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Abstract

Pichia pastoris GS115/CRL3, constructed by Prof. Shaw’s lab, Institute of Plant
and Microbial Biology, Academia Sinica, was used to produce extracellular Candida
rugosa lipase 3 (CRL3). Production strain was further improved by screening and
selection on a series of agar plates in stepwise increase of Zeocin concentrations. The
highest-yield strain was finally obtained and named as Pichia pastoris
GS115/CRL3/Z1500. Using 500-mL Hinton's flasks, response surface methodology
(RSM) based on a three-factor three-level Box-Behnken design of experiment was
used to optimize the culture conditions for CRL3 production by P pastoris
GS115/CRL3/Z1500. The optimal culture conditions were found as follows: C/N ratio
in FM22, 12; inoculums size, 8.8%; temperature, 15°C. Under the optimal conditions,
CRL3 activity of 8.47 U/mL was achieved after 120 h cultivation. Then, batch
cultures were carried out in a 5-L bench-top fermentor under the optimal conditions. It
was found that pH controlled at 5 was better than pH uncontrolled during cultivation.
And a CRL3 activity of 26.77 U/mL was obtained after 96 h cultivation. Based on the
result obtained, fed-batch cultures were further performed in order to attain the high
cell density culture. While constant feeding rate at 11.25 mL/h was operated, ODgy of
627.6 and CRL3 activity of 451.7 U/mL were obtained, respectively after 216 h
cultivation. However, a large amount of glycerol was accumulated in culture broth.
While pseudo-exponential feeding mode was used instead, glycerol accumulation was
minimized and CRL3 activity of 423.2 U/mL was achieved after 168 h cultivation.
Productivity of 2.52 U/mL/h was obtained which was 20% higher than that of
constant feeding mode.
Keywords: Pichia pastoris, Candida rugosa, lipase, response surface methodology,

constant feeding, pseudo-exponential feeding
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HELRJI o F A EFE BREY A G A EA AT P Y 0 B A
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Limt Bt s fEd e > 53 B R b niEE (£ L) o ;’ftmf?]z K

~ %1% 7] (Escherichia coli) ¥ #J* K # M F-v > B BB AL £ PLiE
o AERNMESAME S ed WHIZRAPAY  HARRY 272 L3 HFEL

& (post-translational modification) ¢ # > T E3 X >t xg (EpF %) @ %
WEEILE REo BF o 5 A5 N n48 (inclusion body) @ F-v 2 I FrdTdy 0 R
AR FHAIRFEME S aw TR T R T it o R E TR
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Mt 4 A B2 E k9 (Romanoseral,1992) H & ++ B 407 2 ik

s

(1) 2 & RE-

Q) nE2AHE-

B) ZEIBEZLVURRAERR
(4) mAZ P F F ORI -

m{EENE A ALEAF I I AT RS R BT > dod
v BT ~ pEA Y T (glycosylation) > £ 2 = gt E  (Cereghino and Cregg,
2000) - 1981 #d Hitzeman % * 7 =t 4% | 2 gRFPE* Saccharomyces cerevisiae
#WEedd T4 (interferon) > 7 REE* HR A I0 LR G2 g §pF
297 g E S cerevisiae PR F) o AT E G oA AR F0 i T
W ¥

(strong promoter) ~ & ¥ & 4 Itk & 3£ 38 (auxotrophic markers) ~ & 2 4 4 ~ &

7 % £4f W (multiple copy number) £ F R E - A RBE Ry o 2R



% 11 p#F* &3 % %2 v & (Fernandez and Hoeffler, 1999)

Table 1.1 Comparision of different expression systems

Characteristics Bacrteria Yeast Insect cells Mammalian cells
Cell growth rapid rapid slow slow
Complexity of minimum minimum complex complex
growth medium
Cost of
growth medium low low high high
Inclusion bodies yes no no no
Expression level high low to high low to high low
Extracellular secretion to ~ secretion to secretion to secretion to
expression protoplasm  protoplasm medium medium
and medium
Protein folding refolding refolding proper folding proper folding
often required = may be required
Post-transiational modification
N-linked glycosylation no high mannose simple complex
O-linked glycosylation no yes yes yes
Phosphorylation no yes yes yes
Acetylation no yes yes yes
Acylation no yes yes yes
Safety issue endotoxin yes viral clearance viral clearance




4ot 0 @ B S cerevisiage & R F-v FivE G Ao B

(D) 2Ry A LR F0 0 Gl

@ 17 Lo A ERA RIS [ f R FUE (res)
W EAE TR 0 o

(B) iz G »eMB by AT AiR o

(4) 2 AR R¥-d B ¥ ¢ EARPEAT (Hyperglycosylation) R % > 4ept

R Fv A AR 0

BN BRG] o g R 5 N TR R AR e TR D > A4
B E*R o BRI HROEER AR G B AR AR A B
A d 1 FxRi2AAeA 5T LDA T (genotypes) £ 42 £

Awm L P EAR > Ao AFT T TR 2 "* Y f% i [ Pichia pastoris # . % St o

1.2 *§ © Rpg* ] Pichia pastoris 3 3. % 3%
1.2.1 P. pastoris 39 F 4 R & RehfF in &

*h P ERAER ] Pichia pastoris d S AIF BERY Sup A AT L7 R wre
B¥ A 2 Al P pRIT LR > s F AN 1960 &£ Rt 3t H e Foo B
(single-cell proteins, SCP) 2 24 & o #Rm » d 3t 23 g A £ A A gt o
P F RS RS FRRAR EEAERF 0 Flt I TR A H wie o B
AN BB 4 AT T Aot o Popastoris <~ RACRERE T E B E AR
%% 0 & 1970 # Phillips Petroleum Company % P fRi& (7 % wmie % &3 %

P. pasoris » % PFimre iz ¢ ¥ AZE 130 g/L (Wegner, 1990) -

A 1980 # k4= #2774 B B Popastoris T3 BB Ev FAR kA
BAASYIFMF 5 (alcohol oxidase, AOX) ik F] g feds + - iz 2 U4l -
FIRE AR R % 02 > TR 50 Hlwe Fov B0 sk S AR 2 4R cDiFp §
it f% % fxd>F (AOXI promoter) » 4t 24 fr PjiFcngr prigig > pown @ 5 3F 5 A%



P. pastoris -+ ‘E‘_ % ILB R Fv A R (E l;l]'li\.”d Werten % 4 (1999) ;}Fl 2o
T & P pastoris B R REET A EEARZ B R FY -9 (gelatin) ¥
3 148 g/L -

1.2.2 P. pastoris ¥+ gt Fric?

Pichia pastoris 1% o #cfdfF 7o = g sk BRI T AR > BRI IT
4@ 1.1 #f7;r (Hartner and Glieder, 2006)  JFjiF ¥ i is AOX & 542 7 fg ik heh
- BREE o fFRUEEF PRV IREEF E 0 d N P T Hwr R A
Fl F L iEAR 2 A EF Y8 (peroxisome) P BT 0 @ 2 ¥ mie i @ INFR AR o
T CAFARCIEF LA MR 2 § A2 EF 45 (catalase) » BB F
CE AR ok s A AT EERBET LM T g e Y il
e fe* (dissimilation) £ 2 & £ & FE2 £ > & FJFF * £7% (assimilation) %

K44 $ & (biomass) (Gellissen, 2000) °
1.2.3 P. pastoris 5% 3 -0 % 2 fad +

123 Ep § 1 fofads 3 (40X fts +)
& Pichia pastoris ® > F 3 BAFE FEHE CpEoRG AR A WA
AOX1 3 AOX2> £ 11 AOXI % i > @ AOX2 A FIEERE AOXI 3 97%
tp 242 (Couderc and Baratti, 1980) » e # L L cuFps ¥ P e A A 2 i £
gy 4 At AOX]T A o T 4 7] (wildtype) 2. AOXI 22 AOX2 354 4[5 Nt

U AR vx i B4F 0 4 LA (phenotype) i Mut  (methanol utilization plus) o %2 @
Birivi- B2 ERY - " HEHR AOX] fab 3 < B AW H AR A

HF ity e p B39 7 & 30% (Cregg et al., 1989) » Flypt ¥ 14| #
AOX] fxt 3+ ke B AFni B4 AR hdky S F S0 3
B R R B §drd] AOX] fabsF 2. 23> LA T E 8 BRI <70 %
fs > i ﬁ’*“f sty % (Ellis et al, 1985) o o »v ¥ b — i & B § 1 f2 % chzk
F] AOX2 > & AOXI Ap- f (N3Y Fhehuy 4 RE > 9T AOXT G KA
AOX2 iv & ¥ 2 TLFHE R R hAR > BT @R (ErE- BURRS A P BTN

WA A ERA LRER 2 % Mut® (methanol utilization slow) -
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Fig. 1.1 Methanol utilization pathway in methylotrophic yeasts

AOX : Alcohol oxidase

CAT : Catalase

FLD : Formaldehyde dehydrogenase
FDH : Formate dehydrogenase

DAS : Dihydroxyacetone synthase
DAK : Dihydroxyacetone kinase

FBA : Fructose 1,6-biphosphate aldolase
FBP : Fructose 1,6-bisphosphatase




1.2.3.2 + d fE-3-p4pe s & fafcds+ (GAP je¥+)

H b fE-3-#Efa " & fr (glyceraldehydes-3-phosphate dehydrogenase, GAPDH)
#_ P.pastoris aiEfEIE* P AV A GEE 0 X A HRAT R § F RS YR D
RS (R 1.2) R g A2 b pE-3-BipL 0 B ¥ ¥ U ZRE: GAPDH fobs+
(F§#- GAP fxbo =)o i7# RF B N1 GAP fabsF+ 2R B kv » E AP
AOXI 77 4 - 4 a3 > 2 F Y BEFHFE CHMAHL LT BT LR
B A EARS T SRR 2 38 A (transition phase) ,T*u;_‘_ Aod FE BT
g i Ea D 0 PR AOX] s A BRZL A E AR e A4 3 T2 Bk

v mre B-FEE 4 £ @ &2 & M2 (Cereghino and Cregg, 2000)

1.2.4 P. pastoris # .2 2 % hFo 2 BB

A v’ﬁ Y ERfER B P.opastoris 2B RGe gk o ¢ AH AR
BiRFv (% 12) bldc¥ B+ 4 oz 4 £ F]|F (Creggetal., 1991) ~ F 12k 7,
"% (Rhizopus oryzae lipase) (Minning et al., 1998) # - @ 1% =5 * iz [ P.
pastoris R Fdv Z G 0T RE

(DREFFESH > 7 S AMRL 2EARBATIENF we R -

Q) ZMIPAP F0 FRFG HFLIE > bloopbAt - 22 s
TR IR E e RO e R ?éﬁézlﬂﬁﬁ-ij °

(3) & Iorie * chEk MM A ~ L (integrative plasmid) - %ﬁr} P
AEFMESRAFE 2 E AT M > VR ATFFELL > R EF R
BAEPFD T 5 T Mm@ 9 £ RE % X (Romanos, 1995) -

>

(4) £ Fv a ki § ehrh s L (secretion signal) 0 ¥ OB 4 vhis )

SRR S SR

b
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Fig. 1.2 Glycerol utilization pathway in methylotrophic yeasts



% 1.2 11 Pichia pastoris % F 1 %R LR AR FI0 7F £ (Www.invitrogen.com)

Table 1.2 Productivity of foreign proteins in Pichia pastoris

Protein expressed Expression Reference
Level
(mg/L)

Bacterial proteins

Tetanus toxin fragment C 12,000 Clare, J.J. et al. (1991) Bio/Technology 9:
455-460

o-amylase 2,500 Paifer, E. et al. (1994) Yeast 10: 1415-1419

T2A peroxidase 2,470 Thomas, L. et al. (1998) Can. J. Microbiol.
44: 364-372

C. botulinum neurotoxin 78 Smith, L.A. (1998) Toxicon 36: 1539—1548

fragment

Yeast proteins

Catalase L 2,300 Calera, J.A. et al. (1997) Infect. Immun. 65:
47184724

Glucoamylase 400 Fierobe, H.-P. et al. (1997) Protein Expr.
Purif. 9: 159-170

Lipase 60 Minning, S. et al. (1998) J. Biotechnol. 66:
147-156

Plant proteins

Hydroxynitrile lyase 22,000 Hasslacher, M. et al. (1997) Protein Expr.
Purif- 11: 61-71

Wheat lipid transfer protein 720 Klein, C. et al. (1998) Protein Expr. Purif.
13: 73-82

Aeroallergen 60 Huecas, S. et al. (1999) Eur. J. Biochem. 261
539-546.

Invertebrate proteins

Hirudin 1,500 Rosenfeld, S.A. et al. (1996) Protein Expr.
Purif. 8: 476-482.

Spider dragline silk protein 663 Fahnestock, S.R. et al. (1997) Appl. Micro.
Biotechnol. 47: 33-39

Honeybee olfactory protein 200 Danty, E. et al. (1999) J. Neuroscience 19:
7468-7475

Mammalian proteins

Mouse gelatin 14,800 Werten, M.W. et al. (1999) Yeast 15: 1087-
1096

Porcine carboxypeptidase B 200 Ventura, S. ef al. (1999) J. Biol. Chem. 274:
19925-33

Human tumor necrosis 10,000 Sreekrishna, K. et al. (1989) Biochemistry

factor 28:4117-4125

Human IGF-1 600 Brierley, R.A. (1998) Methods Mol. Biol.
103: 149-177

Human CD38 455 Munshi, C.B. (1997) Methods Enzymol. 280:
318-330

I5N-Interferon 7 10 Johnson, T.M. et al. (1999) J. Interferon

Cytokine Res. 19: 631-636




1.2.5 ¢hiafdzn g o4k

B 30 Facim A st e et > 1999 EF LR F&{%ﬁﬁg ‘& 3 _-Blobel _ﬁa%‘f.&ﬁ
Sabatini ** 1970 & 7 =t 4% 1130 4 B3 (signal hypothesis) > # 3P #hju | Fev BT
TR E G - FARIRARE TS Y g, 947X (signal peptide) - H R UM LR
¥K4%%”%’Hi%$}ﬂ4ﬁﬁ%:ﬂ?&%ﬁﬁ%mw5$}ﬁg@u
AR IR 0 ¢ et B v v B H;I‘z\!gé‘r CE SRS e 8
(Nelson and Cox, 2000) » @ 3% B3 B 242 A 97 * 8 hkv £& K%t >
R A G R [ i UL ORI B B s T AT e

F AR R R0 chw Tl o

IT & K4e S cerevisiae = prepro-o-factor 2n 5, %+7x > & F_ P. pastoris &
M arfi g e (acid phosphatase, PHOL ) 3t & 93 *X4L 5 ¥ B2 I * 3% P. pastoris
Bado £:F ki HiT2 R 28R RA % T Fs (inframe) £ F 3 4 9405 »
T btk Iz B R G o @k B eh Socerevisige 1 prepro-o-factor i 4
AR A Fen S N Ae] 13 TA 0 LR d 19 BIREARER 5] (pre B H)
266 B R (pro F i) B o2 A0dPk A Fed MiFechpE > F A A
F 4 (endoplasmic reticulum, ER) # #31 494752 pre %3 1192 75f#F (peptidase)
# “f P B FET R AL (Golg) “f pro W% o Bofs 14 A ke A55% (secretory
vesicles, SV) i% ! iw?2 5 (Ostergaard et al., 2000) °

1.3 %k p B3:fE* Candida rugosa g% ps
1.3.1 % 9 it
pEd A uEe o "g9sps (Lipases, EC 3.1.1.3) 2 fL= faH i fig -k f#p%
(triacylglycerol ester hydrolase) » & 23+ 5 &3t @4 ~ fe 47 10 2 jigd = ¢ > G it
PR RfE 0 BRI BE A S EARY B ARE £ R 2 44 H g w3t - Ky
fi* (carboxyl esterases, EC 3.1.1.1) » $>" = paH i fig & & L 4arg pph o+ A B
BE B SRR T kAR E G RAIPRE T RIF RAT > B F BT
& 5T A = 3 (Gandhi, 1997) :



I

Cell membrane

B 1.3 gEFPEE® ¢t kv BJE (Ostergaard et al., 2000)

Fig. 1.3 Secretory pathway of proteins in S. cerevisiae
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(1) -k f# (hydrolysis)
RCOOR' + H,0 «- RCOOH +R'OH
(2) & = (synthesis)
1. fig it (esterification)
RCOOH +R'OH «- RCOOR' + H,0
2. fig T # (interesterification)
RCOOR' + R’COOR™ «— RCOOR™ + R’COOR'
3. F%f# (alcoholysis)
RCOOR' + R’OH «— RCOOR’ +R'OH
4. pif% (acidolysis)

RCOOR' + R?COOH «—- R?*COOR!+ RCOOH

PR FRER 0 P A1 EREE F G RAKL S > f SN
IE GRS EPFEE 2R R R 280 4013 e ER
IR rgin A g% 2 B * #+F (Schmid and Verger, 1998) ¢

1.3.2 Candida rugosa "y *»f*

Bi pE*  (Candida rugosa) #_— a8 'm¥ -~ 2 4 =32 + (non-spore-forming) ~
PERFIL R B0 o A2 BB T Rd A S50 iy s pE (Candida rugosa
lipase, CRL) = & % Veeraragavan £ Gibbs (1989) {|* & K » 4772 - 7 & 3
CRL §f & 7 fiIF # ¥ (isozymes) » ¥ LipA & LipBe @ 1 p @ 51k » ¢ 4w C
rugosa & 0 = w2 & 4 ro9kfs s M (Lipl-Lip7) > @ LipA ~ LipB &4 4§
¢ 7 Frig * @ ik k4 3 (Dominguez de Maria et al., 2005) °

d 3k p 3R AT EE R AR FE B A (posttranslational
modification) » 4o L it T * (glycosylation) ~ F-v f#*» Z] (proteolytic cleave) % >
FlP ol R e A el 74 g B fE o X ’Fﬁrﬂ% - A2 RfEEE S 3T 0 RIR

SHRATHFREEZ AR 0 5 B2 i BTRB (Dominguez de Maria et al.,

11



%13 £ &2 7% ¥ i 755pF (Schmid and Verger, 1998)

Table 1.3 Important commercially available lipases.

Origin Code!® M [kDal Specificity Applications
{rounded) {remarks)

of mammalian origin

human pancreatic lipase HPL 50 sn-1.3

human gustric lipase HGL 50 sn-3 (acid-stable)

porcine pancreatic hipase FFL al sn-1,3 orgame synthesis, digestive and

puinea pig pancreatic lipase GPL-RF2 48 sn-1.3 (phospholipase Al activity)

of fungal origin

Candida rugosa CRL &l nonspecfic organie synthesis

Candida antarctica B CAL &l sn-1.3 organie synthesis

Geotrichum candidunt GCL &l cis-A® oleochemistry
{unsaturated tatty acuds)

Humicola lanuginosa HLL 30 nonspecific detergents

Ehizomucor michei RML 30 sn-1,3 cheese manufacturing

Aspergillus oryzae AOL cheese manufacturing

Fenicillium camemberiii FEL 30 sn-1,3 monoglyeerides

Rhizopus delemar RDL 41 sn-1,3 oleochemistry
(phospholipase Al activity)

Rhizopus oryzae ROL 41 sn-1.3 oleochemistry
{phosphwolipase Al activity)

Rhizopus arrhizus RAL 41 sn-1.3 oleochemistry
{phospholipase Al activity)

of bacterial origin

Psewdomo nas glumae FGL 33 nonspecific detergent enzyme, organic synthesis

Burkholderia cepacia PCL/BCL i3 nonspecific organic synthesis

FPaendvrno nuy psewdvalcaligenes FFPL 33 sn-1.3 deterpents

Pseudomonas mendocinag PML 33 sn-1.3 detergents

Chromobacterium viscosum CVL 33 sn-1.2 organic synthesis

Bacillus thermocatenidatus BTL-2 43 sn-1.3
{thermoalkalophilic)

Fusarium solani FSL 22 detergents

(hydrolyzes cutin)

12



Nt

2005) - CRL # ¢ 7 féf # "3 %fs (CRL1-CRLS) 4 it $ e 4P e &
T 7] 4¥ 2L (Benjamin and Pandey, 1998) :

(1) % 534 Brcfhpe» A3 8% 5 57kDa
(2) "RAF R F AP RS 0 66 % % 24Pk
(B) £ 1-3 BRATLTE > 222 e pl &

hydrolase fold) » = %&‘{J'zi 7 B #B (B-sheet) % ¢ > ¥ ¥ AIBE Hd R A
w3 - o R (o-helix) o B Q%aﬁ&.ﬁiﬁgorﬁfaihkﬂﬁ

NN ]

1 & §_d Serine 209 ~ Histidine 449 12 %2 Glutamic acid 341 &= B =L fe#f

|-

A o @ d % Candida rugosa " s 5 R VRIS TR &H BRI 07
TEL S HEFRAE oA s KRR FIE R e o S BN A
Ifﬁp\—" ¥4 R Bﬁﬁﬂ& (CRL1-CRLS) ™ Fljg? Fe e Y SR R ﬁ_ﬁ_ ]% & o

:%F

1.3.3 Candida rugosa "z *7f+ 3 (CRL3)

C. rugosa € &2 5% g ikfa o Aefy2 91 * 2. Candida rugosa "'
f# 3 (Candida rugosa lipase 3, CRL3) » @ & F ' 42 CRL1 2 CRL2 % # & ¢
P vk s o ¥ F R g 4 (steryl esters) K f#E i it & — |4+ (Tenkanen et al.,
2002; Brocca et al., 2003) o fig A1 ¥ b > A5 (wood resins) F i § iE = WF
AR AR ST T A enl B XA T i a2 AR ST
4 F] CRL3 H & % A &= fhH ¥ fia ch?q s o 22 2 Brokch AR g 80K f2 e 4 @
= AR B F v CRL3 2 ",fifir'*j”?% MEHAEREFT o P EpEHzEr C
rugosa * & CRL3> ¢ &5 A& 7 & (total CRL=112mg/L) > ¥ F & ¥ i T4 4
(Gordillo et al., 1998) » #& A= 3 #-¥ 2211 P. pastoris £ R 2R %4 &
CRL3 -
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Bl 1.4 Candida rugosa *3%»fs2_ > ¥ %14 (Cygler and Schrag, 1999)

Fig. 1.4 Structure of Candida rugosa lipase



1.4 i ﬁﬂﬁ:\‘-@ﬁc—k it#* (Posttransformational vector amplification,
PTVA)
i %ﬁﬂﬁidﬁ‘lﬁ»w FIRhAe B AAME LAY > 2 BEg JOXI ~ GAP %%
fode 2 Ao v @iz e R A F130a 3§ & RE (high expression level) ;
M- A E ;ﬁ d & iE 4 5 €45 @WHc (multiple copy number) #3254k 0 32 B R A
Fl& IR ¥ LI1¥E 5 = (Sungaetal,2008) :

(1) B &3 a1} 7 fpeniéF i {35 (selectable marker) » b4 & 4 15 (40
hisd ~ argd %) 24 % it (4of kanamycin ~ Zeocin %) 0 £ F & iF
AR GEMEEEGE g Y T F D] Wk
LI ERE S R o

(2) $ -2 i~ B Bb¥r cho BT ¥ s R v E e
d AT § 0 TR AT npu g ek 0 T B kR A O
s FU AR e d 0% A4 Wit SRS 2T E 2 FR
HRpfup&d 2P RF g+ B9 87 5 5% HF Fipdk S+ FE kg

FPEAF W MRS L

d Sunga % £ ¥ (2008) &4 - AL W H 23 FEF 5 L7 WUk #7
tho il HE AR X TE % (posttransformational vector amplification, PTVA) © 12
A58 F § Zeocin fult AR ¥ - AR (L H AT A H - FE 28
“ Zeocin kRd Ma B2 T HERAAFEFHRGE > FHRERTEEE S
EPIFRATHEIRAL By IEHF ORI ARE A FREEH N
PTVA @& Fth 2 1 7 £ b Apdcn B 4R 40 A 5148 (genome) ¥ H jhenjk
F & (single locus) » @ 2L 300 4 ¥ £ (R 1.5)5 2 3 40% #7455 1
3-5 A7 Wil 4o 0 A 9130 e Tjackpoty (dp 7 3 A28 10 4F Wl ML 4y)
Gk Ak 5-6% 0 P £ dd AMFRELH 4 5 2 IFFIRE PTVA 3 i
W % 3t H Zeocin iE e 0 S 3P & G418/kanamycin i s 5 £ 4
[V

15



Single copy

(b) | —— g (T

Two copy integrated clone

- Endogenous 5'AOXT

- Vector-bom 5° AOX]

‘ [f-Lactamase gene

- Vector-bom bacterial
sequences

— AOX! probe

Bl 1

W 1.5 H47 Wy 47 Y8 1 pPICZB-B-lactamase &£ 43¢ P pastoris AOXI
Fe# 3 2 FI A2 Bt (Sunga et al., 2008)
Fig. 1.5 Diagram of products of integration of one copy (a) or two copies (b) of

pPICZB-f-lactamase into the AOXI promoter locus of the P. pastoris

genome



BN e it 2 @A G2 > B - g i poar® BN R T S R4 F F £ Wik R
thoga B RBR G AR D 2 iEgdas PTVA T il * >0915 #45 6

B2 78 PTVA %2 ?ff'ﬁ 4 5 EAWBHR T Pa v A A dro gt Ap

k3 % S 4o blasticidin ~ formaldehyde % > { 3 7 HBg* e o

1.4.1 Zeocin #§ /i (www.invitrogen.com)

Zeocin #_ bleomycin/phleomycin i 7§12 % ¢ - f& > A3 p TR F
Streptomyces verticillus » * BZER ? ¥ wpF ~ LF (FFE* F) £V 2 5w
REYEFRAFIE RBERF BEZ ’r‘é’ Invitrogen = & i& pb L F 5
Zeocin fuft Ak Flzeo” 2 A3 4 > 175 GFE e B N EA NG E o @ 2
FETEH P AeoT A1 o

%Zwm1é%@%m’ﬁﬂﬁcﬁ*g%ﬁﬁﬁcf(%lm’aﬁé%
4] (active form) » ¥ 22 3 ¥ 4E+5 & (Deoxyribonucleic acid, DNA) % & i = '
e odm AR Y R 2 &R pGAPZoC (Invitrogen, Carlsbad, CA, USA) 7]
* 3 Zeocin Fiftik Flzeo o R F{EERE Zeocin iFL PTVA FHRS & 2 & :E
e ¥ AR IE

1.5 5 ¥ % i (Response surface methodology, RSM)
151 F v & 2 4

F 3%+ (designof experiment) ¥ — F* 3 & 3-8 S A > Fixs @
LA AR E i ) BB AN 4 ok RAE X PR % BeriF g
FWAR TG hA AT hBCEaPER R o A2 B soka o B W r Y
AGERATL P o4 TR A RHA A2 ER o e

Ao E iR A R ARA L R AR D o

A 2 B TR MR R

(:%

- = {F3t- B % # (one-variable-atatime) ®_‘ L F * F B E o (et jE

B R PR 0 P EE O fEF RREF 2 I P (interaction) % F Kb FiE
B SRR 2 A B F Y g E F]A A 2 .
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H CONHz

VN N CHy; HO
N - - H ’
N H |

W T

MW = 1,535

HO OH OH

Bl 1.6 Zeocin i (www.invitrogen.com)

Fig. 1.6 Structure of Zeocin

18



FRad di2 s — S 2 Bt He, V- BREES RN E A4

FERT LT 52 k2 (Montgomery, 1997) :

(1) J5d F lsd &% A 45570 e Foflfeie 75 250 > 7 2 1 R T

(factor) ¥F % 3Lk & (response) e 211 % F|F B gt 2 3 F2 382

?UI?%%EE{ °
QFVFRFRIE, BFFIITHEENMAF)FI R AR T HRSAZER -
(3) %57 B Wchp 71 2 3% §F S AR T ARE 5 - ¥ F B (contour plot) {r¥

NZRZFOZHY B 7Gxt e S aiE g

3#

WEFN G I T AL - G EREERERER

1.5.2 ¥ % 9 %&K %A (Anderson and Whitcomb, 2005)

1.5.2.1 = -k & F]3 3% 3+ (two-level factorial design )
SORBEFFRPEF R G REY RE B 0 d AR TS R

%@z%ﬂw;’ﬁiqaﬁL’wﬁiﬁﬁﬁﬂw¥+1ﬁ—1ﬁﬂ%ﬁ“ﬁﬁ
(codedlevel) > ™yt KB 2 | Fl3 0 - Slic2 F B iE o & KRBTSR

Bl %% k BRRIFF B FierF 2B PP BT EHI Ve K0
BEFTHET LR - PRPZFERTHE > 2 FRUEF R &P % o E
42 %3 (variation) ¥ JI4p3 #4077 F H - L igEk o

Sk FF R R £ k BERTF R FEF 2 BERH o A%
BRMIEF)F B B 4eh EREIE c FEARFFEIE > 2P HBEA Y
P RIS BENRE  APERT ARG AT U KR

R Sk f

(DFIRE? £8FF > D43 8 PEFS FREE -

(2) F1# R i» F]F 3k 3+i# (fractional factorial design) % B~k » Bz £ 7]
Wi B R F R RRE A AT AT Bl S gk Y 3R
FRPOTRBED o ¢ NIREF Y H BT F]F AT
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1.5.2.2 Box-Behnken 3k 3/

b m iRz F]F RN g A BRERORE - S0 AT RIGRRKEZ 3 R M E T
Egenfiedp RiEF - X 3N 203/ F & N {For itk Bd ¢ 2 %
it o ¥ % Box-Behnken 3% 3:*/# (Box-Behnken design, BBD) % i&{7 o ptjx4d
Box £ Behnken # ) (1960) > #-= -k & 53 k-2 300 T3 X284 » frdp d
ﬁE*ﬁﬂéﬂ?%’A%{ﬁ%§ﬂ4ﬁ“é4‘05+1ﬁi%“$ﬁ’

oo REF)F R SRR A SRR o A A Y SEREE (X
j& /2) ehzkig} o Box-Behnken % 3hi & * 3 g B 3 ho PR L TS
Rend 3 8% o B S i % 1% Mgt ot > e T Gl B g g Rl
GORF B2 D SRS B REF d G ¢h% 1 (Thompson, 1982) °

16 2o AL B w2 RRE A
W e E g FAAR AT Ud FRRFY o aARERITE ~ fE o fied
PERIALF AL - BE RS ARK S NI R ARIFTERR > &
POE AR A TR Y o A SRt SEAEE A Y o U e 4 R T E s A B
o R BT L R E P ENE PR SR RFE S R e 2 £ URE
FEIRE e kR Fdemec o 0 AR F]F o B e RSN FRE T

—_

3
S

iT% % % R % (high cell density cultivation) » w2 52 & (dry cell weight,

DCW) ¥ %2t 100g/L> $f1 £+ 4 2 ¥ fp§ £ & - RABEHRLE
4 WmﬁEWWﬁwﬂﬁJ(mmmmw)?%wﬁ$’fm%%&
Bodmred g FoUE AHARERS €RF 0 IV LR BT K
ZEEEEAR A D P AP RRF N AT R ol A 0 dost B
BRE TR A oA - R EEREEA KPR E S AT AL

T::%;é_:

! ﬁ FAEZFERG B NBER T TR AR ) 0D

TELEF AR CUFTAZEIR e R AR A DD o



(2) 1§32 % (continuous culture) @ #3832 % 3 F - FFE > LmpEi? 0 -
TR CFTEEA PP AERIR AR AW TV ESR
Badudce o 33 NP gRFE o a2 - AEA R ERE
ERET > AR - Tt A RS AR o

(3) Az & (fed-batch culture) : **FEF%EARY - § 'LHIIEY & R 4=
ok R RIRA DY HRAAF RN REAPEFEFLE T
B RERE AP ERILS Y T

B AE (vield) 24 24 » 2 5204 2 A -
Gk kR R A1 EBEEAAF P LR 0 4 14 45 L EFESE
R AR E AT BREN b 0 B ERP T LE TR B LR -

L7 @Ryt h e
B R R AR T A SIS o N A R B RS R (iR
CEREAGFES) LR o RAREAA BT LR M 7 T T
mie 4 Koo MR A St AL AR AR N 2 R R T
% (Lee, 1996) » 4o #fif

P

(=) w4+ (feedback control)

%%’r_* EROELAMALERY ATEARC AR RDEIAME &
2 BB SBceh® it o 17 L AR enikd; (Riesenberg and Guthke, 1999) » H]4rié *
MR F AR RS EER DB vy 4]0 2 pH 273§ (Dissolved
oxygen, DO) e it (T w4 o

(=) FEH AR (Pre-determined feeding profile)

MIEAANNEEA D HRCHR AR AT ¢ AT AR SR 2
AR R T 8L BRI AR B R AR dg B e R AR -

21



2 14 mFEBE AL ARG B oe RRABHEEARES (25 5 2000)

Table 1.4 Various feeding strategies to High cell density fermentation on bacteria ~

archaea and yeast

Culture time

Final cell mass

M ) Medium® Culture mothod/ Ref
croorganism eaium teeding mode {hr} (g-DCWIL) &
Bacteria i lIntermittent feeding and filterin
, Complex | ng ng 238 141 Suzuki, 1996
Lactococcus lachis |at high average dilution rate
Alcaligenes eutrophus | . |Fed-batch, no = )
| Defined | | 20 184 Lee, 1994
MCIMBE 11589 jammonia imitation §
Methylobacterium |  Defined  |Fed-batch with controls for
| . 170 233 Suzuki, 1986
gxtorquens | (methanol) |methanal,DO and C/N ratio
Bacillus subblis | Defined pH-stat 28 184 Fark., 1992
Fseudomonas tic'a
g i Defined  |pH-stat 30 100 Kirm, 1996
BrIO1
Streptomyces laurentii Defined pH-stat 220 157 Suzuki, 1987 !
C = 72 132 Krahe, 1996
Marnnococcus M52 ompiex Fed-batch =
Yeast Defined  |DO-stat 28 268 | Yano, 1985
Candiga brassicas | | |
Saccharomyces ! \Continuous feed
AOMYCes 1 Complex | _ 77 208 Lee, 1094
ceravisiae | with cell retention
Saccharomyces |
. YOes. Defined Exponential feading 130 van Haek, 2000
cerevisiae
Pichia pastoris Defined DO stat 46-130 =100 | Stratton, 1998
Yarrowia lipolyitca | Semi-defined |One-step feeding 50 100 . Kim, 2000
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(1) B =om# AL > 54 (constant feeding)
BER Y R IR A LRI T I AR R 0 w2k R
et 2 R FEHE TR & Flre kR B AR § BB o

(2) 7nid brig A& 4L > ;¢ (increased feeding)

PUPEHR S (stepwise) 2 ARE (linear) = ViR 4e B kR Y & RATH
W H R RELN T hd LA R e 0 T ool Fland AR g &

(3) a‘;q B4R AL 5% (exponential feeding)
Ap Bt = Ny - B AR S Y o AUR B A i) S R e 0 R
R SNl WEFE T PR AMER S Yxs L TE
5 m 1@ (Chengetal.,2002) :

Fio x So=@XoVo X EXp pt)/ YX/s....cooivvviiiiiiiniinii (38 11)

Fq * feeding rate (L/h)
S0y * substrate concentration (g/L)
u : specific growth rate (h™)
X0y - 1nitial biomass (g dry cell weight/L)
V(o) + initial volume (L)
t : process time (h)

Yx/s : biomass yield on substrate (g dry cell weight/g sustrate)

ET- AT hwmie A RS o RAQEE KA R F o st LR

U Fy o 3 ARG T o e dlimre it 4 K if 505 % (Riesenberg et al., 1991) °
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1.8 7 &8 p oh

ARTT TR 2 Corugosa % 'REE % 24 (CRL3) > Apgissdl i CRL # ¥
“**Fﬂﬁ’iﬁﬁﬁ&i*ﬂ%—ﬁ»?@ﬁ%n@nlﬁa%%ﬁq%u
#&ﬂfﬂg‘gr‘i—-%& ’ ,,E'__’ﬁ é}_ g /@;{\Z@’}} I% IE °

AEL A LR RS P E L H A KR R E
2_ Pichia pastoris GS115/CRL3 % € = 3-v CRL3 2 2 - 4> i i7>
2 /I%(Gilham and Lehner, 2005; Kouker and Jaeger, 1987; Roh and
Villatte, 2008) & = & i ~

E RN 1

HAEL 5 P PSE LR %% - 12 Sunga ¥ % (2008)
S TSP A A (T ERTHE R

% 5 mmmﬁaﬁ\ﬁ%’vﬁﬁ@
W R AE KRR R R R R I Y SR A STt
BELAZ HFAGPPSERRNLF 0 RAR A RS 2V AL d T
EREN

XA BB REAEY CRL3 jE43z pino

RET Y D AP R4
- s s 4T 2 0 ¢ 7 B P IR iE (clear zone method) ¢ 4 %
T_E 4 kR JE (spectrophotometric method) ©

,9ﬁ’1/$\§g%i—’x (T4 % > FE 3 g hfmibitd 2 A4k o

It

b= AFLA BEFEE  NF Y 52 F K CRL3 2 A2 S if i o

FRA BT E R B B IRENA LKA BLL A FFS

i 2 FA g % ]g‘i‘,;(r.gg]17mr.rc
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kR B WORE (2R (Spectrophotometric method) JJ
ol g e 102
FHP %k MRLE (F1%) (clear zone method) J]

Pichia pastoris GS115/CRL3

7 = Flask level ( P E % e L
> - i fif 1 1= IEd =
| L GERAEE S AR > . ! y
d 5 ) (2K BAT S R REER)

%
Bk
T+

PA B & < E W moE

g s B R H FAPEES
758k & (ODgoo) / g
muHe kR o
pH controlled y N
v 9 T \ ] Tk AR R 5

B TR T 4 ) Feeding strategy
. B 45 ek £ 2 J

N Y B 55 & ]
1L

/ \ Fermentor level [ L
e ; e e i E ]]

Bl 1.7 23> 23 FH
Fig. 1.7 Schematic framework of this study
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AL

2.1 @& % ?F’-‘]hf%
201 3 PR

rAEF A ARy = AR Y 2 B - 2B A5 Pichia pastoris
GS115 » 7 histidine % & 4 Kotk » & 7 F S Fa 4 & 4 2 B F (Mut",
methanol utilization plus) o B 48d ¥ L 7 e T2 H B4 H&H 41 2 KA
3R 0 AR pGAPZaC 2 GAP fef 3 T 7545+ CRL3 £ 7 (W
2.1) ) 2 EREF F zeo” > F I * {42 % Zeocin (Invitrogen, Carlsbad, CA, USA)
LB M IT L & i 3 (selection marker) ; #-3% A8 #E A5 2 Pichia pastoris

GS115 ¥ » & & 5 Pichia pastoris GS115/CRL3 -

#- Pichia pastoris GSI15/CRL3 » '5d 12§ W axx (£% 3% (L 2.4)- &
P RfE AR B E rE TR E T > & &% P.pastoris GS115/CRL3/21500
maiF{W%?imﬁo

212 Fjhivs 2
SEWALATHEREAAY 2 UL AFH R (transfer) FR - E X FH LR &
LT L L TE T P

M-kt YPG TR & A P MY 30C TRA- X EERP
HEH- FiEEAIN 7 10mLYPG 3 % A2 50 mL Hinton’s = &35 " > Zeocin
A 4cdk ARG 100 pg/mL > 3t 30°C - 125 tpm R & I 2 L0 Y
(mid-log phase) > $*PF ODggo ¥ 10 =+ > B~ 0.5mL B &4~ X1 & FL F
fAETE > F A B 80% Hi o FREHEILEF -80°C kg
o RXRHRID - FIRLARE L o
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Kpn | Sac ll

® 2.1 %ci?uﬁ\ﬁ pGAPZaC-CRL3

Fig. 2.1 Expression vector pGAPZaC-CRL3.

27



2.2 B R EH
221 - BRBE
AP AT FRAAR PR Sigma (St. Louis, MO, USA) ~ Hayashi
(Osaka, Japan ) -~ Shimakyu ( Osaka, Japan) -~ Katayama ( Osaka, Japan) -~
Nacalai (Kyoto, Japan) % J.T.Baker (Phillipsburg, NJ, USA) % =& o — 4t
¥ % A&+ i»pkp Difco (Detroit, MI, USA) £ Bioman (Taipei, Taiwan) o F-v
AATEB R G TR AT ERE S Bio-Rad (Hercules, CA, USA) £

Bioman (Taipei, Taiwan) °

222 &2 #
Zeocin stock solution (Invitrogen, Carlsbad, CA, USA)
100 mg/mL » -30°C i & %75 °

223 ¥R
PBS (phosphate buffer saline) (Unge ez al., 1999)

Components concentration (g/L)
NaCl 8
KCl 0.2
Na,HPO4 1.44
KH,PO4 0.24

" 6MHCI# % pHZI 73 FFAE > 3 E K e

224 BER
YPG #5535t % & (& > 2006)

Components concentration (g/L)
Yeast extract 10
Peptone 20
Glycerol 20

FS 0 deF Z R 0 2R % A4~ Zeocin I EHEA 100 pg/mL
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YPGZ TH 1% 4

Components concentration (g/L)
Yeast extract 10
Peptone 20
Glycerol 20
Agar 15

WRE S A RERAD 50°C T AR > 4er Zeocin T bk
B 100 pg/mL > £ )~ 32 & & 24 e 0 3t 4°C T iR e

10% [P 3 593 7% (Arabic gum)

B 10g e 3 gk £ 3 100mL > H5> 4°C -

YPGTA "y s s RlF T4 4

P~ 10 mL trybutyrin (Sigma T-8626) *r » 10% 3% A% 100 mL > 3£ F
KEHF 4 > 2 248 4 x> 700mL 2 #3 -k % 10 g yeast extract ~ 20
g peptone ~ 20 g glycerol ~ 15 gagar > #3323 L T8 1 1L ®Fis » FR A4
WARET 0 G rRAr @ HLFEM 2 4°C T iRg e

FM22 3 % £ (Higgins and Cregg, 1998) -

Components concentration (g/L)
KH,PO, 42.9
K,SO4 14.3
MgSO, - 7TH,0O 11.7
CaSOy - 2H,0 1.0
(NH4)2S04 5.0
Glycerol 40.0
1. = &35 KOH 3% pHX 53 =+ » FRFE pHY% L 50 =+ » 1
R T % 4 PTMy MmEEB~EBR lmLe
2. FEf

1A

-n\

fEi, 002 KOH # % pH 3 45 =+ &R A - e fliF 4 28% % -k
BpH 2 5.0 5 ADEA ks PTMy BB~ A3 ImL-
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BEE FM22 24 &

Components concentration (g/L)
KH,PO4 42.9
K»SO4 14.3
MgSO, - 7TH,O 11.7
CaSO; - 2H,0 1.0
(NH4)2SO4 6.15
Glycerol 40.0

1. = &5g: ™ KOH # & pHI 53 =+ > #FREFE pHY% I 50 =+ 0 33
AwE A gipse PTMy M2 26 ~% %% ImL-
2. Mt 0 KOH #4 % pH T 45 =+ > @ Fis > nak§if4 28% %k

UAKE pH & 5.0 A&wAE L Z A PIMy B £ 8~ %237% 1mL -

PTM, Trace Elements Solution (Higgins and Cregg, 1998) >

Components concentration (g/L)
CuSOy4 * 5H,0 2.0
Nal 0.08
MnSO4 + H,O 3.0
Na;MoOy4 - 2H>0 0.2
H;BO; 0.02
CaSO; + 2H,0 0.5
CoCl, 0.5
ZnCl, 7.0
FeSO, + 7TH,0 22.0
biotin 0.2

& 4 HoS04 (95%) 1.0 mL » 3336 0.20 pm &5 R F 18 F 0+ 4°C &

¥ o°

FM22 32 % A 4% (Higgins and Cregg, 1998) -

Components concentration (g/L)

Glycerol 500
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el /7’]‘ 4r 12 mL PTM; trace elements solution % 12 mL 500X biotin

stock solution e

500X biotin solution (0.02%, w/v) (Higgins and Cregg, 1998) -

Components concentration (g/L)

D-biotin (Sigma B-4501) 0.2

i—‘ﬁ 0.20,.,[1’1’1 fiﬁ;\/ﬁgK{t ""‘L s _},'\ 40C ]/3—1,:} .
T Fl

7

23 RHRFEKA

&k Sk & 2+ (U-2000 spectrophotometer, Hitachi, Tokyo, Japan)

® B & F = /% (Tomy SS-325, Tomy Seiko Institute, Tokyo, Japan)

i 4 £ & 7 ik ELISA Reader (Power Wave HT 340, Bio-Tek Instruments,
Winooski, VT, USA)

7%k 754 #r-k s (Eyela Cool Ace CA-1110, Tokyo Rikakikai, Tokyo, Japan)
&k R 3 (Spectrophotometer, U-2000, Hitachi, Tokyo, Japan)

12 B ¥ i ¥ % 44 (Shaker incubator 707R , Hotech, Taipei, Taiwan, #=t§ 7 cm)

128 ki, (Model 903, Hotech, Taipei, Taiwan)

Iy

o EEpE Y, (Biostat B, B. Braun, Melsungen, Germany)
%% %1% (InPro 6100/320/S/P, Mettler-Toledo Ingold, Bedlford, MA, USA)
% % % & (InPro 6800/12/320, Mettler-Toledo Ingold, Bedlford, MA, USA)
pH % 1#& (InPro 3030/325, Mettler-Toledo Ingold, Bedlford, MA, USA)
# #82 & ® (Gas Mix Unit, B. Braun, Melsungen, Germany)
p ¥ :eér® (MFCS/win IFB RS-422, B. Braun, Melsungen, Germany)
414k MFCS (Multi-Fermentor Control System, B. Braun, Melsungen, Germany)
T F @‘fﬁ%}& (Hiblow SPP-15GA, Washington, NJ, USA)
0.20 um % § /& (Advantec, Tokyo, Japan)
¢ A4 (Eppendorf centrifuge 5804, Eppendorf, Hamburg, Germany)
He® 3o 8 (Himac centrifuge SCT15B, Hitachi, Tokyo, Japan)
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F-9 F R A (Hoefer SE-250, Amersham Biosciences, Piscataway, NJ., USA)
B EEZR AR, 5 1 48075 mm FIEiE > 10 well # & 4% (Amersham
Biosciences, Piscataway, NJ, USA)

% R E (EPS500/400, Pharmacia, Lorton, VA, USA)

Hciz4p 8 (CoolPix 5000, Nikon, Tokyo, Japan)

4R (Seven-Speed Blender, Waring Laboratory, Torrington, CT, USA)

Hrw kg (Vivaspin 6 10,000 MWCO, Sartorius, Goettingen, Germany)

0.45 pm 428 ;% g B (25 mm Acrodisc® Syringe Filters, Pall, Ann Arbor, MI, USA)
0.20 um 42 ;%R B (25 mm Acrodisc® Syringe Filters, Pall, Ann Arbor, MI, USA)
HPLC % 47 % (LC-3A HPLC, Shimadzu, Tokyo, Japan)

HPLC < 4+ (ICSep ICE-COREGEL 87H3 column, Transgenomic, Omaha, NE, USA)
HPLC 1P| % (Refractive index detector, RI2000, Schambeck SFD GmbH, Bad

Honnef, Germany)
HPLC #cdp P~ « 5t (PEAK-ABC Chromatography Data Handling System, E-

Chrom Tech, Taipei, Taiwan)

24 &% %2 Zeocin kB 3 % P pastoris GS115/CRL3 ! &% 3

P R R & TR TR
24.1 5"%"’}%

B~ 200 pL %3 —80°C T 2 P pastoris GS115/CRL3 H % %73 Fik » 4%
>z 10mLYPG #5538 & &2 50 mL Hinton’s = & ¥g® > Zeocin 7 deik
B % 100 pug/mL > 30°C ~ 125pm =T 43 % > &#H 5 Gl £ & 2 £ 100
ML Gl £ f R > FHREE> P 7 10mLYPG 32 % A2 50 mL Hinton’s = &
ALY o Zeocin Fivik AHE S 300 pg/mL > 30°C ~ 125 pm dRFR A A X

pHL G2 BN

& 45 iﬂ}-ﬂ? » & Zeocin ;',’Jtﬁ;‘},é)i;;;"g;tﬁ' R Aen B o 215 B
Zeocin /’]‘ SeE B A W 100 ~ 300 ~ 500 ~ 700 ~ 900 ~ 1100 ~ 1300 ~ 1500 ~ 1700 ~
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2000 ~ 2300 ~ 2600 ~ 2900 ~ 3200 14 %2 3500 pg/mL -

242 GEB A AR
FoRRERE O RFRFLF Zeocin KRS E o W RSP IR
Rl (A AT) S AR I - S ] PE A P B TR P

iﬁ%"rlléo\vlcvlc)i,zi Ao\ﬂ]tﬁ-’f' S o kgﬁ?];:]’xF,z-ﬁr'To

S %> YPGTA T xLiFr BH58530C EETEE ==
d 3 ERE T2 CRL3 ¢ 4 f# trybutyrin & # % P % (clear zone) » $43iF 1134
PR T FAE L2 B (ratio) B2 BB EH - FiET 0 2 h - G #H
BN Z 3mLYPG 4 A2 15mL *£F#EF > 30°C~ 125 pm & T % -

T LA T LA -
efhys & 2 FRrl 2% FEAEE - RPN § 100 mLFM22 3 % A2 500
mL Hinton’s = & #g¢ > 25°C~ 1251pm $RF8 %3 = > appaiis LR

R R L KR R RS S -

R T B4R 2.2 Ao o
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P. pastoris GS115/CRL3

T RIZPESP RLITC

FE

B &5
P

B
—

B NCET T) g

_-.l;;
iz *
TR GE R RIE T

TR A 75 A
(= % )
=

RAEREPEEPREIE [

\ 4 e
[ <k B Zeocin ]Mipi
JiEE 2

\ 4 [
[ % kB Zeocin }Mf_ﬂi
P

® 2.2
A S S N

iZH #% 2 Zeocin kB 3% P pastoris GS115/CRL3 11 &8 3 %5

s
A B Vi ML PR
(z % &

2 mF ¥ (- FHH) L

A 45 VR R A

#%)

)

15 B % Zeocin JkR& &:E » T kR iE 3500 ug/mL % ik

37‘7@; e

Fig. 2.2 Diagram of screening high lipase activity expression P. pastoris

GS115/CRL3 by Zeocin
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2.5 Hinton’s = 4 %52 2 % ¥ 4 1
2.5.1 AEFE® -~ A3 A 2 HE 0 I

d B E R E 80°C T o A EHE R R FEERESAME K
v AR RBRETVLFLEFEN LR FRE 0 H BT A o

B~ 200 pL P. pastoris GS115/CRL3/Z1500 + i 3% Fik > &4 R 7 10
mL YPG #53# % A2 50 mL Hinton’s = &3¢ > 30°C ~ 125 rpm 3= 3 % -
T L ARSI (activation) ; B~ 1mL 2 7F i Fik o #4431 ) 7 100 mL YPG
fa¥g# % A2 500 mL Hinton’s = 4% ¥g > Zeocin 7 b kR 5 100 ug/mL > 30°C ~
125pm EF 3 % - % (ODeoo ) 5 30) > i¥5 3 & (seed culture) o

d3 YPG ign & A s AF e A n MRS A A FM22 2 £ 8 4
ﬁ%ﬁi%%ﬁﬁ%i%&ﬁ%%ig%gﬂé’uﬁilﬁoaﬂﬁéé:
WA & R 1500 x g s 10 A4BE 0 R E b i Siesrd i
o 4&F " PBS Bbripir e mf > L R 2 ,%j i _11,9]\4“;;
T2 PBS $fmg » DI RIFFAME L &4 -

252 3z & ixE 4 P. pastoris GS115/CRL3/Z1500 #Hi 2 & 2 CRL3 # ®2
-4
(1) &4 pH &
4 T4 L2 pH RN G 37 2B akii2 £ pH @44 45
55 24 (2:2002) d 3 RAET @ %2 FM22 4 AL @7 1> T g% pH @
B S5S5 BF 6 A4 < ERART ALK T B wAsAE & pH EEHY 5 A
Tk AR pH3 2485

DEE TV

B -4 RN G 20:37C Lo aRmEE AN 25C &R
(% 22006) > tcteds %L B erEH b > d 25C 1ed wmgaif o F T4 5C
Aulrz 20°C ~25C M 30C AR AR R
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OFE 5§ Wy

BORS A 2 B o AR UEAMA ESNEREAL P F RPN A e
* kA4 & RARL -~ PIfE c B2 TS5 (enzyme cofactor) 4B A T Rk 2 4
%7+ o mpF vt (C/Nratio) 2 ¢ B BFAMA L » WAL 374§
£& (Lieral,2000) 7 d 45§ 1305 A RBMI0 » el 52§ R
RF RS E AL TP s AFE Y RFREHH N FARR > FORERP S ks
Fl* 4 Eppe? FERGEFAEIET A FALE v P o FM22 B % A2 i F
o %15 (Higgins and Cregg, 1998) » gt gt (£ 5 # wo o b T dejgh 55 0§ b 5
15 1% 25 @i -

BLRF TG H ‘J,’]Htfé_ 40 g/L >  F Hid & F 3% (CGHsO3) P BA F 3 E b4
AR ] T 40 x (36/92) PEREBER A F FRPELT 0 gk
295 o/l Fnfiadts bl o #2953 L ERFR4EA F 58 (NHL).S04) P § A5 BB sk
B3 B2 B0 T 295 x (28/132) #EREF 5B dest o 2% ARA
e 40 g 4@ 295 g ApdE AIHAE L 40 x (36/92) 1295 X

(28/132) » %+ 25: 1

4) #RL
BREEOR MR R ERIFAEF 2 R LR - BRBEE
T MpEF s A2 K BF D (lagphase) £ & TEFAMER KK AR BEMAD
TR RGN R FEAMER > LA ENRA AP AR RRY AT
»4erd Pichia anomala 2 A {6 fifs (phytase) > “{E A £ » EffrA € F 7
T '3 (Vohra and Satyanarayana, 2001) ; @ Gargova £ Sariyska (2003) # 314 B
BEEEFRE  FaBSAFERS AT HARBES - HIL LR

-

_s_.

FARPF 4% LM s2 £ V4R 5 & Papagianni and Moo-Young (2002)
Pld 4> B8R ¢ 30 o Fod foenp B e 0 2 0 ehis Gov et o

B PEY T REAENEBEARNAE L 5-10% (Gomez and Goma,
1986) > F 2o A (% 2006) i@ * 2 Bfd® 5 1% > =B BE s HE:
1~5 2 10% AT 2 F:t -
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2.53 Hinton's = £ 733 %2 F o & i F %K

d 332 FsE% oAk pHS B A SR E o @ ¥ £ P44 pH &0
55 g4 % BERELAT CAELNK 0 A B2 B pHSS M RFEREFEEFEN
FHEFEH A, pHS A M F Bd 5 2HEAB R AT  BRAEEERZER
SEBMG o T Rz FHNARBREY CRL3 fEd i o o

H

FRY & 2a* k77 ERLEE SRt J)af:it,?fu“%‘;v;‘é '74)3’; Cps -F Bk
HH R PR RN R A EE o A AT TR SR S
Box fr Bohnken = % 3% 1960 # #7i& 7 Box-Behnken % 3+/# (Box-Behnken
design, BBD) » #-2 F]|F+ & it 5 -1~0 2 +1 e it L& ¥ FR AT %2 F]
+ Hep * = F]F-= -k % BBD %3t (three-factor-three-level Box-Behnken design) ©

Az F|F-Z-k#E BBD %32 ¢ SEBEHE T L R4 EAEEHR
FM22 z gt v 5 15 > gamBivs P gk -1 82 4] RERKZBEF Y 5 2
5 BAFRDEREDPI A5 2 BB ARERFER? AT d MU MERET
B BRI R RN & e gd 25°C sk 5 20°C 0 -1 &+l KRR
5015 2 25°C; A EMBE S 6 0 - RBHEBALRFHE 54 5-10% 0 @
Flafe b RBEXI > 0 5% 59¢ w8 -] & +] RERREZ 1 2 9% FR

4o 2.1 #7oF o

M B REBRRFSE IS BEREEFRFERE (2 22) AP iR
CRL3 PgispE s+ » #1718 % % £ 12 Microsoft office excel 2007 7 %% % 048 ¢
Pttt T a4 o My (XD AR (X2) R AEAR (X3) IF
L EFF (factor) » & 11 CRL3% % s ia f2 (Y1) (73 4k i
(response) > 4o 2 = frdc o K § I N

Y=apta; X +ayXota3 Xs+a X1 Xo+a X Xs+tap X, Xs+a; 1X12+a22X22+a33X32

(a 47 %70 2 4 #K)
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# 2.1 Hinton's = % 5332 % Box-Behnken 3% 322 = F]|3F-= -k #ifid
Table 2.1 Factors and levels of Hinton's flask cultivation in the three-factor-three-

level Box-Behnken design

Coded level
Independent variable Symbol -1 0 1
C/N ratio X1 2 15 25
Inoculum size (%) X2 1 : 9
Temperature (°C) X3 15 20 25
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# 2.2 Hinton's = & F33S £ %22 = F]F -2 k% Box-Behnken %% &
Table 2.2 Three-factor-three-level Box-Behnken design arrangement of Hinton's

flask cultivation

Response value Coded value
No.  Io/Nratio Inoculumsize ~ Temperature | X1 X2 X3
(o) °C)
1 25 9 20 1 1 0
2 25 1 20 1 -1 0
3 5 9 20 -1 1 0
4 3 1 20 -1 -1 0
5 25 5 25 1 0 1
6 25 5 15 1 0 -1
7 5 5 Y ] -1 0 1
8 5 5 15 -1 0 -1
9 15 9 25 0 1 1
10 15 9 s 0 1 -1
11 15 1 25 0 -1 1
12 15 1 15 0 -1 -1
13 15 5 20 0 0 0
14 15 5 20 0 0 0
15 15 5 20 0 0 0
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ARBVEFCASKEETRES DG ER T R B EA
(ANOVA) ¢ et 2 p & (p-value) hiash & 5+ 23 fF ol L E 2 ¥
Hrg H R e (RY) FEGRATIE 9 enifin S AR AR R e & B 2 T R
LR Fz ﬁf’r‘” #2341 *  Microsoft office excel 2007 £ Sigma Plot 10.0 3+

BERGHE DS Y 6 BEE R AR IFHEREREAER o

2.6 BEER A
2.6.1 FpEHEIRTRA

~# 7 @ * 5-L BIOSTAT B jar fermentor (B. Braun, Melsungen, Germany) °
it MECS $0M E 4R 8 A2 o Jf (FA2 A 40T

I #R8A LS L 238 %A% ~BEEHN 2SS EmmRR I Uy s
BFCEMF KL 020 um 2 7 F R BE BRI O A LA
A WMEGTRF AR L FEnRs b BB
BRAFBREIHPD FRAF A AT > FRFAR IS4 B2 iy

2. FrEMEARAL BRI CHEERpH 255 2R H2¢Y pH 24
AR 0B TR FRS R o KRR E ~ R F 4 (autoclave) ¢
Flom e TELEPABRFARS S FHEPERFTL  FEIFEFA >
MM T EFRE TRAEA S UEBRREF AR PR ATRELE

CRETEOICF 6 I IT R o

3. #%f?}"ﬁ‘ﬁ BECE Bl o Rk A Frokis 1Y (Tokyo Rikakikai, Tokyo,
Japan) - HIMREH R A7 550 @ PR AR AR UL S A AR TR
ﬁ»@ﬁiﬁ’aéiﬁi&#Z@aﬁoﬂ$lw’Uiiﬁﬁ%wif’

BiRfeip 41 B Al F hif b o §RABRPF MOVR LR P
g BECA T
4 F RN 30 A B A BARRS 0 R FHRE  BEG S A B
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BouEREHERRTIEAE > ML RERE LR L SR - FH
AEMEEEE A EREA A S plek o pAERY TEERY e

(Sigma, A-4567) -

5. MRS > BAEBKMEFAE SARATE pH THET L H
BE A EBHLA o Efe (5 7 SRERE > A 1 T0% FP A 3 T K £
FiRSEI0E A pH RET RE 01 MHCI Birizie 30 A4 %3
L0 3 HE S o AN MBS £ R F AP

2.6.2 # ;%32 % (batch culture)

% Hinton's = & 53t A 2 B iF 2 (FM22 324 AR F v 5 12 -2/ F
8.8% %2 &K 15°C) @M EAF N £ > B £ 2 BET ASL 2.5.1
STk o FEFEEAEZ G F B2 W@ S A ulirdl & 2vvm 2 1000 rpm ©

2.6.2.1 pH &#-4]2 2 % P. pastoris GS115/CRL3/Z1500 % £ 3 CRL3 Z{+2
P

Acds pH B #3005 50 + 0.1 =22 #rFIpsth 0 pH %1 & (Fipdlie
%mﬂéﬂﬁ@@%ﬁ%éi*%m’“i4m)uT’@H%ﬁ¢ e 28%
ok pH Eriw= o fE5H TR NH TR PR T FMR A &2 CRL3

FEE A IR pH Ei4lE FHETEFMA L 2 CRL3 Bl e

2.6.3 &l ;v 32 & (fed-batch culture)
d 33582 & (batchculture) ¥ > B2 FARBRAIF MBI RARA 0 F R

%ﬁ/ﬂ%ﬁ‘m %{‘//5719’77“@%%'&-?'”7%-%?4\’léﬁ"]%ﬁﬂ/z-ﬂ* ’9\:2%:@5
BHRAMEES o AGHPITTREGFE > 1 ETEVEY B RAKLSE

rri 2 AEEA NI LS FR - §F AL £ i (log
phase) » FH k& B dpbeid b 2 o o P 0 EREILGE SRR R HF R KA
By R FEARETE S A YA AMREERF BT EET v S AR

FCT IR LB S L2 gy o 31 HPLC A 45 A B-fiEh2 A g kAR o
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2.6.3.1 FHZni# AR (constant feeding mode)
GERPRAMERR SR ARBRAPFFEEN A LML L SDY R R
AR S NG S FRIEITRE > AT p A H R AR (constant
feeding) & (7 AFLF+5N 8 % > BB kR ¥ R IR UFE AL T T N AR B
FEfh > B R EEENK TR 2621 £ kgl pH & 5 AR e de
224 #5571 o AEFLirik 4 Pichia Protocols (Humana Press, Totowa, NJ, USA) » #
Fmid 5 11.25mL/h> »S F 2B Bk A 47 IR B &7 CRL3 B4 1t o

2.6.3.2 #;, HBARF Y (pseudo-exponential feeding mode)
B2 PR B Rk AR Fs?ﬁf"%‘“#ﬁw’rﬂlpmm%ﬁzﬁaf;*;é%’?fi}%—
EEREF O ERAAFE R REF BRI IAT A FHMERBF
7

4 AR R RS S UHAT S FEMA ERF  HE AR AR
AR IEE e A b B A AT PN RS EL R R BRSNS

TER A3 8 S SR R

bual
i
4y
=1

W4 B 38 32 (Berney et al., 2006) ¢
u=AanD600/At ............................................................. (;7\; 21)

At @ process time (h)

ML T2 A EEF 2 AR BA Sl B L] Zdplea ot Rk
MAEHLRE Fos @ FlE AR RE Fo PEFRS A L4182 d=p
B FHEAFIE > TR A R I > 2 4R (2004) TEE 0 R 4l
B PR T 0 B 12 R 20 i E 6 [ ET R
i - K N FH IR AP AMERYE CRLI B2 EIHPABEA
WHBTHERE P L g

4
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2.7 &3
2.7.1 A2 & £ R 2 (ODgoo)

FIMR R 1%k ® R (optical density) & 77 0 PRz RS E R KB R F A
s A kERER T 600nm gL zoeRk s BB EEA 02~05 Foow
ARG S gL = 2 FFES > FLERARKE -

2.7.2 AMITEE ODgy 2 3 K

B~ 3 mL Fig 0 iEF % 5'1%1’%-%’? s A ulpl B H ODgo £ T4 2 ﬁ*ﬁ?ié ,
WepiRe s 1500 x g W@ s 10 A4 0 Aok fir o 4~ PBS iR
ﬁ@’ukﬁwwwﬁﬁkﬁmTféFF’ﬁifm(j%%%%iﬁﬁi@’
FEFELET L FMICE 4 E ODgo 5 1 PF o pdtE = 0211 A
o E o

2.7.3 PippEE A 1
Nom ¥ E * Ep 48 ponitrophenyl butyrate (PNPB) 1% 5 %% F AL F kg
Frrfps2 iRl r 1 ARAFIZRTAT R AR R T2 7
L 3 K ARG R EL T R A e R T gL ety B o Tg 5 f§ H > i (Jaeger et
al., 1994) - PNPB §f% % ~ f2{s A 4 & ¢ <0 p-nitrophenol > 1 * A & 405 nm 2
ok B g B px £ 51 (Ferrer et al., 2004; Gilham and Lehner, 2005) °

(@) FFRF BRZ
~F1 Y " p-nitrophenyl butyrate (¥ Z | % g AR A AR 0 B ARy sEs

f®% 7 > &~ f2Z 4 p-nitrophenol > i & ODyos 3 B3 *r o

lipase
p-nitrophenyl butyrate p—, p-nitrophenol + butyrate

ODyps 1
PadRERen— FE R A E 2 (unit) & F 2 37°C ~pHO.0 hig 2 > F 45 1R

it 4 = 1 pumol p-nitrophenol 7% 2. % & o
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(b) F%# 7H 1Rl T 2

AR AR Bk Ee CRL3 G ehispph o scP v i 4% Al
BHEM R GRIFERE o F AP 10 pL i § PR R r 96 3V E Y
fEaiplzdie s @d 2> PNPB & & ¢ p FHfR > se T L Ac'f 30 B AEpF R 4
M Az k@ (ODgs) » FI* ¥ B~ 10 pL = 2 33 k4 » 96 L4z v 5 30
Goe BEE BIL P 7~ 220 L 2% & R4 bk » >t ELISA reader p 12 37°C

<y

B 10 & 48 > J&¥F 10~ N pipet der 20 pLEER F RAT IR 0 F PR 10 &

515 BB EE (ODyps) o #RlFERI 20 22 FE o PlTF BiR? p-
nitrophenol 2 € *¥ 38 NpEE EEE -

(c) @& * A&
(1) 2% F ¥ b

Tris (Sigma T-1503) 12.11 g/L
NaCl 8.77 g/L
Arabic gum 1 g/L

m 6 NHCl/jF 22 pH9.0 (283 | =

Q) % F A TR (10mL)
P~ 14.1 pL p-nitrophenyl butyrate (Sigma N-9876) /3 >t # 3 it (isopropanol) °
+3 10mL> #)ER 5 8mM -

(d) p-nitrophenol Gk & &% ¢ s 4 &

B~ 0.00695 g p-nitrophenol (Sigma 1048) ;%> 0.1 M Tris-HC1 * fémiz (pH
9.0) ¥ » XEI 100 mL o PEER F 0.5 mM o e rLAp e 8 B (T B 47
ﬁr% t¢ » P~% I Jk B 0 p-nitrophenol 7| & %] &7 ODgos ™ £ 5 > 5§ W0 4 -

274 F9 Feis

At * Bradford 35 F 2B > £%E (2006) (£ik (i B 2k o F
24 #- Coomassie Blue dye (Bio-Rad 500-0006) 12 Tris % fi=% (50 mM Tris, pH 7.4)
4B ITLF BT A o 2 (8 K2 L v (Bovine serum albumin, BSA)
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%% % (Sigma P-7656) ﬁrﬁﬁk 0~20~40~60~80~100~150 £ 200 pug/mL

FER 2B SOpL 7 b PR 2 BSA 4o r 96 SR F AT o 3 F 4

200l % ¢ & F ¥ 2L A 4162 ELISAreader BliA & 570 nm 2 vk & >
AR o A A A e R R o

2775 9 FHUMT A
(a) Tricine SDS-PAGE

*F 3 8 * 10% Tricine SDS-PAGE 2. ¢ /& & % > 4] * Coomassie Brilliant
Blue R (Sigma B-0630) #5348 F ehdeed FA & > 7 iF5 Fov Fenad b s 23
I (2006) 1FiE (T B 13T > ho T SR o

B 10 pL if £ % > e » b Mt 2 SDS-PAGE # %3 3% » 4c » 2 pL 2 i
Bk s R A1 0 B3 100°C Ak 3 A4 YHETTE 150 V iEEFT A
FEBLBEE PR T TA BT YREL S o W E i CBR 497 7
30 A 4IS 0 M RBAL Gy FREDAS RAG (TR AP o - R
LW VAR L) AR 60 44 o

CEREEAEH T RERS ) T2 B 6 mLi K G o kAT
® 2 4000 x g A 30 A4 SRR SR B Fis 0 2 Bradford Fd %
B2Rzd 30 bR T AW NI BRI KBAEITE R0 kR (FE T

e

(b) @ * FA|
(1) A & (T 30%, C 2.6%)
Acrylamide (Bio-Rad 161-0107) 146 g

Bis (Bio-Rad 161-0201) 04 ¢

M KA REL SOmL EA L BET BB 0 Rt 4T o

AR Acrylamide 3 F F B F 0 FIFRFE ) o
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(2)B & (» 3V R0 5% )
Tris (Sigma T-1503) 182 ¢

TEMED (Sigma T-8133) 0.36 mL

A 30mL - &3 HpFokd >0 6 NHCI #32 pH88 > £ =83 50 mL»

izt 4°C -

B)C ik (EEDME IR)
Tris (Sigma T-1503) 0.6 g

TEMED (Sigma T-8133) 40 pL

2> 8mL - =2 #3F-k¢ > 12 6NHCl 3 pH68 > £ 2 £ 3 10mL >

izt 4°C -

(4) WErpaden ik (APS, 10%)

Ammonium persulfate 0.1 g

3 1mL - =2 483 k¥ o &% Harwmed -

(5) 5X i * § AR R

Tris (Sigma T-1503) 545 ¢
EDTA2Na (Sigma E-4884) 47 g
Boric acid (Nacalai 05214-15) 248 g

%% 800 mL = =x 2 #+ k¢ > 02 6NNaOH $##3 pH84 > T #3 1L

PR S B RN EE R

(6) Tricine-SDS PAGE *# 48~ (10% T)

Components Separating Gel Stacking Gel

A % 3.33 mL 0.66 mL
B % 2.50 mL -

C % - 1.24 mL
10% SDS 0.10 mL 0.05 mL
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double distilled water 4.15 mL 3.00 mL
APS 0.05 mL 0.10 mL

(7)CBR %4 i 1 10% FEpsr 20% ¥ i3>t gt kd o

(8) CBR % ¢ it

Coomassie Brilliant Blue R (Sigma B-0630) 15 ¢g
Methanol 250 mL
Acetic acid 50 mL
double distilled water 250 mL

70250 mL 7 g f%E 0 dex 250 mL - =3 g k2 50 mL fEAk o R £ D
g;g’% o

(9) 2X SDS-PAGE sample buffer

Tris (Sigma T-1503) 30 g
SDS 40 g
[-mercaptoethanol 10 mL

4 80mL - %2 3+ LAafEo 2 pH & 684 283 100mL -

2.7.6 4 kR A4
PP FFE 045um SEEN e BB 0 oA B v kA K T2
(High-performance liquid chromatography, HPLC) 1% 2 & 4 47 o & 47 0% i i& K

WERHRF ® Y dp s (Www.transgenomic.com) (FFRA i3 i » FEIL 4T

1 ~ Column : ICSep ICE-COREGEL 87H3 column (Transgenomic Inc, NE, USA)
2 ~ Detector @ $7%+ % i jB] 2 refractive index detector, RI2000 (Schambeck SFD

GmbH, Bad Honnef, Germany)
3 ~ Mobile phase : 8§ mM H,SO4

4 ~ Flow rate of mobile phase : 0.6 mL/min
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5 ~ Injection volume : 50 puL.
6 ~ Temperature : 50°C
7 ~ #cPp P~k % @ PEAK-ABC Chromatography Data Handling System (E-Chrom

Tech, Taipei, Taiwan)

2.7.6.1 4w kRIEEY AEG

#e b R & (Katayama G-0075) - < ERBEW L 25201255
25~125~1~2 0625 g/L 2 %% » 12 HPLC Bl 2 8 &A% o ff g W
kRN R o
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3

2% BERaH
3.1 Py dppEiE A 5k du
300 Beif FORPEF ik

B F PR ER 2 GRS A0R 3] 0 N F A F BB A
ot X R FHGARERME - FF BAE 10 A EEAE T E oo & 7 ohpE
BT 0 o RF e d F (Vo) o o 0 E R F RAF PNPB £ A 7ok
fRo FFRPERE AT PRPFF Ol 4 L FLOPER > &
EHEDARMPN T 10 AL ITELE REFRF o

31253 F BATER

&yt 4 ¥+ & (Nelson and Cox, 2000) > 7 A (substrate) k& M pF > @
PEFETATRAIAAME (- BF ) LRATRRS  ATEARTT B
FRF (Rerg) B FRATREL MR FF B B F BE S
(Vi) (€% 0 3 0503 § SEE LR 2 F g F %8 K e ? 5t 5 ped £

SRt S EFERMMG

MR kR eF R B PNPB v # 032 mg/mL 2. Candida rugosa lipase
(CRL) 3% & (Sigma L-1754) » ** pH 9.0 ~ 37°C {28 if {2 & i& {7 o3 W i i 1B
foFHHEEEEAH A PNPB EAR 2B F R %1 S 5408 32
#7577 > % PNPB JARET 8 mM > & 9= Fink ik S48 - R 3 €4 F
AFERKBEH P2 A F5F b &EHE L 8§ mM PNPB (v AF s*rig * 2

AFRR
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0.40

0.35 A

0.30 -

0.25 A

0.20 -

0.15 ~

0.10 A

0.05 -

—e— p-Nitrophenol conc. (mM)

000 T T T T
0 5 10 15 20

Time (min)

B 3.1 "g%xpF F BPFRF &2 2 $ p-nitrophenol 2. B %

Fig. 3.1 Relation between lipase reaction time and its product p-nitrophenol

Feivigi kR 8§mM 2 £ F PNPB # 0.32 mg/mL CRL 1&# % (Sigma L-
1754) > 37°C~pH9.0 T F J& 20 A4 > F A dhiesrr 3 51 4 5
KR o
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1.2

1.0

o Vv O

0.8

0.6

/]
0.4 -

W

0.2

V (umole p-nitrophenol /min)

e

0.0 T | |
0 5 10 15 20

p-Nitrophenyl butyrate (mM)

W 3.2 #F PNPB kAR ek F RuEF

Fig. 3.2 Enzyme reaction rate at various PNPB concentrations
Feivigit kR 01248 ~16mM 2 < & PNPB # 0.32 mg/mL CRL
% & (Sigma L-1754) *+ 37°C ~pH 9.0 T F Ji& 10 ~ 45 -
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kB d M I B Zeocin kR EJIE P. pastoris GS115/CRL3 2 #p 3 {8 5| &
4B AEEE LA b o G EBAEA B A BAA AU E - X B (RRE
BAAT) # HEFE (TR AT o RS AT R IR A T kR
trybutyrin » 12 gt B3R 3 & 7 2 5 # P pastoris GS115/CRL3 ** YPGTA *
FPrAAIEFe R F - FIARGRRERFI9 CRL3 4 f# trybutyrin > @ % f

BRRASEP R LGt o RREEEARE > SP RIS o0 AR RIS

M [ EMEE S lmEied > R R BE- FEAENUA- > FIR
a1k PEERAS S DI fotREPRL T FE

ﬁ»ﬁ’ﬁ":&ﬂqﬁﬂséﬁ:g‘ CR R BT A S R TR S :iéﬁ?;?] g_‘}f{]_
SRS K KRk R ARE L AR AT e X BHAEL S R BT

i

B BB ACHEARELIAME YR B LT8R
MEDT AR o 2453 2% X B PNPB 4% W5 K%< 1 p-nitrophenol » i =
ok B ODgos #f B3 fr2. RILKH2 o

322 BEEE

3220 - % H

* YPG fadg & AP &H &P Zeocin kR > B & Fik P. pastoris
GSI1S/CRL3 » & YPGTA Tz % At v RHlfH &% 4o W 33 #r7 -
¥ Zeocin kR 1500 ug/mL > ¥ L3F S AEF LA F P HEP R
e 4 Zeocin A B I AW 1700 ug/mL > FMEEE T T 4 £ o 2o gy
Ny
Mool » EREB L 3500pg/mL v I % v F A o B W e Aol B
i 2 ER GEE B L K2 EA 4K 0 A% i £ (Cereghino and

RerE Pkt L4 $h#T Zeocin kA > BPREE
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W 3.3 17 YPGTA T3z & A &G:E L gisfesitd B P. pastoris GS115/CRL3
& 7515 2 BT
Fig. 3.3 Photographs of P. pastoris GS115/CRL3 screening with YPGTA plate
Feirikit D &7 F Zeocin JERE &R EFT YPG fA¥s % > %t YPGTA THi %
Ab o e RHSEGE stk o B E T2 )P o

53



Cregg, 2000) > e A7 3 ¥ B4t 25 - 2R/AEE > Fa NREPRL
ETE TR T PN E EE V-

3222 FpPHL '“‘/E],P—i- jFz2 v Eer CRL3 E#12 ip

* I Zeocin kR FEZ EARTA 2 2 BP R AL L2 E
A AARR (R 33) R+ BN EHFERRY O ERE S PER
NI OB Wk 242 riE o 1 FM22 A AR FEEREES O T
TR R A B B Mg o B FIZACR 3.4 7o o 14 1500
ug/mL 2. Zeocin k& & iE #7E b B L o = ot @Y A 2.6-2.7 2
Foprhiats 8 > T 098U/mL; v & > B AR “TEH D2 R

B EEEEARE S fRLREREIPE T RFEEP R AP
BAARDE D URFEMCR) 0 RS AERE S NRALFEL

L LY

3223 = % §

#- Zeocin J& A& 100 ~ 300 ~ 500 ~ 700 ~ 1100 ~ 1500 ~ 1700 ~ 3600 * ~ ik
F ¥ — =X T;é]b'“r#‘f 41 2_P. pastoris GS115/CRL3 r;r:‘]"fﬁ » B YPGTA T H# 1%
AFBET o k242 3 FAriE o 247020 FM22 B A ABRE £ TE L %
it MRS Z2EHZABR O NERFRBEERNE - E %40 31
" Zeocin )k & 1500 pg/mL #7éFE 2 Ftk 0 fEE AT E 1.06 U/mL >
PARRENH B oo it dlekd 96% FIEREFL P BEHERERFH
2 @ % Ftk 0 & ¢ & P pastoris GS115/CRL3/Z1500 -
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1.0 2 .65 2.67+
ng 245
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00 S Ml et M
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W 3.4 SP R E/FELE2L 0 BornmiElL Bk

Fig. 3.4 Relation between clear zone diameter/colony diameter ratios and lipase activities

=1 1.00-1.10
B 2.11-220
2.21-2.30
2.31-2.40
2.41-2.50
2.51-2.60
2.61-2.70
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% 3.1 ﬁ’if*ﬁd % F Zeocin kR & F¥ FiR e RGBS L B

Table 3.1 Comparison of CRL3 activities at various Zeocin concentration

screening

No. Lipase activity (U/mL) ODeoo Final pH

7100 0.54 £ 0.06 50.06 + 3.97 2.90 +0.02
7300 0.61 +0.05 52.09+2.79 2.91+0.05
7500 0.58 £ 0.04 49.62 + 3.82 3.00+0.05
7700 0.54 +0.03 46.80 £ 0.69 3.02+0.08
Z1100 0.82+0.05 4230 + ¥/ 4 3.20 £0.05
721500 1.06 + 0.01 56.09 £ 1.30 2.94 +0.02
Z1700 0.16 £ 0.02 52.59+0.81 2.91+0.02
73500 0.03+0.01 49.32 £0.21 2.98 +0.01
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3.3 Hinton's = £ ¥g3 £ iE 2 2 FF

3.3.1 P. pastoris GS115/CRL3/Z1500 *+ > & 2 £ A FM22 2 4 £ & &

#- P. pastoris GS115/CRL3/Z1500 » 5 2.5.1 #tif2 i 24835 & 2 >

1% &4 € &> 100 mL FM22/500 mL Hinton's flask » *t#&:# 125 rpm -
25°C EE R A 120 )P B 4oB] 3.5 tom o AL RGNS T2 ) pF
&~ £ % ¥ (stationary phase) » #* FF ODgoo ) 455 @ CRL3 A4 i1t p 12 %
24 ) pEAR IR B B 0 96 ] BEISARAE > 120 ) PR fEE E RN 176 U/mL > & A
Py iR EEIRied 120 ) pFo

332 3z & ik 4 P. pastoris GS115/CRL3/Z1500 F# 2 & 2 CRL3 % R 2

B
3.3.2.1 44> pH &
dod 32 99w > 4 pH 5 sk did o iR AR T iE 175 UmL > ODgy i 50 =+
B pH3 47 > FAWAT 4 L& > ODey 57 s FER RN S T 0 R
HAE 4F Az pHS iF R R 4F S mAsde pH B3 L) B EFL AT
Bt FM22 33 % At pH>S5S5 PF > € & 2 < S ERAL4T ~ SR m B ik 7 o

3322 A ER

drd 3.3 41 0 0 20°C B AR FLES 0 & 246 UmL ;A 25°C
A FMERBG 0 REEBEBEOEL 20°C 2 65%; @ @ FILE HE
BB 30°C EBEE o FEE 017UmML . i 20°C B2 7% e
FRARMER Y LR 4 KEAFHRE 30°C BET 24 E R AT
AL AT GAP fats 3 (TrbRATFIAR > B REAN A ZHE BREY

A ESEFMANAEA AR R AR ERABETRAER
A
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—»— Glycerol conc. (g/L)

50 - 5.5 70 -20
F15 T
E
S 2
a] 2
O Lo =
)
[ ]
+ <
L 0.5 +

L oo

0 24 48 72 86 120
Time (h)

®) 3.5 P. pastoris GS115/CRL3/Z1500 2_# & & %

Fig. 3.5 Growth curve of P. pastoris GS115/CRL3/Z1500

v D] FM22 2468 %4> 2 KOH 3% pHZ 53 2+ 3%
BB F (121°C~ 15min) 6 »pH ¥ 2 5.0 =+ < & 251 #7if
24 YPG 5 ikt o 1 PBS ¥R RiFDER 0 B
mL #4&* 100 mL FM22/500 mL Hinton's flask » ** 25°C ~ 125 rpm

SFET R & 120 e
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% 3.2 % Fac4: pH B P pastoris GS115/CRL3/Z1500 FH kR * 4 7

2 M F% CRL3 &M 2§55

Table 3.2 The cell density and CRL3 activity at various initial pH values

pH value CRL3 activity (U/mL) OD¢oo
3 0.14 +£0.01 2.57+042
4 1.19+0.03 36.66 + 1.32
5 1.75+0.09 46.70 £2.20

He (7 0E 12

DAl FM22 2 & 8 %4 > 2 KOH # %2 pH 2 534230 =2+ >
i Wop

EFEARAE (121°C 15 min) 1 > pH B% 15 50+40-30-
% 2.5.1 #fit2 A g YPG fa5 %% 0 £02 PBS % @R T
A% 0 B~ 1mL 48> 100 mL FM22/500 mL Hinton's flask » ** 25°C -

125pm THEE RF K 0 Z EaF2 0 120 | PFis i FA 4T o
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% 33 3 R % BEARH P pastoris GS115/CRL3/Z1500 FH kR * 4 BB &
3% CRL3 &2 5

Table 3.3 The cell density and CRL3 activity at various culture temperatures

Temperature (°C) CRL3 activity (U/mL) ODgoo
20 2.46 £ 0.08 35.69 +1.83
25 1.61 +0.06 42.72 +£2.13
30 0.17 £0.02 39.02 +1.49

FiviEi D] FM22 2638 %4> 2 KOH#AZE pHE 53 2+ #3538
FRAE (121°C~15min) & »pH 4% 3 5.0 =+ o & 2.5.1 #F
iz 222y YPG fds &R o v PBS i e B 0 B |
mL #4&* 100 mL FM22/500 mL Hinton's flask > 4 %[>+ 20 ~ 25 14
2 30°C™ > migg 125mpm R ATE® > Z £452 0 120 /] BFES

it 7 A o
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PRERER R GFIRIERFEZ TARACR 3.6 #1770 30°C B &2 kAR

(lane 3) » 22 20 ~ 25°C ﬁ (lane1~2) FH s+ & 55 % 72kD Fé‘*fg'zﬂ:

. CRL3 ed & ; = %*ua’,ﬁu v B 30°C AT 0 A ik CRL3 Y &

\\%-

Bt R T 3 AR o Vasina & Baneyx (1997) 45 ) 0 "% M R R MR E R
v Fen HaR o0 G e ey Tt dEAi L Fr s @ Li & 4 (2001) 4 Pichia

pastoris 5 %3 % LB k¢ Herring antifreeze proteins (hAFP) » & 23°C T

%20 hAFP F1 5 30°C T 10 B> BAFT BS540 5FEM L B% > &

Rip 2 % BR 20 °C b= g‘ié % l‘* i+ *;)‘f

3323 B EARF
ok 34 4T 0 AT A RRE VR FHEL A B RLR 0
AfEE ALY o R F O 25 A AMEPREMNERL B TV RERARAY
gﬁﬁé“i"”ﬁﬂ%}é%m%méw’a%¥m§w@ﬁ’aﬁ%%ﬁ
VR AR > M F 0t S IR BREE SN 251 UmL s G v
15%“’6£@££EXW%0

3324 A E

dok 35 w0 1% BREREERE > RALFAMEOEAELARY
PR E 5% 10% & %2 @ 5% o o @F&grs s 580 U/mL -
el 10% fazE A HER-
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® 3.6 7 F-/E)ii—%%%* IOYJSDS'PAGEH ,AA.\ﬁ
Fig. 3.6 10% SDS-PAGE unalys1
F: SR E ) ':,-,-' }J e

1% #4588+ 100 mL FM22/500 mL Hinton's flask > #3125 rpm A %% 20 ~

f various texL erature culture samples

LA
.

25 3 30°C - 2R3 % P pastoris GSI15/CRL3/Z1500 120 -] pF2_ 3 4 & 47 o

Loading samples :

Rkt e Ek ‘iﬁ'l'ﬁ? » kRS- 2 E 015 mg/mL e

Lane 1 :20°C & 2} ik 45
Lane?2 : 25°C * 2z} %J&%’ﬁ
Lane 3 : 30°C ~* 2z } @*‘zk‘{ﬁ
Lane 4 : CRL ¥-¢ F %% % (Sigma L-1754)

Lane 5 : 3¢ & 4~ + & marker
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% 3.4 2 B A RAME P pastoris GS115/CRL3/Z1500 FH kR 2 4 R
2 HFv CRL3 FH2ZRE
Table 3.4 The cell density and CRL3 activity at various C/N ratios

C/N ratio CRL3 activity (U/mL) OD¢oo
5 2.51+0.12 33.70 +£0.95
15 2.39 4+ 0.09 33.94+1.69
25 1.78 = 0.06 31.51+1.43

FIFIEE D A PR AT 2 (NHySOs fe @l modified FM22 > & =38 % A >
2 KOH ## pH 2 53 =+ #3383 & F (121 °C ~ 15 min)
6opH 9% 1 50 =% o ik 251 #1222 % YPG {33 %%
& 2 PBS i i &5 chE% 0 P~ 1 mL 48> 100 mL modified

N

FM22/500 mL Hinton's flask » ** 20°C ~ 125rpm TR R T B % » =
EAF2 0 120 | PEES (T AT o
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£ 3.5 % R RBEH P pastoris GSI15/CRL3/Z1500 FHH kAR 2 £ RE K 3
¢ CRL3 &1 2 g%

Table 3.5 The cell density and CRL3 activity at various inoculum sizes

Inoculum size (%) CRL3 activity (U/mL) ODeoo
1 2.21 £0.06 38.28 £1.76
5 5.80+0.23 64.17 £2.48
10 5.65+0.11 63.36 +2.63

Heieifid Dfefl FM22 2 &84 %47 KOH 9% pHI 53 24 > 43

BB E (121°C~15min) 4 - pH g% 3 50 24 « iz 251

-

v

itz 2 E “,/T‘. YPG #é3 &% » 1 PBS % g R iFhpER 0 2
P 1~5~10mL #4&>" 100 mL FM22/500 mL Hinton's flask » *%
20°C~ 125rpm TEE RE R A 0 = £A4F2 0 120 ) PERSEFT AT o
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34 UK Y %231 Hinton's = 7538 %2 S gt

% 3321 Fk%E% A4 pH B4 5.0 A rFzZ ek kit Y

Ik

pH
A 55 BF B-€ A4 X BT C S E RS 0 EE B pH B IFEH
BAEE 4t FM22 5% 842 pH @ 23 E3RF/EAT LT - R &if
LiedlEeiAzds pH B o SFE M BT AEFFE BY o 2453305 > #4d2ds pH

By HLE 50

AFE W oSk = FlF-= k% BBD %
FORHRARARI O CRALTERARBRZFRIMG TR FHEARE
JF-v CRL3 M iEiangPem ¥ o BiF Hde 253 i o
3401 F v ¢ FHN 22 2

Mz FF-zok# BBD HPFEFERNF RY REAFEAER > =2 FF A u G
BAEAME Y  ERBEERZER B LA RFEHRRR 0L 2122 97
T B Aok 3.6 P77 o #ddp 1 Microsoft office excel 2007 7 o ® K #c kY ¢
DT ALA AT TR AT AE Y XD EBEE (X2) ERAER
(X3) 175 %> REF]F > 1 CRL3 BERFMLELSHE Y & - RET 72
= F)F - = § 35

Y=6.627777-0.5061X;+1.685422X,-1.9208X3-0.07251X,;X,+0.300894 X, X;5-
1.49374X,X5-0.89848X,%-1.67828X,%-1.48263X5>

%P A 47 (ANOVA) %40k 3.7 %77 > - Bis ] kT p &
(p-value=0.0008) % & if chif 2| %_ta ¥k (R’=0.9503) 47 - = s A ¥ +
HERF i (CRL3 A1) & & f i RBFT MWLM 5 -

MARRFELSTAY LHEREZ R L p ERFZGELIHEY (& 38) 0 #
FREE Y X)) x BEE X)) MEMF Y X)) x #FERE (XG) ez -
Z3% 0 % CRL3 B A ddE (V) AnE P F-KF (T p>0.05) 0 3 plg il
FE4eT 23 4250
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% 3.6 Hinton's = & 5332 % 2. Box-Behnken %32 H 3 %2 %

Table 3.6 Box-Behnken design and its results of Hinton's flask experiments

No. C/Nratio Inoculumsize ~ Temperature CRL3 activety
(%) (°C) (U/mL)
1 25 9 20 5.62
2 25 1 20 1.71
3 5 9 20 6.54
4 5 1 20 2.33
5 25 5 25 1.77
6 25 5 15 5.47
7 5 3 a5 2.42
8 5 5 15 7.32
9 15 9 o5 1.62
10 15 9 15 7.99
11 15 1 25 1.93
12 15 1 16 2.32
13 15 5 20 6.62
14 15 5 20 6.59
15 15 5 20 6.68
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% 37 FBw & 23%3+9718 CRL3 f¥ 4 2132 2R &4
Table 3.7 Analysis of variances (ANOVA) of CRL3 activity from the response

surface methodology

Soqrc'e of f carccy of Cqum f Mean square  F'value  Prob>F
variation freedom  squares

Regression 9 82.49221 9.165801 30.7322  0.000748
Residual 5 1.49123  0.298247

Total 14 83.98344

R*=0.9503
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# 3.8 Hinton's= % ¥33% % 2. Box-Behnken % 3*i ﬁ?? P
Table 3.8 Results of the regression analysis of the Box-Behnke design at Hinton's

flask experiments

Parameter Parameter Standard t ratio Probability
estimate error

Intercept 6.627777 * 0.315303  21.02036 4.51E-06
Xy -0.5061 * 0.193083  -2.62113 0.047034
X 1.685422 * 0.193083  8.729017 0.000327
X3 -1.9208 * 0.193083  -9.94806 0.000175
XxX2 -0.07251 0.27306  -0.26553 0.801202
X1xX3 0.300894 0.27306 1.101931 0.320686
XoxX3 -1.49374 * 0.27306  -5.47038 0.00278

X/ -0.89848 * 0.28421 -3.16133 0.025058
X, -1.67828 * 0.28421 -5.90506 0.001982
X5 -1.48263 * 0.28421 -5.21666 0.003419

* 1 p<0.05
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CRL3 activity (U/mL) = 6.627777-0.5061X,+1.685422X»-1.9208X3-1.49374X,X;3-
0.89848X,%-1.67828X,%-1.48263X3%. ..eeveeeeeiee, £3.)

R RS AT Y - B2 RRF)FoiZEd 15 & 9% & ¥ &
BEHEA - FF kN 3 BRI - ksgz e 5 B E % AE (Contour plots)
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Fig. 3.11 Batch culture by optimal culture conditions of Hinton's flask

—— Activity (UimL)

—s— Activity (UImL)

Culture conditions : 1.5 L modified FM22 medium (CN ratio=12), inoculum size 8.8%,

temperature 15°C, initial pH 5.0 £ 0.1, 2 vvm, 1000 rpm and DO 30%.

(A) pH not controlled (B) pH controlled by 28% ammonia water
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3.5.2.1 H w5 (constant feeding mode)
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Fig. 3.12 Constant feeding mode of fed-batch culture

Culture conditions

1.5 L modified FM22 medium (CN ratio=12), inoculum size 8.8%, temperature 15°C,
initial pH 5.0 + 0.1, 2 vvm, 1000 rpm and DO 30%.

Feeding solution (1.0 L) :

50% glycerol with 12 mL PTM4 trace element solution and 12 mL 500X biotin solution
Feeding rate : 11.25 mL h™'
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Fig. 3.13 10% SDS-PAGE analysis of samples at various culture times
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1.5 L modified FM22 medium (CN ratio=12), inoculum size 8.8%, temperature 15°C,
initial pH 5.0 + 0.1, 2 vvm, 1000 rpm and DO 30%.
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3.5.2.2 % dp BAH %-7¢ (pseudo-exponential feeding mode)
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Fig. 3.14 Simulation figure of exponential feeding

81

108



6 - 900 1 700 . 500
1
Batch | Fed-batch
800 .
- 600 !
a i
2 700 - 400
54 £
o 500
600
(3] S
T c 3 L 300
o 0500 {Q 400 7
a4 © o
+ £ 400
@400 1 L 300
§ + - 200
a 300
5 200
+ 200 L 100
100 |
100 -
2 0 oR L o
216

W 315 g eyt 2 AR K
Fig. 3.15 Pseudo-exponential feeding mode of fed-batch culture
Culture conditions :

1.5 L modified FM22 medium (CN ratio=12), inoculum size 8.8%, temperature 15°C,
initial pH 5.0 £ 0.1, 2 vvm, 1000 rpm and DO 30%.

Feeding solution (1.0 L) :
50% glycerol with 12 mL PTM, trace element solution and 12 mL 500X biotin solution
Feeding rate was calculated by equation 3.1 : F;y=3.985 x Exp(0.035t)
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1.5 L modified FM22 medium (CN ratio=12), inoculum size 8.8%, temperature 15°C,
initial pH 5.0 £ 0.1, 2 vvm, 1000 rpm and DO 30%.

Lane 1 : 3¢ & 4~ + & marker

Lane 2-5 : 7 4p B 1050 (33 4 % 120~ 144 - 156 ~ 168 -] p¥)

Lane 6 : B 2 A4 450 (4nd 11.25ml/h 8 % % 216 /| BF)

Lane 7 : ™ YPG #8533 % A8 {7 P pastoris GS115 5 3 k455038 £ % 120 /| pF
2 ¥ kg (0.8 mg/mL)
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Table 3.9 Comparison of different feeding modes

Feeding mode Incubation time DCW  Lipase activity  Productivity
(h) (g/L) (U/mL) (U/mL/h)

constant 216 132 451.7 2.09

pseudo-exponential 168 147 423.2 2.52
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