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ABSTRACT 

 

Identification and characterization  

of an axoneme-associated protein  

in Giardia lamblia 

 

Sung-Su Bae 

 

Department of Medical Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Soon-Jung Park) 

 

Giardia lamblia, a protozoan causing diarrheal outbreaks via contaminated water, is one of the 

main pathogens monitored in developed countries. Using the monoclonal antibodies (mAb) 

against G. lamblia, I identified antigenic proteins of this protozoan. Through immunoscreening 

of G. lamblia expression library with mAbs, the immunoreactive clones were found to contain 

genes for a group of proteins belonging to GASP (Giardia axoneme-associated protein), 
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GASP115, GASP138, and GASP180. In order to map the epitope region of GASP115, the 

corresponding open reading frame of 3,120 bps was dissected into three parts and expressed as 

recombinant proteins with histidine tags. Western blot analysis of these recombinant proteins 

with mAbs reacting with GASP115 indicated that 1,020 bps of the C-terminus of GASP115 

showed immunoreactivity with the mAb. Intracellular location of GASP115 was examined both 

in trophozoites and encysting cells of G. lamblia by an immunofluorescence assay, indicating 

that location of GASP115 may vary during encystation. In this study demonstrates that 

GASP115 is an abundant and antigenic protein, and may contribute in understanding the 

cytoskeleton in G. lamblia. 

 

 

 

 

 

 

 

 

Key word : Giardia lamblia, axoneme-associated protein, cytoskeleton 
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Identification and characterization  

of an axoneme-associated protein  

in Giardia lamblia 

 

Sung-Su Bae 

 

Department of Medical Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Soon-Jung Park) 

 

ⅠⅠⅠⅠ. INTRODUCTION 

 

Giardia lamblia is a binucleated protozoan parasite in the group diplomonads1. This flagellated 

parasite colonizes in the small intestine causing an estimated 2.8 x 108 cases of waterborne 

diarrhea per annum2 via drinking contaminated water3. It continues to be the most common and 

damaging pathogenic organism of humans hence it has attracted a global attention to prevent its 

manifestation. Furthermore, protozoan cysts are known to be resistant even in the chlorinate 
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water4, which urges the health authorities to have a proper counterplan against the disease.  

G. lamblia was first observed by van Leeuwenhoek in 1681 when he examined his own 

diarrheal stools under the microscope5. G. lamblia possesses several distinguishing features, 

such as two equivalent nuclei, a developmentally regulated rough endoplasmic reticulum and 

Golgi while lacking mitochondria and peroxisomes6. The small subunit of ribosomal RNA (16S-

like rRNA) coding region from G. lamblia also suggests that it may be the most primitive 

species in Eukaryotes7. 

G. lamblia is considered to be a model organism for studying the process of cellular 

differentiation as the parasite has a two-stage life cycle with distinct forms; a trophozoite is a 

reproductive form in the small intestine while a cyst is an environmentally resistant infectious 

form in the faeces2. By ingesting the cysts through the fecal-to-oral route, the host infection is 

initiated. The excystation process leads to the colonization of trophozoites in the proximal 

duodenum of the human host. The trophozoite, a motile, metabolically active form, is able to 

multiply by binary fission. Numerous trophozoites colonize the proximal small intestine using 

their adhesive discs. Some of the trophozoites undergo encystations by transforming into the 

cyst form in the distal small intestine8. 

Trophozoites are about 15 µm in length, pear shaped with two nuclei of equal size at the 

anterior end. They have an adhesive disc made of microtubules, and two median bodies. There 
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are four pairs of flagella, one anterior pair, two posterior pairs, and a caudal pair2. A major 

surface protein of trophozoites was well known cysteine-rich variant specific protein9 and a 

glycoprotein GP-4910. The cyst form of this flagellate is responsible for the transmission of the 

parasite from one host to another. A cyst measures 8-10 µm in length and is composed of a pair 

of trophozoites encased within a fibrous cyst wall which measures 0.3-0.5 µm in thickness. A 

protein of cyst wall is a glycoprotein composed of a galactosamine, which distinguishes it 

trophozoite form11. The two-stage life cycle with encystations and excystation is a complex yet 

crucial cellular process for the survival of G. lamblia inside and outside the host8, 12, 13. The 

mechanism of regulation of the two stages is still not understood clearly14, 15, 16, however, one 

can predict that the rearrangement of the cytoskeleton structure may take place at these stages of 

the life cycle. 

The cytoskeleton is now considered to be the key defining feature of eukaryotic cells, 

preceding and enabling the acquisition of the nucleus in early eukaryotic evolution. Giardia 

trophozoite has a complex structure, which contains an elaborate cytoskeleton17. The most 

abundant cytoskeletal proteins in G. lamblia is a tubulin of 50 kDa and a giardin of 30 kDa. Of 

these, β-gardin, which was identified as a Bop1-binding protein, is a major filamentous protein 

with a strong periodicity of 3.6 amino acids18. G. lamblia presents a unique cytoskeleton in 

which the tubulin protein predominates in the following structures; four pairs of flagella, an 
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adhesive disc composed of microtubules and microribbons containing giardins, a median body, 

and a funis made up of sheets of microtubules following the axonemes from the caudal flagella19. 

The origin point of the basal bodies of the eight flagella lies deep within in the cell body; this is 

also the origin of the funis, a microtubular array that follows the axonemes of the caudal flagella 

and is also involved in the cellular movement20. Delineation of the ultrastructure of Giardia 

cytoskeleton components has revealed the presence of several novel structures including the 

adhesive disk, median body, and numerous axoneme-associated structures. The flagella 

originated from basal bodies, situated between the two nuclei and the intracellular portions of 

the axonemes, are unusually long; each pair of the flagella has its own unique array of 

associated structures. 

However, only a small number of traditional cytoskeleton proteins have been identified and 

localised to specific cytoskeleton structures in G. lamblia17. These include α and β tubulin21 

found within the flagellar axonemes, median body, and adhesive disk assembled into 

microtubules; γ tubulin22 and centrin23, 24 localised in the basal bodies and actin25. Novel 

cytoskeletal proteins provide researchers with potential drug targets to treat giardiasis. 

Unmistakably, the cytoskeleton is responsible for unique Giardia structures and adaptations to a 

parasitic lifestyle. Yet to date, our understanding of the Giardia cytoskeleton is largely inferred 

from the ultrastructural studies17. Identification of novel cytoskeleton elements is an important 
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step in allowing us to more tightly correlate the structure with function in the cytoskeletal 

processes of G. lamblia that mediate motility and attachment. Information of antigenic proteins 

is still little known in G. lamblia. Being similar to Trypanosoma brucei, the trophozoites of G. 

lamblia has variant surface proteins (VSP) with antigenicity which cause antigenic variations, 

and due to such variations, the condition, location9, 26, and the infection time of the parasite may 

change and adapt in the host.   

A new cytoskeletal protein, GASPs (Giardia axoneme-associated proteins), has already been 

identified as the founding member of a large family of proteins in G. lamblia that contain 

ankyrin repeats and coiled-coil domains6. This thesis investgated one of this protein family, 

GASP115, which was confirmed to be an abundant antigen, with high immunoreactivity, by the 

methods of immunoscreening with monoclonal antibodies against crude extracts of G. lamblia. 

In this study, several experiments were performed to identify and to characterize GASP115 of G. 

lamblia, which is one of the cytoskeletal protein. 
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II. MATERIALS AND METHODS 

 

1. Cultivation and in vitro-encystation of G. lamblia 

Trophozoites of G. lamblia WB strain (ATCC 30957) were grown for 72 hr in a normal TYI-S-

33 medium27 (2% casein digest, 1% yeast extract, 1% glucose, 0.2% NaCl, 0.2% L-cysteine, 

0.02% ascorbic acid, 0.2% K2HPO4, 0.06% KH2PO4, 10% calf serum, and 0.5 mg/ml bovine 

bile, pH 7.1). 

To induce encystation in vitro, trophozoites were transferred into an encystation medium28 

(TYI-S-33 medium, 10 mg/ml bovine bile, pH 7.8). At various time-points after the incubation 

in the encystation medium, the cells were harvested by centrifugation at 3,000 rpm for 15 min at 

4℃. 

 

2. Production of monoclonal antibodies specific to G. lamblia 

Trophozoites grown for 72 hr in a normal TYI-S-33 medium were transferred into an 

encystation medium, and harvested at 48 hr post-induction to encystation. The harvested cells 

were resuspended in a phosphate-buffered saline (PBS) with 2% Triton X-100, disrupted by 

sonication, and then centrifugated for 30 min at 10,000 rpm to get the supernatant as G. lamblia 

antigens. 
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Six-week old female BALB/c mice were immunized via an intraperitoneal route with 50 µg 

of the prepared G. lamblia antigens emulsified in a complete Freund’s adjuvant (Sigma, St Louis, 

MO, USA) as recommended by the manufacturer. Every two weeks, the mice were 

intraperitoneally immunized with 35 µg of G. lamblia antigens emulsified in an incomplete 

Freund’s adjuvant, and then with 25 µg of the same antigens via an intravenous route. Three 

days after the third immunization, the mice were euthanized, and their spleens were used for the 

fusion experiments with myeloma cells (SP2/0).  

Hybridomas secreting antibodies specific to the G. lamblia antigens were screened by 

enzyme-linked immunosorbent assay (ELISA) and western blot analysis with extracts derived 

from the encysting G. lamblia. Six-week old female BALB/c mice were also immunized by 

intraperitoneal injection of the selected hybridomas, and their ascites were collected to get the 

enriched monoclonal antibodies.  

 

3. Immunoscreening 

Five hybridomas showing the immunoreactivity to the G. lamblia antigens were used for 

immunoscreening experiments. The G. lamblia expression library was constructed by cloning 

the cDNA derived from mRNA of G. lamblia trophozoites into a λZAPII vector (Stratagene, 

La Jolla, CA, USA). Recombinant phage DNA was packaged in vitro using Gigapack Gold as 
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described by the manufacturer (Stratagene). The amplified library (with a titer of 8 × 108 plaque 

forming units/ml) was transferred to a nitrocellulose filter (Whatman, Dassel, Germany), 

incubated with the 1:100 dilution of monoclonal antibodies against G. lamblia, and subsequently 

with the 1:2,000 dilution of anti-mouse immunoglobulin G conjugated with alkaline 

phosphatase (AP). Plaques distinct from the background level of antibody binding to the filter 

were further purified by the second and third screenings. Homogeneous plaques expressing the 

antigens were selected and excised to a pBluscript SK(+) phagemid, as instructed by the 

manufacturer (Stratagene). The identities of the phagemid inserts were verified by automatic 

sequencing of the double-stranded plasmids. 

 

4. Production of four different recombinant proteins containing various region of Giardia 

axoneme-associated protein 115 (GASP115) 

Strains and plasmids used in this study are listed in Table 1. A 3,120 bp DNA containing the 

open reading frame (ORF) of GASP115 was dissected into two parts, of which are the ~1 kb 

DNA for the N-terminus and the rest ~2 kb DNA for the C-terminus of GASP115 (Fig. 1). The 

5’-region of gasp115 DNA (1,050 bp) was amplified from the genomic DNA of G. lamblia WB 

by PCR using the primer BSU1-F and primer BSU1-R (Table 2), and then cloned into pET28b 

(Novagen, Darmstadt, Germany) to produce pBSU1. Another gasp115 DNA encoding the rest 
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portion of GASP 115 (2,070 bp) was made with primer BSU2-F and primer BSU2-R, and also 

cloned into pET28b to result in pBSU2. This 2,070 bp gasp 115 DNA was further divided into 

two regions, of which is ~1 kb. A 1,050 bp DNA encoding the central portion of GASP115 was 

amplified by PCR using primer BSU3-F and BSU3-R, whereas the 3’-portion of gasp115 was 

made by PCR with primer BSU4-F and BSU4-R. Two resultant PCR products were also cloned 

into the expression vector, pET28b as described above. These GASP115 proteins were 

expressed as a histidine-tagged form in Escherichia coli BL21 (DE3) with an addition of 1 mM 

isopropyl β-D-thiogalactoside (IPTG; Sigma). 

 

5. Western blot analysis  

E. coli extracts expressing recombinant GASP115 proteins were resuspended in a PBS 

containing 0.5% Triton X-100, and then lysed by sonication. Crude lysates of G. lamblia were 

also prepared from trophozoites or encysting G. lamblia in a lysis buffer (50 mM Tris-HCl, 25 

mM EDTA, 650 mM NaCl, 5% Triton X-100, 0.7 µg/ml pepstatin A, 0.5 µg/ml leupeptin, and 

0.5 µg/ml tosyl-L-lysine chloromethyl ketone). They were separated upon a 10% SDS-PAGE, 

and then transferred to polyvinylindene fluoride (PVDF) membranes (Milipore, Bedford, MA, 

USA).  

The membrane was incubated with monoclonal antibodies (1:5,000 dilution) or anti-histidine 
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antibodies (1:10,000 dilution; Ig Therapy, Chunchon, Korea) in a blocking solution (PBS 

containing 5% skim milk and 0.05% Tween 20), and subsequently incubated with AP-

conjugated anti-mouse (1:2,000 dilution; Sigma) or horseradish peroxidase linked anti-rat lgG 

antibodies (1:2,000 dilution; Cell Signaling Technology Danvers, MA, USA), respectively. The 

immunoreactive protein was visualized using the nitroblue tetrazolium (NBT)/5-bromo-4-

chloro-3-indolyl phosphate (BCIP) system (Promega, Madison, WI, USA) or using enhanced 

chemiluminescence Western blotting detection reagents (Amersham Pharmacia Biotech, 

Piscataway, NJ, USA). To monitor the encystation process, intracellular level of cyst wall 

protein 129 (CWP1) was measured in the harvested G. lamblia. As a loading control, amount of 

end-binding protein 1 (EB1) was also detected (J. Kim and S.-J. Park, unpublished result). 

Therefore, cell extracts of G. lamblia at various time-point of encystation were reacted with 

CWP1-specific antibodies or EB1-specific antibodies.  

 

6. Immunofluorescence assay 

1 X 104 Trophozoites of G. lamblia were attached to glass slides coated with 0.1% poly L-

lysine in a humidified chamber. The attached trophozoites were fixed with chilled 100% 

methanol at -20°C for 10 min, and permeabilized with PBS/0.5% Triton X-100 for 10 min. After 

2 hr-incubation in a blocking buffer (PBS, 5% goat serum, and 1% BSA), the cells were reacted 
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with monoclonal antibodies (1:1 dilution with PBS/1% BSA) at 4°C for overnight. Following 5 

min-washes with PBS three times, the cells were incubated with fluoresceine isothiocyanate 

(FITC)-conjugated anti-mouse IgG (1:200 dilution with PBS/1% BSA; Santa Cruz 

Biotechnology, Santa Cruz, CA, USA) at 37°C for 1 hr. The slides were reacted with 1 µg/ml 

4′6-diamidino-2-phenylindole (DAPI; Sigma), rinsed with PBS, and mounted with anti-fade 

mounting medium (Vectashilde; Vector Laboratories, Burlingame, CA, USA). They were then 

observed with a Zeiss LSM 510 laser scanning confocal microscope (Carl Zeiss, Thornwood, 

NY, USA). The images were collected with serial sections at 0.5 µm intervals, and analyzed by 

Zeiss LSM image browser software (Zeiss). 
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Table 1. Strains and plasmids used in this study 

Organism/ 

plasmid 

Description 

Source/ 

reference 

G. lamblia   

ATCC 30957 Clinical isolation ATCC 

E. coli   

DH5α 

supE44, ∆lacU169(Φ80 lacZ ∆M15), hsdR17, recA1, 

endA1, gyrA96, thi-1, relA1 

Invitrogen 

BL21 (DE3) F’, ompT, hsdSB(rB
-mB

-), gal, dcm (DE3), Invitrogen 

XL1–Blue MRF’ 

∆(mcrA)183, ∆(mcrCB-hsdSMR-mrr)173, endA1, 

supE44, thi-1, recA1, gyrA96, relA1 lac[F’ proAB 

laclqZ∆M15 Tn10 (TetR)] 

Stratagene 

SOLR 

e14-(McrA-), ∆(mcrCB-hsdSMR-mrr)171, sbcC, recB, 

recJ, uvrC, umuC::Tn5 (KanR), lac, gyrA96, relA1, 

thi-1, endA1, λR[F’ proAB laclqZ∆M15], Su- 

(nonsuppressing) 

Stratagene 

Plasmids   

pET28b Expression vector, KanR Novagen 
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pBluescript SK (-) AmpR Stratagene 

pBSU1 pET28b, 1,050bp G. lamblia gasp115(1-1050) This study 

pBSU2 pET28b, 2,070bp G. lamblia gasp115(1051-3120) This study 

pBSU3 pET28b, 1,050bp G. lamblia gasp115(1051-2100) This study 

pBSU4 pET28b, 1,020bp G. lamblia gasp115(2101-3120) This study 

*Amp, ampicillin; Kan, kanamycin; R, resistant 

Table 2. Primers used in this study 

Name Nucleotide sequences (5'-3') 

Restriction 

enzyme site* 

BSU1-F CATGCCATGGGTATGAGCATTAGGACCCTG NcoI 

BSU1-R CGGAATTCCGGCGAGAAATCTCGGCATC EcoRI 

BSU2-F CGCGGATCCGCTTCAAGATCTTCTGAATGA BamHI 

BSU2-R GGCCTCGAGGCCTTGTGGCTGAATAGACGC XhoI 

BSU3-F CGCGGATCCGCTTCAAGATCTTCTGAATGA BamHI 

BSU3-R GGCCTCGAGGCCTATTGCATCAGCAAGTCTTG XhoI 

BSU4-F CGCGGATCCGAGGGAAATCTCAGACCTG BamHI 

BSU4-R GGCCTCGAGGCCTTGTGGCTGAATAGACGC XhoI 

*Restriction enzyme sites are underlined. 
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Fig. 1. Construction of four different plasmids containing various region of GASP115 Four 

different plasmids containing various region of GASP115 were amplified from genomic DNA 

of G. lamblia WB by PCR using primers of Table 2, and then cloned into pET28b to produce 

pBSU1, pBSU2, pBSU3, and pBSU4. 
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ⅢⅢⅢⅢ. RESULTS 

 

1. Identification of G. lamblia proteins reacting with the monoclonal antibodies  

Approximately 50,000 plaques of the λ ZAPII-based expression library of G. lamblia were 

screened to isolate the clones expressing the proteins reacting with monoclonal antibodies (2G4, 

4C6, 26D8, 27E6, 30B9) made against G. lamblia (Fig. 2). Through the second and third 

screenings, five candidate plaques showing reproducible immune response with monoclonal 

antibodies were isolated, and then excised to pBluescript SK (+) phagemid. Identities of the 

isolated clones were determined by automatic sequencing of the double-stranded plasmids 

(Table 3).  

BLAST searches of the nucleotide sequences of the isolated clones on the G. lamblia genome 

database (http://www.giardiadb.org/giardiadb/), indicated that two clones reacting with 

antibodies 2G4 and 30B9, contain an ORF for a Giardia axoneme-associated protein 

(GASP115). The other two clones reacting with antibodies 4C6 or 26D8 were also identified as 

another proteins belonging to GASPs, GASP138 or GASP180, respectively. Nucleotide 

sequences of the clone reacting with monoclonal antibodies 27E6 could not be determined by 

the same method. 
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Fig. 2. Immunoscreening of cDNA library of G. lamblia with monoclonal antibodies Using a 

λZAPII vector, immunoreactive clones three times purified against monoclonal antibodies 

(2G4, 4C6, 26D8, 27E6, 30B9). The identities of the phagemid inserts were verified by 

automatic sequencing of the double-stranded plasmids and then results showed table 3. 

 

 

 

 

 

 



 19  

 

 

Table 3. Immunoreactive clones of G. lamblia obtained by immunoscreening 

Name of monoclonal 

antibodies 

Putative protein 

Number of 

ORF 

2G4 Axoneme-associated protein GASP115 16745 

4C6 Axoneme-associated protein GASP138 13475 

26D8 Axoneme-associated protein GASP180 137716 

27E6 Indefinite sequence  

30B9 Axoneme-associated protein GASP115 16745 
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2. Amino acid sequence of GASP115 

Since two of five monoclonal antibodies, 2G4 and 30B9, recognized the same clone encoding 

the GASP115, I chose it for further investigation. The nucleotide sequence of the isolated gene 

indicates that it is made of 1,039 amino acids as shown in Fig. 3. Analysis of GASP115 by the 

NCBI conserved domain search program 

(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi), indicates that it has the ANK domain 

and the SMC domains. The ANK domain located between amino acid residue 19th and 179th has 

characteristic the ankyrin repeats, which may be involved in the protein-protein interaction. The 

SMC (structural maintenance of chromosomes) domain with ATP-binding sites represents a 

major portion of GASP115 extended from the amino acid residue 423rd to 1,039th. 

BLAST search for the homologous proteins in other organisms with GASP115 showed that 

GASP115 displayed few identities in database. Therefore, GASP115 is unusual protein in G. 

lamblia.  
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Fig. 3. Deduced amino acid sequence of GASP115 This sequence was submitted to Genbank 

under accession number XP_770556. 
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3. Localization of GSAP115 domain reacting with monoclonal antibodies 30B9 

To identify a region of GASP115 reacting with the monoclonal antibodies, the GASP115 were 

dissected into three parts. To produce various forms of recombinant GASP115 protein, four 

different gasp115 DNA fragments were cloned into pET28b expression vector (Fig. 1).   

Most of all, I examined the expression of these recombinant GASP115 proteins in E. coli BL21 

(Fig. 4A). Proteins of the expected size could be observed in a SDS-PAGE gel, and their amount 

was increased with an addition of 1 mM IPTG.  

I then examined whether the proteins appeared in an increased amount are GASP115. Since the 

recombinant GASP115 proteins were made as a tagged form with histidine, the same extracts 

were analyzed by western blot using anti-histidine antibodies (Fig. 4B). With respect to all of 

the four extracts, the proteins of expected size showing increased amount with IPTG were 

reacted with anti-histidine antibodies.  

The four recombinant GASP115 proteins were also examined for their reactivity with 

monoclonal antibodies 30B9 (Fig. 4C). As a result, extracts of E. coli carrying pBSU2, pBSU4 

showed an immunoreactive band, which was the same protein detected in SDS-PAGE and 

western blot analysis with anti-histidine antibodies. However, E. coli having pBSU1, pBSU3 

did not show any immonoreactive band in western blot using monoclonal antibodies 30B9. This 

result indicated that the 1,020 bps of C-terminal portion of GASP115 which was composed of 
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pBSU4(2100-3120) may contain epitope for monoclonal antibodies 30B9 and two-third of N-

terminal portion of the protein may be not related with immunoreactivity of GASP115.  
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Fig. 4. Confirmation of expression of recombinant protein and reaction with monoclonal 

antibodies 30B9 in E. coli (A) 10% SDS-PAGE of 5 µg total protein of E. coli extracts 

expressing recombinant GASP115 proteins which were originated in pBSU1, pBSU2, pBSU3 

and pBSU4. (B) Western blot analysis of 1 µg total protein of E. coli extracts expressing 

recombinant GASP115 proteins reacted with anti-histidine. (C) Western blot analysis of 10 ng 

total protein of E. coli extracts expressing recombinant GASP115 proteins reacted with 

monoclonal antibodies 30B9. 
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4. Expression pattern of GASP115 during encystation 

In the next experiment, I monitored intracellular level of GASP115 at various growth stages of 

G. lamblia (Fig. 5A). Cell lysates were prepared from trophozoite and encysting cells at 6, 12, 

24, and 48 hr after induction to encystation, and analyzed by western blot using monoclonal 

antibodies 30B9. Both trophozoites and encysting cells showed an immunoreactive protein of 

115 kDa, which is an expected size of the gasp115 ORF. No obvious alteration in the amount of 

GASP115 was detected in encysting cells in comparison with that of trophozoites, suggesting 

that expression of the gasp115 gene is not modulated in G. lamblia during encystation.  

Incubation of G. lamblia lysates with the EB1-specific polyclonal antibodies displayed a strong 

immunoreactive band of ~26 kDa, of which expression has already known to be constitutive 

(Fig. 5B). To confirm whether encystation occurred properly in vitro, I also examined the 

expression of CWP1 in the same lysates (Fig. 5C). As expected, the amount of CWP1 was 

gradually increased as the encystation process was progressed. 
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Fig. 5. Confirmation of expression of GASP115 in G. lamblia (A) Western blot analysis of 1 

µg total protein of extracts of G. lamblia at various time-point with monoclonal antibodies 30B9. 

(B) Intracellular level of amount of end-binding protein 1 (EB1), as a loading control, (C) cyst 

wall protein 1 (CWP1) monitored the encystation process, were detected. Lane indicated 

encysting cells at time of post-induction and 0 hr lane indicated trophozoites. 
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5. Intracellular localization of GASP115 in G. lamblia 

I examined the intracellular location of GASP115 within G. lamblia by an 

immunofluorescence assay (Fig. 6). Trophozoites and encysting cells (24, 48, 72 hr post-

induction to encystation) of G. lamblia were reacted with monoclonal antibodies 30B9, and 

observed with a confocal microscopy. GASP115 was present mainly as clusters in trophozoites 

of G. lamblia. In encysting cells at 24, and 48 hr post-induction to encystation, GASP115 was 

found at the exterior of G. lamblia. At later stage of encystation (72 hr post-induction to 

encystation), the GASP115 were observed mainly in the cytoplasm. 
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Fig. 6. Intracellular localization of GASP115 in G. lamblia Immunofluorescence assay of 

various time-point of G. lamblia with monoclonal antibodies 30B9. The cells were observed 

with a Zeiss LSM 510 laser scanning confocal microscope B : Fluorescence image of 

trophozoite, D : encysting cell at 24 hr post-induction, F : encysting cell at 48 hr post-induction, 

H : encysting cell at 72 hr post-induction, A: corresponding DIC (differential interference 

contrast) image of trophozoite, C : encysting cell at 24 hr post-induction, E : encysting cell at 48 

hr post-induction, F : encysting cell at 72 hr post-induction. 
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ⅣⅣⅣⅣ. DISCUSSION 

 

 Giardia lamblia, a protozoan causing infections in the intestines, is one of the notorious 

pathogens for diarrheal outbreaks worldwide30. Its prevalence in drinking waster has been 

monitored in many developed countries, including United States and Canada. As we now know, 

an advanced methodology to detect this protozoan in environmental and clinical samples is 

needed to be developed. Searching for antigenic molecules of this pathogen will provide 

knowledge to develop diagnostic tools to detect this parasite. In this study, a set of antigenic 

proteins, GASPs (Giardia axoneme-associated proteins), is identified by immunoscreening 

methods with monoclonal antibodies against G. lamblia.  

If an organism possesses a cytoskeleton, then it is characteristically categorized in eukaryotic 

cells31. Eukaryotes synthesize structural proteins that can assemble in the cytoplasm to express 

typical morphologies. This complex process is carefully modulated by interactions occurring 

between the ubiquitous major elements and numerous accessory proteins, relatively few of 

which have been thoroughly characterized either in terms of their function or molecular 

sequence32. These cytoskeletal proteins are considered to be important for 1) formation, 

localization, and maintenance of specific integral membrane protein complexes, 2) a barrier 

restricting the diffusion of both cytoplasmic and membrane proteins to distinct regions or 
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compartments of the cell33. G. lamblia also has distinct cytoskeletal structures such as an 

adhesive disc and four pairs of flagella17. Therefore, GASP, proteins associated with cytoskeletal 

structures, may play some role in morphogenesis of G. lamblia. Proteins of the GASP family 

have previously been identified as strong candidate to participate in control of flagellar activity6. 

Despite the global structural similarties, the members of the GASP family are likely to play 

diverse roles within Giardia species. This is possible because there are many additional domains 

and functionally significant sequences are predicted in many other members of the GASP family, 

such as GASP115 and GASP138.  Additionally, according to the results of the sequence 

alignments, we now know that the members of GASP family are structurally not as homologous 

as to one another with an exception of the ankyrin repeats and the coiled-coil regions Hence, 

one can naturally expect multiple functions to be displayed from the similar family members.     

Determination of nucleotide sequences of the purified immunoreactive clones indicated that 

only GASPs were isolated by immunoscreening experiments (Table 3). These results suggest 

that GASPs may be one of the abundant proteins in G. lamblia with a strong antigenic activity. 

Repetitive isolation of GASP115 in immunoscreening test has guided the direction of the project 

with GASP115 for further investigation.  

 Monoclonal antibodies have been widely used in elucidating the antigenic sites of a protein, 

and these can be classified into conformational sites and linear, non-conformational sites34. 
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Epitope mapping may help in finding an antigenic sequence that is proper for therapy or assay 

development35, 36. In this study, epitope mapping of GASP115 demonstrated linear, non-

conformational sites that the end region of the C-terminus of the protein reacted with the 

monoclonal antibody 30B9 in western blot analysis (Fig. 4C). To determine a specific epitope in 

GASP115, however, it is necessary to dissect the region at a peptide level, and to confirm 

conformational sites. 

 Putative amino acid sequences of GASP115 indicate the presence of two domains, the ANK 

domain at the N-terminus and the SMC domain at the C-terminus of this protein. The ANK 

domain with its characteristic the ankyrin repeats, is known to be involved in the protein-protein 

interaction. The ankyrin repeats have previously been identified as capable of binding to 

tubulin37, and its importance in nature is underlined by their abundance in bacteria, fungi, plants, 

and animals38.  

There are also other molecules involved in the process of transformation such as transcription 

factors (e.g. IκBα, GABP-β), cell-cycle regulator (e.g., Swi6p, Cdc10p), membrane-bound (e.g., 

Notch), and secreted (e.g., black widow spider toxin) proteins39, 40. In mammalian cells, ankyrins 

are known that their functions are likely to involve intracellular as opposed to plasma membrane 

roles, since these truncated ankyrins are associated with golgi, lysosomal, and sarcoplasmic 

recticulum membranes41, 42, 43, 44. The ankyrin repeats are one of the most protein sequence 
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motifs whose L-shaped structure consists of two α-helices and a long loop40. Ankyrins are 

multifunctional adaptors that link specific proteins to the membrane-associated, spectrin-actin 

cytoskeleton45. They bind clathrin and participate in membrane trafficking at the level of both 

coated pit budding46 and trafficking of specific membrane proteins47. The ANK domains usually 

consist of four to six repeats, which stack onto each other, leading to a right-handed solenoid 

structure with a continuous hydrophobic core and a large solvent-accessible surface48. The ANK 

domains fulfill their diverse biological functions by specific and tight binding to target 

polypeptides, and each repeat can contribute to target binding40. A protein complex including the 

ankyrin repeats has not yet been resolved at an atomic level. However, it is likely that the loops 

of ankyrin repeats in different conditions could contribute to create a binding pocket49. Likewise, 

a feature of ankyrin is that binding interactions can occur simultaneously with different 

membrane proteins, resulting in multiprotein complexes50, 51. Therefore, these evolutionary, 

structural evidences suggest that the ANK domains, which belong to GASPs, may be attributed 

to the cytoskeletal protein and have an effect on the structure of G. lamblia. 

The SMC domains are large coiled-coil structures associated with chromosomes, share 

structural similarity with the microtubule motor protein kinesin, and are involved in ATP-

dependent chromosomal movement along spindle microtubules, ATP-binding sites, during cell 

division52. Coiled coil structures are also of considerable importance in the cytoskeleton. Major 
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coiled coil families (tropomyosins, myosins, intermediate filament proteins) were recognized 

early in fibrous tissues53. Sequence database have discovered further notable examples in the 

cytoplasm (e.g. kinesin54, desmoplakin55, tektin56), and been concerned with division events in 

the nucleus of yeast57, 58, 59 and mammalian cells60. In the case of the best characterized motor 

proteins, kinesin and sarcomeric myosin heavy chains, long coiled coil segments are seen to 

anchor or transmit the forces produced at the hydrolytic domain to enable useful mechanical 

work to be done53. BLAST search for the homologous proteins with GASP115 showed that 

GASP115 displayed some identities to kinesin of Tryanosoma brucei (12%). The mechanism by 

which neurons establish their polarity is similar to spindle organization during mitosis61. For 

example, the interaction of SMC with RPGR-ORF15 and its localization to the photoreceptor 

axoneme suggest a broader role for SMC in microtubule dynamics62. Thus, it can be postulated 

that GASP115 may modulate structural dynamics of G. lamblia via interaction with cytoskeletal 

proteins while it uses ATP as an energy source. Moreover, these characteristics, which are a 

continuous hydrophobic core and membrane bound, a large solvent-accessible surface in the 

ANK domain are easy to detect in immunoscreenig experiment. However, this hypothesis still 

needs experimental evidences to be verified. 

 Localization of GASP115 using monoclonal antibodies 30B9 indicated that this protein 

changed its location inside G. lamblia during encystations. At the early stage of encystations, the 
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immunofluorescent signals are mainly observed at membrane organelles. Subsequently, the 

signals were found in the cytoplasm. This results may suggest that the GASP115 play a role in 

the cellular reorganization with a cytoskeletal characteristic. 

At the present level of knowledge, more experiments should be performed to discover the 

specific role of GASP115 in cytoskeleton system of G. lamblia. In this study, however, a 

important point is that one of GASPs, GASP115, was clearly detected with monoclonal 

antibodies against crude extracts of G. lamblia. These results suggest a possibility that GASP115 

of G. lamblia may serve as a candidate marker for its detection in various environment. It is 

thought that knowledge of antigenic proteins may provide a crucial information to design a 

therapeutic potential to treat and prevent Giardiasis by G. lamblia. Therefore, it is hoped that 

this study may contribute in understanding the nature of cytoskeleton in G. lamblia. 
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ⅤⅤⅤⅤ. CONCLUSION 

 

 

1. The immunoscreening reacting monoclonal antibodies confirmed an axoneme-associated 

protein(GASP) and the this result suggest that a GASP is an abundant protein in G. lamblia.  

 

2. An epitope study of GASP115 which were detected by immunoscreening indicated that the 

end region of the C-terminus of the protein was a strong antigenicity. 

 

3. Through an immuonfluorescence assay with monoclonal antibody 30B9, intracellular location 

of GASP115 varied in the process of cellular differentiation. 
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ABSTRACT (IN KOREAN) 

 

 

람블편모충람블편모충람블편모충람블편모충 축사축사축사축사 결합단백질의결합단백질의결합단백질의결합단백질의 분리분리분리분리 및및및및 특성특성특성특성 규명규명규명규명 

 

 

<지도교수 박 순 정> 

 

연세대학교 대학원 의과학과 

 

배 성 수 

 

 

람블편모충 (Giardia lamblia)은 오염된 음식 및 물 등을 통해 인체에 질병을 일으

키는 병원성 원충으로 선진국에서 주요 병원체중 하나로 관리하고 있다. 실험관 내

에서 배양하는 람블편모충 영양형을 배지의 조건을 바꿔 포낭으로 전환하는 피낭유

도과정을 실행하여 람블편모충 세포추출물을 준비하고 이추출물을 항원으로 하는 5

종류의 단클론항체를 얻었다. 그리고 람블편모충에 대한 단클론항체를 사용하여 이 
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원충의 항원성단백질을 확인하였다. 단클론항체로 람블편모충 expression library의 

immunoscreening를 통해서 면역반응성을 보이는 클론들이 축사 결합 단백질 집단

(Giardia axoneme-associated protein, GASP)에 속하는 GASP115, GASP138, GASP180의 

유전자의 일부분임을 제시하였다. 이중 중복되어 확인된 GASP의 항원결정부위를 

확인하기 위해서 3,120bp의 GASP115 ORF를 3부분으로 나누어 histidine으로 표지되

는 재조합단백질들로 대장균에서 발현시켰다. 단클론항체를 이용한 재조합단백질들

의 western blot 분석 결과, GASP115 C-terminus의 1,020bp 영역이 단클론항체에 대해 

면역반응성을 보이는 것을 확인했다. GASP115의 세포내위치를 확인하기 위해서 영

양형과 피낭유도과정중의 포낭에 단클론항체를 사용하여 면역형광검사를 수행했다. 

면역형광검사를 수행한 결과, 피낭유도과정중 GASP115의 세포내 위치가 변화하는 

것을 확인했다. 따라서 본 연구는 GASP115가 람블편모충에서 다량으로 존재하는 

항원성 단백질임을 증명했으며 이를 통해 람블편모충 세포골격계를 이해하는데 기

초자료로 이용될 수 있다고 본다.  

 

 

 

 

 

 

 

 

핵심이 되는 말 : 람블편모충, 축사결합단백질, 세포골격계  
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