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INTRODUCTION . ,    J 
Our objectives are to learn how to efficiently build proteins which will act as inhibitors to proteins involved 
in cancer metastasis. It is our expectation that such proteins can be constructed so as to be very specific 
for the desired target. While such inhibitors might be useful themselves as therapeutic molecules, they will 
certainly be useful as probes to define the issues associated with inactivating the target proteins; both the 
primary effects and side-effects. 

The approach to be used in this project is to combine molecular genetics and protein biophysics to redirect 
to the target of interest the activity of a pre-existing protein which will serve as a framework onto which to 
mount the desired modifications. Molecular genetics will be used to extend the reach of traditional protein 
engineering The idea is to make large libraries of structural variants and then use genetic screening and 
selection strategies to find the best performers. Traditional protein biophysics will then be used to explore 
the various classes of variants and to make models for what is leading to inhibition. This information will 
then be used in subsequent cycles of design, construction and screening. 

The development cycle that we will employ to modify the wild-type eglin c into a new inhibitor is: 
1. make our best design guess as to what changes will increase binding to the new target 
2. construct a 'halo' of variants (~107) around the design 
3. screen the variant library using phage display to find the best binders to the new target 
A. characterize the binding classes using biophysical techniques (NMR, CD, ANS binding, etc.) 
5. use the biophysical information and modeling to build hypotheses concerning binding 
6. if affinities not high enough go to step 1 

The simplest inhibitors bind to their targets close to or at the active site and interfere with activity simply by 
getting in the way and not 'letting go' of the target. That is, such inhibitors lower the energy of the 
Michaelis complex sufficiently that very few molecules reach the transition state. These inhibitors can be 
designed to poke a projection into a groove in the target or enfold a pocket over a projection on the target. 
As our initial protein for protein engineering we wanted a molecule that was small, well mannered and for 
which we had some reason to think might be structurally compatible with our first set of targets. Our 
choice was a small proteinase inhibitor, eglin c. This protein is exceptionally stable, has no disulfide 
bonds is well characterized and binds very tightly to proteins similar to our first target which is 
stromelysin a proteinase implicated in metastasis. Eglin c inhibits its normal targets, senne proteinases, 
by binding so tightly in the Michaelis complex, that the protein cannot be raised into the transition state. A 
ten amino acid loop in eglin c binds within the active site groove of the native senne proteinase targets. 

High affinity binding requires a sequence (binding epitope) which is compatible with the target and a set of 
structural constraints on that sequence which prevent it from spending much time in non-productive 
conformations. The engineering task, which we have set ourselves, is to replace the wild-type binding 
epitope with one suitable for the target and then to construct a set of new constraints to move the binding 
epitope into the high affinity domain. Our initial target is stromelysin and hence an appropnate binding 
epitope is already known, that is, a substrate sequence preferred by the proteinase. Building an inhibitor 
then reduces to finding a suitable series of structural constraints that can be imposed by the eglin 
framework on the new binding epitope. 

We are pursuing two sub-lines of investigation. One is to expand our information about eglin c as a 
suitable framework for protein engineering and the other is to start the protein engineering with what we 
already know. 



BODY 
During this second year we have been putting together the components necessary for the engineering 
activities and testing materials made during the first year. We have: 

1. constructed an eglin c variant suitable for phage display 
a. constructed a circularly permuted form of eglin c to use in phage display experiments since 

phage displaying wt eglin do not bind to the appropriate protein (subtilisin). 
b. showed that expression levels of peglin (permuted eglin) in E. coli approximates that of 

eglin c. This implies that the changes in the molecule have not unduly destabilized peglin . 
c. showed that phage displaying peglin bind to the cognate protein (subtilisin) and give a 200- 

fold enrichment 
2. shown that a truncated form of eglin c can be altered to bind to the proteinase papain as a model 

for making inhibitors for proteins involved in metastasis 
a. a truncated form of eglin (18 amino acid closed loop) with the subtilisin substrate sequence 

replaced by the papain substrate sequence binds to papain and gives 30-fold enrichment in 
phage display 

b. made a 'white' version of the papain binder for use in the next round of testing 
c. made a 'binding epitope' phage display library 
d. selected six variants that bind to papain better than the original construction. 

3. continued efforts to make purified stromelysin for phage binding. 
a. verified our activity test using a gift of active stromelysin 
b. verified our prostromelysin activation protocol using a gift of prostromelysin. 
c. showed that two clones made during first year do indeed express a prostromelysin from 

which active stromelysin can be produced. 
d. purified his-tagged prostromelysin on a small scale using nickel columns. From this 

experiment we estimate that several liters will produce sufficient stromelysin for phage 
display experiments. 

e. started large scale purification (two liter lysates) 
4. carried out a series of baseline thermodynamic characterizations of eglin c. 

1. Construction of an eglin c variant suitable for phage display 
Our basic approach is to extend the reach of traditional protein engineering by constructing large 

libraries of structural variants around a central design concept and then using the phage display system to 
screen the population for binders. Hence it came as a considerable shock when we discovered that the 
framework protein on which we intended to do all of our engineering, wild-type eglin c, when fused to the 
Ml3 gene III protein in the Ml3 particle, does not bind to a target to which the free inhibitor normally 
binds (e.g. subtilisin). We presume that the problem is that when the phage are attached to eglin c via it's 
C-terminus it blocks access to the eglin c binding epitope (see Figure 1). That is, the eglin c C-terminus 
appears to be too close to the loop containing the residues that bind with the target proteinase. 

Last year, to try to move the gene III fusion point further away from the binding epitope, we made 
eglin c variants with various C-terminal truncations and made the M13 gene III fusions via linkers of 5 and 
9 prolines. None of these eglin c variants bound to subtilisin. 



Binding Epitope Region 

To circularly 
permute  -^ 

open here 

C-Terminus 

N-Terminus 
minus seven 
disorganized 

residues 

Figure 1. Ribbon Diagram of Eglin C. Note that attaching a phage particle to the C- 
terminus of eglin c might block access to the binding epitope. Our construction of a circularly 
permuted eglin removes the seven disorganized residues from the N-terminus, adds a four residue 
tight turn to connect the N- and C-terminal ends, and opens the protein to create new N- and C- 
termini at the point indicated in the figure. 

la. Construction of a circularly permuted version of eglin called peglin. 
Last year we also constructed a circularly permuted version of eglin c in which the C-terminus has 

been moved to the side of the protein opposite from the residues that bind with the target. We designed an 
eglin variant in which the wild-type N and C termini were joined together and new termini were created by 
opening up a tight turn on the opposite side of the protein (Figure 2). 

phage attaches here phage attaches here 

wt eglin c circularly permuted eglin 

Figure 2. Circularly Permuted Version of Eglin C. The circularly permuted version of 
eglin, which we have called peglin, provides a phage attachment site much farther away from the 
target protein binding site present in the large (ten amino acid) loop on the 'top' of the molecule. 



lb.   Expression levels of peglin (permuted eglin) in E. coli approximates that of eglin c. 
This implies that the fold is not massively destabilized by this structural modification. 

The peglin construct is in the pET28 (Novagen, Madison, WS) expression vector which is driven 
by a T7 promoter. The plasmid was transformed into a BLRLysS E. coli cell line (Novagen, Madison, 
WS) and grown in 2YT plus chloramphenicol (34 ug/ml) and kanamycin (50 ug/ml) to an OÜ600 of 0.55. 
The cells were then pelleted and frozen with dry ice/alcohol. For harvesting pellets were thawed in 1/10 
original volume of 50 mM tris (pH 8.0), 2 mM EDTA, and lysozyme added to 100 ug/ml. After 30 
minutes at room temperature the cells were sonicated for 2 minutes at full power. The lysate was cleared by 
centrifugation at 14,000 rpm for 30 minutes. Samples boiled for 10 minutes in 1% SDS were examined 
on 15% polyacrylamide gets, 1% SDS. What one sees on these gels is that there is at least as much peglin 
relative to the coli proteins (lanes 1 through 6) in the lysates as there is eglin (lane 7). 

1 2      3      4      5      6       ^,JU 

SmlmgB' 

peglin eglin c 

Figure 3. E.coli Lysates expressing peglin or eglin c. 
Lane 1. Extract from Nova Blue DE3 with PEGLIN 0 hr after induction. 
Lane 2. Extract from Nova Blue DE3 with PEGLIN 1.5 hr after induction. 
Lane 3. Extract from Nova Blue DE3 with PEGLIN 3.0 hr after induction. 
Lane 4. Extract from BLR with PEGLIN 0 hr after induction. 
Lane 5. Extract from BLR with PEGLIN 1.5 hr after induction. 
Lane 6. Extract from BLR with PEGLIN 3.0 hr after induction. 
Lane 7. Extract from BLR with EGLIN C 0 hr after induction. 

Note that there appears to be more peglin relative to the coli proteins in the lysates than eglin. 

lc.   Peglin binds to its cognate protein target (subtilisin) and gives a 200-fold 
enrichment. 

We have now shown that this permuted version of eglin c, called peglin, does indeed function in 
the phage display system. This was done by moving the peglin construction into Ml3 mBAX (Brian Kay, 
personal communication) so that the peglin protein sequence is fused with the phage gene III protein. 96 
well plates were coated with the cognate target protein, subtilisin, by adding subtilisin to wells of Corning 



ELISA flat bottom 96-well plates (#25801) at a concentration of 25 ug/ml and incubating at 4C overnight. 
Any remaining protein binding sites were then blocked with 1% BSA solution for 12 hour at room 
temperature. To test for binding we use a blue/white screen to detect enrichment of the putative binder 
phage. Hence our peglin containing phage also carries the alpha fragment gene to provide blue plaques. 
For this purpose we have constructed an alpha fragment mutant of the basal phage display phage, mBAX, 
which gives white plagues. A mixture of 1:10 putative binding phage (peglin in blue mBAX) to non- 
binding phage (mBAX white) was added to the subtilisin coated wells and incubated at room temperature 
for 4 hours  Wells were washed eight times with PBS-0.1% Tween 20 and then phage were eluted from 
the plate using 150 ul 50 raM glycine-HCl (pH 2.0). The solution containing eluted phage was neutralized 
with 150 ul 200 raM NaPÜ4 (pH 7.5). The titer of phage was determined on plates containing x-gal and 
IPTG  Two isolates of peglin were tested. While the isolates were expected to be identical peglin 2 
consistently binds better than peglin 1 (Table 1). Sequence analysis is currently being earned out to 
determine the actual sequence of the peglin 2 isolate.   

SAMPLE 

peglin 1 
(round 1) 
peglin 1 
(round 2) 
peglin 2 
(round 1) 
peglin 2 
(round 2) 

Input Phage 
Concentration 

pfu/ml 
2.6xl09 

2.4x107 

8.4xl010 

1.9xl08 

Input Ratio 
binders:non-binders 

>1:25 

1:7 

1:167 

>1:200 

Output Ratio 
binders:non-binders 

>1:1 

>1:1 

>2:1 

>2.3:1 

Enrichment 

>25 

>7 

>334 

>466 

Table 1. Peglin Binds to Subtilisin as Indicated in a Phage Display Assay. 

2. An Alternative Framework for Binding: Teglin 
We have been using a truncated form of eglin c, which we are calling teglin, as an alternative 

framework  Leatherbarrow (1991) showed that an eighteen amino acid circular peptide consisting of the 
amino acids in the eglin c loop (Figure 4) containing the binding epitope and the amino acids from the 

Teglin 
Eglin 

Figure 4. Conversion of eglin to teglin.  The ten amino acid loop containing the binding 
epitope and the underlying beta strands containing two framework to loop salt bridges is removed 
and joined via a cysteine bond. The teglin structure would, of course, not maintain the beta sheet 
residues from eglin in a beta sheet conformation in teglin. 



underlying strands of beta sheet closed together via a cysteine bond was fully as active as native eglin c. 
We have determined that phage displaying this sequence bind very tightly to subtilisin. 

2a Truncated form of elgin can be altered to bind to papain. 
We have replaced the binding epitope specific for subtilisin with the substrate peptide specific for 

the proteinase papain Figure 5). Papain is being used here as a model for a metastasis related protein until 

CysGlySerProValThrLeuAspLeuArgTyrAsnArgValArgValPheCys 
CysGlySerProValPheAlaGluAlaArgTyrAsnArgThrArgValPheCys 

teglin 
teglinp 

Figure 5.  Papain Version of Teglin. The binding site of teglin (shown in bold) is removed 
and replaced by the cleavage target of stromelysin. 

we prepare enough stromelysin, our first choice target, for binding studies. We have now shown that the 
truncated variant binds weakly (8 to 37-fold enrichment in phage display) to papain. This represents a 
break-through in the sense that this experiment documents the central thesis of our project, a capacity to 
retarget a naturally occurring inhibitor to a heterologous target. 

Input Phage 
Mixture 

Input 
Ratio 
(B:W) 

Average 
Input 
Ratio 
(B:W) 

Output 
Ratio 
(B:W) 

Average 
Output 
Ratio 
(B:W) 

Fold 
Enrichment 
(W) 

Teglin 0 (W) 
+ m663 (B) 
(active papain) 

45:1 
235:1 

140:1 29:1 29:1 4.8 

Teglin (B) 
+ m663(W) 
(inactive papain) 

18:1 
68:1 

42:1 13:1 
11:1 

12:1 3.5 

Papain 0 13a (W) 
+ m663 (B) 
(active papain) 

5:1 
8:1 

4.9:1 

6:1 .8:1 
.5:1 

.7:1 9.2 

Papain 0 13a (W) 
+ m663 (B) 
(inactive papain) 

(22:1) 
4:1 
8:1 

(11:1) 
6:1 

.3:1 

.3:1 
.3:1 (37) 

20 

Papain 0 13b (W) 
+ m663 (B) 
(active papain) 

1.6:1 
4:1 

1.1:1 

2.2:1 .3:1 
.2:1 

.25:1 8.8 

Papain 0 13b (W) 
+ m663 (B) 
(inactive papain) 

1.4:1 
9:1 

1.3:1 

2.3:1 .18:1 
.15:1 

.17:1 14 

m666 (W) 
+ m663 (B) 
(active papain) 

1.3:1 
.5:1 

1.2:1 

1:1 .9:1 
.7:1 

.8:1 1.2 

m666 (W) 
+ m663(B) 
(inactive papain) 

.9:1 
1.9:1 

1.4:1 .7:1 
1.8:1 

1.3:1 1.1 

Table 2.  Phage Binding to Papain.  Phage mixtures were assayed in 96-well plates in wells 
coated with papain as per the procedures described in section lc. The papain was active or 
inactivated with EDTA as indicated. Inactivated papain is expected to have the native confirmation 
but to be unable to cleave weakly binding phage. Numerical values in parentheses represent 
figures which are estimates due to the low number of input (white) phage. 

10 



2b.   Construction of a white variant of the papain binder for use in next round of phage 
display. ■        c 

We wish to carry out several cycles of binding improvement. To optimize our capacity to find 
these variants we want to mix library variants that generate blue plaques with the starting construction 
which has been designed to give white plaques. To do that we wanted to construct a second phage which 
gave white plaques and was identical in growth rate to our blue plaque phage. To do that we used PCR to 
amplify the entire mBAX plasmid minus a -200 bp region within the beta galactosidase al;pha fragment 
(Figure 6.). 

Region to be deleted 

Primer w/ Earn site 

Primer w/ Earn site 

[— LacZ alpha —j 

mBAX PLASMID DNA 

Figure 6.   Construction of a 'White' mBAX Phage.  A -200 bp deletion in mBAX was 
created by using PCR and primers containing EAM restriction sites. Restriction enzymes 
recognizing these sites cut outside of the site allowing one to cut and splice anywhere one likes 
within a sequence independent of sites inside the target DNA. Circular RF DNA was used as the 
template for the PCR. 

2c.    Construction of the first papain binder library. 
We have constructed a small library of variants (-104 ) which randomized several of the amino 

acids in the binding epitope or near the binding epitope (Figure 7). This library was screened using phage 
display protocols described in lc. but against papain. 

Xhol site 

TCCTCCCICGAG TGC GGT ACC ATC NNS TTC GCT NNS NNS NNS ATC 

CYS GEY IHR ILE ??? PHE ALA???  ???  ??? ILE 

~ Papain cleavage site 
Xbal site 

GAC CGC ACC CGT TCC TTC TGT TAGGGJJ3GCGGTGGCTCTAGATCCTCC 

ASP ARG THR ARG SER PHE CYS A*CCGCCACCGAGATCTAGGAGG 

ReversePrimer 

Figure 7.   Construction of Library to Improve Papain Binding Site.   Four residues 
were randomized around the putative site of papain binding which is based on the sequences 
preferred for cleavage by papain. 

2d.    Selection of better binding variants from a library. 
We amplified the library and then subjected the population to four rounds of panning to find 

variants which would bind to papain better than the starting phage. Six variants were selected which bound 

11 



better than the original construction (Table 3). We are in the process of analyzing these variants to 
determine the sequences of the improved binders. 

Clone 
Number 

Input 
Cone 

Input 
Ratio 

(B:W) 

Output 
Cone 

Output 
Ratio 

(B:W) 

Outputratio 
divided by 
Inputratio 

LI 3.5xlOu .9:1 4.1xlOö 1.2:1 1.3 

L2 2.7xl0n 1.5:1 1.8xl06 .3:1 0.2 

L3 5.3xlOu 4.3:1 1.8xl06 .3:1 0.1 

L4 2.4xlOn 5:1 2.6xl06 1.6:1 0.3 

L5 5.2x10* * 3:1 2.6xl06 .2:1 0.1 

L6 5.4xlOu 3.5:1 2.5xl06 .3:1 0.1 

L7 5.6x10* * 4.6:1 1.3xl06 .4:1 0.1 
— 

L8 3.4x10* * 1.1:1 2.8xl06 1.5:1 1.4 

L9 8-lxlO11 2.1:1 2.7xl06 .3:1 0.1 

L10 8.9xlOn 3.5:1 3.1xl0ö .3:1 0.1 
— 

Lll 2.5x10* * 1.8:1 2.5xl06 1.7:1 0.9 

L12 6.5xl0*2 4.5:1 1.3xl06 .3:1 0.1 

L13 5.6x10** 1.9:1 4.2xlOv 111:1 58.0 

L14 3.1x10** 1.8:1 2.5xlOv 81:1 45.0 

L15 8.0xl012 6.5:1 1.2xl06 .35:1 0.05 

L16 4.5x10** 4.6:1 1.9xl07 11:1 2.4 
— 

L17 9.2xlOn 3:1 2.7xl06 .3:1 0.1 

L18 4.9x10** 2.5:1 1.3xl06 .4:1 0.1 

L19 1.4xlOn .4:1 1.6xl06 .4:1 1.0 

L20 7.2x10** 5.5:1 1.5xl0ö .2:1 0.04 

— L21 lxlO*2 2.6:1 2.5xlOö .4:1 0.2 

L22 7.8x10** 2.9:1 2.0xl06 .5:1 0.2 

L23 4.5x10** 6.5:1 1.2xl06 .3:1 0.05 

L24 4.8x10** 2.7:1 .9xl06 .6:1 0.2 

L34 7.1xl0*u 10:1 1.5xl07 21:1 2.1 

Table 3.   Phage Display Binding Data for Individual Clones.   Individual clones from 
the library shown in figure 7 were picked after four rounds of panning and tested compared for 
binding with the white version of our initial papain binding phage. 

3.  Stromelysin  Production 
Our objective is to learn how to construct protein-based inhibitors to proteins involved in the 

metastasis of cancer. As a model system we have chosen the proteinase stromelysin since it has been 
strongly implicated in metastasis and is a proteinase and so must be able to accommodate a peptide chain 
within its active site. However, there is no commercial source for stromelysin so we are currently 
involved in constructing an expression vector containing the stromelysin sequence. A complicating feature 
of the construction is that while the mature sequence for stromelysin is known, it was less clear what 
additional sequences (prepro?) are necessary for maturation of the enzyme in E. coll at the time we 
designed our clones. (It is now known that the mature form of stromelysin can be made in E. coh without 
toxic effects and with full activity.) We have constructed five variants and each produces a stable protein 
in E. coli. 

12 



3a. Verified an activity test for stromelysin using a gift of active stromelysin. 
Dr. Paul Cannon at Roche Biosciences in Palo Alto, CA provided us with a sample of an active 

mature form of human stromelysin, originally from Agouron Pharmachutical, which is 18 kD and 
produced in E. coli. This material was diluted in our laboratory to a working concentration of 1 mg/ml in 
25 mM tris (pH 7.25), 10 mM CaCb, and 0.05% Brij-35 and stored at -70C in small aliquots. For our 
stromelysin assay we used an activity assay designed for vertebrate collagenase (Weingarten et al., 1985) 
utilizing the hydrolysis of a thiopeptide substrate Ac-pro-leu-gly-[2-mercapto-4-methyl-pentanoyl]-leu-gly- 
OEt, purchased from Bachern Biosciences (Philadelphia, PA) and Ellman's reagent (DTNB or 5,5'-dithio- 
bis(2-nitrobenzoic acid)) purchased from Sigma Biochemical Co. (St. Louis, MO). The assay conditions 
are 50 mM MES (pH 6.0), 10 mM CaCh, 106 mM thiopeptide substrate and 1 mM DTNB in a 100 ul 
final volume (Qi-Zhuang, et al, 1992). Thiopeptide is prepared at 76 mM in 80% acetic acid and is stable 
at -20C for several months. DTNB solution is prepared at 20 mM in 95% EtOH and is stable for several 
months at -20C. MES is prepared as a 1 M solution, filter sterilized and stored at -20C in 10 ml aliquots. 
CaCh is prepared as a 1 M solution and autoclaved. A thermomax plate reader was used to monitor 
activity as indicated by change in adsorbance at 405 nM at room temperature (~24C) for 30 minutes with 
11 second intervals between readings. A standard curve for the Agouron stromelysin plotting Vmax versus 
stromelysin concentration is shown in Figure 8. 

Vmax 

2.5 5 7.5 

ug/ml Stromelysin 

12.5 

Figure 8. Standard Curve for Stromelysin. Vmax versus stromelysin concentration. 

3b. Verified that we can activate prostromelysin. 
Dr. Paul Cannon also provided us with a sample of full length human prostromelysin-1 purified 

from IL-1 stimulated human gingival fibroblast conditioned medium. The material is stored at a 
concentration of 0.8 mg/ml in 50 mM tris (pH 7.4), 0.2 NaCl, 5 mM CaCl2, and 0.02% NaN3 at -70C in 
100 ul aliquots. The trypsin method (Marcy et al., 1991) was tested for activation using the assay 
described in 3 a to measure resultant stromelysin activity. Trypsin processes the 58 kD prostromelysin to a 
45 kD active form which partially autoprocesses to smaller active forms around 28 kD. Trypsin does not 
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Figure 9. Trypsin Activation of Prostromelysin.   Samples of mature stromelysin (short 
form) or trypsin treated prostromelysin. Reaction conditions were: 50 mM Tris (pH 7.4), 5 mM 
CaCl2 and 0.2 M NaCl with incubation for 30 minutes at 37C. (Trypsin by does not itself convert 
substrate to color.) 

Rows A, B, C. stromelysin: 5 ug/ml, 2.5 ug/ml, 1.25 ug/ml, 0.625 ug/ml 
Rows D,E. prostromelysin 100 ug/ml, 50 ug/ml, 25 ug/ml, 12.5 ug/ml; each contains 

25 uM trypsin 
Row F. same as D & E plus 75 uM trypsin inhibitor 

act on the substrate to produce color (data not shown). Approximately 2-3% of the prostromelysin was 
activated in this experiment (Figure 9). Longer times did not increase the yield (data not shown). A wider 
range of trypsin concentrations was tried using a gel assay to monitor conversion to a shorter form since 
this assay uses much less material (Figure 10). Prostromelysin was treated with 100 uM, 25 uM, and 
4.16 uM trypsin and assayed for production of 48 and 28 kD forms of stromelysin. Treatment with 25 
uM trypsin lead to conversion within 10 minutes. 45 minutes of treatment with trypsin at any of the 
concentrations tested lead to complete degradation of the stromelysin. The best activation treatment within 
the range tested is 4.16 uM trypsin for 10 minutes. We quantitated the amount of activity generated by this 
procedure using the activity test described in 3a. This procedure converted approximately 9% of the 
prostromelysin material to active stromelysin (Figure 11). 
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Figure 10.   Conversion of Prostromelysin to Stromelysin.   (P) prostromelysin at 58 
kD   (S) 45 kD stromylysin. Unlettered arrows indicate the 28 kD from of stromelysin. 
Digestions were done in 50 mM Tris (pH 7.4), 5 mM CaCl2, 0.2 M NaCl at 37C. 
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Figure 11.   Trypsin Activation of Prostromelysin at 4.16 uM Trypsin.   Colonmetric 
assay for stromelysin. Each box represents a time course of color development for one well in a 
96-well plate. The substrate is Ac-Pro-Leu-Gly-[2-mercapto-4-methyl-pentanoyl]-Leu-Gly-OEt. 
Reactions were at room temperature for 30 minutes with readings every 11 seconds. 
Measurements were taken at 405 nm. The OD represented by the box height is 0.1. 

Row A. Mature form of stromelysin (from Agouron) 
Wells 1-5: 5ug/ml, 2.5 ug/ml, 1.25 ug/ml, 0.625 ug/ml, 0.31 ug/ml 
Well 6: blank ,   , 
Wells 7-11: 5ug/ml, 2.5 ug/ml, 1.25 ug/ml, 0.625 ug/ml, 0.31 ug/ml 

Row B. Prostromelysin (from Agouron) ,,«-,<-     ,   , 
Wells 1-6: 48 ug/ml, 24 ug/ml, 12 ug/ml, 6 ug/ml, 3 ug/ml, 1.5 ug/ml, 0.75 ug/ml 

Row C Prostromelysin (from Agouron) treated for 30 minutes at 37C with 4.16 uM trypsin. 
Wells 1-6: 48 ug/ml, 24 ug/ml, 12 ug/ml, 6 ug/ml, 3 ug/ml, 1.5 ug/ml, 0.75 ug/ml 

3c. The two putative prostromelysin clones produced during the first year of this project 
do indeed produce activatible prostromelysin. . 

Last year clones for prostromelysin were constructed using PCR to amplify the desired sequence 
from a stromelysin 1 non-expression clone DNA provided by Dr. Lynn Matrycian. The amplified 
sequences were cloned in either pET 3d or pET 28a (Novagen, Inc. Madison, WS) downstream of a T7 
promoter (pET 3d) or a T71ac promoter (pET 28a). These promoters are not transcribed in bacteria which 
do not have a source of the T7 RNA polymerase. Constructions are maintained in hosts without the T7 
polymerase since high levels of expression are usually growth inhibitory and hence lead to growth 
advantages for variants which have lost either the protein gene sequences or the expression machinery. 
Our plasmid constructs were transformed into BLR (DE3) pLysS, a host expressing T7 RNA polymerase 
under tight control. Five independent transformation isolates were tested for activatible prostromelysin. 
Cultures were grown in LB at 37C with shaking at 250 rpm to an OD6oo between 0.6 and 0.9. 
Expression was induced by adding IPTG to 0.4 mM for the 3d hosts and 1.0 mM for the 28a hosts and 
the cultures were then grown for an additional 3 hours. The cultures were chilled on ice for 5 minutes and 
the cells collected by pelleting at 4C. The pellets were washed in 0.25 growth volumes of 50 mM Tris 
(pH 8 0) 10 mM CaCl2 . The cells were pelleted again and frozen at -70C. To lyse the cells the pellets 
were thawed in a water/ice bath, resuspended in cold 1/10 growth volume 50 mM Tris (pH 8.0), 10 mM 
CaCl2 and lysozyme was added to 0.2 mg/ml. After 20 minutes on ice the material was sonicated at 90 /o 
intermediate output (Branson Sonifier) for 1 minute. This lysate was cleared by centnfugation in an 
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Eppendorf microcentrifuge. The supernatant was collected and stored at 4C. Total protein was 
determined. 

To test for activity the crude lysates were treated with trypsin to activate the prostromelysin. The 
resultant solution was then tested for stromelysin activity as per 3a (Figure 12). 

OD Limit =[o"ToÖ I Lag Time = [ÖW'ZI 1 Vrnax Pts. = [10/_164 

Figure 12.    Activation of Prostromelysin (our clones) in Crude Lysates. 
Five putative clones of prostromelysin were tested for stromelysin activity after activation with 
trypsin   Show here is the colorimetric assay data for stromelysin activity. Each box represents a 
time course of color development for one well in a 96-well plate. The substrate is Ac-Pro-Leu-Gly- 
[2-mercapto-4-methyl-pentanoyl]-Leu-Gly-OEt. Reactions were at room temperature for 30 
minutes with readings every 11 seconds. Measurements were taken at 405 nm. The OD 
represented by the box height is 0.1. 

Row A   Standard curve. Mature form of stromelysin (from Agouron) 
Wells 1-6: 5 ug/ml, 2.5 ug/ml, 1.25 ug/ml, 0.625 ug/ml, 0.31 ug/ml, 0 ug/ml 

Row B All the samples in this row were untreated. 
Rows C & D. All the samples in these rows were treated with 25 uM trypsin for 10 mm at 37C. 
Row E & F. All the samples in these rows were treated with 4.16 uM trypsin for 10 min at 37C. 
Row G & H. All the samples in these rows were treated with 1.0 uM trypsin for 10 mm at 37C. 

Column 1 (B thru H): 20 ug of crude lysate from clone stroml (a pET 3d clone) 
Column 2 (B thru H): 20 ug of crude lysate from clone strom3 (a pET 3d clone) 
Column 1 (B thru H): 20 ug of crude lysate from vector alone (pET 28a) 
Column 1 (B thru H): 20 ug of crude lysate from clone strom4 (a pET 28a clone) 
Column 1 (B thru H): 20 ug of crude lysate from clone strom9 (a pET 28a clone) 
Column 1 (B thru H): 20 ug of crude lysate from clone stromlO (a pET 28a clone) 

This data shows that two of the clones, strom3 and strom9 can be activated with trypsin. 

3d. Purification of his-tagged prostromelysin (our clone) on nickel columns. 
We chose to work up the strom9 clone since it has a his-tag to facilitate purification while strom3 

does not. Duplicate cultures of bacteria containing the strom9 expressor plasmid were grown up an 
induced as per 3c. Samples were collected every hour for 6 hours after induction. Lysates were prepared 
as described in 3c and analyzed by electrophoresis on polyacrylamide gels (Figure 13). On induction a 
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Figure 13.   Induction of the Prostromelysin 9 clone.   Duplicate cultures of the 
Drostromelysin clone strom9 were induced and lysates produced as described in 3c   Samples taken 
every hour after induction were analyzed on a 12% polyacrylamide-1% SDS gel and stained with 
coomassie blue. The arrows indicate the new 33 kD band which is seen on induction. 

33 kD band is seen (the predicted size is 32 kD). That is, these clones were constructed with C-terminal 
truncations to make the shortest possible 'pro' form of stromelysin, not the natural ength prostromelysin. 

To purify the soluble his-tagged prostromelysin from these cells a frozen pellet from 1250 ml oi 
culture was thawed on ice and resuspended in 10 ml dHOH and the final solution was then made up to 0.2 
mg/ml in lysozyme, 10 ug/ml DNase, 10 mM MgCl2, and 1 mM PMSF. After 30 minutes on ice the 
solution was sonicated (5 30 second bursts with 30 second cooling between each). The solution was then 
cleared by centrifugation at 4C. The supernatant was then filtered through a 0.45 micron syrmge filter and 
kept on ice while the column was prepared. 4 ml of his-bind resin (Novagen, Inc. Madison, WS was put 
into a 50 ml centrifuge tube and spun in a tabletop centrifuge for 2 minutes at 1540 rpm  The 2 ml packed 
resin was then washed with three resin volumes of dHOH removing. The wash water by centrifugation. 
The column was then charged with nickel by washing with 5 resin volumes of 50 mM N1SO4, removing 
the wash solution by centrifugation. Finally the column is washed with 3 resin volumes ot 5 mM 



imidazole 500 mM NaCl, 20 mM Tris(pH 7.9). Lysate and resin were then mixed and placed on a shaker 
which gently agitated (50 rpm) the mix at 4C for 1 hour. The mixture was then centnfuged and the 
supernatant removed for analysis. The resin and bound prostromelysin was then washed five times for 10 
minutes with 2 5 resin volumes of 60 mM imidazole, 500 mM NaCl, 20 mM Tris (pH 7.9) at 4C on the 
shaker  The final wash mixture was transferred to poly-prep chromatography column (BioRad, Hercules, 
CA) and the final wash collected as flow through. Prostromelysin was eluted using 14 mis of IM 
imidazole, 500 mM NaCl, 20 mM Tris (pH 7.9). 1 ml fractions were stored at 4C for analysis on 12 /o 
polyacrylamide-1% SDS gels (Figure 14). 
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10 Elution 
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14 Elution 
15 Elution 
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fraction 6 
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Figure 14.    Purification of Prostromelysin (our clone strom9) on a Nickel 
Column. Non-binding, wash and elution fractions analyzed on a 12% polyacrylamide-1 /o SDS 
gel stained with coomassie blue. Arrow indicates size of his-tagged prostromelysin. 

To determine the yield of protein from the column gel fractions were run on an electrophoresis gel 
on which was also run a series of known amounts of bovine serum albumin. Molecular Analyst software 
from BioRad (Hercules, CA) was used to create a standard curve using the BSA standards from which the 
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amount of prostromelysin in the various fractions could be determined (Figure 15). From this analysis we 
determined that we have recovered 2 BSA equivalent milligrams of prostromelysin per liter of culture. 
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Figure 15. Quantitation of Protein Yield.  Various known amounts of BSA were run on a 
12% polyacrylamide-1% SDS gel to serve as a standards to quantitate the amount of protein 
recovered in the elution fractions from the nickel column. The Molecular Analyst software package 
was used to determine the amount of coomassie stain in the BSA fractions from which a standard 
curve could be created. Using the same software to determine the amount of coomassie in the 
prostromelysin bands in the elution fractions allowed us to determine the amount of BSA 
equivalent protein recovered. 

4. Characterization of our Protein Engineering Framework 
Eglin c is the framework we are using onto which we will graft the features necessary to create 

new inhibitors. In this project we are exploring the extent to which biophysical characterization is useful 
in hibitor construction. Both wt eglin c and his-tagged eglin c (the H6 variant) are being used used as the 
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basis of libraries in our screening procedures. Therefore, we must understand both proteins before 
characterizing variants isolkated from these libraries. The equilibrium thermodynamics of denaturation is 
most often interpreted with a reversible two-state model, 

where N is the native state and D is the thermally denatured state. The reaction's equilibrium constant, 
KD, is related to the thermodynamic parameters via the Gibbs-equation: 

- RT\nKD = AGD = AHD- T&SD, 

where AGDT is the free energy of denaturation, defined s the stability, AHDJ is the enthalpy of 
denaturation, ASDT is the entropy of denaturation and T is the absolute temperature. Because there is a 
difference in heat capacity between the N and D, AHDJ, ASD)T, (and hence AGD>T) are temperature 
dependent. This temperature dependence is described by the equations 

AHDX = AHm + ACp(T-Tm), 

(T 
ASDX = ASm + A&ln — 

\ 1 m 

yNJ = mNT+bN 

where T is the temperature of interest and the subscript m refers to a reference temperature. The terms mN 
and mD are the changes in CD with respect to temperature of N and D, respectively. Likewise, bN and bD 

are the CD of N and D extrapolated to 0 K. 
We define the reference temperature where KD is unity and, therefore, AGD. is zero. Combining 

the above two equations, defining ASm as AHm/Tm and simplifying gives integrated for of the Gibbs- 
Helmholtz equation. 

AGD, T = AHn 
r     T \ ( T ^ 
I — ACp[(Tm-T) + Tln —] 

\T„,J 

Inspection provides the cardinal thermodynamic parameters, AHm, Tm, and ACP, that we must obtain to 
determine eglin c stability at any temperature. We have obtained these parameters by examining the far- 
UV circular dichroism (CD) as a function of temperature and by using differential scanning calonmetry 
(DSC). 

Using CD to obtain the cardinal parameters CD in the far ultraviolet (-220 nm) gives information 
about secondary structure. The simplest way to monitor denaturation is to follow the CD as a function of 
temperature. By defining the low temperature baseline as representing fully native protein and defining the 
high temperature baseline as representing fully denatured protein, we obtain a fraction denatured-yersus- 
temperature plot. Assuming the denaturation reaction is two-state, the fraction of denatured protein at 
temperature T, aD,T, is 

A),x-y NJ 
Q-D.T 

y DT ' y NX 
where the portions of the signal, A^T, due to the N and D baselines (yN and yD, respectively) are linear 
functions of temperature. 

The equilibrium constant for denaturation, KDiT, is 
[DJ CtD.T 

KD, T       [NJ        l-aDJ 

Tm is defined above and AHm is obtained using the vant Hoff equation 
ö(-R\nKp,r) 

^m=     5(1/7-) 
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We can then determine the heat capacity change for denaturation, ACp, using Kirchoffs law, 
Ö&H 

AC, -   -w. 

In theory ACp can be obtained from the curvature of vant Hoff plots. In practice, however, accurate KDiT 
values are available over a narrow temperature range, making curvature difficult to detect (Cohen & Pielak, 
1994). Instead, Pfeil and Pivalov (1976) assume that AHD is pH independent. This assumption is 
reasonable because the ionization heat of carboxyl groups, the protein groups which ionize in the pH 
region we examined, is ~0 (Edsall & Wyman, 1958). Given this assumption, ACp can be determined by 
obtaining AHm and Tm at different pH values because the slope of such a plot has the form of Kirchoff s 
law. Finally, we can obtain the number of groups that ionize on denaturation (8v) by fitting Tm-versus-pH 
data 

AHm       8Tm 
Av = ;  

2.3RT2 SpH 
(Privalov &Ptitsyn, 1969; Ptitsyn & Birshtein, 1969). 

Using DSC to obtain the cardinal parameters DSC measures the constant-temperature heat 
capacity, Cp, as a function of temperature and the resulting plots are called thermograms. AHcai is the area 
under therm'ogram from the defining equation 

&H = \CpdT. 
It is important to note the fundamental difference between calorimetric and vant Hoff enthalpies: the former 
require knowledge of the protein concentration the latter requires do not. If denaturation is a two-state 
process, the temperature at which Cp is a maximum is Tm and a HT-versus -T plot has the same shape as a 
a-versus-T plot. Therefore, the vant Hoff enthalpy can be obtained from DSC data in the same manner as 
it is obtained from CD data. 
In theory, ACP can be obtained directly from the difference in ACP between the pre- and post-transition 
baselines' This regimen, however, is not dependable in our hands and we determined ACp from DSC data 
as a function of pH by obtaining AHcal and AHvH (from the calorimetry) at several pH values as described 
above. 

4a. Determination of basic thermodyamic properties of eglin c and H6 eglin. 
Eglin c and the H6 variant were expressed using Escherichia coli strain BL21(DE3)pLysS and the 

pET17b (Novagen) vector. This vector utilizes a T7 promoter and is maintained with carbenicillin. With 
this system, -40% of the expressed protein is eglin c. The purification exploits one of eglin c's unusual 
properties, resistance to thermal denaturation. Cell extracts were cleared by boiling, followed by size- 
exclusion chromatography on Sephadex G-75. Our isolation/purification method yields 100-200 mg of 
pure eglin c per liter of saturated culture. 

Thermodynamic data were acquired in 50 mM glycine-HCl. Except for concentration-dependence 
experiments, CD and DSC data were acquired at protein concentrations of 60 and 90 uM, respectively. 
CD data were acquired in 1.00 mm quartz cells at 237 nm, a wavelength that gives the maximum 
difference in signal upon denaturation, using an Aviv Model 62DS spectropolarimeter equipped with a 
thermostated, five-position sample changer. The effective scan rate when all five positions were used was 
0 1 K min"1. CD data were processed as described by Cohen and Pielak (1994). Calorimetry data were 
acquired at a 60 K min ' scan rate using a Microcal MCS2 DSC and processed using Origin software. 

Reversibility First, we had to find conditions where repeated denaturation of the same sample 
gives overlaying a-versus-T plots. In addition, the conditions must allow complete observation of N-D 
transitions between the freezing point and the boiling point of our buffer. For both proteins the criteria are 
met between pH 1.5 and 4 for CD data. Several representative data sets are shown in Figure 16. Above 
pH 4 the wt protein precipitates, probably because we approach its isoelectric point. It will be interesting 
to determine if the H6 variant, which has a higher isoelectric point, also precipitates. 
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Figure 1. Fraction denatured-versus-temperature. Denaturation plots for Hß eglin c using circular 
dichroism in 50 mM glycine buffer at pH 1.6 (0), pH 2.0 (V), pH 2.6 (□   ), and 3.4 (A). 
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analysis 
AHD 

kcal mol" 

Tra (pH 3.0) 
K 

ACP 

kcal mol"  K" 
AGD)30OK,PH3 

kcal mol"1 

cal 21.1 ± 12.6 
M 

na 1.0 ±0.2 4.4 ± 1.2 
vH 41.0 ±3.9 338.0 ± 0.3 0.7 ±0.1 6.1 ±0.3 

cal 26.9 na 0.84 4.5 
vH 32.6 336.3 0.73 5.1 
*na, not applicable. 

Table 4. Cardinal thermodynamic parameters for wt eglin c from DSC data. Uncertainties are standard 
deviations of the mean from replicate experiments. 

We also tested reversibility in the DSC. Repeated temperature scans give identical Tm and AHvH 
values, but AHca, decreases with repetition. We interpret this observation to mean that protein is lost in 
each scan, but the protein that remains in solution denatures reversibly. In summary, there are two kinds 
of reversibility, thermodynamic and structural. Thermodynamic reversibility refers to the fact that the 
AHvH from CD and DSC are the same for repeated scans. Structural reversibility refers to the fact that 
AHca] decreases with repeated scans. We are examining regimens for extrapolating the calorimetric data 
back to zero time. 

Two-state behavior Our analysis assumes that thermal denaturation is a two-state process. We 
tested this assumption as follows. We determined AHD both indirectly using vant Hoff analysis of CD 
and DSC data and directly by DSC. Using calorimetry we need not rely on assumption about the reaction 
to obtain AHD. Therefore, if thermal denaturation is a two state process, AHD?vH = AHD>cai 

As shown in Table 4, AHD vH/AHDjCai is >1. (We are collecting data to determine the parameters 
from CD data and we are working'to lower the uncertainty in AHca,..) There are at least three explanations 
for this observation: intermolecular cooperation, loss of protein in the DSC, and part of the protein does 
not unfold on denaturation. Intermolecular cooperation involves aggregation of either the native or the 
denatured state (Sturtevant, 1987). However, the cardinal parameters from neither CD nor DSC data are 
concentration dependent; an observation also made by Bae and Sturtevant (1995). Another possibility is 
that AHca, is too small because of protein loss. In fact, we discard the first thermogram of a run because it 
gives unreliable parameters. We need to find the source of this behavior. If the source is loss of protein 
the extrapolation experiment described above will give the answer. Third, a portion of the protein may not 
unfold on denaturation; either a part of the protein is unfolded in both states or a portion fails to unfold. In 
both cases the AHvH will be greater than AHca, because the former gives information only about the portion 
of the protein that unfolds, but the latter gives information about the enthalpy change per mole of protein. 
Put another way, we divide the heat of denaturation by the number of moles of protein to AHcai, but the 
protein concentration is not required to obtain AHvH . If a part of the protein is unfolded in both states, we 
expect AHvH/AHcal to increase upon addition of the his-tag. However, the opposite is observed (Tables 4 
and 5). On the other hand, if a part of the protein fails to unfold upon denaturation we might expect to see 
residual structure in the high-temperature far-UV CD spectrum. In fact we observe such structure; the 
high temperature spectrum shows ß-sheet-like features, not the expected random coil features. We are 
going to compare opening free energies from amide proton exchange data to denaturation free energies 
from CD and DSC data. We have shown that such structure exists in ferricytochrome c (Marmorino et al, 
1993; Bete et al., 1996). 

The cardinal thermodynamic parameters        Parameter sets for both proteins from CD and DSC 
data are shown in Tables 4 and 5. As discussed above, the vant Hoff enthalpy is larger than the 
calorimetric enthalpy. We are working to explain this difference. We can also compare our data on wt 
eglin c to those obtained by Bae and Sturtevant (1995). There is excellent agreement between the CD and 
DSC data. 
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analysis 
AHD 

kcal mol' 

Tm(pH3.0) 
(K) 

ACP 

kcal mol"  K" 
AGD,300K,pH3 

kcal mol" 

DSC, cal 30.7 ± 12.6 na 0.9 ± 0.2 5.4 ± 1.2 

DSC,  vH 38.8 ±3.9 338.4 ± 0.3 0.8 ±0.1 6.1 ±0.3 

CD, vH 20.7 ± 7.5 338.5 ± 1.6 1.1 ±0.1 4.7 ±1.7 
*na, not applicable 

Table 5.   Cardinal thermodynamic parameters for H6 eglin c from CD 
and DSC data. Uncertainties are standard deviations of the mean form replicate 
experiments. 
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Figure 17.   AHD versus Tm for H6 eglin c from (□), van't Hoff and (A), 
calorimetric analysis of DSC data. The uncertainties in AHvH and AHca[ are the standard 
deviation of the mean obtained from four repitions of the same experiment. The uncertainty in 
AHvH is smaller than the symbol and uncertainty in ACp is from non-weighted linear regression. 

Figure 17 shows AHD-versus-Tm plots for the H^ variant. The plots are well described by a straight lines. 
The resulting ACP values are listed in Table 2. Similar plots were made for the wt protein (data not 
shown) and resulting ACP values are given in Table 1 along with the value obtained by Bae and Sturtevant 
(1995). The values agree. 

Effect of the his-tag. We next examined the data for the H6 variant to determine if this protein is 
useful for library construction. That data shows that the addition of the his-tag has only a small effect on 
Tm and AHD, and no effect on ACP. Therefore, the addition does not effect stability, AGD at pH 3. 

26 



4 - 

ö o 
o 

< 

Figure 18. Av-versus-pH plot for wt (O) and H6eglin c (Q) at 300K in 50 mM 
glycine buffer. The uncertainty in Av was calculated by propagation of error analysis of Av - 
AHm(5Tm)/(2.3RTm

2)(SpH).The uncertainty is smaller than the symbol size. The curves are of no 
theoretical significance. 

Figure 18 shows the change in the number of protons taken upon denaturation, Av. Both proteins gam 
between 1 and 4 protons between pH 1.5 and 3.4. This behavior is typical of most proteins. The addition 
of the his tag decreases Av slightly. Finally, we combined all the data to make a plot AGD at 300 K versus 
pH (Figure 19). 

27 



8 - 

%•    6 - 

4 - 

2 J 

2.0 2.5 

pH 

3.0 

Figure 19.  AGD-versus-pH for wt (0) and H6 eglin c (ü) at 300K in 50 mM 
glycine buffer. The uncertainty in AGD is from propagation of error analysis on the Gibbs- 
Helmholtz equation (Cohen & Pielak, 1994). The curves are of no theoretical significance. 

The wt protein is more stable than the H6 variant at all pH values, but the effect increases with increasing. 
However, the maximum decrease is stability is less than 1 kcal mol" . 

28 



Summary      Although we must complete these experiments to refine out data, it is clear that eglin c and 
its H6 variant provide useful thermodynamic data; even though the his-tag has a small destabilizing effect, 
the H6 variant can be used as the basis of random mutant libraries. 
4b.   Exploration of the eglin c structural determinants. 

Anfmsen and coworkers (1973) showed that the information necessary for a protein to fold into its 
native active form is contained in its amino acid sequence. Given this knowledge, it should be possible to 
predict the sequences that dictate a specified fold. The relationships between protein primary structure and 
higher-order structure, stability and function, however, remain an enigma. As part of our efforts to 
understand the eglin c structure and use it for a framework for inhibitor construction we are exploring a 
strategy to evaluate proposed hyptheses concerning protein structure. We will test this strategy by 
examining an evolutionary conserved amino acid pattern for its ability to direct a-hehx formation in eglin 
c 

Using FASTA (Pearson, 1980), 20 proteins were found that possess >30% sequence identity with 
eslin c  These sequences were aligned using the program MulAlignment (Computational Biochemistry 
Research Group, Zurich, Switzerland). The alignment of the a-helical segment in 20 eglin c homologs 
follows a binary pattern, 'onnoo ' (Figure 20). A non-random pattern emerges when residues are 
divided into two classes: nonpolar (n), Leu, He, Val, Phe and Met (LIVFM) and polar(o) non-LIVFM. 
Vasquez et al (1993) found that they could encode structures using this same binary amino acid pattern 
amoncr natural proteins. So this is the pattern that we will test. We used the crystal and solution structures 
of eglm c (Bode et al., 1986; McPhalen & James, 1988; Hyberts & Wagner, 1990) to calculate each 
residue's solvent exposed surface area (SASA) and hence the polar context of the wt residues.. 
Surprisingly the ct-helix residues in wild-type (wt) eglin c contain two mismatches with the binary 
encoding pattern. We expect that eglin c variants that do conform to the pattern will be even more stable 

an W A library will be made utilizing the evolutionary-dictated pattern. Variants will be expressed and 
screened for activity. Active variants will be studied using circular dichroism spectropolanmetry (CD) and 
differential scanning calorimetry (DSC). CD spectra will provide secondary structure data. Both CD and 
DSC will provide equilibrium thermodynamic data. Free energies of denaturation, AGD, will be compared 
to that of wt eglin c to ascertain the ability of the pattern to dictate a stable fold. 

In summary, the main objective is to determine if a binary pattern from the evolutionary record 
dictates formation of the eglin c a-helix. To test this hypothesis, we will: 

A. Produce and screen a library using the a-helix pattern defined by eglin c homologs. 
These variants will be expressed and screened using a high through-put subtilisin inhibition 

B. Characterize secondary structure and stabilities of wt and variants using far-UV 
CD and DSC. 

PCR mutagenesis was used to insert a Bam HI restriction site at the N-terminal end of the helix 
cassette in pET17b (Kuipers et al.,1991; Novagen, Madison, WI) (Figure 21). The Aat II restriction site 
at position 3497 was then removed by digesting the plasmid with Aat II for 15 min and then heat 
inactivating the enzyme. The reaction mixture was then treated with the Klenow fragment of E. coh DNA 
polymerase for 2 h followed by overnight blunt-end ligation. The DNA was transformed and mutant 
colonies were isolated and identified by DNA sequene analysis to yield pET17bBA (Figure 22). We are 
inserting an Hpa I site and two stop codons between the Bam HI and Aat II sites as a cassette to produce 
the "cassette ready plasmid", pJCWl (Figure 23). 
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TAEQAET@F;£EEM 
SAEEARK_IKEEM 
PAKFAKQIIQKEN 
TGAAAKAVIEREN 
PTKLAKGIIEKQN 
PTKLAKEIIEKQN 
PTKLAKEIIEKEN 
SAEKAKEIIÖRDK 
SAEKAKEIILRDK 
SAEKAKEIILRDK 
SVEEAKKVILQDK 
SVEEAKKVIJLJQDK 
GGSVAKAIIERQN 
PAKFAMQIIQKEN 
PTKLAKGIIEKEN 
PAKEAREIIQKEN 
PALYAKGIIEKEN 
PTKLAKEIIEKEN 
PTKLAKGIIEKEN 
TVDQAREHFTQEIY 

subt. inhib. 1 and 2 
subt. inhib. frag. 
eth. resp., protein inhib. 
griseus protein inhib. 
potatoe inhib. isoform. 
potatoe inhib. isoform. 
CT-1 
CI-1A 
CI-1B 
CI-1C 
CI-2A 
CI-2B 
inhib. of Eageman factor 
protein inhib. I-B prec. 
protein inhib. I fragment 
tryp'sin inhib. I prec. 
wound ind.. inhib. I prec. 
wound ind. inhib. I prec. 
Wound ind. inhib. I prec. 
eglin c 

Figure 20.   Eglin c homologs. (□) polar and (■)  nonpolar residues conserved. 
The residues defined as non-polar are LIVFM. The polar residues are defined as non-LIVFM. 
Nonconforming residues are boxed. 
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3497,Aat11 
3381,SspI 

XhoI,141 
Not 1,146 
:XmaIII,147 
; EcoRV,164 

■!    EcoRI,174 

3118,Hindi 

3057,Sea I        \ 

2546,PuuI 

2653,BglI 

2527,Ban I 

Bg111,632 

pET17b 

3574 bps 

Puu11,1275 

Figure 21. Map of pET17b. This is the starting plasmid for our construction of another 
plasmid (next figure) more suitable for library construction involving the eglin a-helix. PCR 
mutagenesis was used to insert a Bam HI restriction site at the N-terminal end of the eglin a-helix 
cassette in pET17b just clockwise from the Aat 11-433 site. The Aat II restriction site at position 
3497 was then removed by partially digesting the plasmid with Aat II for 15 min and then treating 
with the Klenow fragment of E. coli DNA polymerase followed by overnight blunt-end ligation. 
The DNA was transformed and mutant colonies were isolated and clones missing the Aat 11-3497 
site identified by DNA sequence analysis to yield pET17bBA (Figure 22). 

31 



3381,SspI 

3118,Hindi 

3057,Sea I 

2846,PuuI 

2693,BgII 

2527,Ban I 

XhoI,141 
Not 1,146 
EcoRV,164 
EcoRI,174 

AatII,433 
BamHI,476 

Ndel,535 

Bg 111,632 

pET17bBA 

3574 bps 

Puu11,1275 

Figure 22.   Map of pET17bBA. This is the resultant plasmid with restriction sites flanking 
the eglin c a-helix. It was constructed from pET17b as per the text or figure 21 legend. 
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EcoRV,164 
EcoRI,174 

3057,Sc 

2946,PuuI 

2S93,BglI 

2527,Ban I 

AatII,433 
Hpal,447 

BamHI,476 

,535 

pJCWl 

3574 bps 

Bg 111,632 

Puu11,1275 

Figure 23 Map of pJCWl. This is the plasmid which will be used for library construction. 
Library construction is often plagued by a large fraction of clones which represent the unmodified 
wild type plasmid. To render the starting vector inactive in terms of eglin protein production we 
are inserting an Hpa I site and two stop codons between the Bam HI and Aat II sites. The two stop 
codons will insure that no protein of the elgin size is produced and the Hpa I site will be used to 
digest the library construction since only the original vector should be digested. 
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Based on this analysis a helix cassette based on the evolutionary conserved binary pattern, Q O O 
Q Q, has been designed where O = Leu, He, Val, Phe, and Met and Q = Asp, Glu, Lys, Asn, Gin, His, 
Arg,'and Ser. Three putative stabilizing interactions at the helix N-terminus that will be preserved in the 
library. First, Thrl7 and Gln20 are involved in reciprocal H-bonds, called N-capping (Harper & Rose, 
1993; Bode et al., 1986). Second, the side chain of Asp 19 accepts a H-bond from its amide proton, 
stabilizing the helix dipole (Bode et al., 1986). Third, Ala21 is invariant (Figure 20). Comparison of the 
SASAs of eglin c's amino to the natural pattern, suggests that the designed binary pattern will direct helix 
formation. The helix side chains, Asp, Arg, Glu, Leu and His, are 87%, 56%, 68%, 69%, and 51% 
solvent exposed, respectively. This degree of exposure is beneficial for polar side chains because they are 
stabilized by interaction with water. Therefore, changing these residues to Asp, Glu, Lys, Asn, Gin, and 
His should give a stable, active protein. The Tyr and Phe side chains are 16% and 0.1% exposed. The 
burial of nonpolar residues is stabilizing because the protein interior provides a nonpolar environment and, 
therefore, changing   these residues to Leu, He, Val, Phe, and Met should provide a stable and active 
protein. We are in the process of constructing this library. 

CONCLUSIONS 
The project as originally defined, that is, to work out a methodology to build protein-based 

inhibitors against proteins involved in metastasis, remains on track. Most importantly we have shown that 
the basic approach is sound by finding a variant of one of the framework molecules (teglin) which binds to 
a heterologous target, papain. We are using papain as a model target until sufficient stromelysin is 
produced to serve as a target. 

To work around the fact that our originally chosen framework molecule did not work in the phage 
display system, we have constructed a circularly permuted form of eglin c, which we are calling peglin, 
and shown that this does bind to its appropriate target, subtilisin. 

We have identified a clone of his-tagged pro-stromelysin which produces a molecule from which 
we can extract active stromelysin. Our first experiments suggest that the yield from liter cultures is 
sufficient to produce enough material to be used in the phage display system. 

We have pursued experiments to collect baseline thermodynamic data concerning the framework 
molecules to be used in this project. 

We have carried out a structural analysis of eglin c which will allow us to test a strategy for 
assessing structural rules. These rules should make it more easy for us to design our inhibitor libraries. 
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