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RECOMBINANT GELATINS IN VACCINES 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/710,249, ?led 10 Nov. 2000 Which 
claims the bene?t of US. Provisional Patent Application 
Nos. 60/204,437, ?led 15 May 2000, and 60/165,114, ?led 
12 Nov. 1999, the speci?cations of Which are incorporated 
herein by reference in their entireties. 

FIELD OF THE INVENTION 

[0002] This invention relates to vaccines, and, speci?cally, 
to vaccine formulations comprising recombinant gelatin. 

BACKGROUND OF THE INVENTION 

[0003] Vaccines are preparations of killed or modi?ed 
microorganisms, living attenuated organisms, or living fully 
virulent organisms, or any other infective agent, including, 
but not limited to peptides, proteins, biological macromol 
ecules, or nucleic acids, natural, synthetic, or semi-synthetic, 
capable of stimulating an immune response When adminis 
tered to a subject. Vaccines are provided in order to prevent 
or temper the severity of subsequent exposure to or infection 
With a similar microorganism. In live attenuated vaccines, 
the microorganism has typically been treated to produce an 
avirulent strain capable of inducing protective immunity. In 
inactivated vaccines, the infectious microbial nucleic acid 
components are destroyed prior to administration, Without 
affecting the antigenicity or immunogenecity of the viral 
coat or bacterial outer membrane proteins of the microor 
ganism. 

[0004] Vaccination has accomplished radical changes in 
global health. For example, in 1980, the World Health 
OrganiZation declared smallpox eradicated as a result of 
international vaccination efforts. Diphtheria, Whooping 
cough, and measles, responsible for high rates of childhood 
mortality, are the focus of established infant and childhood 
immuniZation programs in industrialiZed countries, and 
there are continuing efforts to establish such programs in 
developing countries. ImmuniZations protect children 
against diseases including polio, measles, mumps, rubella 
(German measles), diphtheria, pertussis (Whooping cough), 
chicken pox, hepatitis B, and Haemophilus in?uenzae type 
b. Current immuniZation schedules can start Within 12 hours 
of birth, and require multiple immuniZations during the ?rst 
tWo years. Administration of vaccines can occur at various 
points throughout a person’s lifetime, for example, seasonal 
vaccines, e.g., “?u vaccine,” and vaccines administered to 
travelers, etc. 

[0005] Vaccines can be administered in a number of Ways. 
Currently, vaccines are primarily delivered through injection 
or oral administration. Vaccine formulations can include, for 
example, adjuvants to enhance the immune response, so that 
less vaccine is needed to produce the desired protective 
immune response. Various excipients and carriers, contrib 
uting to the consistency and deliverability of the vaccine, 
can also be provided. 

[0006] Vaccines can include various components included 
Within the vaccine formulation to maintain the stability of 
the vaccine. Such stabiliZers are intended to maintain the 
integrity of the vaccine, preserving the vaccine’s ability to 
elicit a protective immune response upon administration. 
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Stabilizers used in vaccine formulations include, but are not 
limited to, chemical and biological agents that perform a 
variety of functions, such as, for example, detergents, buff 
ers, salts, sugars, and various protein components, including 
gelatin, speci?cally, hydrolyZed gelatin. 

Manufacture of Gelatin 

[0007] Gelatin is a derivative of collagen, a principal 
structural and connective protein in animals. Gelatin is 
derived from denaturation of collagen and contains polypep 
tide sequences having Gly-X-Y repeats, Where X and Y are 
most often proline and hydroxyproline residues. These 
sequences contribute to triple helical structure and affect the 
gelling ability of gelatin polypeptides. Currently available 
gelatin is extracted through processing of animal hides and 
bones, typically from bovine and porcine sources. The 
biophysical properties of gelatin make it a versatile material, 
Widely used in a variety of applications and industries. 
Gelatin is used, for example, in numerous pharmaceutical 
and medical, photographic, industrial, cosmetic, and food 
and beverage products and processes of manufacture. Gela 
tin is thus a commercially valuable and versatile product. 

[0008] Gelatin is typically manufactured from naturally 
occurring collagen in bovine and porcine sources, in par 
ticular, from hides and bones. In some instances, gelatin can 
be extracted from, for example, piscine, chicken, or equine 
sources. RaW materials of typical gelatin production, such as 
bovine hides and bones, originate from animals subject to 
government-certi?ed inspection and passed ?t for human 
consumption. There is concern over the infectivity of this 
raW material, due to the presence of contaminating agents 
such as transmissible spongiform encephalopathies (TSEs), 
particularly bovine spongiform encephalopathy (BSE), and 
scrapie, etc. (See, e.g., RohWer, R. G. (1996), Dev Biol 
Stand 88:247-256.) Such issues are especially critical to 
gelatin used in pharmaceutical and medical applications. 

[0009] Recently, concern about the safety of these mate 
rials, a signi?cant portion of Which are derived from bovine 
sources, has increased, causing various gelatin-containing 
products to become the focus of several regulatory measures 
to reduce the potential risk of transmission of bovine spongi 
form encephalopathy (BSE), linked to neW variant 
CreutZfeldt-Jakob disease (nvCJD), a fatal neurological dis 
ease in humans. There is concern that puri?cation steps 
currently used in the processing of extracting gelatin from 
animal tissues and bones may not be suf?cient to remove the 
likelihood of infectivity due to contaminating SE-carrying 
tissue (i.e., brain tissue, etc.). US. and European manufac 
turers specify that raW material for gelatin to be included in 
animal or human food products or in pharmaceutical, medi 
cal, or cosmetic applications must not be obtained from a 
groWing number of BSE countries. In addition, regulations 
specify that certain materials e.g., bovine brain tissue, are 
not used in the production of gelatin. 

[0010] Current production processes involve several puri 
?cation and cleansing steps, and can require harsh and 
lengthy modes of extraction. The animal hides and bones are 
treated in a rendering process, and the extracted material is 
subjected to various chemical treatments, including pro 
longed exposure to highly acidic or alkaline solutions. 
Numerous puri?cation steps can involve Washing and ?l 
tration and various heat treatments. Acid demineraliZation 
and lime treatments are used to remove impurities such as 
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non-collagenous proteins. Bones must be degreased. Addi 
tional Washing and ?ltration steps, ion exchanges, and other 
chemical and sterilizing treatments are added to the process 
to further purify the material. Furthermore, contaminants 
and impurities can still remain after processing, and the 
resultant gelatin product must thus typically be clari?ed, 
puri?ed, and often further concentrated before being ready 
for use. 

[0011] Commercial gelatin is generally classi?ed as type A 
or type B. These classi?cations re?ect the pre-treatment 
extraction sources receive as part of the extraction process. 
Type A is generally derived from acid-processed materials, 
usually porcine hides, and type B is generally derived from 
alkaline- or lime-processed materials, usually bovine bones 
(ossein) and hides. 

[0012] In extracting type A gelatin, the process generally 
involves subjecting fresh or froZen porcine hides to succes 
sive Washings With Water and treatments With dilute acids. 
The acid-treated skins are Washed again and are then subject 
to repeated extraction steps in Which they are treated With 
hot Water, partially hydrolyZing the collagen present. The 
resultant extracts, dilute solutions of gelatin, are ?ltered and 
evaporated, and the resultant concentrates are alloWed to 
cool or chilled to a gel. The gel is subsequently treated in 
drying tunnels, or by continuous dryers or other drying 
devices. 

[0013] In the limed process, type B gelatin is derived from 
donor hides and skin trimmings Washed and then treated 
With lime. The lime treatment can take as long as from one 
to three months, and is usually around sixty days. The limed 
hides are Washed and treated With dilute acids. The hides are 
then hydrolyZed With hot Water and the resulting extracts are 
processed as described above for the acid-treatment process. 

[0014] Type B gelatin can also be processed from ossein 
sources. The hard bones are Washed, degreased, and leached 
With successive treatments of dilute acids, such as hydro 
chloric acid. The acid treatment reacts With the mineral 
contents of bone, Which are removed along With the acidic 
solution, leaving ossein, or demineraliZed bones. This 
organic bone matter, Washed free of residual acid, is dried 
for storage or immediately limed. After liming, ossein is 
subsequently treated as described above for the production 
of gelatin from bovine hides. In all cases, after ?nal ?ltering, 
demineraliZation, concentration, and drying steps, the result 
ant gelatin product is divided into batches, subjected to 
various physical, chemical, and bacteriological tests to 
determine grade and purity, and ground and blended accord 
ing to commercial requirements. In both type A and B 
extraction processes, the resultant gelatin product typically 
comprises a mixture of gelatin molecules, in siZes of from a 
feW thousand up to several hundred thousand Daltons. 

[0015] Fish gelatin, classi?ed as gelling or non-gelling 
types, and typically processed as Type A gelatin, is also used 
in certain commercial applications. Gelling types are usually 
derived from the skins of Warm Water ?sh, While non-gelling 
types are typically derived from cold Water ?sh. Fish gela 
tins have Widely varying amino acid compositions, and 
differ from animal gelatins in having typically loWer pro 
portions of proline and hydroxyproline residues. In contrast 
to animal gelatins, ?sh gelatins typically remain liquid at 
much loWer temperatures, even at comparable average 
molecular Weights. As With other animal gelatins, ?sh gela 
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tin is extracted by treatment and subsequent hydrolyZation 
of ?sh skin. Again, as With animal extraction processes, the 
process of extracting ?sh gelatin results in a product that 
lacks homogeneity. 

Gelatin in Vaccines 

[0016] Anaphylactic reactions to measles, mumps, and 
rubella vaccines, and to the combined measles-mumps 
rubella (MMR) vaccine, have been reported. (Sakaguchi and 
Inouye, 2000, Vaccine, 18:2055-2058; Sakaguchi et al., 
1999,JAllergy Clin Immunol, 104:695-699.) Despite specu 
lation that these allergic reactions Were caused by allergy to 
egg proteins present in the vaccines, anaphylactic reactions 
also have been reported to occur after administration of the 
MMR vaccine in children Who tolerated eggs. It has been 
found that most of the reactions to live vaccines are caused 
by an acquired sensitivity to the bovine gelatin included in 
these vaccines. (See, e.g., Nakayama et al. (1999) JAllergy 
Clin Immunol 103:321-325, and references therein; and 
Sakaguchi et al. (1999) Immunology, 96:286-290.) 

[0017] Studies have revealed that anaphylaxis in children 
in response to live attenuated viral vaccines containing 
gelatin is caused by the gelatin, and that gelatin-containing 
diphtheria-tetanus-acellular pertussis (DTaP) vaccines 
appear to sensitiZe children to gelatin. Speci?cally, a strong 
causal relationship has been identi?ed betWeen DTaP vac 
cines containing gelatin, anti-gelatin IgE production, and the 
risk of anaphylaxis folloWing subsequent immuniZation With 
live viral vaccines containing bovine gelatin. (Sakaguchi 
and Inouye, supra; Nakayama et al. supra.) 

[0018] Anaphylactic reactions to MMR vaccines Which 
include gelatin as a stabiliZer have been reported and have 
been shoWn to be caused by the bovine gelatin included in 
these vaccines. Speci?cally, IgE reactivity to (X1 and (X2 
chains of bovine type I collagen has been identi?ed in 
children With bovine gelatin allergy. (Sakaguchi et al., supra, 
and references therein). Numerous anaphylactic reactions 
and some urticarial reactions to gelatin-containing measles, 
mumps, and rubella vaccines have been associated With 
IgE-mediated allergenic responses to gelatin. (Nakayama et 
al., supra) Speci?c IgG antibodies to gelatin have been 
identi?ed in children With systemic immediate-type and 
nonimmediate-type reactions to MMR vaccines, suggesting 
that the immune response to non-human gelatin plays a role 
in the pathogenesis of systemic reactions to live virus 
vaccines. (MiyaZaWa et al. (1999) Vaccine 17:2176-2180; 
and Kelso (1999) J Allen Clin Immunol. 103:200-202, and 
references therein.) 

[0019] Such gelatin-induced vaccine-speci?c reactions are 
all the more critical in the context of increasing concern 
relating to the use of animal-derived, e.g., bovine-derived, 
materials intended for human and animal use, for example, 
in pharmaceutical applications, and consumption. Such con 
cerns relating to the safety of bovine-derived materials are 
directed to the risk of exposure to infectious agents that 
might survive or be introduced in the process of extraction 
and puri?cation of gelatin from animal sources. (See, e.g., 
Asher (1999) Dev. Biol. Stand. 99:41-44; and Verdrager 
(1999) Lancet 354:1304-1305 A certain oral polio vaccine 
used only in the United Kingdom and the Republic of 
Ireland Was recently WithdraWn from use after it Was deter 
mined that fetal bovine calf serum from the United Kingdom 
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was used in the manufacture of the vaccine. (BBC News 
Report, “Polio vaccine in BSE scare,” 20 Oct. 2000; World 
Health Organization, “WHO Position Stamement on Recall 
of Evans/Medeva Polio Vaccine in UK,” 20 Oct. 2000.) 
Concerns over the presence of infective agents, such as 
TSEs, as Well as bacterial and other pathogens and endot 
oxins Which might exist after extraction, have established a 
need for safe, non-immunogenic material that can be used in 
place of the materials currently derived from animal sources. 

Summary 

[0020] Current methods of extraction result in a gelatin 
product that is a heterogeneous mixture of proteins, con 
taining polypeptides With molecular Weight distributions of 
varying ranges. It is sometimes necessary to blend various 
lots of product in order to obtain a gelatin mixture With the 
physical properties appropriate for use in a desired applica 
tion. In addition, it is virtually impossible, using current 
extraction methods, to obtain a gelatin free of non-gelatin 
impurities, e.g., protein, lipid, polysaccharides, etc. 

[0021] A more homogeneous product, and one produced 
by more reproducible means, Would be desirable. The avail 
ability of a homogeneous material With reproducible physi 
cal characteristics Would be desirable, for example, in vari 
ous products and processes, Where the availability of gelatin 
With speci?c characteristics, such as a ?xed range of 
molecular Weight, Would alloW for a reproducible and con 
trolled performance. There is thus a need for a reliable and 
reproducible means of gelatin production that provides a 
consistent product With controlled characteristics. 

[0022] In addition, there are concerns relating to the 
immunogenicity and infectivity of gelatin-containing prod 
ucts resulting from the animal-source products and methods 
of their preparation. (See, e.g., Sakaguchi and Inouye, supra; 
Sakaguchi et al., supra; Nakayama et al., supra; Asher, supra; 
and Verdrager, supra.) There is thus a need for a source of 
gelatin other than that currently extracted from bovine, 
porcine, and other animal sources. 

[0023] Gelatin producers and end-users have searched for 
and tested a number of natural and synthetic substitutes for 
the animal-source gelatin currently available. Alternatives 
have been identi?ed for a feW applications, such as the use 
of cellulosic raW materials in VCAPS capsules (CAPSU 
GEL; Morris Plains, N.J.), or the proposed use of non 
natural gelatin-like proteins from mouse and rat collagen 
sequences in photographic emulsions. (See, e.g., Werten, M. 
W. et al. (1999) Yeast 15:1087-1096; and De Wolf, Anton et 
al., European Application No. EP1014176A2.) HoWever, for 
most gelatin-based processes and products, the performance 
characteristics of this key material have not been duplicated 
and substitutes have not been adopted. Thus, there is a need 
for a means of producing gelatin in a synthetic and repro 
ducible manner Wherein the resultant product can serve as a 

rational substitute With the desired performance character 
istics. 

[0024] There is a need for a versatile gelatin product from 
a non-animal source that is readily adaptable for different 
uses and that ansWers existing health and special concerns. 
In particular, With respect to vaccines, there is a need for a 
material that safely minimiZes the risks of immunogenecity, 
antigenicity, and/or infectivity from the animal-derived 
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products, While serving as an effective stabiliZer and com 
ponent of vaccine formulations. 

[0025] The present invention ansWers these needs by 
providing a universal replacement material, obtained recom 
binantly, appropriate for use in the extraordinarily diverse 
spectrum of applications in Which gelatin is currently used. 
In particular, the present invention provides recombinant 
gelatin suitable for use in vaccine formulations. The present 
materials can be designed to possess properties and charac 
teristics desired for speci?c applications, and can thus sub 
stitute for currently available animal-source gelatins as Well 
as provide neW properties and uses previously unavailable. 

SUMMARY OF THE INVENTION 

[0026] The present invention is directed to recombinant 
gelatins and, speci?cally, to the use of recombinant gelatins 
in vaccines. Therefore, in one embodiment, the present 
invention provides a vaccine formulation comprising recom 
binant gelatin. In a preferred embodiment, the recombinant 
gelatin is human gelatin. A further aspect of the present 
invention provides that the recombinant gelatin is non 
immunogenic. 

[0027] In one embodiment, the present invention provides 
a vaccine formulation comprising recombinant gelatin, 
Wherein the recombinant gelatin confers stability at ambient 
temperatures. In another embodiment, the gelatin is derived 
from non-native collagen sequence. 

[0028] Formulations comprising speci?c recombinant 
gelatins are contemplated. In one aspect, the recombinant 
gelatin has a molecular Weight range selected from the group 
consisting of about 0 to 50 kDa, about 10 to 30 kDa, about 
30 to 50 kDa, about 10 to 70 kDa, about 50 to 70 kDa, about 
50 to 100 kDa, about 100 to 150 kDa, about 150 to 200 kDa, 
about 200 to 250 kDa, about 250 to 300 kDa, and about 300 
to 350 kDa. In certain embodiments, the recombinant gelatin 
has a molecular Weight selected from the group consisting of 
about 1 kDa, about 5 kDa, about 8 kDa, about 9 kDa, about 
14 kDa, about 16 kDa, about 22 kDa, about 23 kDa, about 
44 kDa, and about 65 kDa. 

[0029] The present invention provides, in one embodi 
ment, a vaccine formulation comprising recombinant gelatin 
derived from one collagen free of any other type of collagen. 
In various aspects, a vaccine formulation comprising recom 
binant gelatin is provided, Wherein the recombinant gelatin 
is produced by processing of recombinant collagen, or is 
produced directly from an altered collagen construct. 

[0030] In speci?c embodiments, the present invention 
encompasses vaccine formulations comprising a sequence 
sequence selected from the group consisting of SEQ ID 
NOs:15 through 25, 30, 31, and 33. 

[0031] The vaccine formulations of the present invention 
can be suitable for various modes of delivery, including 
delivery by injection, nasal delivery, oral delivery, transder 
mal delivery, and deep lung delivery. The vaccine formula 
tions of the present invention can be formulated in a number 
of Ways, for example, in liquid, dry, poWdered, spray, and 
inhalant form. In various embodiments, the present vaccine 
formulations can comprise live, inactivated, subunit, single 
dosage, multiple dosage, conjugate, nucleic acid, DNA, 
combined, and acellular vaccines. Speci?c vaccines are 
contemplated, including, but not limited to, vaccines formu 
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lated for the prevention of a disease selected from the group 
consisting of vacinnia virus (small pox), polio virus (Salk 
and Sabin), mumps, measles, rubella, diphtheria, tetanus, 
Varicella-Zoster (chicken pox/shingles), pertussis (Whop 
ping cough), Bacille Calmette-Guerin (BCG, tuberculosis), 
haemophilus in?uenZae meningitis, rabies, cholera, Japa 
nese encephalitis virus, salmonella typhi, shigella, hepatitis 
A, hepatitis B, adenovirus, yelloW fever, foot-and-mouth 
disease, herpes simplex virus, respiratory syncytial virus, 
rotavirus, Dengue, West Nile virus, Turkey herpes virus 
(Marek’s Disease), in?uenza, and anthrax. 

[0032] In some embodiments, the present invention pro 
vides vaccine formulations comprising recombinant gelatin, 
Wherein the recombinant gelatin has endotoxin levels beloW 
1.000 EU/mg, 0.500 EU/mg, 0.050 EU/mg, and 0.005 
EU/mg. In one aspect, the present invention encompasses a 
vaccine formulation comprising recombinant gelatin 
Wherein the recombinant gelatin is proteolytically stable. A 
vaccine stabiliZer comprising recombinant gelatin is speci? 
cally contemplated. The present invention provides methods 
for producing vaccine formulations comprising recombinant 
gelatin. In one embodiment, the method comprises provid 
ing recombinant gelatin and providing a vaccine, and com 
bining the recombinant gelatin and the vaccine. Amethod of 
inducing an immune response in a subject is also provided, 
the method comprising administering a vaccine comprising 
recombinant gelatin to the subject. Further, kits comprising 
a vaccine comprising recombinant gelatin and a delivery 
device for the vaccine are also contemplated. In various 
embodiments, the delivery device is a device suitable, for 
example, for injectable, nasal, mucosal, and aerosol deliv 
ery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 sets forth results shoWing the expression of 
recombinant gelatins. 

[0034] FIGS. 2A and 2B set forth results demonstrating 
that recombinant gelatins support cell attachment. 

[0035] FIG. 3 sets forth results demonstrating the produc 
tion of proteolytically stable recombinant gelatins. 

[0036] FIG. 4 sets forth results demonstrating the produc 
tion of hydroxylated recombinant gelatins. 

[0037] FIG. 5 sets forth results shoWing the puri?cation of 
recombinant gelatin folloWing in vitro hydroxylation. 

[0038] FIG. 6 sets forth results shoWing the stability of 
recombinant gelatins expressed in the presence or absence of 
prolyl 4-hydroxylase. 

[0039] FIG. 7 sets forth results demonstrating enhanced 
recombinant gelatin expression by supplementation of 
expression media 

[0040] FIG. 8 sets forth results comparing commercially 
available gelatins to cross-linked recombinant gelatin. 

[0041] FIG. 9 sets forth results comparing the molecular 
Weight distribution of commercially available gelatins. 

[0042] FIGS. 10A, 10B, 10C, 10D, 10E, and 10F set forth 
results shoWing the hydrolysis of commercially available 
gelatins performed at 120° C. 
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[0043] FIGS. 11A, 11B, 11C, and 11D set forth results 
shoWing the hydrolysis of commercially available gelatins 
performed at 150° C. 

[0044] FIGS. 12A and 12B set forth results shoWing the 
acid and thermal hydrolysis of recombinant human collagen 
type I and type III. 

[0045] FIG. 13 sets forth results shoWing the enZymatic 
hydrolysis of recombinant human collagen type I. 

[0046] FIG. 14 sets forth a Western blot analysis of 
recombinant human collagens and recombinant human gela 
tins using antisera from Guinea pigs immuniZed With recom 
binant human collagen type I. 

[0047] FIGS. 15A and 15B set forth results shoWing 
antisera from Guinea pigs immuniZed With recombinant 
human collagen type I is reactive to speci?c cyanogen 
bromide fragments of collagen type I. 

[0048] FIG. 16 sets forth ELISA results shoWing antisera 
from Guinea pigs immuniZed With recombinant human 
collagen type I is not reactive to recombinant human gela 
tins. 

DESCRIPTION OF THE INVENTION 

[0049] Before the present proteins, nucleotide sequences, 
and methods are described, it is understood that this inven 
tion is not limited to the particular methodology, protocols, 
cell lines, vectors, and reagents described, as these may vary. 
It is also to be understood that the terminology used herein 
is for the purpose of describing particular embodiments only, 
and is not intended to limit the scope of the present inven 
tion. 

[0050] It must be noted that as used herein, and in the 
appended claims, the singular forms “a,”“an,” and “the” 
include plural reference unless the context clearly dictates 
otherWise. Thus, for example, reference to “a host cell” is 
reference to one or more of such host cells and equivalents 
thereof knoWn to those skilled in the art, and reference to “an 
antibody” is a reference to one or more antibodies and 
equivalents thereof knoWn to those skilled in the art, and so 
forth. 

[0051] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the meanings as commonly 
understood by one of ordinary skill in the art to Which the 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods, devices, and materials are noW 
described. All publications mentioned herein are incorpo 
rated herein by reference for the purpose of describing and 
disclosing the cell lines, vectors, and methodologies, etc., 
Which are reported in the publications Which might be used 
in connection With the invention. Nothing herein is to be 
construed as an admission that the invention is not entitled 
to antedate such disclosure by virtue of prior invention. Each 
reference cited herein is incorporated herein by reference in 
its entirety. 

[0052] The practice of the present invention Will employ, 
unless otherWise indicated, conventional methods of chem 
istry, biochemistry, molecular biology, immunology and 
pharmacology, Within the skill of the art. Such techniques 
are explained fully in the literature. See, e.g., Gennaro, A. 
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R., ed. (1990) Remington’s Pharmaceutical Sciences, 18th 
ed., Mack Publishing Co.; ColoWick, S. et al., eds., Methods 
In EnZymology, Academic Press, Inc.; Handbook of Experi 
mental Immunology, Vols. I-IV (D. M. Weir and C. C. 
Blackwell, eds., 1986, Blackwell Scienti?c Publications); 
Maniatis, T. et al., eds. (1989) Molecular Cloning: A Labo 
ratory Manual, 2nd edition, Vols. I-III, Cold Spring Harbor 
Laboratory Press; Ausubel, F. M. et al., eds. (1999) Short 
Protocols in Molecular Biology, 4th edition, John Wiley & 
Sons; Ream et al., eds. (1998) Molecular Biology Tech 
niques: An Intensive Laboratory Course, Academic Press); 
PCR (Introduction to Biotechniques Series), 2nd ed. (NeW 
ton & Graham eds., 1997, Springer Verlag). 

De?nitions 

[0053] The term “collagen” refers to any one of the knoWn 
collagen types, including collagen types I through XX, as 
Well as to any other collagens, Whether natural, synthetic, 
semi-synthetic, or recombinant. The term also encompasses 
procollagens. The term collagen encompasses any single 
chain polypeptide encoded by a single polynucleotide, as 
Well as homotrimeric and heterotrimeric assemblies of col 
lagen chains. The term “collagen” speci?cally encompasses 
variants and fragments thereof, and functional equivalents 
and derivatives thereof, Which preferably retain at least one 
structural or functional characteristic of collagen, for 
example, a (Gly-X-Y)n domain. 

[0054] The term “procollagen” refers to a procollagen 
corresponding to any one of the collagen types I through 
XX, as Well as to a procollagen corresponding to any other 
collagens, Whether natural, synthetic, semi-synthetic, or 
recombinant, that possesses additional C-terminal and/or 
N-terminal propeptides or telopeptides that assist in trimer 
assembly, solubility, puri?cation, or any other function, and 
that then are subsequently cleaved by N-proteinase, C-pro 
teinase, or other enZymes, e.g., proteolytic enZymes, asso 
ciated With collagen production. The term procollagen spe 
ci?cally encompasses variants and fragments thereof, and 
functional equivalents and derivatives thereof, Which pref 
erably retain at least one structural or functional character 
istic of collagen, for example, a (Gly-X-Y)n domain. 

[0055] “Gelatin” as used herein refers to any gelatin, 
Whether extracted by traditional methods or recombinant or 
biosynthetic in origin, or to any molecule having at least one 
structural and/or functional characteristic of gelatin. Gelatin 
is currently obtained by extraction from collagen derived 
from animal (e.g., bovine, porcine, rodent, chicken, equine, 
piscine, etc.) sources, for example, bones and tissues. The 
term gelatin encompasses both the composition of more than 
one polypeptide included in a gelatin product, as Well as an 
individual polypeptide contributing to the gelatin material. 
Thus, the term recombinant gelatin as used in reference to 
the present invention encompasses both a recombinant gela 
tin material comprising the present gelatin polypeptides, as 
Well as an individual gelatin polypeptide of the present 
invention. 

[0056] Polypeptides from Which gelatin can be derived are 
polypeptides such as collagens, procollagens, and other 
polypeptides having at least one structural and/or functional 
characteristic of collagen. Such a polypeptide could include 
a single collagen chain, or a collagen homotrimer or het 
erotrimer, or any fragments, derivatives, oligomers, poly 
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mers, or subunits thereof, containing at least one collag 
enous domain (a Gly-X-Y region). The term speci?cally 
contemplates engineered sequences not found in nature, 
such as altered collagen constructs, etc. An altered collagen 
construct is a polynucleotide comprising a sequence that is 
altered, through deletions, additions, substitutions, or other 
changes, from the naturally occurring collagen gene. 

[0057] An “adjuvant” is any agent added to a drug or 
vaccine to increase, improve, or otherWise aid its effect. An 
adjuvant used in a vaccine formulation might be an immu 
nological agent that improves the immune response by 
producing a non-speci?c stimulator of the immune response. 
Adjuvants are often used in non-living vaccines. 

[0058] The terms “allele” or “allelic sequence” refer to 
alternative forms of genetic sequences. Alleles may result 
from at least one mutation in the nucleic acid sequence and 
may result in altered mRNAs or polypeptides Whose struc 
ture or function may or may not be altered. Any given 
natural or recombinant gene may have none, one, or many 
allelic forms. Common mutational changes Which give rise 
to alleles are generally ascribed to natural deletions, addi 
tions, or substitutions of nucleotides. Each of these types of 
changes may occur alone, or in combination With the others, 
one or more times in a given sequence. 

[0059] “Altered” polynucleotide sequences include those 
With deletions, insertions, or substitutions of different nucle 
otides resulting in a polynucleotide that encodes the same or 
a functionally equivalent polypeptide. Included Within this 
de?nition are sequences displaying polymorphisms that may 
or may not be readily detectable using particular oligonucle 
otide probes or through deletion of improper or unexpected 
hybridiZation to alleles, With a locus other than the normal 
chromosomal locus for the subject polynucleotide sequence. 

[0060] “Altered” polypeptides may contain deletions, 
insertions, or substitutions of amino acid residues Which 
produce a silent change and result in a functionally equiva 
lent polypeptide. Deliberate amino acid substitutions may be 
made on the basis of similarity in polarity, charge, solubility, 
hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues as long as the biological or immuno 
logical activity of the encoded polypeptide is retained. For 
example, negatively charged amino acids may include aspar 
tic acid and glutamic acid; positively charged amino acids 
may include lysine and arginine; and amino acids With 
uncharged polar head groups having similar hydrophilicity 
values may include leucine, isoleucine, and valine, glycine 
and alanine, asparagine and glutamine, serine and threonine, 
and phenylalanine and tyrosine. 

[0061] “Amino acid” or “polypeptide” sequences or 
“polypeptides,” as these terms are used herein, refer to 
oligopeptide, peptide, polypeptide, or protein sequences, 
and fragments thereof, and to naturally occurring or syn 
thetic molecules. Polypeptide or amino acid fragments are 
any portion of a polypeptide Which retains at least one 
structural and/or functional characteristic of the polypeptide. 
In at least one embodiment of the present invention, 
polypeptide fragments are those retaining at least one (Gly 
X-Y)n region. 
[0062] The term “animal” as it is used in reference, for 
example, to “animal collagens,” encompasses any collagens, 
derived from animal sources, Whether natural, synthetic, 
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semi-synthetic, or recombinant. Animal sources include, for 
example, mammalian sources, including, but not limited to, 
bovine, porcine, rodent, equine, and ovine sources, and other 
animal sources, including, but not limited to, chicken and 
piscine sources, and non-vertebrate sources. 

[0063] “Antigenicity” relates to the ability of a substance 
to, When introduced into the body, stimulate the immune 
response and the production of an antibody. An agent 
displaying the property of antigenicity is referred to as being 
antigenic. Antigenic agents can include, but are not limited 
to, a variety of macromolecules such as, for eXample, 
proteins, lipoproteins, polysaccharides, nucleic acids, bac 
teria and bacterial components, and viruses and viral com 
ponents. 

[0064] The terms “complementary” or “complementar 
ity,” as used herein, refer to the natural binding of poly 
nucleotides by base-pairing. For eXample, the sequence 
“A-G-T” binds to the complementary sequence “T-C-A.” 
Complementarity betWeen tWo single-stranded molecules 
may be “partial,” When only some of the nucleic acids bind, 
or may be complete, When total complementarity eXists 
betWeen the single stranded molecules. The degree of 
complementarity betWeen nucleic acid strands has signi? 
cant effects on the ef?ciency and strength of hybridization 
betWeen nucleic acid strands. This is of particular impor 
tance in ampli?cation reactions, Which depend upon binding 
betWeen nucleic acids strands, and in the design and use, for 
eXample, of peptide nucleic acid (PNA) molecules. 

[0065] A “deletion” is a change in an amino acid or 
nucleotide sequence that results in the absence of one or 
more amino acid residues or nucleotides. 

[0066] The term “derivative,” as applied to polynucle 
otides, refers to the chemical modi?cation of a polynucle 
otide encoding a particular polypeptide or complementary to 
a polynucleotide encoding a particular polypeptide. Such 
modi?cations include, for eXample, replacement of hydro 
gen by an alkyl, acyl, or amino group. As used herein to refer 
to polypeptides, the term “derivative” refers to a polypeptide 
Which is modi?ed, for eXample, by hydroXylation, glycosy 
lation, pegylation, or by any similar process. The term 
“derivatives” encompasses those molecules containing at 
least one structural and/or functional characteristic of the 
molecule from Which it is derived. 

[0067] A molecule is said to be a “chemical derivative” of 
another molecule When it contains additional chemical moi 
eties not normally a part of the molecule. Such moieties can 
improve the molecule’s solubility, absorption, biological 
half-life, and the like. The moieties can alternatively 
decrease the toXicity of the molecule, eliminate or attenuate 
any undesirable side effect of the molecule, and the like. 
Moieties capable of mediating such effects are generally 
available in the art and can be found for eXample, in 
Remington’s Pharmaceutical Sciences, supra. Procedures 
for coupling such moieties to a molecule are Well knoWn in 
the art. 

[0068] An “eXcipient” as the term is used herein is any 
inert substance used as a diluent or vehicle in the formula 
tion of a drug, a vaccine, or other pharmaceutical compo 
sition, in order to confer a suitable consistency or form to the 
drug, vaccine, or pharmaceutical composition. 
[0069] The term “functional equivalent” as it is used 
herein refers to a polypeptide or polynucleotide that pos 
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sesses at least one functional and/or structural characteristic 
of a particular polypeptide or polynucleotide. A functional 
equivalent may contain modi?cations that enable the per 
formance of a speci?c function. The term “functional 
equivalent” is intended to include fragments, mutants, 
hybrids, variants, analogs, or chemical derivatives of a 
molecule. 

[0070] A “fusion protein” is a protein in Which peptide 
sequences from different proteins are operably linked. 

[0071] The term “hybridization” refers to the process by 
Which a nucleic acid sequence binds to a complementary 
sequence through base pairing. Hybridization conditions can 
be de?ned by, for eXample, the concentrations of salt or 
formamide in the prehybridization and hybridization solu 
tions, or by the hybridization temperature, and are Well 
knoWn in the art. Hybridization can occur under conditions 
of various stringency. 

[0072] In particular, stringency can be increased by reduc 
ing the concentration of salt, increasing the concentration of 
formamide, or raising the hybridization temperature. For 
eXample, for purposes of the present invention, hybridiza 
tion under high stringency conditions occurs in about 50% 
formamide at about 37° C. to 42° C., and under reduced 
stringency conditions in about 35% to 25% formamide at 
about 30° C. to 35° C. In particular, hybridization occurs in 
conditions of highest stringency at 42° C. in 50% forma 
mide, 5X SSPE, 0.3% SDS, and 200 pig/ml sheared and 
denatured salmon sperm DNA. 

[0073] The temperature range corresponding to a particu 
lar level of stringency can be further narroWed by methods 
knoWn in the art, for eXample, by calculating the purine to 
pyrimidine ratio of the nucleic acid of interest and adjusting 
the temperature accordingly. To remove nonspeci?c signals, 
blots can be sequentially Washed, for eXample, at room 
temperature under increasingly stringent conditions of up to 
01X SSC and 0.5% SDS. Variations on the above ranges 
and conditions are Well knoWn in the art. 

[0074] “Immunogenicity” relates to the ability to evoke an 
immune response Within an organism. An agent displaying 
the property of immunogenicity is referred to as being 
immunogenic. Agents can include, but are not limited to, a 
variety of macromolecules such as, for eXample, proteins, 
lipoproteins, polysaccharides, nucleic acids, bacteria and 
bacterial components, and viruses and viral components. 
Immunogenic agents often have a fairly high molecular 
Weight (usually greater than 10 kDa). 

[0075] “Infectivity” refers to the ability to be infective or 
the ability to produce infection, referring to the invasion and 
multiplication of microorganisms, such as bacteria or 
viruses Within the body. 

[0076] The terms “insertion” or “addition” refer to a 
change in a polypeptide or polynucleotide sequence result 
ing in the addition of one or more amino acid residues or 
nucleotides, respectively, as compared to the naturally 
occurring molecule. 

[0077] The term “isolated” as used herein refers to a 
molecule separated not only from proteins, etc., that are 
present in the natural source of the protein, but also from 
other components in general, and preferably refers to a 
molecule found in the presence of, if anything, only a 
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solvent, buffer, ion, or other component normally present in 
a solution of the same. As used herein, the terms “isolated” 
and “puri?ed” do not encompass molecules present in their 
natural source. 

[0078] The term “microarray” refers to any arrangement 
of nucleic acids, amino acids, antibodies, etc., on a substrate. 
The substrate can be any suitable support, e.g., beads, glass, 
paper, nitrocellulose, nylon, or any appropriate membrane, 
etc. A substrate can be any rigid or semi-rigid support 
including, but not limited to, membranes, ?lters, Wafers, 
chips, slides, ?bers, beads, including magnetic or nonmag 
netic beads, gels, tubing, plates, polymers, microparticles, 
capillaries, etc. The substrate can provide a surface for 
coating and/or can have a variety of surface forms, such as 
Wells, pins, trenches, channels, and pores, to Which the 
nucleic acids, amino acids, etc., may be bound. 

[0079] The term “microorganism” can include, but is not 
limited to, viruses, bacteria, Chlamydia, rickettsias, myco 
plasmas, ureaplasmas, fungi, and parasites, including infec 
tious parasites such as protoZoans. 

[0080] The terms “nucleic acid” or “polynucleotide” 
sequences or “polynucleotides” refer to oligonucleotides, 
nucleotides, or polynucleotides, or any fragments thereof, 
and to DNA or RNA of natural or synthetic origin Which 
may be single- or double-stranded and may represent the 
sense or antisense strand, to peptide nucleic acid (PNA), or 
to any DNA-like or RNA-like material, natural or synthetic 
in origin. Polynucleotide fragments are any portion of a 
polynucleotide sequence that retains at least one structural or 
functional characteristic of the polynucleotide. In one 
embodiment of the present invention, polynucleotide frag 
ments are those that encode at least one (Gly-X-Y)n region. 
Polynucleotide fragments can be of variable length, for 
example, greater than 60 nucleotides in length, at least 100 
nucleotides in length, at least 1000 nucleotides in length, or 
at least 10,000 nucleotides in length. 

[0081] The phrase “percent similarity” (% similarity) 
refers to the percentage of sequence similarity found in a 
comparison of tWo or more polypeptide or polynucleotide 
sequences. Percent similarity can be determined by methods 
Well-known in the art. For example, percent similarity 
betWeen amino acid sequences can be calculated using the 
Clustal method. (See, e.g., Higgins, D. G. and P. M. Sharp 
(1988) Gene 73:237-244.) The Clustal algorithm groups 
sequences into clusters by examining the distances betWeen 
all pairs. The clusters are aligned pairWise and then in 
groups. The percentage similarity betWeen tWo amino acid 
sequences, e.g., sequence A and sequence B, is calculated by 
dividing the length of sequence A, minus the number of gap 
residues in sequence A, minus the number of gap residues in 
sequence B, into the sum of the residue matches betWeen 
sequence A and sequence B, times one hundred. Gaps of loW 
or of no homology betWeen the tWo amino acid sequences 
are not included in determining percentage similarity. Per 
cent similarity can be calculated by other methods knoWn in 
the art, for example, by varying hybridiZation conditions, 
and can be calculated electronically using programs such as 
the MEGALIGN program (DNASTAR Inc., Madison, 
Wis.). 
[0082] As used herein, the term “plant” includes reference 
to one or more plants, i.e., any eukaryotic autotrophic 
organisms, such as angiosperms and gymnosperms, mono 
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tyledons and dicotyledons, etc., including, but not limited to, 
soybean, cotton, alfalfa, ?ax, tomato, sugar, beet, sun?oWer, 
potato, tobacco, maiZe, Wheat, rice, lettuce, banana, cassava, 
saf?oWer, oilseed, rape, mustard, canola, hemp, algae, kelp, 
etc. The term “plant” also encompasses one or more plant 
cells. The term “plant cells” includes, but is not limited to, 
vegetative tissues and organs such as seeds, suspension 
cultures, embryos, meristematic regions, callus tissue, 
leaves, roots, shoots, gametophytes, sporophytes, pollen, 
tubers, corms, bulbs, ?oWers, fruits, cones, microspores, etc. 

[0083] The term “post-translational enZyme” refers to any 
enZyme that catalyZes post-translational modi?cation of, for 
example, any collagen or procollagen. The term encom 
passes, but is not limited to, for example, prolyl hydroxy 
lase, peptidyl prolyl isomerase, collagen galactosyl 
hydroxylysyl glucosyl transferase, hydroxylysyl galactosyl 
transferase, C-proteinase, N-proteinase, lysyl hydroxylase, 
and lysyl oxidase. 

[0084] As used herein, the term “promoter” generally 
refers to a regulatory region of nucleic acid sequence 
capable of initiating, directing, and mediating the transcrip 
tion of a polynucleotide sequence. Promoters may addition 
ally comprise recognition sequences, such as upstream or 
doWnstream promoter elements, Which may in?uence the 
transcription rate. 

[0085] The term “non-constitutive promoters” refers to 
promoters that induce transcription via a speci?c tissue, or 
may be otherWise under environmental or developmental 
controls, and includes repressible and inducible promoters 
such as tissue-preferred, tissue-speci?c, and cell type-spe 
ci?c promoters. Such promoters include, but are not limited 
to, the AdH 1 promoter, inducible by hypoxia or cold stress, 
the Hsp70 promoter, inducible by heat stress, and the PPDK 
promoter, inducible by light. 

[0086] Promoters Which are “tissue-preferred” are pro 
moters that preferentially initiate transcription in certain 
tissues. Promoters Which are “tissue-speci?c” are promoters 
that initiate transcription only in certain tissues. “Cell type 
speci?c” promoters are promoters Which primarily drive 
expression in certain cell types in at least one organ, for 
example, vascular cells. 

[0087] “Inducible” or “repressible” promoters are those 
under control of the environment, such that transcription is 
effected, for example, by an environmental condition such as 
anaerobic conditions, the presence of light, biotic stresses, 
etc., or in response to internal, chemical, or biological 
signals, e.g., glyceraldehyde phosphate dehydrogenase, 
AOX 1 and AOX2 methanol-inducible promoters, or to 
physical damage. 

[0088] As used herein, the term “constitutive promoters” 
refers to promoters that initiate, direct, or mediate transcrip 
tion, and are active under most environmental conditions 
and states of development or cell differentiation. Examples 
of constitutive promoters, include, but are not limited to, the 
cauli?oWer mosaic virus (CaMv) 355, the 1‘- or 2‘- promoter 
derived from T-DNA of Agrobacteriuam tumefaciens, the 
ubiquitin 1 promoter, the Smas promoter, the cinnamyl 
alcohol dehydrogenase promoter, glyceraldehyde dehydro 
genase promoter, and the Nos promoter, etc. 

[0089] The term “puri?ed” as it is used herein denotes that 
the indicated molecule is present in the substantial absence 
























































































