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7 3§ 2+ (Chicken anemia virus, CAV) “h 3 3-9 VP1 A&
Fleht Sk R R FEA T TS B pE G VPL B R hd A FR -
AP LEN A SRR RRS A AT HEF D BGE Y 3 VPL
¥-v % I mSOC ( modified Super Optimal broth with Catabolic
repressor)it & K o At A A L A i U X F|F BB A RAFF
e % o % @A 3% safoiR & 33 (NaCl, MgCl,, MgSO,, KCI)
AR VPl Fv 2t BF IR o ST d RS R%E
Bl G EE R0 PRI AR 2R R od PSR AREHRK
PEAE LT @ T Il A
response= 135.46 + 8.47075xpeptone + 9.76969xions - 3.0744xpeptone”
+ 1.135xpeptonexions - 13.8819xions’

BRI Y G E AT RN T D d et R A A A
PEiREE A Y PR=1.79 % ~ BrF 3 =027 % o Mt BiE B 832
% e T AR B % AL A0 VPL 3 A £ ¥ 137.98ug/mL -
£ % Luria Bertani 32 % A< 1.84 B 2 ; # N #F% 7 VP] v &
€ ¥ 163.73 pg/mL > &_Luria Bertani 2 % & 2.2 & £ 3 o o 52 ik
oo A7 A3 AraimSOC 3 % A2 PRk 27 5 2k 3 VPI
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Abstract

A cloned E. coli strain carrying VP1 gene of Chicken anemia virus
(CAV) is able to produce VP1 protein in media, and this expressed
protein has been proved to be an efficacy vaccine antigen of CAV. The
aim of this research is to increase the yield of VP1 protein by improving
the composition of the producing media. Firstly, mSOC (modified Super
Optimal broth with Catabolic repressor) was selected as basal medium
which was screened from eight media commonly used for cultivating
recombinant E. coli strains. Then, two major effective ingredients of
mSOC medium on VP1 production were revealed as peptone and mixed
inorganic salts solution, according to analyzing data measured from tests
of a full factorial experimental design. Finally, the optimal concentrations
of peptone and mixed inorganic salt solution in the medium were
determined as 1.79% and 0.27% respectively, according to the solution of
a regression equation following:

response= 135.46 + 8.47075xpeptone + 9.76969xions -
3.0744xpeptone’ + 1.135xpeptonexions - 13.8819xions>
The optimal concentrations of peptone and mixed inorganic salt solution
have been verified by shaking flask tests, and the production of VP1
protein was 137.98ug/mL that was non-significant difference to the
production (138.68ug/mL) estimated by the analysis of response surface
methodology. The best production of VP1 protein using the modified
mSOC (containing the optimal concentrations of peptone and mixed
inorganic salt solution) was approximately1.84 times higher than that
fermented in conventional Luria Bertani broth. The production of VP1
was 163.73ug/mL, as using the modified mSOC in a jar fermentor test.
The results of these fermentation experiments had demonstrated that
optimal concentrations of peptone and mixed inorganic salt solution

improved the VP1 protein production significantly.
Vi
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-~ ROLME I -')I%:?r I
B4 e g (Chicken infectious anemia ; CIA) £_d i”ﬁtﬁ‘ﬂ_

:}}%—% ( Chicken anemia virus, CAV) B % 5l42 » X g L ehip & @2 1
Feh2 E2 T REFLAI A cRPEHIFUF L LER LM
M) S S HY € SORB ERT A ARG Tl R Lm0
CARFAAE L hE A PR °3/F‘—'§4I“’Lﬁiiiiﬂﬁ§s§%\ i
FTRBEEL R LRI AP HAHED R o X DR G

HIRA MR IE LY w3~ (Thut i N Tl - 3 R R e
AR Nw o B3l @ A P u g @ g NP E 93 L P (aplastic
anemia) ° BfEIPEBEE S 6 0 B AR L A RET LF S
o4 Fn e Bg(Vielitz & Landgraf, 1988) » £ r i f & % 3505 i B oo
B AT 1979 EF = AP A A HERAEIN(Yuasa,
Taniguchi, & Yoshida, 1979):1993 % & 7= & & 1 5 i & s+ (YS, H,
MJ, & CS, 1993) o #4125 :)];55, & IEH’LI}%% #* (Circoviridae ) >
A TR 5 f o TR H %% DNA (single-stranded negative-sense DNA) > =
8 s 23kb A Al SRR B R f}?ﬁi LT Sl Al il
23-25nm (Todd, Creelan, Mackie, Rixon, & McNulty, 1990) » g % w2
15 TRk B L DNA A F188 % JF 25 & B DNA 15 4 i 12 7 i s foag
4 DNAE R s 4 A Bk enDNA A K 5 2319 B4 i »
wit e d = BIA EAFOH E A8 % (open-reading flame,ORF ) # 12
N3 BAFE L] kY & w5 51kDa(VP1)24kDa (VP2) ~
13.6 kDa (VP3) ¥-v (Noteborn, de Boer, van Roozelaar, Karreman,
Kranenburg, Vos, etal., 1991) - VP1 kv ¥ d % = B <3 #5 ¥ (open-
reading flame 3,0RF3) #:#m &k » - 14 kv ¥ 2%+ CAV T
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# *F #(Todd, Creelan, Mackie, Rixon, & McNulty, 1990) - VP2 £ _d %
- B %3 4 % (open-reading flame 1,ORF1) ##Fm % » - £ 5 &4
fifis (phosphatase)i® - eups 4 3= o VP3 &4 ¥ = B 323§ 75 % (open-
reading flame 2,0RF2) #&:¥m &k - VP3 3-v H fb& mpF i 5142w
/¥ = (Apoptosis) » #x* FLln% k= % (Apoptin) o 4] VP3 36 ¥ it
214 ¢ Fpid P chistone ¥ kv FR A A i S ATLT f#m“&i@ ;
B f8 38 2 DNA %74 gk % g; e A_VP3 F-v P~ histone H1 ehix ¥ >
@R Pifef % (endonuclease) F % € 7 2] DNA & {7 b2 /%~
(Noteborn, Todd, Verschueren, de Gauw, Curran, Veldkamp, et al.,

1994) -

S IR A VPl Bd 2 F i Al
R R R S S Y VPHBFsgé}]?%% Foox FEBEHE B RR

AL RIERIE# N P HERF SR VPIS T L RS
PE— etk B G0 0 R E%G\)%i B HH L FH Y AR R
Foohit- HAFL HRA ML Lee (2011)#-VPLA T ¢ &3]
PGEX-4T-14 i 48 ¢ > 47, » ~ %4 H## E.coli BL21 (DE3)
B0 JU TR (B - )iE * Py Ko 0 U BAIEA AT RA R B
Amp" § 3 AL F] 0 i F sk i E A 5 R S 41 GST
(glutathione-S-transferase) %3z F-v £ %]» ¥ &2 VP13 = i £ Hv 3 B

SFEIAVPLehd e 2 3t o VP1 A& %12 pGEX-4T-1¢ hGST & 7] 5 71

» H A+ pGEX-AT-1-opt-VP1 £ 48 » § #-& o g a) »

E.coli BL21(DE3)-pLysS# 2 w2 ¥ o $#& 78 Fikend R j-o 7 *F
SDS-PAGE & Western blotting + 78 kDa (Lee, Hseu, Lai, Chang, Chen,
Huang, et al., 2011) = % B2 | & R H (Bl =) -
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pGEX-4T-1
Thrombin
Leu Va Pro rg Gly Ser Pro Glu Phe Pro Gly rg Leu Glu rg Pro His rg sp
Lew val Yarg Gl Glu Ph Gly A ST is Arg A
CTG GTT CCG CGT GGA TCC CCG GAA TIC CCG GGT CGA L CTC GAG CGGCCG, CAT CGT_GAC_TGA
Bamll T EcoR I Siia 1 T Sal T Xho 1 T Not 1 Stop codons

Tth111 |
Aatll

pSj10ABam7Stop7
Pstl

pGEX
~4900 bp

Nar |

EcoR V
BssH Il

Apal
BstE Il pBR322

ori

lul

®- ~ pGEX-4T-1 §“%8 -
Fig 1. pGEX-4T-1 vector.
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Bl= ~ pGEX-4T-1-VP1/ E.coli BL21(DE3)-pLysS # 3 o
Fig 2.pGEX-4T-1-VP1/ E.coli BL21(DE3)-pLysS expression.
F31% 3 (Lee, et al., 2011) ©
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F i feipig A F-lacZ-lacY s lac A(R = ) o fdk £ 3 4 P
DNA F enlacT #F 0 & 5 &R 4] $-v (repressor) » § &4k (T3 (o
site)g & 0 R T HEig A FlE A< mRNA » § kB Y e~ FEP
(inducer)P » & ¥4 € LrfrdlFov & > F A %A 4 3 FRA
%4 osite fp & @ﬁﬁﬁégﬂffw IPRUSIESE N = il e
v B o pGEX-4T-1-opt-VP1 # 3 lacl® & 2 B +#| 3-v iy #kcd + lac, -
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Fig 3. Lac operon regulation mechanism.
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http://biol151.nicerweb.com/Locked/media/ch18/lac_operon.html




= AR SRS § RME REKRY AR P

Super Optimal broth with Catabolic repressor (SOC) medium #2 %

AL-F7 Y% 5 BY 23 % A (Sun, Ding, He, Sun, Shao, Luo, et
al.,2009) > o #& B £ EFARICF o F HFRBI-E F 0F A S A 07
SOC# % A% > ¥ b E AL M ehlac fads 3 SR HiE 1 0 F]A

Tl T AROERF R PERY AFAIR . F AR
RHF F P 0 Cyclic adenosine monophosphate (CAMP) 7 & » §
MEY FEBA AL N B CAMP 4 2 % @ A 2% § (CAMP
SRM) HE o F R EET NP CAMP 4 X % 5 @ A 2
%073 ;%_,Tkl—”i B o dmpFY F - fAi 8 cAMP R 5 & cAMP X 4
#-v cAMP receptor protein (CRP)> % CRP X3 f- cAMP & & pF 5 %
24 iEf § cAMP A2 & » CRP # cAMP & & B2 1 %

|

Fa st fE% e E I iy e CRP-cAMP activated protein (CAP) »

H\

it 22 DNA % 7| ® CAP binding site & & (B] = ) % lac operon =7 p site
53 - BRI F e CAP # % % & > fL A CAP binding site - CAP
BB ER 7% & PF > ¥ 3 38 RNA polymerase i 4575 1 0 (¢ #4503k
BoAE 0% T HFBT ELEY FF o cAMP E R '8 K > CRP 7 s
#iE I+ lac operon i 2L F] & lﬁ,,?ug TR

H A DF R EBETM O B0 T § R AR LR
¢ R 4t F]F (Ramerez & Bentley, 1993) o 4ok (2011) 2 & 7
7w E.coli 2 A famfipbz o d F%E5FM > @& * Luria
Bertani (LB)#2 % 72 2 47402 R AL » B R S8 » /22 555 /%% §-v
M(0.5/1/0.5, wiw) > ¥ 18 693 U/L chfit % £ ; £ 4 » /22 554
(I/1, w/iw) > ¥ 17 1467 U/L 1% % & o o* % % 8o % 30 PR 7 30 4

o fEppk hA A (M, 2010) © § v BB E > 0 EE R T



Luria Bertani (LB) #: % # & Terrific Broth (TB)® 9% J-v *fiit #% 3
A FE e 4 2 A # (Xu, Banerjee, Pan, & Li, 2012) -

=



Glucose present — low cAMP — CRP inactive — low lac expression
chMP (inducer)
Glucose absent — high cAMP — CRP active —s increased Jac expression

CRP

(::tMi:':"g::;f;w] the CRP-cAMP complex binds to
prote or its binding site and stimulates RNA pol

N

increased transcription

>

l‘o

CRP binding site

B2 ~ Lac operon #1i & 3437 o

Fig 4. positive regulation of the lac operon.

The Lac Operon

promates binding

ribosomes &
rrE A

i

cAkF

Bl ~CAP % & =% o
Fig 5. CAP binding site.

B 5 kiR

http://xray.bmc.uu.se/Courses/Bke2/Exercises/Exercise _answers/GEA_tr

anscription.html
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e RBELERARTAI AERBFELZHT
AR AT A me - a2 R P B eFkL R
¥ #0% &2 Fix 3L (Ryan, Parulekar, & Stark, 1989) o F]t £ 2 Ftk
BAFEY > AMALE et E RE A f D KT ot &
AR AT R 4 o FRLE WK F dRenA MR
o AR RAAZ FENLFPBF TR IR L R
PULABEETFYL 0 F T 6

FI* % B AR WL E 2L % FHT £ E Human interferon
betahIFN-B8)#v » & B Z M2 > € * % o 5 Z{Fitwme g F &2
3% % IPTG (Isopropyl B-D-1-thiogalactopyranoside)ik & e & 2 & -
= 5% # % IPTG /7’]‘ v g 2.54mM 22 fmfzgcE B 70 g/L 0 & "ﬁ £_IPTG
e 129mM #ime st B SO gL i 2T o B LB 3R ¢ 5
57 @583y AR H¢ hIFN-BA R % 229/ 4 %0.151 ¢/ hr
EEGCHEEFEETOREFEPNZI R R0 FHE OBR 6T
r2 18 3] 5.037 g/hr e7 hIFN- 8 A2 & (Tabandeh, Khodabandeh, Yakhchali,
Habib-Ghomi, & Shariati, 2008) °

P LR AEI R Y G E RE 2L S HA A R
7* ¥]3 (Tumor necrosis factor-a@ (TNF-q )5 iz & & v iz 2% %
EI 5 EEE L ODo=0.55 mie A AFLRAER S
25C  IPTG kR 5 1 mM > 3 R/ 5 4 pF > TNF- 2 A # 4c 11
9 (Papancophytou & Kontopidis, 2012) -

5 ¥ % F 7 Oryza sativa non-symbiotic hemoglobin 1 (OsHb1) £
FleE.coli £ 2 7tk & = OsHbl F-v hA & » i fid & 2 fF 385
Gl A Ao RF RGN A AR DL 4269 gL v ;2011
g/l g 5541777 g/L % “H4r 033 g/L Hw o gtz A7 3

11



i% o 7 A~ hE 39 FE R 3.50 g/L (Giordano, Martinez, Iglesias,
Beccaria, & Goicoechea, 2010) °

12



- IR
L A
d MFFE G RNEFEY FTRE L F IR EFTRES G
R B30 A Fl2 F 4 pGEX-4T-1-0pt-VP1 £2 48 7) & 5 2 &
2 ¥k E.coli BL21(DE3)-pLysS -

2. BARABRE
(1) Luria-Bertani (LB) broth: Becton, Dickinson and company,

USA. -

(2) Tryptone Soya Broth (TSB): Becton, Dickinson and company,
US.A. -

(3) Peptone(amersco, U.S.A.) -~ Yeast Extract (YE)( amersco,
U.S.A.) ~ Glucose (v @ %, Japan) -~ glycerol (§-3k % %,
Japan) -

(4) B NaCI(H1 1%, 5 #) » MeSO(fr & 15,
Japan) ~MgCly(§= % ®] % Japan) ~K,HPO4(PF=-{- %@l %, Japan)
KH,PO, (P-4 %l %, Japan) -

(5) 4 2% @ Ampicillin (SIGMA, U.S.A.) ~ Chloramphenicol
(SIGMA, U.S.A)) »

(6) IPTG : Isopropyl B-D-1-Thiogalactopyranoside (SIGMA,
US.A) -

(7) Acryl/Bis ™ 29:1, 40 % (W/V) solution (amersco, U.S.A.) o

(8) Trizma® base(SIGMA, U.S.A.) o

(9) Sodium dodecyl sulfate SDS (Bio-Rad, U.S.A.) o

13



(10) Ammonium persulfate (APS) (amersco, U.S.A.)

(11)N,N,N,N-Tetramethylethylene diamine (TEMED, Ger-Bu,
Balgaria) (Bio-Rad U.S.A.)

(12)Bromophenol blue(SIGMA, U.S.A.) °

(13)B-mercaptoethanol (Bio-Rad, U.S.A.)
(14)Bovine serum albumin (BSA) (Bio-Rad ,U.S.A.)

(15)Coomassie Brilliant Blue R-250 (amersco, U.S.A.) °
(16)Methanol ~ Acetic acid (SIGMA, U.S.A.) -
(17)PVDF membrane(Millpore, Bedford, MA) -
(18)anti-GST antibody (Millpore, Bedford, MA) -
(19)Alkaline phosphatase (AP) conjugated affinipure Goat

anti-mouse antibody (Jacksaon)

(20) TEMED (amersco, U.S.A.)

3. FRREXRA

(1) & * 5 3 &= 7 % (YANG TA MIN INSTRUMENT CO., LTD.
Model : YMT) »

(2) 158 2 # % 4 (YIH DER, Model : TU-400, /- /%) -

(3) & Figk it o -

(4) Cell density meter (GE-80-2116-30,U.K) -

S)MENF ety TSLL VA2 p B2 B R EE > MGT50V -
(M B AL 4, Taiwan) o

(6) Hc & B i# . #(HITACHI zentrifugen MIKRO, Japan) o

(7)48% £ i* (Versatile Mini-PROTEIN 3 Electrophoresis Cell,

Bio-Rad, U.S.A.) °
(8) & i £ ¢ (Bio-Rad, U.S.A.) »

14



(9) 7 ik # & B(MAJOR SCIENCE, MP-250, Taiwan) -
(10) FZiF 4B (#110002, Taiwan) °
(11) Orbital Shaker (Major-Science, U.S.A.) °

Z N Rk

LA Fehs %

(1)2~0.1 mL 4 3k 4 # -] ¥ ¢ 7 'k E.coli BL21(DE3)-pLysS
Fik o L dEfEE 40mL 7 F 50 pg/mL Ampicillin 2 50
pg/mL Chloramphenicol 0 LB # % ;% ® » & 37°C T 11 200-225
pm R FE R 12~16 /] pF o

(2)#-0.5 mL 7 f* £ %k E.coli BL21(DE3)-pLysS i #465% 5
% 50 pg/mL Ampicillin #5750 mL LB 32 %% ¢ > % 37°C * 1
200-225rpm B iF# % > 3t ODgo B 5 0.3 3] 0.5 2. B pF > B~
R R A (R R S 20%) 0 A SRk b

FPOREAT-200C 17 S FAA R

2.8 & e §
(1) Luria-Bertani (LB) broth : 1% Tryptone, 0.5% Yeast extract(YE),
1% NaCl.

(2) Tryptone Soya Broth (TSB) :0.7 % Casein peptone, 0.3 % Soya
peptone, 0.5 % Sodium chloride, 0.25% Dipotassium hydrogen
phosphate, 0.25% Glucose.

(3) modified Luria Bertani (mLB) medium :1% Peptone, 0.5%

Yeast extract(YE), 1% NaCl.

(4) modified Super Optimal Broth (mSOB) medium : 2% Peptone,

0.5% Yeast extract(YE), 10mM NacCl, 2.5mM KCI, 10mM

15



MgCl, , 10mM MgSO,.

(5) modified Super Optimal broth with Catabolic repressor (mSOC)
medium : 2% Peptone, 0.5% Yeast extract(YE), 10mM NaCl,
2.5mM KCI, 10mM MgCl, , 10mM MgSO,, 20mM glucose.

(6)modified 2x Yeast extract and Tryptone (m2x YT) medium :
1.6% Peptone, 1 % Yeast extract(YE), 0.5% NaCl.

(7)modified Terrific Broth (mTB) medium :1.2% Peptone, 2.4%
Yeast extract(YE), 72 mM K,HPO,, 17 mM KH,PO,, 0.4%
glycerol.

(8)modified Super Broth (mSB) : 3.2% Peptone, 2% Yeast
extract(YE), 0.5% NacCl.

3.3% ¥ 1 * (Induction)

Pt £ o F#k E.coli BL21(DE3)-pLysS fitt » #4863 53 50
pg/mL Ampicillin * it 232 & A ° > B 65 1:1000 & 37°C T
©200-225 rpm B F & 1.5~2 | BFFH ODgy 5 0.4~0.5 2. F >
e > IPTG (B % kA 5 ImM)B 4 EFR AR5 e d 152
3 4 P EFR RIS ODgy 3 jesr2 o #ofT B R
10,000 rpm .o 10 4 453 “fT% + i 80 111X sample loading buffer
RiFFms R ifkSr 3 AMERE > 3 100°C 525 1 1+ 4
# 10 4 45> 11 10,000 rpm < 1 4 48 > 58 SDS-PAGE # P 39 %
TR iR o

4. %0 F %% % % bovine serum albumin (BSA) T &

P-d-9 [ 7% 7% BSA > 12 4X sample loading buffer &2 PBST ##f§
&5 BEA(S0 75~ 100~ 125 ~ 150 pg/ml) « &2 4 5 e 54
SDS-PAGE % 41 * AlphaDigi'" #c #8371 30 FlcE 4| T £ &K

16



wHESER
5.SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel
electrophoresis ) #v T i ¥ 3¢
(1):3 R fie =
a. 1.5 M Tris-HCI buffer, pH=8.8 (~ "} %8 # * ) : B~Trizma®
base 24.22 g * 3 33 -k80 mL;% % > 1 HCl # # 3|pH=8.8
{6 > TE 2100mL » I #53%4°C o
b. 0.5 M Tris-HCI buffer, pH=6.8 (F_& "3 %8 ¢ * ) : P~Trizma®
base 24.22 g * 3 Z 3 -K50 mL /% f% > " HCl 3% & 3|pH=6.8
{6 > = E 2100 mL » I #133%4°C o
c. 10% Sodium dodecyl sulfate (SDS) : 2~1 g SDS /% *+10 mL3
B K8 Sk R F N 40C o
d. 10% Ammonium persulfate (APS);% /% : 0.1 g APS/% **1 mL
EY A
e. 5X T &% =% % 1 B~Trizma® base 15 g~ Glycine 72 g~ SDS
S5g g4I kY > T EIILGH* o
f. 4X sample loading buffer: 0.15M Tris-HCI pH=6.8, 4.5% SDS,

20% P-mercaptoethanol, 0.1% bromophenol blue.
g. Coomassie Brilliant Blue% ¢ /% @ B~1.5 g Coomassie Brilliant

Blue R-250 7 4e #7250 mL3 -+ -k ~ 250 mL " % {50 mL
LT R G393 T iy e

h. % ¢ ;% (Destain buffer ) : % 4c » 100 mL ¥ f%{=100 mL fis &
herxd @I kZEILIL

i. PBST: 0.795 g/L Na,HPOy, 1.44 g/L KH,POy,, 9.0 g/L NaCl,
0.1% Tween 20, pH 7.4.

17



(2) B b

% — ~ SDS-PAGE "} 88 % & +* &

LR A B EVME BA R

Running gel Stacking gel
solution(10.0%) solution(4.0%)
d.d. H,O (mL) 9.8 3.76
40% Acrylamide
Bis (mL) > 0.5

1.5M Tris-HCI 5

(mL) pH=8.8
0.5M Tris-HCI

(mL) pH=6.8 0.625
10% SDS (uL) 200 100
10% APS (uL) 160 80
TEMED (ulL) 16 8
BEAE (mL) 20.176 5.073

(3) #%l.5Smm BHE R D Y RBELERE E 5 7 T5%e
Jod 4 MR o

(4) # F(2)¥ SrFEns BRI R o AR < )] VR R
-~ - AESOmMLME MR £ 2 1 Wik I mLikE s f
BB U E KRR R E R G233 B
B A 2 4 » BR BRI A G 0 F F204 48

(5) BN s B E e DR A F LSRR T g e
BipE R A o

(6) M- FR(Q2)P #TH B E BB IR > BRI EISF 208 > 1
EWEEY ST EEELG B 2 %% EALSmmik S
(well)ea 2 4k o & #20 » 48587 - 4 g e g * o

(7) BT AR(F 27 FERE ) Mwellgp 7 & e 30 e g Lk

B PAHEY o X HESX TABEARIIX 6

18



TAERY CEEARERETARZET S T RA BT A

(8) H#-F-v WAHRE Efre mdT2 A B & Bwell ¢ 53
4 5 10puL -

9 FTARTEL B TRERSE > LUTISV T REERX
#2040 480 % Lwell ik FE D) B BB AINGE 2100V T

RRAHE 1204 48 0 FHk &% ¢ aig B4 A& (Bromophenolblue)
AR RN I iR b o
(10 ) s HEBI2 PRB[ERZ P FR 3 ,T%L;Q:’?ﬂ
12 Coomassie Brilliant Blue% ¢ j& 4 ¢ 204~ 48 {5 & 7% ¢ o
(11) 538 3% § 884 % ¢ /% (Destain buffer)’ ¢ #c= {5 » LB 3o 7
® A% o 1% AlphaDigi' $tHT FH A 4 P H RS T

VP14p $t#cid o

.o > BEE. ;2 (Western Blotting)
(1) & pe
a. transfer buffer : 25 mM Tris-HCI, pH 7.5, 192 mM glycine, 20%
methanol °

b. blocking buffer : 5% Skin milk in PBST
c. Alkaline phosphatase (AP) buffer : 100 mM Tris-Cl pH 9.5, 100
mM NaCl ,5 mM MgCl, -

d. nitroblue tetrazolium(NBT): 50 mg/mL in 70% N<N,-dimethyl
formamide(DMF) -

e. 5-bromo-4-chloro-3-indolyl phosphate(BCIP) :50 mg/mL in

70% formamide -

19



2) # v
BT AT Y RN £ % (Mini Trans-Blot”
BioRad)i& {7 ## i# (Western transfer) - i& 7 SDS-PAGE 3-v &
T FR AR S &5 PPVDF membrane(Millpore,
Bedford, MA) - PVDF membrane 7 i# * % f <L /% ;¢ methanol -
£ % *“transfer buffer® ;& /B {5 » SDS-PAGE#? membrane (%
Bz rferd?d > d PRI B%E R 5 2% ~3M
A1 % -~ PVDF membrane ~ SDS-PAGE ~ 3M g A1 5& ~
A4 St E ¢ 2~ transfer buffer 7 F 2R R 100K 3F
#3704 45 o #membrane *x » 10 mL blocking buffer > 4°C
2 F Jover night - 3 7 blocking buffer* if % WA PBST
7 #PVDF membrane 3=t # =x 104 4815 » ¢ » 1/ PBSTH-#
2,000 i =r7anti-GST antibody (Millpore, MA) 2. — &34l
(primary antibody)% > 54°CE T F Jis— | PFis > "1if 5 18
f“PBST,F #PVDF membrane 3=t & =X 104 45 > £ 4 » 3k
™ PBSTﬁr%’% 5,000 # &7 Alkaline phosphatase (AP)
conjugated affinipure Goat anti-mouse antibody = % %8
(secondary antibody) * 2T BT F - ] FF o F JKis e
PVDF membrane » 12 if 5 8 f# 7PBSTj=3=t # =t 104 48
55 MAPR & o APE ¢ % 4c » 66 uLfr 33 pL>t10mL
Alkaline phosphatase (AP) buffer?s » 14 & 3 & > ;% & 3o
MEER IS > U F IR I E R o
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175 7 i o
1% 7.5 L #4555 3 p2 1 (Agitated fermenter)ig 735 % >
(1) 5 % iE 12
a. #F:# F 1 100 rpm o
b MFEE F: » PERENERE -
B2 R 37°C > 24 ) P o

>
C. i";,

N«
IL
diigF & 1lvvme

a. Bt 4 ol ¢ et e Etk Ecoli BL21(DE3)-pLysS #]
R EHEBEIT 40 mL Z F 50 ug/mL Ampicillin 2 50
ug/mL Chloramphenicol s if i 3 % s ¢ > $%37°C T
200-225 rpm R i # % 12~16-] pF -

b. el duif 32 % A%~ 751 e > F 4k 141 85
et e E 2N R E 4 Y 0 121°C~ 15 A sB g 29 o
REAREEEDL AT R

c. B i £ w Ftk E.coli BL21(DE3)-pLysS it » 480 b
5 1:100 2 77 50 pg/mL Ampicillin # fEH ¢ > R x4
1.5~2 ] FFH OD & 5 0.4~0.52_ fF > 4c » IPTG B 434 5?;?

AR I ”l{%ﬁ%@]%‘]ui’ T R 2 ODgg 1B T 3e4k2. o #t
# ik 11 10,000 tpm A 10 A 483 % b iR 15 0 124X
sample loading buffer &2 PBST /& £ fic ¥ @ = 7 1X sample
loading buffer &% F#. > ** 100°C 525 + 4e £ 10 & 45 >
210,000 rpm #1448 0 §& SDS-PAGE 1&/p] 39 % Ik

o
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=~ Fégé;«‘ﬂ =1

l.

Ay EY AT hE 2 BREA 3T
(1) 3% & F]+ 35 K 3+ (Fractional factorial experimental design) & i%
KRR

BB T F]F (5 factors)~ = FE & (2 levels) 2. 3% 4 Fl 3 385k H -
T RFHEFF LB G 0 R 5PP R H R
RS PER O TR BIFF AR A ] fob]l 23 KRR o T
43 Y CBER SRR EE(R DA U FERITRE
(response) » & F]+ )k & # Fl4cd = B #7on o

R

R
o

=F

(2) > 7]+ :# 5% K 3+ (Full factorial experimental design) & i% 2| %7
[ ER R
iFARFE T F]F (4 factors)~ = FE & (2 levels)zo 38 4 F|F &K 3
THREHTS A G R B R F A R
% (NaCl, MgCl,, MgSO,4, KCl) » & #-2 B F]+ & Rt = —1 Fo
F1 LR SEE R 30 B etk AL (R 2 A) 0
-0 FER 5 % k@ (response) & F]F kR § Fldcd = BArom o

-

(3) " F Bk 7+ (Steepest ascent design)F K2 = >k & 2 i §
¥

Fw AHAREGFSEER G W 2T FRFEFIEE

AEVPIE-9 cug & A0 0] 5 A R AL KB FA 1717 1)

ik it & & B F]S A GEAE > J A BEIE ) Ao 2t EAEET T3

BEH -
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(4) ¥ iR = 3% 3+ 9 B (Central composition design)id- %35 % 2 &
des

R0 PR T AR L P R AR AT T > HER AR T

BT & 322 > F]F K4 F 4B & gh(star point) ~ 3 B¢ oo gk

(central point) » £3*11 BF 5% o

2. i % g
i# * chfit 48 5 STATGRAPHICS Plus Version 15.1 (StatPoint, Inc.,
Virginia, U.S.A.) °

3.5 & 2
(1) 91* STATGRAPHICS #7488 » 1/ 384 28528 25 & 45 i 35 %
Al o g it £ 2tk E.coli BL21(DE3)-pLysS Fik @ 4544
Wk % 1:100 2 7 3 50 pg/mL Ampicillin » & F3 % 1.5~2/] pFH
ODgoo /2 2 0.4~0.52_ & » 4 »IPTGH 4234 £ VP14 B Fv » 2 &
FEFR TR H ODgo 8 3 3582 > BRI E 5% ﬁ{%%}
STATGRAPHICS #8415 » teif— % F1% 2 F|F i85k 3 65
FETH T o

(2) FU* 2T FFEHRF > REMEFF e s 2 kR o RpE
2% ﬁﬂ:i%ﬁ%] » STATGRAPHICS #ic #8 & 47> 8 10 — = = #2538 iz #ic
ita-é‘;—";’\ie»%\ﬁl}ﬂ ’ 151—,—1!{—‘[ /{3‘556%

(3)d HABITF BT LEE - BARES AN A BT D
Bfn A @70 CRARE B IAM A Sz X A e
s g 2 & A b o
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(4)54 STATGRAPHICS## A 45 @ 5 if 2 £33 % A 6] » & (7

FHHE T ELFEHTLE -
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2o FEHBAARS PR 2700 3 R
Table 2. A 2> 'fractional factorial experimental design for determining effects of

medium ingredients. (A) Experimental worksheet (B) Variables levels.

(A) Experimental worksheet

NO. peptone YE glucose ion solution time
1 -1 -1 -1 1 -1
2 -1 1 -1 1 1
3 -1 -1 1 -1 -1
4 -1 -1
5 0 0 0 0 0
6 1 -1 1 -1
7 -1 1 -1 -1 -1
8 1 -1 -1 -1 -1
9 -1 -1 -1 -1 1
10 -1 1 1 -1 1
11 1 1 1 -1 -1
12 0 0 0 0 0
13 1 -1 -1 1
14 1 -1 1 -1
15 0 0 0 0 0
16 -1 1 1 1 -1
17 1 1 -1 1 -1
18 1 1 -1 -1 1
19 1 1 1 1 1

(B) Variables levels
Independent variables Coded levels
1 -1
Peptone (%) 2 0.5
YE (%) 0.5 0.1
ion solution (%) 0.31 0.03
Glucose (%) 0.36 0

*$31: ion solution % NaCl(100mM)~MgCl,(25mM) ~MgSO4 (100mM)~KC1(100mM)
M & BEH % i (stock solution) © ik B ,,T 4 E 14 1% ion solution A= FF K &
%Y BER /7’]‘ 4v & % 0.31%( % 10 mM NaCl~2.5mM MgCl, ~ 10 mM MgSOy4~
10 mM KCI) ; "0k & 7 e #0.03%(1 mM NaCl ~ 0.25mM MgCl, ~ 1 mM

MgSO,4 ~ 1 mM KCI) -
25
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Table 3. A 2* Full factorial experimental design for determining influence
on VPI production. (A) Experimental worksheet, (B) Variables
levels.

(A) Experimental worksheet

NO. peptone(%) YE(%) glucose(%) ion solution(%)
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
9 -1 1 -1 1

10 1 -1 1 -1
11 1 -1 -1 -1
12 0 0 0 0
13 1 1 -1 1
14 0 0 0 0
15 0 0 0 0
16 -1 -1 1 1
17 -1 1 1 -1
18 1 -1 1 1
19 -1 -1 -1 -1
(B) Variables levels
Independent variables Coded levels
(%) 1 -1
peptone 2 0.5
YE 0.3 0.1
ion solution 0.31 0.03
glucose 0.1 0.01

31 ion solution & &+ (NaCl, MgCl,, MgSO4, KCI)i® £ 73 i%
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Table 4. Levels of medium ingredients for the experimental design of

steepest ascent path.

peptone ion solution

Base point 1.25 0.16
slope 1 1
new unit 0.2 0.04
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Table 5. The central composite experimental design of peptone and

mixed ion solution. (A) Experimental worksheet, (B) Variables

levels.

(A) Experimental worksheet

NO. peptone ion solution
(%) (%)
1 -1 1
2 -1.41 0
3 1 -1
4 0 0
5 0 0
6 1.41 0
7 -1 -1
8 0 0
9 1 1
10 0 -1.41
11 0 1.41
(A)Variables levels
Independent variables Coded levels
% -1.41 -1 0 1 1.41
peptone 1.086 1.25 1.65 2.05 2.214
ion solution 0.1272 0.16 024 0.32 0.3528

31 ion solution 7 &+ (NaCl, MgCl,, MgSO,, KCI)i® & 7% % o
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- ~F A AHE VPl v AR PR

AERNETALBP L HE Fo gus £ A €O A(mLB, LB,
mSOB, mSOC, mTB, mSB, TSB, m2x YT (%4 #-2)) ki %47
FE VPl 30 AE MBI E A NBGFEFTH -

TopREEr PR AR AL EFFL AL HVPL 3y o
w3 Eehikrrin (Bl ) Bl AP Lanel ~3-~5-7 &£ mLB, LB,
mSOB, mSOC # & /% A G H ¥ ehdko FT /AW Lane2~4~6-8 &
A E LR FRAR - g ¥ Lane2 468 chij-d LA
B P > ¥ A GELET] VPl 39 78kDa#d F o Lane2~4 -6~ 8
F0 BR ARG S BB G T PVDF % ¢ > 4p $4 & <0 Lanel0 -
12~14~16 + » V2T RS VPL =0 78kDaé F - d B~ B F
# eh¥ 20 VPL 54 39 it & mTB, mSB, TSB, m2x YT 33 % it
%3 4rBl= B ¢ giLlanel0 ~ 12 ~ 14 ~ 16 #751 »
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1 2 3 4 5 6 7 8 M 9 10 11 12 13 14 15 16 M

(kDa) (kDa)
100 00
» 70 2
55 55
43
43
34
34

B:
1 2 3 4 5 6 7 g M 9 10 11 12 13 14 15 16 M
(kDapo (kpa),
» E 4-
55
55
43
43
34

34

Bl P pmd VPR A2 PR EAFELRT S L%
Fig 6. SDS-PAGE and Western-blotting profiles of Chicken anemia virus
VP1 protein expression induced in eight various media.

(A) = ® 5 SDS-PAGE 3-v # %/ Bl-Lanel~3-5-7 % mLB, LB, mSOB,
mSOC 2 & fh 4 » FF EM 7 39 FL /A H > Lane2 ~4-6-8 5+
CAHERE I FRAR B AAHEHEEF RS -

(B) = Bl = SDS-PAGE 3-v # % /A ®] - Lanel ~3~5+7 5 mTB, mSB,
TSB, m2x YT 32 % A4 » 3 EA 5 v F 7 A B : Lane2 ~ 4~ 6~

8 54 »HEAIE I FRAM - WA BEFTEE -
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R A AR AR A A VPL R
PRt RFEET AEPEE  RLRRREEN P EAER AR
oo EFES AN A 1234 ] Bk > 11 SDS-PAGE #¥ F 1
A B A 4T VPL v g £ o

Bl AL EeEko LB mLB % R iE (s hi TR Am e
Lanel > mLB# E# i &> Lane2~3-4~5 A% 2588 12
34l e d v FRARIRET 0 WA ES R 4 VPL B
v 78kDa ¢ ¥ GIER o LREANTREEFF EL 4] P VP
0 A E 59956 ug/mL - Bl- A ¥ e lane 7~10 . LB & %% &
FEE 12 34 ) @ende FTLAR - BHRTEREZI LB AR
LA EE 4P VPl v A8 58 > kAR T 8598 ug/mL ° fe ke
2d B0 FRART TEE LR ERFAFL4] P VP9 hE £
Bl- B® mSOB#: % %34 #i54 | VPl 9 & & £.120.86 ug/mL -
mSOC 32 % %% ¥ 15 4 ¥ VPl 30 2 ¥ ¥_126.51 ug/mL ; B - C
mSB 32 %% ES5 4] FF VPl 30 &2 ¥ ¥ 11748 pg/mL > mTB & %
RFEES 4 FF VPl 39 2 ¥ H.9538ug/mL; B D¢ TSBi# ¥
54 ) VPl 30 28 %9207 ug/mL > m2x YT 2 & 2if %15 4
P VPl 3% & ¥ ¥_70.45 pg/mL -

MRGE N R A A VPL 9 AR AR AR N iR R AT
mSOC § 5.8 # s %+ VPI v 2R E > 24 % % ¥ 2 mSOC fe
SIS ST LR S G RN e
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1 2 3 4 5 6 7 8 910 3 4 5 6 7 8 910 M

- B A AP PPFFEFERT L RS VPL v 2R P H o
Fig 7. SDS-PAGE profiles of VP1 protein expression induced in various

media at different time.

A:Lanel 3 mLB# % 2> %5 v FR A i lane2 3452 F ¥
61234 ) pFdo FTAR Lane6 5 LB %2> F E5 v
TAB lane7~8~9~10 ZFE 1234 [ FFFd FLTHAHE -

B:Lanel 3 mSOB# 2 > A ¥+ 39 FR AR lane2-3-4-5 5%
6 1~2~3~4 ) pFd-v FT AW Lane 6 3 mSOC 32 % 2> 3 ¥ o ¥
ER AR lane 782910 A A HER 12 34 [ FERD FRAHE o

C:Lanel 3 mSB** ¢4 %% 3¢ FT AR s lane2~3-4~5 S/ %15 12~

4l PR B R AR Lane 6 5 mTB 3 Hw 39 F R A K lane 7 -
8910 7 ¥ 12 -3 -4 | FFo TR AR -
D:Lanel = TSB* i ¥ = 3o F R AR lane2~3-4~5 ZFFe 12~
“4 RO FT A Lane 6 5 m2x YT 33 &30 $ 4 o R A
Bl ilane7~8~9~10 5% 1234/ FFFd FTIAMR-
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Fig 8. Amounts of VP1 protein expression after four hour inducing.
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= ~mSOC # % MM &t le & A 2 fi 2

mSOC # & AFERT § 222 A B n }?3-* VPI #v »#& 12 mSOC
RARESNRENASTF)T HFEF S R 27 IS FF R
AP AR LR AR B AR L AP E B R ek A o
PR F 19 $4E £ VP 3od f 5 £ 88.39 ng/mL o AL & B
i3] ODgoo=1.52; % 13 5Ltk & VPl v B 2 £ 58 5 110.40
ng/mL - FAREE ARG 1310 d 7 oo FiEcf VP 9 F 7 - T
G5 A0 FAR S FE R N
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Table 6. The 2> factorial experimental design for screening suitable

medium ingredients.

NO.  peptone YE gluicose ionsolution time  FikH AR VPIAE

() (%) (%) (o) (h)  (OD600)  (ug/mi)
| 0.5 0.1 0 0.31 0 0.97 26.15
2 0.5 0.5 0 0.31 2 1.24 102.21
3 0.5 0.1 0.36 0.03 0 0.72 10.81
4 0.5 0.1 0.36 0.31 2 0.89 18.15
5 1.25 0.3 0.18 0.17 1 1.25 69.92
6 2 0.1 0.36 0.31 0 1.39 62.16
7 0.5 0.5 0 0.03 0 0.96 58.66
8 2 0.1 0 0.03 0 1.13 74.90
9 0.5 0.1 0 0.03 2 0.87 59.89
10 0.5 0.5 0.36 0.03 2 0.98 36.13
11 2 0.5 0.36 0.03 0 1.36 58.72
12 1.25 0.3 0.18 0.17 1 1.26 65.53
13 2 0.1 0 0.31 2 1.31 110.40
14 2 0.1 0.36 0.03 2 1.29 47.53
15 1.25 0.3 0.18 0.17 1 1.27 57.88
16 0.5 0.5 0.36 0.31 0 1.18 70.45
17 2 0.5 0 0.31 0 1.29 83.69
18 2 0.5 0 0.03 2 1.3 61.87
19 2 0.5 0.36 0.31 2 1.52 88.39
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Standardized Pareto Chart for response

Apeptone | | | |
el o
AB
Diion | | |
BYE | |
|

CE | I
|
\

lfl

DIHiH

4 6 8 10
Standardized effect

o
M

B4 ~ 32 % A2 A 2724 F) 3 sk s 58 B A 35 (Pareto chart) o
Fig 9. Effects analysis (Pareto chart) of medium ingredients according to

a 2> factorial experimental design.
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2 STAGRAPHICS #it %2 Pareto chart 4 4738 4 F]3 2% 2 % (4r
Bl4)> 5d T izt £ (t-statistic)?* & g oy » 750 d-9 "~ 2 5
A EBHVPIAZ S F O v R RFIAR AR Y &

¥

EFREBRR-FREe 3 VP A £395 ¥ a0l wix

e
&

SNy FOEV B4 FEQ* o 8 CAMP kR " M CRP 7 st 45 1 o lac
operon } erffid A FI LT % A L VPl F-v hF E o VP1 3o F
R Bt A B B EE 25040 % 13 81 (102.21pg/mL ~ 110.40
ug/mL) > = —‘F'f ES | e ,__,,"’J‘ v et Blenke0 PR EER S B4 o d Pareto
chart 2 4755 % (4c B4 )3 1 3 PRE R S5 2 Biri HE L
TIM R A 6,813, 14 5% > TR A E I R MR EpEA
FBgrehe & > VPl 3 e d £ 5 295pg/mL; @ i § F-v P
BAR|BERES X s 2,7,10,16 8.3#5% 0 VPl 35 Bicd £ 5
26746 pg/mL e }* %% ZrRF B AL v R WA EREF I A
I HFAVPI v AE o ¥ ARAAY F9 PRAFL A& h§ R
MR EPSAEH Y EREALTFF LAY BRIEE X5 R

FORE PEE A o VPlé_i,i’?’]ﬁilﬁ e A
a

A

=

» %Y VP 30 A& a0 BE vk - ﬁcﬁj\%ﬁ—rﬁf
ﬁ_] v® 02%F > &5 5% VPI 3¢ & £ (118.87 ug/mL) -
> FF R KRR T BB AR PR 0.2% /’]‘4‘1 £
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Table 7. The single variable experiment of yeast extract.

1on

YE peptone  glucose solution time kiR VPl AZ

(%) (%) (%) (%) (hr) (ODgoo) ~ (ng/mL)
1 0.1 2 1.46 90.95
2 0.2 2 1.43 118.87
3 0.3 2 0.02 0.31 2 1.41 100.4
4 0.4 2 1.45 100.4
5 0.5 2 1.42 97.23

38



F 13 540 % 19 5Ltk 5 VP1 3= FE R Bt A F|F @8R
PABB Y =3 A HE(11040 pg/mL - 88.39ug/mL) > B K A
1__//] v et B enpER B4 22 § 5 4 o d Pareto chart 4 7. ‘*%(%zr
BA VR T 5 B2 FEFHFL o h TG £
P 1L,8,9, 13,5 %% TRAEMBFIZBSFEBHEY FRDEE
VPl 39 %fcd £ 5 253.69 ug/mL; & M@ &2 55452 R #
¥ E e £ 10,11,16,19 3535 > VP1 &9 B4cd £ 5 271.34 ug/
mLe L &% MAERES ZFEKREF 58 TR E VP
AR FIFEMBEVPIAE SR F Ol ok ST 58
RGP LRGSR AR A AT H- Rl k%3 VP
Bd AR A Bk dod N o BRETT § A 0 e £ 0.065 %pF
23 5% VPl v & £(136.84 ug/mL) » #is § > ¥+ F %R 2§
TR SHEpER0.065%F R 2 E Y o
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Table 8. The single variable experiment of glucose.

ion

NO. glucose  peptone YE P time Akd R VPlLAE
(%0) (%) (%0) (%) (hr) (ODgoo) ~ (ng/mL)
1 0.02 2 1.43 130.46
2 0.065 2 1.42 136.84
3 0.11 2 0.1 0.31 2 1.45 122.84
4 0.155 2 1.46 119.58
5 0.2 2 1.44 118.53
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(Bv "R~ B2 S  §E B B3 RR) - FF A RRERF Y
WHREE 2 A A0k 4 o (RJy Pareto chart ~ 47 % % F-v PR~ S
R FIFH VPl e AR FLI oM G B X008
B FSHA RGP A (B A) o d A4 TREIEHER
A HPf LRk w(1,2,3,4,7,9,13,17)VP1 F-v B ic A £(761.76

E}»

ng/mL) & »+ i< & £ 2(5, 6,8, 10, 11, 16, 18 ,19)ch 4 £ (738.88 pg/mL) »
ST R HRELFHIFEF TSRS 03% BIRA T § AN
74X VPL 3w 2424 7 3 HEF F L% 2(1,3,6,7,10, 16,
17, 18)VP1 3-v &4rA £ % 714.64 ug/mL > <& § % 355 22,4, 5, 8,

FEBEEARGE XU FRFECATTIRERS 001 %

9,11, 13, 19)VP1 3-v %4cd & 5 786 pg/mL> VPl F-v % I & i3] £

ML F] G RERE TR F RS B9 B S R w i i
(gl'J‘B)’ﬁ‘f:’K{'ﬂ?' TF ﬁ} rvx~:
Y=17.22 peptone+17.23ion (Y :VP1 3-v £ ILE)-
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Table 9. The 2° full factorial experimental design for estimating effects of

medium ingredients on VP1 production.

ion

NO. peptone  YE  glucose Ak R VPl A

solution
(%) (%0) (%) (%)  (ODgy) (pg/mL)
1 2 0.3 0.1 0.31 1.39 126.16
2 0.5 0.3 0.01 0.03 1.19 75.89
3 0.5 0.3 0.1 0.31 1.28 86.02
4 2 0.3 0.01 0.03 1.43 104.92
5 0.5 0.1 0.01 0.31 1.31 71.57
6 0.5 0.1 0.1 0.03 0.88 65.53
7 2 0.3 0.1 0.03 1.43 83.66
8 2 0.1 0.01 0.31 1.44 154 .91
9 0.5 0.3 0.01 0.31 1.4 109.01
10 2 0.1 0.1 0.03 1.44 89.02
11 2 0.1 0.01 0.03 1.39 83.59
12 1.25 0.2 0.055 0.17 1.37 96.65
13 2 0.3 0.01 0.31 1.4 126.18
14 1.25 0.2 0.055 0.17 1.42 97.48
15 1.25 0.2 0.055 0.17 1.49 97.52
16 0.5 0.1 0.1 0.31 1.11 94.72
17 0.5 0.3 0.1 0.03 1.08 49.92
18 2 0.1 0.1 0.31 1.37 119.61
19 0.5 0.1 0.01 0.03 1.02 59.93

42



A: pareto chart % %

Standardized Pareto Chart for Var_1

D:ion
Apeptone
C.glucose

BC
AD
AB

]
Ac | [
)
0
|
0

B:yeast extract
BD
CD

1 2 3 4 5 6
Standardized effect

B: #tf8w §F x ik

Regression coeffs. for Var 1

Coefficient Estimae
constant 043311
Acpeptons 172163
B:yeast extract 1.43
C:glucoze -4.46
Drion 17.2323
AB -220623
AC -1.93375
AD 347623
EC -4.32
ED 061
CD 0.065

DR S S - AR S Eae 2 S
Fig 10.Analysis of medium ingredients effects according to measures of

2* full factorial experimental design.
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G ARE G Ryp e ETF o 2 I A N O RN P 8
Bt b o AR A Bt Bl G B9 PR B 0=02:0.04 0 H R
BRRF BRI L o WREFR ¥ 2345 FFR VP &
6 &8 5 117°115-116 pg/mL> - #& LB 32 % i > 47§ & ODgop =1.62>
VPl ¥-v 28 5 77 pg/mL - F#c)2 % 2 54k 58§ A ODg =1.41
BR ey SAME AR 2 LH VPl 39 28 5 98pugmL; ¥ 3
B SE Y 8 Bk AME R Y 5 ODeo=1.38 » VP1 3 A& £ (115
pg/mL ~ 78ug/mL) o v A #cE VPl v FAE > VPl 30 FAE
F R ea B B (52 )R E o d A RERR
B A FR LY 24 Sdshoz o FP U8 38k e
23 % R A (39 PR 1.65% 3T A %024 %) 5 ¢ B iE
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Table 10.Experimental design of the path steepest ascent for searching the

proximate optimal conditions.

NG | peptone SOllllc'ziIi)n A%k VPLAE
(%) (%) (ODggo) (ng/mL)
1 1.25 0.16 1.37 88.4
2 1.45 0.2 1.41 117
3 1.65 0.24 1.38 115
4 1.85 0.28 1.35 116
5 2.05 0.32 1.38 101
6 2.25 0.36 1.41 98
7 2.45 04 1.36 91
8 2.65 0.44 1.38 78
9 2.85 0.48 1.29 82
10 3.05 0.52 1.28 77
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v

fEatrd o B3 wiES RS A

response= 135.46 + 8.47075 xpeptone + 9.76969 xions - 3.0744 x peptone”

+1.135xpeptonexions - 13.8819xions’

v PR ap S AR D =X IE‘FK/V\ ‘ivl].,El'ﬁ ’F&@%‘*'b‘-({KOOl) (&rﬂﬁ]i =
B)» Jvv MREHT Bk - XM T (T T @A FLE(p>0.05) £

>1«

A FF 2 X m 3 fF% o R-squared & ¥ 97.16% % 7w iF
2N EUFE VPl v 4 A 45 it AP %2 Bcdh o T VPL Rv
FEF o TR 2 TS R iR o

Ry Y w2 B VPl v G AE 2R A AEN(A D)
FRRTHR TN BAIB BAAFHRBEEFAE O RELTE
(R S1 RA
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Table 11. Experimental worksheet of the central composite design for

determining the optimal condition.

NO. peptone solllcl)gon A% R VPL A&
(%) (%) (ODgoo) ~ (ng/mL)
1 1.25 0.32 1.5 112.89
2 1.086 0.24 1.43 95.91
3 2.05 0.16 1.34 105.58
4 1.65 0.24 1.43 135.48
5 1.65 0.24 1.49 135.61
6 2.214 0.24 1.37 118.98
7 1.25 0.16 1.41 90.28
8 1.65 0.24 1.42 135.29
9 2.05 0.32 1.49 132.73
10 1.65 0.1272 1.34 95.79
11 1.65 0.3528 1.33 115.87
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Estimated Response Surface

response

peptone

Bl -~ 3 Pfod S R E VPL v 2 F R 2w d o B -
Fig 11.Response surface of VP1 protein productions vs peptone and

mixed ion solution.
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Fig 12. ~ Contours of VP1 protein productions vs peptone and mixed ion

solution.
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Standardized Pareto Chart for response

BB

il

AA

B:ion

A:peptone

AB

0 2 4 6 8
Standardized effect

B2 B 2Ae0Hd RS 3%K7 e o
Fig 13.Analysis of medium ingredients effects in the central composite

experimental design.
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(A) ~ ® §F Tl

Regression coeffs. for Var 1

Cogfficient | Estimene
constant 135.46
Acpeptone | 8.47073
Brion 0. 76060
Al -13.0744
AB 1.135
BB -13.381¢%
The StatAdvisor

This pane displays the regression equation which has been fitted to the data. The equation of the fitted model is

Var_1=133.46 + 3.47075%peptone + 2.76060%0n - 13.0744%peptone”2 + 1.135%peptone®ion - 13.8819%10n"2

(B) ~ wiFA &

Analysis of Variance for Var 1

Source Sum of Squares | Df | Mean Sguare | F-Ratio | P-Talue
Arpeptone 574.027 1 574027 33.47 0.0022

B:ion 163.373 1 163373 44.32 0.0011

Al 863.301 1 863301 36.28 0.0007

AB 51329 1 5.1329 0.30 0.6072

BB 108822 1 108322 63.43 0.0005

Total error 83.7313 3 17.1303

Total (corr.) | 3016.51 10

R-zquared = 97.1373 percent

B-zquared (adjusted for d.£) = 94 3145 percent
Standard Error of Est. = 414129

Mean absolute error =2.02738
Durbin-Watzon statistic = 1.54262 (P=0.1392)
Lag 1 residual autocorralation = -0.0609139

FlLw P R R WA
Fig 9.The regression analysis of the central composite experimental

design.
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Table 12. The VP1 production estimated by using response surface
methodology.

Optimum Response

Factor Low High  Optimum
peptone  1.086 2.214 1.7859
Ion 0.1272  0.3528  0.2693

Optimum value = 138.686
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Bl+7 A ;Lane 1~5 2B "2 2 L 5 €49 % 23 s VP
B0 A E;Lane 6 ARG BA AT HREFED VPl v L BE;
Lane 7 % LB broth 3% ¥ {¢ VPI 3-v £ L& ; Lane 8 5 LB broth 3% #
% VP 39 £ B (Fik§ & ODgo 3 1725 VP1 2 75 pg/mL) -
SHERLALAVPL 3o o ud > ERZmN(EI) BT BY
Lane ] ~3 # & "B A2 AT %22 LB £ %34 %+ ; Lane2 ~ 4 &_
B P A AT REE IBRARAEL PVDF o L300 7 LA

ﬂ“s}

\rs

PR VPL 39 78kDa ¢ F > #zitF »x VP1 39 L3R o 5 o §F %
P VPl v ARk L= §d B o 75289 % 2 VPl 39 &2 &
T 355 137.9741.02 pg/mL (40 - 2 A) o :&{7 7 T-Tests 4 7.4 % 4r
ftw B BEEAPE=052220050 A7 FHRELE GFE

(138.69ug/mL) sk o ¥ 22 LB 32 %% 4p+t VP1 v 287 1.84 &

3 IR o
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A: SDA-PAGE 3-v T @l °
M1 2 3 4 5 6 7 8

B:
70
55
43
24
BT ~ B 32 & A2 Luria-Bertain (LB)%: % A F# 4 54

VPl F-v9 £ -
Fig 15. Comparison of VP1 protein expressions in the optimal medium

and Luria-Bertain (LB) medium.
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Table13. Expression of Chicken anemia virus VP1 protein by using

optimal medium.

NO. peptone ionsolution Pz & VPl A&

(%) (%) (ODgp)  (ng/mL)
1 1.43 140.13
2 1.44 138.27
3 1.79 0.27 1.46 137.46
4 1.44 139.64
5 1.52 134.36

55



L2 ~VPl v iz AE 2 5%F °
Table 14. Verification of VP1 protein production by using optimal

medium

A. Statistics of experimental VP1 protein production data.

Lower CL Upper CL  Lower CL Upper CL
Variable N Mean Mean Mean Std Dev  Std Dev Std Dev Std Err
y 5 135.14 137.97 140.81 1.37 2.28 6.56 1.02

B. t-Test for verifying the optimal medium

Variable DF t Value Pr > [t
y 4 -0.7 0.5228

*#31: The SAS system Version 8.01(SAS Institute Inc., N.C., U.S.A.) °
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R E T RERFEREANL I PR EF S
A% bERFAFELAE VP 9 > 5 1R 2 FlcE R VPI
v AR(FLI) BAPFF28 ) VPl 30 A ETHFR A
SR A PR 10~24 ) P e AR R 2 e VPL Fd A2 B BT
B ARAMT L AE S Fikl & ODgo=1.31" VPI ¥ 2
£ % 16373 ug/mL - 2 LB 32 & % (Fik§ & ODgyo » 1.76 5 VPI &

£ 76 ug/mL)4p+t VPl 39 28 F 1.84 Beni ;o
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Table 15. VP1 protein production of the jar fermentor experiment.

HaEpE R (hr) 2 4 6 8 10 12 24
7% 1§ & (ODgoo) ~ 0.95 1.1 1.19 131 145 156  1.86

VPl & £ (ug/mL) 26.07 7476 107.79 163.73 99.78 87.68  78.52
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FORAHPLES VPL 3G 43 0 8B EAY £ FAH
iE o S E LB ARG LN VP 35 2 E 5 8598 pg/ml -

@ & mSOC 2 % %3 14 VP1 39 #3E 5 126.51ug/ml # mSOC
EHRRESLED TS RHRFEMETS B Fo 133

AN S A ';u i+ VPl v 2§ & v B ¥ B -7 STATGRAPHICS
st BFRARET R REKGASFFERIE 57 wRSF
TR Fh G AFMEEES AR F L Y =179 % > SR
#=027%° P B&ERGE > RPLHF VPl v T30EE 5
13798 ug/mL > ki G2 g F A 2 (P>0.05) ¥ &2 LB &
v 184 BARE - SN RHAL AL 7 iF VPL k0 A
2516373 ug/mLe SR %% T Rt 4% Ama 3 VPL
0 AAR ARV EFREAEE L pHER T MiER
BLARPEHS T VPIZ AR o
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