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Abstract 

Secreted glycoprotein Thrombospondin-1 (TSP1), among its many functions, binds to 

membrane receptor CD47 in order to downregulate the nitric oxide pathway via inhibition of 

soluble guanylate cyclase (sGC).  Physiologically, this process is anti-angiogenic and also affects 

vasodilation, platelet aggregation and tissue ischemia.  Aside from the key players TSP1, CD47 

and sGC, little is known about the mechanism of this pathway.  This project seeks to understand 

the binding interaction between trimeric TSP1 and transmembrane receptor CD47.  It is 

hypothesized that the C-terminal binding domain of TSP1 (E3CaG1) and the N-terminal 

extracellular domain of CD47 (CD47-NT) are sufficient to mediate binding.  E3CaG1 was 

expressed and purified from Sf9 insect cells while CD47-NT was expressed and refolded from 

inclusion bodies in E. coli.  Binding was tested via co-immunoprecipitation experiments utilizing 

both nickel and GST affinity resins.  It was found that the GST- and His-tagged constructs of 

CD47-NT did not show any interaction with E3CaG1.  While E3CaG1 has been shown to be fully 

active, further work is underway to determine whether CD47-NT is also properly folded and 

active.    
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Introduction 

Nitric Oxide Signaling 

Transmembrane receptor CD47 and soluble Thrombospondin-1 (TSP-1) are both key 

players in the nitric oxide pathway.  Nitric oxide (NO) is a small signaling molecule that is 

produced by nitric oxide synthase (NOS) in eukaryotes (Bian 2007).  NO has the ability to diffuse 

quickly across cell membranes and bind to its primary receptor, soluble guanylate cyclase (sGC) 

(Bian 2007).  Upon NO binding, sGC converts GTP into second messenger cGMP, which will 

elicits the ultimate physiological response, such as proliferation of cells (Bian 2007).     

TSP-1 is a secreted glycoprotein that has an important role in acute injury and other 

chronic diseases like atherosclerosis, diabetes, and aging (Isenberg et al., 2007b; 2008b). It is 

secreted by many cells and stored in human platelet α-granules and released upon activation 

and degradation of platelets (Bonnefoy 2008).  TSP-1 has been described to bind to several 

different receptors, including fibrinogen, sulfates, CD36 and CD47 (Bonnefoy 2008).  Although 

both CD36 and CD47 have anti-angiogenic activities, it was determined that CD47 is the only 

receptor with the ability to inhibit NO-stimulated cell responses (Isenberg 2006).  This was 

determined by incubating TSP-1 and NO with CD36- and CD47-null muscle explants from mice.  

It was found that TSP1 still had the ability to antagonize NO-stimulated activity in CD36-null 

tissue, but in CD47-null tissue this response was lost.  Thus, CD47 is directly responsible for the 

anti-angiogenic activity of TSP-1, as shown in Figure 1.  Binding of TSP-1 to CD47 ultimately 

results in down-regulation of sGC.   
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Figure 1.  Nitric Oxide 

Signaling Pathway.  Trimeric 

TSP-1 binds membrane 

receptor CD47.  This event 

downregulates sGC by some 

unknown mechanism.  

Downregulation of sGC stops 

production of cGMP and other 

downstream events.   

 

 

While other publications have thoroughly researched (and even crystallized) the 

interaction of CD47 to other biomolecules such as integrins and SIRPα, CD47’s other ligand, 

little work has been done to study the specific interaction between thrombospondin-1 and 

CD47 with regards to protein structure.   

The overarching goal of this project is to determine the mechanism of inhibition of sGC 

by TSP-1 through CD47. This is hoped to be achieved by first studying the interaction between 

TSP-1 and CD47, and using this knowledge to set up a drug screen for potential inhibitors of 

binding.   Characterizing the interaction between TSP-1 and CD47 will be important for future 

drug discovery paths relative to angiogenesis, cardiovascular disease, and wound healing.   

CD47 Structure 

CD47 was originally discovered when it was co-purified with integrin αvβ3 and as a 

result has been historically known as Integrin Associated Protein (IAP) (Brown 2001).  It has 

been shown to interact with the integrins αvβ3, αIIbβ3 and α2β1, which have all been 
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coprecipitated with CD47 (Brown 2001).  There are three distinct sections to CD47’s structure: 

(1) the multiple membrane spanning domain (MMS) contains five-transmembrane segments; 

(2) an N-terminal single IgV-like extracellular domain; and (3) an alternatively spliced 

cytoplasmic C-terminal tail.   

 

Figure 2.  Schematic representation of CD47.  

Note glycosylation on extracellular domain, 

disulfide bond between Cys23 and Cys 96, and 

the three isoforms.   

(Brown 2001) 

 

 

 

 

There are three isoforms of CD47 that have been characterized according to the length 

of the cytoplasmic tail.  Although all 3 isoforms have been found in vivo, isoform 2 is by far the 

most predominant.  The molecular weight of CD47 can range from 31-35kD depending on the 

length of the tail.  The IgV-like domain is heavily glycosylated, which can result in an apparent 

molecular weight of 45-55kD by SDS-PAGE (Brown 2001).    
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Thrombospondin-1 Structure 

 

TSP1 is a large protein with a molecular weight of 450kD.  It is composed of three 

disulfide-linked chains, each chain containing several binding domains, including Type I 

(thrombospondin structural of properdin-like repeats), Type II (epidermal growth factor-like) 

and Type III (calcium binding) repeats.  Type III repeats are known to bind to β3 integrins 

through an RGD motif on TSP1, which is thought to regulate adhesion of endothethial cells 

(Bornstein 2009).  The C-terminal domain of TSP1 is thought to bind to the CD47 receptor 

through a VVM motif on TSP1.   

Figure 3.   

The oligomerization domain 

contains the interchain 

disulfide bonds and is followed 

by the von Willebrand type C 

repeat, also known as the 

procollagen homology domain 

(PC).  The numbers 1-3 denote 

the type 1 repeats, which are 

thrombospondin structural or 

properdin-like.  E1-E3 

represent the three EGF-like 

repeats while the blank 

rectangles represent the 

calcium binding repeats.  

E3CaG1 is a truncated version 

of TSP1.   

 

Adapted from (Isenberg 2006) 
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Scope of Project 

I isolated key domains of both TSP1 (E3CaG1) and CD47 (CD47-NT) in order to further 

characterize this interaction.   

 

Figure 4. Schematic representation  

of the basic question of this project.   

 

 

 

 

Active His-tagged E3CaG1 was expressed and purified from Sf9 insect cells, and FACS 

analysis shows that it binds to endogenous CD47 expressed in Jurkat cells (S Ramanathan, WR 

Montfort, unpublished data).  CD47-NT was purified from E. coli inclusion bodies.  Binding was 

tested via a series of co-immunoprecipitation experiments.  It is hypothesized that the 

extracellular domain of CD47 should be sufficient to mediate binding to E3CaG1 on a picomolar 

level.   

Methods 

Chemicals, Reagents and Antibodies. 

Sf9 cells were obtained from Dr. Vallincourt’s lab and grown in Grace’s media and later 

in Sf9 complete media, both made by GIBCO (Carlsbad, CA).  Sf9 cells were grown on non-tissue 

treated plates from VWR (West Chester, PA) with Gentamyacin (GIBCO, Carlsbad, CA).  The 
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baculovirus was provided by Dr. Deane Mosher, (University of Wisconsin, Madison, WI).  pGEX-

6P-1 vector was provided by Dr. Elizabeth Vierling’s lab (University of Arizona, Tucson, AZ) and 

pET28a vector was provided by Dr. Roger Miesfield’s lab (University of Arizona, Tucson, AZ).  

Glutathione Sepharose 4 Fast Flow was obtained from Amersham Biosciences and Ni-NTA nickel 

resins were made by Qiagen (Valencia, CA).  IPTG obtained from RPI (Mount Prospect, IL).   

CD47 poly-clonal N-terminal antibody and the anti-His primary antibody were from 

Santa Cruz Biotechnology, Inc (Santa Cruz, CA).  Anti-rabbit secondary and anti-Goat secondary 

antibodies were obtained from Licor (Lincoln, NE).   

All reagents not mentioned above were obtained from Sigma (St. Louis, MO).   

CD47 Expression Constructs.  

GST-CD47-NT was cloned from a pOTb7 vector (Open Biosystems, Huntsville, AL) into a 

pGEX -6P-1 vector.  It was inserted by ligation using restriction sites BamHI and XhoI.   

CD47-NT-GST was cloned from pOTb7 vector into pET28a using BamHI and XhoI.  The 

GST tag was cloned from pGEX-6P-1 onto the C-terminus of CD47 and the two His tags in 

pET28a were either cut out completely or moved out of frame.   

His-CD47-NT was cloned from the GST-CD47-NT pGEX vector by using restriction sites 

BamHI and XhoI to cut out the extracellular domain only.  CD47-NT was ligated into pET28a 

using BamHI and XhoI so that the cleavable N-terminal Histag was in frame.   

All plasmids were transformed into both BL21(DE3) and DH5α Escherichia coli cells.   
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Protein Expression. 

CD47 constructs: 

All tagged constructs of the extracellular domain of CD47 (NT) were grown in E. coli.  

The GST-tagged constructs were induced with 0.4 M IPTG for 24 hr at 22°C.  The long induction 

time and cooler temperature was designed initially to encourage the production of soluble GST-

CD47-NT.  However, most of the protein went into inclusion bodies.  The His-tagged construct 

consequently was induced for 3 hr at 37°C.  The cells were harvested by centrifugation and the 

media discarded.  The cell pellet was lysed for one hour with lysozyme before sonication at 

60%, 30 s on 1 min off, repeating 5 times.  Another centrifugation step yielded the soluble 

cytosolic proteins and the pellet fraction that contained the inclusion bodies.  The pellet 

fraction was washed with Wash Buffer (30 mM TrisCl, 30 mM NaCl, 1 mM EDTA pH 7.5) + 1% 

Triton X-100 and homogenized with a cold Dounce homogenizer.  This solublized pellet fraction 

was centrifuged and washed twice more with Wash Buffer without 1% Triton X-100.  The final 

washed inclusion body was denatured in Denaturation Buffer (30 mM TrisCl, 6 M Guanidine 

HCl, 5 mM DTT pH 7.5) and stirred vigorously at 4°C for 30 min, manually breaking up any 

clumps.  Denatured protein was then added drop-wise using a needle into 500-fold excess 

Renaturation Buffer (30 mMTrisCl, 800 mM NaCl, 1 mM EDTA, 10 mM DTT, 15 µM PMSF pH 

7.5).  Renaturation Buffer was stirred overnight at 4°C and then centrifuged to remove 

precipitate.  The solution was then concentrated down to 30-50 mLs so it could be run on a GST 

affinity column.  Protein was eluted off the GST column in two steps (10 mM and 50 mM GSH).  

For the His-tagged construct, the Renaturation Buffer was not concentrated because the 

Histrap nickel column has the ability to handle large amounts of buffer.  Refolded His-tagged 
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protein was loaded on the Histrap nickel column overnight before elution with 500 mM 

imidazole.   

Sf9 cells: 

Cells were grown at 27˚C on non-tissue culture treated 25 plates as previously 

described.  Media was changed every two days.  When cells reached a sufficient OD they were 

transferred to a spinner flask.  At least 24 hr before infection the media would be switched 

from Grace’s to complete Sf9 media with no fetal bovine serum.  Cells were infected with 

baculovirus for 65 hr before being harvested.  E3CaG1, as a secreted protein is purified from the 

serum free media as described by the Mosher lab (Mosher 2002).   

Co-Immunoprecipitation Pulldowns. 

Binding interaction was tested via co-immunoprecipitation pulldowns using two types of 

affinity resins: (1) Ni-NTA Agarose and (2) Glutathione Sepharose resins.  Using Ni-NTA resins, 

His-tagged E3CaG1 could be bound and then CD47-NT added.  Conversely, GST-tagged CD47NT 

could first be bound to GST resins before adding E3CaG1.  If both proteins elute in the same 

fraction this would imply that the two bind to one another.   

 

Figure 5.  Flowchart representing process of Co-IP’s.  Tagged protein is first bound to affinity resin.  

Second protein (sometimes ligand, sometimes receptor) is incubated with bound resins and washed.  If 

the receptor and ligand bind, they should both elute in the same fractions, as evidenced by Coomassie-

stained SDS-PAGE. 
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Results 

The main goal of this work was to express and purify both components of the TSP1-

CD47 interaction and to test binding affinity using a series of co-immunoprecipitation 

experiments.  Taking advantage of the His-tagged E3CaG1 construct, I immobilized this domain 

onto the Ni-NTA resins.  I then incubated E3CaG1 resins with the receptor CD47-NT.  If the two 

domains have a binding interaction, this interaction should be strong enough to sustain three 

washes with low salt to eliminate nonspecific binding.  Both receptor and ligand should then 

elute together in the same fraction.  This could also work in the opposite direction with 

receptor CD47-NT immobilized to GST beads and E3CaG1 then added.  

The activity of E3CaG1 has already been confirmed, so I designed several different 

constructs of CD47-NT to facilitate both in purification and in binding availability.  I used a GST 

tag to increase solubility of the protein and to help achieve stability during the refolding 

process.  The GST tag was placed alternatively on the N- and C-termini of CD47-NT to allow for 

different sections of the protein to be exposed for binding.  Additionally, I cloned a third 

construct of CD47-NT with an N-terminal Histag to test solubility of the CD47-NT domain itself.  

I also hoped that the less obtrusive affinity tag on this construct would allow a binding event 

with E3CaG1 to occur, and that this construct would be able to undergo analysis for circular 

dichroism.   
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Figure 6. Expression constructs of CD47.  First diagram represents the wild-type CD47, and below that 

the various truncations and tagged versions of the extracellular domain.   

Expression and purification of protein from inclusion bodies. 

Refolding from inclusion bodies resulted in a consistent protein yield around 2 mg/L of 

cell culture grown.  Yield could be improved by increasing the ratio of Renaturation Buffer to 

denatured protein, as a large amount (roughly 50-60%) precipitated out in the refolding 

process.  This precipitate could also be collected as a pellet and used for another cycle of the 

denaturation-renaturation process to achieve a higher yield.  Figure 7 shows the progression of 

purification.  A comparison between pre-induction samples (OD~1.0) and post-induction 

samples (OD~1.8) reveals a significant band at ~40kD, evidence of the production of CD47-NT.  

Upon sonication it can be seen that most of the protein band stays in the insoluble pellet 

fraction, which is then washed several times and denatured-renatured.  Lanes 6 and 7 show the 

different yields between refolded soluble protein and protein that precipitated out during the 
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renaturation process (not volume

purification fractions, resulting in clean, pure bands in the elution steps.  

Figure 7.  Typical fractions from bacterial prep

1: Molecular weight marker  

2: Pre-induction sample 

3: Post-induction sample 

4: Sonicated supernatant 

 

GST-CD47-NT binds nonspecifically to the Ni

Controls were run for this experiment by adding GST

nickel resins to determine if the protein associates nonspecifically with nickel.  

of the protein was in the flow-through, the 

to the nickel resins, resulting in a false positive when

analyzed.  In order to further determine the cause of nonspecific binding, GST protein purified 

from a pGEX vector was also added to washed and equilibrated nickel resins.  Little to no 

protein came out in the flow through

nickel resins.   

| Binding Studies of Membrane Receptor CD47 with Thrombospondin

renaturation process (not volume-normalized).  Finally, lanes 8-13 show the affinity column 

esulting in clean, pure bands in the elution steps.   

bacterial prep 

5: Sonicated pellet 

6: Renatured supernatant 

7: Renatured pellet 

8: Flowthrough off GST column 

9: Wash off GST column

10-13: Elution with 10

NT binds nonspecifically to the Ni-NTA Resins. 

Controls were run for this experiment by adding GST-CD47-NT alone to the 

nickel resins to determine if the protein associates nonspecifically with nickel.  Although some 

through, the majority of the GST-CD47-NT bound

, resulting in a false positive when the experimental conditions were

.  In order to further determine the cause of nonspecific binding, GST protein purified 

from a pGEX vector was also added to washed and equilibrated nickel resins.  Little to no 

flow through, indicating that GST in fact has a strong affinity for the 

Pure CD47-NT 

| Binding Studies of Membrane Receptor CD47 with Thrombospondin-1 15 

13 show the affinity column 

 

: Wash off GST column 

: Elution with 10 mM GSH 

NT alone to the Ni-NTA 

Although some 

ound non-specifically 

erimental conditions were 

.  In order to further determine the cause of nonspecific binding, GST protein purified 

from a pGEX vector was also added to washed and equilibrated nickel resins.  Little to no 

ting that GST in fact has a strong affinity for the 
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Figure 8. Coomassie-stained gel of control experiments (10% SDS-PAGE).  (a) GST-CD47-NT was 

incubated alone with nickel resins and was shown to bind nonspecifically because the protein elutes 

with 250 mM and 500 mM imidazole.  (b) GST-tag only was incubated with nickel resins and was shown 

to bind nonspecifically to the resins.  Only a small percent of GST was in the flowthrough, indicating that 

GST has a strong affinity for the nickel resins.   

 This nonspecific interaction precludes the use of Ni-NTA resins, so co-

immunoprecipitation experiments were conducted using a different affinity resin, the 

Glutathione Sepharose resins (GST resins).   

GST-CD47-NT shows no interaction with E3CaG1 on GST Resins. 

GST-CD47-NT was first bound to the GST resins and washed.  Free E3CaG1 was then 

incubated and washed off.  Figure 9 shows the initial binding steps of GST-CD47-NT and then 

the incubation step with E3CaG1.  All of the E3CaG1 came out in the flow through, indicating 

that no binding event had occurred.  
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Figure 9. Coomassie-

stained gel (10% SDS-

PAGE) of GST-CD47-NT 

bound resins incubate 

with E3CaG1. 

 

 

 

 

 

CD47-NT-GST shows no interaction with E3CaG1 on GST resins.   

I hypothesized that the N-terminal GST-tag might be interfering with any kind of binding 

event, especially since GST, at a molecular weight of 26kD, is almost twice the weight of CD47-

NT at a molecular weight of 14kD.  A second construct was cloned so that GST was on the C-

terminal end of CD47-NT, and would hopefully provide a MMS-like anchor when bound to a 

GST resin.  This new construct, CD47-NT-GST, was grown and purified in the same manner as 

GST-CD47-NT, with similar yields.   

CD47-NT-GST was bound to washed and equilibrated GST resins before incubation with 

E3CaG1.  Several washes and elutions with increasing concentrations of glutathione followed by 

SDS-PAGE analysis reveals that all of the E3CaG1 comes out in the flow through.  It is also 

interesting to note that CD47-NT-GST appears to have an even tighter affinity for the GST 

Flowthrough Washes after  

GST-CD47-NT 

Flow 

through 

Washes after 

E3CaG1 

Elutions with 

10mM GSH 

Boiled 

Resins 
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beads, as not even a step-wise elution with 10 mM glutathione up to 50 mM glutathione could 

elute the protein.   

 

Figure 10. Coomassie-stained 

gel (10% SDS-PAGE) of CD47-

NT-GST bound resins 

incubated with E3CaG1.   

 

 

 

 

 

 

His-CD47-NT is an insoluble protein 

A third construct with a thrombin-cleavable His-tag was cloned so as to determine the 

solubility of the extracellular domain alone.  Figure 11 shows a Western blot of pre-induction, 

post-induction and sonication samples, using an anti-CD47-NT polyclonal primary antibody.  2L 

were grown for this prep, one induced at 37˚C for 3 hours and the second induced at 22˚C for 

24 hours .  There is no difference between the two induction temperatures or times, and for 

the His-tagged construct (19kD) no soluble protein was produced at all.  Overall protein yield is 

comparable to the those of GST-CD47-NT and CD47-NT-GST.   
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Figure 11.  Western blot of bacterial prep 

fractions. (CD47 N-term antibody 1:500, 

15% SDS-PAGE) 

 

 

 

 

His-CD47-NT was grown and purified in a similar manner to the GST-tagged constructs 

with the exception of induction time and temperature.  All of the buffers were also made up in 

sodium phosphate buffer pH 7.4 because future plans were to submit this sample for circular 

dichroism analysis.  The yield of this prep was similar to the others.   

Upon purification with a Histrap nickel column, it was found that this protein was very 

sensitive to buffer conditions and concentration.  The first attempt to purify this protein from 

an initial 2 L prep resulted in full precipitation when dialyzed into a lighter, CD-amenable buffer 

of 10 mM NaPO4 pH 7.4 100 mM NaCl and 1 mM DTT.  A second attempt with a larger 4 L prep 

resulted in precipitation of the elution fractions when the protein concentration exceeded 0.5 

mg/mL even when in a more complex buffer environment of 20 mM NaPO4 pH 7.4 500 mM 

NaCl 500 mM imidazole.   
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Results Summary 

Construct Ligand Resin Present in Elutions 

 

 

His-E3CaG1 

 

Ni
2+

 

(+) E3CaG1* 

(+) GST-CD47-NT 

 

 

His-E3CaG1 

 

GST 

(-) E3CaG1 

(+) GST-CD47-NT 

  

 

His-E3CaG1 

 

GST 

(-) E3CaG1 

(+) GST-CD47-NT 

  

 

No soluble protein 

*non-specific binding event to Ni
2+

 resins 

Discussion 

Binding between E3CaG1 and CD47-NT is expected to have a small Kd; data from the 

Roberts lab and from PWR data (T Green, WRMontfort, unpublished results) suggest that it is in 

the picomolar range.  Therefore, the co-immunoprecipitation method seemed to be a good 

candidate for a qualitative, binary answer with regards to binding interaction between receptor 

and ligand.  If both receptor and ligand are present in the elution fractions, this means their 

interaction was strong enough to withstand incubation and several washes, and it can therefore 

be inferred that the two bound sufficiently.  This result could then prompt a more quantitative 

characterization via other methods such as surface plasmon resonance (SPR).   

The GST-tag on the CD47-NT nonspecifically binds to the Ni-NTA resins, resulting in a 

false positive when binding between resin-bound E3CaG1 and GST-CD47-NT is tested.  This 

nonspecific binding prompted the use of GST affinity resins rather than nickel resins, and I 

tested binding between E3CaG1 and GST-CD47-NT once again.  E3CaG1, after incubation with 
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CD47-NT bound GST resins, completely eluted in the flow through.  This indicates that there 

was no binding interaction at all between receptor and ligand.   

It was hypothesized that a large affinity tag such as GST on the N-terminal domain of 

CD47-NT would impede any type of interaction.  I cloned a second construct with GST on the C-

terminal end of CD47-NT and expressed and purified it in the same manner.  I hoped that in 

doing so, a large GST tag on the C-terminus would help mimic the anchoring effect of the 

transmembrane domain when bound to GST resins.  However, when I immobilized CD47-NT-

GST onto the GST resins and incubated it with E3CaG1, the E3CaG1 still eluted in the flow 

through, indicating again that no binding event had occurred.   

The final construct was cloned with a cleavable N-terminal Histag.  I intended to use this 

protein not only for co-immunoprecipitation experiments, but also for structure analysis via 

circular dichroism to determine if the protein refolded properly.  This construct expressed as 

well in inclusion bodies and after refolding it was very sensitive to buffer composition and 

protein concentration.  The protein precipitated out of solution before experiments could be 

completed, despite attempts to keep it in high salt and high reductant.   

The most pressing question in this series of experiments involves the activity of CD47-

NT.  CD47-NT is not an enzyme, so it was not possible to design a convenient activity assay to 

confirm active protein.  Efforts are in progress to ascertain correct structure.   

The first technique that I had hoped to employ was circular dichroism.  Both of the GST-

tagged constructs were unsuitable for CD because the large GST (26kD) would mask the much 

smaller CD47-NT (14kD).  I cloned the His-tagged construct in order to obtain a CD spectrum, 
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but the protein did not remain soluble long enough to accomplish this.  Also, because the 

extracellular domain is an immunoglobulin fold made up predominantly of beta-sheets, it is 

doubtful that a CD spectra could provide a confident and clean-cut affirmation that the protein 

is folded as opposed to occupying a random coil conformation.  Other future attempts to 

determine the structure of CD47-NT will include gel filtration to ascertain monomer-dimer 

association as well as dynamic light scattering to determine monodispersity.   

A second factor affecting the proper structure of CD47-NT is the formation of incorrect 

disulfide bonds.  There is supposed to be one disulfide bond between Cys23 and Cys96 (see 

Figure 2).  However, the extracellular domain also contains a third cysteine at residue 15, and 

while all buffers were kept reduced in varying concentrations of DTT, it is possible that an 

incorrect disulfide bond could have formed, affecting the rest of the protein’s structure.  Cys15 

is also thought to form a second disulfide bond with one of CD47’s transmembrane loops, 

which are not present in this construct (Rebres 2001).  Mass spectrometry could be used to 

determine if the existing protein constructs are bonded in the correct manner, and if so the 

formation of improper disulfide bonds could be remedied by mutating Cys15 to alanine or 

glycine.   

It was interesting to discover that the His-tag construct was largely insoluble, indicating 

that the extracellular domain itself is insoluble, and probably will remain that way even when 

cleaved from the GST-tag for further experiments.  This could also be due to being improperly 

refolded, but it could also be an indication that this bacterial expression system is not optimal 

for producing a mammalian membrane protein.  Future efforts will include developing this 
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construct in a mammalian system, like CHO cells, which can produce the glycosylation on the 

extracellular domain that might be important for thrombospondin-1 binding.   

The last issue with regards to this project is that it is possible that the extracellular 

domain of CD47 is not sufficient enough to provide a solid interaction with E3CaG1.  It may be 

necessary to have the full-length protein inserted in the membrane, or the association of an 

integrin, for interaction with E3CaG1.   There are several examples in the literature to illustrate 

that depending on the ligand, the full-length protein may or may not be required.  In order for 

CD47 to associate with integrin αvβ3 it has been shown that the extracellular domain of CD47 is 

sufficient to mediate this type of interaction (Lindberg 1996).  However, for binding of ligand 

SIRPα to occur, a long-range disulfide bond between C15 and C245 must be present as shown in 

Figure 13 (Rebres 2001, Barclay 2008).   

 

Figure 12.  Crystallographic structure of CD47 (yellow ribbons) 

complexed with SIRPα (blue ribbons).  Glycosylation sites marked by 

magenta spheres.  The transmembrane helix C-terminal domain of 

CD47 is shown as a schematic only, including the proposed disulfide 

bond between C15 and C245.  (Barclay 2008).   

 

 

 The binding studies of thrombospondin-1 and CD47 are still ongoing, and this study has 

shown that producing a complex mammalian protein in a bacterial expression system is 

difficult.  This study has given rise to the idea that this interaction is intricate and dependent on 

a number of factors like structure, glycosylation and integrin association that will be pursued in 

the future.   
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