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V. Introduction 

A. Subject and Purpose 

Thrombospondin-1 (TSP1) is a member of a family of modular glyco-proteins including 

thrombospondin-2 (1), thrombospondin-3 (2), thrombospondin-4 (3), cartilage oligomeric matrix 

protein (4), and F-spondin (5). TSP1 is a disulfide-bonded trimer with an approximate molecular 

mass of 450KDa. The modular structure of trimeric TSP1 is illustrated in figure 1 and is based 

in part on the electron microscopy of rotary shadowed TSP1. The amino-terminus consists of a 

globular heparin-binding domain (6) and is followed by the central stalk region. The 70KDa 

central stalk region contains three types of domains which are also found in other proteins, these 

include a procollagen module, three properdin or type 1 repeats, and three EGF-like or type 2 

repeats (6,7). The C-terminus of TSP1 is dependent on Ca++ for its structural integrity (7,8) and 

it contains the cell adhesion motif RGD. 

TSP1 is synthesized and secreted by various cell types where it can become incorporated 

into the extracellular matrix (ECM). The ECM is an important modulator of cell proliferation, 

migration, and differentiation (9-12). Several investigations indicate that TSP1 is a normal 

component of the extracellular matrix of mammary tissue. The level and pattern of expression of 

TSP1 is altered by the developmental (13), lactational (13), and neoplastic (14) state of the 

mammary tissue. TSP1 is found deposited in the basement membrane of normal breast tissue 

(14) and is also found in breast milk (15). The expression of TSP1 is altered in neoplastic breast 

tissue. In contrast to normal breast tissue, increased levels of TSP1 was present in the basement 

membrane surrounding preinvasive tumors while TSP1 was absent along the progressing front of 

invasive ductal carcinomas (14). In vitro experiments have demonstrated that an increase in 

TSP1 mPvNA and protein expression correlated with a decrease in malignant progression (16) 

and inhibition of metastases (17). 

Metastasis of tumor cells is a multi-step process that includes angiogenesis. A reasonable 

hypothesis suggested to explain the inhibition of metastases and malignant progression is that the 

presence of TSP1 in the tumor micro-environment modulates an angiostatic effect (18-21). This 

idea is supported by a growing body of work that has shown TSP1, TSP1 fragments, and certain 

TSP1 conserved peptide sequences to exert an endothelial-specific inhibition of growth and 

migration. 

Our lab is interested in further examining the cell-specific effect of TSP1 by localizing 

active regions of the molecule and cell surface receptors that interact with TSP1. Using the 

baculovirus system we have recombinantly expressed intact as well as portions of TSP1 such as 

the type 1 repeats. Our lab has shown that recombinantly expressed human TSP1 (hTSPl) type 

1 repeats does inhibit migration of bFGF stimulated bovine adrenal microvascular endothelial 



cells. This study seeks to define the structural basis for the angiostatic effect of the hTSPl type 1 

repeats. 

Each hTSPl monomer contains three type 1 repeats that are encoded for by individual 

exons (22) and which contain approximately sixty amino acids. An alignment of the three type 1 

repeats in TSP1 is shown in figure 2. I will employ several biophysical methods in a comparitive 

study of hTSPl type 1 repeats in tandem (PI23) and the third type 1 repeat (P3). I will utilize 

circular dichroism, fluorescence spectroscopy, mass spectroscopy, and X-ray crystallography. 

Large quantities, tens of milligrams, of highly purified protein is necessary for these 

experiments. I have expressed the three type 1 repeats of human TSP1 in tandem (P123) and the 

third type 1 repeat alone (P3) using the baculovirus system to meet these ends. Determination of 

the structure critical for activity could be used as a starting point for the design of small 

molecules which elicit the same function. 

B. Previous Work 

The first year of my pre-doctoral training grant was August 1996-August 1997. The work I 

accomplished during this time was fully described in my first progress report, submitted August 

1997. I have summarized these results below. 

Construction of pCOCO Baculovirus Transfer Vector 

The pAcGP67A baculovirus transfer vector (Pharmingen) was chosen as the starting point 

for construction of a baculovirus transfer vector. It contains the GP67 signal sequence 5' to the 

multiple cloning site (MCS). This signal sequence is under the control of the very strong 

polyhedrin promoter. The pAcGP67A vector was modified 3' to the MCS by the addition of a 

DNA sequence that encodes a thrombin cleavage site followed by a His-tag. The exact sequence 

for the cleavage site is shown in Figure 3. The digested product was purified and ligated into the 

pAcGP67A MCS at the Xbal and PpumI sites. The resulting transfer vector is termed 

pAcGP67.COCO or pCOCO. A graphical map of the pCOCO vector is shown in Figure 3. 

Cloning hTSPl Type 1 Repeats into pCOCO Baculovirus Transfer Vector 

The sequences encoding PI23 and P3 were amplified from hTSPl cDNA by the polymerase 

chain reaction (PCR). The forward primers introduced an Xmal site while the reverse primer 

added an Xbal site. Following restriction enzyme digestion and purification these PCR products 

were cloned into the Xmal and Xbal sites in the MCS of pAcGP67.COCO. The resulting 

baculovirus transfer vectors were used to generate recombinant baculoviruses that express the 

cDNA as a secreted fusion protein with a His-tag at the C-terminus. 



Generation of Recombinant Baculoviruses 

Recombinant baculoviruses were generated using Baculogold (Pharmingen) linearized 

AcNPV viral DNA. Co-transfections into Sf9 cells with baculogold and P123.COCO or 

P3.COCO were performed using CellFectin (Gibco-BRL). Recombinant baculoviruses were 

cloned by plaque purification. High titer (1-5x10^ pfu/ml) virus stocks were prepared using Sf9 

cells. 

Purification of Type 1 Repeats 

The fusion protein is directed to the secretory pathway by the amino terminal GP67 signal 

sequence. This allows the recombinant protein to be purified from the conditioned media. The 

carboxy-terminus of the fusion protein (COCO) contains a thrombin cleavage site and a series of 

six histidines. The His-tag allows the recombinant protein to be readily purified on nickel- 

chelate resin while the thrombin cleavage site allows the His-tag to be subsequently removed. 

An outline of the purification scheme follows: 

Infect High 5 Cells @ 1x10^ cells/ml with Recombinant Baculovirus. 

.    Incubate at 27°C for -62 hours. 

Clarify Conditioned Media (CM) by centrifugation to remove Cell Debris. 

Incubate clarified CM in batch, with NiNTA resin. 

Wash NiNTA resin with buffer containing lOmM Imidazole. 

Elute NiNTA Resin with buffer containing 250mM Imidazole. 

Pool Fractions containing Recombinant Protein. 

Dialyze Recombinant protein into Thrombin Reaction Buffer. 

Digest 1 milligram of Recombinant Protein with 2-4 units of Biotinylated Thrombin. 

Incubate digest at room temperature for -18 hours. 

Remove Biotinylated Thrombin by incubating Digest with Streptavidin Resin. 

Incubate with NiNTA Resin to remove uncleaved recombinant protein. 

Dialyze into Tris-buffered saline, pH 7.5. 

Concentrate by Ultra-filtration. 

A graphical representation of the fusions expressed and the expected sizes are shown in 

figure 4. Yields in excess of 20ug of fusion per milliliter of conditioned media were obtained for 

P123.COCO. The level of expression (l-5ug/ml) of P3.COCO was substantially lower than that 

obtained for PI23.COCO even after examining more than 10 clones of P3.COCO and optimizing 

infection conditions. 



N-terminal Sequencing of P123.COCO 

The COCO fusion proteins are expressed with the 38 mino acid long GP67 signal sequence. 

In order to determine if the fusion proteins had the GP67 signal sequence removed at the 

predicted cleavage site and to determine whether the signal sequence site was homogeneous, N- 

terminal sequencing of P123.COCO was initiated. The P123.COCO sample was determined to 

have a homogeneous N-terminus beginning at the anticipated amino acid, based on the predicted 

signal sequence cleavage site. 

GlvcosvlationofP123 

The third type 1 repeat of human TSP1 contains a site (N-X-S/T) for N-linked glycosylation. 

The DIG Glycan Detection (Boehringer Mannheim) system has been used to determine if 

baculovirally expressed PI23 is glycosylated. Manufacturer's instructions for detecting 

glycosylation of immobilized proteins were followed. Both PI23 expressed as COCO or 

GELEX fusions were tested. The result of this analysis shows that PI23 expressed in either the 

COCO or GELEX expression systems is glycosylated. 

Initial Characterization of P3 by Circular Dichroism 

The University of Wisconsin-Madison Biophysics Instrumentation Facility's AVIV 62 ADS 

circular dichroism spectrophotometer was used to monitor the far-UV CD signal for P3. The P3 

sample was 0.19 mg/ml in lOmM Potassium Phosphate, lOOmM Sodium Chloride, pH 7.3 and 

was placed in a quartz cuvette of pathlength 0.1cm. A CD spectra was obtained by scanning 

from 260nm to 195nm at 25°C. A temperature scan from 25°C to 70°C was also performed on 

the P3 sample. The CD signal at 229nm and the total fluorescence emmission when exciting at 

291nm was monitored. The temperature was increased in 5°C increments using a slope of 

50°C/min and an equilibration time of one minute. 

The far-UV CD spectra of P3 is marked by distinctive positive ellipticity above ~202nm. 

The protein properdin contains six TSP1 type 1 repeats which compose -80% of the primary 

sequence. The far-UV CD spectrum of properdin (23) is positive above ~195nm and has a 

similar shape to that of P3. The secondary structure of recombinant TSP1 type 1 repeat appears 

to be similar to that of natural properdin. 

From the temperature scan of P3, it was observed that the CD signal monitored at 229nm 

decreased with increasing temperature with the change beginning between 45-50°C. Conversely, 

the total fluorescence of the sample increased with increasing temperature. The first significant 

change occurred between 45-50°C. The thermal denaturation of P3 is accompanied by an 

increase in the fluorescence, suggesting that the conserved tryptophans of P3 are quenched in the 

native state. 
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VI. Body 

A. Reasons for Alterating the Purification Protocol for P3.COCO 

In section A (Previous Work) of the Introduction, I described the "COCO"baculoviral 

expression system that is used to produce the type 1 repeats. In summary, recombinant 

baculoviruses generated with the pCOCO transfer vector express the gene of interest as a fusion 

protein with a series of six histidines at the C-terminus. In addition, the GP67 signal sequence is 

5' and in frame with the gene of interest in the pCOCO transfer vector. The presence of the 

signal sequence directs the protein to the secretory pathway and allows the protein to be purified 

from the conditioned media. The presence of the His-tag at the C-terminus allows for affinity 

purification of the recombinant fusion protein on nickel resin (NiNTA). The expression and 

purification of the type 1 repeats using the COCO system was initially determined using the 

construct containing the three type 1 repeats in tandem (PI23.COCO). 

As described in Section A of the Introduction, PI23.COCO is expressed at 20-50ug/ml while 

P3.COCO was expressed at l-5ug/ml. The lower level of expression of P3.COCO presented 

problems when scale-up was undertaken in order to purify milligram quantities of the P3.COCO. 

I have found that when the His-tagged protein is expressed at low concentrations, the protein 

fails to bind the nickel resin efficiently. In order to increase the strength of the interaction 

between the His-tag and the NiNTA, I initially tried raising the pH of the conditioned media to 

-8.0. The pH of the conditioned baculovirus media is -6.3. I dialyzed the clarified conditioned 

media into sodium phosphate buffer in the presence of sodium chloride at pH 8.0. This was not 

only tedious since I was working with at least 1 liter of conditioned media, but it also failed to 

improve the purification yields. The procedure that I determined to work consistently for 

P3.COCO, which is secreted at low levels, is the concentration of the conditioned media prior to 

incubation with the NiNTA. The protocol is described below. 

B. Experimental Methods 
Purification of the Third Type 1 Repeat (PS.COCO) 

High 5 cells (BTI-TN-5B1-4) were grown at 27°C in using SF900 II serum free media. 

For large scale production, four liter shaker flasks were used. Cells were infected at a density of 

1x10^ cells/ml. A multiplicity of infection (MOI) of 2 was routinely used and the infection was 

allowed to proceed for -62 hours. 

Since P3.COCO is directed to the insect secretory pathway by the GP67 signal sequence, the 

first step in the purification procedure involves clarifying the conditioned media (CM). The 

insect cells are pelleted at ~8000xg for 10 minutes. The CM is carefully decanted from the cell 

pellet and imidazole, pH 6.7, is added to a final concentration of lOmM. PMSF is then added to 

a final concentration of 2mM. 



The second step involves the concentration of the CM using ultrafiltration. Prior to 

concentration, the CM is filtered through Whatman No.2 filter paper which possesses a particle 

retention of 8|im. The filtered CM is then concentrated using an Amicon CH2S Spiral Wound 

Cartridge ultrafiltration system. An S3Y3 spiral would cartridge is used and it has a surface area 

of 2.5 ft2 and a molecular weight cut-off of 3,000 Da. For most of the run, the system is run 

with a pump speed of 7-8 and a back-pressure of ~20psi. The media is conconetrated at least 10- 

20 fold. The concentrated media is then centrifuged at 15,000xg for 15 minutes. 

The third step involves incubation of the clarified concentrated CM in batch with NiNTA 

resin (Qiagen). The concentrated CM is transferred to 50 ml conical tubes and equilibrated 

NiNTA resin is added. The amount of resin to use is determined by the expression levels of the 

fusion protein. The tubes are mixed on a nutator and the incubation procedes for 1-2 hours. 

The fourth step involves washing and eluting the protein from the NiNTA resin. Using a 

clinical centrifuge, the resin is pelleted in the 50ml conical tubes at <500rpm for ~3 minutes. 

The media was carefully removed from the settled resin using a pipet. The NiNTA was washed 

one time with lOmM Tris, pH 7.4, 500mM NaCl, lOmM Imidazole and then transferred to a 

column. The flow was adjusted to 0.5ml/min and allowed to rinse with this solution until 

baseline was reached. The column was then washed with a lOmM Tris, pH 7.4, 500mM NaCl, 

15mM imidazole solution until a new baseline was reached. The column was eluted with lOmM 

Tris, 300mM NaCl, 250mM imidazole pH 7.4. The fusion protein is eluted within the first four 

column volumes with the majority of fusion in the second column volume. 

The fifth step in the purification of the recombinant protein involves removal of the His-tag 

by proteolytic cleavage with thrombin. The fractions from the NiNTA column were pooled and 
dialyzed at 4°C against thrombin reaction buffer (50mM Tris-Cl, 150mM NaCl, 2.5mM CaCl2, 

pH 8.5). The conditions necessary to remove the His-tag using biotinylated-thrombin (Novagen) 

were determined. An 18-20 hour digestion at room temperature using 2-4 units thrombin/mg of 

fusion was sufficient. The biotinylated thrombin was removed using Streptavidin-agarose 

(Novagen) according to the manufacturer's instructions. In order to remove any incompletely 

digested fusion protein, the sample was incubated with NiNTA resin in batch; it was separated 

from the resin by pouring through a column. The resulting sample was adjusted to 0.02% 

sodium azide and 2mM Pefabloc SC. The recombinant protein was dialyzed into TBS at 4°C 

and subsequently concentrated using a Centriplus 3 (Millipore) ultrafiltration device. 

N-terminal Sequencing of P3.COCO 

Purified P3.COCO was denatured, reduced, and run on a 14% SDS-PAGE. The protein was 

transferred to PVDF and the blot was stained with 0.1% Amido Black. The N-terminal 

sequencing was performed in the lab of Dr. Johan Stenflo, Lund University, Sweden. The 

sample underwent >10 cycles of sequencing. 
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Molecular Mass determination of P3 and PI 23 bv MALDI-TOF 

Both P3 and P123 proteins were extensively dialyzed against 5% acetic acid at 4°C and then 

lyophilized. The proteins were resuspended in water to a concentration of 10-40pmol/ul. The 

matrix was oc-cyano-4-hydroxycinnamic acid at 10mg/ml. The data were collected on a Bruker 

matrix-assisted laser desorption time-of-fight (MALDI-TOF) mass spectrometer at the 

University of Wisconsin- Madison, Department of Chemistry. Internal calibrants of insulin, 

ubiquitin, and/or trypsinogen were used to determine the masses. 

Glvcosvlation of P3.COCQ 

The DIG Glycan Detection (Boehringer Mannheim) system has been used to determine if 

baculovirally expressed P3 is glycosylated. Manufacturer's instructions for detecting 

glycosylation of immobilized proteins were followed. 

Determination of the Disulfide Bond Content of P3 using MALDI-TOF 

The P3 protein was labeled for 30 minutes with Iodoacetic Acid (IA) under four conditions: 

Native; 6mM DTT; 6M Guanidine Hydrochloride; and 6M Guanidine Hydrochloride plus 

6mM DTT. The protein was equilibrated in each of the four conditions for 90 minutes under 

nitrogen gas prior to labeling with IA. Following labeling, the proteins were dialyzed 

extensively against 5% acetic acid at 4°C and then lyophilized. The proteins were resuspended 

in water to a concentration of 10-40pmol/ul. The matrix was a-cyano-4-hydroxycinnamic acid 

at 10mg/ml. The data were collected on a Bruker MALDI-TOF mass spectrometer at the 

University of Wisconsin- Madison, Department of Chemistry. Internal calibrants of insulin and 

ubiquitin were used to determine the masses. 

Far-UV Circular Dichroism of P3 and PI23 

The University of Wisconsin-Madison Biophysics Instrumentation Facility's AVIV 62 ADS 

circular dichroism spectrophotometer was used to monitor the far-UV CD signal for P3 and 

PI23. The P3 and PI23 samples were dialyzed against lOmM Potassium Phosphate, lOOmM 

Sodium Chloride, pH 7.5. A quartz cuvette of pathlength 0.1cm was used for data collection. 

Spectra were collected at temperatures between 25°C-65°C. The CD spectra were obtained by 

scanning from 260nm to at least 200nm. A minimum of three scans per temperature were 

collected and averaged. All data were baseline corrected and converted to molar ellipticity, 
mean residue weight (©MRW)- 
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Near-UV Circular Dichroism of P3 and PI23 

The University of Wisconsin-Madison Biophysics Instrumentation Facility's AVIV 62 ADS 

circular dichroism spectrophotometer was used to monitor the near-UV CD signal for P3 and 

PI23. The P3 and PI23 samples were dialyzed against lOmM Tris-Cl, 150mM Sodium 

Chloride, pH 7.5. A quartz cuvette of pathlength 1cm was used for data collection. Spectra were 

collected at temperatures between 25°C-65°C. The CD spectra were obtained by scanning from 

340nm to 240nm. A minimum of three scans per temperature were collected and averaged. All 
data were baseline corrected and converted to molar ellipticity, mean residue weight (©MRW)- 

Dual Monitoring of CD and Fluorescence Signals of PI23 with Increasing Temperature 

The University of Wisconsin-Madison Biophysics Instrumentation Facility's AVIV 62 ADS 

circular dichroism spectrophotometer was used to monitor the far-UV CD signal at 210nm and 

the total fluorescence emission when an excitation wavelength of 284nm was used. The PI23 

samples was dialyzed against lOmM Potassium Phosphate, lOOmM Sodium Chloride, pH 7.5. A 

quartz cuvette of pathlength 0.1cm was used for data collection. The temperature was scanned 

from 25°C to 75°C. The temperature was increased in 2°C increments using a slope of 50°C/min 

and an equilibration time of 1 minute. All data were baseline corrected. 

Fluorescence Emission Spectra of P3 and PI23 under Native and Denaturing Conditions 

The data were collected on an SLM 8000 spectrofluorometer using quartz cuvettes of 1cm 

pathlength. Four conditions for each protein were tested: Native, lOmM Tris-Cl, 150mMNaCl, 

pH7.5 (TBS); lOmM DTT in TBS; 6M Guanidine Hydrochloride in TBS; 6M Guanidine 

Hydrochloride and lOmM DTT in TBS. The temperature was held constant at 25°C. The 

protein concentration for P3 and PI23 in each of the four conditions was held constant. The total 

absorbance at 280nm was below 0.1 O.D.. A minimum of three scans were collected and 

averaged per condition. In addition, the change in the maximum wavelength of emission was 

followed during a titration of P3 and PI23 with DTT. 

C. Results and Discussion 
Purification of the third type 1 Repeat (?3.COCO) 

Yields of l-2mg of P3.COCO per liter of conditioned media were obtained. A time course 

of infection using three different MOIs revealed that an MOI=2 for -62 hrs, yielded the best 

results. Longer incubations or excess virus resulted in cleavage of the His-tag from the protein 

during the infection. No loss of protein was found during the concentration of the CM using the 
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spiral wound membrane ultrafiltration system.  P3.COCO was retained by the 3,000 MWCO 

filter during the concentration process, but it did not adhere to the filter. 

The conditioned media from the baculovirus system contains proteins that will adhere non- 

specifically to the NiNTA because they possess surface histidines. The presence of imidazole 

during the incubation of CM with NiNTA will reduce the amount of non-His-tagged proteins that 

bind to the NiNTA. I found that more concentrated CM required higher concentrations of 

imidazole in order to reduce the non-specific binding. In general, the conditioned media was 

adjusted to 10-20mM Imidazole and 500mM NaCl. The conditions necessary to remove the His- 

tag using biotinylated-thrombin were determined. An 18-20 hour incubation at room 

temperature using 2-4 units thrombin/mg of P3.COCO resulted in >95% cleavage. 

N-terminal Sequencing of P3.COCO 

The COCO fusion proteins are expressed with the 38 mino acid long GP67 signal sequence. 

In order to determine if the fusion proteins had the GP67 signal sequence removed at the 

predicted cleavage site and to determine whether the signal sequence site was homogeneous, N- 

terminal sequencing of P3.COCO was initiated. Like P123.COCO, the P3.COCO sample was 

determined to have a homogeneous N-terminus beginning at the anticipated amino acid, based on 

the predicted signal sequence cleavage site. The results are presented in Figure 5. 

Glvcosylation of P3.COCO 

The third type 1 repeat of human TSP1 contains a site (N-X-S/T) for N-linked glycosylation. 

The DIG Glycan Detection system has been used to determine if baculovirally expressed PI23 is 

glycosylated. The three step method employs an enzyme immunoassay to detect sugars on 

immobilized protein. The result of this analysis shows that P3 expressed in the COCO 

expression system is glycosylated. In the previous report I showed that PI23.COCO expressed 

in either the COCO or GELEX baculovirus expression systems is glycosylated as determined by 

this DIG Glycan assay. 

Molecular Mass determination of P3 and PI23 bv MALDI-TOF 

Representative MALDI-TOF Mass spectra of P3 and PI23 are shown in Figure 7. The table 

in figure 7 summarizes the average mass of the peaks of P3 determined from greater than 10 

independent measurements using insulin (5734.6Da) and ubiquitin (8565.9 Da) as internal 

calibrants. P3 appears as a minimum of 4 peaks which differ in mass by 156-164 Da. The mass 

difference between one peak and the next is on the order of the mass of a single sugar, ~162Da. 

Therefore, it is possible that these mass differences are due to the sequential addition of single 

sugars to the P3 protein.   As discussed above, P3 appears to be glycosylated when analyzed 
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using the DIG Glycan Detection system. Although P3 contains a site for N-linked glycoylation 

(N-X-T), it is not expected to be utilized since the amino acid which occupies the X position in 

P3 is a proline. If the mass differences of 156-165Da is due to the sequential addition single 

sugars, then it is likely to be O-linked glycosylation rather than N-linked. Consistent with the 

idea that the difference in masses is due to the presence of O-linked glycosylation, I have seen no 

effect on PI23 expressed by cells treated with tunicamyacin, a specific inhibitor of N-linked 

glycosylation. I have attempted chemical removal of the carbohydrate with sodium borohyride, 

but the procedure resulted in complete fragmentation of the P3. I will try to confirm the 

presecence of O-linked glycosylation using a chemical inhibitor of O-linked glycosylation that 

can be applied to the cells. The protein will then be analyzed by MALDI-TOF MS. 

The expected mass of P3 based on the known N-terminus and the Thrombin cleavage site at 

the C-terminus is 7275 Da. This is -20 Da smaller than that of the average mass of the first peak 

of P3.C. There are several modifications that could explain a loss of 17-18 Da. A few examples 

include conversion of a serine to a dehydoalanine (-18Da), or succinimde formation from 

aspartic acid (-18Da) or asparagine (-17Da). It is also possible that a point mutaion occurred that 

could give rise to a loss of -20 Da. However, I have no evidence to suggest this occurred and 

the cDNA was sequenced prior to cloning into the pCOCO transfer vector. I plan to sequence 

the recombinant baculovirus DNA that expresses P3 to confirm that no point mutations occurred. 

The mass determination of PI23 has been more difficult than that for P3. I have found it 

very difficult to get good signal and peaks that are well resolved. As seen in Figure 7, PI23 

appears as two poorly resolved peaks. It is likely that there are more peaks present that are 

currently unresolved. Due to the low signal and the relatively broad peaks, it has been difficult 

to get accurate masses. The average mass of the first peak of PI23 is -54 Da under the expected 

mass of P123 (19,973 Da). Interestingly, three modifications of -18Da, similar to that which I 

discussed above for P3, would account for the -54 Da seen for PI23. This would imply that if 

there is a site (such as serine, aspartic acid, or asaragine) modified in the third type 1 repeat (P3), 

then there are analagous sites in the first and second type 1 repeats that are also modified. There 

are two place where serines are conserved in the three type 1 repeats: the serine in the second 

WSXW box of each type 1 repeat, and the residue following the first cysteine in each type 1 

repeat is a serine. In addition there are two locations where aspartic acid (D) or asparagine (N) is 

found in each type 1 repeat: the third residue before the first tryptophan (W) is either a D or N, 

and the first residue after the third Cys is either a D or N in each of the type 1 repeats. 

The difference in mass between the two peaks is 159Da. Again, this is similar to what is 

seen for P3 and is on the order of the addition of a single sugar. In the previous progress report, I 

provided data using the DIG Glycan detection method showing that PI23 expressed in either the 

COCO or the GELEX expression system is positive for the presence of carbohydrate. In order to 
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improve the resolution of the PI23 MS data, I am working on alternative methods to remove 

trace ions that might be sticking to the protein and interfering with MALDI-TOF MS. In 

addition, I have tried using matrices other than a-cyano-4-hydroxycinnamic acid, but I have not 

consistently seen an improvement in the resolution of the data. 

Determination of the Disulfide Bond Content of P3 using MALDI-TOF 

Figure 8 summarizes the data obtained when the P3 protein was labeled with Iodoacetic acid 

(IA) under four conditions: Native, DTT treated, Guanidine Hydrochloride (GuHCl) treated, or 

DTT and Guanidine Hydrochloride (DTT/GuHCl) treated. This experiment is designed to 

determine if there are any free thiols present in P3 and the number of disulfide bonds. The table 

lists the mass of the first peak of P3 for each treatment condition. Only under reducing 

conditions, DTT or DTT/GuHCl, were cysteines labeled with IA. The number of cysteines 

labeled is determined by dividing the change in mass due to labeling by the mass of the label 

(IA). For both reducing conditions, 6 cys were labeled which is the number of Cys present in P3. 

Since denaturing P3 in 6M GuHCL and labeling with IA failed to cause a mass shift, there are no 

free thiols present. Therefore, all the cys in P3 are in disulfide bonds. 

I have also tried this experiment with PI23; however, I could not get good resolution of the 

data. As I mentioned above, I am working on improving the resolution with the native protein. 

Once this is determined, I will repeat this experiment on PI23 to determine if all cys are in 

disulfide bonds. 

Far-UV Circular Dichroism of P3 and PI23 

The far-UV CD spectra of a protein examines the secondary structure adopted by the protein 

backbone. Figures 9A and 9B shows the thermal denaturation of P3 and PI23 monitored by CD 

in the far-UV. The proteins were equilibrated at each of the following temperatures: 25°C, 37°C, 

45°C, 50°C, 55°C, 60°C, and 65°C. The spectra for P3 and P123 are marked by positive 

ellipticity that could be due in part to trp contribution. The two positive signals are also seen in 

the complement protein properdin which contains six type 1 repeats in series (23). Positive CD 

signal in the far-UV has been noted for other proteins with predominantly ß-sheet and ß-turn 

secondary structure that contain aromatic clusters (24,25). 

The spectra at 25°C compared to that at 37°C for P3 or P123, are nearly identical. Therefore 

there is no change in secondary structure between 25°C and physiological temperature. Heating 

P3 or P123 causes a transition to a random coil conformation with the loss of secondary structure 

beginning at 45°C. As seen in Figure 9C, the far-UV CD spectra of P3 and P123 at 25°C plotted 

as molar ellipticity (mean residue weight) are very similar. The suggestion is that the overall 

secondary structure of the three modules in tandem is not significantly altered when compared to 
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the single module. However, PI23 CD signal remains positive to ~199nm, while P3 crosses the 

zero at ~202nm. 

Near-UV Circular Dichroism of P3 and PI23 

The near-UV CD spectra of a protein examines the chirality of the aromatic residues and 

disulfide bonds. Figure 10A and 10B shows the thermal denaturation of P3 and P123 monitored 

by CD in the near-UV. The proteins were equilibrated at each of the following temperatures: 

25°C, 37°C, 45°C, 50°C, 55°C, and 65°C. The spectra for P3 and P123 are marked by positive 

ellipticity. The peak centered about 280nm is due to the tips, since neither P3 and P123 have 

tyrosine. 

The spectra at 25°C compared to that at 37°C for P3 or P123, are nearly identical. Therefore 

there is no change in the chirality of the trp residues between 25°C and physiological 

temperature. Heating P3 or PI23 to 55°C eliminates the chirality of the trps. As seen in Figure 

IOC, the near-UV CD spectra of P3 and P123 at 25°C plotted as molar ellipticity (mean residue 

weight) are very similar in shape. However, P123 is approximately two-thirds the intensity of 

P3. There is an overall difference in the chirality of the 9 trps in PI23 compared to the three trps 

in P3. 

Dual Monitoring of CD and Fluorescence Signals of PI23 with Increasing Temperature 

Figure 11 shows the dual monitoring of the PI23 far-UV CD signal at 210nm and the total 

fluorescence emission when excitation occurs at 284 nm with increasing temperature. This 

allows the effect of thermal denaturation on the secondary structure and the effect on the trps to 

be simultaneously monitored. Heating P123 from 25°C->75°C causes a decrease in the CD 

signal at 210nm and an increase in the total fluorescence emission. The large decrease in 

flourescence intensity seen above 60°C is simply a temperature effect on the fluorescence of trp. 

The unfolding of PI23 appears to be cooperative. The mid-point of the transition due to 

increasing temperature is attained at a lower temperature for the flourescence signal compared to 

the CD signal. These trends are similar to that which I reported in the last progress report for P3. 

Fluorescence Emission Spectra of P3 and PI23 under Native and Denaturing Conditions 

Figure 12A and 12B shows the fluorescence emission spectra of P3 and PI23 under four 

conditions:   Native, lOmM Tris-Cl, 150mM NaCl, pH7.5 (TBS); lOmM DTT in TBS;   6M 

Guanidine Hydrochloride in TBS; 6M Guanidine Hydrochloride and lOmM DTT in TBS. Under 
native conditions, the wavelength of maximum  emission (Xmax) for P3 and PI23 are very 

similar, 332-333nm (Figure 12C).   The environment of the trps in P3 and P123 would be 
expected to be slightly non-polar based on this A,max-  Upon reduction of the disulfides with 
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DTT or denaturation of P3 or PI23 with 6M GuHCl, there is a large enhancement in total 
fluorescence and a large red-shift in A,max (Figure 12C).   The A,max emission under these 

conditions is ~350nm which is indicative of the trps being solvent exposed. In the native 

conformation, the disulfides appear to act as quenchers and the trps are in a less polar 

environment compared to the denatured or reduced state. 

Figure 12D shows the change induced in ^max emission for P3 and PI23 upon titration with 

DTT. The addition of 2-4 mM DTT resulted in the maximum change in ^-max emission. This 

change was completed within 20 minutes at room temperature. By monitoring the fluorescence 

it is clear that disulfide bond reduction alters the environment of the trps. I have begun 

preliminary investigations into the effect of DTT on P3 secondary structure by monitoring the 

far-UV CD signal. Addition of 2mM DTT caused a slow loss of secondary structure. After 2.5 

hours in 2mM DTT at 25°C, a wavelength scan in the far-UV revealed that P3 still retained some 

of its secondary structure. Heating the reduced P3 sample to 45°C resulted in complete 

elimination of secondary structure. At this point it appears that the disulfides strongly contribute 

to maintaining the environment of the trps and the effect of reduction is seen in minutes of the 

addition of DTT. Also, the disulfides appear to contribute to the thermal stability of the 

secondary and tertiary structure of P3. However, the effect of reduction on secondary structure 

is slow at 25°C and takes hours to reach completion. 

D. Recommendations in Relation to the Statement of Work 

The expression of the type 1 repeats as His-tag fusions using the COCO baculovirus system 

was described in my previous progress report as a solution to utilizing the GELEX baculovirus 

system. The COCO system has allowed me to meet many of the goals I had originally set 

However, no system is perfect and one of the limits of the COCO sytem was encountered when 

expressing P3 in large scale. Very dilute solutions of His-tagged proteins (<5ug/ml) fail to bind 

the NiNTA resin from baculoviral conditioned media. It was necessary to spend a great deal of 

time to overcome this problem. The problem was not immediately apparent and many areas 

were investigated. I was able to set-up a system using a spiral-wound cartridge ultrafiltration 

device that could concentrate the clarified conditioned media at greater than 3 liter per hour and 

subsequently allow the purification of the P3 protein on the NiNTA resin. The affinity of the 

His-tagged proteins, and all proteins containing several surface histidines in the conditioned 

media, increased for NiNTA upon concentration of the conditioned media. In order to attain 

clean preparations of His-tagged protein, it was necessary to substantially increase the amount of 

imidazole used in the initial incubation of concentrated CM with NiNTA.   In addition, the 
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stringency of the washing conditions of the NiNTA had to be increased when using concentrated 

CM. 

The problems encountered with the GELEX protein expression system and some with 

expressing P3 in the COCO system has slightly set back my progress. However, I have 

completed the bulk of the work on the basic biophysical characterization of the type 1 repeats. I 

have completed technical objective one for P3 and P123 since I have a system in place that has 

proven to allow the large scale production of both of these proteins. I have completed technical 

objective two, the use of CD to analyze the secondary structure, for both P3 and P123. 

I have begun technical objectives 3 and 4 for P3 and PI23 which involve conformational 

studies using fluorescence spectroscopy and CD. I have examined the effect of temperature on 

the far-UV CD, near-UV CD, and fluorescence signals. I have examined the effect of 

denaturants and reducing agents on the fluorescence signals. I have begun studying the effect of 
heparin on the fluorescence signal. There is no large change in the Amax emission, but there is a 

slight change in intensity of the signal. The effect on the trp micro-environment appears to be 

small. The effect of external quenchers to the trp micro-environment still needs to be addressed. 

I have also begun to study the effect of DTT on the CD signal of P3 and PI23. Under the 

guidance of Dr. Ivan Rayment, I plan to begin technical objective 5- a crystallization trial of the 

type 1 repeats. However, I will need to isolate more protein prior to initiating this study. The 

biophysical techniques require a large amount of purified protein and the crystallography will 

require even more. Hanging-drop vapor diffusion using 102 different solutions at room 

temperature and 4°C will be the method for crystal growth. 

VII. Conclusions 

A. Expression of P3 and PI23: 

1. The expression of PI23 was >20mg/L while that of P3 was l-2mg/L. 

2. The use of the pCOCO expression system allowed P3 and PI23 to be purified from 

conditioned media (CM) of baculovirally infected High 5 cells in the absence of 

denaturants. P123 could be directly purified from the CM while the low expression of 

P3 required the CM to be concentrated. 

3. The proteins were pure as determined by SDS-PAGE and MALDI-TOF MS. 

B. The N-Terminus of both P3 and PI23 are homogeneous and the GP67 signal sequence 

was cleaved at the anticipated site. 
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C. Mass determination by MALDI-TOF MS: 

1. At least, four masses were determined for P3 and at least two masses were associated 

with PI23. The first peak mass for P3 and PI23 are slightly below the expected mass 

based on the knowledge of the N-terminus, the cDNA, and the thrombin cleavage site at 

the C-terminus. It is possible that the loss of ~18Da per type 1 repeat is due to 

modification of conserved serine, aspartic acid, or asparagine residues. 

2. The multiple masses determined for either P3 or PI23 could be due to the presence of 

O-linked glycosylation. The difference in mass between the peaks is 156-164 Da, which 

is within the mass range for a single sugar. In addition, the use of the DIG Glycan 

Detection system has shown both P3 and PI23 to be glycosylated. 

D. Disulfide Bond Content of P3 detemined by MALDI-TOF MS: 

1. No free thiols are present in P3 since there was no mass shift of the native or 

denatured P3 following labeling with iodoacetic acid. 

2. P3 has 6 cys and they are in disulfide bonds. Only P3 that was treated with reducing 

agent, in the presence or absence of GuHCl, and then labeled with iodoacetic acid had an 

increase in mass of six times the mass of iodoacetic acid. 

E. The Far-UV CD Spectra of P3 and PI23: 

1. The spectra for P3 and PI23 are marked by distinctive positive ellipticity that could 

in part be due to trp contribution. The two positive signals are also seen in the 

complement protein properdin which contains six type 1 repeats in series . 

2. Heating P3 or PI23 causes a transition to a random coil conformation. 

3. The Far-UV CD spectra of P3 and P123 at 25°C plotted as molar ellipticity (mean 

residue weight) are very similar. 

F. The Near-UV CD Spectra of P3 and P123: 

1. The spectra for P3 and PI23 are marked by positive ellipticity. The peak centered 

about 280nm is due to the tips, since neither P3 and PI23 have tyrosine. 

2. Heating P3 or P123 to 55°C eliminates the chirality of the tips. 

3. The Near-UV CD spectra of P3 and P123 at 25°C plotted as molar ellipticity (mean 

residue weight) are very similar in shape. However, PI23 is approximately two-thirds 

the intensity of P3. There is an overall difference in the chirality of the 9 trps in PI23 

compared to the three trps in P3. 

19 



G. Dual monitoring of CD and Fluorescence of PI23: 

1. Heating P123 for 25°C->75°C causes a decrease in the CD signal at 210nm and an 

increase in the total fluorescence emission. 

2. The unfolding of P123 appears to be cooperative. 

3. These results are similar to those observed using P3. 

H. Fluorescence Emission Spectra of P3 and PI23: 
1. The wavelength of maximum emission (A,max) for P3 and PI23 are very similar, 

332-333nm. The environment of the trps in P3 and P123 would be expected to be 

slightly non-polar. 

2. Upon reduction of the disulfides with DTT or denaturation of P3 or PI23 with 6M 
GuHCl, there is a large enhancement in total fluorescence and a large red-shift in A,max- 

In the native conformation, the disulfides appear to quench and the trps are in a less 

polar environment compared to the denatured or reduced state. 

3. The transition induced by DTT on the conserved Trp is rapid and complete within 

~20minutes. However, the effect of DTT on the secondary structure appears to be 

slower, taking hours at 25°C to reach completion. 
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Figure 1: Trimeric Organization of TSP1 

Heparin-binding 

Procollagen 

-^ Properdin 

r«EGF-like 

c-* Calcium-binding 

-^ C-Globe 

Figure 2: Amino Acid Sequence of hTSPl Type 1 Repeats 

12         3 4        5    6 
1st      SDSADDGWSPWSEWTSCSTSCGNGIQQRGRSCDSLNNR CEGSSVQTRTCHIQECDKRF 
2 nd        KQDGGWSHWSPWS SCSVTCGDGVITRIRLCNS PS PQMNGKPCEGEARETKACKKDACPI 
3 rd NGGWGPWSPWDICSVTCGGGVOKRSRLCNNPTPOFGGKDCVGDVTENOICNKODCPTD 

22 



Figure 3: Features of Baculovirus Transfer Vector pCOCO 

Thrombin Site Histidine-Tag 
Protein       L   E   L   V   P   R    G    S    A    A G    H   H   H    H   H   H   Z 
DNA        t eta gaa tta gtg cct cgc gga age get gca ggg cat cac cat  cac cat cac tag gac eta ct 

Xbal                                                 PstI PpumI 

NdeI9557 

Baculavina Sequence 

COCO 

3770 N»1 

MCS   4251 BamHI 
4255 Srol 
4255 Xnul 
42« Xbal 

Figure 4: Fusion Proteins Expressed using pCOCO 

General ADPG        (- -INSERT- 

Thrombin Size 
Sitel His-Tag (kDa) 

-)     LELVPRGSAAGHHHHHH 

P123.COCO ADPG 'Uimillli>^^*»V^>4&»«U*< LELVPRGSAAGHHHHHH 21.1 

P3.COCO ADPG LELVPRGSAAGHHHHHH 8.4 

Post-Thrombin Cleavage 

pi23.c ADPG     <wmimB**ZZZZZ&säss&2> LELVPR 20.0 

P3.C ADPG LELVPR 7.3 
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Figure 5: N-Terminal Sequence Determination 

A. Amino Acid Sequences of Constructs 
1. P123.COCO 

I Proposed GP67 signal sequence I 
1   MLLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGSDSADDGW 

51   SPWSEWTSCSTSCGNGIQQRGRSCDSLNNRCEGSSVQTRTCHIQECDKRF 
101   KQDGGWSHWSPWSSCSVTCGDGVITRIRLCNSPSPQMNGKPCEGEARETK 
151   ACKKDACPINGGWGPWSPWDICSVTCGGGVQKRSRLCNNPTPQFGGKDCV 
201   GDVTENQICNKQDCPILELVPRGSAAGHHHHHH 

2. P3.COCO 
I Proposed GP67 signal sequence I 

1   MLLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGINGGWGPW 
51   SPWDICSVTCGGGVQKRSRLCNNPTPQFGGKDCVGDVTENQICNKQDCPI 

101   LELVPRGSAAGHHHHHH 

B. Results of N-Terminal Sequence Analysis 

Cycle Sequenced 
from PI23 

Match Sequenced 
from P3 

Match 

1 A +++ A +++ 
2 D +++ D +++ 
3 P +++ P +++ 
4 G +++ G +++ 
5 S +++ I +++ 
6 D +++ N +++ 
7 S +++ G +++ 
8 A +++ G +++ 
9 D +++ 

10 D +++ P +++ 
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Figure 6: DIG Glycan Western Blot of P3 and P123 

■i 3 
<*i c 

CO '5 CO 
u CM 
l-t Ä en ^_» 
H U OH Q. 

Immunoblot of P3 and P123 using anti-DIG-alkaline phosphatase conjugated antibody 
Samples were denatured with SDS, reduced with BME, and boiled for 10 minutes prior to 
loading on a 14% SDS-PAGE. The proteins were transferred to nitrocellulose and DIG 
SSSLTS

0
? 

m? dSf^^nwerf Performed according to the manufacturer's instructions 
MWM, Molecular Weight Markers; LMWM, Low Molecular Weight Markers- 
Transferrm, Positive Control glycoprotein; Creatinase, Negative control non- ' 
glycosylated protein; P3, Purified; PI23, Purified. 
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Figure 8: P3 is Disulfide Bonded and Contains No Free Thiols 

Treatment Mass of 
1st Peak 

AMass wrt 
Native 

AMass/ 
Mass IA 

Number of 
Cys Labeled 

Native 7246.5  Da 0.0  Da 0.0 0.0 
DTT/IA 7597.1  Da 350.6  Da 6.04 6.04 
GuHCl/IA 7251.9  Da 5.4  Da 0.09 0.09 
DTT/GuHCL/IA 7599.2  Da 352.7  Da 6.08 6.08 

Determination of the Disulfide Bond Content of P3 MALDI-TOF. The data were collected on a 
Bruker matrix-assisted laser desorption ionization, time-of-flight mass spectrometer. The P3 
protein was labeled for 30 minutes with Iodoacetic acid (IA) under four conditions: Native; 
6mM DTT; 6M Guanidine Hydrochloride; and 6M Guanidine Hydrochloride and 6mM DTT. 
The protein was equilibrated in each of the four conditions for 90 minutes under nitrogen gas 
prior to labeling with IA. Following labeling the proteins were dialyzed into 5% acetic acid and 
then lyophilized. The proteins were resuspended in water to a concentration of 10-20 pmol/ul. 
The matrix was a-cyano-4-hydroxycinnamic acid at 10mg/ml. Internal calibrants of insulin and 
ubiquitin were used to determine the masses. The table lists the mass determined for the first 
peak of P3 for each treatment condition. The calculated mass difference relative to the first peak 
of native P3 and the resulting number of Cys labeled by IA are also listed. 
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Figure 9: Fai-UY CD Circular Dichroism of P3aMP123 
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Figure 10: Neai-UV Circular DKhioismofP3and P123 
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Fignre 11: DnalHaniinringofCDaMFlnoiesoeitce 
Signals of P123 Trift Increasing Temperature 
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Figure 12: FtanresceiH* EmiasiDii Spectra of P3 and P123 
under Natire and Denaturing Conditims 
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Figure 12: Fluorescence emission Spectra of P3 and P123 
under Native and Denaturing Conditions 

C. Summary of the Wavelength of Maximum Emission for P3 and P123 

Emission X max 
Protein Native + 10mM DTT + 6 M GuHCI + 6 M GUHCI 

+10 mM DTT 
P3 332 nm 349 nm 350 nm 352 nm 
P123 333 nm 349 nm 347 nm 352 nm 

D. Shift in the Wavelength of Maximum Emission Induced by Titration with DTT 
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