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METHODS FOR TREATING BODY TISSUE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of US. 
application Ser. No. 11/201,606, ?ledAug. 10, 2005, Which is 
a continuation of application Ser. No. 10/ 1 17,931 ?ledApr. 5, 
2002, Which is a continuation of application Ser. No. 09/451, 
206 ?led Nov. 29, 1999, now US. Pat. No. 6,423,333, Which 
is a continuation of application Ser. No. 08/642,246 ?led May 
2, 1996, now US. Pat. No. 6,033,654, Which is a continua 
tion-in-part of application Ser. No. 08/435,641 ?led May 5, 
1995, now US. Pat. No. 5,817,303, all ofWhich are incorpo 
rated herein by reference. 

INTRODUCTION 

[0002] 1. Technical Field 
[0003] The ?eld of this invention is physiologically accept 
able compositions for use as tissue adhesives and sealants. 
[0004] 2. Background 
[0005] In many situations, there is a need to bond separated 
tissues. Sutures and staples are effective and Well established 
Wound closure devices. HoWever, there are surgical proce 
dures Where classical repair procedures are unsatisfactory, 
limited to highly trained specialists (e.g. microsurgery), or 
not applicable due to tissue or organ fragility, inaccessibility 
(e.g. encloseopy procedures), or ?uid loss, including capil 
lary “Weeping”. Tissue adhesives and sealants have been 
developed to meet these needs. They may be used to seal or 
reinforce Wounds that have been sutured or stapled, as Well as 
?nding independent use. The leading commercial products 
are ?brin glues and cyanoacrylates. HoWever, both products 
have signi?cant limitations Which have prevented their Wide 
spread use. 
[0006] Cyanoacrylates are mainly used for cutaneous 
Wound closure in facial and reconstructive surgery. The 
appeal of cyanoacrylates is their speed of bonding, Which is 
almost immediate, and its great bond strength. HoWever, its 
speed of bonding can be a disadvantage, since glued tissue 
must be cut again in order to reshape it to the desired confor 
mation. Additionally, it can only be used on dry substrates 
since its mode of action is through a mechanical interlock, 
limiting its use as a sealant, and it is relatively in?exible 
compared to surrounding tissue. Cyanoacrylates are also 
knoWn to be toxic to some tissues and although it is not 
considered to be biodegradable, potential degradation prod 
ucts are suspected to be carcinogenic. 
[0007] Fibrin glues comprising blood-derived ?brinogen, 
factor XIII and thrombin function primarily as a sealant and 
hemostat and have been used in many different surgical pro 
cedures Within the body. They have been shoWn to be non 
toxic, biocompatible and biodegradable. They are able to 
control excessive bleeding and decrease ?brosis. HoWever, 
tissues bonded With ?brin cannot be subjected to even mod 
erate tensile stress Without rupturing the bond. It takes about 
three to ten minutes for an initial bond to develop, but requires 
about 30 minutes to several hours for full strength to develop. 
Depending upon the application, the product may also resorb 
too quickly. Use of recombinantly produced ?brinogen, fac 
tor XIII, thrombin and related components (eg ?brin, acti 
vated factor XIII) has not been demonstrated to improve the 
setting time or strength of ?brin glues. Fibrin glues derived 
from heterologous, human and animal, serum may provoke 
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undesirable immune responses, and expose the patient to the 
potential risk of viral infection. Autologous ?brin glues may 
be impractical to obtain and use and may compromise patient 
safety. 
[0008] There is, therefore, substantial interest in develop 
ing products Which have the biocompatibility of ?brin glues, 
but Which set more quickly and have enhanced strength. 
These products should be readily available, desirably from 
other than natural sources, be easily administered and capable 
of resorption over time. 

Relevant Literature 

[0009] Tissue adhesives are described in: Tissue Adhesives 
in Surgery, Matsumoto, T., Medical Examination Publishing 
Co., Inc. 1972 and Sierra, D. H., J. Biomal. App. 7:309-352, 
1993. Methods of preparation of protein polymers having 
blocks of repetitive units are described in US. Pat. No. 5,243, 
038 and EPA 89.913054.3. 

SUMMARY OF THE INVENTION 

[0010] Polymeric compositions and methods for their use 
are provided, Where the polymeric compositions are capable 
of in situ chemical crosslinking to provide novel crosslinked 
polymeric products, Which have good mechanical and bio 
logical properties, as exempli?ed by strong adherent bonds to 
tissue. The compositions can be used in a variety of applica 
tions related to their physical, chemical and biological prop 
erties, to bond to separated tissue to provide at least one of the 
characteristics of a stable, ?exible, resorbable bond. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0011] The subject compositions comprise high molecular 
Weight recombinant polymers having one or a combination of 
repeating units related to naturally occurring structural pro 
teins. Of particular interest are the repeating units of ?broin, 
elastin, collagen, and keratin, particularly collagen and com 
binations of ?broin and elastin. The polymers have functional 
groups Which can be chemically crosslinked under physi 
ological conditions With physiologically acceptable 
crosslinkers, so as to form a composition Which has strong 
adherent properties to a variety of substrates, has strong 
mechanical properties in maintaining the joint betWeen the 
substrates, and can be formulated to have good resorption 
properties. 
[0012] Of particular interest, the subject compositions pro 
vide strongly adherent bonds to tissue to maintain separated 
tissue in a contiguous spatial relationship. The subject com 
positions may also be employed as sealants, Where the com 
positions may serve to ?ll a defect void in tissue, to augment 
tissue mass or bond synthetic materials to tissues. The subject 
compositions may also serve as depots in vivo by being mixed 
With a drug composition, either When used as an adhesive for 
bonding tissue together or for other bonding or solely as a 
sloW release source of the drug. 

[0013] The functionalities for crosslinking may be all the 
same or combinations of functionalities and may include the 
functionalities of naturally occurring amino acids, such as 
amino, e. g. lysine, carboxyl, e.g. aspartate and glutamate, 
guanidine, e.g. arginine, hydroxyl, e. g. serine and threonine, 
and thiol, e. g. cysteine. Preferably, the functionality is amino 
(including guanidine). 
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[0014] The polymers Will have molecular Weights of at 
least about 15 kD, generally at least about 30 kD, preferably 
at least about 50 kD and usually not more than 250 kD, more 
usually not more than about 150 kD. The polymers Will have 
at least tWo functionalities, more usually at least about four 
functionalities, generally having an equivalent Weight per 
functionality in the range of about 1 kD to 40 kD, more 
usually in the range of about 3 kD to 20 kD, preferably in the 
range of about RD to 10 kD, there being at least 3, usually at 
least 6, functionalities available for crosslinking. If desired, 
one may use mixtures of polymers, Where the polymers have 
combinations of functionalities or have different functional 
ities present e.g. carboxyl and amino, thiol and aldehyde, 
hydroxyl and amino, etc. Thus, depending upon the function 
alities and the crosslinking agent, one can form amides, imi 
nes, ureas, esters, ethers, urethanes, thioethers, disul?des, and 
the like. 

[0015] The individual units in the polymer may be selected 
from ?broin, GAGAGS (SEQ ID NOzOl ); elastin, GVGVP 
(SEQ ID NO:02); collagen GXX, Where the X’s may be the 
same or different, and at least 10 number % and not more than 
60 number % of the X’s are proline, and keratin, AKLK/ 
ELAE (SEQ ID NO:3). The desired functionality may be 
substituted for one of the amino acids of an individual unit or 
be present as an individual amino acid or part of an interven 
ing group of not more than about 30 amino acids, usually not 
more than about 16 amino acids. In the former case, Within a 
block of repeats, one or more of the repeats is modi?ed to 
introduce a crosslinking functionality Which Would otherWise 
not normally be present. Thus a valine may be replaced With 
a lysine, a glycine With an arginine, an alanine With a serine, 
and the like. In the latter case, there Would be an intervening 
functionality betWeen a block of repeat units, Where the num 
ber of intervening functionalities Would be based on the 
ranges indicated previously. 
[0016] Of particular interest are copolymers, either block 
or random, preferably block, Where in the case of elastin and 
?broin, the ratio of elastin units to ?broin units is in the range 
of 16-1: 1, preferably 8-1 :1, Where blocks may have different 
ratios. Normally, in block copolymers, each block Will have at 
least tWo units and not more than about 32 units, usually not 
more than about 24 units. By substituting an amino acid in the 
unit With an amino acid having the appropriate functionality, 
one can provide for the appropriate number of functionalities 
present in the polymer or employ intervening groups betWeen 
blocks. 

[0017] The individual amino acid repeat units Will have 
from about 3 to 30 amino acids, usually 3 to 25 amino acids, 
more usually 3 to 15 amino acids, particularly 3 to 12 amino 
acids, more particularly about 3 to 9 amino acids. At least 40 
Weight %, usually at least 50 Weight %, more usually at least 
70 Weight %, of the protein polymer Will be composed of 
segments of repetitive units containing at least 2 identical 
contiguous repetitive units. Generally repeat blocks Will com 
prise at least 2, 4, 7 or 8 units, and combinations thereof, 
Where copolymers are employed, Where the unit Which is 
modi?ed With the crosslinking functionality is counted as a 
unit. 

[0018] While for the most part, the polymers of the subject 
invention Will have the active functionality of a naturally 
occurring amino acid in the chain of the polymer, if desired, 
pendent groups may be employed to provide the desired 
functionalities. For example, carboxyl groups may be reacted 
With polyamines so as to exchange a carboxyl functionality 
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for a single amino or plurality of amino groups. An amino 
group may be substituted With a polycarboxylic acid, so that 
the amino group Will be replaced With a plurality of carboxy 
lic groups. A thiol may be replaced With an aldehyde, by 
reaction With an aldehydic ole?n, e.g. acrolein, so as to pro 
vide for an aldehyde functionality. Other functionalities 
Which may be introduced, if desired, include phosphate 
esters, activated ole?ns, e.g. maleimido, thioisocyanato, and 
the like. The functionalities may be greatly varied from those 
Which naturally occur to provide opportunities for crosslink 
ing. In some instances, this may be desirable to increase the 
number of functionalities per unit molecular Weight, While 
not increasing the number of functionalities along the chain, 
for replacing one functionality With another, e.g. thiol With 
aldehyde, alloWing for greater variation in the choice of 
crosslinking agent. 
[0019] The crosslinking agent Will normally be difunc 
tional, Where the functionalities may be the same or different, 
although higher functionality may be present, usually not 
exceeding four functionalities. Depending upon the particu 
lar functionalities available on the polymers, various 
crosslinking agents may be employed. The crosslinking 
agents Will usually be at least about three carbon atoms and 
not more than about 50 carbon atoms, generally ranging from 
about 3 to 30 carbon atoms, more usually from about 3 to 16 
carbon atoms. The chain joining the tWo functionalities Will 
be at least one atom and not more than about 100 atoms, 
usually not more than about 60 atoms, preferably not more 
than about 40 atoms, particularly not more than about 20 
atoms, ‘Where the atoms may be carbon, oxygen, nitrogen, 
sulfur, phosphorous, or the like. The linking group may be 
aliphatically saturated or unsaturated, preferably aliphatic, 
and may include such functionalities as oxy, ester, amide, 
thioether, amino, and phosphorous ester. The crosslinking 
group may be hydrophobic or hydrophilic. 
[0020] Various reactive functionalities may be employed, 
such as aldehyde, isocyanate, mixed carboxylic acid anhy 
dride, e.g. ethoxycarbonyl anhydride, activated ole?n, acti 
vated halo, amino, and the like. By appropriate choice of the 
functionalities on the protein polymer, and the crosslinking 
agent, rate of reaction and degree of cross linking can be 
controlled. 
[0021] Various crosslinking agents may be employed, par 
ticularly those Which have been used previously and have 
been found to be physiologically acceptable. Crosslinking 
agents Which may be used include dialdehydes, such as glu 
taraldehyde, activated diole?ns, diisocyanates such as, tet 
ramethylene diisocyanate, hexamethylene diisocyanate, 
octamethylene diisocyanate, acid anhydrides, such as suc 
cinic acid dianhydride, ethylene diamine tetraacetic acid 
dianhydride, diamines, such as hexamethylene diamine, 
cyclo(L-lysyl-L-lysine), etc. The crosslinking agent may also 
contain unsymmetrical functionalities, for example, activated 
ole?n aldehydes, e.g. acrolein and quinoid aldehydes, acti 
vated halocarboxylic acid anhydride, and the like. The 
crosslinking agents Will usually be commercially available or 
may be readily synthesiZed in accordance With conventional 
Ways, either prior to application of the adhesive or by synthe 
sis in situ. 
[0022] In some instances it may be desirable to react a 
physiologically acceptable second compound, Which serves 
as a modifying unit, With a polyfunctional, usually bifunc 
tional, compound to change the nature of the crosslinking. 
The addition of the second compound may be to enhance the 
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rate of crosslinking, change the solubility properties of the 
crosslinker, enhance or reduce the strength of the crosslinked 
polymer, enhance or reduce the resorption rate, or provide for 
other physical, chemical or biological properties of interest. 
The polyfunctional second compound may be reacted With 
the crosslinking compound prior to reaction With the protein 
or concurrently With the reaction With the protein. Where the 
reaction is prior, the resulting crosslinking product Will be 
physiologically acceptable and When concurrent, the poly 
functional second compound, the crosslinking compound and 
the resulting crosslinking product Will be physiologically 
acceptable, When used in vivo. The ratio of the polyfunctional 
second compound to the crosslinking compound Will gener 
ally be in the range of about 0. 1 -2: 1 , more usually in the range 
of about 0.11:1, depending on the reactivity of the polyfunc 
tional second compound When the polyfunctional second 
compound and crosslinking agent are brought together, the 
number of crosslinks desired in the ?nal protein composition, 
the siZe of the bridge betWeen protein molecules, and the like. 
[0023] The nature of the polyfunctional second compound 
may vary Widely. The functional groups present may be the 
same or different from the functional groups present on the 
polymer, but Will be reactive With the functionalities of the 
crosslinking compound. For example, the polyfunctional sec 
ond compound may have amino and/or hydroxyl groups, 
Where the protein has amino or hydroxyl functionalities. By 
employing a diisocyanate With a diol, diurethanes Will be 
produced. Thus, the chain crosslinking the proteins Will com 
prise 2 or more urethanes. 

[0024] In many instances, the polyfunctional second com 
pound Will include an internal functionality that does not 
participate in the reaction, but provides various other charac 
teristics to the crosslinking agent or the crosslinked protein 
product. Characteristics of interest include hydrophilicity, 
hydrolytic instability, sensitivity to enZymatic degradation, 
biocompatibility, shear strength, and the like. For the most 
part internal functionalities Will comprise oxygen, sulfur and 
nitrogen atoms, such as ethers, carboxylic acid esters, includ 
ing urethanes, amino groups, amides, ketones, dithiols and 
the like. To enhance the rate of resorption, ester groups are of 
interest, While to enhance hydrophilicity, the same groups 
maybe employed as Well as ethers, such as polyoxyalkylene 
groups. 
[0025] The polyfunctional second compound Will gener 
ally have at least 2 carbon atoms and not more than 50 carbon 
atoms, usually not more than about 30 carbon atoms, desir 
ably having not more than about 16 carbon atoms per het 
eroatom. Naturally occurring or synthetic bifunctional com 
pounds may be employed. Illustrative compounds include 
lysine, arginine, di-(2'-aminoethyl) malonate, citrate, lysyl 
lysine, 2'-aminoethyl glycinate, O, N-diglycinyl ethanola 
mine, diethylene glycol diglycinate, cystine, and the like. To 
provide terminal amino groups, various loW molecular 
Weight amino acids may be used, particularly glycine and 
alanine bonded to an intervening difunctional compound, 
such as ethylene glycol, diethylene glycol, and tetraethylene 
glycol, propanediol, 1,4-butyn-2-diol, ascorbic acid, etc. 
[0026] The subject compositions may be prepared prior to 
the use of the adhesive by combining the protein polymer and 
the crosslinking agent, Where one or both may have extend 
ers. The tWo compositions may be readily mixed in accor 
dance With conventional Ways, for example, using syringes 
Which can inject the ingredients into a central reactor and the 
mixture mixed by draWing the mixture back into the syringes 
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and moving the mixture back and forth. Alternatively, the tWo 
compositions may be dispensed simultaneously at the site of 
application. In some instances it may be desirable to alloW the 
crosslinking agent to partially react With the protein prior to 
adding the polyfunctional second compound. Alternatively, 
one may mix the polyfunctional second compound With the 
protein prior to mixing With the crosslinking agent. 
[0027] Usually, the polymer Will be available as a disper 
sion or solution, particularly aqueous, generally the concen 
tration of the protein polymer being in the range of about 50 
mg to 1 g/ml, more usually from about 100 to 800 mg/ml. The 
solution may be buffered at a pH Which enhances or retards 
the rate of crosslinking. Usually the pH Will be in the range of 
about 2 to 12, more usually 8 to 11. Various buffers may be 
used, such as phosphate, borate, carbonate, etc. The cation 
can have an effect on the nature of the product, and to that 
extent, the alkali metals potassium and sodium, are preferred. 
The protein composition Will generally be about 5 to 40, more 
usually from about 5 to 20, preferably from about 10 to 20 
Weight %, to provide for a composition Which may be readily 
handled, Will set up Within the desired time limit, and the like. 
The buffer concentration Will generally be in the range of 
about 50 to 500 mM. Other agents may be present in the 
protein solution, such as stabiliZers, surfactants, and the like. 
If the polyfunctional second compound is present, its concen 
tration Will be determined in accordance With its ratio to the 
crosslinking agent and the polymer. 
[0028] The ratio of crosslinking agent to polymer Will vary 
Widely, depending upon the crosslinking agent, the number of 
functionalities present on the polymer, the desired rate of 
curing, and the like. Generally, the Weight ratio of polymer to 
crosslinking agent Will be at least about 1:1 and not greater 
than about 100: 1, usually not greater than about 50: 1, gener 
ally being in the range of about 2 to 50:1, but in some 
instances may not be more than 30: 1. The equivalent ratio of 
protein to crosslinking agent Will generally be in the range of 
about 0.1-1:3, more usually in the range of about 0.5-2:2. 
Considerations in selecting the protein-crosslinking agent 
equivalent ratio Will be the rate of setup, reactivity of the 
crosslinking agent, relative solubility of the crosslinking 
agent in the mixture, physiological properties of the 
crosslinking agent, desired degree of stability of the 
crosslinked product, and the like. 
[0029] If desired, various extenders or extending agents 
may be used, particularly naturally occurring proteins. Such 
extenders Will usually not exceed 50 Weight percent of the 
composition, generally not exceeding about 20 Weight per 
cent, more usually not exceeding about 10 Weight percent. 
Extenders Which may be employed include, but are not lim 
ited to: synthetic polymers, both addition and condensation 
polymers, both protein and non-protein, such as polylactides, 
polyglycolides, polyanhydrides, polyorthoesters, polyvinyl 
compounds, polyole?ns, polyacrylates, polyethylene glycol, 
polyesters, polyvinyl alcohol, polyethers, copolymers and 
derivatives thereof, and naturally occurring polymers, such as 
proteins and nonproteins, including collagen, ?brinogen, 
?bronectin, laminin, keratin, chitosan, heparin, dextran, algi 
nates, cellulose, glycosoaminoglycans, hyaluronic acid, 
polysaccharides, derivatives thereof, and the like. The extend 
ers may modulate the setting time and provide for desirable 
physical or physiological properties of the adhesive. 
[0030] Based on the lap shear tensile strength test described 
in the experimental section, Within 30 minutes, usually Within 
15 minutes, more usually Within 5 minutes, the lap shear 
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tensile strength Will be at least 100, preferably at least about 
250, more preferably at least about 300, usually not exceeding 
about 4000, more usually not exceeding about 3000 g/cm2. 
[0031] The subject compositions may be applied to the 
tissue in any convenient Way, for example by using a syringe, 
catheter, cannula, manually applying the composition, spray 
ing or the like. The subject compositions may be applied to 
the tissue prior to or during the time the tissue segments are 
held in contiguous relationship. The subject compositions 
Will rapidly develop substantial shear strength, so as to main 
tain the tissue in proximity. In some situations there Will be an 
interest in having the composition decompose after some 
reasonable period of time, usually at least one Week and 
generally not more than about four Weeks. 
[0032] Tissues of interest include vascular vessels such as 
an artery, vein or capillary, muscel, nerve, organs, e.g. liver, 
spleen, etc ., lung, dura, colon, and the like. In addition to their 
use as adhesives, the subject compositions may be used to seal 
or ?ll defects, e.g. voids or holes, in tissue, and therefore ?nd 
use as sealants. Thus, the compositions may serve to stop or 
staunch the How of ?uid, e. g. blood, through ruptured vessels, 
e.g. arteries, veins, capillaries and the like. In using the sub 
ject compositions as sealants, the composition Will be 
applied, as described above, at the site of the defect, Whereby 
it Will set and seal the defect. The compositions may be 
injected into normal or abnormal tissues to augment the tissue 
mass, e.g. dermis. 
[0033] The subject compositions may also ?nd use in the 
formation of articles of manufacture, by themselves or in 
combination With other materials. In one application, articles 
may be produced for use internally to a mammalian host, 
Where there is an interest in biocompatibility, reabsorption 
rate, ability to vasculariZe, tissue adhesive and/or bonding 
capability, and the like. Various articles can be prepared, such 
as gels, ?lms, threads, coatings, formed objects such as pins 
and screWs, or injectable compositions Which are ?oWable, 
Where the inj ectable composition may set up and bond or seal 
tissues, form a depot for a drug, augment tissue or be a ?ller, 
coating or the like. The formed objects may be prepared in 
accordance With conventional Ways, such as molding, extru 
sion, precipitation from a solvent, solvent evaporation, and 
the like. The ?oWable depot can be obtained by using a 
molecular dispersion, ?ne particles in a medium saturated 
With a polymer, using a melt, Where the melting temperature 
may be achieved by adding physiologically acceptable addi 
tives, and the like. 
[0034] The articles may ?nd use in a variety of situations 
associated With the implantation of the article into a mamma 
lian host or the application of the article to the surface of a 
mammalian host, e. g. Wound healing, burn dressing, etc. 
Those situations, Where the performance of the articles may 
be retained for a predetermined time and replaced by natural 
materials through natural processes, desirably employ mate 
rials Which Will be resorbed after having ful?lled their func 
tion in maintaining their role until the natural process has 
reestablished a natural structure. Thus, the compositions may 
?nd use in holding tissue together, covering tissue, encapsu 
lating cells for organs, providing a coating that cells can 
invade and replace the composition With natural composition, 
e.g., bone, soft tissues and the like. 
[0035] To enhance the rate of curing of the polymeric com 
position, the composition may be partially prepolymeriZed. 
When prepolymeriZed, the polymer Will usually have at least 
about 3% of the total number of crosslinks and not more than 
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about 75% of the total number of crosslinks, as compared to 
completion of the crosslinking action. The number of 
crosslinks should alloW the resulting product to be Workable 
and provide suf?cient time prior to set up for it to be manipu 
lated and used. Alternatively, one may react the functional 
groups With an excess of the crosslinking reagent, so that the 
effect is to substitute the functionality of the protein With the 
functionality of the crosslinking agent. The protein With the 
substituted functionality may then be used to crosslink pro 
tein With the original functionality or With a polyfunctional 
second compound. 
[0036] The subject compositions may also be used as 
depots to provide for a relatively uniform release of a physi 
ologically active product, e.g., a drug. The drug may be mixed 
With a subject composition at an appropriate concentration 
prior to crosslinking. As the crosslinked polymer is degraded, 
the drug Will be released due to diffusion as Well as erosion of 
the external surface of the depot. By controlling the form or 
shape of the depot, the degree of crosslinking, the concentra 
tion of the drug and the like, a physiologically therapeutic 
level of the drug may be maintained over extended periods of 
time. The period required for absorption can be as short as 0.5 
day and may exceed 4, 6 or 8 Weeks or more, depending upon 
the particular composition and the application. 
[0037] The protein polymer compositions may be prepared 
in accordance With conventional Ways. See, for example, U.S. 
Pat. No. 5,243,038, Which disclosure is incorporated herein 
by reference. Brie?y, sequences may be synthesiZed compris 
ing a plurality of repeating units, Where complementary 
sequences result in dsDNA having overhangs. A series of 
dsDNA molecules may be prepared and stepWise introduced 
into a cloning vector as the gene for the protein is constructed. 
A monomer can be obtained in this Way, Which may be 
sequenced to ensure that there have been no changes in the 
sequence, folloWed by multimeriZation of the monomer, 
cloning and expression. For further details, see the above 
indicated patent. 
[0038] The folloWing examples are offered by Way of illus 
tration and not by Way of limitation. 

EXPERIMENTAL 

Example 1 

Methods 

[0039] The construction of synthetic DNA and its use in 
large polypeptide synthesis is described in Us. Pat. No. 
5,243,038; PCT/US89/05016 and PCT/US92/09485, the dis 
closures of Which are herein incorporated by reference. Modi 
?cations to these methods and additional methods used are 
described beloW. 
[0040] 1. Use of ?lters and columns for DNA Puri?cation 

[0041] A. Ultrafree®-Probind ?lter unit (“Probind”, Milli 
pore): the DNA containing solution Was applied to the ?lter 
unit and spun at 12,000 RPM for 30 seconds in a Sorvall 
Microspin 248. 
[0042] B. Microcon-30 ?lter (Amicon): the DNA contain 
ing solution Was Washed by applying to the ?lter and 
exchanging tWice With H2O by spinning at 12,000 RPM for 6 
minutes in a microfuge. 

[0043] C. Bio-Spin 6 column (“Bio-Spin”, BioRad): Salts 
and glycerol Were removed from the DNA solution by apply 
ing to the column, previously equilibrated in TEAB (triethyl 
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ammonium bicarbonate pH 7.0), and spinning in a Sorvall 
RC5B centrifuge using an HB4 rotor at 2,500 RPM for 4 
minutes. 
[0044] 2. Phosphatase Treatment of DNA 
[0045] Phosphatase treatment of DNA Was also performed 
by resuspending ethanol precipitated DNA from the restric 
tion enzyme digest in 20 mM Tris-HCl pH 8.0, 10 mM MgCl2 
to a ?nal DNA concentration of 20 ug/ml. Shrimp Alkaline 
Phosphatase (SAP) Was added at 2 U/ug of DNA and the 
mixture Was incubated at 37° C. for one hour, heat inactivated 
for 20 minutes at 65° C. and then passed through a Probind 
?lter and subsequently a Bio-Spin column. 
[0046] 3. Preparative Agarose Gel Electrophoresis 
[0047] For agarose ligation, the buffer used Was 1 ><TAE (50 
mM Tris-acetate, pH 7.8). 
[0048] 4. Agarose DNA Ligation 
[0049] The agarose Was melted at 65° C., the temperature 
Was then loWered to 37° C. and ligation buffer (5><I100 mM 
Tris-HCl, pH 7.5, 50 mM MgCl2, 50 mM DTT, 1 mM ATP) 
Was added; the tube Was then placed at room temperature and 
ligase Was added (1000 units T4 DNA ligase (NEB)). The 
reaction volume Was usually 50 [1.1. The reaction Was incu 
bated at 15° C. for 16-18 hours. 

[0050] 5. Agarose DNA Puri?cation Using an Ultrafree® 
MC Filter Unit 

[0051] This procedure can be used for agarose slices up to 
400 [1.1 in siZe. After agarose gel electrophoresis, the DNA is 
visualiZed by ethidium bromide staining and the agarose 
block containing the DNA band of interest is excised. The 
agarose is then froZen at —20° C. for 1 hour, then quickly 
thaWed at 37° C. for 5 minutes. The agarose is then thor 
oughly macerated. The pieces are then transferred into the 
sample cup of the ?lter unit and spun at 5,000>< g in a standard 
microfuge for 20 minutes. The agarose is then resuspended in 
200 [1.1 of Tris-EDTA, or other buffer, and incubated at room 
temperature for 30 minutes to alloW for elution of additional 
DNA from the gel. The mixture is then centrifuged for an 
additional 20 minutes at 10,000 RPM. The DNA is, at this 
point, in the ?ltrate tube separated from the agaro se fragments 
and ready for subsequent DNA manipulations. 
[0052] 6. Preparation of Antibody to Arti?cially Synthe 
siZed Peptides 
[0053] The same procedures Were used as described in US. 
Pat. No. 5,243,038, PCT/US89/05016 and PCT/US92/ 
09485. 

[0054] 7. lmmunoblotting of Proteins in Gels 
[0055] An alternative to the 1251-Protein A detection 
method Was used. This method relied on a chemiluminescent 

signal activated by horseradish peroxidase (HRP). The 
chemiluminescent reagents are readily available from several 
suppliers such as Amersham and DuPont NEN. The Western 
blot Was prepared and blocked With BLOTTO. A number of 
methods Were used to introduce the HRP reporter enZyme 
including, for example, a hapten/anti-hapten-HRP, a biotiny 
lated antibody/streptavidin-HRP, a secondary reporter such 
as a goat or mouse anti-rabbit lgG-biotinylated/streptavidin 
HRP, or a goat or mouse-anti rabbit lgG-HRP. These reagents 
Were bought from different sources such as BioRad or Amer 
sham and occasionally biotinylated antibodies Were prepared 
in our laboratory using Biotin NHS from Vector Laboratories, 
Burlingame, Calif. (Cat. #SP-1200) folloWing the procedure 
accompanying the product. The folloWing is an example of a 
procedure used to detect the expression of protein polymers. 
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[0056] The blot Was placed in 15 ml of BLOTTO solution 
containing biotinylated goat anti-rabbit IgG (BioRad) diluted 
in BLOTTO (1 :7500) and gently agitated for 2 hours at room 
temperature. The ?lter Was then Washed for 30 minutes With 
3 changes ofTSA (50 mM Tris-HCl pH 7.4, 0.9% NaCl, 0.2% 
sodium aZide) and then for 5 minutes each in TBS With 0.1% 
TWEEN® 20. The blot Was then incubated for 20 minutes at 
room temperature With gentle rotation, in 20 ml of TBS (100 
mM Tris Base, 150 mM NaCl, pH 7.5) HRP-Streptavidin 
(Amersham) diluted 1: 1000 in TBS With 0.1% TWeen 20. The 
blot Was then Washed three times for 5 minutes each in TBS 
With 0.3% TWeen 20 and then three times for 5 minutes each 
in TBS With 0.1% TWeen 20. The blot Was then incubated for 
1 minute With gentle agitation in 12 ml of development solu 
tions #1 an #2 (Amersham) equally mixed. The blot Was 
removed from the development solution and autoradio 
graphed. 
[0057] 8. Protein Expression Analysis 
[0058] An overnight culture Which had been groWn at 30° 
C. Was used to inoculate 50 ml of LB media contained in a 250 
ml ?ask. Kanamycin Was added at a ?nal concentration of 50 
pg per ml and the culture Was incubated With agitation (200 
rpm) at 30° C. When the culture reached an OD6OO, of 0.8, 40 
ml Were transferred to a neW ?ask preWarmed at 42° C. and 
incubated at the same temperature for approximately 2 hours. 
The cultures (30° and 42°) Were chilled on ice and OD6OO. Was 
taken. Cells Were collected by centrifugation and then divided 
in 1.0 OD600 aliquots and used to perform Western analysis 
using the appropriate antibodies. 
[0059] 9. Amino Acid Analysis 
[0060] Amino acid derivatives Were analyZed by reverse 
phase HPLC using a Waters 600E system. 
[0061] 10. Peptide Synthesis 
[0062] Synthetic peptides Were also prepared on a Rainin/ 
Protein Technologies PS3 FMOC peptide synthesiZer. Both 
the synthesis and cleavage Were accomplished using the 
methods supplied by the manufacturer in the instrument 
manual. 
[0063] 11. In vitro DNA synthesis 
[0064] The [3-cyanoethyl phosphoramidites, controlled 
pore glass columns and all synthesis reagents Were obtained 
from Applied Biosystems, Foster City, Calif. Synthetic oli 
gonucleotides Were prepared by the pho sphite triester method 
With an Applied Biosystems Model 381A DNA synthesizer 
using a 10-fold excess of protected phosphoramidites and 0.2 
mole of nucleotide bound to the synthesis support column. 
The chemistries used for synthesis are the standard protocols 
recommended for use With the synthesiZer and have been 
described (Matteucci et al., J. Amer Chem. Soc, 103:3185 
3319 (1981)). Deprotection and cleavage of the oligomers 
from the solid support Were performed according to standard 
procedures as provided by Applied Biosystems. The repeti 
tive yield of the synthesis as measured by the optical density 
of the removed protecting group as recommended by Applied 
Biosystems Was greater than 97.5%. 
[0065] The crude oligonucleotide mixture Was puri?ed by 
preparative gel electrophoresis as described by the Applied 
Biosystems protocols in Evaluating and Isolating Synthetic 
Oligonucleotides, 1992 (Formerly: User Bulletin 13, 1987). 
The acrylamide gel concentration varied from 10 to 20% 
depending upon the length of the oligomer. If necessary, the 
puri?ed oligomer Was identi?ed by UV shadoWing, excised 
from the gel and extracted by the crush and soak procedure 
(Smith, Methods in Enzymology, 651371-379 (1980)). 
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[0066] For DNA synthesis of oligonucleotides longer then 
100 bases, the synthesis cycle Was changed from the protocol 
recommended by Applied Biosystems for the 381A DNA 
synthesizer. All the reagents used Were fresh. All the reagents 
Were supplied by Applied Biosystems except for the acetoni 
trile (Burdick and Jackson Cat #017-4 With Water content less 
then 0.001%) and the 2000 A pore siZe column (Glen 
Research). Due to the length of the oligo, interrupt pauses had 
to be inserted during the synthesis to alloW changing the 
reagent bottles that emptied during synthesis. This interrupt 
pause Was done at the cycle entry step and the pause Was kept 
as short as possible. The Washes after detritylation by TCA, 
through the beginning of each synthesis cycle, Were increased 
from about 2x to 3x over the recommended time. The time 
allocated for the capping Was also increased to limit truncated 
failure sequences. After the synthesis the deprotection Was 
done at 55° C. for 6 hours. After desalting the synthesiZed 
DNA Was ampli?ed using PCR. 
[0067] 12. Sequencing of DNA 
[0068] Storage and analysis of data utiliZed softWare from 
DNA Strider, DNA Inspection He or DNAid forApple Macin 
tosh personal computer. 
[0069] 13. Dideoxy DNA sequencing of double stranded 
plasmid DNA 
[0070] As described in US. Pat. No. 5,243,038, plasmid 
DNA Was prepared on a small scale. Primers Were synthe 
siZed using a DNA synthesiZer and Were annealed to the 
plasmid DNA folloWing the procedure described for M13 
sequencing. The sequencing reactions Were done using 
Sequenase (United States Biochemicals) and the conditions 
Were as recommended by the supplier. All sequences Were run 
on polyacrylamide gels. 
[0071] 14. PCR Ampli?cation 
[0072] The PCR reaction Was performed in a 100 [1.1 volume 
in a Perkin Elmer thinWalled Gene Amps” reaction tube. 
Approximately 1 [1M of each primer DNA Was added to 
1><PCR buffer (supplied by Perkin Elmer as 10>< solution), 
200 [1M of each dNT, 5U AmpliTaq, and several concentra 
tions of the target DNA. Ampli?cation Was performed in a 
Perkin Elmer DNA Thermal cycler model 480 for 30 cycles 
With the folloWing step cycles of 12 minutes each: 95° C., 62° 
C., and 72° C. Aliquots from the different reactions Were 
analyZed by agarose gel electrophoresis using 1 .5% loW melt 
ing point agaro se in 0.5 ><TA buffer. The reaction mixtures that 
gave the desired band Were pooled and spun through a Prob 
ind ?lter to remove the AmpliTaq enZyme, then a Microcon 
30 ?lter and a Bio-Spin column. The DNA Was then concen 
trated in vacuo. 
[0073] 15. Diamine Synthesis 

2-Aminoethyl Glycinate 

[0074] Concentrated sulfuric acid (9.90 g, 0.101 mole) Was 
diluted into 10 ml, of Water. Glycine (7.50 g, 0.100 mole), 
2-aminoethanol (6.10 g, 0.100 mole) and the diluted sulfuric 
acid Were placed in a 250 mL, 3-neck, round bottom ?ask 
?tted With a stopper, a mechanical stirrer, a heating mantle, 
and a Dean-Stark Water trap. The contents of the apparatus 
Were protected from atmospheric moisture With a nitrogen 
blanket. Toluene (100 mL) Was added and the contents of the 
apparatus re?uxed until no further evolution of Water 
occurred. The apparatus Was disassembled and the toluene 
Was decanted before the ?ask Was connected to a vacuum line 
to strip off toluene entrapped in the reaction mass. The prod 
uct Was used Without further puri?cation. The FTIR spectrum 
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of the reaction product shoWs strong carbonyl adsorptions at 
1736 cm-1 and 1672 cm“. The reaction product is estimated 
to be an approximately 4:1 mixture of 2-aminoethyl glycinate 
and N,O-diglycyl ethanolamine by comparison With the spec 
tra of ethyl glycinate hydrochloride and glycyl glycine hydro 
chloride. 

[0075] CholinylLysinate: 
[0076] Concentrated sulfuric acid (11.40 g, 0.120 mole) 
Was diluted into Water (10 mL). Lysine monohydrochloride 
(13.69 g, 0.075 mole), choline chloride (10.47 g, 0.075 mole), 
and the diluted sulfuric acid Was placed into a 250 mL 1-neck 
round bottom ?ask ?tted With a magnetic stirring bar, heated 
in a thermostatted oil bath, and connected to a vacuum line. 
Vacuum Was gradually applied to the ?ask and then heat 
gradually increased in order to remove volatiles into a trap 
cooled in liquid nitrogen. The reaction Was terminated When 
the bath temperature reached 110° C. and the pressure 
decreased to 0.024 mm-Hg. The product is homogeneous by 
thin layer chromatography (cellulose, acetic acid/acetoni 
trile/Water 5:65:30 v/v/v, developed With ninhydrin spray, 
Rf:0.25). The product Was used directly. 

1,3-Propanediyl Diglycinate 

[0077] Concentrated sulfuric acid (10.78 g, 0.110 mole) 
Was diluted into Water (10 mL). 1,3-Propanediol (7.61 g, 
0.100 mole), glycine (15.0 g, 0.200 mole), and the diluted 
sulfuric acid Were placed in a 250 mL, 3-neck, round bottom 
?ask ?tted With a stopper, a mechanical stirrer, a thermostat 
ted oil bath, and a Dean-Stark Water trap. The contents of the 
apparatus Were protected from atmospheric moisture With a 
nitrogen blanket. Toluene (100 mL) Was added, the oil bath 
thermostatted at 130° C., and the contents of the apparatus 
re?uxed until no further evolution of Water occurred (ca. 9 
hours). The apparatus Was disassembled and the toluene 
decanted. The reaction mass Was dissolved in Water (29 mL) 
by stirring at room temperature. Upon cooling to —20° C. for 
18 hours, the solution deposits ?ne White crystals Which are 
removed by ?ltration. The ?ltrate is poured into methanol 
(250 mL), precooled to 3° C., to deposit a semi-solid paste. 
The supernatant Was decanted, and the paste triturated in 
several portions in a mortar and pestle With methanol (50 mL) 
to yield a granular solid (12.55 g). A sample of solid (9.19 g) 
Was boiled With methanol (18.4 mL) plus Water (7.9 mL), 
?ltered While hot, and alloWed to crystalliZe at 4° C. for 18 
hours. The precipitate Was ?ltered While cold, compacted on 
the funnel under a dam, rinsed With methanol, acetone, and air 
dried, to yield a White crystalline solid (6.89 g). A sample of 
this material Was titrated With aqueous KOH using a pH 
meter. The apparent equivalent Weight per amine is 201 
g/mole; an acidic contaminant With an apparent equivalent 
Weight of 601 g/mole Was also present. The FTIR shoWs a 
single carbonyl absorption at 1744 cm-1 

[0078] 
[0079] The fermentors used for the expression of protein 
polymers Were usually a 15 L MBR, 10 L Working volume, or 
a 13 L Braun Biostat E, 8.5 L Working volume. The choice of 
the fermentor and its siZe is not critical. Any media used for 
the groWth of E. coli can be used. The nitrogen source ranged 
from NZAmine to inorganic salts and the carbon source gen 
erally used Was glycerol or glucose. All fermentations Were 
done With the appropriate selection conditions imposed by 
the plasmid requirements (eg kanamycin, ampicillin, etc.). 

16. Fermentation conditions 
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The fermentation method used to express protein polymers in 
E. col 1' Was the fed-batch method. This is the preferred method 
for the fermentation of recombinant organisms even if other 
methods can be used. 

[0080] The fed-batch method exploits the stage of cell 
growth Where the organisms make a transition from exponen 
tial to stationary phase. This transition is often the result of 
either depletion of an essential nutrient or accumulation of a 

metabolic byproduct. When the transition is the result of 
nutrient depletion, the addition of nutrients to the system 
causes cell division to continue. One or more essential nutri 

ents can incrementally be added to the fermentation vessel 
during the run, With the net volume increasing during the 
fermentation process. The result is a controlled groWth rate 
Where biomass and expression levels can be optimiZed. When 
the cell number in the culture has reached or is approaching a 
maximum, protein polymer production is induced by provid 
ing an appropriate physical or chemical signal, depending 
upon the expression system used. Production Will then con 
tinue until the accumulated product reaches maximum levels 
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phoresis folloWed by NACS column, and the DNA Was then 
ethanol precipitated in 2.5 M ammonium acetate and ligated 
With pPT0134 (See PCT\US92\09485) previously digested 
With Fold REN, phenol/chloroform extracted and ethanol 
precipitated. 
[0084] The products of the ligation mixture Were trans 
formed into E. coli strain HB101. Plasmid DNA from trans 
formants Was puri?ed and analyZed by digestion using Nrul 
and Xmnl RENs. Plasmid pPT0255 containing the desired 
restriction pattern Was obtained and Was used for subsequent 
constructions. 

[0085] Plasmid DNA pPT0255 Was treated With Cfr10l 
REN folloWed by RNAse. The digestion fragments Were 
separated by agarose gel electrophoresis, the DNA Was 
excised and self-ligated. The products of the ligation mixture 
Were transformed into E. coli strain HB 101. Plasmid DNA 
from transformants Was puri?ed and analyZed by digestion 
using Nael and Stal RENs. Plasmid pPT0267 containing the 
desired deletion Was used for subsequent constructions. 

[0086] TWo oligonucleotide strands as shoWn in Table 1 
Were synthesiZed and puri?ed as described in Example 1. 

TABLE 1 

3 ‘ —CCGAGACCTCGCCCACGGACGTACATGTAGGCTCA-5 ‘ 

(SEQ ID NO: 06) 

(SEQ ID NO: 07) 

(Fiestchko, 1., and Ritch, T., Chem. Eng. Commun. 1986, 
45:229-240; Seo, J. H.; Bailey, J. E., Biotechnol. Bioeng. 
1986, 28:1590-1594). 

Example 2 

Construction of SELP8K, SELP8E and CLP6 

[0081] Polymers Were prepared designated SELP8K and 
SELP8E, Which are characterized by having functional 
groups for cross-linking. The construction of these polymers 
is described beloW starting from the previous gene monomer, 
SELPO (see U.S. Pat. No. 5,243,038, pSY1298). 
[0082] SELP8K and SELP8E Amino Acid Monomer 
Sequence Design: 

SELP8K MONOMER (GAGAGS)4 (GvGvP)4 GKGVP 
(GvGvP)3 (SEQ ID NOz04) 
SELP8E MONOMER (GAGAGS)4 (GvGvP)4 GEGVP 
(GvGvP)3 (SEQ ID NO:05) 
SELP8 Construction 

[0083] Plasmid pSY1378 (see U.S. Pat. No. 5,243,038) Was 
digested With Banl REN, puri?ed using agarose gel electro 

[0087] The tWo oligonucleotide strands Were annealed and 
ligated With the DNA of plasmid pPT0267 Which had been 
previously digested With Banll and Scal RENs, and puri?ed 
by agarose gel electrophoresis folloWed by NACS column. 
[0088] The products of this ligation reaction Were trans 
formed into E. coli strain HB101. Plasmid DNA from trans 
formants Was puri?ed and digested With Dral. Plasmid DNA 
from tWo clones that gave the correct digestion pattern Was 
sequenced. One plasmid DNA, designated pPT0287, Was 
found to be correct and chosen for further constructions. 
[0089] Plasmid DNA pSY1298 (see U.S. Pat. No. 5,243, 
038) Was digested With Banll REN, and the SELPO gene 
fragment Was puri?ed by agarose gel electrophoresis fol 
loWed by NACS and then ligated to pPT0287 digested With 
Banll. The enzyme Was then removed using phenol/chloro 
form extraction and ethanol precipitation. 
[0090] The products of the ligation mixture Were trans 
formed into E. coli strain HB101. Plasmid DNA from trans 
formants Was puri?ed and analyZed by digestion using Dral 
REN. Plasmid DNA from the clones shoWing the correct 
restriction pattern Was further digested With Banll, Ahall and 
Stul RENs. Plasmid pPT0289 contained the desired SELP8 
monomer sequence (see Table 2). 

TABLE 2 

SELP8 Gene Monomer Sequence 

(SEQ ID NOS: O8 8: O9) 
Banl BanII 

GGTGCCGGTTCTGGA GCTGGCGCGGGCTCTGGA GTAGGTGTGCCAGGT 

CCACGGCCAAGA CCTCGACCGCGCCCGAGA CCTCATCCACACGGTCCA 

G A G S G A G A G S 

G V G V P G 
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TABLE 2 — cont inued 
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SELP8 Gene Monomer Sequence 

GTAGGA GTTCCGGGTGTAGGCGTTCCGGGA GTTGGTGTACCTGGA 

CATCCTCAAGGCCCACATCCGCAAGGCCCTCAACCACATGGA CCTCAC 

V G V P G V G V P 

Smal 

GGTGTTCCAGGCGTAGGTGTGCCCGGG GTAGGA 

CCACAAGGTCCGCATCCACACGGG CCCCATCCTCATGGTCCCCATCCG 

GTACCACOGGTAGGC 

The PCR reaction Was carried out and the reaction 

product Was puri?ed as described in Example 1. 

G v P G v G v P G 

G v P G v G 

BanII 

GTcccTGGA GcGGGTGcTGGTAGcGGcGcAGGcGcGGGcTcTGGA GcG 

cAGGGA ccTcGcccAcGAccATcGccGcGTccGcGcccGAGA CCTCGC 

v P G A G A G s G 

G A G s G A 

[0091] Construction of SELP8K and SELP8E Gene Mono- [0094] 
mers 

[0092] One oligonucleotide strand coding for a portion of 
the SELP8 gene monomer Was synthesized With a single base 
polymorphism at position 90. The use of both adenine and 
guanidine at this position produced oligonucleotides from a 
single synthesis that encoded the amino acids lysine and 
glutamic acid (see Table 3). The synthesis Was conducted 
using an Applied Biosystems DNA synthesiZer model 381A 
and a 2000A synthesis column supplied by Glen Research. 
During the synthesis the required interrupt-pauses for bottle 
changes Were minimized. After the synthesis the 202 base 
DNA fragment Was deprotected and cleaved from the column 
support by treatment in 30% ammonium hydroxide at 55° C. 
for 6 hours. 

TABLE 3 

[0095] The DNA Was resuspended and digested With Banll 
REN as described in Example 1. The digested DNA Was then 
separated by loW-melting agarose gel electrophoresis and 
ligated With pPT0289 previously digested With Banll RENs 
and puri?ed by NACS column. The products of the ligation 
reaction Were transformed into E. coli strain HB l 01. Plasmid 
DNA from isolated transformants Was puri?ed and analyZed 
by digestion using ApaLl and EcoNl RENs. Plasmid DNA 
from the clones shoWing the correct restriction pattern Were 
further analyZed by digestion using Asp700 REN to distin 
gui sh betWeen clones encoding a lysine or glutamic acid at the 
polymorphic position. Plasmid DNA from clones containing 

5 ‘ —ATGGCAGCGAAAGGGGACCGGGCTCTGGTGTTGGAGTGCCAGGTGTCGGTGTTCCGGGTGTAGGCG 

TTGGTGTACCTGGA(A/G)AAGGTGTTCCGGGGGTAGGTGTGCCGGGCGTTGGAGTACCA 

GGTGTAGGCGTCCCGGGAGCGGGTGCTGGTAGCGGCGCAGGCGCGGGCTCTTTCCGCTAAAGTCCTGCC 

GT-3' (SEQ ID NO: 10) 

[0093] TWo additional DNA strands Were used as primers 
for PCR ampli?cation. The tWo strands were: 

1 . 5 ‘ —AAGAAGGAGATATCATATGGCAGCGAAAGGGGACC—3 ‘ 

2 . 5 ‘ —CGCAGATCITTAAATTACGGCAGGACTTTAGCGGAAA-3 ‘ 

each of the polymorphs Was puri?ed and analyZed by DNA 
sequencing. Plasmid pPT0340 contained the desired 
SELP8K monomer sequence (see Table 4) and pPT0350 con 
tained the desired SELP8E monomer sequence. 

(SEQ ID NO: 11) 

(SEQ ID NO: 12) 
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TABLE 4 
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SELP8K Gene Monomer Sequence 

Banl 

GGT GCC 

CCA CGG 

G 

GGT 

CCA 

A 

TCT GGA 

AGA 

G 

GCT 

CGA 

GGC 

CCG 

GGC 

CCG 

TCT 

AGA 

GGT GTT 

CCT CCA 

G V 

EcoNI 

CCG GGT 

GGC CCA 

V 

GTC 

CAG 

GGT 

CCA 

GTT 

CAA 

GTA 

CAT 

GGC 

CCG 

GTT 

CAA 

CCG 

GGC 

GGA 

CCT 

GTT 

CCA 

GGT 

CAA CAT 

G 

GGT 

CCA 

GTT 

CAA 

CCG 

GGC 

GGG 

CCC CAT 

P 

GTA 

CCA 

GGT 

CAC 

CCG 

CCG 

GGC 

CAA 

GTT 

CCT 

GGA 

CAT GGT 

V 

SmaI BanII 

GGA GCG 

CCT CGC CCA 

P G 

GTC 

CAG 

CCG 

GGC 

GGT 

CGA 

GCT 

CCA 

GGT 

TCG 

AGC 

CCG 

GGC 

CGT 

GCA 

CCG 

GGC 

CGC 

A 

GGA 

CAA 

GTA 

GGA 

GTA 

CCA 

GGC 

AGA 

BanII 

GTG CCA GGT 

CAC GGT CCA 

G 

(SEQ ID NO: l3 8: l4) 

CCT 

S 

CCT GGA 

CCT TTT 

CCA 

CAT 

GGT 

CCG 

G 

GTA GGC 

TCT GGA 

CCT 

GCG 

CGC 

[0096] SELP8K Polymer Construction 
[0097] Plasmid DNA from pPT0340 Was digested With 
Banl REN and the digestion fragments Were separated by 
agarose gel electrophoresis. The SELP8K gene fragment, 192 
bp, Was excised and puri?ed by NACS column. The puri?ed 
fragment Was ligated With plasmid pPT0317 Which had been 
digested With Banl REN, passed through a Millipore Probind 
and a Bio-Spin 6 column. The DNA Was then treated With 
shrimp alkaline phosphatase (SAP) as described in Example 
1 . The products of this ligation reaction Were transformed into 
E. coli strain HB101. Transformants Were selected for resis 
tance to kanamycin. Plasmid DNA from individual transfor 
mants Was puri?ed and analyZed for increase siZe due to 
SELP8K monomer multiple DNA insertion. Several clones 
Were obtained With insert siZes ranging from 200 by to 

Was taken. Cells Were collected by centrifugation and divided 
in 1.0 OD600 aliquots and used to perform Western analysis 
using anti-SLP antibody. 
[0100] E. coli strain HB101 containing plasmids pPT0341, 
pPT0343, pPT0344, pPT0345 and pPT0347 Were groWn as 
described above. The proteins produced by these cells Were 
analyZed by Western blot for detection of proteins reactive to 
SLP antibodies. Each clone produced a strongly reactive 
band. The apparent molecular Weights of the products ranged 
from approximately 35 kD to greater than 250 kD. Strain 
pPT0345 produced an SLP antibody reactive band of appar 
ent molecular Weight 80,000. The expected amino acid 
sequence of the SELP8K polymer encoded by plasmid 
pPT0345 is shoWn beloW. 

pPT0345 SELP8K 884 AA MW 69, 772 

MDPVVLQRRDWENPGVTQLNRLAAHPPFASDPMGAGSGAGAGS 

(GAGAGS) 4] 32 

(GVGVP) 4 GKGVP (GVGVP) 3 (GAGAGS) 2 

GAGAMDPGRYQDLRSHHHHHH 

approximately 7 kb. Clones containing from 6 to 32 repeats, 
Were used for expression of the SELP8K protein polymer 
(pPT0341, pPT0343, pPT0344, pPT0345 and pPT0347). 
[0098] SELP8K Expression Analysis 
[0099] An overnight culture Which had been groWn at 30° 
C. Was used to inoculate 50 ml of LB media contained in a 250 
ml ?ask. Kanamycin Was added at a ?nal concentration of 50 
pg per ml and the culture Was incubated With agitation (200 
rpm) at 30° C. When the culture reached an OD600 of 0.8, 40 
ml Were transferred to a neW ?ask preWarmed at 42° C. and 
incubated at the same temperature for approximately 2 hours. 
The cultures (30° and 42°) Were chilled on ice and OD600 

(SEQ ID NO: 15) 

[0101] SELPSK Puri?cation 
[0102] SELP8K Was produced in E. coli strain pPT0345 by 
fermentation. The product Was puri?ed from the cellular bio 
mass by means of cellular lysis, clearance of insoluble debris 
by centrifugation, and a?inity chromatography. The puri?ed 
product Was analyZed by sodium dodecyl sulfate polyacryla 
mide gel electrophoresis, immunoreactivity With a polyclonal 
antisera Which reacts With silk-like peptide blocks (SLP anti 
body), and amino acid analysis. A protein band of apparent 
molecular Weight 80,000 Was observed by amido black stain 
ing of SDS-PAGE separated and transferred samples and the 
same band reacted With the SLP antibody on Western blots. 
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As expected, amino acid analysis (shown in Table 5) indi 
cated that the product Was enriched for the amino acids gly 
cine (43.7%), alanine 
[0103] (12.3%), serine (5.3%), proline (11.7%), and valine 
(21.2%). The product also contained 1.5% lysine. The amino 
acid composition table beloW shoWs the correlation betWeen 
the composition of the puri?ed product and the expected 
theoretical compositions as deduced from the synthetic gene 
sequence. 

TABLE 5 

Amino Acid Analysis of Puri?ed SELP8K 

Actual % Theoretical % 
Amino Acid pmoles composition composition 

Ala 1623.14 12.3 12.2 
Asx 122.20 0.9 0.8 
Glx nd nd 0.4 
Phe 58.16 0.4 0.1 
Gly 5759.31 43.7 41.5 
His 46.75 0.4 0.8 
He 43.87 0.3 0 
Lys 198.21 1.5 1.5 
Leu 39.54 0.3 0.5 
Met 36.01 0.3 0.3 
Pro 1534.21 11.7 12.4 
Arg 70.84 0.5 0.6 
Ser 703.83 5.3 6.1 
Thr nd nd 0.1 
Val 2797.47 21.2 22.4 

nd = none detected 

[0104] CLP6 Preparation 
[0105] CLP6 Was prepared as described in PCT/US92/ 
09485 using strain pPT0246 (CLP6 referred to as DCP6). The 
protein polymer Was puri?ed in multigram quantities using 
standard protein puri?cation, extraction, and separation 
methods. The lyophiliZed product Was a White, spongy mate 
rial, extremely soluble in Water. 

CLP6 pPTO246 l, 065 AA MW 85, 386 

MDPVVLQRRDWENPGVTQLNRLAAHPPFASDPM 

[ (GAHGPAGPK) 2 (GAQGPAGPG) 24 (GAHGPAGPK) 2] 4 

GAMDPGRYQLSAGRYHYQLVWCCK 

Example 3 

The Construction of SELPOK Polymers 

[0106] Polymer Design Elements 
[0107] The copolymer structure of SELP8K consists of 
silk-like blocks (SLP block) and elastin-like blocks (ELP 
block) in the folloWing sequence: [(SLP block)4 (ELP block) 
8]. Additional polymers Were designed to have different 
resorption and solution properties by adjusting their silk-like 
to elastin-like block lengths While maintaining their adhesive 
properties. SELPOK contains half the length of crystalliZable 
silk-like blocks than SELP8K While maintaining the disper 
sion frequency With respect to the elastin-like segments. 
[0108] Polymers With intervening sequences to promote in 
vivo resorption through proteolytic cleavage by collagenase 
(92 kd) and cathepsins Were also designed. SELPOK is used 

(SEQ ID NO: 
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as the backbone for these designs, but these sites can be used 
in many different polymer backbone sequences. The insert 
location is chosen to permit accessibility of the site to the 
catalytic groove of the protease. Most proteases Will bind up 
to 4 upstream amino acids from the cleavage site. Therefore, 
the insert sequences should be free of hydrogen bonding and 
crystallization that may be induced by, for example, silk-like 
blocks. 

[0109] The beta structure of the SELPOK Will break after 
the proline of the ?rst elastin-like block. SELPOK-CS 1 con 
tains tWo adjacent cleavage sites for collagenase (PLGP) 
(SEQ ID NO: 17) Within a six amino acid insert. The insertion 
site Was chosen to be removed from the silk-like blocks by at 
least one proline amino acid (GAGAGS GVGVP L G P L G 
P GVGVP) (SEQ ID NO:18). SELPOK-CS2 contains mul 
tiple cleavage sites for cathepsins B (ARR), L (FF), S and H 
(FVR) and plasmin (R) Within an eight amino acid insert. The 
insertion site Was chosen to be removed from the silk-like 
blocks by at least one proline amino acid (GAGAGS GVGVP 
G F F V RA R R GVGVP) (SEQ ID NO:19). 
[0110] Construction of Plasmid pPT0317 
[0111] Plasmid DNA pSY1262 (see US. Pat. No. 5,243, 
038) Was linearized With Pvull REN, then passed through a 
Probind ?lter and a Bio-Spin 6 column. The DNA Was then 
treated With Shrimp Alkaline Phosphatase (SAP). The linear 
iZed pSY1262 DNA Was then ligated With a DNA fragment 
from pQE-17 (QlAGEN Catalog #33173) prepared as fol 
loWs. Plasmid DNA pQE-17 Was digested With Bglll and 
Hindlll RENs and the 36 by fragment shoWn in Table 6 Was 
puri?ed using a Probind ?lter and a Biospin column. The 
DNA Was puri?ed further using a Microcon-30 ?lter and the 
?ltrate, containing the 36 by fragment, Was kept. The DNA 
Was then treated With DNA Polymerase l and puri?ed using a 
Probind ?lter and a Biospin column (see Example 1). 

16) 

TABLE 6 

5‘ — (SEQ ID NO: 20) 

GATCTTCGATCTCATCACCATCACCATCACTA 

3 ‘ —AAGCTAGAGTAGTGGTAGTGGTAGTGATTCG (SEQ ID NO: 21) 

[0112] The product of the ligation reaction Was trans 
formed into E. coli strain HB101. Plasmid DNA from trans 
formants Was puri?ed and analyZed by digestion using Bstl 
1071 and EcoRV RENs. The clones containing the desired 
DNA fragment Were further digested With Bstl 1071 and 
BstYl RENs to determine the orientation of the insert. Plas 
mid DNA from the clones shoWing the correct restriction 
pattern Was puri?ed and analyZed by DNA sequencing. Plas 
mid pPT0317 contained the desired DNA insert and Was used 
for further DNA constructions. 
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[0113] SELPOK Polymer Construction 
[0114] One oligonucleotide strand as shown in Table 7 Was 
synthesized using an Applied Biosystems DNA synthesizer 
model 381A and a 2000A synthesis column supplied by Glen 
Research. After the synthesis the 93 base DNA fragment Was 
deprotected and cleaved from the column support by treat 
ment in ammonium hydroxide at 55° C. for 6 hours. 

TABLE 7 

Jan. 29, 2009 

[0118] The product of this ligation reaction Was trans 
formed into E. coli strain HB 101. Transformants Were 
selected for resistance to chloramphenicol. Plasmid DNA 
from individual transformants Was puri?ed and analyZed for 
increased siZe due to SELPOK multiple DNA insertion. Sev 
eral clones Were obtained With inserts of different siZes. Plas 
mid pPT0359, pPT0360 and pPT0374 containing respec 

(SEQ ID NO: 22) 
ATGGCAGCGAAAGGGGACCGGTGCCGGCGCAGGTAGCGGAGCCGGTGCGGGCTCAAAAAGGGCTCT 

GGT 

GCCTTTCCGCTAAAGTCCTGCCGT —3 ‘ 

[0115] The PCR reaction Was performed using the same 
tWo DNA primer strands as described for the construction of 
the SELP8K gene monomer and the reaction product Was 
puri?ed. The DNA Was resuspended and digested With Banl 
REN. The digested DNA Was then separated by loW-melting 
agarose gel and ligated With pPT0285 (see PCT/US92/ 
09485) previously digested With Banl REN and puri?ed by 
NACS column. The product of the ligation reaction Was: 
transformed into E. Coli strain H13101. Plasmid DNA from 
transformants Was puri?ed and analyZed by digestion using 
EcoRI and Banil RENs. Plasmid DNA from the clones shoW 
ing the correct restriction pattern Was then puri?ed and ana 
lyZed by DNA sequencing. Plasmid pPT0358 contained the 
desired sequence and Was used for subsequent DNA con 
structions. 
[0116] Plasmid DNA from pPT0340 Was digested With 
Banll REN and the digestion fragments Were separated by 
agarose gel electrophoresis. The SELPOK gene fragment, 
156 bp, (see Table 8), Was excised and puri?ed using an 
Ultrafree-MC ?lter folloWed by Bio-Spin 6 column. 

TABLE 8 

tively 18, 2 and 6 repeats of the SELPOK gene monomer Were 
used for subsequent constructions. 
[0119] Plasmid DNA from pPT0359 and pPT0374 Was 
digested With Banl REN and the digestion fragments Were 
separated by agarose gel electrophoresis. The SELPOK gene 
fragments, approximately 2800 by and 1000 bp, Were excised 
and puri?ed by NACS column. The puri?ed fragments Were 
then ligated With plasmid pPT0317 Which had been digested 
With Banl REN, then passed through a Probind ?lter and a 
Bio-Spin 6 column. The DNA Was then treated With Shrimp 
Alkaline Phosphatase (SAP), passed through a Probind ?lter 
and then a Bio-Spin 6 column (see Example 1). 
[0120] The product of these ligation reactions Was trans 
formed into E. coli strain 1113101. Transforrnants Were 
selected for resistance to kanamycin. Plasmid DNA from 
individual transformants Was puri?ed and analyZed for 
increased siZe due to SELPOK multiple DNA insertion. Sev 
eral clones Were obtained. Plasmid pPT0364 and pPT0375 
Were chosen to be used for expression of SELPOK. 

BanII 

G GGC TCT GGT GTT GGA GTG CCA GGT GTC GGT GTT CCG GGT GTA GGC GTT (SEQ ID NOS : 23 S: 24) 
C CCG AGA CCA CAA CCT CAC GGT CCA CAG CCA CAA GGC CCA CAT CCG CAA 

G S G V G V P 

G V P G V G V 

G V 

CCG GGA GTT GGT GTA CCT GGA AAA GGT GTT CCG GGG GTA GGT GTG CCG 

GGC CCT CAA CCA CAT GGA CCT TTT CCA CAA GGC CCC CAT CCA CAC GGC 

P G V G V P G 

P G V G V P 

GGC GTT GGA GTA CCA GGT GTA GGC GTC CCG 

K G V 

GGA GCG GGT GCT GGT AGC 

CCG CAA CCT CAT GGT CCA CAT CCG CAG GGC CCT CGC CCA CGA CCA TCG 

G v G v P G v G v P 

G A G A G s 

BanII 

GGc GcA GGc GcG GGc TC 

ccG CGT ccG cGc ccG AG 

G A G A G s 

[0117] The puri?ed fragment Was ligated With plasmid [0121] SELPOK Expression Analysis 
pPT0358 Which had been digested With Banll REN, then 
passed through a Probind ?lter and a Microcon-30 ?lter. The 
digestion fragments Were then separated by agarose gel elec 
trophoresis. The plasmid DNA Was then excised and puri?ed 
using an Ultrafree-MC ?lter folloWed by Bio-Spin 6 column 
(see Example 1). 

[0122] E. coli strain HB 101 containing plasmid PT0364 
and pPT0375 Were groWn as described in Exam e 1. The 
proteins produced by these cells Were analyse by SDS 
PAGE for detection of reactivity to ELP antibodies. In every 
analysis a strong reactive band Was observed of an apparent 
molecular Weight of approximately 95 kD and 35 kD respec 
tively. 
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PTO364 SELPOK 1000 AA MW 80, 684 

MDPVVLQRRDWENPGVIQLNRLAAHPPFASDPM 

(GAGAGS) 2 GAGAMDPGRYQDLRSHHHHHH 

pPTO375 SELPOK 376 AA MW 31, 445 

MDPVVLQRRDWENPGVTQLNRLAAHPPFASDPM 

[ (GAGAGS) 2 (GVGVP) 4 GKGVP (GVGVP) 3] 5 

(GAGAGS) 2 GAGAMDPGRYQDLRSHHHHHH 

[0123] SELPOK-CS 1 Polymer Construction 
[0124] Plasmid pPT0360 Was digested With Banl REN and 
the digestion fragments Were separated by agarose gel elec 
trophoresis. The SELPOK gene fragment, approximately 300 
bp, Was excised and puri?ed using an Ultrafree-MC ?lter 
folloWed by Bio-Spin 6 column. The puri?ed fragment Was 
ligated With plasmid pPT0134 (see PCT/U 892/ 09485) Which 
had been digested With Fold REN. The enZyme Was heat 
inactivated at 65° C. for 20 minutes and the ligation mixture 
Was then passed through a Probind ?lter. The DNA Was then 
treated With Shrimp Alkaline Phosphatase (SAP), passed 
through a Probind ?lter and then a Bio-Spin 6 column. The 
product of this ligation reaction Was transformed into E. coli 
strain HB101. Transformants Were selected for resistance to 
chloramphenicol. Plasmid DNA from individual transfor 
mants Was puri?ed and analyZed by digestion using Dral 
REN. One plasmid, pPT0363, shoWed the correct restriction 
pattern and Was used for subsequent DNA constructions. 
[0125] One oligonucleotide strand as shoWn in Table 9 Was 
synthesiZed using an Applied Biosystems DNA synthesiZer 
model 381A and a 2000A synthesis column supplied by Glen 
Research. After the synthesis the 141 base DNA fragment Was 
deprotected and cleaved from the column support by treat 
ment in ammonium hydroxide at 55° C. for 6 hours. 

TABLE 9 

12 

(SEQ ID NO: 

(SEQ ID NO: 
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25) 

26) 

[0126] The PCR reaction Was performed using the same 
tWo DNA primer strands as described for the construction of 

the SELP8K gene monomer and the reaction product Was 

puri?ed. The DNA Was then resuspended and digested With 
BsrFl and EcoNl RENs. The digested DNA Was treated With 

Probind and Microcon-30 ?lters, a Bio-Spin 6 column, and 
then ligated With pPT0363 previously digested With BsrFl 
REN, treated With a ProBind ?lter and a Bio-Spin 6 column 
and then further digested With EcoNl REN. The digestion 
fragments Were separated by agarose gel electrophoresis. The 
larger DNA band, approximately 2000 bp, Was excised and 
puri?ed using an Ultrafree-MC ?lter folloWed by Bio-Spin 6 
column (see Example 1). 
[0127] The product of the ligation reaction Was trans 
formed into E. coli strain HB 101. Plasmid DNA from indi 

vidual transformants Was puri?ed and analyZed by digestion 
usingAsp700l and EcoO 1091 RENs. Plasmid DNA from the 
clones shoWing the correct restriction pattern Was then puri 
?ed and analyZed by DNA sequencing. Plasmid pPT0368 
(see Table 10) contained the desired sequence and Was used 
for subsequent DNA constructions. 

5 ‘ —ATGGCAGCGAAAGGGGACCGCCGGTGCGGGCTCTGGTGTTGGAGTGCCGCTGGGTCCTCTTGG (SEQ ID NO: 27) 

CCCAGGTGTCGGTGTTCCGGGTGTAGGCGTTCCGGGAGTTGGTGTACCTGGAAAAGGTTTCCGCTAA 

A 

TABLE 1 O 

BanII 

G GGC TCT GGT GTT GGA GTG CCG CTG GGT CCT CTT GGC CCA GGT GTC (SEQ ID NOS : 28 S: 29) 
C CCG AGA CCA CAA CCT CAC GGC GAC CCA GGA GAA CCG GGT CCA CAG 

G 

P 

S 

L 

G 

G 

V 

P 

V 

V 

GGT GTT CCG GGT GTA GGC GTT CCG GGA GTT GGT GTA CCT GGA AAA 

CCA CAA GGC CCA CAT CCG CAA GGC CCT CAA CCA CAT GGA CCT TTT 

G V P G K 

V P 
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TABLE 10 —continued 

GGT GTT CCG GGG GTA GGT GTG CCG GGC GTT GGA GTA CCA GGT GTA 

CCA CAA GGC CCC CAT CCA CAC GGC CCG CAA CCT CAT GGT CCA CAT 

G V P G V G V P G V 

G V P G V 

BanII 

GGC GTC CCG GGA GCG GGT GCT GGT AGC GGC GCA GGC GCG GGC TCT 

CCG CAG GGC CCT CGC CCA CGA CCA TCG CCG CGT CCG CGC CCG AGA 

G V P G A G A 

A G A G S 

G S G 

[0128] Plasmid DNA pPT0368 Was digested With Banll 
REN, and the digestion fragments Were separeted by agarose 
gel electrophoresis. The SELPOK-CSl gene fragment, 174 
bp, Was excised and puri?ed using an Ultrafree-MC ?lter 
folloWed by Bio-Spin 6 column. The puri?ed fragment Was 
ligated With plasmid pPT0358 Which had been digested With 
Banll REN, then passed through a Probind ?lter and a Micro 
con-30 ?lter. Subsequently the digestion fragments Were 
separated by agarose gel electrophoresis. The plasmid DNA 
Was then excised and puri?ed using an Ultrafree-MC ?lter 
folloWed by Bio-Spin 6 column (see Example 1). 
[0129] The product of this ligation reaction Was trans 
formed into E. coli strain HB101. Transformants Were 
selected for resistance to chloramphenicol. Plasmid DNA 
from individual transformants Was puri?ed and analyZed for 
increased siZe due to SELPOK-CS 1 multiple DNA insertion. 
Several clones Were obtained With insert siZes ranging from 

BioSpin 6 column. The DNA Was then treated With Shrimp 
Alkaline Phosphatase (SAP), passed through a Probind ?lter 
and then a Bio-Spin 6 column (see Example 1). 
[0131] The product of these ligation reactions Was trans 
formed into E. coli strain HB 101. Transformants Were 
selected for resistance to kanamycin. Plasmid DNA from 
individual transformants Was puri?ed and analyZed for 
increased siZe due to SELPOK-CS 1 multiple DNA insertion. 
Several clones Were obtained. Plasmid pPT0370 Was chosen 
to be used for expression of SELPOK-CS 1. 

[0132] SELPOK-CSl Expression Analysis 
[0133] E. coli strain HB 101 containing plasmid pPT0370 
Was groWn as described in Example 1. The proteins produced 
by these cells Were analysed by SDS-PAGE for detection of 
reactivity to ELP antibodies. In every analysis a strong reac 
tive band Was observed With an apparent molecular Weight of 
approximately 90 kD. 

[ (GAGAGS) Z (GVGVP) 1 LGPLGP (GVGVP) 3 GKGVP (GVGVP) 3] 15 

(GAGAGS) 2 GAGAMDPGRYQDLRSHHHHHH 

1000 by to approximately 3000 bp. Plasmid pPT0369 con 
taining 16 repeats of the SELPOK-CS 1 gene monomer Was 
used for subsequent constructions. 
[0130] Plasmid DNA from pPT0369 Was digested With 
Banl REN, folloWed by a Probind ?lter and then the digestion 
fragments Were separated by agarose gel electrophoresis. The 
SELPOK-CSl gene fragment, approximately 2800 bp, Was 

(SEQ ID NO: 30) 

[0134] SELPOK-CS2 Polymer Construction 
[0135] One oligonucleotide strand as shoWn in Table 11 
Was synthesiZed using an Applied Biosystems DNA synthe 
siZer model 381A and a 2000A synthesis column supplied by 
Glen Research. After the synthesis the 147 base DNA frag 
ment Was deprotected and cleaved from the column support 
by treatment in ammonium hydroxide at 55° C. for 6 hours. 

TABLE 1 1 

5‘ —ATGGCAGCGAAAGGGGACCGCCGGTGCGGGCTCTGGTGTTGGAGTGCCAGGCTTCTTTGTACGTG (SEQ ID NO: 31) 

CACGCCGTGGTGTCGGTGTTCCGGGTGTAGGCGTTCCGGGAGTTGGTGTACCTGGAAAAGGTTTCCG 

CT 

AAAGTCCTGCCGT-3 ‘ 

excised and puri?ed by an Ultrafree-MC ?lter and desalted 
using a Bio-Spin 6 column. The puri?ed fragments Were then 
ligated With plasmid pPT0317 Which had been digested With 
Banl REN and then passed through a Probind ?lter and a 

[0136] The PCR reaction Was performed using the same 
tWo DNA primer strands as described for the construction of 
the SELP8K gene monomer and the reaction product Was 
puri?ed. The DNA Was then resuspended and digested With 
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BsrFl and EcoNl RENs. The digested DNA Was treated With 
ProBind and Microcon-30 ?lters, a Bio-Spin 6 column, and 
then ligated With pPT0363 previously digested With BsrFl 
REN, treated With a ProBind ?lter and a Bio-Spin 6 column 
and then further digested With EcoNl REN. The digestion 
fragments Were separated by agarose gel electrophoresis. The 
larger DNA band, approximately 2000 bp, Was excised and 
puri?ed using an Ultrafree-MC ?lter folloWed by Bio-Spin 6 
column. 
[0137] The product of the ligation reaction Was trans 
formed into E. coli strain HBl0l. Plasmid DNA from indi 
vidual transformants Was puri?ed and analyZed by digestion 
using Asp7001 and Draulll RENs. Plasmid DNA from the 
clones shoWing the correct restriction pattern Was then puri 
?ed and analyZed by DNA sequencing. Plasmid pPT0367 
(see Table 12) contained the desired sequence and Was used 
for subsequent DNA constructions. 

14 
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increased siZe due to SELPOK-CS2 multiple DNA insertion. 
Several clones Were obtained With insert siZes ranging from 
200 by to approximately 3000 bp. Plasmid pPT0371 and 
pPT0372, containing 18 and 15 repeats respectively of the 
SELPOK-CS2 gene monomer Were used for subsequent con 
structions. 

[0140] Plasmid DNA from pPT0372 Was digested With 
Banl REN, folloWed by a Probind ?lter, and then the digestion 
fragments Were separated by agarose gel electrophoresis. The 
SELPOK-CS2 gene fragment, approximately 2800 bp, Was 
excised and puri?ed by an Ultrafree-MC ?lter and desalted 
using a Bio-Spin 6 column. The puri?ed fragments Were then 
ligated With plasmid pPT0317 Which had been digested With 
Banl REN, passed through a Probind ?lter and then a Bio 
Spin 6 column. The DNA Was treated With Shrimp Alkaline 
Phosphatase (SAP), passed through a Probind ?lter and then 

TABLE 12 

BanII 

G GGC TCT GGT GTT GGA GTG CCA GGC TTC TTT GTA CGT GCA CGC CGT (SEQ ID NOS: 32 S: 33) 
C CCG AGA CCA CAA CCT CAC GGT CCG AAG AAA CAT GCA CGT GCG GCA 

G S G V G V P 

V A R R 

GGT GTC 

CAG 

GGT 

CCA 

CCC 

GGC 

GGT 

CCA 

GTA GGC GTT 

CAT CCG CAA 

V P 

CCG 

GGC 

GGA 

CCT 

GTT GGT 

CCA 

V 

GGT 
CCA 

GTT 
CAA 

GGG 
CCC 

GTA 
CAT 

GGT GTG CCG 
CCA CAC GGC 

P G 

GGC 
CCG 

GTT 
CAA 

GGA 
CCT 

GTA 
CAT 

P 

BanII 

GCT GGT AGC 

CGA CCA TCG 

G A 

GTC 

CAG 

CCG 

GGC 

GGA 

CCT 

GGT 

CCA 

GGC 

CCG 

GCA 

CGT 

GGC 

CCG 

G 

GTA 

CAT 

CCA 
GGT 

GGC 

CCG 

CCT GGA 

GGA CCT 

G V 

GGT GTA 
CCA CAT 

V P 

TC 

AG 

[0138] Plasmid DNA pPT0367 Was digested With Banll 
REN, treated With a Probind ?lter and a Bio-Spin6 column 
and then the digestion fragments Were separated by agarose 
gel electrophoresis. The SELPOK-CS2 gene fragment, 180 
bp, Was excised and puri?ed using an Ultrafree-MC ?lter 
folloWed by Bio-Spin 6 column. The puri?ed fragment Was 
ligated With plasmid pPT0358 Which had been digested With 
Banll REN and then passed through a Probind ?lter and a 
Microcon-30 ?lter. Subsequently the digestion fragments 
Were separated by agarose gel electrophoresis. The plasmid 
DNA Was then excised and puri?ed using an Ultrafree-MC 
?lter folloWed by Bio-Spin 6 column (see Example 1). 
[0139] The product of this ligation reaction Was trans 
formed into E. coli strain HB 101. Transformants Were 
selected for resistance to chloramphenicol. Plasmid DNA 
from individual transformants Was puri?ed and analyZed for 

a Bio-Spin 6 column (see Example 1). The product of these 
ligation reactions Was transformed into E. coli strain HB 101 . 
Transformants Were selected for resistance to kanamycin. 
Plasmid DNA from individual transformants Was puri?ed and 
analyZed for increased siZe due to SELPOK-CS2 multiple 
DNA insertion. Several clones Were obtained. Plasmid 
pPT0373 Was chosen to be used for the expression of 
SELPOK-CS2. 

[0141] SELPOK-CS2 Expression Analysis 
[0142] E. coli strain HB 101 containing plasmid pPT0373 
Was groWn as described in Example 1. The proteins produced 
by these cells Were analysed by SDS-PAGE for detection of 
reactivity to ELP antibodies. In every analysis a strong reac 
tive band Was observed of an apparent molecular Weight of 
approximately 90 kD. 

pPTO3'73 SELPOK-CSZ 964 AA MW 83, 218 

MDPVVLQRRDWENPGVTQLNRLAAHPPFASDPM 

[ (GAGAGS) 2 (GVGVP) 1 GFFVRARR(GVGVP) 3 GKGVP 

(GAGAGS) 2 GAGAMDPGRYQDLRSHHHHHH (SEQ ID NO: 34) 
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[0143] SELPOK and SELPOK-CSl Puri?cation 
[0144] SELPOK and SELPOK-CSl Were produced in E. 
coli strains pPT0364 and pPT0370, respectively. The prod 
ucts Were puri?ed from the cellular biomass by means of 
cellular lysis, clearance of insoluble debris by polyethylene 
imine precipitation and centrifugation, ammonium sulfate 
precipitation, and anion exchange chromatography. The puri 
?ed products Were analyZed by sodium dodecyl sulfate poly 
acrylamide gel electrophoresis (SDS-PAGE), immunoreac 
tivity With a polyclonal antisera Which reacts With elastin-like 
peptide blocks (ELP antibody), and amino acid analysis. 
[0145] For SELPOK, a protein band of apparent molecular 
Weight 95,000 Was observed by amido black staining of SDS 
PAGE separated and transferred samples and the same band 
reacted With the ELP antibody on Western blots.As expected, 
amino acid analysis (shoWn in Table 13) indicated that the 
product Was enriched for the amino acids glycine (41.0%), 
alanine (8.0%), serine (4.5%), proline (14.1%), and valine 
(26.8%). The product also contained 1.9% lysine. The amino 
acid composition table beloW shoWs the correlation betWeen 
the composition of the puri?ed product and the expected 
theoretical composition as deduced from the synthetic gene 
sequence. 

TABLE 13 

Amino Acid Analysis of Puri?ed SELPOK 

pMoles Mole % Theoretical Mole 

ASX 28.10 0.6 0.7 
GLX 26.90 0.6 0.4 
SER 199.84 4.5 4.0 
GLY 1812.07 41.0 40.5 
HIS 28.45 0.6 0.7 
ARG 20.49 0.5 0.5 
THR 0 0.0 0.1 
ALA 355.29 8.0 8.0 
PR0 623.22 14.1 15.0 
TYR' 8.47 0.2 0.1 
VAL 1183.63 26.8 27.3 
MET 17.21 0.4 0.3 
ILE 4.83 0.1 0.0 
LEU 20.66 0.5 0.4 
PHE 7.57 0.2 0.1 
LYS 84.02 1.9 1.8 

Total 4420.75 

[0146] For SELPOK-CSl, a protein band of apparent 
molecular Weight 90,000 Was observed by amido black stain 
ing of SDS-PAGE separated and transferred samples and the 
same band reacted With the ELP antibody on Western blots. 
As expected, amino acid analysis (shoWn in Table 14) indi 
cated that the product Was enriched for the amino acids gly 
cine (40.0%), alanine (7.6%), serine (5.2%), proline (16.3%), 
and valine (23.3%). The product also contained 1.5% lysine. 
The amino acid composition table beloW shoWs the correla 
tion betWeen the composition of the puri?ed product and the 
expected theoretical composition as deduced from the syn 
thetic gene sequence. 

TABLE 14 

Amino Acid Analysis of Puri?ed SELPOK-CSI 

pMoles Mole % Theoretical Mole 

ASX 16.43 0.7 0.7 
GLX 10.59 0.5 0.4 
SER 119.96 5.2 3.6 
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TABLE 14-continued 

Amino Acid Analysis of Puri?ed SELPOK-CSI 

pMoles Mole % Theoretical Mole 

GLY 924.51 40 O 39.6 
HIS 13.85 0.6 0.7 
ARG 11.26 0.5 0.5 
THR O 0.0 0.1 
ALA 175.07 7.6 7.3 
PR0 376.40 16.3 16.7 
TYR 2.49 0.1 0.1 
VAL 537.96 23.3 24.5 
MET 5.19 0.2 0.3 
ILE O 0.0 0.0 
LEU 76.62 3.3 0.4 
PHE 2.58 0.1 0.1 
LYS 35.68 1.5 1.6 

Total 2308.59 

Example 4 

Evaluation of CLP6 and SELP8K Properties 

[0147] Test Procedures 
[0148] Tiseel Adhesive Systems. Rat skins Were Washed 
With Water, blotted dry and cut into strips about 1 cm><4 cm. 
Adhesive from Tiseel Kit VH (Osterreiches Institute Fur Hae 
moderivate, GmbH, A-1220, V1enna, Austria) Was applied 
according to the manufacturer’s speci?cations. 
[0149] Rat Skin Lap Shear Tensile Strength Assay. Adhe 
sive formulations Were tested for their ability to bond skin 
together using an in vitro rat skin lap shear tensile strength 
assay. Adhesives Were applied to the subcutaneous side of a 
strip of harvested rat skin. A second skin strip Was overlapped 
in order to produce an approximate bonding surface of 1 cm2. 
A 100 gram Weight Was applied to the lap joint and the 
adhesive Was alloWed to cure, usually at room temperature for 
a period of 2 hours and Wrapped in plastic to prevent desic 
cation. The lap joint Was mounted on an Instron Tensile Tester 
or similar apparatus and tensile force applied. With the 
Instron, tensile force Was typically applied at a constant strain 
rate of 2 inches per minute. The load at failure Was recorded 
and normaliZed to the measured area of overlap. 
[0150] Adhesive Systems With Glutaraldehyde. Rat skins 
Were Washed With Water, blotted dry, and cut into strips about 
1 cm><4 cm. Glutaraldehyde Was distilled, stored froZen and 
thaWed immediately before use. Bovine serum albumin Was 
dissolved according to Goldman’s speci?cations (Goldman, 
WO94/01508). CLP6 Was dissolved at 600 mg/mL in 150 
mM HEPES+30 mM NaCl and adjusted to pH 7.5. SELP8K 
Was dissolved at the concentrations indicated in Table 15 in 
150 mM HEPES+45 mM NaCl and adjusted to pH 8. The 
indicated aliquots of the solution of protein Was spread over 
both skins before the addition of the glutaraldehyde solution. 
The second skin Was overlaid, rubbed across the loWer skin to 
distribute the components, adjusted to an overlap area of ca. 1 
cm2, covered With plastic Wrap to prevent drying, and cured 
for 2 hours at 250 C. under a compressive force of 100 g/cmZ. 
[0151] Adhesive S stems With 16-(Diisocyanto)hexane. 
Rat skins Were Washed With Water, blotted dry, and cut into 
strips about 1 cm><4 cm. A solution of SELP8K Was made up 
in the speci?ed buffer at a concentration of ca. 50% W/W. A 
1:1 v/v mixture of hexamethylene diisocyanate (HMDI) and 
Pluronic L-61 surfactant Was prepared. A 20 [LL aliquot of 
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SELP8K solution Was applied to one skin followed by a 2 [1L 
aliquot of the diluted HMDI. The second skin Was overlaid, 
rubbed across the loWer skin to mix the components, adjusted 
to ca. 1 cm2 overlap, covered With plastic Wrap to prevent 
drying, and cured for 2 hours at 250 C. under a compressive 
force of 100 g/cm2. 
[0152] Results 
[0153] In order to provide a baseline for subsequent adhe 
sive experiments, ethyl cyanoacrylate and Tiseel ?brin glue 
Were evaluated. These results are reported in the following 
table. 

TABLE 15 

Base Case Lap Shear Tensile Strengths 

Tensile 
Strength 

Reagent Dose gem2 

Normal Saline not applicable 13 r 4 
Tiseel Fibrin Glue ~25 mg 261 r 51 
Ethyl cyanoacrylate 25 mg 385 r 119 

[0154] All data reported are based on at least three test 
specimens. All test results are based on a tWo hour cure time. 

[0155] The subject compositions Were compared to the pro 
teinaceous adhesive system described by Goldman (W094/ 
01508). Ten microliters of glutaraldehyde solution of the 
indicated concentration Was added in all cases. The folloWing 
table indicates the results. 

TABLE 16 

Lap Shear Tensile Strength of Glutaraldehyde Cured 
Adhesive Systems 

Tensile 
Strength 

Reagent Dose g/cm2 

Ovalburnin + 10 [IL 2.5N 6 mg/2.5 mg 50 r 10 
Glutaraldehyde 
(30p) 200 mg/mL 
Atelocollagen(denat) + 10 [IL 3 mg/2.5 mg 148 r 47 
Glutaraldehyde 2.5N 
(25 [IL) 125 mg/mL 
CLP6 + 10 [IL 24 mg2.5 mg 306 z 98 
Glutaraldehyde 2.5N 
(40 [IL) 600 mg/mL 
CLP6 + 10 [IL 12 mg2.5 mg 171 z 42 
Glutaraldehyde 2.5N 
(20 [IL) 600 mg/mL 
SELP8K (30 pL) + 
Glutaraldehyde 
600 mgrnL 1.0N 18 mg/l mg 545 z 153 
300 mgmL 1.0N 9 mg/l mg 452 r 54 
300 mgmL(impure) 1.0N 9 mg/l mg 234 r 51* 
300 mgmL(impure) 0.1N 9 mg/0.1 mg 210 r 57* 
287 mgmL 2.5N 7 mg/2.5 mg 374 r 90 
100 mgmL 1.0N 3 mg/l mg 361 r 47 
100 mgmL 2.5N 3 mg12.5 mg 274 r 17 

*This preparation of SELP8K Was known to be impure and is estimated to 
yield adhesive strength about one-half of that of the more completely puri 
?ed material. 

[0156] The data in the above table demonstrate that the 
subject polymers are able to provide superior adhesive capa 
bilities When used in the glutaraldehyde cured system under 
conditions comparable to collagen and ovalbumin. Despite 
the loWer number of amino groups available for crosslinking, 
the SELP8K polymer provides the highest tensile strengths in 

Jan. 29, 2009 

the rat skin lap shear results. The above results demonstrate 
that signi?cant adhesion can be obtained at even loW doses of 
glutaraldehyde doWn to 100 ug/cm2. The quality and purity of 
the glutaraldehyde is knoWn to be critical to obtain good 
crosslinking (Rujigrok, DeWijn, Boon, .1. Mali: Sci. Mair. 
Med. 5:80-87 (1994); Whipple, Ruta, J. Org. Chem. 3911666 
1668 (1974). The glutaraldehyde used in these experiments 
Was distilled, diluted to 2.5N and stored at —200 C. until used. 
[0157] In the next study, hexamethylene diisocyanate Was 
employed. It Was found necessary to add an equal volume of 
diluent to obtain good adhesion, since the curing Was other 
Wise too fast. The folloWing table indicates the results, Where 
n:12. 

TABLE 17 

Lap Shear Tensile Strength of HMDI Derived Adhesive System 

Tensile 
Reagent Dose Strength gcm2 

SELP8K 20 [L x 50% W/W 10 mg 585 z 203 
HMDI/L-61 1:1v/v 2 [1L x 50% v/v 1 mg 
Buffer: (100 [1L Water + 
10 [IL 1M KHCO3) 
SELP8K 20 [L x 50% W/W 10 mg 503 z 21 
HMDI/L-61 1:1v/v 2 [1L x 50% v/v 1 mg 
Buffer: (100 [IL 50 mM 
PO, (pH 6.8) + 5 [1L 1M 
KHCO3) 
SELP8K 20 [L x 50% W/W 10 mg 451 z 67 
HMDI/L-61 1:1v/v 2 [1L x 50% v/v 1 mg 
Buffer: (100 [IL 50 mM 
P04 (pH 6.8) + 10 [IL IM 
KHCO3) 
SELP8K 20 [L x 50% W/W 10 mg 362 z 71 
HMDI/L-61 1:1v/v 2 [1L x 50% v/v 1 mg 
Buffer: (100 [IL 50 mM 
P04 (pH 6.8)) 

Example 5 

Evaluation of SELPOK (SEOK) AND SELPOK 
CS1 Properties 

[0158] A number of formulations Were prepared using dif 
ferent components for the formulation and determining the 
lap shear strength. In addition a variety of protocols Were used 
to prepare the protein dope to provide adhesion. These pro 
tocols are set forth as folloWs: 

Protocol A. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Arnine 13.1 :1 

[0159] Preparation of Protein Dope 
[0160] The designation 1:2 refers to the nominal ratio of 
amino groups derived from lysine to amino groups derived 
from SEOK. The designation 1 :1 refers to the nominal ratio of 
carbonate ions per amino group from SEOK plus lysine. The 
designation 13.111 refers to the nominal ratio of isocyanate 
groups to amine groups from SEOK plus lysine 
[0161] A stock buffer solution Was prepared by dissolving 
lysine hydrochloride 0.0157 g, potassium carbonate 0.0710 g, 
and Evans Blue dye 0.00371 g in 7.526 mL of deioniZed 
Water. Stock buffer, 620.6 [.LL,W21S added to SEOK, 127.1 mg 
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in an Eppendorf tube. The mixture Was agitated on a vortex 
mixer until complete dissolution occurred. The solution Was 
centrifuged at about 5000 rpm for 30-60 seconds to separate 
air bubbles. The solution Was then loaded into a 1 mL syringe 
for dispensing onto the test skins. The optional inclusion of 
dye in the protein dope serves to more readily visualiZe the 
distribution of the dope on the test skins. 
[0162] Preparation of HMDI Setting Agent 
[0163] The HMDI setting agent Was prepared by dissolving 
Sudan Red dye, 1.75 mg, in neat 1,6-diisocyanatohexane, 
1.00 g. The optional inclusion of dye in the setting agent 
serves to more readily visualiZe the distribution of the setting 
agent on the test skins. 

[0164] Preparation of Rat Skins 
[0165] Freshly harvested rat hides Were stored froZen at 
—20° C. Just before use the hides Were thaWed and cut into 1 
cm><3 cm strips. All fascia Was removed from the strips of skin 
With a raZor blade. Strips of skin Were selected Which Were 
uniform in Width and thickness. Prepared rat skin samples 
Were temporarily stored at 37° C. betWeen gauZe pads soaked 
With PBS and contained in a plastic bag to prevent drying. 
[0166] Application of Adhesive 
[0167] In a 37° C. Warm room, protein dope, 15 pL, Was 
applied to each of tWo strips of rat skin, 30 [LL total, and 
aggressively Worked into about a 1 cm2 area of each piece of 
skin With a stainless steel spatula. A total of 1.8 pL of HMDI 
setting agent Was applied to the skins, apportioned so that 3 
parallel stripes of HMDI Were applied to the ?rst skin and tWo 
stripes in an X-pattem Were applied to the second skin. The 
skins Were immediately assembled to form the lap joint, 
covered With a piece of plastic ?lm to prevent drying, and 
compressed under a 100 g Weight. The joint Was alloWed to 
cure for 15 minutes at 37° C. The length and Width of the lap 
joint Was measured to 1 mm using a ruler immediately before 
tensile testing on an lnstron Model 55 test machine. The 
crosshead speed Was set at 25 mm per minute. Lap shear 
tensile strengths Were reported in units of g/cm2. Means and 
standard deviations Were calculated for measurements con 
ducted at least in triplicate. 

Protocol B. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Amine 14.5:1 

[0168] The steps of Protocol A Were folloWed, except that 
bubbles Were removed from the protein dope in a tWo stage 
process. After centrifugation, the dope Was exposed to 
reduced pressure, 26 in-Hg, for 30 minutes. The volume of 
HMDI setting agent applied to the lap joint Was 2.0 uL. 

Protocol C. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Amine 7.3:1 

[0169] The steps of Protocol B Were folloWed, except that 
the composition of the HMDI setting agent Was altered. 
Sudan Red dye, 5.2 mg Was dissolved in 10.735 g of neat 
Pluronic surfactant L-31 by heating to 100° C. for 10minutes. 
After ‘cooling to room temperature, an equal Weight of 1,6 
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diisocyanatohexane Was added to this mixture. The mixture 
Was prepared immediately before use. 

Protocol D1 SEOK 17% W/W 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Amine 14.5 :1 

[0170] The steps of Protocol B Were folloWed, except that 
Pluronic surfactant L-31, 4.57 mg, Was added to SEOK, 74.6 
mg. The ratio of SEOK to lysine buffer solution remained as 
described in Protocol B. 

Protocol D2 SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium carbonate 1:1 
Isocyanate:Amine 14.5 :1 

[0171] The steps of Protocol B Were folloWed, except that 
Pluronic surfactant L-31, 1.07 mg, Was added to SEOK, 74.7 
mg. The ratio of SEOK to lysine buffer solution remained as 
described in Protocol B. 

Protocol E. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium carbonate 1:1 
Isocyanate:Amine 7.3 :1 

[0172] The steps of Protocol B Were folloWed, except that 
in Protocol E, 5.1 mg Pluronic L-31 Was added to 85.0 mg 
SEOK. The composition of the HMDI setting agent Was also 
altered. Sudan Red dye, 5 .2 mg Was dissolved in 10.735 g neat 
Pluronic surfactant L-31 by heating to 100° C. for 10 minutes. 
After cooling to room temperature, an equal Weight of 1,6 
diisocyanatohexane Was added to this mixture. The mixture 
Was prepared immediately before use. 

Protocol F. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Sodium Borate pH 9.5 
Isocyanate:Amine 14.5 :1 

[0173] The steps of Protocol B Were folloWed, except that a 
stock buffer solution Was prepared by dissolving lysine 
hydrochloride 0.46 g, boric acid 1.24 g in 92.2 mL of deion 
iZed Water. The pH of this solution Was adjusted to pH 9.52 by 
the addition of 7.8 ml, of 2 N sodium hydroxide solution. 
Evans Blue dye, 0.50 mg/mL, Was dissolved in this buffer, 
and the solution ?ltered through a 0.45 micron syringe ?lter. 
Stock buffer, 333.5 uL, Was added to SEOK, 68.3 mg in an 
Eppendorf tube. The mixture Was agitated on a vortex mixer 
until complete dissolution occurred. 

Protocol G. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium Borate pH 9.5 
Isocyanate:Amine 14.5 :1 
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[0174] The steps of Protocol B Were followed, except that a 
stock buffer solution Was prepared by dissolving lysine 
hydrochloride, 0.46 g, and boric acid, 1.24 g in 99.1 mL of 
deionized Water. The pH of this solution Was adjusted to pH 
9.52 by the addition of 0.9 ml, of 10 N potassium hydroxide 
solution. Evans Blue dye, 0.50 mg/mL, Was dissolved in this 
buffer, and the solution ?ltered through a 0.45 micron syringe 
?lter. Stock buffer, 367.2 uL, Was added to SEOK, 75.2 mg in 
an Eppendorf tube. The mixture Was agitated on a vortex 
mixer until complete dissolution occurred. 

Protocol H. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Lithium Carbonate pH 9.5 
Isocyanate:Amine 14.5:1 

[0175] The steps of Protocol B Were folloWed, except that 
the stock buffer solution Was prepared by dissolving lysine 
hydrochloride, 42.7 mg, in deioniZed Water, 10.0 mL, and 
adding lithium carbonate, 14.3 mg, to pH 9.55. Evans Blue 
dye, 0.50 mg/mL, Was dissolved in this buffer, and the solu 
tion ?ltered through a 0.45 micron syringe ?lter 

Protocol 1. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Sodium Carbonate pH 9.5 
Isocyanate:Amine 14.5:1 

[0176] The steps of Protocol B Were folloWed, except that 
the stock buffer solution Was prepared by dissolving sodium 
carbonate, 1.06 g, and lysine hydrochloride, 0.46 g, in 99.2 
ml, of deioniZed Water. Using concentrated hydrochloric acid 
solution 0.8 mL, the solution Was adjusted to pH 9.54. Evans 
Blue dye, 0.50 mg/mL, Was dissolved in this buffer, and the 
solution ?ltered through a 0.45 micron syringe ?lter 

Protocol 1. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Potassium Carbonate pH 9.5 
Isocyanate:Amine 14.5:1 

[0177] The steps of Protocol B Were folloWed, except that 
the stock buffer solution Was prepared by dissolving potas 
sium carbonate, 1.38 g, and lysine hydrochloride, 0.46 g, in 
99.1 mL of deioniZed Water. Using concentrated hydrochloric 
acid solution, 0.9 mL, the solution Was adjusted to pH 9.53. 
Evans Blue dye, 0.50 mg/mL, Was dissolved in this buffer, 
and the solution ?ltered through a 0.45 micron syringe ?lter. 
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dye, 0.50 mg/mL, Was dissolved in this buffer, and the solu 
tion ?ltered through a 0.45 micron syringe ?lter 

Protocol L. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Calcium Carbonate 1:1 
Isocyanate:Amine 14.5 :1 

[0179] The steps of Protocol B Were folloWed, except that 
the stock buffer solution Was prepared by dissolving lysine 
hydrochloride, 20.8 mg, in deioniZed Water, 10.0 mL, and 
adding calcium carbonate, 68.6 mg. Evans Blue dye, 0.50 
mg/mL, Was dissolved in this buffer, and the solution ?ltered 
through a 0.45 micron syringe ?lter. 

Protocol M. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium Carbonate pH 9.0 
Isocyanate:Amine 14.5 :1 

[0180] The steps of Protocol B Were folloWed, except that 
the stock buffer solution Was prepared by dissolving lysine 
hydrochloride, 103.9 mg, in deioniZed Water, 50.0 mL, and 
adding potassium carbonate, 473.3 mg. Using concentrated 
hydrochloric acid, this buffer Was adjusted to pH 9.00. 

Protocol N1. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium Carbonate 1:1 
Isocyanate:Amine 14.5 :1 
Iodide:Carbonate 1 :2 

[0181] The steps of Protocol B Were folloWed, except that 
potassium iodide, 5.70 mg/mL Was added to the stock buffer 
solution. The nominal pH of this dope Was about pH 11. 

Protocol N2. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium Carbonate pH 9.0 
Isocyanate:Amine 14.5 :1 
Iodide:Carbonate 1 :2 

[0182] The steps of Protocol B Were folloWed, except that 
potassium iodide, 5.70 mg/mL Was added to the stock buffer 
solution. Using concentrated hydrochloric acid, this buffer 
Was adjusted to pH 9.00. 

Protocol K. SEOK 17% W/W 
Lysine hydrochloride 1:2 
Cesium Carbonate pH 9.5 
Isocyanate:Amine 14.5:1 

[0178] The steps of Protocol B Were folloWed, except that 
the stock buffer solution Was prepared by dissolving lysine 
hydrochloride, 42.7 mg, in deioniZed Water, 10.0 mL, and 
adding cesium carbonate, 55.2 mg, to pH 9.52. Evans Blue 

Protocol 01. SEOK 17% W/W 
Lysine hydrochloride 1 :2 
Potassium Carbonate 1:1 
Isocyanate:Amine 14.5 :1 
Glucose 1.09 M 

[0183] The steps of Protocol B Were folloWed, except that 
glucose, 1.2755 g, Was added to the stock buffer solution, 
6.495 mL. This solution Was pH 10.5. 
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Protocol 02. SEOK 17% w/w 
Lysine hydrochloride 1:2 
Potassium Carbonate pH 9.0 
Isocyanate:Amine 14.5:1 
Glucose 1.09 M 

[0184] The steps of Protocol B were followed, except that 
glucose, 1.2755 g, was added to the stock buffer solution, 
6.495 mL. Using concentrated hydrochloric acid, this buffer 
was adjusted to pH 9.00. 

Protocol P1. SEOK 17% w/w 
Lysine hydrochloride 1:2 
Potassium Carbonate 1:1 
Isocyanate:Amine 14.5:1 
Urea 1.5 M 

[0185] The steps of Protocol B were followed, except that 
urea, 0.5226 g, was added to the stock buffer solution, 5.807 
mL, nominally 1.5 M. This solution was pH 11. 

Protocol P2. SEOK 17% w/w 
Lysine hydrochloride 1:2 
Potassium Carbonate pH 9.00 
1socyanate:Amine 14.5:1 
Urea 1.5 M 

[0186] The steps of Protocol B were followed, except that 
urea, 0.5226 g, was added to the stock buffer solution, 5.807 
mL. Using concentrated hydrochloric acid, this buffer was 
adjusted to pH 9.00. 

Protocol Q. SEOK 17% w/w 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Amine 7.3 

[0187] The steps of Protocol B were followed, except that 
the volume of the HMDI setting agent was reduced to 1.0 uL. 

Protocol R. SEOK 17% w/w 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Amine 6.7; 6.5; 6.1:1 

[0188] The steps of Protocol B were followed, except that 
the HMDI setting agent was diluted 1:1 w/w, 1:3 w/w, or 1:5 
w/w with toluene. The volume of diluted HMDI setting agent 
applied to the lap joint was 2 uL, 4 uL, or 6 uL, respectively. 

Protocol S. SEOK 17% w/w 
Lysine hydrochloride 1:2 
Potassium carbonate 1:1 
Isocyanate:Amine 6.1; 5.7; 5.6:1 
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[0189] The steps of Protocol B were followed, except that 
the HMDI setting agent was diluted 1:1 w/w, 1:3 w/w, or 1:5 
w/w with methylcyclohexane. The volume of diluted HMDI 
setting agent applied to the lap joint was 2 uL, 4 uL, or 6 uL, 
respectively. 

Protocol T. SEOK 17% w/w 
Lysine hydrochloride 1 :2 
Potassium carbonate 1:1 
Isocyanate:Amine 8.5; 9.4; 9.7:1 

[0190] The steps of Protocol B were followed, except that 
the HMDI setting agent was diluted 1:1 w/w, 1:3 w/w, or 1:5 
w/w with chloroform. The volume of diluted HMDI setting 
agent applied to the lap joint was 2 uL, 4 uL, or 6 uL, respec 
tively. 

Protocol U. SEOK 17% w/w 
Lysine hydrochloride 1 :2 
Potassium carbonate 1:1 
Isocyanate:Amine 8.0; 8.7; 7.8:1 

[0191] The steps of Protocol B were followed, except that 
the HMDI setting agent was diluted 1:1 w/w, 1:3 w/w, or 1:5 
w/w with methylene chloride. The volume of diluted HMDI 
setting agent applied to the lap joint was 2 uL, 4 uL, or 6 uL, 
respectively. 

Protocol V1. SEEK 33% w/w 
Lysine hydrochloride 1 :1 
Potassium carbonate 3 :2 
Isocyanate:Amine 50:1 

[0192] Preparation of Protein Dope 
[0193] A stock solution of buffer was prepared by dissolv 
ing lysine hydrochloride, 9.14 mg/mL, potassium carbonate 
41.6 mg/mL, and Evans Blue dye, 0.50 mg/mL deionized 
water. The mixture was ?ltered through a glass wool plug 
before use. SEEK, 113.9 mg, and 227.8 mg of stock buffer 
were placed in a Eppendorf vial and agitated on a vortex 
mixer until dissolved. Bubbles were removed from this solu 
tion by centrifugation at 5000 rpm for 30 seconds. This pro 
tein dope solution was then loaded into a 1 .00 mL syringe and 
let stand for 20 minutes at room temperature before dispens 
ing to the lap joint test specimens. 
[0194] Preparation of HMDI Setting Agent 
[0195] The HMDI setting agent was prepared by dissolving 
Sudan Red dye, 3.75 mg, in Pluronic surfactant L-61, and 
adding an equal weight of 1,6-diisocyanatohexane. 
[0196] Preparation of Rat Skins 
[0197] Freshly harvested rat hides were stored froZen at 
—200 C. Just before use the hides were thawed and cut into 1 
cm><3 cm strips. Strips were selected which were uniform in 
width and thickness and which were devoid of loose fascia 
and muscle tissue. These rat skin samples were temporarily 
stored at 370 C. between gauze pads soaked with PBS and 
contained in a plastic bag to prevent drying prior to use. 
[0198] Application of Adhesive 
[0199] Protein dope, 35 uL, was applied to one end of a rat 
skin and worked into about a 1 cm2 area with 5-10 strokes of 




















































