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d 1Iat. Q.I ~ 
'UBf;.J'B tJVI~n 

" 

m'.ibbi.'l~'1m:Jn'UeJ'I1tJ'.i~'Wb~eJ:lJ'UtJ~1VllJ IL2/FU-MK-1-scFv 1~tJ1ob' 

-:V~'WVI~EJbu'Wb6imG'i'b~lul'Wbb~~V1~i.'IeJ'lJbbeJfI~1~m'.i~1'WbdeJ'IeJn'UeJ'I, 
0 '"1. 1 "" d d 1";:1 .. 1 1 1 .., Jf dbu'.i(91'Wb'UeJ:lJb'\"IeJ 'Ub u'Wi.'Il'.ieJ:lJ:lJ b'W'lJl'IJ~bb'IJ'IJ 6(1 b(91V1eJn6(1n(91m'WeJ'IeJnVl

" 
iim'.ibbi.'l~'1BBn'UB'I FU-MK-1 

er'1iltJl"11i.'1(91'.il-:Vl'.iEJ ~'.i.i.'I'Ul~l ~'WVI~tJ'.i~V1tJ 'W.fl15'.i" ,
d I.I.<:::...Q..J I 

'UeJWJ-:vtJ'.il:lJ 
" 

bb'IJflV1b~tJ Escherichia coli i.'IltJ~'W~ BL21(DE3)pLysS bb~~i.'IltJ~'W~ Rosetta-gami B 

btJ~tJ'lJbV1tJ'lJn'IJm'.ibbi.'l~'1BeJn1'W8i.'1~ Pichia pastoris i.'IltJ~'WTI, GS115 bb~~i.'IltJ~'UTI, KM71H b(;ltJ 

bbtJ'.ier'WU-:V~tJ~i;h·l~hi\bn pH ~ruVlJJjJ fI11:lJb-1J:lJ-1J'W'UB'Ii.'Il'.ibVI~tJ1't.h (IPTG VI~B b:lJVll'WB~) bb~~ 

'.i~tJ~nmm'.ibVldtJ1111 'W'IJ';11 E. coli bbi.'l(;l'lBBnbtJ'.i~'Wb~B:lJbb~~i.'I~i.'I:lJH.flltJ1'Wb6(1~~ b~tJ E. coli 

i.'IltJ~'W~ Rosetta-gami B iim'.ibbi.'l~'1BBmb~~i.'I~i.'I:lJ1tJ'.i~'Wb~eJ:lJ~n11 E. coli i.'IltJ~'W~ 

BL21 (DE3)pLysS b'\"I'.il~1mtJ'.i~'Wb~eJ:lJ~iibtJB~b~'W~m'.i~~mtJJli.'1'1 t:-l~t:-l~(911'W'.i~~'IJ'Ul~b'U~l 
" 

IL2/FUscFv(VK-VH) 0.26 n~:lJPleJ~(91'.i iibtJeJ~b~'W~m'.i~~mtJJ1~mJ~~ 84.61 bdm~tJ'I~~ruVlJJl1 

25°6(1 pH 7 bb~~bVl~tJl1111V11tJ'.i~'Wbbi.'l(;l'leJeJn~ltJ IPTG 0.05 mM 'Wl'W 10 -B'lb:lJ'I bdeJ 

btJ~tJ'lJbV1tJ'lJb~lUl'UtJfl1~1eJ(91 P. pastoris 'W'lJ11m'.if;.J~(911tJ'.i~'Wb~eJ:lJ1'W P. pastoris dJ'Wbb'IJ'lJVI~'1 
" 

eJeJn'WeJm6(1~~ f;.J~t:-l~(911'W'.i~~'IJ'U1(;lb'U~11~i.'I'Ii.'I(;l 0.258 ± 0.013 n~:lJPleJ~(91'.i bdm~tJ'I~BruVl.fljJ 
\.I " " 'U 

30°6(1 pH 3 bb~~ bVl~tJl111m'.ibbi.'l(;l'leJeJn~lm:lJVlTt.m~ 0.1% (v/v) 'Wl'U 96 -B'lb:lJ'I m'.it:-l~\l11'W 

'.i~~'IJil'lVl:iTn'U'Ul~ 5 ~mbb'IJ'lJbvJ(;lbb'IJ'U1mtJ'.i&i'Wb~eJ:lJbb'IJ'lJVli'leJeJn'WeJm6(1~~i.'I'Ii.'I~ 0.425 ± 0.02" , 
n~:lJPleJ~\l1'.i bdmt)l'IJ~i.'IVli~ltJ1f1'.imbV1mlYl;;r:lJ'W'.i'.ifl.fll'Wb~VI~\l1~'1 bb~~V1(;li.'leJ'lJi.'I:lJu~m'.i~'IJeJ~l'1, 

~lb'Wl~Plm6(1~~~'1hJh.ui.'lU~:lJ~b\l1eJ~ (CHO) ~iim'.ibbi.'l~'1eJBn FU-MK-1 btJ~tJ'lJbV1tJ'lJn'IJb6(1~~ 

CHO ~llJiim'.ibbi.'l(;l'leJeJn FU- MK-1 t:-l~m'.iVl~i.'IeJ'lJVll'1i.'1()~~ltJ Student's t test (p<O.05) 

btJ'.i~'Wb~B:lJiii.'l:lJtM m'.i~'IJeJ~l'1~lb'Wl~eJ~l'1iiutJ?hA~ 
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Abstract 

MK-1, the target molecule of FU-MK-1, is encoded by the GA733-2 gene, 

which is currently being used as a target in clinical trials for gastric, intestinal, and 

biliary cancer treatment with monoclonal antibodies. Here, two different arrangement 

of heavy-chain and K light-chain variable fusion gene, IL2/FUscFv(VK-VH) or 

IL2/FUscFv(VWVK), were constructed. The efficiency of protein expression in 

prokaryotic host expression system, Escherichia coli strains BL21(DE3)pLysS and 

Rosetta-gami B was compared with eukaryotic host expression system, Pichia pastoris 

strains GS115 and KM71H, for their ability to produce fusion protein. It was found 

that the fusion proteins were expressed in E. coli strain Rosetta-gami B in reasonable 

yield with high percentage of soluble form (0.25 gil of IL2/FUscFv(Vw VK) with 

solubility 89.29% and 0.26 gil of IL2/FUscFv(VK-VH) with solubility 84.61 %) when 

cultivated at 25°C, pH 7, and induced with 0.05 mM IPTG for 10 h. In comparison, P. 

postoris produced the secreted fusion proteins. The highest production of the fusion 

protein at 0.258 ± 0.013 gil was obtained under pH 3, 30°C, and induction with 0.1 % 

(v/v) methanol for 96 h in shaken flask cultivation. Finally, fed-batch cultivation was 

performed in 5 l fermenter. The highest amount of secreted fusion protein was 0.425 

± 0.002 gil. Following purification, the fusion protein was examined the specific 

binding activity to CHO cell expressing MK-1. The fusion protein retained the specific 

binding activity to MK-1 antigen due to it significantly bound to MK-1 expressing CHO 

cell but not MK-1 non-expressing CHO cell when compared using Student's t test 

(p<0 .05). 
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2. CONTENT 

2.1 Introduction 

MK-1 antisen is widely expressed on a variety of tumor tissues such as 

stomach, colon, pancreas, sall bladder, bile duct, breast and lunS carcinomas 

(Watanabe et al., 1993). Based on molecular characterization, it was 

confirmed that the MK-1 is a transmembrane slycoprotein with a molecular 

mass of 40 kDa and encoded by the GA733 sene (Tomita et al, 2000; Szala et 

al., 1990). The GA733-2 antisen is also known as the 17-1A antisen (Herlyn et 

al., 1979), the KS1I4 antisen (Varki et al., 1984), or the C215 antisen (Larson et 

al., 1988). Recently, these antisens have been used as tarsets for 

immunotherapy usinS MAb in several clinical trials and have shown promise 

as tumor tarsets in passive and active immunotherapy of colorectal cancer 

(LoBuSlio et al., 1989; Trans et al., 1990; Yamamoto et al., 1999; Herlyn et al., 

1991). However, the administration of mouse MAbs in humans for therapeutic 

purposes has been limited by a short half-life and induces an immunoseicity 

,.. (anti-mouse immunoslobulin response) (LobuSlio et al., 1989; Schroff et a., 

1985). Screenins an effective type of the antibody molecule is one of 

important tasks for better tissue penetration and lower immunosenicity. 

Amons them, sinsle chain variable frasment (scFv) antibody has been 

received the most interest for its applications instead of their parental MAbs 

(Boklti et al, 1995; Malani et al., 1998; Liao et al., 2001; ; Matsumoto et al. , 

2002; Ueno et al., 2002; Holliser and Hudson, 2005; Carter, 2006; Weisser, and 

Hall, 2009). 

Mab FU-MK-1 has been obtained by immunization of BALB/c mice with 

cancerous ascites derived from a poorly differentiated adenocarcinoma show 

promise as tarsets in approaches to active and passive immunotherapy of 

colorectal cancer. The MK-1 antisen is recosnized by monoclonal antibody 

FU-MK-1 and widely expressed on the surface of a majority of carcinomas, 

includins carcinoma of colon, pancreas, sall bladder, bile duct, breast, and 

lunS (Tomita et al., 2000). Because MK-1 antisen is released from carcinoma 

cells into the blood circulation system under certain conditions so it can be 

measured in human serum. The MK-1 level in serum from healthy human is 
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lower than 2 ng/ml whereas the MK-l level in patients with malignant tumors 

of various tissue organs rises up to 2-78 ng/ml (Abe et al., 2002). 

Interleukin 2 (lL2), a pleiotropic glycoprotein in immune system, has 

been accepted for use in cancer immunotherapy of human. The interaction 

of IL2 with its receptor on immunological cells stimulates proliferation and 

activation of natural killer cells, thus generating lymphokine-activated killer 

(LAK) cell. However, given a high dose of IL2 can cause the severe toxicity in 

patients and suboptimal concentration at the tumor site have limited its 

efficiency in vivo. The selective delivery of IL2 at the tumor site would be 

avoided the toxicity associated with systemic administration (Matsumoto et 

al., 2002). 

Single chain variable fragment (scFv) antibody is a fusion protein of 

variable region of antibody heavy chain (VH) and light chain (VK) fused 

together into a single chain polypeptide chain by a short peptide linker. It 

carries the complete-binding site in a single poly-peptide chain of small size 

that remains stable biological activity even at low concentration. Because of 

its small molecular size, scFv could be cleaned clear more rapidly from the 

blood in patients and has better tumor penetration property when compared 

with full-length antibody. It may also elicit little or no immune response after 

administration due to short duration in the circulatory system of patients . 

These advantages of scFv over full-length antibody can enhance the immune 

response to the tumor site while reducing systemic side-effect (Damasceno et 

al., 2004). 

Some researchers have attempted to engineer the scFv/lL2 fusion 

protein that retains both scFv and IL2 associated function. So scFv/lL2 is able 

to target to tumor sites and activate of antitumor response that in some 

cases results in a complete elimination of the tumor (Lio, 2001; Zang, 2006; 

Shen, 2006). Matsumoto et al. have expressed the fusion protein FU-MK-1­

scFv/lL2 in P. postoris in flask cultivation and reported the amount of the 

scFv antibody approximately 0.002 gil in the culture medium supernatant. 

They purified the fusion protein by Ni-affinity chromatography and 

characterized for its biological activity in SCiD mice model. The fusion protein 

showed a marked suppress tumor growth in SCiD mice model and also 
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enhanced the immune response to human MK-l expressing tumor while 

significantly reducing systemic toxicity. However, the fusion protein 

production has never been optimized and produced in fermenter 

(Matsumoto et al., 2002). 

In this study, we reported the optimization in flask cultivation for high 

expression of IL2/FU-MK-l-scFv using P. pastoris strain GS 115 by examining 

the effect of pH value from 3 to 10, temperature at 20, 25, 30, and 37°C and 

methanol concentration of 0.01, 0.1, and 0.5% (v/v). Next, the optimal 

condition obtained from flask cultivation was applied in the fed-batch 

cultivation in 5 l fermenter. The effect of cell density was examined in detail 

where glycerol concentration as a carbon source in growth phase was varied 

from 5, 7.5, and 10% (w/v). Finally, the fusion protein was purified by Ni­

affinity chromatography and tested the specific binding antigen against the 

MK-1 expressing CHO cell. 

2.2 Survey of Related Literature 

2.2.1 Cancer Immunotherapy 

Cancer is a group of uncontrolled cells growth, invasion and 

sometimes metastasis, spreading to other organs in the body via lymph or 

blood. These malignant properties of cancers separate them from benign 

tumors, which are self-limited, and not invasion or metastasis (Abercrombie 

and Ambrose, 1962). The cancer prediction in patients is most diagnosed with 

the type of cancer, as well as the stage, or location of the disease. Most 

cancers can be treated and some are forced into release with a combination 

of radiotherapy, chemotherapy and surgery, depending on the specific type, 

location and stage of targeting cancer. Research developments for cancer 

treatments are focusing on more speciAc to varieties of carcinomas because 

chemotherapeutic strategies can cause various toxicities and have limited in 

their efficacy. There have been significantly progressed in the development 

of targeted therapy drugs that minimize damage to normal cells in which it 

has specifically function to detect abnormalities of diseases and tumors. 

Therefore, targeted cancer therapies may be more effective than current 

treatments and less toxic to normal cells. 
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Nowadays, cancer immunotherapy is a growing field with the purposes 

at restoring and enhancing immune function to attack and eliminate 

carcinomas (Woan and Reddy, 2006). MonoclonaL antibodies (MAbs) are 

majority of drugs in cancer immunotherapy. Because the remarkable 

specificity of MAbs as targeted therapy makes them promising agents for 

human therapy and less toxic than cytotoxicity chemotherapy agents . 

Moreover, MAbs specifically bind to antigen on the surface of cancer cells 

that induces an immunological response in the cancer cell. Not only MAbs 

can be used therapeutically to protect against diseases, but they can also be 

used to diagnose a varieties of diseases (Adams and Weiner, 2005; Gupta and 

Srivastava, 2006). There are currently therapeutic antibodies for cancer 

treatment that have been approved by FDA (Table 1). 

Table 1 Examples of cancer drug based MAbs approved by FDA (Kim et al., 

2005, Wainberg and Hecht, 2006; http://www.cancer.gQ.Y.. accessed on 10 May 

2011) 

Drugs 

Panorex 

(Edrecolomab) 

Rituxan (Rituximab) 

Disease indications 

Colorectal cancer 

Non-Hodgins lymphoma 

Year 

1995 

1997 

Companies 

GSKICenyocor 

IDEC 

Herceptin 

(Trastuzumab) 

Metastatic breast cancer 1998 Genentech 

Mylogtarg 

(Gemtuzumab 

ozogamicin ) 

CD33-acute myeloid 

leukemia 

2000 Celltech 

Campath 

(Alemtuzumab) 

B-cell Chronic lymphocytic 

leukemia 

2001 Millennium 

Zevalin 

(Ibritumomab 

tiuxetan) 

Non-Hodgins lymphoma 2002 IDEC 

http://www.cancer.gQ.Y
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Table 1 Examples of cancer drug based MAbs approved by FDA (Kim et al., 

2005, Wainberg and Hecht, 2006; http://\NINW.cancer.~ov, accessed on 10 May 

2011) cont. 

_.j 

Drugs Disease indications Year Companies 

Bexxar 

(Tositumomab) 

Non-Hodgins lymphoma 2003 CorexiGSK 

Erbitux (Cetuximab) Colorectal cancer 2004 Imclone 

Avastin 

(Bevacizumab) 

CRC, breast, renal, NSCl 

cancer 

2004 Genentech 

Vectibix 

(Panitumumab) 

Colorectal cancer 2006 Amgen 

Arzerra 

(Ofatumumab) 

chronic lymphocytic 

leukemia 

2009 GlaxoSmithKline 

.. 
'f 

Table 2 Top Ten Monoclonal Antibodies from 2006 - 2009 (Maggon, 2010) 

Generic name 

Target 

Brand ® 

FDA Approval 

Companies Indication Sales $ billion 

2007 2008 2009 

Infliximabc 

TNFU 

Remicade 

1998 

J&J, Merck CD, UC,AS 

RA, Ps, PsA 

5.04 6.5 6.91 

Bevacizumab 

VEGF hz 

Avastin 

2004 

Roche Colon 

mCRC,Lung 

NSClC 

Breast mBC, 

mRCC 

Glioblastoma 

3.93 4.7 5.92 

Rituximab c 

CD20 

Rituxan 

1997 

Roche leukemia, Cll 

lymphoma, RA 

5.01 5.6 5.8 

http://\NINW.cancer.~ov
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Table 2 Top Ten Monoclonal Antibodies from 2006 - 2009 (Maggon, 2010) 

cont. 

Generic name Brand ® Companies Indication Sales $ billion 

Target FDA Approval 2007 2008 2009 

Adalimumab h Humira Abbott RA, JIA, PsA, Ps, 3.06 4.4 5.48 

TNFU 2002 AS, CD 

Trastuzumab hz Herceptin Roche Breast Cancer 4.4 4.8 5.02 

HER2 1998 

Cetuximab c Erbitux Bristol Colon Cancer 1.35 2.0 2.57 

EGFR 2004 Myers HI\JC 

Squibb 

Merck KgA 

Ranibizumab hz lucentis Novartis, Macular 1.2 1.5 2.43 

VEGF 2006 Roche Degeneration 

Palivizumab hz Synagis Astra RSV 1.3 1.2 1.1 

RSV 1998 Zeneca 

Tocilizumab Actemra Roche RA 0.14 

EMA 2009 

FDA 2010 

Certolizumab Cimzia UCB CD, RA 0.10 0.10 

TNFU 2008 

Golimumab Simponi J&J RA, PsA, AS 

2009 

Canakinumab Ilaris Novartis Periodic 

2009 Syndrome 

Ofatumumab Arzerra GSK Cll 0.005 

2009 

Ustenkinumab Stelara J&J Psoriasis NA 

2008 
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Remark: IMS Health fi~ures for 2009 sales were Remicade $4.4 billion, Avastin 

$4.3 billion and Rituxan $4 billion were si~nificantly different and undervalued. 

IMS data underestimates the mAbs sales. 

-. 
Note: AS, ankylosing spondylitis; CO, Crohn's disease; Ps, psoriasis; PsA, 

psoriatic arthritis; RA, rheumatoid arthritis; UC, ulcerative colitis; m, 

metastases; RCC, renal cell carcinoma; NSClC, Non small cell lung cancer; BC, 

breast cancer; CRC, Colorectal cancer; Cll, Chronic lymphocytic Lymphoma; 

HNC, Head and Neck cancer; RSV, Respiratory syncytial virus 

TabLe 3 Reported human anti-mouse antibody (HAMA) (Hwang and Foote, 

2005) 

Patients with 

Antibodies Indications AAR (%) 

2H4 and 503 Nasopharyngeal carcinoma 100 

1 
131 

_TlOl Cutanous T-cell lymphoma 100 

17-1A Colorectal CA 100 

14G2a Refractory melanoma, 89 

nueroblastoma or osteosarcoma 

A7-NCS Colorectal carcinoma 100 

Anti-CEA antibody CEA-bearing tumors 100 

fragment (A5B7-F(ab')2) 

B-C7 Septic shock 100 

B-E8 Myeloma, renal cell carcinoma 75 

BrE-3, I11In-MX-OTPA Human ductal breast cancer 85 

BW 494/BI 51.011 Pancreatic cancer 94 

CCR086 indium-l11­ Detection of colorectal carcinoma 80 

labeled (imaging) 

0612 Metastatic gastrointestinal cancer 86 

HMFG1, HMFG2, H17E2, Ovarian cancer 100 

B72.3 radioimmunotherapy 
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I or EGF/r3 

L6 

MAb with high HIV-1 

neutralizing titers 

OCfTR bispecific mAb 

0C125 
131

OKB7 I -labeled 

OKT3 


Tl01 


ZME 018 and 96.5 

Gliomas or meningiomas 

Adenocarcinoma 

Human immunodeficiency virus 

Intraperitoneal (i.p.) 

treatment of ovarian cancer 

Ovarian cancers 

CD21-positive, 

non-hodgkin's lymphoma 

Graft rejection 

Cutanous T-cell lymphoma 

(chronic lymphocytic leukemia) 

Melanoma or basal cell carcinoma 

89 

64 

73 

100 .. 

100 

75 

86 

100 

88 

However, full-length antibodies or MAbs with high molecular weights 

diffuse or penetrate poorly from vascular bed into target tumor site and are 

cleared slowly from the body. They also possess some side effects in patients 

because they lead to an anti-antibody response (AAR) or immunogenicity 

(Table 3). The immunogenicity of mouse antibodies in human is one of the 

major reasons why early monoclonal antibodies did not deliver the 

anticipated therapeutic benefits. The potential for immunogenicity gives rise 

to 3 principal concerns. Firstly, a severe allergenic or anaphylactic shock 

response may occur. Secondly, it is possible that immune response may 

induce autoimmunity to endogenous proteins of patients. Third, an immune 

response to the therapeutic proteins could reduce its efficacy. These 

problems lead to the development of smaller size or lower immunogenicity 

antibodies by minimization of the mouse component of antibodies 

(Schellekens, 2002; Kim et al., 2005). 

2.2.2 Single chain variable fragment (scFv) antibody 

Single chain variable fragment (scFv) antibody, one of the common used 

antibody fragments, consists of the variable regions of antibody heavy chain 

(VH) and light (VL) fused together into a single chain polypeptide chain via a 
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short peptide linker (Maynard and Georgiou, 2000). It carries the complete-

binding site in a single poly-peptide chain of minimal size and has a monomer 

structure that remains stable biological activity even at low concentration. 

Because of its smalL moLecuLar size, scFv could be cleaned clear m ore rapidly 

from the blood and has better tumor penetrating property when compared 

with full-Length antibody. It may also elicit little or no immune resp onse after 

administration because it has short duration in the circuLatory syst em and its 

size relatives to glomeruLar filtration, which is estimated to be app roximately 

60 kDa. In contrast, full length antibody molecular weight (~150 kDa) is too 

large to be filtrated by the kidney. SmaLler molecule of scFv may be subject 

to diffuse rapidly in to the tumor site and extensive kidney clea rance. So, 

scFv may Lead to reduce normal tissue binding and also reduce cyt otoxicity in 

patients. These advantages of scFv over fuLL-length antibody can enhance the 

immune response to tumor site and it is now being utilized for specific 

delivery of cytotoxic agents while reducing systemic side-effect (Weisser and 

Hall, 2009). 

In general, the production of monoclonal antibody is routine. The 

monoclonal production using conventional hybridomas technology has been 

difficult because human hybridomas and immobilized cell lines do not stably 

produce in high level of antibody. So many scFv antibodies have been 

constructed by genetic engineering technique to replace full-lengt h antibody 

and developed by expression in microbial expression systems to produce in 

large amount (Holliger and Hudson, 2005). 

Table 4 Selected examples of genetic engineered scFv antibodies 

scFv antibodies Specific antigen Re ferences 

Anti-CEA scFv Carcinoma embryonic antigen (CEA) Yi et al.,l 999 

scFv59D8 a fibrin-specific epitope Peter et al., 2000 

scFv4813 USP18 protein Hellwig e tal., 2000 

scFvB80 Prostate specific antigen (PSA) Wang et al., 2001 

ND-lscFv CoLorectal carcinoma Fang et al., 2003 
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Anti-TfR scFv transferin receptor Yang et al., 2005 

A33scFv a cell surface glycoprotein expressed 

in colon cancer 

Oamasceno et al., 

2004 

scFv of domoic acid domoic acid Hua et al., 2005 

Anti-C033 scFv CD33, a surface glycoprotein 

expressed on myelomonocytic 

lineage, leukemia cell 

Emberson et al., 2005 

Anti-MUC 1 scFv A cancer associated mucin, MUCl Rahbarizadeh et al., 

2005 

125EllscFv PreS1(21-47) fragment of large 

hepatitis B surface antigen 

Yang et al., 2005 

svFvNT73 The ~' unit of E.coli RNA polymerase Lamberski et al., 2006 

IL2-183BscFv An ovarian carcinoma-associated 

antigen 

Zhang et al., 2006 

scFV107 The leukocyte adhesion molecular 

CR3 and the COllbA domain 

Tanfous et al., 2006 

scFv-C 1 HM-l killer toxin Krishniaswamy et al., 

2009 

scFv18-2 The DNA-dependent protein kinase 

catalytic subunit 

Xiong et al., 2009 

Accordingly, single chain variable fragment (scFv) antibody, the smallest 

fragment antibody which is developed to replace full-length antibodies. It can 

be generated by retaining the antigen binding specificity of whole antibody 

and removing the entire constant region or whole of fragment crystallizable 

(Fc) region. This fragment antibody is better clearance from whole body and 

also better tissue or tumor penetration characteristics. As shown in Table 4, 

the scFv is better than full-length antibody. However, the scFv has not 

effector functions including antibody-dependent cellular cytotoxic (ADCC) and 

complement-dependent cytotoxicity (CDC) because of without of Fc region 

(Kim et al., 2005). Therefore, it can be improved their effector functions or 

their therapeutic efficacy by conjugating with cytotoxic drug (scFv-liposomes, 
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Marty et al., 2002), enzyme (A33scFv-cytosine deaminase, Deckert et al., 

2003), radio-isotopes (1241-anti_CD20 scFv dimmers, Olafsen et al., 2010) and 

cytokines (iL2, Zhang et al., 2006; Masumoto et al., 2002). IL2 conjugation is 

one choice for effector function improvement of the scFv because of its 

cha racterization . ., 

(A) (B) 

Fab 

(F<1 ! LG) 


scFv 

CH3 

IgG 

Figure 1 Simple structure of (A) full length antibody (lgG) and (8) scFv 

antibody (Kim et al., 2005). 

2.2.3 MK-l antigen and MK-l antibodies 

In 1999, Arakawa et al. cloned and sequenced the variable region of 

heavy chain and light chain of monoclonal antibody FU-MK-1 and 

constructed a mouse/human chimeric antibody, Ch FU-MK-l, by linking FU­

MK-1 VH and V K genes to the human CY1 and CK genes, respectively, and 

fUSing the chimeric to each other in an expression vector of mammalian cell. 

The Anal gene construct was transfected into mouse non-Ig-producing 

hybridoma cells. The Ch FU-MK-1 has immunoreactivity like the parental MAb 

FU-MK-1 (Arakawa et al., 1999). 

In 2000, Tomita et al. examined the MK-1antigen expression on 

urological tumor cell lines by flow cytometry and reverse transcription 

polymerase chain reaction and in 15 cancer tissue specimens by 

immunohistochemical staining and compared it with carcinoembryonic 
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antigen (CEA), one of the most beneficial human tumor markers. This study 

indicates that MK-1 antigen can be a useful biological marker for urological 

cancer cell. And they identified the MK-1 antigen and proved its relationship 

to other cancer antigens. Immunoprecipitation studies, carcinoma cell lines 

and the partial amino acid of MK-1 antigen were use for verification the 

relation of MK-1 antigen and the GA733-2 antigen. The final confirmation of 

relation, the COS-1 cell was transfected with a GA733-2 cDNA. Then FU-MK­

1was demonstrated by immunoprecipitation of the GA733-2 cDNA in CO-1 

cell. Their findings indicated that MK-l was closely related to Ga733-2 

antigen and others terms and MK-l could be able to use as a target in 

immunotherapy of various cancers (Tomita et al., 2000). 

In 2002, Abe et al. prepared recombinant MK-l and MAbs of MK-l and 

also developed enzyme-linked immunosorbent assay (ELISA) system for 

determination of the soluble MK-1 level possibly present in the cancer 

patient serum. They found that the MK-l levels in serum of patients with 

various cancers were increased to 2-78 ng/ml, indicating that MK-l was 

overexpressed on the surface of tumor cell and secreted into the blood 

circulation under certain conditions. These results implied that might be a 

useful tumor marker for MK-l expressing cancer cell in patients (Abe et al., 

2002). 

In 2002, Matsumoto et al. constructed recombinant IL2 fusion with scFv 

of anti-MK-l antibody protein. The fusion protein, designed FUscFv/IL2, was 

expressed in P. pastoris. The secreted fusion protein was purified by Ni-affinity 

chromatography and characterized for binding specificity and biological 

activity of IL2. This study indicated that the fusion protein specifically bound 

to the MK-1 expressing cell and was able to effectively repress growth of 

tumor cell. They suggested that this approach may be used for in vivo 

administration to carry IL2 to tumor cell, enhancing the immune response 

while significantly reducing systemic side-effect (Matsumoto et al., 2002). 

2.2.4 Recombinant antibody scFv/IL2jusion proteins 

In 1994, Sabzevari et al. genetically engineered fusion protein containing 

a human/mouse chimeric anti-ganglioside GD-2 antibody and recombinant 



13 

human IL2. This recombinant fusion protein was tested for its efficacy to 

target IL2 to tumor sites and enhance immune response in vivo testing. They 

reported that the fusion protein can suppress growth of neuroblastoma 

metastasis in SCIO mice reconstituted with human LAK cell and may prove 

useful for future treatment of human neuroblastoma and other GO-2 

expressing human tumor (Sabzevari et al., 1994). 

In 1997, Xiang et al. demonstrate that the huKSV4-IL2 fusion protein 

specifically directs IL2 to the tumor sites to elicit a specific eradication of 

established hepatic and pulmonary metastasis of KSA-expressing CT26 colon 

carcinoma cells in syngenic BALB/c mice. They implied that the fusion protein 

directed IL2 to the tumor cells and induces a C08+ T cell-mediated cellular 

immune response that effectively eliminated metastasis of colon cancer. This 

approach may be a new strategy for immunotherapy to induce the 

eradication of metastatic colon cancer (Xiang et al., 1997). 

In 2001, Liao et al. expressed anti-CEA scFv/lL2 fusion protein in mouse 

hybridoma cells . The fusion protein was purified by CEA-affinity 

chromatography and characterized for its biological activity. The anti-CEA 

scFv/lL2 fusion protein may be used for in vivo administration to deliver IL2 

to tumor cite that enhances the immune response to CEA-expressing tumor 

cite while significantly minimizing systemic side effect (Liao et al., 200l). 

In 2002, Carnelmolla et al. genetically generated L19-IL2 fusion protein 

specific to EBO-8 human tumor antigen. The fusion protein was purified and 

characterized for its biological function by treatment of tumor bearing-mice. 

The L19-IL2 fusion mediated the selective delivery and accumulation of IL2 at 

tumor sites, Leading to strongLy enhance the therapeutic efficacy of IL2. In 

mice treated with L19-IL2 most of the tumor mass was composed of 

connective and necrotic tissue. This was paraLLeLed by a dramatic increase in 

the levels of IFN-g and of tumor infiltrating cytotoxic lymphocytes, 

macrophages, and NK cells, likely responsible for the observed therapeutic 

effect (CarneLmoLla et aL., 2002). 

In 2006, Zhang et al. geneticaLLy fused scfv of monoclonaL antibody 

COC18382 to IL2. The lL2-183B2scFv was expressed in CHO ceLls and tested 

its specific binding and bioLogicaL function . They found that the lL2-18382scFv 
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retained the functions of both IL2 and antibody. It can be effectively used for 

ovarian cancer immunotherapy by carrying a high concentration of IL2 to 

OC183B2-expressing ovarian cancer cells (Zhang et al., 2006). 

In 2006, Shen et al. constructed and expressed the recombinant 

H520C9scFv/lL2 fusion protein in mammalian cell and tested the antigen 

binding activity and cytotoxicity of the H520C9scFv/lL2 in vitro testing. The 

fusion protein retained both IL2 activity and p185 specific binding. The use of 

a humanized sFv has the potential to reduce the immunogenicity of the 

fusion protein and improve its pharmacokinetic properties with respect to 

penetration of solid tumors and clearance. This H520C9scFv/lL2 fusion protein 

may offer effective way of targeting therapeutic doses of IL2 to tumors or 

other targeted cells with significantly decreased cytotoxicity of IL2 and its 

immunogenicity (Shen et al., 2006). 

2.2.5 Selected reports regarding the production of scFv by P. pastoris in 

fermenter 
" 

In 2001, Lange et al. constructed and expressed atrazine-specific Fab 

fragment (K411B) in P. postoris. They also produced this recombinant 

antibody in 5 L fermenter using fed-batch condition. The recombinant 

antibody reaching 0.040 gil was successfully expressed and secreted into the 

medium under methanol induction (Lange et al., 2001). 

In 2003, Zang et al. optimized intracellular production of the heavy 

chain fragment C of botulinum neurotoxin serotype C (BoNT/C(Hc)) in 5 l 

fermenter by mixed glyceroVmethanol feeding strategy based on growth 
+

kinetic studies using Mut P. postoris strain. The suitable mixed feeding 

strategy obtained the highest intracellular BoNT/C(Hc) protein about 3 mg/g 

wet cells (Zang et al., 2003). 

In 2004, Damasceno et al. optimized a large scale production of a 

humanized A33scFv antibody by examining varying pH and methanol 

concentration in P. pastoris. They reported the optimization of A33scFv 

production, reaching 4.3 gil after 72 hours induction with 0.5% (v/v) of 

methanol at pH 3 (Damasceno et al., 2004). 
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In 2005, Ning et al. expressed and produced the recombinant human 

antibody hepatitis B virus antigen (HBsAg) Fab fragment in P. postoris under 

fed-batch fermentation in a 5 l scale. The recombinant Fab fragment was 

successfully expressed upon methanol induction reaching 0.420-0.458 gil 

and had specific binding activity to hepatitis B surface antigen (Ning et al., 

2005). 

In 2007, Yamawaki et al. produced scFv against bisphenol A in 2 l fed­

batch fermentation process using P. postoris. The scFv concentration of 0.198 

gil was obtained under fed-batch culture by maintaining the methanol 

concentration at 0.39 % (w/v) (Yamawaki et al., 2007). 

In 2009, Gurramkonda et al. optimized large-scale production of HBsAg 

using P. postoris strain GSl15 by developing a simple fed-batch fermentation 

process in 15 l bioreactor. The maximum intracellular HBsAg concentration of 

7 gil was produced under induction with 0.6% (w/v) of methanol and 2.3 gil 

soluble HBsAg had competency for assembly into virus-like particles (VLPs), 

an attribute critical to its immunogenicity and efficacy as hepatitis B vaccine 

(Gurramkonda et al., 2007). 
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CHAPTER A: Production, purification, and characterization of fusion proteins 

IL2/FU-MK-l-scFv expressed in Escherichia coli 

A.l Materials and methods 

Ai .i The fusion gene 

The fusion senes encodins for anti-FUscFv(VK -VH)/IL2 were obtained 

from Professor Kuroki Masahide (School of Medicine, Fukuoka University, 

Japan). 

'0 

Ai.2 Strains of E. coli 

The E. coli strains JM109 and DH5U (New Ensland Biolabs Inc., MA, USA) 

was used for subclonins, sequencins, and plasmid amplification in LB 

medium 00 S/l bactotryptone, 10 S/l NaCl, and 5 S/l yeast extract) containins 

50 ~s/ml ampicillin. 

The E. coli strains BL21(DE3)pLysS and Rosetta-sami B (Novasen@, Merck 

KGaA, Darmstadt, Germany) were used as expression hosts. All medium used 

for cultivation or expression were supplemented with 50 ~s/ml carbinicillin 

and 34 ~s/ml chloramphenicol. 

. .. 

Ai.3 Construction of expression vectors 

The fusion senes coding for IL2/FUscFv(VK -VH) and IL2/FU scFv(VWVK) 

were amplified by PCR and cloned into pET15b (Novasen@, Merck KGaA, 

Darmstadt, Germany) that disested with Xhol and BamHI (New Ensland 

Biolabs Inc., MA, USA). The resultins recombinant plasmids pET15b­

IL2/FUscFv(VK -VH) and pET15b-IL2/FUscFv(VwVK ) contained the codinS 

sequences for the His-tass followed by thrombin cleavase site at the N­

terminus. The recombinant plasm ids pET15b-IL2/FUscFv(VK -VH) and pET15b­

IL2/FUscFv(VWVK ) were transformed into E. coli strain BL21(DE3)pLysS and 

Rosetta-sami B. All constructs were verified by DNA sequencins (Macrosen 

Inc., Korea). 
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A.l.4 Expression offusion proteins in E. coli in shaken-flask cultivation 

E. coli strains BL21(OE3)pLysS and Rosetta-gami B were transformed with 

each plasmid, pET15b-IL2/FUscFv(VK-VH) or pET15b-IL2/FUscFv(VwVK ), 

separately. Single colonies of freshly transformed cells were grown in shake-

flask cultures of 10 ml LB medium supplemented with 50 I-Lg/ml carbinicillin 

and 34 I-Lg/ml chloramphenicol and incubated at 37°C and 200 rpm until 

00600 reached 0.6. The cell was harvested by centrifugation at 4°C, 10160Xg, 

for 15 min. The cell pellet was inoculated in 50 ml of LB medium containing 

50 I-Lg/ml carbinicillin and 34 I-Lg/ml chloramphenicol, induced with 

appropriated concentration of isopropyl-~-O-thiogalactopyranoside (IPTG). 

The concentrations of IPTG and induction temperatures were varied 

according to experimental purposes. After induction, the cells were harvested 

by centrifugation at 4°C, 7741Xg, for 15 min. 

Lysis of the cells was carried out by using BugBuster® protein extraction 
t' ­

kit (Novagen®, Merck KGaA, Darmstadt, Germany). Briefly, cell pellet 

corresponding to 1 ml of culture was resuspended in 300 I-Ll lysis buffer, 

incubated at room temperature for 10 min, and centrifuged at 4°C, 17418 X 

g, for 20 min. Protease inhibitor cocktail for use in purification of poly(his)­

tagged proteins (Sigma-Aldrich Corp., St. Louis, MO, USA) was added to the 

cell suspension . The supernatant was saved as a soluble protein fraction and 

stored at -70°C until required. 

SOS-PAGE analysis was performed according to the method of Laemmli 

(1970). A mini-Protean was used as instructed by the manufacturer (Bio-Rad 

Laboratories Ltd., CA, USA). The fusion protein concentration was estimated 

using densitometry software, ImageJ (http://rsb.info.nih.gov/ij/). An ovalbumin 

with molecular weight 45 kOa (Wako Pure Chemical Industries, Ltd., Osaka, 

Japan) was used as a standard protein. Briefly, 0.1 to 1.0 gil of protein 

standard and samples were run on 12% SOS-PAGE, stained with 0.1% (w/v) 

solution of Coomassie stain (Sigma-Aldrich Corp., St. Louis, MO, USA) and 

dried using gel equilibrium drying set. Dry gels were scanned on HP psc1210 

ScanJet and loaded on to the ImageJ software. The target protein bands 

http://rsb.info.nih.gov/ij
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were selected, plotted, and compared with the protein standard. ImageJ 

generates a plot base on the intensity of the selected protein bands by giving 

area and percentage of each peak in correspondence with the band. Protein 

molecular-weight markers (Fermentas Inc., MD, USA) were ued as protein 

standards for determination of molecular mass. 

For Western Blots, proteins were transferred from the gel onto a PVDF 

membrane (Bio-Rad Laboratories Ltd., CA, USA) using a Mini Trans-Blot 

Electrophoretic Transfer Cell (Bio-Rad Laboratories Ltd., CA, USA). The fusion 

protein was confirmed by immunoblotting according to Western Breeze 

chromogenic detection kit (Invitrogen Corp., CA, USA). Immunoblotting was 

carried out with a monoclonal rabbit anti-hlL2 antibody and an anti-rabbit 

antibody conjugated with alkaline phosphatase. The complex was visualized 

by enzyme reaction with the substrate BClP/NBT. The His·tag was detected 

by immunoblotting using a monoclonal anti-polyHistidine, clone HIS-1 

conjugated with alkaline phosphatase according to Western Breeze 

chromagenic detection kit (Invitrogen Corp., CA, USA). -v 

A.1.5 Purification offusion proteins by Ni-aJjinity chromatography 

To purify to fusion protein, the supernatant was clarified through a 0.22 

~m membrane filter prior to purification steps. Ni-affinity chromatography 

was performed using His·Bind@Kits 5 ml column (Novagen@, Merck KGaA, 

Darmstadt, Germany). Two ml of the His·Bind resin was charged with 2 

volumes of charging buffer (50 mM NiS04) and packed under gravity flow in 

column. Next, the resin was equilibrated with 10 volumes of binding buffer 

(0.5 M NaCl, 20 mM Tris-HCl, 5 mM imidazole, pH 7.9) and drained. Ten ml of 

supernatant containing His-tagged protein was loaded into column and 

incubated at 4°C for 3h. The resin bounded with His-tagged protein was 

washed with 10 ml binding buffer, subsequently with 6 ml washing buffer (0.5 

M NaCl, 5 mM imidazole, 20 mM Tris-HCl, pH 7.9), to remove non-specifically 

bounded proteins. The protein was eluted with 6 ml eluting buffer (1 M 

imidazole, 0.5 M NaCl, 20 mM Tris-HCl, pH 7.9), and the 2 ml fractions were 

collected for 20 fractions. The fractions containing the protein (analyzed by 
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SOS-PAGE) were pooled and concentrated using Vivaspin 500 centrifugal 

concentrators (30000 MWCO, Vivaproducts, Inc., MA, USA). Finally, the protein 

was kept in PBS solution for further analysis. Protein concentration was 

determined using the Bradford Protein Assay (Bio-Rad Laboratories Ltd ., CA, 

USA) with bovine serum albumin as a standard. 

A.l .6 Analysis offunctional fusion proteins expressed in E.coli 

To quantify the functional IL2/FUscFv in the solubLe protein fraction, 

enzyme-linked immunosorbent assay (ELISA) was performed. ELISA plates 

were coated with IL2 and utilized for the assay. Briefly, 100 /-!l of soluble 

fraction was added to the plate and incubated at room temperature for 2 h. 

After washing with PBS containing 0.05% Tween 20 (pH 7.2), biotin-conjugated 

anti-human IL2 was added to the plate and incubated at room temperature 

for 1 h. After washing, bound fusion proteins were detected with TMB 

(Tetramethylbenzidine). The activity of IL2 was determined by subtracting the 

• 	 A405 nm of background binding to ovalbumin from the value obtained against 

IL2. 

A.2 Result 

A.2.1 Construction of plasmids 

The fusion genes coding for IL2/FUscFv(VK-VH) and IL2/FUscFv(VWVK) 

were successfully obtained through PCR with the accordant sequence verified 

by the agarose gel electrophoresis and DNA sequencing. The clone vectors 

pET15b-IL2/FUscFv(VK-VH) and pET15b-IL2/FUscFv(VwVK ) were constructed 

successfully so that the target genes were fused after His-tag and thrombin 

cleavage site under the control of T7 promoter. In this study, our constructs 

were different from the previous report by Matsumoto et al. because the 

arrangement of original fusion gene was FUscFv(VW VK)/IL2 and the plasmid 

contained only fusion genes without His -tag (Matsumoto et al., 2002). In this 

study, the His-tag and thrombin cleavage site were important in the future 

steps of detection, separation, and purification. Besides, the thrombin 
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cleavage site make it possible to cleave the fusion proteins into individual 

IL2/FUscFv(VK-VH) or IL2/FUscFv(VW VK ) without His-tag. 

A.2.2 Expression offusion genes and analysis of the productivity 

Previously, the molecular weights of the fusion protein FUscFv(Vw 

VK)/IL2 was reported as 43 kDa (Matsumoto et al., 2002). In this study, the 

6His-tag was added at the N-terminus, the fusion protein has an added 1 kDa 

of the molecular weights of protein target as 44 kDa. To enhance the 

formation of the disulfide bonds of eukaryotic proteins in the cytoplasm of E. 

coli, the effect of redox potential of cytoplasm on the production of soluble 

form of fusion proteins, IL2/FUscFv(VK -VH) and IL2/FUscFv(VW VK ) was 

investigated. The fusion proteins were expressed and compared between the 

reducing cytoplasm of E. coli strain BL21(DE3)pLysS and the oxidizing 

cytoplasm of trxB/gor mutant, E. coli strain Rosetta-gami B. Concurrently, it is 

well-known that temperature is one of important parameters in recombinant 
-

11
protein expression in E. coli. Thus, the effect of incubation temperature was 

also investigated under incubation temperature at 25, 30, or 37°C for both 

strains. In this study, the fusion protein expression was induced with 0.5 mM 

IPTG and cultivated for 12 h. The results showed that the fusion protein was 

expressed in both soluble and insoluble forms (Figures 2A and 28) with the 

quantitative results shown in Table 5. 
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Figure 2 Expression of soluble and total protein in E. coli strain 

BL21(DE3)pLysS/pET15b-IL2/FUscFv(VwVK) under temperature at 25, 30, and 

37°C. (A); Lane M is a protein marker. Lanes 1, 2, 3, and 4 are the ovalbumin 

standard (45 kDa) varying concentration at 0.025, 0.050, 0.100, and 0.200 gil. 

Lane 5 is the soluble protein of E. coli strain BL21(DE3)pLysS/pET15b 

(Control). Lane 7 is the soluble protein from E. coli strain 

BL21(DE3)pLysS/pET15b-IL2/FUscFv(VH-VK) induced under 25°C. (B); Lane M is 

a protein marker. Lanes 1 and 3 are the soluble protein from E. coli strain 

BL21(DE3)pLysS/pET15b(VH-VK) induced under 30 and 37°C, respectively. 

Lanes 5, 7, 9 are the total protein from E. coli strain 

BL21(DE3)pLysS/pET15b(VwVK) induced under 25, 30, and 37°C, respectively. 

Lane 4 is the ovalbumin standard (45 kDa) at concentration of 0.200 gil. 

It was observed that the production of fusion proteins in E. coli strain 

BL21(DE3)pLysS yield approximately two times higher than that was 

expressed in E. coli strain Rosetta-gami B. However, E. coli strain 

BL21(DE3)pLysS produced a relatively high amount of insoluble form. The E. 

coli strain Rosetta-gami-B/pET15b-IL2/FUscFv(VK-VH) and Rosetta-gami­



22 

B/pET15b-IL2/FUscFv(VH-VK ) achieved the highest soluble form at 

approximately 77% of the total protein under the temperature at 25°C. 

To avoid the complex and low-efficiency refolding steps in the down­

stream purification procedure, E. coli strain Rosetta-gami-B/pET15b­

IL2/FUscFv(VK -VH) and Rosetta-gami-B/pET15b-IL2/FUscFv(VwVK ) were chosen 

to optimize their culture conditions for high-level expression of soluble 

fusion proteins, IL2/FUscFv(VK -VH) and IL2/FUscFv(VW VK ), in shaken flask 

cultivation. 
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Table 5 The production of fusion proteins, IL2JFUscFv(VK -VH) and IL2JFUscFv(VW VK ), expressed in E.coli at 25, 30 and 37°C. The protein 

expression was induced with 0.5 mM IPTG for 12 h 

Fusion proteins Total protein % of soluble fusion protein Cell mass 

(~/L) in total protein (~/l) 

Temperature 25° C 


BL21(DE3)pLysS 


BL21(DE3)pLysS 


Rosetta-gami-B 


Rosetta-~ami-B 


Temperature 30°C 


BL21(DE3)pLysS 


BL21(DE3)pLysS 


IL2JFUscFv(VK -VH) 

IL2JFUscFv(VW VK ) 

IL2JFUscFv(VK -VH) 

IL2JFUscFv(VW VK ) 

IL2JFUscFv(VK -VH) 

IL2/FUscFv(VW VK) 

0.24 

0.25 

0.11 

0.13 

0.37 

0.39 

48 


50 


74 


77 


33 


38 


1.66 

2.02 

0.57 

0.91 

1.72 

2.11 



24 

Rosetta-gami-B 

Rosetta-gami-B 

Temperaute 37°C 

BL21(OE3)pLysS 

BL21(OE3)pLysS 

Rosetta-gami-B 

Rosetta-gami-B 

IL2/FUscFv(VK -VH) 


IL2IFUscFv(VH-VK ) 


IL2/FUscFv(VK-VH) 

IL2/FUscFv(VW VK ) 

IL2IFUscFv(VK -VH) 

IL2IFUscFv(VW VK ) 

0.18 

0.19 

0.24 

0.26 

0.20 

0.23 

59 

60 


23 


27 


47 


55 


1.85 

2.26 

2.94 

3.94 

2.88 

3.82 
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A.2.3 Optimizotion oj expression conditions 

A.2.3.1 Effects of cultivation temperature 

In Table 6, our results su~~ested that the effect of temperature on the 

~rovvth of E. coli and expression of fusion protein was obvious . The cell mass 

and percenta~e of soluble fusion protein were varied under different 

temperature. The hi~hest cell mass was obtained at 37°C whereas the 

hi~hest concentration and percenta~e of soluble fusion protein were 

achieved at 25°C. Thus, the optimal temperature for ~rovvth of E. coli before 

IPTG induction was set at 37°C whereas the optimal temperature for 

expression of fusion protein was 25°C. Interestin~ly, it was observed that the 

cell mass of both E. coli strain BL21(DE3)pLysS and Rosetta-~ami-B harborin~ 

pET15b-IL2/FUscFv(VK-VH) was lower cell mass than E. coli strain 

BL21(DE3)pLysS and Rosetta-~ami-B harborin~ pET15b-IL2/FUscFv(VwVK). 

However, the difference in expression level between IL21 FUscFv(VK-VH) and 

IL21 FUscFv(VWVK) fusion proteins was almost the same where the difference-""• 
in percenta~e of soluble fusion protein was not obvious. Thus, our results 

indicated that different arran~ement of heavy-chain and K li~ht-chain variable 

~ene of FUscFv, IL2/FUscFv(VK-VH) or IL2/FUscFv(VWVK), may resulted in 

different level of toxicity on cell ~rovvth. 

A.2.3.2 Effect of induction conditions 

For the plasmid pET15, the fusion protein expression was tri~~ered by 

addin~ IPTG into the culture medium. Final IPTG concentration should be 

optimized because it has a ~reat influence on recombinant protein 

expression and potential harm to cell ~rovvth . In this study, the effect of IPTG 

concentration was examined between 0.5 and 1.0 mM and the results were 

shown in Table 6. The concentration of fusion protein and the percenta~e of 

the soluble fusion protein in the total soluble proteins reached the hi~hest 

level (0.25 ~/l with solubility 89.29% of IL2/FUscFv(VWVK and 0.26 ~/l with 

solubility 84.61% of IL2/FUscFv(VK-VH)) when induced by 0.5 mM IPTG. 
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Therefore, the sequent studies were all carried out using 0.5 mM IPTG 

concentration for induction. 
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Table 6 Effects of temperature, induced concentration and duration on the solubLe protein production 

Post-induction time (h) 

o 2 4 6 8 10 12 

IL2IFUscFv(VK -VH) 

IPTG concentration (0.5 mM) 

TotaL soLuble protein (gil) 0.13 0.19 0.22 0.26 0.31 

0/0 of soluble fusion proteins 84.62 78.95 81.81 84.61 64.52 

Soluble fusion proteins (gil) 0.10 0.15 0.18 0.22 0.20 

IPTG concentration (1.0 mM) 

Total soluble protein (gil) 0.03 0.15 0.21 0.23 0.22 0.21 

0/0 of soluble fusion proteins 66.67 71 .42 73.91 77.27 80.95 

Soluble fusion proteins (gil) 0.10 0.15 0.17 0.17 0.17 

IL2IFUscFv(VwVK) 
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IPTG concentration (0.5 mM) 

Total soluble protein (gil) 0.14 0.20 0.23 0.28 0.34 

0/0 of soluble fusion proteins 78.57 80.00 82.61 89.29 73.53 

Soluble fusion proteins (gil) 0.11 0.16 0.19 0.25 0.25 

IPTG concentration (1.0 mM) 

Total soluble protein (gil) 0.09 0.24 0.27 0.29 0.30 0.31 

0/0 of soluble fusion proteins 74.17 74.07 75.86 80.00 80.65 

Soluble fusion proteins (gil) 0.17 0.20 0.22 0.24 0.25 
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After the addition of IPTG into the medium, the fusion protein begins to 

synthesize. However, the concentration of fusion protein is not proportional 

to the expression time. Thus, the optimal expression time was determined by 

analyzing samples every 2 h up to 12 h after induction. The results were 

analyzed and are shown in Table 6. The fusion protein IL2/FUscFv(VK-VH) and 

IL2/FUscFv(VW VK ) reached the highest total fusion protein after about 10 h of 

IPTG induction. 

A.2.4 Production and purification offusion proteins 

Production of fusion proteins by E.coli strains Rosetta-gami B was 

performed at 25°C and induction with 0.5 mM IPTG for 10 h. The fusion 

proteins were purified by Ni-chelating affinity chromatography. Non­

sepcifically bound proteins were removed by rinsing with washing buffers 

containing 5 mM imidazole. The protein was eluted with buffer containing 

0.5-600 mM imidazole. The elution fractions were collected and the 

functional fusion protein in each fraction was quantified by human IL2 ELISA 

kit. The results are shown in Figure 3. It was found that the fractions eluted 

with 50 mM imidazole was optimum for elution the fusion proteins from 

HisBine resin column. 
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(A) (8) 

kOa M 1 2 3 4 5 6 7 8 9 kDa M 1 2 3 4 5 6 7 8 9 

Figure 3 Analysis of the purified fusion protein IL2/FUscFv(VwVK ) 

produced by E. coli strain Rosetta-gami B at 25°C and induction with 0.5 mM 

IPTG for 10 h. (A); the 50S-PAGE analysis stained by Coomassie Brilliant Blue. 

(B); The western blot analysis. The purified fusion proteins separated on SDS­

PAGE was electroblotted onto the PVDF membrane and Immunoblotting was 

carried out with a monoclonal rabbit anti-human IL2 antibody 0:10,000) and 

an anti-rabbit antibody conjugated with alkaline phosphate. Lane M, protein 

marker; Lane 1, crude soluble fraction of the control (E. coli strain Rosetta­

gami B/pET15b); Lane 2, crude soluble protein from E. coli strain Rosetta­

gami B/pET15b-IL2/FUscFv(VwVK ); Lanes 3, 4, 5, 6, 7, 8, and 9 are eluted 

fractions with buffer containing 5, 10, 20, 40, 50, 100, and 600 mM Imidazole, 

respectively. 

The fusion proteins thus purified revealed a single band of 44 kOa on 

immunoblotting using rabbit anti-hlL2 antibody specific binding to IL2 of the 

fusion protein as primary antibody and anti rabbit antibody conjugation with 

alkaline phosphatase as secondary antibody. The expression signal was 

detected by BClP/NBT solution that reacted with alkaline phosphatase 

(Figures 4A and 4B). 
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(A) (B) 

kDa M 1 2 3 4 5 6 7 8 M kDa M 1 2 3 4 5 6 7 8 M 

117 

85 

£19 

3£1 

25 

19 

Fusion protein 

£14 kDa 

( 

Figure 4 The western blot analysis 0:10,000 anti-human IL2 antibody) 

of purified fusion protein IL2/FUscFv(VwVK) and IL2/FUscFv(V1(-VH) produced 

by E. coli strain Rosetta-gami B at 25°C and induction with 0.5 mM IPTG for 10 

... h. (A) Lane M, protein marker; Lanes 1 and 2 are crude soluble protein of 
• 

control (E. coli strain Rosetta-gami B/pET15b). Lanes 3 and 4 are crude 

soluble protein of E. coli strain Rosetta-gami-B/pET15b-IL2/FUscFv(VH-VK). 

Lanes 5 and 6 are purified IL2/FUscFv(VwVK). Lanes 7 and 8 are crude total 

protein of E. coli strain Rosetta-gami-B/pET15b(VwVK). (B) Lane M, protein 

marker; Lanes 1 and 2 are crude soluble protein of control (E. coli strain 

Rosetta-gami-B/pET15b). Lanes 3 and 4 are crude soluble protein of E. coli 

stra in Rosetta-gami B/pET15b-IL2/FUscFv(VK-VH). Lanes 5 and 6 are purified 

IL2/FUscFv(VK-VH) ' Lanes 7 and 8 are crude total protein of E. coli strain 

Rosetta-gami-B/pET15b-IL2/FUscFv(VK-VH). 

A.3 Discussion 

The benefit of E. coli as an expression organism, i.e. low cost of 

production, ease of genetics manipulation, and cultivation on a large scale, 

make it an attractive host organism for over-production of eukaryotic proteins. 

However, in the few previously reported regarding the expression of IL2 

fusion proteins using scFv, Liao et al. have reported that the expression level 
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of IL2 fusion proteins when IL2 was fused directly to the carboxyl-terminal 

end of the VH chain of anti-CEA F39scFv without a linker. The resultant fusion 

protein F39scFv(VK-VH)/IL2 expressed in a mouse non-secreting hybridoma 

cell, Sp2/0-Ag14, was very low in an order of less than 500 ng/ml (Liao et al., 

2001). Moreover, the expression of fusion protein between superantigen 

staphylococcal enterotoxin A (SEA) and FUscFv, SEAlFUscFv, in E. coli strain 

BL21(DE3) resulted in accumulation of recombinant protein in an insoluble 

form in cytoplasmic inclusion bodies and involved unfavorable purification 

steps for protein refolding (Ueno et al., 2002). Normally, a high concentration 

of incorrectly folded recombinant protein results in the formation of 

inclusion bodies. Refolding can recover active protein from inactive inclusion 

bodies, however, in case of bifunctional fusion proteins, it has proven difficult 

to attain in high yield despite several attempts to characterize and optimize 

factors influencing refolding and stability. An initial expression of correctly 

folded, soluble recombinant protein is therefore preferred. In an attempt to 

produce soluble fusion proteins, different bacterial strains and cultivated 

temperatures were employed; furthermore, an appropriate concentration of 

IPTG for induction of protein expression and induction time was also 

investigated. 

Our results indicated that the formation of IL2/FUscFv needs the 

formation of disulfide bridges for properly folding of protein structure. For the 

expression of fusion proteins IL2/FUscFv(VK-VH) and IL2/FUscFv(VW VK ), the 

expression level of fusion proteins in E. coli strain BL21(DE3)pLysS was twice 

higher than E. coli strain Rosetta-gami B, but E. coli strain Rosetta-gami B 

resulted in high percent of soluble fusion protein. The E. coli strain Rosetta­

gami B possessed a little slower growth than E. coli strain BL21(DE3)pLysS. 

Among the E. coli strains, BL21(DE3)pLysS was identified as the most widely 

used host for protein expression with the advantage of being deficient in 

proteases. Thus, E. coli strains BL21(DE3)pLysS was chosen as the tested host 

strain in this study. However, many proteins require the formation of stable 

disulfide bonds for proper folding and activity. Without disulfide bonds, these 

proteins may be degraded or accumulated as inclusion bodies. One limitation 

of producing properly folded proteins in E. coli has been the relatively high 
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reducing potential in the cytoplasmic compartment; disulfide bonds are 

usually formed only upon export into the peri plasmic space. Bacterial strains 

with glutathione reductase (gor) and thioredoxin reductase (trxB) mutations 

greatly enhance the formation of disulfide bonds in the E. coli cytoplasm 

(Aslund et al., 1999; Prinz et al., 1997). As the properly folded processes four 

structural disulfide bonds, in this study, the second tested E. coli strain was 

the Rosetta-gami Blacking thioredoxin (trxB) and glutathione (gor) reductases, 

thus facilitating the formation of disulfide bonds in the cytoplasm (Bessette 

et al., 1999). The E. coli strain Rosetta-gami B is also appropriate to overcome 

the differences in codon bias between prokaryotes and eukaryotes. Thus, it is 

combined functions address both disulfide bond formation and expression of 

eukaryotic protein . In this study, E. coli strain BL21(DE3)pLysS grew to 

considerable cell densities and gave high yield of fusion protein. The E. coli 

strain Rosetta-gami B grew to modest cell densities compared to the 

BL21(DE3)pLysS. As an explanation of the slow growth of the trxB and gor 

mutant strains, Bessette et al. (1999) suggested that the absence of the two 

major disulfide reducing pathways in the cytoplasm renders inactive the 

catalytic cycle of an essential enzyme, or alternatively, aberrant disulfide 

bonds are formed in an essential cytoplasmic protein that as a result 

becomes inactive. 

The effect of temperature on growth and expression of fusion proteins 

was investigated at 25°C, 30°C, and 37°C in both E. coli strains 

BL21(DE3)pLysS and Rosetta-gami B. It was found that cultivated 

temperature at 25°C stimulates higher production of soluble protein 

compared to 37°C. Cultivation at higher temperature favored growth and the 

production of insoluble protein in both strains. Our results are in agreement 

with the reported beneficial effect of lower expression temperate on 

solubility of the recombinant protein (Esposito and Chatterjee, 2006; 

Schlieker et al., 2002). In case of E. coli strain Resetta-Gami B, the expression 

of fusion protein at 25°C maintained a reasonable yield and formed soluble 

protein (77%). Obviously, our results indicated that the different arrangement 

of heavy-chain and K light-chain variable gene of FUscFv, IL2/FUscFv(VK-VH) 
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or IL2/FUscFv(VW VK), had influence on cell growth. The fusion protein 

IL2/FUscFv(VK-VH) may toxic to E. coli because the expression level of 

IL2/FUscFv(VK-VH) and IL2/FUscFv(VWVK) was almost the same level, but 

growth rate of both E. coli strains accumulating IL2/FUscFv(VK -VH) was twice 

lower than those synthesizing IL2/FUscFv(VW VK). 

For difficult eukaryotic proteins, it has been shown that IPTG 

concentration as low as J.lM resulted in increased soluble protein instead of 

inclusion body (Miller et al., 1999). Miller et al. (2005) also reported the use 

of an autoinduction system containing 1 mM IPTG and found that the 

majority of scFv forms insoluble inclusion bodies. Therefore, if higher yields 

of soluble scFv are desired, varying the amount of IPTG or changing 

temperature during induction might result in increased yields of soluble scFv. 

In this study, the optimal condition is consisting of two phases. For cell 

growth, the optimal temperature was at 37°C. After 00600 nm reached 0.6, 

cells were transferred to fresh LB medium containing 0.5 mM IPTG and 

cultivated at 25°C for 10h. 

The produced fusion proteins had the N-terminal His·tag as detected by 

Immunoblotting with a monoclonal anti-polyHistidine, clone HIS-I. Thus, the 

purification was accomplished by Ni-affinity chromatography. The results of 

purified fusion protein are shown in Figure 3 as the western blot analysis of 

the soluble fusion proteins of E. coli strain Rosetta-gami-B/pET15b­

IL2/FUscFv(VK -VH) and E. coli strain Rosetta-gami-B/pET15b-IL2/FUscFv(VwVK ) 

using rabbit anti-hlL2 antibody (diluted 1:10,000) specific binding to IL2 of the 

fusion protein as primary antibody and anti rabbit antibody conjugation with 

alkaline phosphatase as secondary antibody. Due to the existence of His·tag, 

the fusion protein could be easily purified by Ni-affinity chromatography using 
®

His·Bind Kits. In general, expressing scFv antibody to a single antigen is often 

required to test their effectiveness in immunoprecipitation or ELISA. Based on 

the results obtained from testing with human IL2 ELISA kit, the results 

demonstrated that the purified fusion protein was reacted with human IL2. 
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A.4 Conclusion 

The fusion proteins IL2/FUscFv(VW VK ) and IL2/FUscFv(VK -VH) are useful 

antibody markers with potential use in dia~anostics, therapeutics, and 

proteomic analyses. The E. coli strains Resetta-~ami-B harborin~ pET15b­

IL2/FUscFv(VK -VH) or pET15b-IL2/FUscFv(VwVK) were chosen for fusion 

protein expression. The fusion proteins were expressed in reasonable yield 

with hi~h percenta~e of soluble form (0.25 ~/l IL2/FUscFv(VW VK ) with 

solubility 89.29% and 0.26 ~/l IL2/FUscFv(VK-VH) with solubility 84.61 %) when 

cultivated in LB medium containin~ 50 J..l~/ml carbinicillin and 34 J..l~/ml 

chloramphenicol and induced with 0.05 mM IPTG at 25°C for 10 h. Due to 

the existence of His·ta~ verified by the western blot, the fusion protein could 
®

be easily purified by affinity chromato~raphy using His·Bind Kits. The fusion 

proteins were successfully purified by elutin~ with buffer containing 50 mM 

imidazole. The purified fusion protein was quantified by human IL2 ELISA kit 

and ~ave positive result meanin~ that the produced fusion protein contained 

recombinant human IL2. By using an appropriated heterologous expression 

system, low-efficient refoldin~ that is necessary in the case of enzyme 

accumulation in inclusion bodies could be avoided. 

A.5 Suggestion for Further Work 

The fusion proteins expressed intracellularly in E. coli (cytoplasm or 

periplasm) possesses several drawbacks such as extraction and purification 

steps need to perform carefully and immediately. Moreover, freeze-thaw 

cycle may cause instability of protein function or stimulate formation of 

inclusion bodies. Thus, production of secreted fusion proteins is considered 

to be superior to intra-cellular fusion proteins. In the next chapter, the 

production of secreted fusion proteins can be investigated in eukaryotic 

expression systems, allowing a potential breakthrough for antibody 

technology in producing large amounts of specific recognition units coupled 

to effector molecules for consumer applications. 



36 

CHAPTER B: Production, purification, and characterization of secreted fusion 

proteins IL2/FUscFv expressed in P. postoris 

B.l Materials and Methods 

B.l.l The fusion gene 

The fusion genes encoding for anti-FU-MK-l-scFv/IL2 were obtained 

from Professor Kuroki Masahide (School of Medicine, Fukuoka University, 

Japan). 

B.l.2 Strains of P. postoris 

P. postoris strains GSl15 (his4) and KM71H (org4; ooxl:ARG4) were used 

as expression hosts. All yeast strains were kept as frozen stocks in YPD 

medium (1% (w/v) yeast extract, 2% (w/v) peptone, 1 % (w/v) glucose) 

supplemented with 15% (v/v) glycerol at -70°C. 

B.l.3 Construction of expression vectors 

The fusion genes coding for IL2/FUscFv(VK-VH) and IL2/FUscFv(VW VK ) 

were amplified by PCR and cloned into pPICZU-A containing a C-terminal 

His ·tag sequence (Invitrogen Corp., CA, USA). The expression vectors 

pPICZUA-IL2/FUscFv(VK-VH) or pPICZUA-IL2/FUscFv(VwVK ) were linearized 

with Pmel and transformed into P. postoris strains GS115 and KM71H 
TM 

separately, using the LiCl method as described in the EasyComp 

Transformation kit (Invitrogen Corp., CA, USA). After a 3-days culture on YPDS 

agar plates (1% yeast extract, 2% peptone, 2% dextrose, 1M sorbitol, 2% 

TM 
agar) containing with Zeocin (100 f.lg/ml) (Invitrogen Corp., CA, USA), the 

transformants grew and formed colonies on selection plates. 

8.1.4 Expression screening 

Individual Zeocin-resistant colonies were analyzed expression of 

secreted fusion protein in shake flask cultures. Briefly, each twenty 

independent single colonies were randomly selected and propagated on 

separate YPDS plates containing 100 /-!g/ml Zeocin TM, and subjected to the 



37 

analysis of the secretion level. Individual colonies were inoculated in 10 ml 

of BMGY medium 0 % yeast extract, 2% peptone, 1.34% yeast nitrogen base, 

-5 
4X 10 % biotin, 1% glycerol, 100 mM potassium phosphate, pH 6.0) in a 250 

mL baffled flask to grow overnight at 30°C with shaking at 200 rpm. The cells 

in the pre-culture were haNested by centrifugation (2,000X g, 5 min, 4°C) and 

resuspended in 50 mL of BMMY medium (BMGY with 0.5% methanol) in a 250 

mL baffled flask. The induction cultures were incubated at 30°C with shaking 

at 200 rpm to induce expression by the addition of 0.5% methanol at every 

24 h inteNals. 

B.l.5 Determination ojMethanol Utilization Phenotype 

Vector pPICZ(X-A linearized within the 5' AOX1 region will integrate by 

gene insertion into the host 5' AOX1 region and allow an integration only 

occur at the AOX 1 (alcohol oxidase gene) locus. Howver, all transformants of 
S 

.. 	 KM71H are Mut because of the disruption of the AOX1 gene (aoxl::ARG4) . 

There is no need to test recombinants strain KM71H for the Mut phenotype. 

Therefore, only transformant P. pastoris strains GS115 was determined the 

methanol utilization (Mut) phenotype whether the recombinant strain was 
. 	 + S

able to metabolize methanol fast (Mut ) or slow (Mut ). In general, most of 

the transformants GSl15 should be Mut+; however, with the presence of the 

AOX1 sequences in the plasmid, there is a chance that recombination will 

occur in the 3'AOX1 region also, disrupting the wild-type AOX1 gene and 
S 

creating Mut transformants. Therefore, testing on Minimal Dextrose Histidine, 

MDH, (1.34% yeast nitrogen base with ammonium sulfate without amino 

5	 3
acids, 4X 10- % biotin, 2% dextrose, 4X 10- Histidine) and Minimal Methanol 

Histidine, MMH, 0.34% yeast nitrogen base with ammonium sulfate without 

-5 	 -3 
amino acids, 	 4X 10 % biotin, 4X 10 Histidine, 0.5% methanol) plates was 

performed to 	confirm the Mut+ phenotype. The individual Zeocin-resistant 

transformants GSl15 was streak on both an MMH plate and an MDH plate 

S 
and incubated at 30°C for 2 days. To differentiate Mut+ from Mut , each of 

S +
the controls (GSl15/Mut Albumin and GSl15/pPICZllacZ Mut ) were also 

steak onto the MDH and MMH plates. Mut+ strains should grow normally on 
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S 
both plates, while Mut strains should grow normally on the MOH plate but 

show little or no growth on the MMH plate. 

8.1.6 50S-PAGE and Western blotting 

Clarified supernatant samples were separated on 12% polyacrylamide 

gel under reduced conditions. The SOS-PAGE analysis was performed 

according to the method of Laemmli (1970). A mini-Protean was used as 

instructed by the manufacturer (Bio-Rad Laboratories Ltd., CA, USA). The 

fusion protein concentration was estimated using denSitometry software, 

ImageJ(http://rsb.info.nih.gov/ij/). An ovalbumin with molecular weight 45 

kOa (Wako Pure Chemical Industries, Ltd., Osaka, Japan) was used as a 

standard protein. Briefly, 0.1 to 1.0 gil of protein standard and samples were 

run on 12% SOS-PAGE, stained with 0.1 % (w/v) solution of Coomassie stain 

(Sigma-Aldrich Corp., St. Louis, MO, USA) and dried using gel equilibrium 
;; 

drying set. Dry gels were scanned on HP psc1210 ScanJet and loaded on to 

o·the ImageJ software. The target protein bands were selected, plotted, and 

compared. ImageJ generates a plot base on the intensity of the selected 

protein bands by giving area and percentage of each peak in correspondence 

with the band. Dry gels were scanned on HP psc1210 ScanJet and loaded on 

to the ImageJ software. The target protein bands were selected, plotted, and 

compared with the protein standard. ImageJ generates a plot base on the 

intensity of the selected protein bands by giving area and percentage of each 

peak in correspondence with the band. Protein molecular-weight markers 

(Fermentas Inc., MO, USA) were used as protein standards for determination 

of molecular mass. 

For Western Blots, proteins were transferred from the gel onto a PVOF 

membrane (Bio-Rad Laboratories Ltd., CA, USA) using a Mini Trans-Blot 

Electrophoretic Transfer Cell (Bio-Rad Laboratories Ltd., CA, USA). The fusion 

protein was confirmed by immunoblotting according to Western Breeze 

chromogenic detection kit (Invitrogen Corp., CA, USA). Immunoblotting was 

carried out with a monoclonal rabbit anti-hlL2 antibody and an anti-rabbit 

antibody conjugated with alkaline phosphatase. The complex was visualized 

by enzyme reaction with the substrate BClP/NBT. The Hisotag was detected 
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by immunoblotting using a monoclonal anti-polyHistidine, clone HIS-l 

conjugated with alkaline phosphatase according to Western Breeze 

chromagenic detection kit (Invitrogen Corp., CA, USA). 

B.l.7 Optimization oj the production oj jusion protein expressed in P. 

pastoris in shaken flask cultivation 

To enhance the production of secreted protein in P. pastoris, the effect 

of changing in pH, temperature, and concentration of methanol induction on 

growth and fusion protein expression were examined in shaken flask 

cultivation. Firstly, the pH value of BMMY was varied from pH 3, 4, 5, 6, 7, 8, 9, 

and 10. Next, temperature was varied at 20, 25, 30, and 37°C. Finally, the 

concentration of methanol induction was varied at 0.01 %, 0.1 %, and 0.5% 

(v/v). Briefly, the transformant was cultured in 20 ml of BMGY at 30°C, 200 

rpm until the 00600 reached 8 to 10. The culture was centrifuged at 10160Xg 

for 10 min. The supernatant was discarded and the cells were transferred 
-. 

into baffle flasks with 40 ml of BMMY varying pH between 3 and 10 and 

incubated at 20, 25, 30, or 37°C in 200 rpm shaking incubator for 96 hours. 

To induce the expression of fusion protein, absolute methanol was added to 

a final concentration of 0.01 %, 0.1 %, and 0.5% at 12 h interval. The sampling 

of culture was taken every 12 h for cell dry weight measurement. The 

supernatant was collected for protein analysis by Coomassie-stained SDS­

PAGE and Western blot method. The methanol concentration remaining in 

the medium was analyzed by Gas Chromatography. 

B.l .8 Production oj IL2IFU-MK-l-scFv by P. pastoris in jed-botch culture 

The production was divided into two phases. The first phase was growth 

phase using glycerol as a main carbon source and the second phase was 

methanol induction phase. In this study, glycerol concentration in growth 

phase was varied at 5%, 7.5%, and 10% (w/v). The fermentation temperature 

was kept constant at 30°C throughout cultivation. In the growth phase, the 

pH value was maintained at pH 6.0 to promote biomass production . After 

depletion of glycerol, the feeding of methanol was started and the pH value 
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was changed to pH 3 or pH 4. The dissolved oxygen (DO) was automatically 

controlled via DO cascade control system and maintained at above 40%. All 

of these parameters were recorded and monitored using program online 

TK97 Data Record software version 2.04 (EYLA Tokyo Rikakikai Co., Ltd., Japan) 

computer. The concentration of 10% (v/v) ammonium hydroxide and 20% 

(v/v) phosphoric acid were used as pH control agents. The silicone antifoam 

emulsions (Wako Pure Chemical Industries, Ltd ., Japan) 5% (v/v) was used for 

foam reducing agent. The air flow rate of 4 mVmin was used for aeration. 

Briefly, a transformant P. postoris was inoculated to 10 ml YPD and 

grown overnight at 30°C. A total of 200 ml BMGY was inoculated with 1 ml of 

the overnight culture and incubated at 30°C with 200 rpm shaking until the 

culture reached an 00600 of 10. This culture was inoculated to 5 l fermenter 

containing 2.5 l of modified basal salts medium (medium 1 liter containing of 

4.25 ml ortho-phosphoric acid, 9.4 mM MgS04' 1 mM CaS04, 16.4 mM K2S04, 

11.4 mM KOH) and added 4 mVl PTM 1 trace salts (24 mM CUS04, 0.53 mM 

Nal, 19.87 mM MnS04, 0.83 mM Na2Mo04, 0.32 mM boric acid, 2.10 mM CoCl2, 

0.15 mM ZnCl2, 0.23 M FeS04, 0.82 mM biotin) after sterilization. 

The samples were taken at 6 h interval for further analysis until the 

glycerol was exhausted as indicated by a sharp Signal of DO spike. Then, the 

methanol induction phase was started by methanol feeding in fed-batch 

culture. Methanol feed solution is consisting of an absolute methanol with 12 

mVl PTM 1. After the DO spike, samples were taken every 12 h for 96 h for 

further analysis. The sample was centrifuged at 17,418Xg for 10 min and the 

cell pellet was used for wet and dry cell weight analysis. The supernatant 

was kept at -20°C for protein and methanol analysis. 

B.l.9 Purification ojJusion proteins by Ni-affinity chromatogroph y 

To purify to fusion protein, the supernatant was clarified through a 0.22 

~m membrane filter prior to purification steps. Ni-affinity chromatography 
® 

was performed using His·Bind Kits 5 ml column (Novagen@, Merck KGaA, 

Darmstadt, Germany). Two ml of the His·Bind resin was charged with 2 

volumes of charging buffer (50 mM NiS04) and packed under gravity flow in 
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column . Next, the resin was equilibrated with 10 volumes of binding buffer 

(0.5 M NaCl, 20 mM Tris-HCl, 5 mM imidazole, pH 7.9) and drained. Ten ml of 

supernatant containing His-tagged protein was loaded into column and 

incubated at 4°C for 3h . The resin with bound His-tagged protein was 

washed with 10 ml binding buffer, subsequently with 6 ml washing buffer (0.5 

M NaCl, 5 mM imidazole, 20 mM Tris-HCl, pH 7.9), to remove non-specifically 

bounded proteins. The protein was eluted with 6 ml eluting buffer (0.5 - 1 

M imidazole, 0.5 M NaCl, 20 mM Tris-HCl, pH 7.9), and the 2 ml fractions were 

collected for 20 fractions. The fractions containing the protein (analyzed by 

SOS-PAGE) were pooled and concentrated using Vivaspin 500 centrifugal 

concentrators (30000 MWCO, Vivaproducts, Inc., MA, USA). Finally, the protein 

was kept in PBS solution for further analysis. Protein concentration was 

determined using the Bradford Protein Assay (Bio-Rad Laboratories ltd., CA, 

USA) with bovine serum albumin as a standard. 

B.l.1O Measurement of human IL2 protein levels in the IL2/FUscFvs 

expressed in P. pastoris 

The concentration of IL2 in the IL2/FUscFv was determined by an 

enzyme-linked immunosorbent assay (ELISA) kit (Human IL2 ELISA Ready-Set­

Go, eBioscience Inc., CA, USA) according to the instruction. In brief, EUSA 96 

well plates (Corning Costar 9018 ELISA 96 well plate, Corning Incorporated, 

NY, USA) were coated with capture antibody in coating buffer. Test samples 

and serial dilutions of IL2 standard were added and incubated for 1 h at room 

temperature. Biotin-conjugated rabbit anti-human IL2 as a detection antibody 

was added after washing. Then 100 J...ll avidin-HRP diluent was added and 

incubated at room temperature for 1 h. After washing, 100 J...ll TMB 

(Tetramethylbenzidine) substrate solution was added and incubated for 15 

min. The plates were read at 00450 nm with a Bio-Rad microplate reader (Bio­

Rad Laboratories ltd., CA, USA). Standard curves were generated with human 

recombinant IL2 (eBioscience Inc., CA, USA). 

B.l.l1 Characterization of the fusion pratein for specific binding activity 
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Briefly, 20 ~g cell lysate proteins of CHO-MK-l and CHO cell in 100 ~l 

coating buffer (eBioscience, Inc., CA, USA) were added in triplicate to 96 well 

plate (Corning Costar 9018 ELISA 96 well plate, Corning Incorporated, NY, 

USA). After incubation overnight at 4°C, 4 ~g of fusion protein IL2/FU scFv in 

100 ~l assay diluents (eBioscience Inc., CA, USA) was added in each well and 

incubated at room temperature for 2 h. Then, biotin-conjugated anti-human 

IL2 diluted 1:200 was added in assay diLuent. The plate was incubated at 

room temperature for 1 h. Next, Avidin-HRP (eBioscience Inc., CA, USA) diLuted 

1:200 in assay diluents was added and incubated at room temperature for 30 

min. Consequently, 100 ~L TMB (eBioscience Inc., CA, USA) solution was 

added in each well and incubated at room temperature for 15 min. FinaLLy, 

50 ~l of 2 N H2S04 was added to stop reaction. The plates were read at 00450 

nm with a Bio-Rad microplate reader (Bio-Rad Laboratories Ltd., CA, USA). 

B2 Result 

8.2.1 Transformation and selection of recombinant clones P. pastoris 

The aim of this study was to express the fusion protein of IL2/FUscFv by 

P. postoris via pPICZaA containing of the 5. cerevisiae a-mating factor. This 

system offers severaL advantages, such as the strong promoter of AOX1, the 

ability to culture cells at high density, and Simplified purification procedure 

for secreted heterologous proteins (Romanos et al., 1995; Cregg et al. 2000; 

Cereghino et al., 2002). Moreover, similar to mammalian and insect cells, P. 

postoris can carry post-translational modifications for foreign proteins such as 

glycosylation (Cereghino and Cregg, 2000). 

To facilitate immunohistochemical, biochemical, and bioassay 

investigations, large amount, ca. 100 mg, of scFv is required. In the few 

previously reported regarding the expression of IL2 fusion proteins using scFv, 

it was reported that the fusion protein anti-CEA F39scFv(VK-VH)/IL2 expressed 

in a mouse non-secreting hybridoma ceLL, Sp2/0-Ag14, was very low in an 

order of less than 500 ng/ml (Liao et al., 2001). It was also reported that the 

expression of fusion protein between superantigen staphylococcal 

enterotoxin A (SEA) and FUscFv, SENFUscFv, in E. coli strain BL21(OE3) 

I 
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resulted in accumulation of recombinant protein in an insoluble form in 

cytoplasmic inclusion bodies and involved unfavorable purification steps for 

protein refolding (Ueno et al., 2002). Moreover, in the previous study, the 

level of expression of FUscFv/lL2 in P. postoris was approximately 0.002 gil of 

FUscFv/lL2 fusion protein was detected in the culture medium (Matsumoto 

et al., 2002). 

Normally, P. postoris produces higher amounts of heterologous proteins 

than other systems and is particularly advantages for smaller proteins 

(Cereghino and Cregg, 2000). Levels approaching 1.2 gil scFv using S. 

cerevisioe sucrose invertase secretion signal have been reported (Freyer et al., 

2000). However, the large scale production of the scFv-related fusion protein 

is still an unsolved issue and there are no reports showing a large scale 

production of scFv/lL2 fusion protein compared to the expression of whole 

"" 
MAb molecule/lL2 fusion protein. In this study, the fusion proteins, 

IL2/FUscFv(VK -VH) and IL2/FUscFv(VW VK ), were fused to carboxyl-terminal c­

". 
myc and HIS·tag to allow for immunodetection and affinity purification. The 

predicted molecular weight of the scFv under investigation was 45 kDa. 

Firstly, phenotype of host P. postoris has impact to recombinant protein 
s

expression and growth of host under methanol induction. Mut (methanol 
+

utilization slow) and Mut (methanol utilization plus) phenotypes are used to 

evaluate P. postoris transformant for recombinant protein expression . As 
+

earlier description, most P. postoris strain GSl15 is Mut phenotype which 

contains a functional copy of AOXl responsible for approximately 85% of the 
s

utilization of methanol. P. postoris strain KM71H is usually Mut phenotype 

which contains a non-functional AOXl and relies on alcohol oxidase enzyme 

being produced from an alternative gene, AOX2. The AOX2 has specific 

activity same as AOXl but has lower level of expression and can only utilize 

methanol slowly (Daly and Hearn, 2005). In this study, the expression vectors 

pPICZUA-IL2/FUscFv(VK-VH) or pPICZUA-IL2/FUscFv(VW VK ) were linearized 

with Pmel and transformed into P. postoris strains GS115 and KM71H 

separately, according to EasyCompTM Transformation protocol. For pPICZUA­

IL2/FUscFv(VK -VH), there were 14 colonies of transformant P. postoris strain 
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KM71H and 20 colonies of transformant P. postoris strain GSl15 grown on 

TM 
YPOS plate containing 100 Ilg/ml Zeocin . For pPICZaA-IL2/FUscFv(VwV1(), 

there were 21 colonies of transformant P. postoris strain KM71H and 54 

colonies of transformant P. postoris strain GS115 on YPDS plate containing 

100 Ilg/ml ZeocinTM. All transformants were tested for small scale expression 

of fusion protein in shaken flask cultivation induction with methanol. The 

protein expression was screened by SOS-PAGE analysis. 

(A) 

(8) 

: 

Figure 5 Collection plates of transformant P. postoris on YPDS 

containing 100 ug/ml Zeocin 
TM 

. (A); colonies of transformant P. postoris strain 

KM71H. (B); colonies of transformant P. postoris strain GSl15. 

The best transformant capable of producing secreted fusion protein 

IL2/FUscFv in medium via the 5. cerevisioe a-mating factor was selected by 

small scale expression of fusion protein in flask cultivation. In the primary 

screening step, the secreted fusion protein supernatants were analyzed by 

Coomassie-stained SOS-PAGE. In the secondary step, the fusion protein was 

confirmed by immunoblotting using rabbit anti-hlL2 antibody specific binding 
-' 

to IL2 of the fusion protein as primary antibody and anti rabbit antibody 

conjugation with alkaline phosphatase as secondary antibody. The expression 

signal was detected by BCIP/NBT solution that reacted with alkaline 

phosphatase. 
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During an initial attempt to screen for the best transformant capable of 

producing secreted fusion protein, it was found that all transformants 

harboring pPICZUA-IL2/FUscFv(VK-VH) were unstable since the protein was no 

longer detectable after overnight storage at 4°C. Freezing at -80°C was 

sufficient to prevent degradation, however, the sample could not withstand 

more than one freeze-thaw cycle. Interestingly, transformants harboring 

pPICZUA-IL2/FUscFv(VWVK) did not result in loss of product during multi 

freeze-thaw cycle, indicating that the secreted fusion protein IL2/FUscFv(Vw 

VK) was stable. Thus, we omit all transformants harboring pPICZUA­

IL2/FUscFv(VK-VH) for further investigations. 

Next, the aim of this research was focused on optimization of secreted 

IL2/FUscFv(VWVK) production in P. poston's strain GSl15 compared with P. 

postoris strain KM71H . In this study, all transformants P. postoris strain KM71H 

expressed very low amount of secreted fusion protein IL2/FU-MK1-scFv(Vw 

-. VK) and not appropriate for increasing scale of production. Thus, only one 

transformant among 54 transformants of P. postoris strain GS115 was 

selected to express IL2/FUscFv(VWVK) under regulation of methanol inducible 

AXOl promoter. The Coomassie-stained SDS-PAGE and immunoblotting of 

the selected transformant P. postoris strain GS115 were shown in Figures 6A 

and 6B, respectively. 
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Figure 6 Time courses of secreted fusion protein IL2/FUscFv(VW VK) in 

supernatant produced by P. pastoris strain GSl15 at 30°C after 0.5 % (v/v) 

methanol induction. (A) Coomassie stained SOS-PAGE of secreted fusion 

protein IL2/FUscFv(VwVK) in supernatant samples. Lane M, protein molecular 

weight marker; lane 1, 60 h induction; lane 2, 72h induction; lane 3, 84 h 
0" 

induction; lane 4, 96 h induction. (B) The western blot analysis (1:10,000 anti­

human IL2 antibody) of secreted fusion protein IL2/FUscFv(VWVK ) in 

supernatant samples. Lane M, protein molecular weight marker; lane 1, non­

expressing clone; lane 2, 60 h induction; lane 3, 72h induction; lane 4, 84 h 

induction, and lane 5, 96 h induction. 

The expression level of individual P. pastoris transformants varied, the 

best clone producing approximately >0.100 gil under standard conditions. It 

is possible to increase heterologous protein expression in P. pastoris through 

genetic manipulation of secretion Signals, gene dosage, mRI\lA 5'- and 3'­ • 
untranslated regions, and codon usage (Sreekrishna et al, 1997). Thus, we 

chose the practical approach of optimizing cell growth conditions to optimize 

expression levels in the next experiement. 

B.2.2 Optimization of the fusion protein expression in shaken flask cultivation 

The optimal conditions for recombinant protein expression using P. 

pastoris system are important factors to improve productivity of recombinant 
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protein. Small-scale expressions in shaken flask cultivation are often 

employed as the first stage for optimization of recombinant proteins 

production and investigating optimal condition for maximized the production 

of secreted recombinant protein (Daly and Hearn, 2005). In this study, before 

the large scale production in 5 l fermentation, the important parameters i.e. 

pH, temperature, and methanol concentration were examined in small-scale 

expression. 

B.2.2.1 Effect of pH on cell ~rowth and IL2/FUscFv(VwVK) production by P. 

pastoris 

The effect of pH on cell growth and IL2/FUscFv(VwVK ) expression was 

examined in BMMY induction medium buffered to limit the protease activity. 

The optimal pH was examined at pH 3, 4, 5, 6, 7, 8, 9, and 10 in BMMY. Figure 

7 shows time courses of biomass (gil) in 0.5% (v/v) methanol induction phase 

when pH value was varied from 3 to 10. 

12 -----------------------------------­
___ pH 6-i:r- pH 3 -D-- pH 4 -.-pH5 


10 
 ___ pH 8-+- pH 7 -0- pH 9 -0- pH 10 

~ 8 
~ 

m6o
:.c 
Q) 
z 	 4 

2 

o 
o 12 24 36 48 60 72 84 96 

Induction time (h) 

Figure 7 Comparison of dry cell weight (gil) of P. pastoris strain GSl15 
o 

during methanol induction phase with 0.5% (v/v) methanol at 30 C and 

under different pH tested. 

The cell density increased under acidic to neutral pH from pH 3 to 7 

whereas it decreased under alkaline pH from pH 8 to 10. These results may 

imply that pH between 3 and 7 were optimal values for growth of P. pastoris 
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strain GS115. The results were similar to the study of Cregg et al. (1993) and 

Damasceno et al. (2004). Consequently, the amount of secreted fusion 

protein must be crucially considered in production process. Figures 8A and 8B 

show the amount of secreted fusion protein produced under various pH 

tested . 

It was obviously found that the pH 3 and 4 enhanced the secretion of 

the fusion protein IL2/FU-MKl-scFv(VwVK ) during methanol induction phase. 

On the other hand, pH values from 5 to 10 gave no expression of secreted 

fusion protein. It was suggested that acidic pH may prevent protease activity. 

The results were similar to the previous reports (Hong et al, 2002; Damasceno 

et al., 2004; Sinha et al., 2005). It was also reported that acidic pH is often 

used for recombinant protein production and pH 3 was found to be 

responsible for the optimal production of insulin-like growth factor-I and 

cytokine growth blocking peptide (Brierley et al., 1994; Koganesawa et al., 

2002). Moreover, several reports found significantly improvement of secreted 

protein production under pH 3 (Sreekrishna and Kropp, 1996, Cregg, 1999; .-

Curvers et al., 2001; Jahic et al., 2003; Damasceno et al., 2004). Here, we 

concluded that pH values between 3 and 4 were optimal for the production 

of secreted IL2/FU-MKl-scFv(VwVK) by P. postoris strain GSl15. 

.. 

.' 
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Figure 8 SDS-PAGE analysis of supernatant samples when the 


expression of fusion protein was induced with 0.5% (v/v) methanol under 


different pH values. (A); Lane M, protein molecular weight marker; Lane 1, pH 


-. 3 (60h); lane 2, pH 3 (72h); lane 3, pH 3 (84h); lane 4, pH 3 (96h); lane 5, pH 4 


(60h); lane 6, pH 4 (72h); lane 7, pH 4 (84h); lane 8, pH 4 (96); lane 9, pH 5 


'. 
(84h). (B); Lane M, protein molecular weight marker; lane 1, pH 6 (84h); lane 2, 

pH 6 (96h); lane 3, pH 7 (84h); lane 45, pH 7 (96h); lane 5, pH 8 (84h); lane 6, 

pH 8 (96h); lane 7, pH 9 (96h); land 8, pH 10 (96h). 

B.2.2.2 The effect of cultivation temperature on ~rowth and fusion protein 

IL2/FUscFv(VwVK) production by P. postoris 

Temperature is also one of important factors employed for enhancing 

production of recombinant protein. As shown above, adjusting the pH of the 

induction medium to limit protease activity had a profound effect on protein 

expression. Lower culture temperatures have frequently been employed to 

produce protein in E. coli (Blackwell and Horgan, 1991; Makrides, 1996) and 

are recalcitrant to expression at 37°C. In our studies, lower cultivation 

-- temperature at 25°C enhanced the expression of IL2/FUscFv(VwVK) and 

IL2IFUscFv(VK-VH) in both E. coli strains BL21(DE3)pLysS and Rosetta-gami B. 

In P. postoris, several reports have indicated that incubation 

temperature influences heterologous protein expression in yeast by affecting 

cell growth and the secretion of extracellular protease (Sreekrishna et al., 
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1997; Chung and Park, 1997). Thus, various temperatures between 20 and 

37°C have been examined in attempts to minimize extracellular proteolysis 

(Li et al., 2001; Curves et al., 2001). In this study, incubation temperatures of 

20, 25, 30, and 37°C were examined in order to promote cell growth and 

expression and find the optimal temperature for improving The results were 

shown in Figures 9A to 9E. 
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Figure 9 Comparison of dry cell weight (gil) of P. postoris strain GSl15 

when the expression of fusion protein was induced with 0.5% (v/v) methanol 

at (A); pH 3, (B); pH 4, (C); pH 5, (0); pH 6, (E); pH 7 and temperature was 
o 

varied from 20, 20, 30, and 37 C. 

The results suggest that, for BMMY medium with pH 5, 6, and 7, the 
o 

cell growth under cultivation temperature at 20, 25, and 30 C was increased. 
o 

Especially under cultivation temperature at 20 C, the highest cell growth rate 
o 

was obtained whereas under cultivation temperature at 25 and 30 C, the 

growth rate was relatively slow. Moreover, the cultivation temperature at 
o 

37 C has been shown to decrease growth rate of P. posroris GSl15 in BMMY 

medium with pH 5, 6, and 7. These results suggested that the growth rate of 

P. postoris GS115 in methanol induction phase were decreased when 
o 

temperature was increased from 20 to 37 C. 

For the production of secreted IL2/FUscFv(VW VK ), it was found that 

production of secreted IL2/FUscFv(VwVK ) by P. postoris strain GS115 under 

pH 3 and 4 showed similar results when 0.1 % (v/v) methanol induction was 
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performed under cultivation temperatures of 20, 25, 30, and 37°C. We found 


that P. pastoris strain GSl15 could be effectively propa~ated at temperatures 


as low as 20°(, but the most favorable temperature for production of 

secreted IL2IFUscFv(VwVK ) was 30°C leadin~ to enhance IL2/FUscFv(VwVK ) 

production . The results were compared in Fi~ure 10. 

(A) (B) 


kDa M 1 2 3 4 5 6 7 8 9 kDa 1 M 2 3 4 5 6 7 8 

c----------- --- ­

117 


Figure 10 50S-PAGE analysis of supernatant samples when the 

expression of fusion protein was induced with 0.5% (v/v) methanol under 

different pH values. (A) The experiment was performed at 20°C. Lane M, 

protein molecular wei~ht marker; lane 1, pH 3 (84h); lane 2, pH 4 (84h); lane 

3, pH 4 (96h); lane 4, pH 5 (84h); lane 5, pH 7 (96h); lane 6, pH 5 (96h); lane 7, 



.' 

"" 

". 

" " 

53 

pH 3 (96h); lane 8, pH 6 (84h); lane 9, pH 6 (96h). (8) The experiment was 

performed at 25°C. Lane 1, pH 3 (60h); lane 2, pH 3 (72h); lane 3, pH 3 

(84h), lane 4, pH 3 (96h); lane 5, pH 4 (60h); lane 6, pH 4 (72h); lane 7, pH 4 

(84h); lane 8, pH 4 (96h). (C) The experiment was performed at 30°C. Lane 

1, pH 3 (84h); lane 2, pH 3 (96h); lane 3, pH 4 (84h); lane 4, pH 4 (96h); lane 5, 

pH 5 (84h); lane 6, pH 5 (96h); lane 7, pH 6 (84h); lane 8, pH 6 (96h); lane 9, 

pH 7 (96h). (0) The expression was done at 37°C. Lane 1, pH 3 (60h); lane 

2, pH 3 (72h); lane 3, pH 3 (84h); lane 4, pH 3 (96h); Lane 5, pH 4 (60h); lane 

6, pH 4 (72h); lane 7, pH 4 (84h); lane 8, pH 4 (96h); lane 9, pH 5 (60h). 

It was found that there was no protein production under cultivation 

temperature at 37°C. It has been reported that when methanol is supplied 

as the sole carbon source, P. postoris die due to the accumulation of 

formaldehyde and hydrogen peroxide arising from the oxidation of methanol 

by alcohol oxidase (Cregg and Madden, 1988; Couderc and Baratti, 1980; Klei 

et al, 1990). Increased induction temperatures accelerate this conversion, 

leading to more formaldehyde and hydrogen peroxide. Thus, the optimal 

cultivation temperature scheme for production of secreted IL2/FUscFv(VwVK) 

by P. postoris strain GSl15 involved cultivation in BMGY medium at 30°C and 

pH 7.0 to accumulate biomass followed by induction in BMMY medium at 

30°C and pH 3 or 4. 

B.2.2.3 The Effect of methanol concentration on fusion protein IL2/FUscFv(Vw 

~K) production by P. postoris 

Conventional high cell density cultures of recombinant P. postoris are 

usually performed in two steps. Firstly, cells are grown on glycerol in order to 

produce biomass while repressing recombinant protein expression. Secondly, 

methanol is fed to the culture to induce recombinant protein expression. 

However, during the induction phase, it is known that methanol 

concentration is a crucial parameter and need optimal concentration to avoid 

toxicity from methanol accumulation (Cunha et al., 2004; Jungo et al., 2007; 

Wu et al., 2011). 
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In this study, the effect of methanol concentration of 0.01 %, 0.1 %, and 

0.5% (v/v) was investigated and combined with the effect of pH value at pH 

3.0 and 4.0. The investigation was examined under cultivation temperature at 


30°C for 96 h. Absolute methanol was added very 12 h to the final ", 


concentration tested. The secreted fusion protein was analyzed by 50S-PAGE 

and shown in Figure 11. In a preliminary study, induction with 0.01% 

methanol showed the lowest expression of IL2/FUscFv(VwVK ) during 96 h 

induction time courses. This might indicate the growth-limiting level of 

methanol for P. postoris (Oamasceno 

concentration of 0.1 % and 0.5% (v/v) 

expression level of the IL2/FUscFv(VwVK). 

kDa M 1 
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85 

et al., 2004). Therefore, methanol 

were examined to enhance the 
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19 

Figure 11 50S-PAGE analysis of supernatant samples when the 

expression of fusion protein was induced with 0.1% or 0.5% (v/v) methanol 

under different pH values for 96 h. Lane M, protein molecular weight marker; 

lane 1, pH 3 with 0.1% methanol; lane 2, pH 3 with 0.5% methanol; lane 3, 

pH 4 with 0.1 % methanol; with lane 4, pH 4 with 0.5% methanol. 

The biomass accumulation with 0.1 % methanol induction at pH 3.0 was 

increased from 16.7±0.8 gil to 29.4±1.2 gil and that with 0.5% (v/v) methanol 

induction at pH 3.0 was increased from 15.7±0.7 gil to 28.5±0.6 gil. Under pH 

4.0, the biomass with 0.1 % (v/v) methanol induction was increased from 
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lS. 7±O. 9 gil to 34.0± 1.1 gil and that with O.S% (v/v) methanol induction was 

increased from 16.8±0.9 gil to 32.9±1.2 g/. These results demonstrated that 

the biomass at pH 3.0 was lower than that of pH 4.0, but fusion protein 

concentration at pH 3.0 was slightly higher than that obtained under pH 4.0. 

B.2.3 Production of secreted fusion protein IL2IFUscFv(Vrr VK) by P. poston's in 

fed-batch culture 

Transformant P. pastoris strain GS11S was pre-cultured overnight in at 

30°C in 10 ml YPO broth. Then, 1 ml of the overnight culture was transferred 

into 200 ml BMGY and grown at 30°C until the 00600 reached 8 to 10. This 

culture was inoculated to 2.S l of modified basal salts medium. Fed batch 

culture was carried out in S l fermenter under optimal condition obtained 

from shaken flask cultivation. Firstly, batch culture was performed under S% 

.. 
glycerol in the growth phase, temperature at 30°C, pH 3.0, agitation speed at 

SOO rpm, and aeration rate 2 mllmin. The 00 spike was observed at 24 h 
.. 

indicating the depletion of glycerol. Under this condition, dry cell weight 

8.1±0.2 gil was obtained. After induction with methanol 0.1% (v/v) for 96 h, 

dry cell weight 18.S±1.0 gil was obtained. The secreted fusion protein 

concentration was 0.084 ± O.OOS gil. 



56 


--). Methanol Induction 

100 ~------~------------------------------------, 

___ WCW --0- DCW 

80 


~ 60 


~ 
I!l 40 


20 


o 
o 12 24 	 36 48 60 72 84 96 108 120 


Time (h) 

Figure 12 The growth profiles of P. poston's strain GS115 harboring 

pPICZaA-IL2/FUscFv(VwVK) in fed-batch culture. Glycerol phase was from 0 to 

24h and methanol induction phase was from 24 to 120h. Fed-batch 

cultivation was performed in 5 l fermenter under temperature 30°C, pH 3, 

and 0.1% (v/v) methanol induction. The growth phase was performed with 

5% (w/v) glycerol. 
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Figure 13 The control result of pH value; glycerol phase was from 0 

to 24 h and methanol induction phase was from 24 to 120h. Fed-batch 

cultivation was performed in 5 l fermenter under temperature 30°C, pH 3, 

and 0.1% (v/v) methanol induction. The growth phase was performed with 

5% (w/v) glycerol. 
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Figure 14 The control result of % DO, the DO spike was occurred at 

24 h and methanol induction phase was from 24 to 120h. Fed-batch 

cultivation was performed in 5 l fermenter under temperature 30°(, pH 3,-. 
and 0.1 % (v/v) methanol induction. The growth phase was performed with 

5% (w/v) glycerol. 
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Figure 15 The control result of % DO, the DO spike was occurred at 

24 h and methanol induction phase was from 24 to 120h. Fed-batch 

cultivation was performed in 5 l fermenter under temperature 30°(, pH 3, 

and 0.1% (v/v) methanol induction. The growth phase was performed with 

5% (w/v) glycerol. 
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Figure 16 The control result of temperature. Glycerol phase was from 

o to 24 h and methanol induction phase was from 24 to 120 h. Fed-batch 

cultivation was performed in 5 l fermenter under temperature 30°C, pH 3, .­

and 0.1 % (v/v) methanol induction. The growth phase was performed with 

5% (w/v) glycerol. 

B.2.3.1 The effect of cell density on IL2/FUscFv(VwVK ) production 

Generally, high cell densities are employed to produce heterologous 

proteins, since production is roughly proportional to cell density (Brierley et 

al, 1990; Cregg and Higgins, 1995; Cregg et al, 2000; Shi et al., 2003). However, 

high cell density may increase the concentration of extracellular proteases 

and may have detrimental effects on cell physiology in turn limiting the 

amount of desired product. In this study, the concentration of glycerol was 

used to manipulate the cell density. The biomass accumulation increased 

proportionally to the concentration of glycerol. Thus, the concentration of 

glycerol was varied from 5%, 7.5%, and 10% (w/v) to investigate the impact 

of cell density on the production of IL2/FUscFv(VwVK ) by P. postoris in 5 l 

fermenter. In the growth phase, cell weight was analyzed every 6 h. After 00 

spike was observed, the methanol was fed immediately and the sample was 

taken every 12 h for cell weight, methanol concentration, and 50S-PAGE 

analysis. 
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.' 

As shown in Figure 17, the secreted fusion protein concentration was 

0.084 ± 0.005, 0.109 ± 0.005, and 0.077 ± 0.004 gil when 5%, 7.5%, and 10% 

(w/v) glycerol was used in growth phase, respectively. It was found that the 

amount of secreted fusion protein was lower than that obtained in shaken 

flask cultivation. This might be due to the different in the production medium. 

The modified basal salts medium was used in fed batch cultivation whereas 

BMMY was used in shaken flask cultivation . In addition, SDS-PAGE analysis 

showed bands of several low molecular weight proteins and it was implied 

that degradation of proteins occurred due to protease naturally produced by 

P. postoris (Shi et al., 2003). 

". 
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Figure 17 Comparison of SDS-PAGE anaLysis of secreted fusion protein produced in supernatant sampLes during methanoL induction 

phase. The fed-batch cuLtivation was performed in 5 l fermenter at pH 3, 30°C, and 0.1 % (v/v) methanoL induction. The modified basal saLts 

medium was used, Biomass was generated under different concentration of gLycerol. (A); 5% (w/v) gLyceroL. (B); 7.5% (w/v) gLyceroL. (C); 10% 

(w/v) gLyceroL. Lane M, protein moLecuLar weight marker; Lane 0, 0 h; lane 1, 12h; lane 2, 24 h; lane 3, 36 h; lane 4, 48 h; lane 5, 60 h; lane 6, 72 

h; lane 7, 84 h; lane 8, 96h . 

" r' " 



61 

(A) 

2 

i 
6 1.5 

.~ I 
I 0.5 

0 

0 
0 12 24 36 48 60 72 84 96 

Induction time (h) 

(B) 

2 

i 
6 1.5 

! 
i 0 .5 

-- ~ 0 

0 
0 12 24 36 48 60 72 84 96 

Induction time (h) 

(C) 

2 

i 

I
1 .5 

i0 

0.5 

0 
0 12 24 36 48 60 72 84 96 

Induction time (h) 

Figure 18 The control result of methanol concentration during 

methanol induction phase. The feed rate of methanol was set at 6 mllh . Fed­

batch cultivation was performed in 5 l fermenter. Control parameters are 

temperature 30°C, pH 3, and 0.1 % (v/v) methanol induction. (A); The growth 

phase was performed with 5% (w/ v) glycerol. (B); The growth phase was 

performed with 7.5% (w/v) glycerol. (C); The growth phase was performed 

with 10% (w/v) glycerol. 
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Figure 18 shows the control result of methanol concentration during 

methanol induction phase in details where the cell density in growth phase 

was different. The induction phase in which methanol was kept at optimal 

concentration at 0.1 -0.5% (v/v) lasted for 96 h. During methanol fed-batch ". 

phase, the biomass increased and inhibitory of cell growth from methanol 

accumulation was not observed. Thus, the modified basal salts medium was 

changed to BMMY medium. Interestingly, the result (Figure 19) showed that 

the amount of the fusion protein produced in BMMY medium was much 

higher than that obtained from modified basal salts medium (Figure 17). In 

figure 3.2.19, the highest amount of 0.425 ± 0.002 gil was obtained at 96 h 

under pH 4.0, temperature of 30 0
( and 0.1 % methanol induction in BMMY. 

However, when pH was set at 3 the amount of fusion protein produced was 

only 0.197 ± 0.019 gil. 
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Figure 19 Time courses of 50S-PAGE analysis of secreted fusion during 

methanol induction phase. The fed-batch cultivation was performed in 5 l 

fermenter at 30°(, and 0.1 % (v/v) methanol induction using BMMY medium. 

Biomass of P. posotris strain GS115 was generated under 5% (w/v) glycerol in 

growth phase. (A); pH in BMMY medium was 3. (B); pH in BMMY medium was 

4. Lane M, protein molecular weight marker; lane 0, 0 h; lane 1, 12h; lane 2, 

24 h; lane 3, 36 h; lane 4, 48 h; lane 5, 60 h; lane 6, 72 h; lane 7, 84 h; lane 8, 

96h. 
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The production of IL2/FUscFv(VH-VK ) by P. pasotris strain GSl15 in fed­

batch cultivation was maximized under 0.1 % (v/v) methanol induction usinS 

BMMY at pH 4, temperature of 30°C and 0.425 ± 0.002 S/l fusion protein was 

obtained. Several reports have indicated that soluble and functional scFvs 

produce in yeast but the yield is variable. Accumulation of 0.003 S/l to 4.3 S/l 

was reported in P. pastoris employing S. cerevisiae a-factor secretion sisnal 

(Shi et al., 2003; Oamasceno et al., 2004; Lin et al., 2007; Yamawaki et al., 

2007). In this study, the amount of secreted fusion protein was much hisher 

than previous report that was in order of 0.002 S/l (Matsumoto et al. 2002). 
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Figure 20 The comparison of secreted IL2/FUscFv(VwVK) produced 

under various conditions, The results were obtained from shaken flak 

cultivation and fed-batch cultivation in 5 l fermenter. 

B.2.3.2 Partial purification of the fusion protein by Ni-affinity chromatography • 

In order to partially purify the secreted IL2/FUscFv(VwVK ), a one step 

chromatosraphy was performed by Ni-affinity chromatography. After 

fermentation process, the supernatant was adjusted to pH 7.5 by KOH and 

clarified by 0.22 IJm membrane filter. The 10 ml of clarified sample was 

passed through His·Bind
®

Kits 5 ml column. The eluted fractions were 

analyzed by coo massie-blue stained SOS-PAGE. 
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Figure 21 SDS-PAGE analysis of fractions from purification step using 

Ni-affinity chromatography; lane M, protein molecular weight maker; lane 1-5 

corresponding to washing fractions, lane 6-9 corresponding to eluted 

fractions. 

Due to C-terminal of IL2/FUscFv(VWVK ) consisted of His·tag that strongly 

interacts with Ni metal ion immobilized in affinity chromatography. Imidazole 

is usually used for this purification system (Terpe, 2003; Lichty et al., 2005; 

Arnau et al., 2006). This study successfully purified the fusion protein 

containing His·tag using Ni-affinity chromatography and showed the eluted 

bound fusion protein in lane 6 and 7 (Figure 21). These results suggested that 

lowering pH of sample or solution could elute bound protein in this 

purification system. Therefore, prior purification step, the pH value of sample 

or purification buffer must be adjusted to pH 7.5-8.0 (Terpe, 2003). After 

purification, the fractions containing fusion protein were pooled together. 

Then, the pooled sample was concentrated by centrifugal ultrafiltration 30 

kDa molecular weight cut off (Vivaspin 500). 

B.2.3.3 Characterization of the fusion protein for specific binding activity 

The specific binding activity of the fusion protein IL2/FUscFv(VW VK ) to 

CHO cell expressing MK-1 was tested by cell lysate EILSA. For comparison, the 

binding activity of the fusion protein was also tested against CHO cell non­

expressing MK-1. Based on the results obtained from cell lysate ELISA, it was 
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demonstrated that the 00450 after cell lysate ELISA analysis of the fusion 

protein against cell lysate protein from CHO-MK-l cell and CHO cell were 

0.642±0.011 and 0.314±0.017, respectively (Figure 22). When the statistical 

.' significance of differences was calculated by the Student's t-test for 

comparison binding activity of the fusion protein to CHO-MK-l and CHO cell, 

the 00 at 450 nm of CHO-MK-l was significantly higher that CHO cell at the 

p<0.05 level. This demonstrated that the fusion protein IL2/FUscFv(VW VK ) 

bound to the MK-l expressing CHO cell but not to the MK-l non-expressing 

CHO cell. Therefore, the fusion protein IL2/FUscFv(VW VK) produced by P. 

pastoris strain GSl15 in this study possessed binding activity against MK-l 

expressing CHO cell. 
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Figure 22 The specific binding activity of IL2/FUscFv(VwVK) to MK-l 

expressing and non-expressing CHO cell by cell lysate ELISA method 

(*, p<0.05). 

B.3 Discussion 

Use of recombinant scFv forms of monoclonal antibodies offers an 

excellent alternative to the whole antibodies for determining their binding 

characteristics and particularly for in vivo investigation of their therapeutical 

potential. To be able to carry out such studies, large amounts of 

recombinant scFv are needed. Production of scFv in microorganisms such as 

bacteria or yeast is cost effective and relatively high production yields are 
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often achieved after optimization. Advances in genetic engineering and gene 

expression systems have led to rapid progress in the development of 

cytokines fused to antibodies. The goal of this approach against cancer is to 

concentrate the cytokine around the tumor site and to enhance the host ". 

immune response against the tumor (Reisfeld and Gillies, 1992). 

The MK-1 antigen, the target molecule of FU-MK-1, is expressed in a 

majority of carcinomas (Watanabe et al., 1993; Deveci and Devieci, 2007; 

Ikeda et al., 2009). The MK-1 is encoded by the GA733-2 gene, which is 

currently being used as a target in clinical trials for gastric, intestinal and 

biliary cancer treatment with monoclonal antibodies (Tomita et al., 2000). 

The monoclonal antibody (MAb) FU-MK-l, which recognizes the MK-1 antigen, 

was established by immunizing a mouse with cancerous ascites derived from 

a poorly differentiated adenocarcinoma of the stomach (Watanabe et al., 

1993). The epitope for MAb FU-MK-1 is present on the distal half of the 

extracellular domain of the GA733-2 antigen. More than 20 antibodies 

directed against the GA733-2 antigen have been generated, including HEA125 

for Ep-CAM, C017-1A for 17-1A, and FU-MK-l for MK-1. It was reported that 

adenocarcinomas of the hepatobiliary tract are often immunoreactive for FU­

MK-l, and this monoclonal antibody is a useful antigenic marker for 

distinguishing hepatocellular carcinoma from cholangiocarcinoma in the liver 

(Watanabe et al., 1993). 

In the previous study, a mouse/human chimeric antibody, deSignated 

Ch FU-MK-1, from FU-MK-l was developed (Arakawa et al., 1999). In 

combination with human LAK cells activated with rhlL2, ChFU-MK-1 showed a 

marked growth inhibition of human MK-1 expressing tumor cells in vitro and 

in severe combined immunodeficiency mice (Yamamoto et al., 1999). Next, a 

fusion protein, deSignated FUscFv/IL2 was generated, which consisted of rhlLl 

and an anti-MK-l scFv antibody derived from FU-MK-l (Matsumoto et al, 

2002). The IL2 was fused to the carboxyl-terminal end of the VK chain of the 

scFv with a linker. The resultant FUscFv/IL2 produced by P. postoris still 

retained the binding activity to cell-surface MK-1 of tumor cells. Matsumoto 

et al. demonstrated that the FUscFv/IL2 fusion protein was able to effectively 

suppress tumor growth in SCiD mice reconstituted with human LAK cells. It 
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was concluded that FUscFv/lL2 fusion protein may provide an effective 

method of targeting therapeutic doses of rhlL2 to MK-1-expressing tumor 

while significantly reducing systemic toxicity. 

." In the previous study, E. coli-based system has been employed for 

fusion protein production. However, heterologous protein levels were 

relatively low with the portion of protein present within insoluble 

cytoplasmic inclusion bodies. Further improvements of downstream process 

are necessary. Thus, in this study, a recombinant P. postoris strain GS115 

transformed with the plasmid pPICZUA-IL2/FUscFv(VK-VH) enabled the 

expression of IL2/FUscFv(VK -VH) as a fusion protein with myc-His·tag. 

Culture conditions are critical parameters that affect cell growth and 

the yield of recombinant product. Temperature and pH are among the 

operating factors that dramatically influence expression levels. The effect of 

-. temperature on protein expression by E. coli has been widely investigated. 

Decreasing the temperature usually resulted in an enhancement of the 

solubility of the protein expressed (Meinander et al., Chen et al., 2000). Using 

P. postoris expression system, several reports demonstrated that decreasing 

the temperature from 30 to 25°C, led to increase the expression level over 

that obtained under 30°C (Chen et al., 2000, Damasceno et al., 2004). Shi et 

al. also suggested that the optimal cultivation temperature scheme for anti­

serpins scFv production involved cultivation in BMGY medium at 30°C to 

accumulate biomass followed by induction at 15°C (Shi et al., 2003). In this 

study, the optimal cultivation temperate is consisted of two different 

temperatures; the optimal temperature for growth was at 30°C and the 

optimal temperature for secreted fusion protein production was at 25°C. 

It was also reported that acidic pH is often used for recombinant 

protein production and pH 3 was found to be responsible for the optimal 

production of insulin-like growth factor-I and cytokine growth blocking 

peptide (Brierley et al., 1994; Koganesawa et al., 2002). Moreover, several 

reports found significantly improvement of secreted protein production under 

pH 3 (Sreekrishna and Kropp, 1996, Cregg, 1999; CUNers et al., 2001; Jahic et 

al., 2003; Damasceno et al., 2004). 
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The expression LeveL reported in our study is higher than those reported 

previousLy. Marty et aL. reached 5-20 mg of a scFv antibodylL cuLture 

medium (Marty et aL., 2001). Lang et aL. who investigated the expression of a 

recombinant Fab fragment by P. poston's, reported an expression LeveL of -. 

0.040 giL although the cuLture was carried out in a 5 L fermentor, using the 

fed batch culture mode (Lang et aL., 2001). HeLLwig et aL. reported an 

expression LeveL 0.045 giL of a scFv antibody fragment (HelLwig eL aL., 2001). 

Ning et aL. reported an equaL expression leveL 0.420 - 0.458 gil of anti-HBsAg 

Fab fragment in 5 L fermenter (Ning et aL, 2005). Lin et al. reported the 

expression LeveL 0.373 giL of Fc fusion protein in fed-batch culture (Lin et aL. , 

2007). Yamakawa also reported the expression level 0.198 giL of scFv aginst 

bisphenol A in fed-batch culture (Yamakawa et a., 2007). For comparision, 

Masumoto et aL., reported the expression Level only 0.002 gil of FUscFv/lL2 

by P. postoris in shaken flask cuLture (Masumoto et aL., 2002). Here, we report 

our efforts to express and optimize the conditions to enhance the production 

of functionalized fusion proteins, IL2/FUscFv(VwVK) in P. poston's and examine 

parameters including scaLe up the production from shaken flask culture to 5 l 

fermenter empLoying a fed-batch strategy. 

B.4 Conclusion 

In order to produce IL2/FUscFv(VH-VK ) in P. postoris effectively, the 

temperature, pH, and medium composition are important parameters to 

minimize protease activity and enhance the expression of the recombinant 

protein. The expression of IL2/FUscFv(VwVK) in P. postoris strain GS 115 was 

investigated in shaken flask cuLtivation by examining the effect of pH vaLue 

ranging from 3 to 10, temperature ranging from 20 to 37°C and methanol 

concentration ranging from 0.01 to 1.0% (v/v). Then, the optimaL condition 

obtained from shaken flask cuLtivation was applied to the production in 5 L 

fermenter. 

This study demonstrated that pH vaLue and temperature showed 

major effect on growth and recombinant protein expression of P. pastoris. 

Lowering pH value couLd increase the productivity of fusion protein because 
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it is optimal growth and may reduce protease activity. Based on the results, 

pH 3 and 4 have shown higher expression of the fusion protein than that of 

pH between 5 and 10. Increasing temperature to 37°C, it caused poor growth 

-' rate and low productivity of the fusion protein. The transformant P. postoris 

strain GSl15 harboring pPICZUA-IL2/FUscFv(VwVK ) could grow and express-.. 
fusion protein at temperature of 20, 25, and 30°C with pH 3 and 4. In shaken 

flask cultivation, the highest production of the fusion protein at 0.258 ± 0.013 

gil was obtained under pH 3 and 30°C with a methanol concentration of 

0.1 % (v/v) for 96 h induction in BMMY medium. Finally, fed-batch cultivation 

was performed in 5 l fermenter. It was found that the amount of secreted 

fusion protein was 0.109 ± 0.005 gil when the modified basal salt medium 

containing 7.5% (w/v) glycerol was used, whereas the amount of secreted 

fusion protein was increased up to 0.425 ± 0.002 gil when BMMY medium 
-. 

containing 5% (w/v) glycerol was used. Besides pH, temperature and 

methanol concentrations, the results obtained from fed-batch cultivation 

showed that composition of medium is also a crucial factor for recombinant 

protein production by P. postoris. 

The fusion protein IL2/FUscFv(VwVK) was partially purified by Ni-affinity 

chromatography. In order to investigate specific binding activity of the fusion 

protein, cell lysate ELISA was applied in this study. As a result, the fusion 

protein retained the specific binding activity to MK-l antigen due to it 

significantly bound to MK-1 expressing CHO cell but not MK-1 non-expressing 

CHO cell when compared using Student's t test (p<0.05). 

B.5 	Suggestion for Further Work 

In the future, the specific binding activity of IL2/FUscFv(VwVK) will be 

performed by flow cytometry to confirm binding activity of the fusion protein. 

For the applications of these fusion proteins, collaboration with Faculty of 

Pharmaceutical or Faculty of Medicine is needed. 
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