL S - FRHRF]FED H

[x}

PP EEL ]
BB 4 0 R PIFIS B S pE o TR 384 TS5 K3 (fractional
factorial design)®- - (Perry, 1989) -

(B) JI* HARLF AT o> 2 i it R

Bk a P g oaF o liRiE

Bt * AR ) o RIEF

1-\

~

Pe A P 1 ] e b P AR 0 B A RS TR A T RH A I F]S 0 ¢

REEF IR F 2 Gl fRFCIET]F o B Ao L gt B

NS

ot & F) et §F ol 3R 0 L B FS MEER Y AL 1 R
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— IV B F D BE T S AR o - BFRE Y S
Bt (] )E S AR o Ao b Pl erdh 2 R A BRI B TR 0 B
AEF T ReEpIE A ER A AER TR QAT LK
ARt n g - BPRAREERIBERETRS o

(4) f17 ¥ RSP Ry e B S A ek

Pou R a3k A w0 & Bh(star point) 2 ¢ .o gZL(central point) 5 i

AR KT B2 e P73 B B S RBELF P e chaf WA ¥ BRAE

(5) 1w Jisd G oE AT SR Nk k2 Rk Hdg
F Sy e AR a7 0 TG 3§ T Ml #8 4o SAS -
STAGRAPHICS % » % 7 o # * FALeha 47 o A 455 & 327 @ 3+
HorpwfFAest o d Pvalue - SIE(MEIE) S T 1EH 5E 2
S EMEERHF d R(GLEng)FreFr a8 L3 g4 229 %

By (i frmr > 1992) > F1% s fo g 21 & F1 5 $7 5 dchy OB 1 )
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AETREE T fﬁﬁ,ﬁ‘ﬁ’%‘ié’aﬁ‘ /f&rzi}i«ifﬂﬂ—*mgﬁ:i‘

WA FF R AR e R AR AP EE A L BT

3. Bt 8 & i

¢ 2 DNA B S8 B 2 5 4 4 — 28 B 4 5 5 fodrsehs 55

A B4 AL G - g & HE S ki 3 o Moks et
al.(1987a)f1* ~ %4k st » # ¢ §& » - £ d staphylococcal A
protein /=2 1 Z protein A 7] » TR A FIE -~ EIFSEFTZ
protein » *% ¥ 4% 19G = *if - B i #5477 CNBr ~ NH,OH = i+ § 4~ et
B > e i Met & A - Asp-Gly &£ 0| s 4% & — -k fZ o 7 Moks et
al.(1987b)*+ fe & 1% p+ = 54 > A 4 - K # pRIT18 2 2 human
insulin-like growth factor | (IGF-I) /]* cd 7 2 B 1gG % & ® &
(7 ZZ protein) o 11 E FEH ~ AP e Uk R > £iE 2 = IgG
Sepharose Fast Flow Gel # i {s » ¥ ¥ 3] ZZ-human IGF-1 g &
v oo f B E k318 R E human IGF-1 %1+ % 10,000 U/mg » £

s e @i ik o iz Ao Moks etal. s anflis kst &7 k< £
E: A I U

AFT R R bR 4 5 ZZ protein {etE 5 RIS
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RPLKPW ~ #48 B3 5] p274 > % o 6 2 FH5 i 2 % A ke 2

gt bl HE AT FER I 2L AP e
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1. Escherichia coli (E. coli)JJM105 (ATCC 47016)$x pi-p
Amersham Pharmacia Biotech, U.S.A. » 1% & # 7 L 48 c73
a fmbe oo
2. # {4 pEZZ18(A FIR# 4Bl ) > kP p Amersham
Pharmacia Biotech, US.A.» ¥ & it ZZ g & 39 > B P £ 5
#e A f& Ampicillin =9 %> 12 2 5 4] F EcoRl, Sac |, Kpn |,
Sma |, BamHI, Xbal, Sal |, Pst |, Sph |, Hind lll & #*» = % o
3. E.colip274 z # 3 RPLKPW A Fl2 € = Ftk (FFR2 2 7]
BlH4c@lT ) -
2. FERREA
(1) Luria-Bertina (LB) broth - p#p Becton, Dickinson and
company, U.S.A. (+# 2= & 4 ¢ % Tryptone 10.0 g ~ Yeast
Extract (YE) 5.0 g ~ Sodium chloride (NaCl) 10.0 g) -
(2) Yeast extract (DIFCO, U.S.A.) ~ Casamino acid (MP Bio.,

U.S.A.) ~ Bacto Tryptone (DIFCO, U.S.A.) ~ 4 i (SIGMA,

US.A)-
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(3) # & (- @ %, Japan) ~ g #(J.T. Baker, U.S.A.) ~ % ##
(R.D.H., Germany) ~ s-#&(§ « %] % Japan) - * #(MERCK,
Germany) -~ » #f% (R.D.H., Germany) -

3. B EWAN 1 (NH,)HPO4(r=-4-%® %, Japan) ~ ZnSO, ¢
H,O(R.D.H., German) - CaCly( & * @ %, Japan) » K;SO4(fr % %
# Japan) ~ NaCl(#st 1 @ %, - 4) » FeSOy4* 7TH,O(fr sk % %,
Japan) - MgSOy(fv:k @ %, Japan) ~ CuSOy(f-:k % %, Japan) -
MnSQO, * 7 H,O(F= 4= @ %, Japan) ~ Na,B,O-(f- & % %, Japan) »
(NH4)sM07054 « 4H,O(Fs5 1 ] 2, 5 &) -

4. #4 2%  Ampicillin(SIGMA, U.S.A)) -

5. & F i E ALk 17 RA|

(1) % @7 : Tris-Saline Tween® 20 (TST) buffer : ¥ Trizma
Base(SIGMA, U.S.A.) 6.055 g ~ NaCl (MERCK, Germany)
8.766 g 4~ 0.05% Tween® 20 (SIGMA, U.S.A.)+c » if £ ¢
ddH,O¥¢ » W6 NHClIjf =31 pH=76i &1 1L

(2) Blue dextran 2000 (SIGMA, U.S.A.) -

6. MAritE R 47 H
(1) % @7 : Tris-Saline Tween® 20 (TST) buffer : ¥ Trizma

Base(SIGMA, U.S.A.) 6.055 g ~ NaCl (MERCK, Germany)
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8.766 g 4~ 0.05% Tween® 20 (SIGMA, U.S.A.)4c » if £ ¢
ddH,O*¢ » m6NHClIjF =31 pH=76c2&1 1L

(2) ##%% : 0.5 M CH3;COOH (HAc) buffer : 4c » 14.368 mL
% HAc (17.4 M) (J.T. Baker, U.S.A.) % if £ end.d.H,O # > 12
conc. CH3;COONH, solution j# = .3 pH=3.4 ¢ =& 1 500
mL -

(3) T @ : 5 mM CH;COONH, (NH4AC) buffer : =2~ 0.096 g
e CH;COONH, (SIGMA, U.S.A.)#4c » if £ e d.d.H,O # »
FERDHACF =2 pH=5.0 ¢ =& 2 250 mL -  if 3 #g
buffer fie (535 & 5 0.45 ym B "B iR (s & * o

7. 339 % 7 £ (Micro Assay):##|(Bradford, 1976)

(1) Bio-Rad protein assay dye reagent (Bio-Rad, U.S.A.) -
(2) Protein Standard (Bovine Serum Albumin, BSA) (SIGMA,

US.A) -
8. Fifi = fadh-R 3 AR AT A A 45 (Sodium dodecyl

sulfate poly-acrylamide gel electrophoresis analysis,
SDS-PAGE)
(1) Acrylamide M-bis 40% stock solution 37.5/ 1 (Ger-Bu,

Bulgaria) -

(2) 2 M Tris-HCI buffer, pH=8.8 (» #t*% 4t i¢ * ): B~ Trizma® base
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(SIGMA, U.S.A.)24.22 g * d.d. H,O 80 mL ;% f% - 12 HCI
B3 pH=8.81 > =& 3 100 mL » ¥ &3> 4°C -

(3) 2 M Tris-HCI buffer, pH=6.8 (% & "4 48 ¢ * ): B~ Trizma® base
2422 g * d.d. H,O 50 mL ;% f2 » 2 HCI 2 # 1] pH=6.8 & >
¥ 1 100 mL > #&E34°C -

(4) 10% Sodium dodecyl sulfate (SDS) : 2 1 g SDS (Bio-Rad
U.S.A)i% >t 10 mL d.d.H,0 % s & %53+ 4°C -

(5) 10% Ammonium persulfate (APS);3 % : 2~ 0.1 g APS

(SIGMA, U.S.A)ia>* 1 mLd.d.HO ¥ » = =9 2% 38R fe o
(6) N,N,N,N-Tetramethylethylene diamine (TEMED, Ger-Bu,

Balgaria)iz i%

(7) 5X § &% % % : B Trizma® base 15 g~ Glycine 72 g~ SDS
59%*@#+ddHO"® > T &3 1LH* -

(8) 5 X ¥ #/%3 % : B Bromophenol blue 0.02 g 4 » 0.5 mL ~ 2
M ~ pH=6.8 Tris-HCI buffer # » £ 4 ~ B-mercaptoethanol
(SIGMA, U.S.A.)) 0.5 mL ~ 10% SDS ;3 /% 4 mL ~ 100%
Glycerol 2 mL v d.d.H,O 3 mL » %884 5 10 mL -

(9) v Fi# & : ptp Bio-Rad (U.S.A) -

(10) % ¢ % : 2 1.5 g Coomassie Brilliant Blue R-250 (WS
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8.

0.

Simpson Ltd., England);‘;‘]& 4¢3 250 mL d.d.H,O ~ 250 mL #=
% f= 50 mL ﬁi]%ﬁfr?av‘ RLE¥mg o
(11) . d & L4 » 70mL ¥ pg4- 70 mL ﬁiﬁ’ﬁf@%?iﬁiév’ﬂd.d.Hzo

P g4 r ddHOZE T 1L

- RE

. H P33 B F L (YANG TAMIN INSTRUMENT CO., LTD.

Model : YMT) -

. pH meter : EUTECH Instruments, Cyberscan 510, Singapore -

. [538 32 % #(YIH DER, Model : TU-400, = i#) -

ek /e Bk A Sk kB 2 (Model @ UV mini 1240, Shimadzu,
Japan) -

% 7 v ¢ 2 (Spectronic 20,SP-20,Milton Roy Company, U.S.A.) -

. 5 L % 4t (CMF-5, Taiwan) -

<8 g e ¥ (HITACHI, Japan) -
% i 4 ik 3o 8 (Hettich, Model : MIKRO 22 R, Germany) -

Rk 45 % & (Heidolph, Germany) -

10. Ultrasonic cell disruptors (BRANSON SONIFIER® Model : 250,

US.A) -
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11.125 mL ~ 250 mL = % 4875538 -
12. LW KR
(1) 50 mL 4z %% % & (Amicon®, Model : 8200, U.S.A.) -
(2) 10,000 M.W.4¢ i& Jjg *-(Millipore, U.S.A.)
13. & & &F 5 k45
(1) i ¥ 4 : C 16/40 Liquid chromatography column (SIGMA,
US.A)-
(2) ¥ & % : AC 16 adaptor (Amersham Pharmacia Biotech.,
US.A)-
(3) #F# FT i - Pump P-1 (Amersham Pharmacia Biotech.,
US.A)-
(4) 348 : SEPHACRYL S-200-HR(SIGMA, U.S.A)) -
(5) % %z & ®(Model : 2110, Bio-Rad, U.S.A)) -
14, HAelt g 4k 47
(1) i ¥ 4 : C 16/40 Liquid chromatography column (SIGMA,
US.A)-
(2) ¥ & % : AC 16 adaptor (Amersham Pharmacia Biotech.,
US.A)-

(3) #F# FT i : Pump P-1 (Amersham Pharmacia Biotech.,
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US.A)-

(4) %% : 1gG-Sepharose® 6 Fast Flow (Amersham Pharmacia
Biotech., U.S.A.) -

(5) # %< & ®(Bio-Rad, Model:2110, U.S.A.) -

15. R A KR

(1) 4% £ i (Versatile Mini-PROTEIN 3 Electrophoresis Cell,
Bio-Rad, U.S.A.) -

(2) %% #(Bio-Rad, U.S.A.) -

(3) % ik = ® (MAJOR SCIENCE, MP-250, Taiwan) -

Z > BT
1. AT %

(1) 20.6mL 4+ ] g9 E. colip274 FHix 1 B 4%k 5
FE Mz %R0 N350335 57 75 1% Ampicillin
iLBplate F 2% 12 ) Fis 8 > 4°C T %% o

(2) MEEEPFE - FE L R%H LT F 1% Ampicillin #9 LB
# 5 1 % A(slantagar) t 6 ¥ F 5 B QR S W ITRR

(3) 3~ 1 BixfERNFHE » 243 50mL 7 F 1% Ampicillin ¢

LB broth ¢ > % 37°C ™ 12 180-200 rpm 23 % 16 hr o p*

33



”P;f;\yfg_“p;:]’o

2. SRR 2

(1) 3232 £ 50 mL Sephacryl S-200 HR %} % %é%‘gc} R RE RS
liquid chromatography column(SIGMA, U.S.A.) > ¢ H p #XiT
¥ > ¥ % packing @ﬂ”f %o IR & E o

(2) #FHME Ao BRPTE AR B E RS HLFH pump
ik 5 00 ml/hro v 2 B RRM A D TST 8 &5 i T 79 48
PR R o

(3) /2 » 10 ml 72 mg/ ml Blue Dextran 2000 > # # packing gel
s homogeneity > /& T 73 48 &K 3% 7 8 # o

(4) 1~ 50 mL ik o & o] B B0 mL i o 3K RE L
B 10 A R R4t B &4k 0t 10 -

(5) #fc B g7 Rl £k £ 280 nm T e kB o

(6) Boipl B %k (6 {4 chiS 195 & (7RI H H R o

3. AMArtt gLk 47> 2
(1) 7t 4= liquid chromatography column =~ & 7 AC 16 adaptor-

(2) 2 TST buffer & i3 1IgG-Sepharose 6 Fast Flow #} 48 > /= » %

FR(1)2- BAT -
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(3) #-+ & AC 16 adaptor # % = >4 » 2 H 2 ni# 300 mL/ cm?
hr = > 12 5 & 94884 ~ pH=7.6 7 TST buffer ¥ 3& 1 "% &% i%
FiR e

(4) &5 * 4ple g > M pppk ~ TST buffer ~ izt ~ TST buffer -
IR REN B R o

(5) #4502 ymig 150 mL/em? hriz » 3 41 ¥

(6) # 5% 2t~ 54 % 60 min @ 50 = 2 FRAE L o

(7) £ 4 nig 300 mL/em® hr = » * 10 @ %8448 4% < TST buffer

3 AR NfenzbL - M Fd AT KT 2 B HHEA
5 mM pH=5.0 fis fk 4% i i 2R 4R -

(8) r4imig 20 mL/cm*hr * 0.5 M pH=3.4 fE k-2 A 2 4 & -
XS e SRR VAR RERE L R
1.2mL; Rl € & # k£ 280 nm T gk {d o

(9) wyc L 3 Bk iEaias + g 5mL> 12 d.dH,O{-0.08 M
Tris-HCI buffer (pH=7.8) £ 4F i 7= 2-3 & B #& 3 <fip i3

"o
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4. SDS-PAGE % i 4 3

(1) SR E o

A ERREE BRI RBUALE BR R

Running gel solution Stacking gel solution

(12.5%) (4%)

d.d.H,O (mL) 4.8175 2.033
40% Acrylamide Bis
i (mL) 3.125 0.25
2M Tris-HCI (mL)

pH=8.8 1.875

pH=6.8 0.16
10% SDS (pL) 100 25
10% APS (uL) 75 30
TEMED (uL) 7.5 2
B R (mL) 10 2.5

(2) W B WA HES b BX R R RN S35
3100 °C ki M # B A &S L FrE ¥ o

(3) F i F0.75 MM B 5 A h2 * LI WEB E *150* 75%
o ot BB

(4) % B(1)¢ “roens BRRER R - I < 3 SR

- -2 b0mLiErpr R £ 2 o E Y I mL i rx
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(5)

(6)

(7) *

(8)

9)

BB MR B RG2S EELE L 8 23 3

}’i ’K_;:fe:'lv’lf_htbﬂij\rgg‘i"‘v%t)\ 750/0Z‘ﬁ$f§'1}3}}’§§%\»\i , ff:‘;:-%j.)‘ 30
B A R A G e fEo 3 /4 FA R A 5 ekt
7 B

ety FR(1) 0 #TA DR E R R > PRREIHF 208 0
gRirit? s F2BE2ELGRE > 2 %% & 0.75mm &

F 10 B 4 S (Well) e o % 15 30 A HRIE 0 B ¢

TA(S 2 u};i;%,%n E )2 well 57 ¢ & e 30 ,ﬁo
g N = PN ;ﬁ;ﬁ@ga o lfﬁ%ﬂﬁ BEX 3 dmaind 1X 7

MTARRY S FREERRARET AR ET S TR R

Bedeo THRE e g2z AR & Bwel ? > &R
well #84¢ 5 25 L -

FFPRARTEEL OBIITRERE AL L10V T REFA
B0 i & owell sk S PR E W ARG - 20130V & &R

A By 60-70 & 45 > F 4k 5% % ¢ ahig i & (Bromophenol
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(10) "} « BB I 2 H s et d g 2 > 3 “fﬁ‘x?ﬁgﬁ‘%’i
{8 g d A d 20-30 A EiSE TS o
(11) S § A R de=t (8 0 3202 50% ™ fipiv % 1-2

o B ket IR A Pl KA

5. ¥ ¥9 ¥ 7 £ B2 > ;= (Micro Assay)(Bradford, 1976)

(1) P~3v Fi%3% BSA» fffi+ 4 BRI ER(2-4-6-8
ug/mL) -

(2) # Bz 4 Bk R IR % 800 yL 2 ~ 2E g P o0 A »
Bio-Rad dye reagent 200 uL > 333 ;& & 5-10 » 455 » " A
kKB hipl £k £ 595 nm e sk & (ODsgs m) © #1718 3] ehiic
Pp v RS o

(3) £ #-3d Fipiete A 4 S8 & MM 5 800 L -
‘v » Bio-Rad dye reagent 200 pL- ¢ k323 2 & 5-10 4 45>
B8 £ 595 nm T e 2k {# (ODsgs nm) ©

R SUER SRR R IRy g W Y

6. & EARE colip274 &7 FPEEF T i R
(1) iga @ 2 1% FR g4 » 45100mL » =17 5 1%

ampicillin LB broth # »37°C & &~ %32 % 771424 /| p& >
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(# ¢ -5 7 p* Ultrasonic cell disruptors L 7))

(2) A& =% A WB8 % 71424 /] pF 50 mL i v+ 6000 rpm
Hre 20 4B 4%

(B) B~¥ - 5 & 7 ~ 50 mL 7R - * BRANSON
SONIFIER 250 12 i% = Output control: 6 - Duty cycle: 50%
(80-85 watt) » Time: 5 min 2 * gL 7 » £ 4 6000 rpm &t 20
N R

(4) 49 Fx 2~ 3 #7118 B che 5T FR (2 FTARLE ~ - SR A W
i iE 0.22 ym i ets i * o

(0) A ulie TRt g 472 2 WEIR & B9 Bt ehiicdy o

(6) - F 5 18 $l chfk & 0 A W] B 342k % B (Amicon®,
Model:8200, U.S.A.)* ~ + £ 10,000 =i jg "i& 17 0k 45 > &
Ffter dd. HO k"% K4 57 chBIER o

(7) #4225 etk & > &2 A 7% [T pEZZ18 H E. coli IM105 33
% 24 ) PR o £ 24 ) PR A SEA Ao E 2 E. coli

p274 4 it ~ frit i+ SDS-PAGE 4 17 -

7. B ER AR AR

71 B &
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(1) #8423 % 1 100 rpm -

(2 BAERZ PR 37°C>24 | pF o

7.2. % 3%
(1) 206mL:A g+ ] g° oE coli fiksafas 100mL 7 5
1% ampicillin LB broth # » 37°C T /#i* 16 hr it 5 seed -
(2) pe#l 25g/L sh LB » 5L ¢ » ¥4k 3 3L o

(3) M EEH % » B 2 B E LY 0 2 121°C ~ 15 A dienif @

AR EE LT ST

(4) BREADDREAIFHERET P22 24hr J€F hrplE - X 7
#(ODggo nm) ~ pH ~ protein assay -
(5) B E =+ 2 6000rpm < 20 245 B~50mL &7 4 3

i F oA ol g e i B (dodik = 2 240 3)

8. FH¥R & AR b PRI L AT
(1) pe 6545 mLLBbroth 5 F sk > T iv= £4F 5 ¥ fie 135%
50 mL LB broth i % /& & o
(2) ~ W pefl 20% 10 mL shpE#gi5 i & LB broth 4 B = 7

() wER= = HLfr > »F % LBbroth ¥ & w4 » 5mL
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FESEA R B N%RE > FER A 24 ) o

(4) 34 =315 > Pl E F#(ODeoonm) * AL 3 ¥k 15 R £ 43 30
Fz2fcpHE -

(5) fc B Firit 7 Ao F s (RIS % Bk +

W% 3)

T RERRG
1. 27w Rd g 2lehdozgadd 332407
1.1. Plackett-Burman(PB)z# 5% & 3+ & iE 2 = >
NiRB K~ F]F (7 factors) ~ = Ff & (2 levels)z PB i#5% &
3t = BF % F)3 A~ B 5 tryptone ~ YE ~ NaCl ~ casamino acid -
(NHg)HPO, ~ 4 it ~ PER > 82 B F3 2R 2 —1fo+1 2
B I A R TER R v & iE(response) 0 & FlF kR R
hod = T o
1.2, 04 F]F 3822k 3 1| U7hE s e = 13
R4 F]F iR+ tryptone ~ YE ~ NaCl ~ (NH,),HPO, i 4
WEHTFF o KB RL L A fe+ IR RREFAcE N o

1.3, A BH%EF RS kR 2 Bl 5

1\"5

F4 F M BIE S E AU A B o 1 b AEIR A F]F K
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Plho S i Rn Bk kA b S S kAR ST A

Erlentilic: & B )5 A pE4 > J JLEEIRh 3 4 gt FEAR (T D82

1.4, ¢ wRAxF ALz s A gedn
7 Z_NaCl et ] 2 1.0% » 12 tryptone ~ YE 3 © &R 203K
P2 B FF o HERA R LT 0 & 5222 TS R 4
BEE 2P w8l 210 BF 2% o
2. i % g
i * chfitk8 5 STATGRAPHICS Plus Version 5.1 (StatPoint,

Inc., Virginia, U.S.A.) ~ The SAS system Version 8.01(SAS Institute

Inc., N.C., US.A.) -
3. F &I
(1) 41* STATGRAPHICS #:48 > 11 PB#R&% X FHEER R
2 s

(2) 1% 200 T3 e 0 Mz R FUR GRS E B

5

37°C - 24 /| pFie > R AFH%> 2 H A 13RI R R I
' ﬁ#i?l]i%%gaﬁﬁi%] » STATGRAPHICS Plus #x%8 4 +7 »

(R e e Nl

(3) Mpt— xRN GER RS AT o RS RS
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o WA AR AN 37°Co 24 [ BERER
EEMAE AT o B R AR a3
BB E B0 %",ﬁafiléﬁ%] » STATGRAPHICS Plus #x %8 4 47 -

(4) F HARSFTHT EE- BRES RN En RATEE
g SRR 5 SR A SR ) R R R
el fofmadig 2 LR A b o

(5) - vl & F B R gy~ SAS &4 47 ] w iF S Azt 2 A
- I~ Ao I T B R LiE- HiTE Pl
17 (canonical analysis) > 45 4! & F|+ = =t 38 en{k #icfriz ¢
mmﬁr?—’ F25% o

4. BB ARFFES
(1) % 2 2 % iz 8 STATGRAPHICS Plus $ic 88 2% 3+ ke 2 18 33
AR A B0 AE S A 50 mL 512 121°C ~ 15 A bR

]’ ¥R 2% 50 mL LB broth -

(2) # 1% F(B00 uL) L & - g £ A ¢ > 1 37°C~ 180 rpm =
% 24848 | FRBEHRRTTBAFRH @)

@) rEz> ImLARIFRS G - RIEF - 5FR DT
WA Rk

(4) %2 &4a)5g 7 Fik 12 4°C 6000 rpm T g 20 A 45 0 4 4
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% = (A) ~ Plackett-Burman @5 % 3+ »

Table 7(A) Plackett-Burman experimental design.

No. Tryptone YE NaCl casamino (NH4)HPO4s Glycerol Time
1 +1 —1 +1 +1 —1 +1 —1
2 —1 —1 —1 +1 +1 +1 —1
3 +1 +1 +1 —1 +1 —1 —1
4 —1 —1 —1 —1 +1 +1 +1
5 —1 +1 41 +1 —1 +1 +1
6 +1 +1 —1 +1 +1 —1 +1
7 +1 +1 —1 +1 —1 —1 —1
8 —1 —1 +1 +1 +1 —1 +1
9 —1 —1 —1 —1 —1 —1 —1
10 +1 —1 +1 —1 —1 —1 +1
11 +1 +1 +1 —1 +1 +1 —1
12 —1 +1 —1 —1 —1 +1 +1
13 LB($R ) g
14 LB(%tPe ) +1
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# = (B) ~ Plackett-Burman @z % & A o= 0> o

Table 7(B) The medium ingredients of Plackett-Burman

experimental design.

Independent variables

Coded levels

(%) +1 —1
Tryptone 1.0 0.1
YE 0.5 0.05
NaCl 1.0 0.1
Casamino acid 0.5 0.05
(NH4),HPO, 0.5 0.05
Glycerol 0.5 0.05
Times 48 hr 24 hr
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o (A) 2% R F S s

Table 8(A) 2*" fractional factorial experimental design.

No. Tryptone YE NaCl casamino
1 —1 -1 —1 +1
2 —1 +1 -1 —1
3 +1 -1 —1 —1
4 —1 +1 -1 +1
5 —1 +1  +1 +1
6 +1 +1 1 +1
7 —1 -1 —1 —1
8 +1 -1 +1 +1
9 +1 +1 -1 —1
10 +1 +1 +1 —1
11 +1 -1 —1 +1
12 —1 -1 +1 +1
13 —1 +1 +1 —1
14 —1 -1 +1 —1
15 +1 +1 +1 +1
16 +1 -1 +1 —1
17 LB(¥Re )
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ZAB) 2V A F S BRuR IR AE LS o

Table 8(B) The medium ingredients of 2*" fractional factorial

experimental design.

Independent variables

Coded levels

(%) +1 —1
Tryptone 1.0 0.1
YE 0.5 0.05
NaCl 1.0 0.1
(NH4)2HPO,4 0.5 0.05
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T~ HAREERS A AEN (- L)

Table 9 The medium ingredients of the path steepest ascent

experimental design.

Tryptone YE NaCl
Base point 1.0 0.5 1.0
Slope 5.95 14.88 6.91
New unit 0.2 0.5 0.25
Medium ingredients
1 1.0 0.5 1.0
2 1.2 1.0 1.25
3 1.4 1.5 1.5
4 1.6 2.0 1.75
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2L (A)~ ¥ oo R N ERR L 2 o

Table 10(A) Central composite experimental deisgn.

No. Tryptone YE NaCl
1 —1 —1
2 —1.68 0
3 0 +1.68
4 +1.68 0
0 1 1 B4 1.0%
6 0 0
7 —1 +1
8 +1 +1
9 0 0
10 0 —1.68
11 LB(%tPe k)
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2LtB)-BRAES 2P RN ERK

Table 10(B) The medium ingredients of central composite

experimental deisgn.

Independent variables Coded levels

(%) —168 -1 0 +1 +1.68
Tryptone 0.92 1.0 12 14 1.48
YE 0.29 05 10 15 1.71

% FZ_NaCl 5% 1.0%
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FZZyH R 5 e (ZZ-E-RPLKPW) » 545 ~ #8F 1)
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Fig. 6 The absorption spectrum profile of fusion protein with

different incubation time.
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Lane M : Marker -

Lane 1 : 334 24 [ pFerl a2 3o K439 F) -

Lane 2 : 3 & 7 /| PFis97A s Fov H(BLF S T 519G ¥ 4k 47)

Lane 3 : 12 & 14 /| oA i 2 F-v F (58 196G #4Lk 49) ©

Lane 4 : 3 & 24 /| pFor 2 Feo F(54 19G ¥ 1k 47) ©

Lane 1—4 2% 2 % E. coli p274 #& 4] Ftk -

Lane 5 : 2 % E. coli IM105(% # 7 &8 pEZZ18)24 /| pF 7 /> i 2. 3ov (4830
(K

Fl= ~ &3 &3 PR i RE 2 SDS-PAGE 274 -

Fig. 7 SDS-PAGE profile of fusion protein expression with different

incubation time.
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Fig. 8 Fermentation profile of transformed E. coli p274 in the LB
broth.
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Fig. 9(A) The absorption spectrum profile of fusion protein with the

gel-filtration by fermentor.
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Fig. 9(B) The absorption spectrum profile of fusion protein with the

affinity column by fermentor.
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Fig. 10(A) The stability of recombinant E. coli p274 blue colony.

10(B) The stability of recombinant E. coli p274 white colony.
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(A)

(B)

B+ - (A) ~ E. coli p274 # £ >+ LB/ Amp/ X-Gal 2. T & & % 2 -
(B)~E. coli p274 4 £ % — . LB/ Amp/ X-Gal 2. T & 2 % -

Fig. 11 (A).E. coli p274 grew on the LB/ Amp/ X-Gal agar plate.
(B).E. coli p274 grew on another LB/ Amp/ X-Gal agar plate.
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Fig. 12 The absorption spectrum profile of fusion protein secreted

from E. coli p274 which preserved on LB slant agar.
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LB 3 & A v o £F € ¥ E. coli p274 chFficie A ik i
ZZ ot 3 R A LB B % drd L - o e 2% oSt
39 kB A u)id 7] 102.63 - 160.50 ug/mL > & €& 4 chFj#cL
R itr ot 2% RO PR ] APk 0 R A R 5 3B E(ODeoo
m=0.428) > 7 4c 2% # " 4 & % 18 (ODeoo nm=0.188) » il .
FEF IR 4o AR EP o R ELUREEE R PR e Al A 3
fr Few HehE o i ﬁi&;f]: e A s & RS F IR 7 SepR R <
A e B BRI pH EL Tl RURAR RS 22 RS F
SEIPTRETT O o 11 LB e SRR TR A A A(Y 4B R) ) @
Who FOEAR - pH B FMER FRT AR e 6 R LB
FRER O F RS 48R S o g R A i b Y o
FERARSZ o AFAGFLRRDIBR A AT TRk ET LT
ODag0nm=0.212> 7 LB 4c b 544517 5 32 % fhehds Fx % & ODag
am=0.115 ¢ ¥ i (S ehgd £ F-d 3 m PR3 4 > & @ R0 0 B dRIRE

5 pR g eI S B A2 -

67



24— LBt » % FARY E. coli p274 # £ 5 i o

Table 11 The growth effect of E. coli p274 when used LB and

different carbon sources.

No. A B0 FRR H Fli g R
(Hg/mL) (ODé00 nm)*
1 LB+2% Glucose 37.75 4.47 0.271
2  LB+2% Sucrose 102.63 5.70 0.428
3 LB+2% Fructose 32.88 4.51 0.348
4  LB+2% Lactose 160.50 7.33 0.188
5 LB+2% Mannose 31.38 4.51 0.321
6 LB+2% Mannitol 32.50 4.61 0.330
7 LB 202.63 7.58 0.166

LA GRS RHARE
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Fig. 13 The absorption spectrum profile of fusion protein with LB

and lactose incubated E. coli p274.
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%+ 2 (A)~ 8% & 2= »2 Plackett-Burman 5% % 3+ -

Table 12(A) Plackett-Burman experimental design for screening suitable medium ingredients.

A& A H(E > %) TS
_ PR 8 k0 FER il B
No. Tryptone YE NaCl casamino (NH4):HPO, Glycerol (hn) (ug/mL) (ODeoo mm)* pH
1 1.0 005 1.0 0.5 0.05 0.5 24 121.38 0.240 5.49
2 0.1 005 0.1 0.5 0.5 0.5 24 69.88 0.254 5.83
3 0.1 05 1.0 0.05 0.5 0.05 24 183.38 0.132 7.7
4 1.0 005 0.1 0.05 0.5 0.5 48 155.63 0.320 6.36
5 0.1 05 1.0 0.5 0.05 0.5 48 58.88 0.281 4.95
6 1.0 05 0.1 0.5 0.5 005 48 157.38 0.348 8.01
7 1.0 05 0.1 0.5 0.05 0.05 24 107.63 0.242 7.47
8 01 0.05 1.0 0.5 0.5 0.05 48 154.63 0.147 7.87
9 0.1 005 0.1 0.05 0.05 005 24 74.13 0.195 7.63
10 1.0 005 1.0 0.05 0.05 0.05 48 197.13 0.190 8.26
11 1.0 05 1.0 0.05 0.5 0.5 24 205.63 0.246 6.28
12 0.1 05 0.1 0.05 0.05 0.5 48 157.38 0.180 6.15
13 7 LB 15 4R e 24 195.38 0.190 8.10
14 7B L R e 48 231.88 0.234 8.34

Lo AL RAfRE
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# + = (B)~Plackett-Burman &5 = 2R S0 30 FER 2

fe b F-v DR R 2R o
Table 12(B) The comparison between total protein concentrations

and fusion protein concentrations in part of

Plackett-Burman experimental design.

“,&}VJ ?/EEE ]%‘i‘é\'}‘] /%)—‘;

Sample
(Mg/mL) (OD2g0 nm)”
% 11 5L 205.63 0.212
LB(3z % 24 hr) 195.38 0.273
LB(3z % 48 hr) 231.88 0.369

LR RGHES BHARE
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Standardized Pareto Chart for Protein

D:Casamino
A:Tryptone
E:[NH4]2HPO4
C:NaCl

G:Time
F:Glycerol
B:YE

0 05 1 15 2 25 3
Standardized effect

BlL2 - %% 44 Plackett-Burman 5 & & 4 45 o

Fig. 14 Affects of different medium ingredients in Plackett-Burman

experimental design.
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F 2V A S R R FBRE PP S o F

FE R SRR R Bk g R irdk 2 o B9 FER B i Bk

s B % 10 #gfe % 15 55(161.88 pg/mL ~ 171.63 pg/mL) » =
F LB i 4 d ot bl | F(NHg)oHPOgo S 30 Bk R 22w 333
BAVRSFR > B9 FAF > NaCl kR4 1.0% YE ik
B 417 0.5% » ¥ tryptone §o(NH,),HPO, fi i B % o pH 2232 %
Aol o PIE(NHg)HPO, v bl g 14 - pH E g 8 - d F#ciT )
BokF oo i YE U b % ks £ G e o

i STAGRAPHICS $ic %8 » 472 % 4rBl -+ 7 (A) o o M B#
o e? YR FF 2T BT o F 4 » (NHy)HPO, 5 > 4
HRFRamEELp oM %2 REERE ] tryptone~ YE~NaCl
P25 HOL1 oM G PBPRAERS « L&8-H¥ 34
#3 (NHy)HPO, 2 (7 2 47 (4Bl T (B)) > # T 7 € R &
R KT E e A T R %ggp_g\rj}w it
tryptone ~ YE ~ NaCl - iz = = & #7174 4 ek Ep: G A

Y =-2.87222 + 5.95 Tryptone + 14.8833 YE + 6.90556 NaCl

(Y = protein concentration)
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Table 13 2*" fractional factorial experimental design for screening suitable medium ingredients.

& A GI(HEH > %) FHREE
B FRR ARl R
No. Tryptone  YE NaCl (NH4)2HPO4 (ug/mL) (ODeoo mm)* pH
1 0.1 0.05 0.1 0.5 -0.38 0.049 7.43
2 0.1 0.5 0.1 0.05 88.13 0.171 8.05
3 1.0 0.05 0.1 0.05 62.88 0.130 7.89
4 0.1 0.5 0.1 0.5 31.13 0.259 7.36
5 0.1 0.5 1.0 0.5 158.63 0.125 7.46
6 1.0 0.5 0.1 0.5 78.88 0.315 7.48
7 0.1 0.05 0.1 0.05 4.13 0.045 7.84
8 1.0 0.05 1.0 0.5 129.63 0.104 7.47
9 1.0 0.5 0.1 0.05 93.88 0.239 7.63
10 1.0 0.5 1.0 0.05 161.88 0.191 7.56
11 1.0 0.05 0.1 0.5 56.13 0.151 7.69
12 0.1 0.05 1.0 0.5 15.63 0.050 7.29
13 0.1 0.5 1.0 0.05 147.13 0.130 7.85
14 0.1 0.05 1.0 0.05 4.88 0.046 7.83
15 1.0 0.5 1.0 0.5 171.63 0.169 7.33
16 1.0 0.05 1.0 0.05 122.63 0.110 7.73
17 LB(%tPe ) 174.88 0.165 7.52

rU RGPS BRARE
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(A)

Standardized Pareto Chart for Protein

B:YE

C:NaCl

A:Tryptone

D:[NH4]2HPO4

0 : 2 3 4 5
Standardized effect

BT (A) > &3 % A s 28300 F) 3 ks e 45 o
Fig. 15(A) Analysis of different medium ingredients in 2*" fractional

factorial experimental design.
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(B)

Standardized Pareto Chart for Protein

B:YE

C:NaCl

A:Tryptone

0o 1 2 3 4 s
Standardized effect

BT (B) B0 &34 A% 2% i 3 s 47 o

Fig. 15(B) Analysis of different modified medium ingredients in 2*"

fractional factorial experimental design.
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Tryptone : YE : NaCl =5.95 : 14.8833 : 6.90556
= 0.2:05:0.25
PEREAFEREEA e o P REFR 5 AR SFRARY
TERB3(323.00pug/mL) > L Flh A %47 k0 FerEs 3
(tryptone ~ YE & %] ik 1.2% ~ 1.0%) » s i A fodd g s i
Flengh s v kR 5 o B~ ODggorm™> £ Eh B2 =2 F © % 9
%10~ % 11 R 39 FikR %R Tryptone: YE:NaCl=1.2:

1.0:1.25 & 2 ehjFik » @ ehpe & 3-v k& 53.81 ug/ml 5. 3 (%

2

1) AF=023 284 ® > LB 017 BL L - & o

ﬁgiﬁ'J Mg 3 %ﬁﬁfi rr-p:'(ODgoo nm=0270)§" FS v e {—ﬂ ‘2'3, v

oo RS AT T FIRA Y T €D F F O e h
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I
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-
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Table 14 The medium ingredients and results of the path steepest ascent

design.

1A A H)(H = %)

1 %% ¥ 235 § 3 #g ¥ 45 LB
Tryptone 1.0 1.2 1.4 1.6 1.0
YE 0.5 1.0 15 2.0 0.5
NaCl 1.0 1.25 15 1.75 1.0
L%
WEITRE 12588 14388 132.88 201.88 123.63
(Mg/mL)
G R 0.180 0.141 0.270 0.191 0.132
(ODSOO nm)*
oH & 7.67 7.09 6.72 6.36 7.44
f & F-v 3k 8 (OD2go nm)
504 0.122 0.221 0.143 0.265 0.172
510 4 0.328 0.235 0.195 0.287 0.201
£ 11 4 0.183 0.218 0.205 0.200 0.143
g
i I T 53.81 42.94 45.56 34.19
(Mg/mL)
2 0.21 0.23 0.20 0.14 0.17

LA AGAHES BHARE
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4. EHEAREFRESAL

B R AR Rfpt EHARERFRD Ik i A S
(e 3y ERIA I ER)ZBE R b5 ¢ vk,
o BE3ER 0.2% 5 tryptone st B > 3k 0.5% 5 YE et i) 5 i
FENaCl kR : 1.0% B F%XIBE AL E Skt -

T o7 My 10 5L Sehih 9 ik & & (168.20 pg/mL) -

3

¥ 35 FapH B 5 5% 6.93 % E§ A ODeoonm=0.520 %
BECHPURAASEFAMABMNEEARBY T4 €7 pH
EREML e KA RS2 5 105 SR HRE IS
i# 30.81 pg/mL > & B A F k5 0 & F HE S 9 5LH 5(0.24)
2% v 5 Z_tryptone : YE : NaCl=1.2% : 1.0% : 1.0% - +* #&
feHR o BRI TEARSF > pH EG & 3 k% > w52
Fllc s & e R RGBT oo

#A %l %@J » STAGRAPHICS #ic#8~ 47 > #3]- B
tryptone e YE $tf & 36 A F 2 v o 5 B2 £ 5 AAB(H -+ =
Bt =) ¥ EDSER R A B+ G I _tryptone=1.20% ~
YE=0.80% ~ NaCl=1.0% > i~ 47 & 2 & A F L2 % (4o +
A)o v @i YE chE T 8RS 5 Ao = (tryptone® ~ YE?) = & o

tryptone 4= YE ‘%’K?}]%é £ F-v el BB %'?Kgnéjﬁ A w4t B
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FEEdv A8 BEAXSHIIIEHIER L% 57 tryptone

)

o YE $H3s 5 o PR 4o cnB & Sagh - 0N B T L
2R SR TE A

¥4 I B0 Fof & 39 kR 3 STAGRAPHICS #:
B2 TR E 35 BB 15 A Rsk R B

HAF AR TR Y RS RP L A REAF > i

A SN LR M e W"Eﬁzév\’fl?:{r\’lgf'] W"Eﬁ;"’ #2385

Fusion protein proportion = -1.613686 + 3.029643*tryptone +
0.099052*YE — 1.316434*tryptone”2 + 0.150000*tryptone*YE —
0.175354*YE"2

T 2LATF chw §F oA ¥ (4o & - = ) > tryptone - =t -
tryptone £ tryptone ~ YE £ YE 2. = 38 404 W % 3 A F {2
(p<0.01)> = &_YE - & s frtryptone~YE < 37 1% 5 2 &g ¥ £
2(p>0.05): 47 F|F2Z L /LI IE* P75 o m B+ A e

2R AVYEmAs i Lo B s A IERr CYERRER

P R 8} M LB (PI0.05) ek L 5 ) d AL

N

chig = A 45 4 eh P-value %> YE=0.0073 - tryptone®=0.0053 -
YE?=0.0092 & 1%%8 % k2 T £ 84 BEP G bRk Tk
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B(RO) £ 3] 94% % 7 4 w = AR L R & v A A
JrRE AR B RL LT Y CRSRRER LA S o
» SAS & i7 A idrd A 0 T Ao - Ao B 2 i
#3355 B F(p<0.05) > = =t 3 & 4 3% 5 & ¥ (p<0.01) >
A FF T R ERIEF > AL TERSTZFES
12.72 > £ 78 ¥ £ £ (p<0.05) o 4% % 38 (residual)® - 3% if |+
(lack of fit)z. F & % 2.43 > % & % & ¥ -k ¥ (p>0.05) > 4 7 d pt

PEREHTTFEN O XSRS SR gy Al
Ppo X R G RN o 0 RP=0.94 ) w2 ARG 59 i
A E AT R TR E R DA S T R AR 2 TS

%R w b 4250 548 SAS friie 7 & B4 47 (canonical

analysis) » i}’ - AR fo#-- > A2 ERHREFD T R AR S
(e +4)
Y =0.237—0.079 Z*—0.112 Z,°

P Y=g & 39 &2 F > Zi=tryptone » Z,=YE - > f23% ¢ 2 ¥k
PLijE AT A ZES I BERER Y ERYRET
o Ftw Y B2 ¢ 5 RS E(Zy, Z2)=(-0.014, -0.290) - # &
* A EBEER L tryptone=1.20% » YE=0.79% (% = +) >

2 STAGRAPHICS #c %8~ 47 5% % 4p 10 o
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LD - S RREHRE Y AFOFRRE T L ¥
> 454 o d Bt & 7 drtryptonec fr YE &5 fAR & A i en
FrHBE B0 AT Y LG B F12(p<0.05) -

1P R AR F R aE & v A 5 0 Y RPLKPW i
fel o A F BB vt B 7 5] RPLKPW % i B33 Px i

FEMErEA - L) ®{ARP WwRARFFTHRES ASF T 95
tEm 3 0 7 E3 0.72 ug/mL o § SAS B3t & A 6
tryptone=1.20% ~ YE=0.79% > = + NaCl=1.0%p* - ¥ 3| f & 3
VB B3 E G 240 3% 8 a EF 0.72 ug/mL 5 RPLKPW 7%

PR o
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Table 15 The medium ingredients and results of the central composite experimental design.

BaAvH(EE%) F%ES

NO. Tryptone  yE  BFGEEA L ERad BEFSEE
(Mg/mL) (OD600 nm)* Conc.(pg/mL)
1 1.00 0.50 160.20 7.40 0.318 28.06 0.18
2 0.92 1.00 165.80 7.34 0.410 22.19 0.13
3 1.20 1.71 103.40 6.93 0.520 9.06 0.09
4 1.48 1.00 92.60 7.24 0.379 10.19 0.11
5 1.40 0.50 133.00 7.45 0.324 23.44 0.18
6 1.20 1.00 105.00 7.30 0.390 23.31 0.22
7 1.00 1.50 89.00 712 0.457 6.19 0.07
8 1.40 1.50 67.80 712 0.420 9.06 0.13
9 1.20 1.00 96.60 7.31 0.412 23.19 0.24
10 1.20 0.29 168.20 7.49 0.219 30.81 0.18
11 LB 194.20 7.43 0.270 17.31 0.09

TR R SRS BHMARE -
L2 ASERe v kA RR
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Estimated Response Surface

0.25
0.22
0.19
0.16
0.13

0.1
0.07

Protein

B - = ~Tryptone - YE év’ﬂ;‘fltéu%%?ﬁﬁé: 0 ASREL R B 5B e

Fig. 16 Response surface of the proportion of fusion protein to total
protein concentration at various concentrations of tryptone

and YE.
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Contours of Estimated Response Surface

15— ' ' ‘ 4 Protein
E / \ 1 — 0.07
1.3} 1 — 0.088
. 1 —0.106
1.1+ = 0.124
u i 1 —0.142
09 1 —o0.16
. 1 —0.178
0.7 5 0.196
[ /; —— 0.214
0.5 & 1 1 1 A= 0.232
1 1.1 1.2 1.3 1.4 — 0.25

tryptone

B+ = -~ Tryptone ~ YE m’T iR RS R0 A SR E 3 AR -

Fig. 17 Contours of the proportion of fusion protein to total protein

concentration at various concentrations of tryptone and YE.
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Standardized Pareto Chart for Protein

B:YE
BB
AB

A:tryptone

3 4 5
Standardized effect

Bl- A BARESPHEY SRS EHRRIT DL o
Fig. 18 Analysis of different medium ingredients in the central

composite experimental design.
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Table 16 The analysis of regression of the central composite

experimental design.

Parameter Estimate Estimate from coded data
Intercept -1.613686 0.229919
tryptone 3.029643 0.005657
YE 0.099052 -0.050876
tryptone*tryptone -1.316434 -0.103208
YE*tryptone 0.150000 0.029820
YE*YE -0.175354 -0.088396
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Table 17 The analysis of variance of the central composite

experimental design.

Parameter DF Standard tvalue  Probability
error
Intercept 1 0.377789 -4.27 0.0129*
tryptone 1 0.590388 5.13  0.0068**
YE 1 0.144328 0.69  0.5302
tryptone*tryptone 1 0.241843 -5.44 0.0055**
YE*tryptone 1 0.101783 1.47  0.2146
YE*YE 1 0.037769 -4.64 0.0097**
R*=0.9408

* 1 Significant at 5% level

** . Significant at 1% level
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Table 18 Analysis of variance of central composite experimental

design.

Regression DF Typelsum R-Square F Value Probability

of Squares
Linear 2 0.010441 0.3727 12.60  0.0188*
Quadratic 2 0.015012 0.5359 18.11 0.0099**
Crossproduct 1 0.000900 0.0321 217 0.2146

Total Model 5 0.026352 0.9408 12.72  0.0144*

Residual

Lack of Fit 3 0.001458 0.000486 2.43 0.4332
Pure Error 1 0.000200 0.000200
Total Error 4 0.001658 0.000414

R?=0.9408

* 1 Significant at 5% level

** . Significant at 1% level
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Table 19 The canonical analyzed table calculated by SAS.

Eigenvalues tryptone YE

-0.079154 0.526847 0.849960
-0.112450 0.849960 -0.526847
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Table 20 The optimum concentration of medium by response

surface methodology.

Factor Coded Predicted value (%)*
tryptone -0.014523 1.195933
YE -0.290222 0.793942

*3x1 : Predicted value at stationary point : %
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Table 21 Analysis of variance of central composite design for

studying the overall effects.

Factor DF Sumof  Mean F Value Probability

Squares Square

tryptone 3 0.013308 0.004436 10.70 0.0221*
YE 3 0.020144 0.006715 16.20 0.0106*

* 1 Significant at 5% level
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Table 22 The predicted yield of RPLKPW peptide

BHFG FER  BEFYER RPLKPW
NO. A F
(ug/mL) Conc.(ug/mL) o7 2 2 (ug/mb)*

1 160.20 28.06 0.18 0.53

2 165.80 2219 0.13 0.40

3 103.40 9.06 0.09 0.26

4 92.60 10.19 0.11 0.33

5 133.00 23.44 0.18 0.53

6 105.00 23.31 0.22 0.67

7 89.00 6.19 0.07 0.21

8 67.80 9.06 0.13 0.40

9 96.60 23.19 0.24 0.72
10 168.20 30.81 0.18 0.55
LB 194.20 17.31 0.09 0.27

1R R G HFESEMARE -
120 A =R A B0 RRIAEY RA o
3 1 RPLKPWi2»s & # =RPLKPWA + B/ & 36 &+ £ & &

6 AR E A o
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we /% 48 & 47 (High Performance Liquid Column, HPLC)# 4+ » &2
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. #-V8 protease -k f%{s & ¥ i& {7 %8 ¢t ACE p% % #r#: 5% (»2 HHL
=X E) BEACEIEM A& LI M B EE > B8
BIE S B B omid #&A Ak 2 RPLKPW £ F 5 2% o

L FEF M pEZZ18 TR e 2 T 8 2 Ak BlACIC R %‘g

FREERE R AL B BRI S ke B

97



A A &
[1] A#4LfF -2004 - "5 B o BMUPSAFEAL LR . F2ABH

SEPEET T R R LG -

2] 38 & > /ﬁi."'ryfﬁ' v ek 0 1992 o AU w R W G 2 E 7Y
Streptococcus faecalis 4 Z fti<pa % % e 2 2 & ABF T o

PRE L F ¢k 30(2) 1 264-272.

[3] +hes & 22002 - 2 p @Erk PR T2 FAB AR o F2 Lk &

SAEE T BB R LG o

[4] i+ ’L"T;T;‘ SR 0 1992 0 w s b F B KNE A P EE R P 2

B* o it 39(2): 3-18.

5] # 5% 1992« 7 oo 6 & SBFE I Y o §51%

24(3) : 32-41.

[6] #47 % - 2004 « f5* DNA £ jtiies & ACEI ek o §2

ALFARPEF A EPREALEG

[7]1 4 = % 21997 o 10 F Jiud & 2 37350 K80 ~ IRk R RS & fo i

98



CHERPFRPTFHARARCARETE . F2AB A FEHE

B ALk .

[8] x5 - 1999 « & & ¢ fuf i BHrRchE ERR o & 51 %

31(1) : 9-17.

[9] 2 &% 2002 - 4]* ¥ ¢ k%4 Leuconostoc mesenteroides %

RURBTHEELS o FRAARFIRPEE] TSP

[10]%] 2 45- 2004 S f 2. % o BATE - & 51 % 36(3):34-44.

[11]5154 K 219990 54 36 ¢ sy fritrse &1 % 31(1):18-28.

[12] Antonios T. F. T., and MacGregor G. A. (1995) Angiotensin

converting enzyme inhibitors in hypertension : potential

problems. J. Hypertens. 13:5S11-S16.

[13] Brown N. J., and Vaughan D. E. (1998) Angiotensin-converting
enzyme inhibitors. Circulation 97:1411-1420.

[14] Bradford M.M. (1976) A rapid and sensitive method for the

99



quantitation of microgram quantities of protein utilizing the

principle of protein-dye binding. Anal. Biocham. 72:248-254

[15] Chen, J. Y., Chang, C. Y., Chen, J. C., Shen, S. C., and Wu, J.
L. (1997) Production of biologically active recombinant tilapia
insulin-like growth factor-2 polypeptides in Escherichia coli cells
and characterization of the genomic structure of the coding

region. DNA Cell Biol. 16:883—-892.

[16] Cheung H. S., Wang F. L., Ondetti M. A., Sabo E. F. and
Cushman D. W. (1980) Binding of peptide substrates and
inhibitors of Angiotensin-converting enzyme: Importance of the
carboxyl-terminal dipeptide sequence. J. Biol. Chem.

225:401-407.

[17] Cushman D. W., and Cheung H. S. (1971) Spectrophotometric
assay and properties of the angiotensin-converting enzyme of

rabbit lung. Biochem. Pharmaco. 20:1637-1648

[18] FitzGerald R. J., and Meisel H. (2000) Milk protein-derived
peptide inhibitors of angiotensin I-converting enzyme. Br. J.

Nutr. 84:S33-S37.

[19] Fujita H., Sasaki R., and Yoshikawa M. (1995) Potentiation of
the anti-hypertensive activity of orally administered ovokinin, a

vasorelaxing peptide derived from ovalbumin, by emulsification

100



in egg phosphatidylcholine. Biosci. Biotech. Biochem.

59:2344-2345.

[20] Fujita H., Yokoyama K., and Yoshikawa M. (2000)
Classification and anti-hypertensive activity of angiotensin
I-converting enzyme inhibitory peptides derived from food

proteins. J. Food Sci. 65:564—-569.

[21] Fujita H., and Yoshikawa M. (1999) LKPNM : a prodrug-type

ACE-inhibitory peptide derived from fish protein.
Immunopharmacology 44:123—-127.

[22] Gill, I, Fandino, R.I., Jorba, X. and Vulfson, E. N. (1996)
Biologically active peptides and enzymatic approaches to their

production. Enzyme Microb. Technol. 18:162-183.

[23] Goeddel D. V., Kleid D. G., Bolivar F., Heyneker H. L.,
Yansura D. G., Crea R., Hirose T., Kraszewski A., ltakura K.
and Riggs A. D. (1979) Expression in Escherichia coli of
chemically synthesized genes for human insulin. Proc. Natl.

Acad. Sci. U.S.A. 76:106-110.

[24] Hu S. Y., Wu J. L., and Huang J. H. (2004) Production of tilapia
insulin-like growth factor-2 in high cell density cultures of

recombinant Escherichia coli. J. Biotech. 107:161-171.

101



[25] Itakura K., Hirose T., Crea R., Riggs A. D., Heyneker H.L.,
Bolivar F., and Boyer H.W. (1977) Expression in Escherichia coli

of a chemically synthesized gene for the hormone somatostatin.

Science 198:1056—-1063.

[26] Kinoshita E., Yamakoshi J., and Kikuchi M. (1993) Purification
and identification of an Angiotensin I-converting enzyme

inhibitor from soy sause. Biosci. Biotech. Biochem.

57:1107-1110.

[27] Maruyama N., Katsube T., Wada Y., Oh M. H., Braba de la
rosa A. P., Okuda E., Nakagawa S., and Utsumi S. (1998) The
roles of the N-linked glycans and extension region of

soybean-conglycinin in folding. Eur J Biochem 258:854—-862.

[28] Maruyama S., and Suzuki H. (1982) A peptide inhibitor of
angiotensin I-converting enzyme in the tryptic hydrolysate of

casein. Agric. Biol. Chem. 46:1393-1394.

[29] Maruyama S., Nakagomi K., Tomizuka N., and Suzuki H.
(1985) Angiotensin I-converting enzyme inhibitor derived from
an enzymatic hydrolysate of casein. Il. Isolation and
Bradykinin-potentiating activity on the uterus and the ileum of

rats. Agric. Biol. Chem. 49:1405—-1049.

102



[30] Matoba N., Usui H., Fujita H., and Yoshikawa M. (1999) A
novel anti-hypertensive peptide derived from ovalbumin induces
nitric oxide-mediated vasorelaxation in an isolated SHR

mesenteric artery. FEBS Letters 452:181-184.

[31] Matoba N., Doyama N., Yamada Y., Maruyama N., Utsumi S.,
and Yoshikawa M. (2001a) Design and production of genetically
modified soybean protein with anti-hypertensive activity by
incorporating potent analogue of ovokinin. FEBS letter

497:50-54.

[32] Matoba N., Yamada Y., Usui H., Nakagiri R., and Yoshikawa M.
(2001b) Designing potent derivatives of Ovokinin(2-7), an
anti-hypertensive peptide derived from ovalbumin. Biosci.

Biotechnol. Biochem. 65:736—-739.

[33] Matoba N., Yamada Y., and Yoshikawa M. (2003) Design of
genetically modified soybean protein preventing hypertension
based on an anti-hypertensive peptide derived from
ovoalbumin. Curr Med Chem Cardiovasc Hematol Agents

1:197-202.

[34] Matsui T., Matsufuji H., Seki E., Osajima K., Nakashima M.,
and Osajima Y. (1993) Inhibition of Angiotensin I-converting
enzyme by Bacillus licheniformis alkaline protease

hydrolysates derived from sardine muscle. Biosci. Biotech.

103



[35]

[36]

[37]

[38]

[39]

Biochem. 57:922-925.

Matsui T., Yokota H., Sato S., Mukataka S. and Takahashi J.
(1989) Pressurized culture of Escherichia coli for a high

concentration. Agric. Biol. Chem. 53:2115-2120.

Matsumura N., Fujii M., Takeda Y., and Shimizu T. (1993)
Isolation and characterization of Angiotensin I-converting
enzyme inhibitory peptides derived from bonito bowels.

Biosci. Biotech. Biochem. 57:1743-1744.

Miyoshi S., Kaneto T., Yoshizawa Y., Fukui F., Tanaka H., and
Maruyama S. (1991) Hypertensive activity of enzymatic a-Zein

hydrolysate. Agric. Biol. Chem. 55:1407-1408.

Moks T., Abrahmsen L., Holmgren E., Bilich M., Olsson A.,
Uhlen M., Pohl G., Sterky C., Hultberg H., and Josephson S.
(1987a) Expression of human insulin-like growth factor | in
bacteria: use of optimized gene fusion vectors to facilitate

protein purification. Biochem. 26:5239-5244.

Moks T., Abrahmsen L., Osterlof B., Josephson S., Osytling M.,
Enfors S., Persson |., Nilsson B. and Uhlen M. (1987b)
Large-scale affinity purification of human insulin-like growth
factor | from medium of Escherichia coli. Bio/technology

5:379-382.

104



[40]

[41]

[42]

[43]

[44]

Nakamura Y., Yamamoto N., Sakai K., Okubo A., Yamazaki S.,
and Takano T. (1995) Purification and characterization of
Angiotensin [-converting enzyme inhibitors from sour milk. J.

Dairy Sci. 78:777-783.

Nakamura Y., Masuda O., and Takano T. (1996) Decrease of
tissue angiotensin I-converting enzyme activity upon feeding

sour milk in spontaneously hypertensive rats. Biosci. Biotech.

Biochem. 60:488—-489.

Nilsson B, Moks T., Jansson B., Abrahmsen L., EImblad A,
Holmgren E., Henrichson C., Jones TA and Uhlen M. (1987) A
synthetic IgG-binding domain based staphylococcal protein A.

Protein Eng. 1:107-113.

Okamoto A., Hanagata H., Matsumoto E., Kawamura Y.,
Koizumi Y., and Yanagida F. (1995) Angiotensin |-converting
enzyme inhibitory activities of various fermented food. Biosci.

Biotech. Biochem.59:1147-1149.

Ondetti M. A., Williams N. J., Sabo E. F., Pluscec J., Weaver E.
R., and Kocy O. (1971) Angiotensin-converting enzyme
inhibitors from the vecom of Bothrops jararaca isolation,

elucidation of structure, and synthesis. Biochem.

19:4033—4039.

105



[43]

[46]

[47]

[48]

[49]

[50]

Onishi K., Matoba N., Yamada Y., Doyama N., Maruyama N.,
Utsumi S., and Yoshikawa M. (2004) Optimal designing of
B-conglycinin to genetically incorporate RPLKPW, a potent
anti-hypertensive peptide. Peptides 25:37—43.

Oshima G., Shimabukuro H., and Nagasawa K. (1979) Peptide
inhibitors of angiotensin I-converting enzyme in digests of

gelatin by bacterial collagenase. Biochim. Biophys. Acta.

566:128-137.

Perry, D. H. (1989) Experomental Design in Biotechnology.
pp. 23-90. Edited by MARCEL DEKKER, INC. New York,
U.S.A.

Plackett R. L. and Burman J. P. (1945) The design of optimum

multi-factorial experiments. Biometrika 33:305-325.

Raia, Jr. J. J., Barone J. A., Byerly W. G., and Lacy C. R. (1990)
Angiotensin-converting enzyme inhibitors : a comparative

review. DICP. Ann. Pharmacother. 24:506-525.

Saito Y., Wanezaki K., Kawato A., and Imayasu S. (1994)
Structure and activity of Angiotensin |-converting enzyme

inhibitory peptides from sake and sake lees. Biosci. Biotech.

106



Biochem. 58:1767-1771.

[51] Yamada Y., Matoba N., Usui H., Onishi K., and Yoshikawa M.
(2002) Design of a highly potent anti-hypertensive peptide
based on ovokinin (2-7). Biosci. Biotechnol. Biochem.

66:1213-1217.

107



U
€ SAS~ 178 %

1. SAS programzk 3+

data yield;
input tryptone YE yield;

cards;

1.00 0.50 0.18
0.92 1.00 0.13
1.20 1.71 0.09
1.48 1.00 0.11
1.40 0.50 0.18
1.20 1.00 0.22
1.00 1.50 0.07
1.40 1.50 0.13
1.20 1.00 0.24
1.20 0.29 0.18

proc print data=yield;

run;

proc sort; by yield tryptone YE;
run;

proc rsreg;

model yield=tryptone YE/lackfit;

run;

2. SAS program %

The SAS System 08:59 Thursday, July 13, 2006 1

Obs tryptone YE yield

1 1. 00 0.50 0.18
2 0.92 1.00 0.13
3 1.20 1.71 0.09
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Regression
Linear
Quadratic
Crossproduct

Total Model

Residual
Lack of Fit
Pure Error

Total Error

.48
.40
.20
.00
.40
.20
.20

S © o0 = O O &>
—_ = = = = = =

The SAS System

[ T S SO R S e

.00
.50
.00
.50
50
.00
.29

O O O o o o o

11
.18
.22
.07
.13
.24
.18

08:59 Thursday, July 13, 2006 2

The RSREG Procedure

Coding Coefficients for the Independent Variables
Divided by
0.280000

Factor Subtracted off
tryptone 1.200000
YE 1.000000

Response Surface for Variable yield

Response Mean
Root MSE
R-Square

Coefficient of Variation

Type I Sum
DF of Squares
0.010441
0.015012
0.000900
0. 026352

Ol = DN D

Sum of
DF Squares
3 0.001458
1 0. 000200
4 0.001658
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0.710000

0. 153000
0. 020357
0.9408
13. 3050
R-Square F Value Pr > F
0.3727 12. 60 0.0188
0.5359 18. 11 0.0099
0. 0321 2.17 0.2146
0.9408 12.72 0.0144
Mean Square F Value Pr>F
0.000486 2.43 0.4332
0. 000200
0.000414
Parameter



Estimate

Standard from Coded
Parameter DF Estimate Error t Value Pr > |t| Data
Intercept 1 -1. 613686 0. 377789 -4, 27 0.0129  0.22991
tryptone 1 3. 029643 0. 590388 5.13 0.0068 0.00565
YE 1 0. 099052 0.144328 0.69 0.5302 -0.05087
tryptoneXtryptone 1 -1. 316434 0.241843 -5.44 0.0055 -0.10320
YE*tryptone 1 0. 150000 0.101783 1.47 0.2146  0.02982
YEXYE 1 -0. 175354 0. 037769 -4. 64 0.0097 -0.08839

The SAS System 08:59 Thursday, July 13, 2006

The RSREG Procedure
Sum of

Factor DF Squares Mean Square F Value Pr > F
tryptone 3 0.013308 0.004436 10. 70 0.0221
YE 3 0.020144 0.006715 16. 20 0.0106

The SAS System 08:59 Thursday, July 13, 2006

The RSREG Procedure

Canonical Analysis of Response Surface Based on Coded Data

Critical Value

Factor Coded Uncoded
tryptone -0. 014523 1.195933
YE -0. 290222 0.793942

Predicted value at stationary point: 0.237261

Eigenvectors
Eigenvalues tryptone YE
-0. 079154 0.526847 0. 849960
-0. 112450 0. 849960 -0. 526847

Stationary point is a maximum.
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