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ABSTRACT

Molecular and biochemical analysis of 8 kDa calcium-binding protein

in Clonorchis sinensis

Eun Joo Chung

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Tai-Soon Yong)

Clonorchis sinensis is a parasitic helminth distributed through East Asia
including Korea, Japan, China, Taiwan, and Vietnam. The infection with the
flukes induces biliary cirrhosis followed by fibrosis of surrounding tissues,
and even occasionally cholangiocarcinoma. Calcium-binding protein is
common, and pivotal protein which is implicated in the muscle contraction
and signal transduction in most of organisms. However, calcium-binding
protein of C. sinensis has not reported thus far. In this study, a cDNA clone
encoding a calcium-binding protein was isolated from C. sinensis and entitled
CsCaBP. Deduced amino acid sequence of CsCaBP showed around 50% of
sequence homologies with calcium-binding proteins of the other trematodes.

The Pfam database search showed that the CsCaBP sequence has two



canonical EF hands commonly seen in calmodulin. To understand the
structural basis of CsCaBP, homology modeling was performed by Geno3D
and SWISS-MODEL. Both of calcium-binding site I and II were located on
the surface of CsCaBP. Estimated structure of calcium-loaded state was
different from that of apo-state. The recombinant CsCaBP (rCsCaBP) was
produced in Escherichia coli and purified by Ni-NTA affinity
chromatography to homogeneity. Molecular mass of rCsCaBP confirmed by
SDS-PAGE was 12 kDa as predicted by sequence analysis. Native gel
mobility shift assay performed with rCsCaBP incubated with metal ions
showed  calcium-specific ~ binding  affinity of rCsCaBP.  The
rCsCaBP-immunized mouse sera reacted with rCsCaBP and native CsCaBP
in adult C. sinensis worm extract. Distribution of native CsCaBP in adult C.
sinensis worm was visualized by immunostaining. The most of CsCaBP was
found in oral and ventral suckers, vitelline follicles and subtegumental
regions.

Collectively, the CsCaBP might be concerned with parasite’s movement
and muscle contraction of suckers for the attachment to its habitat in the host.
The present study provides structural and biological basis for the development

of new anthelmintic molecules.

Key words : Clonorchis sinensis, calcium-binding protein, EF hand, homology

modeling, immunolocalization, suckers, subtegumental regions, vitelline follicles



Molecular and biochemical analysis of 8 kDa calcium-binding protein

in Clonorchis sinensis

Eun Joo Chung

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Tai-Soon Yong)

[ . INTODUCTION

Clonorchis sinensis, the Chinese liver fluke, is a parasitic platyhelminth
widely distributed in East Asia including Korea, Japan, China, Taiwan, and
Vietnam'. The natural final host of C. sinensis is freshwater fish-eating
animals. Eggs are produced by adult worms in the final host, and released via
feces. Once an egg has hatched in fresh water, a miracidium is released, and
ingested by first intermediate snail hosts including Alocinma longicornis,
Parafossarulus spp., and Bithynia spp. Miracidia develop into cercariae
within the snail, and then cercariac leave snail. Released cercariae penetrate

the skin of a second intermediate host, the freshwater fish family Cyprinidae,



and encyst as metacercariae in the flesh of the fish®’. When the final host eats
the metacercariae-infected fish, the metacercariae excyst in duodenum of host.
The excysted juvenile worm moves to bile ducts and become adult worms.
Human can be infected by the ingestion of raw, inadequately cooked, or
even dried, salted, or pickled flesh of infected carp-like freshwater fish'?.
Adult C. sinensis lives in the intrahepatic bile ducts and occasionally the
pancreatic ducts®. In the case of light infections (<100 flukes), humans are in
general asymptomatic or have few clinical signs such as diarrhea and
abdominal pain’. But moderate or chronic infection might cause inflammatory
injury, tissue/organ damages, edema occurred by the parasite movement,
impairment followed by the attachment of toxic/allergic metabolites’. Chronic
inflammation and infection with the flukes induce biliary cirrhosis followed
by fibrosis of surrounding tissues, and occasionally cholangiocarcinoma by

persistent stimuli and damages™*.

Major causes of dysfunction are a
mechanical obstruction of the biliary tract by the worms, a congestion of bile,
and the effects of soluble substances of metabolites released from the flukes
into the ducts and surrounding tissues”. The severity of the dysfunction
depends on the number of worms and the period of infection’. Recently,
International Agency for Research on Cancer (IARC) classifies C. sinensis as
a probable carcinogen (group 2A)*°.

Calcium ion, an intracellular messenger, has been known as a principal

regulator of the cell life cycle including cell development/differentiation, and



apoptosis™®. Calcium ion performs its diverse functions by binding to a
calcium-binding protein or calcium receptor. The EF-hand domain has been
found in more than 50% of various calcium-binding proteins®. Until now, the
protein family having EF-hands has been reported to include 66 subfamilies®”

11,12
»<, and

including troponin C, myosin light chain, parvalbumin'’, calmodulin
S100**"*. The EF-hand in the sequence varies from two to eight according to
the kind of proteins". The calcium-binding loop of the EF-hand, called
EF-hand motif, binds directly to calcium and magnesium ions’. Binding
affinity of the calcium-binding loop to calcium ion is much higher than to
magnesium ion'*. Studies on the structure of calcium-binding protein have
been reported that the conformational change is induced when
calcium-binding proteins bind to these ions'"".

The calcium-binding protein have been studied particularly in parasitic
trematodes such as Schistosoma japonicum'®'’, S. mansoni'®, Opisthorchis

viverrini'®, Fasciola hepatica®*'**

and F. gigantica”. Among the two
calmodulin-like proteins (FhCaM1, FhCaM2) from F. hepatica, FhCaM1 had
a higher similar structure to other calmodulins, whereas surface charge of
FhCaM2 was higher than FhCaM1*'. These differences may reflect a
specialized role for FnCaM2 in F. hepatica. Biochemical characteristics and
the structure of the other calcium-binding protein of F. hepatica, FH8 with

two EF-hand motifs, were examined”’. The FHS8 playing as a sensor protein,

had low affinity to calcium ion, but was stabilized by binding calcium ions. It



was reported that a 8 kDa S. japonicum calcium-binding protein was
comprised of two EF-hand motifs and specifically expressed in transforming
cercariae/schistosomula'’. The study of S. mansoni calmodulins suggests a
potentially important role of calmodulin during early larval development'®.
The calcium-binding protein is common in various organisms, and is a
pivotal protein implicated in muscle contraction and signal transduction.
Although studies about the calcium-binding proteins might help
development of new anthelmintic drugs, the calcium-binding proteins of C.
sinensis have not been reported thus far. In this study, a calcium-binding
protein of C. sinensis was newly cloned, expressed, and characterized

structurally and biochemically.



II. MATERIALS AND METHODS

1. Molecular cloning of CsCaBP cDNA

New Zealand white Rabbits were infected orally with 50 C. sinensis
metacercariae obtained from infected freshwater fishes (Pseudorasbora
parva) caught at Shenyang, Liaoning Province, China. Twelve weeks after
the infection, they were euthanized and adult C. sinensis worms were
obtained from bile ducts of the liver. Total RNA of C. sinensis was isolated
using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s manual. First strand cDNA of CsCaBP were synthesized by
RT-PCR from isolated total RNA.

EST clone ID Cs296 (NCBI acc. No. AF527456) which is similar to
calcium-binding protein of schistosomes was selected in C. sinensis adult
worm Expressed Sequence Tag (EST) database of NCBI** and named as
CsCaBP. PCR primers for cloning of CsCaBP were designed (Forward
primer, 5’-ACTCCGATTTGGCTCTCGT-3’; Reverse primer,
5’-TCGGGTAAAATAAGGCAACG-3") on the basis of this EST clone
sequence. The PCR reaction mixture was made by adding 5 pl of cDNA, 2
pl of 10 uM primers, 5 pl of 10X Taq buffer, 1 pl of 10 mM dNTP, 0.25 pl

of Taqg DNA polymerase (Solgent, Daejeon, Korea), and 36.75 ul of the



distilled water. The 30 cycles of PCR were executed after initial denaturation

for 5 min at 95 C. Each cycle was performed under the following conditions:
20 sec at 95C, 40 sec at 60C, and 1 min at 72°C. The final extension was

carried out at 72°C for 5 min. The PCR products were loaded in 1% agarose

gel and purified using an GeneAll Expin™ Gel SV Kit (GeneAll

Biotechnology, Seoul, Korea).

2. Preparation of recombinant CsCaBP and Cs crude extracts

Amplified CsCaBP c¢cDNAs were inserted to the bacterial expression
plasmid vector pEXP5-NT/TOPO (Invitrogen). Escherichia coli TOP10 was
transformed by heat shock with CsCaBP-cloned pEXP5-NT/TOPO.
Bacterial colonies in which plasmid contained in frame-inserted CsCaBP
cDNA were screened with colony PCR. Plasmid DNA was isolated from the
positive bacterial culture. Nucleotide sequence of CsCaBP was determined at
Genotech. E. coli BL21(DE3)pLysS was transformed with CsCaBP-cloned
pEXP5-NT/TOPO plasmid. Recombinant CsCaBP (rCsCaBP) was
overexpressed by adding 0.5 mM of IPTG to the transformed E. coli
BL21(DE3)pLysS culture. Overexpressed rCsCaBP was purified using
Ni-NTA affinity chromatography under denaturation condition and analyzed

by 16% SDS/Tricine gel.



For the preparation C. sinensis crude extracts (Cs crude extracts), adult
worms were homogenized in PBS (135 mM NaCl, 2.7 mM KCI, 4.3 mM
Na,HPOy,, 1.4 mM KH,;PO,, pH 7.4). Insoluble materials were pelleted by

centrifugation at 15,000 xg for 1 hr, and the supernatant was stored at -70 C

until use.
The concentrations of crude extracts and purified proteins were
determined using Bradford assay kit (Bio-Rad Laboratories, Reagent Park,

Australia).

3. Sequence analysis and homology modeling

Sequences of calcium-binding proteins from S. mansoni, S. japonicum,
and F. hepatica were aligned with CsCaBP sequence using ClustalW.
Sequence analysis of CsCaBP was performed using CLC Main Workbench
6.5. Phylogenetic tree was made by neighbor-joining method with 100
replicates. Hydropathy plots were obtained by Kyte and Doolitle scale with
window size of 5. Pfam/Prosite database were searched in their websites
(http://pfam.sanger.ac.uk and http://prosite.expasy.org). Helical wheel
images were obtained in the website offered by Kael Fischer.

(http://kael.net/helical.htm)



Homology modeling of the CsCaBP was carried out by SWISS-MODEL*
and Geno3D? based on the structure of calcium-loaded calmodulin (Protein
Data Band code: 3B32, 1FW4, 1F55) and apo-calmodulin (Protein Data
Bank code: 1QX5, ICMF, 1F54) from Rattus norvegicus, Bos taurus, and
Saccharomyces cerevisiae. Pymol program was used to visualize the resulted

models.

4. Mouse anti-rCsCaBP sera production

Fifty pg of rCsCaBP mixed with an equal volume of Freund’s complete
adjuvant (Sigma-Aldrich, St. Louis, MO, USA) was injected into Balb/c
mice intra-peritoneally. After two weeks, 50 ng of rCsCaBP mixed with
Freund’s incomplete adjuvant (Sigma-Aldrich) was injected by the identical
method. The immunization was finally boosted by injecting 25 pg of
rCsCaBP to the mice via tail veins. Blood was collected by heart puncture at

3 days after the boosting, and the serum was clotted at 4C, overnight.

Immune sera were separated by centrifugation at 5,000 xg and stored at

-70C until use.

10



5. Western blotting

One pg of purified rCsCaBP was separated in 16% SDS/Tricine
acrylamide gel, transferred onto nitrocellulose membrane by semi-dry
blotting. Blotted membrane was incubated overnight with 3% skim milk in

TBST (20 mM Tris, 150 mM NaCl, pH 7.4 with 0.05% Tween 20) at 4C.

After the washing 3 times of with TBST, the membrane was stripped and
incubated with 1:30,000-diluted rCsCaBP-immunized mouse sera, normal
mouse sera or 1:1000-diluted anti Penta-His mouse monoclonal IgG
(QIAGEN, Valencia, CA, USA) in TBST containing 1% of BSA. Then, the
membrane strips were washed 3 times with TBST and incubated at RT for 1
hr with alkaline phosphatase conjugated anti-mouse IgG (Sigma-Aldrich)
diluted with TBST containing 1% of BSA (1:5,000). After the 3 times of
washing with TBST, color on the membrane was developed by incubating

with BCIP/NBT as a substrate (Promega, Madison, WI, USA).

6. ELISA using rCsCaBP-immunized mouse sera

Microplates were coated with 5 pg/ml of rCsCaBPs and C. sinensis crude
extract at 4 C, overnight, washed with PBS-T (135 mM NacCl, 2.7 mM KCl,

4.3 mM Na,HPO,, 1.4 mM KH,PO,, pH 7.4 with 0.05% Tween 20), and

11



incubated with 3% skim milk in PBST at 37 C for I hr. Following 3 times of
washing with PBS-T, plates were incubated at 37°C for 1 hr 30 min with

rCsCaBP-immunized mouse sera or normal mouse sera diluted with PBST
containing 1% BSA (1:300). After 3 times of washing, plates were incubated

at 37°C for 1 hr with 1:5,000-diluted alkaline phosphatase-conjugated

anti-mouse IgG (Sigma-Aldrich). Finally washed plates were incubated in
dark with OPD substrate (Dako, Glostrup, Denmark) at RT for 10 min. The
reaction was stopped by adding 3 M NaOH. Absorbances at 405 nm of wave
length were measured using Sunrise microplate reader (TECAN, Salzburg,

Austria)

7. Mobility shift assay

Purified rCsCaBPs were refolded using protein refolding kit (Novagen,
Merck, Biosciences, Darmstadt, Germany) according to the manufacturer’s
instruction. Concentration of the refolded protein was determined by
Bradford assay. Calcium-binding activity was analyzed by 15%
non-denaturing PAGE in the presence of 2 mM EDTA and 2 mM CaCl,, 2

mM MgCl, or deionized DW. BSA was used as a negative control.

12



8. Immunolocalization

The paraffin-embedded sections were obtained from C. sinensis adult
worms fixed with 10% formalin over 24 hr. Tissue sections were
deparaffined, rehydrated and retrieved. After blocking with 1% BSA in
PBST, tissue sections were incubated with rCsCaBP-immunized mouse sera
or normal mouse sera diluted by 1:30,000 with PBST containing 1% BSA at
RT for 1 hr. Tissue sections were washed 3 times with PBST, incubated with
1:200-diluted HRP-conjugated anti-mouse IgG at RT for 1 hr, reacted with
DAB reagent, and then counter-stained with Mayer’s hematoxylin. Finally,
tissue sections were mounted and observed through light microscope (Nikon,
Tokyo, Japan)

For immunofluorescence, tissue sections reacted with normal mouse sera
or rCsCaBP-immunized mouse sera, were incubated with Alexa Fluor 488
goat anti-Mouse IgG (Invitrogen) diluted with 1% BSA in PBST (1:200) at
RT for 1 hr, and washed 3 times. The sections were then mounted using
VECTASHIELD (Vector Laboratories, Burlingame, CA, USA). Images
were examined by Confocal microscopy LSM700 (Carl Zeiss, Oberkochen,

Germany)

13



[II. RESULTS

1. Sequence analysis

Deduced amino acid sequence of CsCaBP showed 55% of identity with F.
hepatica putative calcium-binding protein, 49% with S. mansoni
calcium-binding protein, and 48% with the S. japonicum 8 kDa
calcium-binding protein (Figure 1A). The sequences of these calcium-binding
proteins had two calcium-binding sites. The calmodulin sequences of R.
norvegicus, B. Taurus, and S. cerevisiae which were chosen as templates for
the homology modeling of the CsCaBP, contained identical canonical
calcium-binding sites and showed 20~30% of sequence identities with each

other (Figure 1B).

14



Ca?-binding site I Ca?=-binding site 11

CaCaBF MPTHSEVERVIE CLDSHNEDGKISVEE LK SF LD SANCNIKERE OVEAF TKTHDA DKDGK LD LDELWVACTL.SCE 70
Fh MPSVOEVEKLLHVLORE FELKAFADDSKCPLDSNKIKAF TKEHD KLDTKETWSI LS5 69
Sm MVNRTEAAOL.LKHLCRD IMEFTLHTVNCPFEEE OV IKFE IKQHLD QLNTDELLEOVICS- &9
33 MVNRAEAROT. LEHLCKED QEIMEFLS SVNCPFNEROVEKF IKVHDADGDGOIN TDELLEVLCO- &89

o ko =k kR . SRR etk ek * i SR Jmm ek Wl ow ke ke L FH L

R. norvegicus -DOLTEEQIREFKERAFSLFLE LE GHGE PEFLTMMARE - 74

E. cerevisiae SSNLTEEQIREFKELFRALFD 5 SEAEVNDLMNEILWY EFLATLMSBOLE i

B. taurus --MKDTDSEEEIRELFEVED I LEHVMTNLGEKLTDEEVDEMIRERDT EFVOMMT 2K —— 73

CaCaBP e MPTEKSEVERAVLECLD E ELKSFLDSANCNIKREDVERFIKTHDL KLDLDELWVACLSCE—— 70
nsie S - e L S ==l ¥ ko - *1:

Figure 1. Multiple sequence alignment of CaBPs. CsCaBP sequence was aligned with calcium-binding proteins of trematodes (A) and
other animals (B). Calcium-binding sites are red-colored. The symbol ‘*’ indicates identical in all sequences in the alignment, ‘:” indicates

conserved substitutions and ‘.’ indicates semi-conserved substitutions.
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Phylogenetic tree made on the basis of calcium-binding sequence in other
parasitic helminthes showed that calcium-binding proteins of cestodes and
nematodes were clustered as different clades. CsCaBP was largely clustered

with calcium-binding proteins of trematodes (Figure 2).

Tm immunogenic protein (ACM67123.1)
g7; Eg antigenic protein (AEQ77215.1)
100l EpC1 (AAL87239.1)
0 EgCaBP (AAX73174.1)
Ts76 (AAF60976.1)

1o00r SjCaBP (CAX79803.1)
_‘53 [ SjCaBP (CAX79767.1)
CsCaM (GAA49832.1)

o SmCaM4 CaBP Dd112 (XP_002574739.1)
70 CsCaBP-2 (GAA49828.1)
% SmCaM3 (XP_002574736.1)
100 18 [ SJCHGC 09767 (AAX31058.1)
100— 1sCaM (XP_002403948.1)
L— IsCaM putative (XP_002402607.1)
o1 SMCaBP (XP_002574740.1)
SmCaBP (CCD81629.1)
SjCaBP (CAX74786.1)
SjCaBP8 (AAO86062.1)
CsCaBP8 (AAN04091.1)]

FhCaBP8 (AAF31420.1)
Cs CLF_104621 (GAA54656.1)

|

61

26

- Ttimmunogenic protein (BAJ07315.1)
Ts immunogenic protein (CAB42637.1)
0.900

-

Figure 2. Phylogenetic tree of trematodaes’ CaBPs. The phylogenetic tree was
constructed using CLC Main Workbench 6.5 program. Bootstrap values were
obtained by the neighbor-joining method using 100 replications. The red box indicates

CsCaBP.
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Secondary structure prediction using Pfam database search showed that the
CsCaBP had two EF hand domains (Pfam accession No. PF00036, residues
6-34, 42-70) with the helix-loop-helix structure (Figure 3). Twelve residues in
canonical EF hand motif (the loop region in the EF-hand domain) commonly
compose X-Y-Z-(-Y)-(-X)--(-Z) pattern order™. CsCaBP had the amino acid
sequences which were identical to canonical EF hand motif on the Prosite
database search. There is a hydrophobic amino acid next to -Y position®’. In

CsCaBP, I1e22 and LeuS8 were next to -Y position (Lys21 and Lys57).

17
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Figure 3. Sequence analysis of CsCaBP using Pfam/Prosite database search. (A) Pfam database search was executed using CLC Main
Workbench 6.5 program. (B) Comparison between EF-hand consensus motif (red) of the Prosite database (pattern PS00018) and the two

calcium-binding sites of CsCaBP. (x, any amino acid; [], acceptable amino acid for the position; {}, not acceptable amino acids at the
position)
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Hydrophobicity (hydropathy) plot of CsCaBP sequence was obtained by
Kyte-Doolittle scale which has been used to estimate hydrophobic character
of proteins (Figure 4). In order to estimate regions exposed to the surface of
CsCaBP, the plot obtained by window size 5. The EF-hand motifs in the
CsCaBP were located in front of the second and fourth helix, and supposed to
be exposed on the surface of the molecule because hydrophobicity values of

most EF-hand motif residues were below 0.

Hydrophobicity plot of CsCaBP

aa

Figure 4. Hydropathy plot of CsCaBP was obtained by Kyte-Doolittle scale.
EF-hand motifs were showed by blue highlight. Regions of which hydrophobicity

(=] - N w

Hydrophobicity
-

values are above 0 are considered to be hydrophobic.
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2. Protein structure prediction

The cartoon ribbon structures and statuses of molecular surface of CsCaBP
were estimated by using calcium-loaded calmodulin (Protein Data Bank code:
3B32, 1FW4, 1F55) and apo-calmodulin (Protein Data Bank code: 1QXS5,
ICMF, 1F54) of R. norvegicus, B. taurus, and S. cerevisiae as templates
(Figure 5A, B). Calcium-binding residues were located protein surface
(Figure 5C, D). The conformational change by binding to calcium ion was
predicted. Although CsCaBP has closed conformation in apo-state, the protein
has open conformation in calcium-loaded state. Calcium-binding residues in
X, Y, Z, -Y, -X, -Z position of CsCaBP were dispersed in apo-state, but

collected in calcium-binding state.

20



Figure 5. The modeled structures of CsCaBP. The modeled structures of CsCaBP in
the apo (A) and calcium-loaded (B) states represented by cartoon ribbons. The
molecular surface of CsCaBP in the apo (C) and calcium-loaded (D) states. Amino
acid residues in X, Y, Z, -Y, -X, -Z positions in EF-hand motifs were indicated orange.
The molecular models were obtained by homology modeling using the

SWISS-MODEL and Geno3D. The figures were prepared with PYMOL program.

21



Helical wheel projection showed that four helices in the CsCaBP were
amphipatic (Figure 6A). These helices were generally consisted of
hydrophobic and non-polar residues on one sides of the helix and hydrophilic
and polar residues on the other sides. In the cartoon structure obtained through
homology modeling (Figure 6B), most of hydrophobic residues in four helices

were located inward.

o %o o %o "
F><— ] Helix 1
e B —0 0O 0 :
(5<\ Helix1 V@ & Helix 2 _'j-,l-'_".-ﬁ _ Helix 2
N / II'. [ “ ’_’_,’ ; I|I- %
LA 0o S </ O s
90 60 Helix 4

o Yo © o ¥+
e+ e o .0 { ‘Z
Q- "1' Helix 3 I'-:"‘ 0 O ' Helix4 |/ @ ﬁ *“ﬁ

| I,' Ly F,

X
A

. oo . ® 6 & ’ Helix3 &

Figure 6. Helical wheel images of CsCaBP. Four helices of CsCaBP are amphipatic
helices. (A) Helical wheel images (http://kael.net/helical.htm). Colors indicate
characters of amino acid (Gray, hydrophobic; Red, acidic; Blue, basic; White, polar).
(B) The hydrophobic residues of amphipatic helices were indicated by colored sticks
in 3D cartoon ribbons. Red arrows indicate alanine residues located in hydrophilic

side. (Orange, hydrophobic amino acid; Blue, Alanine)
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3. Purification of rCsCaBP

rCsCaBP was produced bacterially and purified as a 11.7 kDa protein band
by Ni-NTA affinity chromatography (Figure 7A). The purified rCsCaBP was
confirmed by western blotting with mouse anti-His IgG, as well as with mouse
sera immunized with rCsCaBP (Figure 7B). A 20 kDa protein band appeared

in the blot with rCsCaBP-immunized mouse sera might be dimeric form of the

rCsCaBP.
A B
M PT W Elution i, 3 13
kDa kDa
70
55 40
40 =
25 . 25 ==
15 ===
15
¢
- Vil
10 -
10 asiiia]

Figure 7. Recombinant CsCaBP showed by SDS-PAGE and the binding activity
of the anti-rCsCaBP antibody. The purified rCsCaBP was showed as single band
using 16% SDS-PAGE (A). M, size maker; PT, pass through; W, washing. Western
blots of rCsCaBP (B). lane 1: rCsCaBP-immunized mouse sera, lane 2: mouse

anti-His antibody, lane 3: normal mouse serum.
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4. Reactivity of anti-rCsCaBP mouse sera

To identify whether anti-rCsCaBP antibody specifically recognize rCsCaBP
and native CsCaBP in C. sinensis crude extract, ELISA was performed (Table
1). Absorbance values of rCsCaBP or C. sinensis crude extract by the reaction
with rCsCaBP-immunized sera were higher than the reaction with normal

mous¢ sera.

Table 1. Reactivity of rCsCaBP-immunized mouse sera by ELISA.

Antigen
Sera
Recombinant CsCaBP C. sinensis crude extract
Normal mouse sera 0.141 £ 0.011 0.235+0.020
rCsCaBP-immunized 1.762 + 0.061 0.535 + 0.049

mouse S€ra
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5. Calcium binding property of rCsCaBP

Sequence analysis indicated that CsCaBP sequence contained EF hand
motifs which could bind to the calcium ion. Hence, whether rCsCaBP can
bind calcium ion was examined using mobility shift assay. The mobility of the
protein band was reduced on the native gel when the rCsCaBP was loaded
with CaCl,. However, rCsCaBP loaded with MgCl, showed fast mobility

similar to rCsCaBP loaded with DW.

DW CaCl, MgCl,

L 11 11
I 1 ar 1

B5A rCsCaBF BSA rCsCaBP BSA rCsCaBP

Figure 8. The calcium binding property of the rCsCaBP. The mobility shift assay
was performed by adding 2 mM EDTA to all protein samples loaded on 10% PAGE in
the presence/absence of 2 mM MgCl, or 2 mM CaCl,. BSA was used as control.
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6. Immunolocalization

Native CsCaBP was localized in adult C. sinensis worms by
immunofluorescence and immunohistochemistry (IHC) using
rCsCaBP-immunized mouse sera. Distribution of native CsCaBP in oral and
ventral sucker, vitelline follicles, and subtegumental region in the worm was
found by IHC (Figure 9D-I). Immunofluorescence showed that CsCaBPs were
distributed in oral sucker, around the pharynx and vitelline follicles of the

worm (Figure 9J-M).

Figure 9. Immunolocalization of CsCaBPs in adult worms. Slide sections were
reacted with the normal mouse sera or the rCsCaBP-immunized mouse sera. The
normal mouse sera were not reacted with any tissues (D-F, J and K). Parts detected
with the rCsCaBP-immunized mouse sera were showed green in immunofluorescence
(L and M) or red in IHC (G-I). (VS, ventral sucker; OS, oral sucker; Ph, pharynx;

arrows indicate vitelline follicles)
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IV. DISCUSSION

Until now, helminthic calcium-binding proteins have been characterized
mainly in schistosomes and Fasciola spp. In this study, molecular structures,
the biochemical property and distribution in the adult worm of a calcium-
binding protein newly identified from C. sinensis were examined.

The CsCaBP sequence was composed of the amino acid patterns
X-Y-Z-(-Y)-(-X)--(-Z), which included into canonical EF hand proteins'***.
Seven oxygen atoms in this pattern can bind to a calcium ion. A calcium ion
binds to each an oxygen ion of amino acid residue in X, Y, Z position, a
carbonyl oxygen ion of main chain in -Y position, and a water ion indirectly
in case of -X position. Particularly, two oxygen ions of Glu or Asp residue
in -Z position bind to a calcium ion'*****. The hydropathy plot indicated
that the amino acid sequences in calcium-binding sites of the CsCaBP have
low hydrophobicity, and are exposed to the surface of the protein. When the
surface structure of the CsCaBP was anticipated using homology modeling,
two calcium-binding sites of the CsCaBP were localized in the outside of
the protein. Calcium ion may bind to CsCaBP more easily owing to these
exposed calcium-binding sites.

Calcium-binding protein can be categorized as calcium buffer and

calcium sensor. In contrast to calcium buffers such as parvalbumin, calcium
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sensors (e.g., calmodulin, troponin C) change their conformation upon
calcium binding, and thereby enable their interaction with the target®’ =’
The conformational changes according to calcium-binding indicate that the
CsCaBP plays a role as a calcium sensor. Such a conformational change
was also observed in the FHS of F. hepatica® which is phylogenetically
closest to CsCaBP (Figure 2).

In the homology modeling and helical wheel images, hydrophobic amino
acid residues in four helices of the CsCaBP were located at interior parts of
the protein. Therefore, the CsCaBP might exist as a cytosolic soluble form,
but not a membrane-embedded form in the cells.

The binding affinity of rCsCaBP to calcium and magnesium ions was
tested through the mobility shift assay in the present study. The rCsCaBP
bound only to calcium ions. This indicates that the CsCaBP has not only
calcium affinity but also selectivity for calcium over magnesium. Similar
selectivity for calcium observed in the study on a calcium-binding protein
of O. viverrini'. Calmodulins of F. hepatica, however, bind to both
calcium and magnesium ions>'. These differences were considered to be
caused by various molecular size and biological roles of each protein.

In the reaction using rCsCaBP as an antigen rCsCaBP-immunized mouse
sera showed over 10 times higher absorbance value than normal mouse sera.

However only over two times higher absorbance values were obtained in

the reaction of rCsCaBP with C. sinensis crude extract. This result implies
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that the overall quantity and antigenicity of native CsCaBP is quite lower
than rCsCaBP, and a little cross reaction was occurred.

Since the sera of mouse immunized with rCsCaBP reacted with crude
extract of C. sinensis in ELISA, the sera were used for the
immunohistochemical localization of native CsCaBP in adult C. sinensis
worms. The native CsCaBPs were mainly localized in muscular tissues such
as oral and ventral suckers, and subtegumental regions. Vitelline follicles
were also found to contain the native CsCaBPs. Hence, it is considered that
the CsCaBP might be involved in the muscle contraction for the movement
attachment of the worm to the host tissue for the intake of nutrients, and
also concerned with the egg production™.

Great variety was found in calcium-binding proteins of trematodes. They
have diverse size, and were distributed in various sites in the worms. The 8
kDa calcium-binding protein from S. japonicum (SjCa8) was localized to
head gland, and penetration glands where calcium was abundant, and the
cercarial tegument and body-tail junction'’. In the case of SmCaM from S.
mansoni, intense anti-SmCaM reactivity was observed in not only the cilia,
epidermal plates and multiciliated sensory papillae in the miracidia but also
the tegumental layer in 3-day in vitro cultured sporocysts'®.

When the immunolocalization was performed in an adult worm of liver
flukes, the O. viverrini CaBP was located in gut epithelium, miracidia in

eggs'’. The F. gigantica CaBP1 (FgCaBP1) was observed in the syncytial
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tegument and the tegument type layers of the pharynx®. In addition to that,
mouse anti-rFgCaBP1, 3, 4 antisera were strongly reactive with antigens in
tegumental type tissues’’. The epithelia of intestinal tract and excretory
system were stained using anti-FgCaBP1 and 4 antisera. These antisera
were also reactive with vitelline follicles and proximal uterus. In C. sinensis,
the 21.6 kDa tegumental protein (CsTegu2l1.6) was reported. A
calcium-binding EF-hand domain at the N terminus and a dynein light chain
domain at the C terminus were found in CsTegu21.6. This protein was
specifically observed on the tegument of adult worms*.

Praziquantel has been used in control platyhelminths, but it is ineffective
against other parasites such as nematodes. Because of this selectivity, the
molecular target of the drug might be expected to be limited to trematodes™.
Praziquantel increases the permeability of calcium ions of the worm via an
unknown mechanism®. Many studies reported that the praziquantel also
influences the muscle contraction, the tegument disruption and reproductive
systems>~°. The drug also induces contraction of the C. sinensis worms,
resulting in paralysis®®. Praziquantel have showed significant tolerance in
case of S. japonicum of some regions®’, and hypersensitivity to praziquantel
in a patient infected with C. sinensis has been reported”®. Necessity for the
development of advanced drug is increased. Studies on the specific inhibitor
of CsCaBP might contribute the creation of new and innovative drug for the

disease which can substitute praziquantel.
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The present study provides a basic understanding on the characteristics of
CsCaBP. This could contribute the studies on the development of new
anthelminthic drugs based on the specific inhibitor of proteins necessary for

the survival of the helminth.
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V. CONCLUSION

Nucleotide sequence of CsCaBP, a Clonorchis sinensis calcium-binding
protein, contained canonical EF hands, and two calcium-binding sites which

was identical to the sequences of typical calcium-binding proteins.

The CsCaBP had open conformation in calcium-loaded state, but closed
conformation in apo-state. Hydrophobic amino acid residues of CsCaBP were
located in internal parts of protein indicating that CsCaBP may exhibit

cytosolic distribution in the cells.

The rCsCaBP bound to only calcium ions but not magnesium ions. This result
indicates that the CsCaBP has high selectivity as well as high affinity to

calcium ions.

The native CsCaBPs were mainly located in and around vitelline follicles,
pharynx and oral/ventral suckers. It is assumable that the CsCaBP participates

in muscle contraction and egg production in C. sinensis adult worms.

As a conclusion, the present study revealed newly identified CaBP from C.

sinensis. Characterization of the CsCaBP provided in this study can contribute

the development of new anthelminthic drugs.

33



REFERENCES

1. Rim HJ. The current pathobiology and chemotherapy of
clonorchiasis. Kisaengchunghak Chapchi. 1986;24:3-141.

2. Rim HJ. Clonorchiasis: an update. J Helminthol. 2005;79(3):269-81.

3. Keiser J, Utzinger J. Food-Borne Trematodiases. Clin Microbiol Rev.
2009;22(3):466-83.

4. Keiser J, Utzinger J. Chemotherapy for major food-borne
trematodes: a review. Expert Opin Pharmacother. 2004;5(8):1711-26.

5.  Sripa B, Kaewkes S, Sithithaworn P, Mairiang E, Laha T, Smout M,
et al. Liver fluke induces cholangiocarcinoma. PLoS Med.
2007;4(7):e201.

6. Lawrence Banks, Antonino Carbone, Hubert E. Blum, Ethel
Cesarman, Chen CJ, Fang YY, et al. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. A Review of Human
Carcinogens: Biological Agents. WHO. 2012;100B:341-70.

7. Berridge MJ, Bootman MD, Lipp P. Calcium-a life and death signal.
Nature. 1998;395(6703):645-8.

8. ZhouY, Yang W, Kirberger M, Lee HW, Ayalasomayajula G, Yang
JJ. Prediction of EF-hand calcium-binding proteins and analysis of
bacterial EF-hand proteins. Proteins. 2006;65(3):643-55.

9. Lewit-Bentley A, Réty S. EF-hand calcium-binding proteins. Curr

34



10.

11.

12.

13.

14.

15.

16.

17.

Opin Struct Biol. 2000;10(6):637-43.

Collins JH. Homology of myosin light chains, troponin-C and
parvalbumins deduced from comparison of their amino acid
sequences. Biochem Biophys Res Commun. 1974;58(1):301-8.

Chin D, Means AR. Calmodulin: a prototypical calcium sensor.
Trends Cell Biol. 2000;10(8):322-8.

Hoeflich KP, Ikura M. Calmodulin in action: diversity in target
recognition and activation mechanisms. Cell. 2002;108(6):739-42.

Kawasaki H, Nakayama S, Kretsinger RH. Classification and
evolution of EF-hand proteins. Biometals. 1998;11(4):277-95.

Yang W, Lee HW, Hellinga H, Yang JJ. Structural analysis,
identification, and design of calcium-binding sites in proteins.
Proteins. 2002;47(3):344-56.

Yap KL, Ames JB, Swindells MB, Ikura M. Diversity of
conformational states and changes within the EF-hand protein
superfamily. Proteins. 1999;37(3):499-507.

Hu S, Law P, Lv Z, Wu Z, Fung MC. Molecular characterization of a
calcium-binding protein SjCa8 from Schistosoma japonicum.
Parasitol Res. 2008;103(5):1047-53.

Lv ZY, Yang LL, Hu SM, Sun X, He HJ, He SJ, et al. Expression
profile, localization of an 8-kDa calcium-binding protein from

Schistosoma japonicum (SjCa8), and vaccine potential of recombinant

35



18.

19.

20.

21.

22.

23.

SjCa8 (rSjCa8) against infections in mice. Parasitol Res.
2009;104(4):733-43.

Taft AS, Yoshino TP. Cloning and functional characterization of two
calmodulin genes during larval development in the parasitic flatworm
Schistosoma mansoni. J Parasitol. 2011;97(1):72-81.

Senawong G, Laha T, Loukas A, Brindley PJ, Sripa B. Cloning,
expression, and characterization of a novel Opisthorchis viverrini
calcium-binding EF-hand protein. Parasitol Int. 2012;61(1):94-100.

Fraga H, Faria TQ, Pinto F, Almeida A, Brito RM, Damas AM. FH8
— a small EF-hand protein from Fasciola hepatica. FEBS J.
2010;277(24):5072-85.

Russell SL, McFerran NV, Hoey EM, Trudgett A, Timson DJ.
Characterisation of two calmodulin-like proteins from the liver fluke,
Fasciola hepatica. Biol Chem. 2007;388(6):593-9.

Ruiz de Eguino AD, Machin A, Casais R, Castro AM, Boga JA,
Martin-Alonso JM, et al. Cloning and expression in Escherichia coli
of a Fasciola hepatica gene encoding a calcium-binding protein. Mol
Biochem Parasitol. 1999;101(1-2):13-21.

Vichasri-Grams S, Subpipattana P, Sobhon P, Viyanant V, Grams R.
An analysis of the calcium-binding protein 1 of Fasciola gigantica
with a comparison to its homologs in the phylum Platyhelminthes.

Mol Biochem Parasitol. 2006;146(1):10-23.

36



24.

25.

26.

27.

28.

29.

30.

31.

Lee JS, Lee J, Park SJ, Yong TS. Analysis of the genes expressed in
Clonorchis sinensis adults using the expressed sequence tag approach.
Parasitol Res. 2003;91(4):283-9.

Schwede T, Kopp J, Guex N, Peitsch MC. SWISS-MODEL: An
automated protein homology-modeling server. Nucleic Acids Res.
2003;31(13):3381-5.

Combet C, Jambon M, Delé¢age G, Geourjon C. Geno3D: automatic
comparative molecular modelling of protein. Bioinformatics.
2002;18(1):213-4.

Ikura M. Calcium binding and conformational response in EF-hand
proteins. Trends Biochem Sci. 1996;21(1):14-7.

Braunewell KH, Gundelfinger ED. Intracellular neuronal calcium
sensor proteins: a family of EF-hand calcium-binding proteins in
search of a function. Cell Tissue Res. 1999;295(1):1-12.

Grabarek Z. Structural basis for diversity of the EF-hand
calcium-binding proteins. J Mol Biol. 2006;359(3):509-25

Tang Y, Cho PY, Kim BS, Hong SJ. Molecular cloning and
characterization of vitelline precursor protein B1 from Clonorchis
sinensis. J Parasitol. 2005;91(6):1374-8.

Subpipattana P, Grams R, Vichasri-Grams S. Analysis of a
calcium-binding EF-hand protein family in Fasciola gigantica. Exp

Parasitol. 2012;130(4):364-73.

37


http://www.ncbi.nlm.nih.gov/pubmed?term=Ikura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8848832

32.

33.

34.

35.

36.

37.

38.

Kim YJ, Yoo WG, Lee MR, Kim DW, Lee WJ, Kang JM, et al.
Identification and characterization of a novel 21.6-kDa tegumental
protein from Clonorchis sinensis. 2012;110(5):2061-6.

Greenberg RM. Are Ca®* channels targets of praziquantel action? Int
J Parasitol. 2005;35(1):1-9.

Pica-Mattoccia L, Orsini T, Basso A, Festucci A, Liberti P, Guidi A,
el al. Schistosoma mansoni: lack of correlation between
praziquantel-induced intra-worm calcium influx and parasite death.
Exp Parasitol. 2008;119(3):332-5.

Shaw MK, Erasmus DA. Schistosoma mansoni:
praziquantel-induced changes to the female reproductive system. Exp
Parasitol. 1988;65(1):31-42.

Shen C, Kim J, Lee JK, Bae YM, Choi MH, Oh JK, et al. Collection
of Clonorchis sinensis adult worms from infected humans after
praziquantel treatment. Korean J Parasitol. 2007;45(2):149-52.

Ishizaki T, Kamo E, Boehme K. Double-blind studies of tolerance to
praziquantel in Japanese patients with Schistosoma japonicum
infections. Bull World Health Organ. 1979;57(5):787-91.

Lee JM, Lim HS, Hong ST. Hypersensitive reaction to praziquantel

in a clonorchiasis patient. Korean J Parasitol. 2011;49(3):273-5.

38



ABSTRACT (IN KOREAN)

_EH
N

N
ol

rvze]

Efo] gk,

s,

’

2

]

ST

S
T

(Clonorchis sinensis)

| Hb7h {id

olm

I} FAFSE cDNA S8

&l

=

A3l tt. EF hande

(CsCaBP)' &

u2

)

)

ol A

(calmodulin) &}

39



Ao

N

Ao
fojm
N

o,

o

]

=
573

Erele

T30

helix—-loop—helix

canonical EF

-
T

Holl A Hol

homology

=k

oW
ar

p—

0

"
el
<
o
ol
i

&

oA

fy

Ao
ojm

b

il

ol

o
Z.o
.EH
~

ol

A E. colil A & AZ A%

9]

3

A

4789

Ni-NTA Z&vlE1e)v 2

=

13

(e]

SDS-PAGE® &

X
=

24

el

i
=1l

o

t;sjl

' 2

Z

=
5

folm
N

|9t} Native gel

} 12 kDa©

Al 3
=

3}

A

ol

byl
4n

N

ol

=
=

mobility shift assay

o
o

il

H5%5 AEUe native

o
éf

bs

el

=y
R0
T

o

ol

T
A

N

ojm

ojm

_EH
.

40



-
o

=
.EH

T

Rojxith,

7R Rkol

Al

=
-3

s

I gl
=

b I

=, 2 A% @A EF hand, homology

.EH
~

41



