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Abstract

The immune system in vertebrates consists of the innate and the adaptive immune
systems. In adaptive immunity, immunoglobulins (Igs) play a vital role. Igs can be
proteolytically cleaved into two functionally distinct parts: F(ab)2 and Fc fragments.
There are specific receptors (FcR) for these Igs. The receptors, which are found on the
surface of most immune cells, contact Igs via their Fc regions. This project is aimed to
study the interactions between Igs and FcRs in platypus. The coding regions for parts
of mouse IgG2a, IgE, Fc¦ÃREC, Fc¦ÅREC and platypus FcRAEC, FcRBEC, FcRCEC
were inserted into a mammalian expression vector and transfected into HEK 293 cells
to express the proteins. Igs and FcRs were isolated from the conditioned media and
analysed on SDS-PAGE gels. Sandwich ELISA was performed to study the
interactions between platypus Igs and FcRs. Preliminary data indicate interactions of
platypus Fc receptors primarily with platypus IgG1.
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Abbreviations
Ab Antibody
Ag Antigen
BCR B cell receptor
BSA Bovine serum albumin
DMEM Dulbecco’s modified eagle medium
ELISA Enzyme linked immunosorbent assay
FBS Fetal bovine serum
FcR Fc receptor
FcεREC Fcε receptor extracellular domain
Fc¦ÃREC Fc¦Ãreceptor extracellular domain
His Histidine
HEK293 Human embryonic kidney cell 293
Ig Immunoglobulin
ITAM Immunoreceptor tyrosine-based activating motif
ITIM Immunoreceptor tyrosine-based inhibitory motif
LA Luria-Bertani agar
LB Luria-Bertani broth
Ni-NTA Nickel-nitrilotriacetic acid
PBS Phosphate buffered saline
SDS-PAGE Sodium dodecyl sulphate- polyacrylamide gel electrophoresis
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Introduction

Immune system
The combinatorial immune system seems to have emerged with the appearance of
jawed vertebrates (Schluter et al., 1999). The human immune system is composed of
innate and adapted systems. Innate immunity is the first defense line against infection
and the basic resistance to disease. It provides immediate defense but has no memory
whereas the adaptive immunity is slow but with high specificity and memory. There
are two types of lymphocytes in adaptive immunity: B-lymphocytes (B cells) and
T-lymphocytes (T cells). B cells and T cells are produced in bone marrow but T cells
leave bone marrow as immature cells and mature in the thymus. Both B cells and T
cells express antigen-specific receptors. B cell receptor (BCR) is named
immunoglobulin (Ig) or antibody (Ab) and binds to a particular antigen (Ag). Igs bind
to target antigens making them more easily recognizable targets for phagocytes that
can eliminate them.

Ig basic structure, function and classes
Immunoglobulins are glycoproteins which function as antibodies. They are produced
by plasma cells (B cells). Different Igs have different structures but they are all in the
same basic Y-shaped units. The basic structure of immunoglobulin is shown in Figure
1. The basic unit is composed of two identical heavy chains and two identical light
chains. There are two types of the light chain: ¦Êor ¦Ëchain and five types of Ig heavy
chain: ¦Á, ¦Ä, ¦Å, ¦Ã, and ¦Ì. According to the type of heavy chains or the number of Y units,
antibodies can be divided into five classes: IgG, IgD IgE, IgA and IgM in mammals.
The heavy chains and light chains and the two heavy chains are kept together by
disulfide bonds. There are constant (C) regions and variable (V) regions in both heavy
and light chains and a hinge region which provides flexibility in the molecules in IgG
and IgA. Igs can be cleaved by proteases into two parts: F(ab)2 and Fc fragment.
F(ab)2 plays an important role in antigen binding while Fc fragment is related to
receptor (Fc receptor) binding.
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Figure1. Immunoglobulin structure.

Immunoglobulins seems to have appeared with vertebrates (Gambón-Dezaa et al.,
2009) and they are produced during B cell differentiation as integral membrane
protein and finally in a secreted form (Kincade et al., 1970). The complexity of the
combinatorial immune system has gradually increased during vertebrate evolution
(Vernersson et al., 2002). During vertebrate evolution, an increasing number of Ig
isotype appear from fish (usually IgM, IgD) to mammals (IgM, IgA, IgD, IgE, IgG)
(Murmann et al., 1996). Ohta and Flajnik have reported that amphibians express IgM,
IgY, IgX, IgD, IgF and IgP (Ohta et al., 2006) and reptiles express IgM, IgY and IgD
((Gambón-Dezaa et al., 2009). Fishes express mainly IgM, IgW, IgR, IgZ and IgD
(Rumfelt et al., 2004; Dooley et al., 2006), however usually only two of them in each
species, while placental mammals express five classes of Igs: IgM, IgA, IgD, IgE and
IgG (Vernersson et al., 2002). Amphibians, reptiles and birds all express IgY. There
are no IgE and IgG in amphibians, reptiles and birds which indicate that IgE and IgG
probably are unique for mammals. IgY, like IgE, has four constant regions (Taylor et
al., 2008) whereas IgG has three constant regions (Vernersson et al., 2002). It has
been reported that a second constant domain of IgG was deleted and transformed into
a hinge region (Rainer et al., 1996). IgY has the similar effector function as IgE and
IgG to mammals (Vernersson et al., 2002). Thus during early mammalian evolution
IgY probably duplicated and formed two separate Ig classes: IgG and IgE (Warr et al.,
1995) (Figure 2). As chicken are not mammals it is easier to make high-avidity
antibodies in this species that don not activate the mammalian complement system.
Another advantage with IgY is that it does not bind to mammalian Fc receptors or to
protein A/G. We have used the constant region of chicken IgY to fuse with the
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extracellular part of Fc receptors to make them more easily secreted and stable in the
solution (Figure 3).
Mammals are divided into two classes: Prototheria (monotremes) and Theria
(Metatheria: marsupials and Eutheria: eutherians). Monotremes are egg-laying
mammals that are represented only by three species, the duck-billed platypus and two
echidna species (Vernersson et al., 2002). Monotremes are reported that diverged
around 210 million years ago from the lineage leading to marsupials and placental
mammals. The platypus expresses IgM, IgG1, IgG2, IgA1, IgA2, IgE, IgO and IgD.

Figure 2. The structure of chicken IgY and the mammalian homologues, IgG and IgE. Adopted

from Taylor et al., 2008.

Figure 3. The structure of reconstruct gene. A: Recombinant proteins of platypus Fc receptors with
chicken IgY-FLAG tag and cleavage sites. B: Recombinant proteins of mouse Fc receptors with
chicken IgY-FLAG tag and cleavage sites. C: Reconstruct proteins of mouse IgE/IgG2a with 6
His tag and cleavage sites.

FcR structure, function and classes
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Fc receptors (FcRs) are molecules that bind to Fc parts of immunoglobulins. FcRs are
present on the surface of most immune cells. FcRs belong to the immunoglobulin
super-family (Ravetch et al., 1991). Human and mouse have a complex set of FcRs.
There are three major types of FcR for IgG - Fc¦ÃRI, Fc¦ÃRII, Fc¦ÃRIII, one for IgE -
FcεRI, one for IgA - Fc¦ÁR, and one for IgM - FcµR (Figure 4). Many of the FcRs are
multi-chain receptors composed of alpha, beta and gamma chains. All FcR alpha
chains are two-domain structures except for Fc¦ÃRI, which contains three extracellular
Ig like domains that include an Fc binding site. The alpha chains are composed two or
three Ig-like domains, trans-membrane domain and a cytoplasmic tail (Taylor et al.,
2008). The cytoplasmic tail is the signal subunit carrying an immunoreceptor
tyrosine-based activating motif (ITAM) or an immunoreceptor tyrosine-based
inhibitory motif (ITIM). FcRs with ITAM activate Src and Syk tyrosine kinases that
activate signal pathways and promote leukocyte cell activation. FcRs with ITIM act as
inhibitory receptors (Fayngerts et al., 2007). FcRs are important in various immune
reactions, for example antibody-dependent cellular cytotoxicity, phagocytosis and
regulation the synthesis of Ig and in immediate hypersensitivity reactions (Fayngerts
et al., 2007). They also play a vital role in antigen capture by antigen-presenting cells
(Fayngerts et al., 2007).
Fc receptors in the platypus are named as Fc¦ÃRIA, Fc¦ÃRIB, Fc¦ÃRIC and Fc¦ÃRID.
Fc¦ÃRIA and Fc¦ÃRIB are three-domain receptors and the other two are two-domain
receptors.

Figure 4. The subunit structure and binding properties of human Fc receptors. Adopted from
Immunobiology: The Immune System in Health and Disease (5th edition).

The aim of this project has been to study the isotype specificity of three different Fc
receptors in the platypus. To do this analysis the extracellular part of the receptors
have been produced as fusion proteins with the Fc part of chicken IgY to enhance
solubility as previously described. These receptors has then been fixated to the bottom
of an ELISA plate and analyzed for their interaction with Fc regions of five Ig isotype
from the platypus (IgG1, IgG2, IgE, IgA1 and IgA2) Although preliminary, our
results indicate that at least two of the receptors primarily interact with platypus IgG1.
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Materials and methods
Reagents and plasmids
We initially tried to isolate the Fc receptors and mouse IgG2a and IgE by RT-PCR
amplification. We did however not obtain all the constructs needed to enter next step
in the analysis. In order to more easily be able to reach this goal we therefore ordered
DNA constructs for mouse IgG2a, IgE, Fc¦ÃREC, FcεRI and platypus Fc¦ÃRA, Fc¦ÃRB,
Fc¦ÃRC and chicken IgY from GenScript.
DNA of chicken IgYC2-C4Flag (1038bp), mouse his6-IgG2aC2-C3 (766bp), mouse
his6-IgEC2-C4 (1000bp), mouse Fc¦ÃREC (789bp), mouse FcεRI (534bp), platypus
Fc¦ÃRAEC (822bp), platypus Fc¦ÃRBEC (822bp), platypus Fc¦ÃRCEC (546bp) were all
ordered from GenScript. These DNA were all in plasmid pUC57.

Preparation of competent cells (E.coli DK1 strain)
An overnight culture (10 ml) of DK1 (E.coli) strain in LB medium was started from a
glycerol stock in -70oC. Five hundred ¦Ìl of the overnight culture was taken and mixed
with 50 ml of LB medium in a 200 ml conical flask. The mixture was then shaking at
37 oC for about 3 hours till OD600 reached 0.5. The culture was chilled on ice for 2
minutes by rotating the flask. The bacterial culture was spun down in a 50 ml Falcon
tube for 10 minutes at 4 oC and at 1000x g in the bench centrifuge. The supernatant
was discarded and the pellet was dissolved in 10 ml ice cold 0.1 M MgCl2 and was
spun down. The supernatant was discarded and the pellet was dissolved in 5 ml ice
cold 0.1 M CaCl2. The DK1 culture was kept on ice for about 30 minutes. The
newly-made competent cells were used for transformation. During the whole
procedure the DK1 pellet/solution was kept on ice.

Transformation, plasmid preparation and cleavage
Three ¦Ìl ml DNA of each sample from GenScript was mixed with 200 ¦Ìl competent
cells. All the mixtures were kept on ice for 30 minutes and then spread on LA-amp
(50 ¦Ìg/ml) plates. The plates were incubated at 37 oC overnight.
The next day 2 colonies were selected from each plate. Each colony was inoculated in
5 ml LB-amp (50 ¦Ìg/ml) medium and shaken at 37 oC overnight.
Plasmid mini-preps were made from the overnight cultures using E.Z.N.A. plasmid
mini-prep kit (Omega Bio-tek, Doraville U.S.A) and according to the manufacturer’s
protocol. Resulting mini-preps were cleaved by XhoI/BamHI for chicken IgY and
EcoRI/XhoI for the other 7 resulting mini-preps. The plasmid pCEP-Pu2 was cut by
XhoI/BamHI and EcoRI/XhoI. The cleaved mini-preps and plasmid were run on 0.8%
Agarose gels for confirmation.

Construction of expression plasmids for the various FcRs using the mammalian
expression vector- pCEP-Pu2
Vector pCEP-Pu2 (Figure 5) contains a signal peptide from BM-40 (BM-40 SP), a
his6-myc-tag, and multiple cloning sites between the CMV promoter and the SV 40
poly-adenylation signal (pA) (Wuttke et al., 2001). In the multiple cloning sites, there
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are various restriction sites, such as EcoRI, XhoI and BamHI. These three cleavage
sites were used for construction the expression vectors for the various Fc receptors.

Figure 5. The structure of vector pCEP-Pu2. Adopted from Wuttke et al., 2001.

Ligation and transformation
A fragment for the Fc part of chicken IgY and the cleaved pCEP-Pu2 was ligated by
the use of T4 DNA ligase. Plasmid pCEP-Pu2 was ligated with purified fragments for
IgE and IgG2a by T4 DNA ligase respectively. The reaction mixtures were incubated
at room temperature overnight. Then the ligated mixtures were inactivated at 65 oC for
15 minutes. The ligation mixtures (10 ¦Ìl) were mixed with 200 ¦Ìl of competent cells
and were kept on ice for 30 minutes. Then the mixtures were put at 42 oC heater for 90
seconds. The transformation mixtures were then immediately transferred on ice for 2
minutes and 300 ¦Ìl LB medium were added into the mixtures. The mixtures were
incubated at 37 oC for 1 hour. Then the mixtures were spread on LA-amp (50 ¦Ìg/ml)
plates and incubated at 37 oC overnight. Uncut and cut pCEP-Pu2 was used as
controls.

Plasmid mini-preps and restriction enzyme analysis
Two colonies were selected from each plate and each colony was inoculated in 5 ml
LB-amp (50 ¦Ìg/ml) medium. The mixtures were incubated overnight at 37 oC by
shaking. Plasmid mini-preps were made from the overnight cultures using E.Z.N.A.
plasmid mini-prep kit (Omega Bio-tek, Doraville U.S.A) according to manufacturer’s
protocol. IgY-pCEP-Pu2 mini-preps were cut by XhoI/BamHI whereas
IgE-pCEP-Pu2 and IgG2a-pCEP-Pu2 mini-preps were cleaved by EcoRI/XhoIⅠ. The
cleaved mini-preps were run on 0.8% agarose gels for confirmation. The
IgY-pCEP-Pu2 mini-preps with correct insertion were cut by EcoRI/XhoI.

Ligation and transformation
The IgY-pCEP-Pu2 cut with EcoRI/XhoI was ligated with fragments for mouse
Fc¦ÃREC, mouse FcεRI, platypus FcRAEC, platypus FcRBEC and platypus FcRCEC
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by T4 DNA ligase. The ligation mixtures were incubated overnight at room
temperature and then incubated at 65 oC for 15 minutes for inactivating the enzyme.
The ligation mixtures (10 ¦Ìl) were mixed with 200 ¦Ìl of competent cells and were
kept on ice for 30 minutes. Then the mixtures were incubated at 42 oC for 90 seconds.
The transformation mixtures were then immediately transferred on ice for 2 minutes
and 300 ¦Ìl LB medium were added into the mixtures. The mixtures were incubated at
37 oC for 1 hour. Then the mixtures were spread on LA-amp (50 ¦Ìg/ml) plates and
incubated at 37 oC overnight. Cut IgY-pCEP-Pu2 was used as control.

Plasmid mini-preps and restriction enzyme analysis
Two colonies were selected from each plate and each colony was inoculated in 5 ml
LB-amp (50 ¦Ìg/ml) medium. The mixtures were incubated overnight at 37 oC by
shaking. Plasmid mini-preps were made from the overnight cultures using E.Z.N.A.
plasmid mini-prep kit (Omega Bio-tek, Doraville U.S.A) and according to
manufacturer’s protocol. The resulting mini-preps were cleaved by EcoRI/XhoI. The
cleaved mini-preps were run on 0.8% agarose gels for confirmation.

Eukaryotic expression system-using HEK293 cells
Seven ml of the growth medium DMEM (Dulbecco’s Modified Eagle Medium)
(Invitrogen) were added to the T25 flask. Frozen HEK293 cells were thawed rapidly
and 70% ethanol was sprayed on the outside of the tube. Then the HEK293 cells were
transferred into the T25 flask. The T25 flask was gently rocked and put in 37 oC, 5%
CO2, humidified incubator for 2 days. Then the old medium and dead cells were
removed and the fresh DMEM was added to the flask and incubated at the incubator
for another day. When the cells reached at 70-80% confluency, HEK293 cells were
split by shaking. The old medium was removed and new growth medium was added
and shaken to make the cells detached. The cells were counted and were transferred
the desired number to four new flasks with fresh growth medium. Then the cells were
put back to the incubator for incubation until HEK 293 cells were grown to about
70% confluency in T25 flask.

Sterilize DNA of mini-preps
The DNA of mini-preps was sterilized before transfection. One tenth of the total
volume of 3 M NaAc was mixed with the DNA mini-prep. Then two volumes of 99%
ethanol were added to the DNA mini-prep. The DNA mixtures were kept in freezer
for 30 min and then centrifuged at 4000x g rpm for 10 min. The supernatant was
removed and 500 ¦Ìl pre-chilled 70% ethanol was added and was centrifuged at 14000
rpm for 10 min. The supernatant was removed and the liquid was removed by air-dry.
The DNA was re-suspended in 1/3 of the original volume in sterile TE (10 mM Tris,
pH 7.1 mM EDTA in distilled water).

Transfection into HEK293 cells
HEK 293 cells were grown to about 70% confluency in T25 flask. Twenty-five ¦Ìl of
sterile DNA were mixed with 25 ¦Ìl sterile TE (10 mM Tris, pH 7, 1 mM EDTA in
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distilled water) following by adding 40 ¦Ìl lipofectamin (Invitrogen) and 710 ¦Ìl serum
free DMEM (with gentamicin) (Dulbecco’s Modified Eagle Medium) (Invitrogen).
This DNA mixture was vortexed vigorously and incubated at room temperature for 45
minutes. Then 6 ml serum free DMEM were added into the DNA mixture. Before
transfection, HEK293 cells were washed with neutral PBS (without Ca and Mg) and
then DMEM (without antibodies). Then all of the DNA transfection mixture was
added to the washed HEK293 cells and kept in the incubator overnight. Next day the
HEK293 cell culture was supplemented with 10% fetal bovine serum (FBS). After 24
hours incubation, the cells were transferred to larger flasks with 32 ml DMEM (5%
FBS and 50 ¦Ìg/ml gentamicin). Two days later, the old medium was removed and 38
ml selection medium (DMEM supplemented with 0.5 ¦Ìg/ml puromycin) was added.
The cells were put back to the incubator for 3-4 days which it depended on the growth
condition of the cells. Then the medium of the cells were collected. The collected
medium were centrifuged at 1000x g for 5 minutes at 4℃ and stored at cold room.
The transfections of IgG2a and IgE were performed two times.

Recombinant protein purification
The recombinant proteins were purified from the eukaryotic expression systems. One
hundred ¦Ìl of anti-FLAG Ab containing magnetic beads (SIGMA) were added to the
5 ml collected medium for purification of the mouse/platypus Fc receptors and 100 ¦Ìl
Ni-NTA agarose beads (Qiagen) were added to the conditioned medium for isolation
of the IgE/IgG2a. The mixtures were then incubated for 1 hour with rotation in the
cold room. The HEK 293 medium added with 100 ¦Ìl anti-FLAG Ab containing
magnetic beads (SIGMA) was used as control. Then the cells were centrifuged at
1000x g at 4 oC for 5 minutes and the anti-FLAG Ab containing beads for FcRs were
collected into eppendorf tubes by Pasteur pipettes. The beads were washed two times
with 1 ml 5x PBS. Fifty ¦Ìl sample buffer and 2 ¦Ìl ¦Â-mercaptoethanol were added to
these beads and then incubated at 90 oC for 2 minutes. Ni-NTA beads for Igs were
collected and transferred to a syringe with a filter fixed at the bottom. The beads were
washed with 6 ml wash buffer (PBS-Tween 0.05%, 1 mM NaCl, 10 mM imidazole).
The proteins were eluted by elution buffer (PBS-Tween 0.05%, 100 mM imidazole)
and collected in 7 fractions (each fraction was 250-300 ¦Ìl). Ten ¦Ìl samples of each
fraction were transferred into separate eppendorf tubes. Five ¦Ìl of 2x sample buffer
and 1 ¦Ìl ¦Â-mercaptoethanol were added into these tubes and incubated at 90℃ for 2
minutes. Ten ¦Ìl of the purified proteins were run SDS-PAGE gel with MES buffer
(upper buffer: 1x MES+ Bis-Tris+5mM NaHSO3, lower buffer: 1x MES+ Bis-Tris)
for confirmation. The gels were stained overnight with Coomassie blue and methanol
(3:1) by shaking.

ELISA
To study the interactions between immunoglobulins and the Fc receptors, ELISA was
performed (table 1). Five ¦Ìg per ml of anti-FLAG M2 Mab (SIGMA) diluted in
coating buffer were added to a 96 well plate (Nunc-Immuno Plate Mexico Surface)
(NUNC Brand Products, A/S. Roskilde, Denmark) and then incubated overnight at 4
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oC. Then the plates were washed by 0.05% PBS-Tween (PBS-T) three times and then
1% BSA was added to the wells and incubated at room temperature for 2 hours. The
plates were washed by PBS-Tween three times again. Ten wells were coated with
mouse FcεREC-FLAG and Fc¦ÃREC-FLAG (Well 1A, 2A, 1B, 2B, 3A, 3B, 4A, 4B,
5A, 5B) and incubated for 2 hours by shaking as positive control. The next three rows
(C, D, and E) were coated with platypus FcRAEC, FcRBEC, FcRCEC and incubated
for 2 hours by shaking. Then the wells were washed three times again by PBS-Tween.
Mouse IgG2a-6his and IgE-6his were added to the wells with mouse Fc receptors
(Well 1A, 2A, 1B, 2B, 3A, 3B, 4A, 4B) and IgA1-6his, IgA2-6his, IgG1-6his,
IgG2-6his, IgE-6his of platypus were inoculated to the wells with platypus receptors
(Row C, D, E). Wells of all row 6 (6A, 6B, 6C, 6D, 6E) were set as control that were
just coated with anti-flag antibody. The plate was incubated at room temperature by
shaking for 1 hour and followed by washing three times with PBS-T. A 2000 times
diluted anti-his Ab conjugated with alkaline phosphatase (SIGMA) was added to all
wells and incubated at room temperature by shaking for 1 hour followed by washing
three times with PBS-Tween. One hundred ¦Ìl per well of phosphatase substrate was
added to all the wells and incubated in dark for 1 hour. Then the plate was put on an
ELISA reader (Versamax micro plate reader, Molecular devises) at 405 nm to read the
color reaction.

Table 1. The description of ELISA on a 96 well plate.

Mouse Mouse
FcεREC

Mouse
Fc¦ÃREC

Platypus Platypus
FcRAEC

Platypus
FcRBEC

Platypus
FcRCEC

IgG2aⅠ 1A 1B IgA1 1C 1D 1E
IgEⅠ 2A 2B IgA2 2C 2D 2E

IgG2aⅡ 3A 3B IgG1 3C 3D 3E
IgEⅡ 4A 4B IgG2 4C 4D 4E

---- 5A 5B IgE 5C 5D 5E
---- 6A 6B ---- 6C 6D 6E

Results
PCR-base cloning of coding regions for mouse IgE and IgG2 as well as various
mouse and platypus Fc receptors.

Initially we tried to isolate the constant regions of mouse IgE and IgG2a as well as the
various mouse and platypus Fc receptors by RT-PCR amplification with specific
primers and cDNA from mouse and platypus spleen. However, the result was not
satisfactory and we only managed to isolate a few of them. We therefore decided to
design the constructs for all the coding regions we needed for this analysis and order
the DNA constructs from Genscript.

Transformation, plasmid preparation and cleavage
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The different constructs were obtained from Genscript as cloned fragments in the
vector pUC57. The DNA of chicken IgYC2-C4Flag, mouse his6-IgG2aC2-C3, mouse
his6-IgEC2-C4, mouse Fc¦ÃREC, mouse FcεREC, platypus Fc¦ÃRAEC, platypus
Fc¦ÃRBEC, platypus Fc¦ÃRCEC in plasmid pUC57 were excised from the plasmid by
restriction enzyme cleavage and separated on 0.8% agarose gels (Figure 6).

Figure 6. The cleaved mini-preps running electrophoresis on 0.8% agarose gels. Lane1:
GeneRuler 100bp plus DNA ladder; Lane 2, 10: chicken IgY; Lane 3, 11: Fc¦ÃRAEC; Lane 4, 12:
platypus Fc¦ÃRBEC; Lane 5, 13: platypus Fc¦ÃRCEC; Lane 6, 14: mouse his6-IgG2aC2-C3; Lane 7,
15: mouse his6-IgEC2-C4; Lane 8, 16: mouse Fc¦ÃREC; Lane 9, 17: mouse FcεREC.

Construction of expression vectors for the various FcRs - Ligation,
transformation and cleavage
Initially the chicken IgY (XhoI/BamHI) fragment, and the fragments for mouse IgG2a
and mouse IgE (EcoRI/XhoI) were ligated into cleaved plasmid pCEP-Pu2
(XhoI/BamHI, EcoRI/XhoI). The ligation mixtures were then transformed into DK1
competent cells and incubated at 37 oC over night. Plasmid mini-preps were made
from several clones from each transformation. The resulting mini-preps were cut by
XhoI/BamHI and EcoRI/XhoI for confirmation of the correctly inserted fragment
(Figure 7, A) and EcoRI/XhoI for Ig-Y-pCEP-Pu2 (Figure 7, B).
As step number two cleaved Ig-Y-pCEP-Pu2 (EcoRI/XhoI) was ligated with cleaved
Fc receptor fragments (EcoRI/XhoI) and transformed into DK1 competent cells. The
plasmid mini-preps were made and the resulting mini-preps were cut by restriction
enzymes for confirmation (Figure 7, C)
A. B.

C.
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Figure 7. Cleaved mini-preps by restriction enzymes were analysed by electrophoresis on 0.8%
agarose gels. A: Lane1: GeneRuler 100bp plus DNA ladder; Lane2-4: cleaved vector of IgE
clones; Lane 5-7: cleaved vector of IgG2a clones; Lane 8-10: cleaved vector of IgY clones. B:
Lane1: GeneRuler 100bp plus DNA ladder; Lane 2-4: cleaved vector of IgG2a; C: Above: Lane1:
GeneRuler 100bp plus DNA ladder; Lane 2-3: cleaved vector of IgE clones; Lane 4-5: cleaved
vector of IgG2a clones. Lane 6-11: cleaved vector of Fc¦ÃRAEC clones; mini-preps of lane 6-7
were cut by EcoRI/XhoI, mini-preps of 8-9 were cut by XhoI/BamHI, mini-preps of 10-11 were
cut by EcoRI/BamHI; Lane 12-17: cleaved vector of Fc¦ÃRBEC clones; mini-preps of lane 12-13
were cut by EcoRI/XhoI, mini-preps of lane 14-15 were cut by XhoI/BamHI, mini-preps of lane
16-17 were cut by EcoRI/BamHI; B: Below: Lane1: GeneRuler 100bp plus DNA ladder; Lane 2-7:
cleaved vector of Fc¦ÃRCEC; mini-preps of 2-3 were cut by EcoRI/XhoI, mini-preps of 4-5 were
cut by XhoI/BamHI, mini-preps of 6-7 were cut by EcoRI/BamHI; Lane 8-13: cleaved vector of
Fc¦ÃREC; mini-preps of 8-9 were cut by EcoRI/XhoI, mini-preps of 10-11 were cut by
XhoI/BamHI, mini-preps of 12-13 were cut by EcoRI/BamHI; Lane 14-19: cleaved vector of
FcεREC; mini-preps of 14-15 were cut by EcoRI/XhoI, mini-preps of 16-17 were cut by
XhoI/BamHI, mini-preps of 18-19 were cut by EcoRI/BamHI.

Recombinant protein production and purification
The expression vectors were after careful restriction analysis as described above
transfected into a mammalian cell line, the human embryonic kidney cell line
HEK-293 EBNA. After selection and cultivation the conditioned media were used as
source to purify the different recombinant proteins, Igs and Fc-receptors. The
recombinant protein were purified by Ni-NTA agarose beads or anti-FLAG agarose
beads and then run on SDS-PAGE (Figure 8 A, B, C). The bands were observed on
the gel at 60kDa for mouse Fc¦ÃREC and at 53 kDa for mouse FcεREC (Figure 8 A).
Protein bands were observed at 25kDa and 33kDa for mouse IgG2a and IgE
separately (Figure 8 A). And the bands were observed in all the 7 fractions for IgG2a
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and 4 fractions for IgE (Figure 8 B). The expected bands were observed at 62 kDa for
both platypus Fc¦ÃRAEC and Fc¦ÃRBEC and 53kDa for Fc¦ÃRCEC (Figure 8 C).
A B

C

Figure 8. Recombinant proteins on SDS-PAGE gel. A. Protein of Fc¦ÃREC, FcεREC, IgG2a and
IgE. Lane 1: protein ladder; Lane2, 3: proteins of Fc¦ÃREC; Lane 4, 5: Proteins of FcεREC; Lane 6,
7: proteins of IgG2a; Lane 8, 9: proteins of IgE; B. Proteins of IgG2a and IgE. Lane1-7: fractions
of eluted proteins of IgG2a; Lane 8: protein ladder; Lane 9-15: fractions 1-7 of eluted proteins of
IgE. C.Lane1, 2: Protein of Fc¦ÃRAEC (62kDa); Lane 3, 4: protein of Fc¦ÃRBEC (62kDa); Lane5:
protein of Fc¦ÃRCEC (53 kDa).

Sandwich ELISA
To study the interactions between FcRs and Igs, sandwich ELISA was performed.
Strong yellow signals were observed in the wells 1D, 2D, 3D, 4D, 5D, 6D (Table
1)and weak yellow signals were observed in wells of 1B, 2B, 3B, 4B, 5B and 3E
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(Table 1). No signals were observed in other wells. The Plate was put on ELISA
reader at 405 nm and obtained the results (Table 2). It seems that proteins of IgG2a
and IgE were not the desired proteins as it did not indicate the correct interactions
between Fc¦ÃREC and Fc¦ÅREC. FcRAEC and FcRCEC seem to interact with platypus
IgG1. FcRBEC shows very strong interaction with all five tested Igs and is therefore
probably caused by some contamination in the sample or by other unknown reasons.
Interestingly, the result indicate interaction of two of the platypus receptors with IgG1,
however the result needs to be confirmed and we also need to address the problem
with the mouse proteins and the very high values for the FcRBEC.

Table 2. The data of a 96-well plate read on an ELISA reader at 405 nm.

In table 2 wells of 1A, 2A, 3A, 4A, 1B, 2B, 3B and 4B were the positive control. The
wells of 5A, 6A, 5B, 6B, 6C, 6D and 6E were negative control. IgG2aI, IgEI, IgG2aII
and IgEII were the results of the two times transfections.

Discussion
Initially we tried to isolate the constant regions of mouse IgG2a and IgE as well as all
the Fc receptors by RP-PCR. However we did not obtain the expected constructs. The
constructs might be not stable in the solution and degraded. The primers may be not
the suitable ones. There might be some problem with the mouse total RNA which was
the sample for RT-PCR. The total RNA was unstable.
According to the purified proteins, the mouse IgG2a and IgE transfected cells mainly
expressed the proteins around 50 kDa and only a few expected proteins around 25kDa
and 33kDa respectively. We considered that this may be caused by the contamination.
But in the second time of the transfection of IgG2a and IgE, we got the same result.
The incompetent selection during the cultivation also may be one reason to cause this
problem. The untransfected cells expressed the proteins around 50kDa.
To study the interactions between Fc receptors and immunoglobulins of platypus,
sandwich ELISA was performed. By unknown reasons some data of negative controls
were too high. In the positive controls of ELISA the data were weird and did not
indicate the correction interactions between Igs and FcRs. They should be strong
signals in wells 2A, 4A, 1B and 3B and no signals in other wells in the positive
controls. This result further confirmed that the purified proteins IgG2a and IgE around
25kDa and 33kDa, respectively, were not the desired proteins. The data of FcRBEC
were too high which indicated that platypus FcRBEC were strongly related to all
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these five tested Igs indicating a contamination or another technical problem.
However, our results do indicate that FcRAEC and FcRCEC of platypus bind
platypus IgG1, a clearly interesting finding that needs to be confirmed and analyzed
further.
To get more reliable result, we should set the correction positive and negative controls.
So mouse IgG2a and IgE should be reconstructed and transfected to get the targeted
proteins. Or the proteins of IgG2a and IgE can be ordered from companies. Each FcR
can be performed in two same set for more reliable results.
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