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(57) ABSTRACT 

A method for evaluating Whether a material Will alloW 
bacteria to pass through the material comprising providing 
bacteria Which are modi?ed to produce a ?rst detectable 
signal, placing the bacteria on a ?rst side of the material 
being evaluated, and determining Whether the ?rst signal is 
present on a second side of the material. A method for the 
evaluation of a material to determine Whether the material is 
susceptible to bacterial contamination or colonization com 
prising providing bacteria Which are modi?ed to produce a 
?rst detectable signal, exposing the material being evaluated 
to the bacteria and determining Whether the ?rst signal is 
present on the material. 
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METHOD FOR THE EVALUATION OF 
IMPLANTABLE MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. patent 
application Ser. No. 60/178,538, entitled “Method For The 
Evaluation of The Sealing Ability of Dental Products,” ?led 
Jan. 26, 2000; the contents of Which are incorporated by 
reference herein in its entirety. 

BACKGROUND 

[0002] AWide variety of natural and arti?cial materials are 
implanted in humans and animals during the treatment of 
injuries, conditions and diseases. Among the common uses 
for these materials are as sutures and as ?lling material for 
dental cavities. 

[0003] A variety of methods are currently used to deter 
mine Whether materials can prevent bacterial contamination 
from passing through or around the material. In one method, 
materials intended to ?ll cavities in teeth are tested by 
cleaning out the canals of a natural eXtracted tooth, sealing 
the root end of the tooth With the material being tested and 
?lling the center With a test substance. The test substance can 
be a radioisotope, a dye or bacteria. The sealed tooth is then 
placed in a container With the sealed end contacting a test 
medium. Over time, the test medium is checked for presence 
of the test substance to determine Whether the material has 
effectively prevented the test substance from leaking out of 
the center of the tooth. 

[0004] Though useful, this method has several disadvan 
tages. Radioisotopes are dif?cult to Work With and are 
potentially dangerous. The presence of dye in the test 
medium does not necessarily indicate that bacteria Would 
breech the test material because dyes have a much smaller 
molecular siZe than bacteria. Finally, the presence of bac 
teria in the test medium can indicate that the testing appa 
ratus itself Was contaminated rather than that the material 
Was breeched. 

[0005] Additionally, Wound closure materials are cur 
rently tested by looking at the amount of in?amation the 
material causes in vivo. HoWever, there is no current method 
for determining Whether Wound closure material is subject to 
bacterial contamination or coloniZation. 

[0006] Therefore, it Would be useful to have a method of 
testing materials to determine Whether they are subject to 
bacterial contamination or coloniZation. Further, it Would be 
useful to have another method of testing Whether materials 
can prevent bacteria from passing through or around the 
material. 

SUMMARY 

[0007] According to one embodiment, the present inven 
tion is a method for evaluating Whether a material Will alloW 
bacteria to pass through the material or pass into the mate 
rial. The method comprises, ?rst, providing bacteria Which 
are modi?ed to produce a ?rst detectable signal. Then, the 
bacteria are placed on a ?rst side of the material being 
evaluated, and a determination is made Whether the ?rst 
signal is present on a second side of the material or Within 
the material. Absence of the ?rst signal on the second side 
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of the material or Within the material indicates that the 
bacteria have not passed through or around the material. 
Presence of the ?rst signal on the second side of the material 
or Within the material indicates that the bacteria have passed 
through or around the material. 

[0008] In a preferred embodiment, the method addition 
ally comprises quantifying the amount of bacteria that Will 
pass through the material or into the material by quantifying 
the amount of the ?rst signal on the second side of the 
material. Increasing amounts of the ?rst signal on the second 
side of the material or Within the material indicates increas 
ing amounts of bacteria that Will pass through, around or into 
the material. 

[0009] In another preferred embodiment, the bacteria are 
modi?ed to produce a second detectable signal, and the 
method additionally comprises determining Whether the 
second signal is present on the second side of the material or 
Within the material. Absence of the second signal on the 
second side of the material or Within the material indicates 
that the bacteria have not passed through or around the 
material or into the material. Presence of the second signal 
on the second side of the material or Within the material 
indicates that the bacteria have passed through, around or 
into the material. 

[0010] In a preferred embodiment, the ?rst signal is light 
emission in the visible spectrum. In another preferred 
embodiment, the second signal is light emission in the 
visible spectrum. In a particularly preferred embodiment, 
there the bacteria are modi?ed to incorporate a functional 
green ?uorescent protein. In another particularly preferred 
embodiment, the bacteria are modi?ed to incorporate a 
functional luciferase. In yet another particularly preferred 
embodiment, the bacteria are modi?ed to incorporate both a 
functional green ?uorescent protein and a functional 
luciferase. 

[0011] In one embodiment of the present invention, plac 
ing the bacteria on a ?rst side of the material being evaluated 
comprises placing the bacteria in the center of a holloWed 
out, eXtracted natural tooth Where the root end of the tooth 
is sealed With the material, and then placing the root end of 
the tooth in a test medium. Then, a determination is made 
Whether the ?rst signal is present on a second side of the 
material or Within the material by detecting the ?rst signal in 
the test medium or Within the material. In a particularly 
preferred embodiment, the bacteria provided are addition 
ally modi?ed to be groWn selectively, such as due to 
antibiotic resistance. 

[0012] According to another embodiment of the present 
invention, there is provided a method for the evaluation of 
a material to determine Whether the material is susceptible to 
bacterial contamination or coloniZation When implanted into 
an animal or human. The method comprises providing 
bacteria Which are modi?ed to produce a ?rst detectable 
signal. NeXt, the material being evaluated is eXposed to the 
bacteria. Then, a determination is made Whether the ?rst 
signal is present on the material or Within the material. 
Absence of the ?rst signal on the material or Within the 
material indicates that the material is not susceptible to 
bacterial contamination or coloniZation. Presence of the ?rst 
signal on the material or Within the material indicates that 
the material is susceptible to bacterial contamination or 
coloniZation. 
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[0013] In a preferred embodiment, the method addition 
ally comprises quantifying the susceptibility of the material 
to bacterial contamination or coloniZation by quantifying the 
amount of the ?rst signal on the material or Within the 
material. Increasing amounts of the ?rst signal on the 
material or Within the material indicates increasing suscep 
tibility of the material to bacterial contamination or coloni 
Zation. In another preferred embodiment, exposing the mate 
rial being evaluated to the bacteria comprises using the 
material as Wound closure material in an animal or human. 
In yet another preferred embodiment, exposing the material 
being evaluated to the bacteria additionally comprises 
administering the modi?ed bacteria intravenously to the 
animal or human. 

[0014] In a preferred embodiment, the bacteria are modi 
?ed to produce a second detectable signal, and the method 
additionally comprises determining Whether the second sig 
nal is present on the material or Within the material. Absence 
of the second signal on the material or Within the material 
indicates that the material is not susceptible to bacterial 
contamination or coloniZation. Presence of the second signal 
on the material or Within the material indicates that the 
material is susceptible to bacterial contamination or coloni 
Zation. 

FIGURES 

[0015] The features, aspects and advantages of the present 
invention Will become better understood With regard to the 
folloWing description, appended claims and accompanying 
?gures Where: 

[0016] FIG. 1 is a diagram shoWing the plasmid pXylA 
dual; and 

[0017] FIG. 2 is a diagram of an apparatus used for testing 
materials to determine Whether the material Will alloW 
bacteria to pass through according to the present invention. 

DESCRIPTION 

[0018] The present method alloWs the testing of materials 
for implantation to determine Whether they can prevent 
bacteria from passing through or around the material. Addi 
tionally, the present method alloWs the testing of materials 
for implantation to determine Whether they are susceptible to 
bacterial contamination or coloniZation. The present method 
can be used to evaluate dental materials to be used for 
restorations, endodontic treatment and the surgical repair of 
teeth, as Well as to evaluate Wound closure material. HoW 
ever, the present method can also be used to evaluate other 
materials for implantation into animals or humans, as Will be 
understood by those With skill in the art With reference to 
this disclosure. 

[0019] As used in this disclosure, the phrase “passing 
through or around the material” and equivalent phrases 
means passing into the material, passing through the mate 
rial from a ?rst side to a second side and passing betWeen the 
implanted material and the natural part of the animal or 
human body at the site of implantation from one side of the 
material to another. For example, When the implantable 
material is used as ?lling material for a tooth cavity, the 
present method alloWs the testing of the material to see if 
bacteria Will coloniZe the material itself on the surface, pass 
into the material, pass entirely through the ?lling or pass 
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betWeen the edges of the ?lling Where is forms a seal With 
the remainder of the natural tooth. 

[0020] The present method involves the use of modi?ed 
bacteria. Preferably, the modi?ed bacteria produce a detect 
able signal When they are living that distinguishes the 
bacteria from naturally occurring bacteria Which might 
contaminate the apparatuses used in the method. The signal 
can be any suitable signal as Will be understood by those 
With skill in the art With reference to this disclosure. HoW 
ever, in a preferred embodiment, the signal is light emission 
in the visible spectrum. In another preferred embodiment, 
the modi?ed bacteria produce a plurality of such detectable 
signals When they are living. 

[0021] In one embodiment, the bacteria are modi?ed to 
incorporate the cDNA for a functional green ?uorescent 
protein. In another embodiment, the bacteria are modi?ed to 
incorporate the cDNA for a functional luciferase. In a 
particularly preferred embodiment, the bacteria are modi?ed 
to incorporate both the cDNA for a functional green ?uo 
rescent protein and the cDNA for a functional luciferase. 

[0022] One suitable form of cDNA codes for the green 
?uorescent protein from the jelly?shAequorea Victoria. This 
form of green ?uorescent protein emits green light by 
accepting energy transfer from sources that include exog 
enous blue light and from some luciferase catalyZed reac 
tions. The UV light stimulated green ?uorescent protein 
?uorescence does not require cofactors and the gene product 
alone can be suf?cient to alloW detection of single living 
cells under the light microscope. HoWever, cDNA’s coding 
for other green ?uorescent proteins are also suitable, includ 
ing modi?ed forms of green ?uorescent proteins. 

[0023] Another suitable form of cDNA codes for a 
luciferase from Xenorhaba'us luminescens. HoWever, 
cDNA’s coding for other luciferases are also suitable includ 
ing modi?ed forms of luciferases. 

[0024] The method for evaluating Whether a material Will 
alloW bacteria to pass through or around the material is 
performed as folloWs. First, bacteria are provided Which 
have been modi?ed to produce a ?rst detectable signal. The 
bacteria are placed on a ?rst side of the material being 
evaluated. Then, the bacteria are left in contact With the 
material for a period of time ranging from about a feW 
minutes to about several months or more. Next, the presence 
or absence of the ?rst signal is determined on a second side 
of the material or Within the material. The absence of the ?rst 
signal on the second side of the material or Within the 
material indicates that the bacteria have not passed through 
or around the material. The presence of the ?rst signal on the 
second side of the material or Within the material indicates 
that the bacteria have passed through or around the material. 

[0025] The method can additionally comprise quantifying 
the amount of bacteria that Will pass through the material by 
quantifying the amount of the ?rst signal on the second side 
of the material. Increasing amounts of the ?rst signal on the 
second side of the material or Within the material indicates 
increasing amounts of bacteria have passed through or 
around the material. 

[0026] Further, the bacteria provided can have been modi 
?ed to produce a second detectable signal. The method can 
then additionally comprise determining Whether the second 
signal is present on the second side of the material or Within 
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the material. The absence of the second signal on the second 
side of the material or Within the material additionally 
indicates that the bacteria have not passed through or around 
the material. The presence of the second signal on the second 
side of the material or Within the material additionally 
indicates that the bacteria have passed through or around the 
material. The second signal can be used to con?rm the 
results determined by detecting the ?rst signal on the second 
side. Further, depending on the signals used, the second 
signal can add speci?city to quanti?cation of the amount of 
bacteria that have passed through or around the material. 

[0027] In one embodiment, the method comprises placing 
the modi?ed bacteria in the center of a holloWed out, 
extracted natural tooth. The root end of the tooth is then 
sealed With the material. The sealed tooth is placed in a test 
medium With the sealed end covered by the test medium. 
After a suitable period of time, a determination is made 
Whether the ?rst signal is present on a second side of the 
material by detecting the ?rst signal in the test medium. The 
absence of the ?rst signal on the second side of the material 
or Within the material indicates that the bacteria have not 
passed through or around the material. The presence of the 
?rst signal on the second side of the material or Within the 
material indicates that the bacteria have passed through or 
around the material. The test medium can be a suitable 
bacteria culture medium to aid in detection of bacteria that 
have passed through or around the material by alloWing 
bacterial groWth and reproduction. 

[0028] Similarly, When the bacteria have been modi?ed to 
produce a second detectable signal, the second signal can 
also be detected in the test medium When they are living. The 
absence of the second signal on the second side of the 
material or Within the material indicates that the bacteria 
have not passed through or around the material. The pres 
ence of the second signal on the second side of the material 
or Within the material indicates that the bacteria have passed 
through or around the material. 

[0029] In another preferred embodiment, there the modi 
?ed bacteria are additionally modi?ed to be groWn selec 
tively. One suitable type of selective groWth is to modify the 
bacteria to be antibiotic resistant, though other types of 
selective groWth are possible as Will be understood by those 
With skill in the art With reference to this disclosure. When 
the bacteria have been modi?ed to be antibiotic resistant, a 
suitable antibiotic can be included on the second side of the 
material being evaluated to discourage bacterial groWth 
from contamination, rather than from the modi?ed bacteria 
passing through the material being evaluated. 

[0030] In a preferred embodiment, the present method is a 
method to determine Whether a material is susceptible to 
bacterial contamination or coloniZation. The method com 
prises providing bacteria Which are modi?ed to produce a 
?rst detectable signal. Next, the material being evaluated is 
exposed to the bacteria. Then, a determination is made 
Whether the ?rst signal is present on the material. The 
absence of the ?rst signal on the material indicates that the 
material is not susceptible to bacterial contamination or 
coloniZation. The presence of the ?rst signal on the material 
indicates that the material is susceptible to bacterial con 
tamination or coloniZation. 

[0031] The method can additionally comprise quantifying 
the susceptibility of the material to bacterial contamination 
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or coloniZation by quantifying the amount of the ?rst signal 
on the material. Increasing amounts of the ?rst signal on the 
material indicates increasing susceptibility of the material to 
bacterial contamination or coloniZation. 

[0032] In a particularly preferred embodiment, the mate 
rial being evaluated is used as Wound closure material in an 
animal or human. The material is exposed to the modi?ed 
bacteria by being placed in the animal or human and then 
administering the modi?ed bacteria intravenously or by 
another suitable method to the animal or human. Then, a 
determination is made Whether the ?rst signal is present on 
the material or Within the material. 

[0033] In another preferred embodiment, the bacteria are 
modi?ed to produce a second detectable signal. The method 
additionally comprises determining Whether the second sig 
nal is present on the material or Within the material after 
exposing the material to the bacteria. The absence of the 
second signal on the material or Within the material indicates 
that the material is not susceptible to bacterial contamination 
or coloniZation. The presence of the second signal on the 
material or Within the material indicates that the material is 
susceptible to bacterial contamination or coloniZation. 

[0034] Examples of the present method Will noW be 
described in greater detail. Modi?ed bacteria containing 
genes to produce a functional green ?uorescent protein, a 
functional luciferase and to contain an antibiotic resistance 
gene Were constructed for use in the method by transforma 
tion With a plasmid DNA bearing a cassette With genes 
producing luciferase, green ?uorescent protein and antibi 
otic resistance as folloWs. TWo constructs Were used. The 
?rst construct pLITE201 (as disclosed in Voisey CR, 
Marincs F. Biotechniques 1998;24:56) Was a plasmid vector 
With a gram-negative origin of replication containing the lux 
CDABE cassette from Xenorhabdus luminescens driven by 
the lac promoter. It Was puri?ed from DHSO. using the 
Maxi-Prep DNA puri?cation kit (Qiagen GmbH, Santa 
Clarita, Calif., US). The pLITE201 plasmid Was then elec 
troporated into attenuated strains of Vibrio cholera, Salmo 
nella typhimurium, and Shigella using BioRad® electropo 
ration protocols for the various strains and the BioRad® 
Gene Pulser II unit (Bio-Rad Laboratories, Hercules, Calif.). 
Positive transformants Were identi?ed by placing the out 
groWth plates under the Argus 100 loW light imager 
(Hamamatsu Corp., Hamamatsu, Japan). The positive colo 
nies Were con?rmed by observing ?uorescent bacteria under 
the ?uorescent microscope. 

[0035] The second construct Was a lux ABCDE cassette 
from pXylA-dual (Hill, P, University of Nottingham, UK) as 
shoWn in FIG. 1, puri?ed using the Maxi-Prep kit (Qiagen). 
This plasmid has a gram-positive origin of replication as 
Well as gram-positive ribosomal binding sites, Which 
alloWed expression in gram-positive organisms. The plas 
mid Was then transformed into Enterococcus faecalis 
(strains JH2-2, ATCC4082, and OGlX) using electropora 
tion With the BioRad® Gene Pulser II (Bio-Rad Laborato 
ries, Hercules, Calif.). 
[0036] Transformation Was accomplished as folloWs. 
First, a pre-culture of the E. faecalis strains Was used to 
inoculate 15 ml of BYGT broth containing 0.7% glycine to 
Weaken the cell Walls. The concentration of glycine Was 
determined as that necessary to reduce bacterial groWth as 
determined by the optical density at 600 or 600 nm by about 
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70% to 90%. Next, the overnight culture Was diluted into 
pre-Warmed BYGT broth containing 0.7% glycine to bring 
the OD(600) to 0.06-0.08 and the cells Were incubated in 37° 
C. Without agitation for 1 hour. Then, the cells Were chilled 
on ice and harvested by centrifugation. 

[0037] Next, the cells Were Washed tWice With electropo 
ration buffer (0.625 M sucrose, 1 mM MgCl2, pH 4) and the 
cells Were aliquoted into 100:1 volumes and incubated on 
ice for 30 minutes or deep froZen for later use. Approxi 
mately 300 ng of DNA Was added and the cells Were 
electroporated using 0.2 cm cuvettes, ?eld strength 6,250 
V/cm, resistance 200 Q, and 25 pF capacitance. The cells 
Were placed on ice for about 1-2 minutes and Were diluted 
into 1 ml THB medium plus antibiotics (Chloramphenicol) 
and then, incubated at 37° C. for 90-120 minutes. Next, the 
cells Were plated on THB agar With 0.25 M sucrose and 
antibiotics. Colonies Were observed in 48 hours under the 
loW light imager (Hamamatsu) and the presence of the 
plasmid Was con?rmed by observation of ?uorescent bac 
teria under the ?uorescent microscope. 

[0038] The method of testing materials for implantation to 
determine Whether they can prevent bacteria from passing 
through the material according to the present invention Was 
performed as folloWs. Extracted natural teeth Were placed in 
bleach for 24 hours to remove the organic debris from the 
external surfaces. Some of the material being tested Was 
tested as dental restorations placed in the coronal aspect of 
the teeth. Preparations for these tests Were made according 
to the standard protocols for amalgam, composite and croWn 
restorations. The preparations Were ?lled by the test mate 
rial. Each tooth Was placed in a container having a suitable 
groWth medium, antibiotic and the modi?ed bacteria and left 
for about 48 hours. Then the teeth Were removed, sectioned 
and examined to determine if the bacteria penetrated the 
material. Luminescence Was con?rmed by examination 
under a loW light imager. 

[0039] The second application tested Was as root repair 
material. The root canal system Was cleaned out to leave a 
holloW center space in the teeth. The root-end Was resected 
3 mm from the apex With a high speed, hand drill and a 
?ssure burr, and the root-end Was prepared to receive a 
retro?lling material With a high speed, hand drill and a #2 
round burr. The test material Was used to seal the root end. 

[0040] Referring noW to FIG. 2, there is shoWn a diagram 
of an apparatus 10 used for testing materials 12 to determine 
Whether the material Will alloW bacteria to pass through 
according to the present invention. Each tooth 14, prepared 
as described above, Was ?tted into a microcentrifuge tube 16 
and sealed into place using sticky Wax so that the root apex 
18 Was protruding from the tube 16 and ?t onto a loWer 
compartment 20 of an apparatus 10. The loWer compartment 
20 contained liquid broth media and antibiotic or contained 
solid media and antibiotic, and each tooth Was placed into 
the media. The media and antibiotic Were selected based on 
the strain and antibiotic resistance gene being used. The lid 
of the microcentrifuge tube Was then opened and each tooth 
14 Was ?lled With the labeled bacteria in the same liquid 
broth media containing the antibiotic. 

[0041] Leakage of bacteria into the media in the loWer 
chamber 20 Was evaluated by placing the media in the 
chamber under a loW light imager, or in a luminometer if 
liquid media Was used, (not shoWn) to measure the presence 
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or absence of labeled bacteria. Leakage Was found When 
using some materials indicating that the material did not 
prevent passage of bacteria. Therefore, this method can be 
used to determine Whether a material can prevent bacteria 
from passing through the material. 

[0042] The method of testing materials for implantation to 
determine Whether they are susceptible to bacterial contami 
nation or coloniZation according to the present invention 
Was performed as folloWs. First, an incision Was made in the 
animal skin and the incision Was closed by the material 
being tested in the form of sutures. Approximately 107 
modi?ed bacterial Were intravenously injected into the ani 
mal through the femoral vein or through the tail vein. The 
animals Were monitored daily to determine if the modi?ed 
bacteria Were present on the material being tested as indi 
cated by the presence of luminescence at the incision Wound 
under the loW light imager. For some materials, no lumi 
nescence Was present on the material. For other materials, 
varying amounts of luminescence Was present. Therefore, 
this method can be used to predict Whether a material is 
susceptible to bacterial contamination or coloniZation When 
implanted into an animal or human. 

[0043] Although the present invention has been discussed 
in considerable detail With reference to certain preferred 
embodiments, other embodiments are possible. Therefore, 
the scope of the appended claims should not be limited to the 
description of preferred embodiments contained in this 
disclosure. 

What is claimed is: 
1. A method for evaluating Whether a material Will alloW 

bacteria to pass through the material or around the material 
or into the material comprising: 

a) providing bacteria Which are modi?ed to produce a ?rst 
detectable signal; 

b) placing the bacteria on a ?rst side of the material being 
evaluated; and 

c) determining Whether the ?rst signal is present on a 
second side of the material or Within the material; 

Where absence of the ?rst signal on the second side of the 
material or Within the material indicates that the bac 
teria have not passed through or around the material 
and Where presence of the ?rst signal on the second side 
of the material or Within the material indicates that the 
bacteria have passed through or around the material. 

2. The method of claim 1, additionally comprising quan 
tifying the amount of bacteria that Will pass through the 
material or into the material by quantifying the amount of 
the ?rst signal on the second side of the material; 

Where increasing amounts of the ?rst signal on the second 
side of the material or Within the material indicates 
increasing amounts of bacteria that Will pass through 
the material or into the material. 

3. The method of claim 1, Where the bacteria are modi?ed 
to produce a second detectable signal, and Where the method 
additionally comprises determining Whether the second sig 
nal is present on the second side of the material or Within the 
material; 

Where absence of the second signal on the second side of 
the material or Within the material indicates that the 
bacteria have not passed through or around the material 
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and Where presence of the second signal on the second 
side of the material or Within the material indicates that 
the bacteria have passed through or around the mate 
rial. 

4. The method of claim 1, Where the ?rst signal is light 
emission in the visible spectrum. 

5. The method of claim 3, Where the second signal is light 
emission in the visible spectrum. 

6. The method of claim 1, Where the bacteria are modi?ed 
to incorporate a functional green ?uorescent protein. 

7. The method of claim 1, Where the bacteria are modi?ed 
to incorporate a functional luciferase. 

8. The method of claim 1, Where the bacteria are modi?ed 
to incorporate both a functional green ?uorescent protein 
and a functional luciferase. 

9. The method of claim 1, Where placing the bacteria on 
a ?rst side of the material being evaluated comprises placing 
the bacteria in the center of a holloWed out, extracted natural 
tooth Where the root end of the tooth is sealed With the 
material, and then placing the root end of the tooth in a test 
medium; and 

Where determining Whether the ?rst signal is present on a 
second side of the material or Within the material 
comprises detecting the ?rst signal in the test medium 
or Within the material. 

10. The method of claim 3, Where placing the bacteria on 
a ?rst side of the material being evaluated comprises placing 
the bacteria in the center of a holloWed out, extracted natural 
tooth Where the root end of the tooth is sealed With the 
material, and then placing the root end of the tooth in a test 
medium; and 

Where determining Whether the ?rst signal is present on a 
second side of the material or Within the material 
comprises detecting the ?rst signal in the test medium 
or Within the material. 

11. The method of claim 1, Where the bacteria provided 
are additionally modi?ed to be groWn selectively. 

12. The method of claim 11, Where the bacteria groW 
selectively due to antibiotic resistance. 

13. Amethod for the evaluation of a material to determine 
Whether the material is susceptible to bacterial contamina 
tion or coloniZation When implanted into an animal or 
human comprising: 

a) providing bacteria Which are modi?ed to produce a ?rst 
detectable signal; 

b) exposing the material being evaluated to the bacteria; 
and 
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c) determining Whether the ?rst signal is present on the 
material or Within the material; 

Where absence of the ?rst signal on the material or Within 
the material indicates that the material is not suscep 
tible to bacterial contamination or coloniZation and 
Where presence of the ?rst signal on the material or 
Within the material indicates that the material is sus 
ceptible to bacterial contamination or coloniZation. 

14. The method of claim 13, additionally comprising 
quantifying the susceptibility of the material to bacterial 
contamination or coloniZation by quantifying the amount of 
the ?rst signal on the material or Within the material; 

Where increasing amounts of the ?rst signal on the mate 
rial or Within the material indicates increasing suscep 
tibility of the material to bacterial contamination or 
coloniZation. 

15. The method of claim 14, Where exposing the material 
being evaluated to the bacteria comprises using the material 
as Wound closure material in an animal or human. 

16. The method of claim 15, Where exposing the material 
being evaluated to the bacteria additionally comprises 
administering the modi?ed bacteria intravenously to the 
animal or human. 

17. The method of claim 13, Where the bacteria are 
modi?ed to produce a second detectable signal, and Where 
the method additionally comprises determining Whether the 
second signal is present on the material or Within the 
material; 

Where absence of the second signal on the material or 
Within the material indicates that the material is not 
susceptible to bacterial contamination or coloniZation 
and Where presence of the second signal on the material 
or Within the material indicates that the material is 
susceptible to bacterial contamination or coloniZation. 

18. The method of claim 13, Where the ?rst signal is light 
emission in the visible spectrum. 

19. The method of claim 17, Where the second signal is 
light emission in the visible spectrum. 

20. The method of claim 13, Where the bacteria are 
modi?ed to incorporate a functional green ?uorescent pro 
tein. 

21. The method of claim 13, Where the bacteria are 
modi?ed to incorporate a functional luciferase. 

22. The method of claim 13, Where the bacteria are 
modi?ed to incorporate both a functional green ?uorescent 
protein and a functional luciferase. 

* * * * * 


