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Abstract: Human Fas ligand extracellular domain (hFasLECD) is a biomedically important 

glycoprotein with three potential N-linked carbohydrate-chain attachment sites. hFasLECD can 

induce an apoptotic cell-death in many malignant cells. Hence, the creation of novel molecular tools 

exhibiting useful biological activities, based on the exploitation of this protein domain as their 

components, opens up a great possibility of the advancements in future medical applications. This 

review mainly focuses on the development of expression systems for obtaining various derivatives of 

recombinant hFasLECD using Pichia pastoris and the preparation of the conjugates by site-specific 

chemical modifications of the expressed products. Firstly, a brief introduction of human Fas ligand 

protein and an overview of the previous works, on the heterologous expression systems for 

recombinant hFasLECD as well as the associated derivatives aimed at medical applications, were 

described. Then, the experimental results, obtained during our investigations into the development of 

the expression systems for the recombinant hFasLECD derivatives using chemically synthesized 

artificial genes in Pichia pastoris, were summarized. After that, the current state of the methodology 

for preparation of the hFasLECD conjugates by site-specific chemical modifications, and the 

functional characterizations of the prepared conjugates, were presented. Finally, conclusions, 

including a relevant discussion and future perspectives, are provided. 
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1. Introduction  

1.1. Human Fas ligand 

Human Fas ligand (hFasL) is a glycosylated, Type 2 single-spanning membrane protein, which 

locates its carboxyl-terminal side domain to the outside of the cells, and is encoded on human 

chromosome number 1 (1q23) [1,2]. A schematic structural composition of hFasL relevant to the 

contents of this paper is presented in Figure 1. hFasL can induce an apoptosis in numerous malignant 

human cells expressing Fas receptor (FasR/CD95/APO-1) [3,4], and belongs to a protein group 

designated as tumor necrosis factor (TNF) superfamily [5]. The proteins inducing an apoptotic 

cell-death by binding to death receptors, such as FasR, are generally called death ligands. Fas  

ligand (FasL/CD95L/CD178/APO-1L) is a key member of death ligands, which also includes TNFα, 

lymphotoxin α (TNFβ), TRAIL (CD253/APO-2L) and TWEAK (CD255/APO-3L). Due to its 

medically remarkable biological activity, FasL has been extensively investigated as a candidate for 

therapeutic proteins with the aim of the contribution for the treatment of many serious human 

diseases, such as cancers, rheumatoid arthritis and other various auto-immune diseases represented 

by systemic lupus erythematosus [6–9], since its discovery and identification as a cell-death inducing 

protein via an extrinsic cellular pathway [10,11]. A number of reviews and books, which cover the 

basic characteristics of FasL-FasR signaling in the immune system and its potentials for medical 

applications have been published [12–14]. The history of discovery and cloning of the encoding gene, 

the basic signal transduction pathway in the cells as well as main physiological roles and 

pathological functions in the human body are mostly covered in these reference literatures. 

In this review, the current state of the development of expression systems for the production of 

recombinant hFasL extracellular domain (hFasLECD) derivatives using Pichia pastoris and the 

preparation of the conjugates by site-specific chemical modifications will be presented. 

In Figure 2, the amino acid sequence of the extracellular domain part of human FasL protein is 

presented. hFasLECD has long been predicted to exist as a homo-trimer of identical subunits under 

the physiological conditions, and to possess a 3D structure showing a bell-shaped top-truncated 

pyramid with the height of approximately 6 nm [5]. The first detailed 3D structure of hFasLECD was 

experimentally revealed as a complex with human decoy receptor 3 (hDcR3) [15,16] using X-ray 

crystallography, and the 3D structural model was deposited to Protein Data Bank (PDB) with an 

identification number (ID) of 4msv in 2013. However, to date, neither 3D structure of sole wild-type 

hFasLECD molecule nor the complex of hFasLECD with human FasR extracellular domain 

(hFasRECD) has been published. Alternatively, the non-complexed and the complexed structures 
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with hDcR3 of a mutant hFasLECD, which contains the substitution mutation of the region from the 

164th to the 169th amino acid sequence (AspThrTyrGlyIleVal) with the corresponding sequence in 

human TLIA (HisGluLeuGlyLeuAla), belonging also to the TNF ligand superfamily, have been 

clarified by X-ray crystallography, and deposited to PDB with the IDs of 5l19 and 5l36, respectively [16]. 

Therefore, the structural change of wild-type hFasLECD during the formation of the complex with 

hDcR3 as well as the details of differences in the ligand-receptor interaction modes between the 

complex with hFasRECD and that with hDcR3 still remains to be clarified.  

 

Figure 1. Schematic structural composition of wild-type hFasL. MEM, membrane-spanning 

region; TRI, essential region for the trimerization of subunits; TNFHD, TNF homology 

domain. The positions of the Asn residues consisting of N-glycosylation sites were indicated 

by arrows. NH2 and COOH indicate the amino-terminal end and the carboxyl-terminal end, 

respectively. 

 

Figure 2. Amino acid sequence of wild type hFasLECD. The sequence is expressed by 

single letter codes of the amino acid residues, and the β-sheet type secondary structure 

regions are shown in blue underbars. Each residue number of the amino acids mentioned 

in the text is described. 
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In Figure 3, the 3D structure of the hFasLECD in complex with hDcR3 is shown. In this Figure, 

the amino acid residues mentioned in the following sections of this paper, namely the amino-terminal 

residue (Leu143 in this model), the Asn residues (Asn184, Asn250 and Asn260) consisting of the 

three potential N-linked carbohydrate-chain attachment sites and the two Cys residues (Cys202 and 

Cys233) forming a single intra-molecular disulfide bond, were colored differently from other parts of 

the molecule. According to the 3D structure revealed by X-ray crystallography, many well-extended 

β-sheet type secondary structures were identified in the region between the 139th and the 281st 

amino acid residues (Figure 2). This suggested the structural rigidness of the above-mentioned region, 

supported by many hydrogen-bonding interactions. Also, the results of the identified β-sheet type 

secondary structure regions obtained from the crystallographic analysis exhibited a fair agreement 

with the previous results predicted by a sequence homology search analysis of hFasLECD in 

comparison with other TNF superfamily ligand proteins [5]. Among the structural parts of hFasL, the 

extracellular domain plays a role in triggering the signal transduction for apoptosis induction by 

binding to hFasR, expressed on the surface of target cells, specifically. 

 

Figure 3. 3D structure of the complex between hFasLECD and hDcR3. The structures 

were drawn using the atomic coordinate data (ID: 4msv) deposited in PDB. Colors: cyan, 

hFasLECD part (from Leu143 to Leu281); orange, the N-terminal residue (Leu143) in 

this model; red, the Asn residues located at the three potential N-linked 

carbohydrate-chain attachment sites; yellow, the Cys residues forming an intra-molecular 

disulfide bond (Cys202 and Cys233); white, hDcR3 part. 

1.2. Heterologous expression systems developed for hFasLECD 

In 2012, the author published a review paper, which described the developmental state of 

heterologous expression systems for death ligands and death receptors including hFasL and hFasR [17]. 

In the present review, an overview limited to hFasLECD including the later advancement is 

described. The analysis of the encoding gene revealed that hFasL protein is composed of the 

amino-terminal side intracellular domain (80 amino acid residues), the intermediate membrane 

spanning region mainly comprised of hydrophobic amino acid residues 

(LeuCysLeuLeuValMetPhePheMetValLeuValAlaLeuValGlyLeuGlyLeuGlyMetPhe, 22 residues) and 
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the carboxyl-terminal side extracellular domain (179 amino acid residues) (Figure 1) [1,2]. No 

secretion signal sequence exists at the amino-terminal site, thus the membrane spanning region 

sequence was considered to play a role of the signaling sequence, which determines the location of 

the carboxyl-terminal domain to the outside of the cells. The biologically active whole hFasL protein 

exists as a homo-trimer of identical subunits, and the normally-folded expressed products of the 

extracellular domain part alone also form trimers. For the purpose of a straight production of 

hFasLECD part alone in a biologically active form, it is advantageous to use a secretory expression 

system of eukaryotes. To date, a methylotrophic yeast, P. pastoris [18,19], and a cellular slime mold, 

Dictyostelium discoideum [20,21], have been exploited for the expression as the heterologous hosts 

other than mammalian cells. In these systems, it is expected that the glycosylation at the potential 

three N-linked carbohydrate-chain attachment sites occurs, as the result of a post-translational 

modification of the expressed products. 

On the other hand, in the cases of an intracellular expression system using prokaryotic bacterial 

hosts such as Escherichia coli, lacking a glycosylation system, no glycosylation occurs, and the 

expressed proteins fused with thioredoxin existed either as incorrectly folded insoluble inclusion 

bodies [22] or as a soluble product [21]. The attempt of extracellular expression of a protein carrying 

hFasLECD in E. coli, using the signal sequence of alkaline phosphatase, resulted in the secretion of a 

soluble but inactive product into the medium [18]. In the X-ray crystallographic analysis of 

hFasLECD in complex with hDcR3, soluble samples of wild-type and mutant hFasLECDs, prepared 

by the refolding of the insoluble inclusion bodies produced in the E. coli cells, were used for the 

complex formation with hDcR3, which was produced by an insect secretory expression system using 

S2 cells derived from Drosophila melanogaster [16]. According to the description in the paper, sole 

hFasLECD was difficult to crystallize because of its aggregation propensity. This suggested a 

significant contribution of the glycosylation, observed in the products expressed using eukaryotic 

secretory systems, to the solubility of hFasLECD in aqueous medium. 

1.3. hFasLECD derivatives aimed at medical applications 

In 2014, the author published a review paper, which partly covered the state of development 

concerning the derivatives of hFasLECD and hFasRECD, aimed at medical applications [23]. In the 

present review, a brief overview limited to hFasLECD including the later progress is described. It is 

suggested that a single trimer of hFasLECD subunits cannot strongly induce an apoptosis of target 

cells, even after binding to hFasR, and that it is important to bring together at least two neighboring 

FasR on the cellular membrane, for the efficient assembly of an apoptosis-executing signaling 

complex [24]. Therefore, a variety of derivatives to promote the formation of higher-ordered 

assemblies have been devised thus far. Among them, MegaFasL, which was made by a fusion with 

the collagen-like domain of human adiponectin, formed a hexamer of hFasLECD subunits by the 

dimerization of the trimers. This derivative showed an apoptosis inducing activity against the glioma 

cells [25] and the glioblastoma stem-like cells [26], which are the origin of clinical, malignant human 

brain tumors. MegaFasL has been industrially manufactured using Chinese hamster ovary      

cells (CHO cells) [27], and a Phase I and II clinical trial studies on the safety and the 

pharmacokinetics of rising doses in relapsed/refractory multiple myeloma patients (Clinical Trial.gov, 

ID: NCT03196947) is now ongoing [28]. Another trial for derivation of hFasLECD by fusing the D1, 

Ig and D2 domain of a human leukemia inhibitory factor receptor, gp190, was also investigated. The 
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fusion proteins with the Ig domain formed a hexamer and a dodecamer, and exhibited the therapeutic 

effect of prolonged life toward immune-deficient mice transplanted with an epidemoid carcinoma 

cells [29]. 

Table 1. hFasLECD gene-fusion type conjugates with functional proteins for targeting 

cell-surface proteins, aimed at medical applications.  

Fused proteins Targeted cell-surface molecules Examined cells Reference 

scFv-FAP FAP (a fibroblast activation protein) FAP expressing tumor cells (HT1080 and HeLa) [30] 

scFv-Rit CD20 (B-cells associated antigen) B-cell derived tumor cells (BJAB, Ramos, JY, CA5-1, 

Jiyoyo, DEV, SJO, NALM-6, Raji, PR-1, Z-138), T-cells 

derived tumor cells (MOLT16) 

[31] 

scFv-CD7 CD7 (T-cells associated antigen) T-cells derived tumor cells (Jurkat, CEM, CD7-positive 

transfectant of Ramos, MOLT16, HuT78), B-cells 

derived tumor cells (Ramos, Raji) 

[32] 

scFv-TAG72 TAG72 (tumor cells associated 

mucin-like glycoprotein) 

Oral squamous tumor cells (Cal-27, Detroit-562, 

RPMI-2650, HSC-4, SAS), Human Lang epithelial cells 

(WT-38), Human oral keratinocytes cells (HOK), TAG72 

expressing tumor cells (A20, HeLa, Jurkat) 

[33,34] 

scFv-TAL6 TAL6 (epithelial cells associated 

membrane protein) 

TAL6 expressing tumor cells (HeLa, 231, DKBK3, 468, 

MCF7, A20, Jurkat) 

[34] 

scFv-F8 EDA domain of fiblonectin Murine F9 teratocarcinoma cells [35] 

CD40 CD40 (T-cells associated antigen) B-cells derived tumor cells (Dauji, Raji, JY), T-cells 

derived tumor cells (Jurkat-CD40L+, Jurkat-CD40L–) 

[36] 

CTLA4 B7-1 and B7-2 B-cells derived tumor cells (Dauji, Raji, JY), T-cells 

derived tumor cells (Jurkat-CD40L+, Jurkat-CD40L–), 

lymphoma cells (HL60, RPMI8226), renal tumor cells 

(A498), liver tumor cells (SK-Hep1), fibroblast-like 

synoviocytes, murine allografts (corneal, cardiac) 

[36–40] 

E3C1 domain of 

Del1 

Extracellular matrix of cancer cells Human oral squamous cancer cells (SCCKN) planted in 

mouse 

[41] 

Extracellular 

segments of 

HLA-A*02:01 

allele fused to 

β2-microglobulin 

Cellular endothelial protein C 

receptor 

CD32+ L-cells transfectant, T-cells derived tumor cells 

(Jurkat) 

[42] 

Vγ4 chain and 

Vδ5 chain of 

human γδTCR 

Cellular endothelial protein C 

receptor 

T-cells derived tumor cells (Jurkat) [42] 

Streptavidin Receptors on diabetogenic T cells 

splenocytes 

Diabetogenic splenocytes from insulin dependent type 1 

diabetes model mouse 

[43] 

In the process of developing hFasLECD derivatives as therapeutic agents, one of the most 

important points to be considered will be the reduction of harmful side effects on the sensitive 
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healthy organs such as the liver. In order to overcome this problem, numerous endeavors have been 

made to install an ability of specific delivery to the target cells. Among them, a representative 

strategy is to produce the fusion proteins between hFasLECD and scFv-type antibody domain, which 

specifically recognize the abundant antigens expressed on the target cancer cells, using gene-fusion 

technologies. For examples, CD20 on B-cells derived lymphoma cells and CD7 on T-cells derived 

leukemia cells were employed as the target antigens for the fusion proteins. The recombinant fusion 

proteins, produced by mammalian cells including HEK293 cells and CHO cells, were examined for 

the treatment of diseases, and certain therapeutic efficacies have been confirmed by the experiments 

using in vitro cultured cells and also in vivo animal bodies. The hFasLECD conjugates with 

functional proteins including those other than the fusion proteins with the scFv-type antibodies, 

prepared by gene fusion methods aiming at medical applications, were summarized in Table 1 [30–43].  

The yeast P. pastoris is easy to use in recombinant expression experiments, since it belongs to 

single-cell microorganisms as is the same with E. coli. As a eukaryote, it also possesses the advanced 

secretion machinery with an excellent quality control system, which is similar to that of mammalian 

cells, at the same time. Therefore, this organism has been frequently used for the production of 

biologically active heterologous recombinant proteins, including human origin proteins, by secretory 

expressions [44–46]. In fact, the recombinant hFasLECD secreted from P. pastoris showed an 

apoptosis inducing activity against the target cells, expressing FasR on their surfaces [18,47].  

2. Development of expression systems for the preparation of recombinant hFasLECD 

derivatives using P. pastoris 

2.1. Construction of secretory expression systems 

P. pastoris is a methylotrophic yeast, hence it is possible to cultivate this microorganism using 

methanol as a sole carbon source for nutrition. The first recombinant expression of biologically 

active hFasLECD in P. pastoris, which employed P. pastoris GS115 strain for the expression, was 

published in 1997 [18]. For the induction of secretion in P. pastoris, the promoter region gene 

derived from P. pastoris alcohol oxidase 1 (AOX1) and the following prepro signal sequence gene 

from S. cerevisiae α-mating factor peptide (αMF) were fused in front of a cDNA derived gene of the 

amino-acid residues from the 103rd to the 281st of wild-type hFasLECD. The expression using a 

very high cell density (OD600 = 100) of the starting culture was induced in buffered 

methanol-complex medium (BMMY medium), and the resulting secretion amount was reported to be 

100 mg l
–1

 [44].  

We used chemically synthesized artificial genes for the construction of a secretory expression 

system of hFasLECD in P. pastoris [19]. The same strain of P. pastoris GS115 was used. The 

artificial hFasLECD gene, designed by the optimal codons used in abundantly expressed genes of 

yeast proteins, was fused after the same AOX1 promoter region gene derived from P. pastoris and 

the same prepro signal sequence gene of the αMF peptide derived from S. cerevisiae. The assembled 

genes were inserted between the restriction endonuclease recognition-sites, Xho I and Not I, in a 

plasmid vector for the secretory expression, pPICZαA, which contains an antibiotic, Zeocin, resistant 

marker gene [19]. An example of the artificial gene sequences inserted into the expression vector was 

presented in Figure 4. The induction of the expression was also conducted in the same BMMY 

medium (500 ml) under the condition of 302.5 K, 96 h cultivation using a triple-baffled, 3 l volume 
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glass flask. Although the cell density of the starting culture before expression induction was less than 

one tenth of the above mentioned preceding study [18], the maximum secretion level reached was 

considerably low, and amounted to only 1–2 mg l
–1

 in this study. In the following experiments 

described in sections 2.2 and 2.3, we always used essentially the same cultivation conditions for the 

expression induction. 

 

Figure 4. Artificial synthetic gene for the expression of the amino-terminal 

FLAG-(Lys)3GlyCys(Gly)4 tagged [Δ(103–138), Asn184Gln + Asn250Gln] hFasLECD 

mutant in P. pastoris. The secretion-signal cleavage point was indicated by a red arrow. 

The FLAG sequence region in the amino-terminal tag sequence was shown in green. The 

reactive Cys residue in the tag sequence and the Gln residues used for the deletion of the 

potential N-glycosylation sites were shown in red. The other part of the tag sequence was 

shown in blue. The numbers above the amino acid residues indicate the positions in the 

primary sequence of wild-type hFasL. The Cys residues composing the intramolecular 

disulfide bridge and the Asn residue at the remaining N-glycosylation site were 

underlined. The restriction endonucleases used for the insertion into the expression 

plasmid were described. Ter: termination codon. 
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2.2. Consequences of the addition of tag sequences and the deletion of carbohydrate-chain 

attachment sites 

For the purpose of increasing the secretion amount, we have examined several modifications of 

the expression unit. The first trial was the addition of tag sequences. After consideration about the 

utilization possibility of affinity chromatography in the purification step of the expressed products, 

either AspTyrLysAspAspAspAspLys (FLAG) tag sequence or (His)6 tag sequence was fused to the 

amino-terminal site or the carboxyl-terminal site of the hFasLECD encoding gene, always 

concomitant with an intervening (Gly)5 sequence as the flexible spacer [19]. Consequently, as 

compared to the case of non-tagged hFasLECD, the secretion amount increased only in the case of 

the modified hFasLECD that was fused with the amino-terminal FLAG-(Gly)5 tag sequence. 

Another modification target was concerning the Asn residues at three potential N-linked 

carbohydrate chain attachment sites (Asn184, Asn250 and Asn260), existing in the hFasLECD  

gene (Figure 1). Either a single, double or triple substitution mutagenesis of the Asn residues with 

Gln residues, starting from the amino-terminal side, was introduced to the amino-terminally 

FLAG-(Gly)5 tagged hFasLECD [19]. As a result, judged by the density of the bands in SDS-PAGE 

analysis, the Asn184Gln mutant was most efficiently secreted from P. pastoris among the wild-type 

and the three mutants of hFasLECD, and the production yield after purification reached 

approximately 5 mg l
–1

. On the other hand, the secretion amount of the amino-terminally (His)6-(Gly)5 

tagged derivative significantly decreased. Further, almost no secretion was observed in the cases of 

both of the carboxyl-terminally tagged derivatives and the derivative lacking all N-glycosylation 

sites, which suggested seriously bad effects of these modifications on the normal folding in the 

secretion process of P. pastoris.  

Among the deletion mutations concerning the N-glycosylation sites, the effect of the 

Asn260Gln mutation was especially substantial. The derivative retaining the N-glycosylation site at 

Asn260 alone secreted almost the same amount of the product as that of the wild-type hFasLECD. In 

contrast, the derivative retaining the Asn250 site alone did not seem to secrete a stable product, even 

though it is the same with respect to the residual of the single N-linked carbohydrate-chain 

attachment site. As long as the five independent single colonies of the latter mutant were analyzed by 

SDS-PAGE, all showed either a faint band of the product or the disappearance of the product band 

during cultivation, which indicated the decomposition or the insolubility of the secreted product. 

These results suggested that the N-glycosylation at the Asn260 is extremely important for the normal 

folding and the stability of hFasLECD molecule. Also, the comparison of the band density at the 

molecular-weight positions of the secreted products, regarding the wild-type and the mutant 

hFasLECD genes using an SDS-PAGE analysis, revealed that the effect of the deletion of the Asn184 

attachment site was insignificant and the ratio of the product containing the glycosylation at this site 

was small in the case of the expression of the wild-type hFasLECD, as well as that the effect of 

deletion of the Asn250 site was substantial and the secreted products were mostly glycosylated at this 

site in the cases of the expression of wild-type and Asn184Gln mutant hFasLECDs. Overall, the 

above results presented that the functional characteristics and the performance of the three potential 

N-glycosylation sites in hFasLECD largely depended on their locations in the 3D structure (Figure 3). 

For the purpose of seeking the importance of the structural integrity concerning the attached 

carbohydrate chain at the Asn260 site, the expression experiment with respect to one of the most 

efficiently secreted mutants in P. pastoris GS115 strain, [Δ(103–138), Asn184Gln + Asn250Gln] (see 
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details in the section 2.3), was also conducted using P. pastoris SuperMan5 strain (BioGrammatics 

Co.), which lacks the OCH1 gene responsible for the elongation of outer carbohydrate chain in yeast 

and attaches only a partial, core chain called Man5 (Man5GlcNAc2) [48]. As far as judged by the 

SDS-PAGE analysis of the cultivation medium, no clear band of the secreted product was detected. 

This revealed that the structural integrity of the carbohydrate chain attached at the Asn260 site is 

essential for the normal folding process in the secretory pathway of P. pastoris, and also strongly 

suggested that the recognition of the parts except for the core carbohydrate-chain part by N-linked 

carbohydrate-chains trimming enzymes, such as glucosidases I and II, and some lectin-like molecular 

chaperons, such as calnexin and calreticulin, plays essential roles for the secretion process [49]. The 

abnormally folded hFasLECD proteins were thought to be processed by the endoplasmic reticulum 

associated degradation mechanism, which constitutes the quality control system for secretory 

proteins in P. pastoris [50].  

At the early stage of the expression study, the author intended to crystallize the product to solve 

the 3D structure of the sole hFasLECD molecule by X-ray analysis. Hence, the digestion of the 

attached carbohydrate chains, existing in the Asn184Gln and the (Asn184Gln + Asn250Gln) mutant 

hFasLECDs, using Endo Hf glycosidase under the non-denaturing conditions was examined for the 

possibility of producing carbohydrate-chain trimmed hFasLECDs with uniform chemical structures [51]. 

The experiments revealed that the carbohydrate-chain attached at the Asn260 site was fairly more 

resistant to the enzymatic digestion as compared to the carbohydrate-chain attached at the Asn250 

site, requiring a much more amount of the enzyme and the reaction time. This result was consistent 

with the substantial contribution of the carbohydrate chain attached at the Asn260 site to the 

molecular stability and the efficient secretion of hFasLECD, mentioned above. Further, the resulted 

derivative of [Δ(103–138), Asn184Gln + Asn250Gln] mutant possessing a single N-acetylglucosamine 

(GlcNAc) residue alone, produced by the digestion with Endo Hf, was prone to cause an aggregation, 

which produced an insoluble material during the process to make a concentrated sample for the 

crystallization trial experiments. A MALDI-TOF mass-spectrometry analysis of this 

carbohydrate-chain trimmed derivative showed that the measured molecular weight was identical to 

the chemical structure of the hFasLECD mutant containing a single GlcNAc residue [51], suggesting 

the absence of other post-translational modifications such as the attachment of O-linked carbohydrate 

chains. 

2.3. Effects of the amino-terminal region deletion on the secretory production yield 

The structural part of the amino acid residues from the 103rd to the 138th of hFasLECD was 

known to be unnecessary for the formation of the trimetric structure of the subunits, which is 

essential for its binding activity toward hFasR, from the analysis of a series of amino-terminal part 

deletion mutants [2,52]. Therefore, in order to clarify the deletion effect of this region on the 

production of hFasLECD in P. pastoris, the secretory expression of the hFasLECD genes containing 

the deletion mutation of the 103rd—the 138th residues in combination with the substitution mutation 

of either Asn184Gln or the (Asn184Gln + Asn250Gln) were conducted [51]. Interestingly, a large 

increase in the secretion amount of the product was observed with either case. The purification yield 

amounted to approximately 24 mg l
–1

 in the case of [Δ(103–138), Asn184Gln + Asn250Gln] mutant. 

A unique Pro residue rich sequence, ProSerProProPro, located at the carboxyl-terminal part of    

the (103–138) region (Figure 2) can be a rate-determining factor in the normal folding process of 
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hFasLECD. It is possible that the large increase in the secretion amount of the products was achieved 

due to the removal of this limiting factor, in the case of the amino-terminal region deletion mutants. 

2.4. Purification using cation-exchange chromatography 

In the preceding study using P. pastoris as the expression host mentioned in the section 2.1, a 

Con A-agarose affinity chromatography was used for the initial step of purification, since the 

secreted product was a glycoprotein possessing high mannose-type carbohydrate-chains [18]. 

Whereas, the author employed carbohydrate-chain independent purification methods using 

cation-exchange chromatography, since we planned to make the products of uniform chemical 

structures by the trimming of the carbohydrate chains, as described above. In the amino acid 

sequence of wild-type hFasLECD, basic amino-acid residues (Lys and Arg) are more abundant as 

compared to acidic amino acid residues (Asp and Glu). Twenty basic residues and sixteen acidic 

residues, and seventeen basic residues and twelve acidic residues are present in the regions from the 

103rd to the 281st amino acid residues and the 139th to the 281st amino acid residues,   

respectively (Figure 2). The theoretical isoelectric points of the former and the latter regions, 

calculated using ExPASy Proteomics Server [53], were 8.96 and 9.15, respectively.  

Cation-exchange chromatography columns, such as Hi-Trap S, Resource S and Mono S (GE 

healthcare), worked effectively in the purification steps, since all the derivatives of hFasLECD were 

considered stable under the condition of pH 5.5. More specifically, the samples in the cultivation 

medium were first coarsely fractionated by a Hi-Trap S column after a thorough buffer-exchange 

using 50 mM sodium acetate (pH 5.3–pH 5.6), and then further purified by the chromatography 

columns with a higher resolution performance, such as Resource S or Mono S. The amino-terminally 

FLAG-(Gly)5 tagged [Δ(103–138), Asn184Gln + Asn250Gln] mutant, which simultaneously 

contains the deletions of the amino-terminal region and a couple of N-glycosylation sites of 

hFasLECD, exhibited a peak profile much sharper than that of wild-type hFasLECD in the 

cation-exchange chromatography, in addition to its high secretion amount [19]. Therefore, this 

mutant was adopted as the basic molecule for the preparation of the derivatives holding further 

modifications. In relation to the purification step using cation-exchange chromatography, a modified 

amino-terminal tag sequence, FLAG-(Lys)3GlyCys(Gly)4, which contains an insertion of three Lys 

residues between FLAG and GlyCys(Gly)4 (Figure 4), was also devised to make the resolution more 

efficient in the initial fractionation step using the Hi-Trap S column chromatography, concerning the 

production of the Cys residue-containing starting derivatives for site-specific chemical modifications [54], 

described later in the section 3.  

2.5. Confirmation of the specific binding activity toward hFasRECD 

The biological activities of hFasL represented by the apoptosis induction are usually 

demonstrated via the specific binding toward hFasR, which is known as the sole execution-type 

receptor for the signal transduction by hFasL [12–14]. Therefore, it is basically possible to judge the 

potential for showing the biological activities against malignant human cells, such as cancer cells, in 

the derivatives of hFasLECD produced by P. pastoris, from the existence of the specific binding 

activity toward hFasRECD. Hence, it was necessary for us to obtain an efficient probe molecule 

containing hFasRECD for the detection of this activity. The fusion protein of hFasRECD with human 
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IgG1-Fc domain (hFasRECD-Fc) is a representative molecule suitable for this purpose. Purified 

samples of recombinant hFasRECD-Fc for research purposes were available as the commercial 

reagents including the one expressed in mouse NS0 cells (R&D), however, all commercially 

available products were too expensive to use in our experiments at ease. Thus, we decided to develop 

a new preparation method by ourselves. An initial trial for the secretory production of the hFasRECD 

part alone in P. pastoris using a chemically synthesized artificial gene, composed of the yeast 

optimal codons, as a substitute for the hFasLECD gene failed, and resulted in essentially no secretion 

of the product into the medium. Then, we changed our strategy to produce the recombinant 

hFasRECD-Fc molecule using insect expression systems, by following a preceding study, which 

conducted a successful production of the fusion protein between mouse FasRECD and human IgG1 

Fc domain [55]. After obtaining a promising result in the secretory expression of hFasRECD-Fc with 

a fair purification yield (6.7 mg l
–1

) using Spodoptera frugipera 9 (sf9) cells-cultivation system, a 

further experiment was performed using the secretory expression into the hemolymph of a  

silkworm (Bombyx mori) larvae, which can be expected to produce a higher amount of the product 

than the sf9-cells system in a fairly good probability [56]. This silkworm expression system worked 

well and 22.5 mg of the purified sample was obtained from 26 ml of the hemolymph of the 

recombinant silkworm.  

The hemolymph of silkworm contained large amounts of endogenous proteins, which can be an 

obstacle for the efficient purification. However, in the case of hFasRECD-Fc, the purification was 

rather easily performed, since a high-performance Protein G conjugated prepacked affinity 

chromatography column (Hi-Trap Protein G HP, GE healthcare), possessing the specific binding 

activity toward the Fc domain, was commercially available. Another versatile point of hFasRECD-Fc 

is that it is applicable to the detection of the specific binding activity toward hFasLECD by the 

co-immunoprecipitation experiments using a Protein A/Protein G conjugated agarose or magnetic 

beads. In the co-immunoprecipitation experiments, all the hFasLECD derivatives prepared using P. 

pastoris so far exhibited a strong binding activity toward hFasLECD. With respect to the site-specific 

mutations in hFasRECD-Fc, it was possible to prepare an N-linked carbohydrate-chain deficient 

mutant by replacing a couple of the Asn residues (Asn102 and Asn120) composing the 

N-glycosylation sites of hFasRECD with Gln residues, using the silkworm larvae secretory 

expression system [47]. The secretion amount of this mutant was lower than the case of wild type 

hFasRECD-Fc, however the same purification procedures were successfully applied. The 

glycosylation deficient hFasRECD-Fc mutant was examined for the binding activity toward the 

derivative of the amino-terminal tag free (Asn184Gln + Asn250Gln) mutant hFasLECD, which 

concomitantly contained the further trimming modification of the remaining single N-linked 

carbohydrate-chain to a GlcNAc residue, using Endo Hf, as well. The co-immunoprecipitation 

experiment presented a strong binding activity between them, which excluded the possibility of 

direct participation of the carbohydrate chains in the specific interactions between hFasLECD and 

hFasRECD [47]. 

In connection with the development of the hFasRECD-Fc derivatives, another derivative 

containing a thrombin protease recognition site (AlaAlaAlaProArgGlySerAla) in the hinge region 

between the hFasRECD part and the Fc domain part, named hFasRECD-T-Fc, was also examined for 

the secretory expression in silkworm larvae [57]. A fairly high expression was observed with 

hFasRECD-T-Fc again, and the purification yield amounted to 13.5 mg from 25 ml of the 

recombinant silkworm’s hemolymph. The hFasRECD part was isolated from the expressed 
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hFasRECD-T-Fc by the digestion with thrombin, and was further purified to homogeneity by the 

fractionation using a cation-exchange chromatography column. The specific interactions between 

hFasLECD and the isolated hFasRECD was confirmed by the size-exclusion chromatography 

analysis of the sample mixtures using the absorbance measurements detected at two     

wavelengths (215 nm and 280 nm), since the isolated hFasRECD domain does not contain any 

tryptophan residue. 

2.6. Development of a disposable culture-bag system 

As adopted in the secretory production experiments of hFasLECD mutants using P. pastoris 

described above, one of the most representative strategies in constructing an efficient expression unit 

is to use the inducible strong promoter sequence of the AOX-1 gene derived from P. pastoris, as a 

device for the induction expression using methanol, and also to employ the prepro signal sequence of 

the αMF gene derived from S. cerevisiae, as a tool for secretion [58]. In the cultivation of P. pastoris 

using methanol, it is important to secure an enough supply of either air or pure oxygen gas for the 

efficient conversion of methanol to formaldehyde in the initial step of the metabolism. The affinity of 

oxygen gas, a substrate of the alcohol oxidase in the oxidation reaction, toward the enzyme is not 

always strong [59]. Based on this fact, the author developed a cultivation system using a commercial 

disposable culture-bag made of polypropylene with a total volume of 5 l or 10 l, which exploits a 

forced aeration using a small diaphragm-type pump [47]. In Figure 5, the conceptual scheme and a 

picture of the device used for the cultivation are presented. In this system, up to 2.5 l or 5 l volume of 

the cultivation at a time is possible, since practically less than a half of the total volume of the 

disposable culture-bags can be used as the cultivation media. As an example, with regard to the 

amino-terminal tag free [Δ(103–138), Asn184Gln + Asn250Gln] derivative of hFasLECD, the final 

purification yield of the secreted product, using the disposable culture-bag system, increased 

approximately threefold as compared with that using a conventional baffled glass-flask of 3 l  

volume (cultivation volume: 500 ml) [19,47]. The cultivation system using the disposable culture-bag  

 

Figure 5. Disposable culture-bag system. Left panel, conceptual scheme; right panel, 

picture of the device. Created by modifying the Figure 1b in [47] (© Michiro Muraki, 

licensed under CC BY 2.0). 
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was easily transferable from the baffled glass-flask system, since the same rotary shaker apparatus 

for the cultivation and the same medium for the induction expression were usable [60]. The author 

employed this system for obtaining the starting samples used in the site-specific chemical 

conjugation experiments. 

3. Preparation of hFasLECD conjugates by site-specific chemical modifications  

3.1. Development of the methodology for site-specific chemical conjugations 

In considering the functional improvements of hFasLECD by site-specific chemical 

conjugations, it is essential to maintain the apoptosis inducing activity caused via the specific 

binding to hFasRECD after the conjugations. To realize this aimed design, it is inevitable to 

understand the interaction modes in the complex between hFasLECD and hFasRECD, from the 3D 

structural viewpoint. A trimeric hFasLECD, consisting of three identical subunits, is considered to 

form a complex with a monomeric hFasRECD in a ratio of 1:3, by analogy with the results in the 3D 

structural analysis of the complexes of the homologous death ligands–death receptors, such as 

TRAIL –DR5 and TNFα–TNFR2 complexes [5,61].  

According to the results of the 3D structural analysis of the hFasLECD–hDcR3 complex, the 

amino-terminal part of hFasLECD locates fairly apart from the binding interface with the    

receptor (Figure 3). Therefore, if we connect a hydrophilic peptide tag to the amino-terminal end of 

hFasLECD, it was reasonable to predict in advance that the peptide tag would locate exposed into the 

medium without disturbing the ligand binding to the receptor. Based on this prediction, a Cys residue, 

which can play a role of the foothold for the site-specific chemical modifications, was introduced 

into the region of the continued Gly residues in the FLAG-(Gly)5 tag sequence of the hFasLECD 

derivative to make the FLAG-GlyCys(Gly)4 tag. By conducting the insertion of the Cys residue in 

this way, the author also wished that the following chemical modifications would not affect the 

functional integrity of the FLAG tag sequence, and moreover that the added Cys residue would 

locate at the position distant from the body of hFasLECD as possible, which should facilitate the 

chemical modification reactions by enhancing the exposure of the Cys residue into the medium.  

The secretory expression experiments of the mutant hFasLECDs containing the Cys residue in 

the tag sequence using P. pastoris revealed that a significant part of the subunits, constituting the 

trimer, was secreted into the culture medium as a SS-bonded form, however the resulting modified 

trimer was possible to be purified using the same procedures as performed for the derivatives 

containing the tag sequences devoid of the reactive Cys residue [47,54]. The wild-type hFasLECD 

possesses an intra-molecularly buried SS-bond, connecting Cys202 and Cys233 residues (Figure 3). 

Hence, in order to perform the site-specific modifications of the Cys residue in the amino-terminal 

tag sequence alone, it is necessary to maintain the side-chain of the Cys residue in the tag sequence 

as the state of a reactive free sulfhydryl (SH) group, without reducing the intra-molecularly buried 

SS-bond. Tris-(2-carboxyethyl)phosphine (TCEP) was effectively used for this purpose. As differed 

from the cases using SH group(s) containing reducing agents such as 2-mercaptoethanol (2ME) and 

dithiothreitol (DTT), TCEP can selectively reduce a SS-bond exposed to the medium into free SH 

groups, which are reactive with various maleimide group containing compounds, by choosing an 

adequate reagent concentration and the reaction temperature [62]. Also, TCEP does not cause an 
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exchange of SS-bonds as 2ME and DTT, therefore the reduced product can be directly used in the 

next step reaction without removing the excess reductant, in principle.  

A couple of conjugation reaction strategies were examined for the chemical modification of the 

reactive Cys residue to obtain the aimed products, thus far. One was the single-step direct ligation 

reaction with a large excess amount of the maleimide derivative of the aimed molecule for the 

conjugation, and the other was the two-step ligation reaction employing the inverse-electron 

deficient Diels-Alder (iEDDA) reaction between trans-cyclooctene (TCO) group and 

6-methyl-1,2,4,5-tetrazine (MTZ) group, which was known as one of the most efficient click 

chemistry reactions [63,64]. The structures of the commercial chemical reagents, which was used for 

the derivation reactions using the ethyleneglycol oligomer reagents containing either the TCO group 

or the MTZ group, and for the quenching reactions toward the residual unreacted TCO and MTZ 

groups after the conjugation reactions, are shown in Figure 6. The iEDDA reactions were performed 

after conducting the preceding modification reaction of the Cys residue containing hFasLECD 

mutants with a large excess amount of TCO-PEG3-Maleimide or MTZ-PEG4-Maleimide (Figure 6).  

 

Figure 6. Structures of the commercial chemical reagents containing either TCO group 

or MTZ group. The reagents used for the derivation of protein molecules and the 

quenching reactions after the conjugation reactions are shown. 

3.2. Preparation and characterization of the conjugates 

Both strategies described above have been examined on the preparations of the site-specific 

chemical conjugates of the hFasLECD mutants (approximately 60 kDa). The single-step strategy was 

applied for the preparation of conjugates with N-ethylmaleimide [47], polyethylene glycol (PEG) 

compounds possessing the maleimide group(s) either at single terminal end or at both terminal  

ends [47], and fluoresceine-5-maleimide [65]. The two-steps strategy was used for the preparation of 

fluorescent derivatives by the conjugation of sulfo-Cy3 moiety and the creation of protein–protein 

conjugates with chicken egg-white avidin (approximately 66 kDa) and rabbit IgG Fab’      

domain (approximately 55 kDa) [54]. 
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All fluorescent derivatives showed a characteristic emission spectrum depending on the 

chemical structures of the attached fluorescent groups. While the average number of the conjugated 

fluorescent group per a trimer of hFasLECD subunits was 2.5 in the case of the fluorescein moiety 

introduced by the single-step conjugation reaction, the corresponding number was decreased to 1.5 

and 1.6 in the cases of the sulfo-Cy3 moiety introduced by the two-step conjugation reactions using 

the MTZ group containing sulfo-Cy3 derivatives (sulfo-Cy3-MTZ) and the TCO group containing 

sulfo-Cy3 derivatives (sulfo-Cy3-TCO), respectively. All the fluorescent conjugates exhibited a 

strong binding activity toward hFasRECD in the co-immunoprecipitation experiments, which 

indicated that the site-specific chemical conjugation strategy based on the 3D structural analysis of 

the ligand–receptor complex was essentially effective for the retention of the hFasRECD binding 

activity. However, a slightly larger tendency toward dissociation during the elution in the 

size-exclusion chromatography column was observed for the complex of the sulfo-Cy3 conjugate of 

hFasLECD, produced using sulfo-Cy3-TCO, with hFasRECD-Fc, as compared with the complexes 

produced using the fluorescein conjugate [65] and the sulfo-Cy3 conjugate using sulfo-Cy3-MTZ [54]. 

This suggested the possibility of a small increase in the steric hindrance in the former case. 

Consequently, in the following conjugation experiments with protein molecules, the TCO group 

containing derivative of hFasLECD, hFasLECD-PEG3-TCO, was chosen for the reactions.  

In Figure 7, the 3D structures of the proteins (only a single Fab part with regard to the rabbit 

IgG derived Fab’ domain) used for the protein-protein conjugation experiments are shown. The MTZ 

group containing derivative of avidin (Avidin-PEG4-MTZ) was synthesized by reacting the nine Lys 

residues, existing per each of the four identical subunits, with eightfold molar excess amount of the 

tetraethyleneglycol compound possessing a MTZ group and a sulfo-N-hydroxysuccinimide ester 

group at either end (MTZ-PEG4-sulfoNHS ester, Figure 6). In theory, it was expected that multiple 

MTZ groups were introduced on the molecular surface of avidin at random positions. As expected, 

the SDS-PAGE analysis of the conjugation product obtained by the reaction with 

hFasLECD-PEG3-TCO suggested the presence of multiple MTZ groups possessing Lys residues per 

a single subunit [54]. On the other hand, the MTZ group containing derivative of rabbit IgG derived 

Fab’ domain (rFab’-PEG4-MTZ) was synthesized by reacting the freshly prepared, unpaired Cys 

residue at the carboxyl-terminal end of the Fab’ domain, which was obtained by the treatment of  

the (Fab’)2 fragment derived from a whole rabbit IgG molecule, with a large excess molar amount of 

MTZ-PEG4-Maleimide (Figure 6) [54]. Therefore, the number of the introduced MTZ group was 

expected to be one per domain in this case.  

The size-exclusion column chromatography analysis of the four different kinds of the reaction 

mixtures, which were obtained by incubating hFasLECD-PEG3-TCO (2.5 mg ml
–1

) with 1.0, 1.2, 1.5 

or 3.0 molar excess amount of Avidin-PEG4-MTZ (4.3 mg ml
–1

) for an hour at 301 K, showed the 

appearance of several clearly resolved peaks from that of the original sample in the region of the 

higher molecular-weight. No essential difference in the chromatography profile of the peaks 

regarding the conjugated products was observed among the samples, irrespective of the mixing ratio 

of the components. The highest peak was considered to be the 1:1 adduct. After the conjugation 

reaction, the unreacted MTZ groups remaining on the surface of avidin molecule were quenched with 

a large molar excess amount of a TCO group containing primary amine (TCO-NH2·HCl, Figure 6), and 

further fractionated to isolate the peak component corresponding to the quenched 1:1 adduct. This 

isolated conjugate sample retained the strong binding activity toward hFasRECD-Fc. The sample 

was also confirmed to possess a strong biotin-binding activity in the co-immunoprecipitation 
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experiment using a biotin conjugated goat-derived anti rabbit IgG (H & L) antibody, as well as by the 

complex formation experiment with a biotin conjugated fluorescent dye [54]. 

 

Figure 7. 3D structures of hFasLECD, chicken avidin and rabbit IgG derived Fab. All 

3D structures were drawn using the atomic coordinate data deposited in PDB [PDB ID: 

hFasLECD, 4msv (partially extracted); chicken avidin, 1ave; rabbit IgG derived Fab, 

4hbc]. The molecules are colored differently depending on the kind of the composing 

atoms (grey, carbon; red, oxygen; blue, nitrogen; yellow, sulfur). 

On the other hand, the reaction mixtures, which were obtained by incubating 

hFasLECD-PEG3-TCO (2.5 mg ml
–1

) with either 1.0, 2.0, 3.0 or 5.0 molar excess amount of 

rFab’-PEG4-MTZ (2.3 mg ml
–1

) for an hour at 298 K, showed a remarkable difference in the 

chromatography profiles. The peak of the 1:1 adduct was the highest among the peaks of the 

conjugation products in the case that equimolar amount of rFab’-PEG4-MTZ was used, and the 

peaks of the 1:2 and the 1:3 adducts prevailed in the case that 5.0 molar excess amount of 

rFab’-PEG4-MTZ was used [54]. After the quenching reactions using a large molar excess amount of 

an MTZ group containing primary amine (MTZ-PEG4-NH2·HCl, Figure 6), the 1:1 adduct alone, 

and the mixture of the 1:2 and the 1:3 adducts were confirmed to retain a strong binding activity 

toward hFasRECD-Fc. Both samples were also confirmed to possess the Fab’ domain(s) with the 

structural integrity [54]. 

From the results of the size-exclusion column chromatography analysis, it was revealed that 

significantly large amounts of unconjugated molecules, 45% and 62% of the original samples of the 

MTZ group containing derivatives, still remained in the reaction mixtures comprising equimolar 

amounts of hFasLECD-PEG3-TCO and the MTZ components after an hour of the incubation, with 

respect to the cases using Avidin-PEG4-MTZ and rFab’-PEG4-MTZ, respectively. In the latter case, 

no essential change in the amount of the remaining unconjugated sample was also observed, even 

after the doubled reaction time. These results indicated that there was a certain limit on the increase 

in the efficiency of protein–protein conjugation reactions, which suggested that further 

improvements in the linker part design, such as the employment of longer spacers, will be required 

for an increase in the conjugation efficiency.  



56 

AIMS Bioengineering                                   Volume 5, Issue 1, 39–62. 

Finally, the biological activity, concerning some of the hFasLECD derivatives with the 

site-specific chemical conjugations described above, has been examined at the cellular level. The 

amino-terminally FLAG-tagged hFasLECD conjugated with N-ethylmaleimide was examined for the 

cytotoxicity against a human colorectal cancer cell line, HT-29 cells, and a strong cytotoxic activity 

by the crosslinking with anti-FLAG M2 antibody was observed (Figure 8) [47]. Further 

investigations into the cell-death inducing activity with regard to the fluorescent derivatives and the 

conjugates with protein molecules are also now in progress. 

 

Figure 8. Cytotoxic activity of the amino-terminal FLAG-GlyCys(Gly)4 tagged 

hFasLECD, conjugated with N-ethylmaleimide, against HT-29 cells. Cell morphology 

after 72 h treatment in the presence of anti-FLAG M2 antibody (2 μg/ml) was presented. 

Note the appearance of the dead cells as dense shrank particles in the hFasLECD sample. 

Created by modifying the Figure 10a in [47] (© Michiro Muraki, licensed under CC BY 2.0). 

4. Conclusions 

The artificial evolution of the expression systems for obtaining useful hFasLECD derivatives in 

P. pastoris and the molecular manipulation of the expressed product using site-specific chemical 

modifications, aimed at medical applications, are still in their infancy, and we are at the stage of 

developing efficient methodologies for them. hFasLECD has the potential to exhibit unique 

medically important biological functions, represented by apoptosis induction, which makes this 

glycoprotein highly attractive as an effective therapeutic agent, targeting on the serious diseases 

unmet with good enough interventions, still at the present time. In fact, even though the same 

cell-death induction via the binding to hFasR, the relative activity of the recombinant hFasLECD 

produced by P. pastoris was at least 20-fold higher than an agonistic antibody specific to FasR, 

named Jo2, and exhibited a much less toxicity to the liver [6,18]. Nevertheless, as speculated from 

the death incidents due to acute hepatic failures, caused by the systemic administration of either an 

agonistic antibody against mouse FasR [66] or hFasLECD to mice [18], the treatment using a sole 

hFasLECD alone seems to be rather impractical. Isn’t it possible to prevent the unwanted side-effects 

by attaching an advanced target specificity to death ligands? As a promising clue for answering to 

this proposition, a number of fusion proteins of death ligands including hFasLECD with functional 
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proteins such as scFv-type antibodies, raised against the cell-surface molecules, have already been 

developed for the targeting to the malignant cells, to date (Table 1) [67,68].  

Recently, many biorthogonal reactions, which are also suitable for the conjugations with 

proteins by site-specific chemical modifications, have been developed. Among them, the iEDDA 

reaction between MTZ and TCO groups are highly effective for the protein–protein conjugations, 

because of its extremely fast kinetics [54,69]. The strategy for obtaining the conjugates with other 

proteins by site-specific chemical modifications may be applicable not only to Fab’ fragments but 

also to other antibody formats including whole immunoglobulin molecules. The conjugates with 

avidin are expected to bind many biotin moiety-containing molecules strongly, which will enable us 

to prepare a variety of the stable complexes with many kinds of functional molecules [70]. Although 

it is necessary to take the possible immunogenicity into consideration, this provides the significant 

potentials for a number of medical applications using a cell-surface molecule targeting [71–74]. 

Furthermore, it is known that the sensitivity of cancer cells against the hFasL-induced cytotoxicity 

was significantly enhanced by the action of clinical anti-cancer drugs [75,76], cytokines [77,78] and 

radiation [79], through the increase of the number of cell-surface hFasR. The level of soluble hFasR 

in serum has been suggested to be applicable to detect people possessing a high risk for cancers at 

the very early stage, as a valid biomarker [80]. Soluble hFasR was also associated with the patients at 

a risk for development of a group of acute kidney injury [81]. These results provide the fluorescent 

hFasLECD derivatives with the possibility of applications as the molecular tools for developing 

novel diagnostic systems of the diseases.  

On the other hand, in the chemical modification of protein molecules, especially in the cases of 

preparing the conjugates with other functional proteins such as antibody fragments, the existence of a 

certain limitation on the increase in the conjugation efficiency is expected, as judged by the 

experimental results obtained so far. Therefore, in general, a large amount of the purified starting 

samples will be required for the chemical conjugation experiments. There is a high probability to 

produce the recombinant glycoproteins at more reasonable prices using the secretion systems of P. 

pastoris, as compared to the systems using mammalian cells. This makes the harnessing of P. 

pastoris attractive to the development of novel therapeutic proteins including those exploiting 

post-chemical modifications, in spite of the possible problems arising from the difference in the 

carbohydrate-chain structures compared to human glycoproteins [82,83].  
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