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Abstract: The livestock populations of Ethiopia’s are more than 270 millions excluding fishes. They have
paramount economic and social importance. They contribute 15 to17 percent of GDP which is incomparable to
their numbers. Reporter gene assay is an invaluable tool for clinical medicine, patho-physiology, environmental
health, biomedical and pharmaceutical researches to monitor cellular events associated with diagnostic assay,
gene expression, regulation and signal transduction. The development of bioreporters in diagnostic assay was
solving limitation of other molecular diagnostic tests. On the basis of the alternations in reporter gene activities
mediated by attaching response elements to these reporter genes, one sensitive, reliable and convenient assay
can be provided to efficiently report the activation of particular messenger cascades and their effects on gene
expression and regulations inside cells or living subjects. The evaluation of current status for commonly used
reporter genes in diagnostic assays such as chloramphenicol acetyltransferase, alkaline phosphates, -
galactosidase, luciferases, green fluorescent protein and -lactamase. This synergy will make it possible to
understand the roles of reporter gene in diagnostic application.
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INTRODUCTION set up in containment laboratories since highly

Ethiopia is naturally endowed with different agro- perform the assay, or such assays are prohibitively
ecological zones and suitable environmental conditions; expensive [6]. On the other hand, drug resistances are the
it is home for many livestock species and suitable for major drawback to the sub-Saharan countries because
livestock production. It is believed to have the largest lack of educated veterinary professionals, limited
livestock population in Africa [1]. An estimate indicates veterinary diagnostic laboratory, poor government policy
that the country is a home for about 54 million cattle, 25.5 toward livestock sector, lack of infrastructures to reach
million sheep, 24.06 million goats, 24.56 million of pastoralists, lack of veterinary extension education, lack
donkeys, 11.39 million horses,8.08 million of mules,8.39 of awareness of these diseases and drug residues [7].
million camels, 42.51 million of poultry and 71.62 million of Reporter genes are nucleic acid sequences encoding
beehives [2]. Despite the significantly large livestock easily assayed proteins. They are used to replace other
population, its contribution to the national economy is coding regions whose protein products are difficult to
below the potential due to various factors including, feed assay. They are also revealing the cellular and molecular
shortage, poor genetic potential for productive traits, poor changes associated with diseases, growth and
health care and management practice [3, 4]. developments, mutation, recombinant, drug resistances

The burden of livestock disease is due to poor health ability and gene pharming [8]. Various reporter genes
care, lack of trained manpower, poor and limited suitable for diagnostic assay using multiple modalities
diagnostic laboratory for livestock diseases are prominent have become extremely useful tools for cancer and gene
for devaluation of the country’s livestock subsector in therapy, new drug discovery, evaluation of animal cloning
overall GDP [5]. The problem with current diagnostic efficiency and theranostic study. Global experts on
assay tests is that they are not easily used in endemic reporter gene assaying methods explore the potential use
areas withindeveloping countries because they need to be of various reporter genes in expanding research areas

pathogenic zoonotic bacterias and viruses are required to
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covering stem cell and immune cell mediated cell therapy Utilization of Reporter Gene: Normally the reporter gene
and viral therapy applications using nuclear medicine is linked to a promoter sequence through an expression
imaging to molecular resonence imaging to optical vector that is further transferred into cells. After transfer,
imaging and activable imaging strategy. Recently stem the cells are assayed for the presence of the reporter by
cells are widely used for therapy due to their directly testing the amount of either the reporter mRNA,
unprecedented power of re-generating normal tissues the reporter proteins, or the enzymatic activities of the
which is not possible by other therapeutic approaches. reporter proteins [18].
The development of reporter genes for tracking cell
movement and function is a powerful addition to the Recently Used Reporter Gene in Diagnostic Assay:
immunologist’s toolbox. These diagnostic assays Reporter gene assays continue to be one of the simplest,
strategies based on genetic reporters have contributed most robust ways to analyze the activation of
immensely in developing better therapeutic and transcription factors and their associated signaling
diagnostic procedures for disease evaluation  [9].  Even pathways. Normally used reporter genes that induce
though numerous works has been carried out on reporter visually identifiable features usually involve fluorescent
genes in the world, still there is a pause of information and luminescent proteins. These include the gene that
about the role of bioreporters in developing countries. encodes jellyfish green fluorescent protein (GFP), which
Therefore, the objectives of this paper are: causes cells that express it to glow green under blue light,

To review the general concepts of reporter gene luciferin to produce light [19].
To refresh the role of reporter gene in application of
diagnostic assays Green Fluorescent Protein: Green fluorescent protein

Background: Genetic reporters are used as indicators to gene systems. In the last decade green  fluorescent
study disease diagnosis and treatment [10]. They are protein has changed from a nearly unknown protein to a
widely used in pharmaceutical and biomedical research commonly used tool in molecular biology, medicine and
and also in molecular biology and biochemistry [11, 12]. cell biology. In modified forms it has been used to make
Currently, reporter genes are used extensively in biosensors and many animals have been created that
diagnostic assay. In particular, reporter systems are express GFP as a proof- of-concept that a gene can be
employed to study the promoter and enhancer sequences expressed throughout a given organism. It is particularly
or transacting mediators for the transcription, mRNA useful due to its stability and the fact that its
processing and translation [13, 14]. chromophore is formed in an autocalytic cylclization that

Definition of Reporter Gene: A reporter gene is a gene researchers to use GFP in living systems and it is led to its
whose product can be readily detected, be fused to the wide spread use in cell dynamics and development
gene of interest or can replace it. It is gene whose studies [21, 22].
phenotypic expression is easy to monitor and used to The biggest advantage of GFP is that it's heritable,
study promoter activity in various tissues or since it’s able to be transformed with the use of DNA-
developmental stages [15]. encoding GFP. Furthermore, GFP is a relatively small and

General Characteristics of Ideal Reporter Gene: Some biological processes of interest (Fig. 1). Moreover it is
genes are selected as reporters because the used with a monomer as well as it is able to diffuse readily
characteristics they confer on organisms expressing them throughout cells [23]. GFP had been widely used in
are easily assayed and measured or because they are labeling the spermatozoa of various organisms for
selectable markers. They are also nontoxic, non- identification purposes as in Drosophila melanogaster,
immunogenic and small enough to fit into a delivery where expression of GFP can be used as a marker for a
vehicle and biological half-life of the reporter protein is particular characteristic [24, 25].
relevant for the studied phenomenon [16]. Measurements GFP is used widely in cancer research to label and
that are almost instantaneous, exceptional sensitivity, a track cancer cells. GFP-labeled cancer cells have been
wide dynamic range, typically no endogenousactivity in used to model metastasis, the process by which cancer
host cells to interfere with quantitation [17]. cells spread to distant organs [26].

the enzyme luciferase, which catalyzes a reaction with

(GFP)  is  one  of  the  most  frequently  used  reporter

does not require a cofactor [20]. This has enabled

inert molecule, that doesn't seem to interfere with any
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Fig. 1: a) Super Resolution of Green Fluorescent Microscopy. b) GFP Structure (barrel shape)[10].

Chloramphenicol Acetyltransferase (CAT): CAT is the hand, -lactamase has been exploited as a new biological
first gene reporter used for the analysis of transcriptional reporter for bio detection and optical imaging of gene
regulation in mammalian cells. As a bacterial enzyme, CAT expression in vitro and in vivo [34, 35].
has a trimeric structure with three identical subunits of 25 -lactamases can serve as one sensitive reporter
kDa each and is relatively stable in the context of gene with distinctive advantages for a wide variety of
mammalian cells [27]. There are no endogenous proteins specialized and general assays and upon the reaction with
exhibiting similar properties with its enzymatic counterpart the substrates which may generate the chromogenic
in mammalian cells, thus making CAT easily expressed and/or fluorescent signals. They are useful for detection
and assayed [28]. As the first reported gene reporter, CAT of -lactamases produced by gram-positive and gram-
has been extensively utilized to monitor the delivery, negative bacteria, for the detection of -lactamase
location and pattern of transgene expression in some patterns from bacterial cell extracts [36] and for reporting
disease models such as hepatitis B, heart disease and -lactamase in tissue culture [33].
drug resistance in bacteria [29, 30]. Unfortunately, this
assay relies on the radioisotopes which limit its further Luciferase: Luciferase is a generic term for
application in living cells [31]. bioluminescent  proteins  that  generate  light  by  means

The expression of the CAT gene is  dependent on of a  chemical  reaction  with  oxygen and a substrate.
the presence of sequences from the alpha tubulin gene. This enzyme is now emerging as one of the most
The hybrid gene is also active in Leishmania brazliensis commonly used reporters [37]. These bacterial luciferases
and Leishmania major. The CAT assay was originally catalyze the oxidation of reduced flavin mononucleotide
described in Trypanosoma brucei and has subsequently and a long-chain aliphatic aldehyde in the presence of
been demonstrated in other members of the oxygen to yield blue light [38, 39].
trypanosomatid family, including L. enriettii and recently Another interesting application of luciferase is that in
in some nematodes [32]. real-time monitoring of tumor progression in animal

-lactamase (Bla): -lactamases (Bla) are well known  as tracked to follow all tumor behavior, including growth,
a family of bacterial enzymes that cleave penicillin and metastasis and regression, which could be further used to
cephalosporin-based antibiotics with high catalytic monitor efficacy of therapeutic interventions. Several
efficiency and render these bacteria resistant to -lactam animal models of cancer, such as prostate, breast and
antibiotics. -lactamases can be classified into four colon  cancer  have  been studied through this method
molecular classes (A through D) on the basis of their [40, 41].
primary structure or their substrate spectrum and Recently, VLPs had been developed as non-invasive
response to inhibitors. Class A, C and D -lactamases are and cell-label-free ‘tumor finding’ luminescent viruses,
the most common and all have a serine residue at the which could potentially be adapted for clinical application.
active site. Class B comprises the metallo- -lactamase Virus-Like-Particles were applied to measuring the levels
[33]. of neutralizing antibodies against tick-borne Encephalitis

Some bacteria can be penicillin-resistant by Virus as an alternative to performing neutralization tests
producing b-lactamase. It is the enzyme that cleaves b- with live virus. As markers of VLP infection, the genes for
lactam rings in antibiotics, such as penicillin. On the other GFP and luciferase were inserted into the TBEV replicon,

models of cancer. Luciferase-labeled tumor cells could be
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which was then packaged into VLPs. The reporter genes Limitation of Reporter Gene in Diagnostic Assay
were expressed in cells that were infected with the VLPs Variability: Most reporter assays typically provide a
and this infection was inhibited by neutralizing antibodies measurement of the average promoter activity in an entire
to TBEV. The luciferase was in cells that were infected cell population sampled; the issue with this is that there
with the virus-like particles (VLPs) and this infection was in turn is not any measurement of the variations that
inhibited by neutralizing antibodies to Tick-borne occur in promoter activity, which exists between the
encephalitis virus (TBEV). Serum samples from wild individual cells of the population [49].
rodents were used to evaluate the neutralization test
using VLPs [42]. Uncontrolled Kinetics: Another disadvantage of reporter

-Galactosidase ( -Gal): -galactosidase ( -gal) is a rapidly becomes uncontrollable, because there is no way
well-characterized bacterial enzyme. About  26  amino to monitor gene expression over time, without attaining
acids  can  be  removed  and  then  substituted with the full complement of replicate samples at each time
several  hundred  or  more  residues  from  a variety of period [50].
other proteins without influencing catalytic activity.
Meanwhile,  the   redundancy  of  its  two  carboxyl Anomalous Expression: Native luciferases such as firefly
terminal amino acids enables  substitution  by  other and Renilla are not necessarily optimal as genetic
coding  regions  producing active chimeric - reporters. It has been enhanced that the native proteins
galactosidase [43]. On the other hand, -gal plasmids by improving their expression in mammalian systems,
possessing  the  SV40  promoter/enhancer, the reducing the risk of anomalous expression and
cytomegalo virus promoter/enhancer, the herpes simplex destabilizing the reporters [36]. To enhance mammalian
virus thymidine kinase (HSV-TK) promoter/enhancer or expression, we have optimized codon usage for the firefly
the major adenovirus late promoter/tripartite leader can and Renilla luciferases. The resulting recombinant
induce the expression of the encoded lacZ gene in cells luciferase reporters show much higher specific expression
[44, 45]. in mammalian systems [51].

Alkaline Phosphatase (AP): AP is a generic term for a Stability: The speed by which a genetic reporter can
family of orthophosphoric monoester phosphor hydrolase respond to changes in the transcriptional rate is correlated
sex habiting optimum activity at alkaline ph. It is a to the stability of the reporter within cells. Highly stable
relatively stable protein ubiquitously expressed in bacteria reporters accumulate to greater levels in cells, but their
and mammalians. AP is due to its dephosphorylation of a concentrations change slowly with changes in
broad range of natural and synthetic substrates, a number transcription. Conversely, lower stability yields less
of assays with varying degrees of sensitivity are available accumulation but a much faster rate of response [52].
for measuring its activity. One standard
spectrophotometric assay is based on the hydrolysis of Reporter Gene Applications
the AP substrates to generate the absorbance change Reporter  Gene   Applications   in  Diagnostic  Assay:
[46]. The purpose of the reporter gene assay is to measure the

Many important human and animal pathogens are regulatory potential of an unknown DNA-sequence in
gram positive, including several that are resistant to different diseased and non-diseased cells. This can be
multiple antibiotics [47]. Unlike most gram-negative done by linking a promoter sequence to an easily
bacteria, gram-positive bacteria typically secrete detectable reporter gene such as that encoding for the
numerous proteins into the external environment specific reporter genes. Common reporter  genes  are
surrounding the cell. This characteristic of protein (Table 1) green fluorescent protein, secreted alkaline
secretion is particularly true for the pathogenic gram- phosphatase, beta-galactosidase, beta-glucuronidase and
positive species and it is likely that many of these luciferase. Various detection methods are used to measure
secreted proteins promote virulence [48]. Recently, an expressed reporter gene protein [53, 23].
alkaline phosphatase derived from the gram-positive However, the ability to have a fluorescence,
bacterium Enterococcus faecalis has been developed as bioluminescence and PET signal provides the full
a reporter that is highly active in gram-positive. The spectrum of coverage needed for many reporter gene
fusion partner can be large and the resulting chimera can applications. One can use this tri-fusion reporter gene to
be stable and demonstrate high specific activity [28]. sort  cells  and to image in small living animals using either

genes is that the kinetic analysis of a promoter activity
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Fig. 2: The figure expresses luciferase as a reporter for tumor cell growth in vivo at subcutaneous sites. Modified lus
gene (PC-3M-luc) was injected three animals (rats) and growth of cells was monitored by photon emission over
a 14-day time course. The color bar indicates average signal intensity per pixel represented by a color scheme
used in the pseudo color image.
Source: adapted from Contag et al.[61].

Table 1: Illustration of various detection methods of reporter genes
Detection methods
-------------------------------------------------------------------------------------------------------------

Reporter gene Luminescence Fluorescence Absorbance
Luciferase + _ _
beta-Galactosidase (Gus) + + +
beta-Glucuronidase (B-Gal) + + _
Secreted Alkaline Phosphatase (SEAP) + _ +
Green Fluorescence Protein (GFP) _ + _
Source: from Luker et al. [40]

fluorescence or bioluminescence and in larger subjects, research areas covering stem cell and immune cell
including humans using PET [54]. The ability to move mediated cell therapy and viral  therapy  applications
between imaging technologies without  having  to use a using nuclear medicine imaging to magnetic resonance
different reporter gene for each application will greatly imaging to optical imaging and activatable imaging
simplify various biological models including transgenic, strategy [49, 56].
cell trafficking, anticancer pharmaceutical research, Recently stem cells are widely used for therapy due
environmental pollution (toxic agents) and gene therapy to their unprecedented power of regenerating normal
[55]. tissues which is not possible by other therapeutic

Reporter Gene  Imaging  in  Therapy  and  Diagnosis: cells and induced pluripotent stem cells (iPSCs) in
The science of  theranostic  involves  development of monitoring tumorigenicity, immunogenicity, bio
new probes, new delivery vectors/chemicals and new distribution and how molecular imaging plays roles in
strategies  of  imaging  in  cellular  and  animal models. answering the crucial questions about their clinical
The global experts on reporter gene imaging explore the applications [57]. Amongst all the existing imaging
potential use of various reporter genes in expanding methods  bioluminescence  imaging   is  the most sensitive

approaches. It was elaborated that the application of stem
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technique in small animal models due to the high signal to There should be improvements of diagnostic assay
noise ratio. Modulating immune system for better
treatment is a challenge and a constant focus for
development of personalized medicine, particularly in
cancer. In order to fully understand the efficacy of
immune therapies, it is critical to understand how the
treatment modulates the function of each cell type
involved in the anticancer immune response [58].

The development of reporter genes for tracking cell
movement and function is a powerful addition to the
immunologist’s toolbox [9]. Though bioluminescence
imaging confers the greatest sensitivity amongst all the
imaging modalities, it still lacks the power of clinical
application. Radionuclide imaging, particularly the
positron emission tomography reporter genes and
reporter probes emerge as the most valuable and reliable
tools for gene and cell therapy from small animal models
to humans [59]. The spatiotemporal imaging of genomic
and proteomic events in living subjects is the crux of
molecular imaging with reporter genes. Of all the imaging
modalities available magnetic resonance imaging
produces best spatial resolution and generates both
functional and anatomical information [60].

CONCLUSION

A variety of reporter and selectable marker genes are
used extensively in diagnostic assay to evaluate stage of
diseases and drug resistance. In cases of tropical
countries where laboratory facilities are limited, the
implementation of reporter genes in diseases diagnosis
are the best methods which has no competent. Besides
their limitation, they have many strong sides such as:
small in size, nontoxic and stable at room temperature,
naturally assessable and inexpensive. As simpler, more
rapid and more sensitive assays continue to evolve and
new reporter genes and more sophisticated vectors are
designed and marked, combined with advanced detection
methods therefore reporter gene technology will continue
to remain as one of the most useful methods for
understanding intracellular signaling transduction,
molecular basis of diseases and therapeutic evaluation.
Based on the above conclusion the following points are
recommended:

It is desirable to develop novel non-antibiotic
resistance markers
There should be experience on the utility, stability
and performance of these marker genes

by using reporter gene
Further studies and researches should be done on
reporter assay in tropical zone 

REFERENCES

1. Centeral Statistical Agency, 2013. Report on
Livestock and Livestock Characteristics (Private
Peasant Holdings). J.Centeral Statistical Agency
(CSA), Statistical Bullettin 570. Federal Democratic
Republic of Ethiopia, Addis Ababa. Agricultural
Sample Survey 2012/13(2005 E.C.).

2. Centeral Statistical Agency, 2010/11. Livestock
Sample Survey Done on Small Holder Farmers. J.
Centeral Statistical Agency of Ethiopia (CSA).

3. Metaferia, F., T. Coherent, A. Gelan, F. Abnet, A.
Tesfay, J. Ali and W. Gulilt, 2011. A Review to
Improve Estimation of Livestock Contribution to the
National GDP. J. Ministry of Finance and Economic
Development and Ministry of Agriculture. Addis
Ababa, Ethiopia.

4. Zegeye, Y., 2003. Challenges and opportunities of
livestock marketing in Ethiopia. J.IN:Pro.  Of  the
Tenth Annual Conference of Ethiopian Society of
Animal Production (ESAP), Addis Ababa, Ethiopia,
pp: 47-54.

5. Dodet, B., 2006. Preventing the incurable: Asian
rabies experts advocate rabies  control.  J.  Vaccine,
24: 3045-9.

6. Wright,   E.,      N.    Temperton,        D.     Marston,
L. McElhinney, A. Fooks and R. Weiss, 2008.
Investigating antibody neutralization of lyssa viruses
using lentiviral pseudotypes: across-species
comparison. J. Gen Virol., 89: 2204-13.

7. Mesele,  S.,   A.   Kangunyu,   M.   Shibia,  L.  Belay,
G.  Haile,  A.  Tilahun,  M.  Okoti,  L.   Coppock  and
G.  Gabru, 2007. Impact of Cross Border Livestock
Mobility on Conflict Over National Resourses and
Spreading of Livestock Diseases. J. in proceedings of
sub-regional workshop on managing E A range lands
for better response to feed crisis, Addis Ababa
Ethiopia.

8. Lakadamyali,  M., M.    Rust,    H.    Babcock   and
X. Zhuang, 2003. Visualizing Infection of Individual
Influenza Viruses." J. Proceedings of the National
Academy of Sciences of the United States of
America, 100: 9280-5.



Intl. J. Genet., 5(2): 39-47, 2015

45

9. Dubey, P., 2012. Reporter gene imaging of immune 23. Chalfie, M., 2009. Green Fluorescent Protein: J.
responses  to   cancer:   progress    and   challenges. lighting up life’s proceedings of the national
J. Theranostics, 2: 355-62. academy of sciences of the united states of America.,

10. Arun, K., C. Kaul and P. Ramarao, 2005. Green 106: 10073-10080.
Fluorescent Proteins in Receptor Research: an Gunkel, M., F. Erdel K. Rippe, P. Lemmer, R.
emerging tool for drug discovery. J. Pharmacol. Kaufmann, C Hörmann and C. Hörmann1, 2009. "Dual
Toxicol. Methods., 51: 672-83. color localization microscopy of cellular

11. Wood, K., 2007. Celullar Biotechnological assay. J. nanostructures. J. Biotechnology, 4: 927-38.
Promega Notes, 96: 3-5. 24. Joo, K. and P. Wang, 2008. Visualization of targeted

12. Wood, K., 1998. Cellular Biotechnological assay. J. transduction by engineered lentiviral vectors. J. Gene
Promega Notes, 65: 14-20. Therapy, 15: 1384-96.

13. Gambhir, S., J. Barrio, H. Herschman and M. Phelps, 25. Kouros, H., S. Bechis, E. Slorach, L. Little, M.
1999. Assays for noninvasive imaging of reporter Egeblad, A. Ewald, S. Pai, I. Ho and Z. Werb, 2008.
gene expression. J. Nuclear Medicine and Biology, GATA-3 Links Tumor Differentiation and
26: 481-490. Disseminationina Luminal Breast Cancer Model. J.

14. Ormö, M., A. Cubitt, K. Kallio, L.Gross, R. Tsien and Cancer Cell, 13: 141-52.
S.  Remington, 1996. Crystal structure of  the 26. Schwarz, S., C. Kehrenberg, B. Doublet and A.
aequorea victoria green fluorescent protein. J. Cloeckaert, 2004. Molecular basisC of bacterial
Science, 273: 1392-5. resistance to chloramphenicol and florfenicol. J.

15. Livet, J., T. Weissman, H. Kang, R. Draft, J. Lu, R. FEMS Microbiology Review, 28: 519-542.
R.A. Bennis, J.R. Sanes and J.W. Lichtman, 2007. 27. Granok, A., D. Parsonage, R. Ross and M. Caparon,
"Transgenic Strategies for Combinatorial Expression 2000. Therofa binding site In Streptococcus
of Fluorescent Proteins in the Nervous System. J. pyogenesis utilized in multiple transcriptional
Nature., 450: 56-62. pathways. J. Bacteriol., 182: 1529-1540.

16. Koo, J., Y. Kim J. Kim M. Yeom, I. Lee and H. Nam, 28. Selbert, S. and D. Rannie, 2002. Analysis of
2007. A GUS/Luciferase fusion  reporter  for plant transgenic mice. J. Methods in Molecular Medicine.,
gene  trapping  and for assay of promoter activity 180: 305-341.
with luciferin-dependent control of the reporter 29. Arnone, M., I. Dmochowski and C. Gache, 2004.
protein  stability.   J.   Plant   and   Cell  Physiology, Using reporter genes to study cis-regulatory
48: 1121-1131. elements. J. Methods in Cell Biology, 74: 621- 652.

17. Minor, L., 2006. Handbook of Assay Development in 30. Rajamanickam, C. and R. Jeejabai, 2005. Evaluation of
Drug Discovery. J. Annual Review of Biochemistry, the cardiac isoform of alpha2- macroglobulin as a
67: 509-544. factor inducing cardiac hypertrophy. J. Methods in

18. Mango, S., 2001. Stop making nonsense: the C. Molecular Medicine, 112: 261-275.
elegancy smog genes. J. Trend Genet., 17: 646-653. 31. Barkay, T., R. Turner, L. Rasmussen, C. Kelly and J.

19. Trinklein, N. and S. Aldred, 2007. Imaging into the Rudd, 1998. Methods in Molecular
Future: visualizing gene expressionand protein Biology/Bioluminescence. J.The Humana Press,
interactions with fluorescent proteins. J. Nat. Cell Totowa.NJ, 6: 231-246.
Biol., 4: 15-20. 32. Livermore, D. and D. Brown, 2001. Detection of beta

20. Prasher, D., H. Eckenrode V. Ward, W. Prendergast lactamase mediated resistance. J. Antimicrobial
and M. Mormier, 1992. Primary structure of the Chemotherapy, 48: 159-64.
aequorea victoria green fluorescent protein. J. Gene., 33. Campbell, R., 2004. Realization of beta-lactamase as a
111: 229-233. versatile fluorogenic reporter. J. Trends in

21. Chen, X., 2011. Introducing Theranostics. Biotechnology, 22: 208-211.
Theranostics, Tokyo, Japan, 1: 1-23. 34. Philippon, A., J. Dusart, B. Joris and J. Frere, 1998.

22. Hobert, O. and P. Loria, 2005. Uses of GFP in C. The diversity structure and regulation of beta
elegancy. In Green Fluorescent Protein Properties. J. lactamases.  J.   Cellular   Molecular  Life  Sciences,
Applications and Protocols, 2: 237-42. 54: 341-346.



Intl. J. Genet., 5(2): 39-47, 2015

46

35. Day, J., C. Munk and J. Guatelli, 2004. The membrane- 47. Lei, B., S. Mackie, S. Lukomski and J. Musser, 2000.
proximal tyrosine-based sorting signal of human
immune deficiency virus type 1 gp41 is required for
optimal viral infectivity. J. Virology, 78: 1069-1079.

36. Hastings, J., 1996. Chemistries and colors of
bioluminescent reactions. J. Review Gene., 173: 5-11.

37. Doyle, T., S. Burns and C. Contag, 2004. In vivo
bioluminescence imaging for integrated studies of
infection. J. Cellular Microbiology, 6: 303-317.

38. Bronstein, I., J. Fortin, P. Stanley, G. Stewart and L.
Kricka, 1994. Chemiluminescent and bioluminescent
reporter  gene assays. J. Analytical Biochemistry,
219: 169-181.

39. Luker, K., M. Smith, G. Luker, S. Gammon, H. Piwnica
and D. Piwnica, 2004. Kinetics of regulated protein-
protein interactions revealed with firefly luciferase
complementation imaging in cells and living animals.
J. Proceedings of the National Academy of Sciences.
USA, 101: 12288-12293.

40. Caceres,  G.,  R.  Zankina,  X. Zhu, J. Jiao, H. Wong,
A. Aller and P. Andretti, 2003. Determination of
chemotherapeutic activity in vivo by luminescent
imaging of luciferase transfected human tumors. J.
Anti-cancer Drugs., 14: 569-574.

41. Schwaiger, M. and P. Cassinotti, 2003. Development
of a quantitative real time RT-PCR assay  with
internal control for the laboratory detection of tick
borne encephalitis virus (TBEV) RNA. J. Clin Virol.,
27: 136-45.

42. Fowler, A. and I. Zabin, 1983. Purification, structure
and properties of hybrid beta-galactosidase-protein.
J. Biochemistry, 278: 19127-19133.

43. Leahy, M., P. Vaughan, L. Fanning, S. Fanning and
D. Sheehan, 2001. Purification and some
characteristics of a recombinant  dimeric rhizobium
meliloti  beta-galactosidase    expressed in
Escherichia coli. J. Enzyme and Microbial
Technology, 28: 682-688.

44. Holmes, M. and M. Dyall, 2000. Sequence and
expression of a Halo bacterial beta-galactosidase
gene molecular. J. Microbiology, 36: 114-122.

45. Manoil, C., 2000. Tagging exported proteins using
Escherichia Coli alkaline phosphatase gene fusions.J.
Methods Enzymol., 326: 35-47.

46. Tjalsma,  H.,   J.   Bolhuis,  S.  Jongbloed,  Bron  and
D. Van, 2000. Signal peptide-dependent protein
transport in bacillus  subtilis:  a  genome-based
survey of the secretome. J. Microbiol. Mol. Biol.
Rev., 64: 515-547.

Identification and immunogenicity of group a
streptococcus culture supernatant proteins. J. Infect.
Immun, 68: 6807-6818.

48. Troy,  T.,   D.   Jekic-McMullen,  L.  Sambucetti  and
B. Rice (2004). Quantitative comparison of the
sensitivity of detection of fluorescent and
bioluminescent reporters in animal models. J.
Imaging, 3: 9-23.

49. Streja, D., F. Teichner and E. Marliss, 2009. Fifty year
survival a surgery for craniopharyngioma. J. Jama.,
234: 440-442.

50. Ahn, B., 2012. Sodium iodide symporter for nuclear
molecular imaging and gene therapy: from bedside to
bench and back. J. Theranostics, 2: 392-402.

51. Trinklein, N.D. and S.F. Aldred, 2007. Promega Notes,
96: 8-10.

52. Nordgren, I. and A. Tavassoli, 2014. A bidirectional
fluorescent two-hybrid system for monitoring
protein-protein interactions. J. Molecular Bio.
Systems, 10(3): 485-90.

53. Voura, E., J. Jaiswal, H. Mattoussi and S. Simon, 2004.
Tracking metastatic tumor cell extravasation with
quantum dot Nano crystals and fluorescence
emission-scanning    microscopy.     J.    Nat   Med.,
10: 993-998.

54. Tjuvajev,  J.,    N.   Avril,    T.    Oku,    T.  Sasajima,
T.   Miyagawa,    R.    Joshi,    M. Safer,   B.  Beattie,
G. Diresta, F. Daghighian, F. Augensen, J. Koutcher,
J.  Zweit,   J.   Humm,   S.M.   Larson,   R.   Finn  and
R. Blasberg 1998. Imaging herpes virus thymidine
kinase gene transfer and expression by positron
emission tomography. J. Cancer Res., 58: 4333-4341.

55. Shah,   K.,     A.     Jacobs,     X.      Breakefield    and
R. Weissleder, 2004. Molecular imaging of gene
therapy for cancer. J. Gene Ther., 11: 1175-1187.

56. Kutschka, I., T. Kofidis, I.Y. Chen, von G. Degenfeld,
M. Zwierzchoniewska, G. Hoyt, T. Arai, D.R. Lebl,
S.L. Hendry, A.Y. Sheikh, D.T. Cooke, A. Connolly,
H.M. Blau, S.S. Gambhir and R.C. Robbins, 2006.
Adenoviral human BCL-2 transgene expression
attenuates early donor cell death after
cardiomyoblast transplantation into ischemic rat
hearts. J. Circulation., 114: I174-180.

57. Rogers, W., C. Meyer and C. Kramer, 2006.
Technology insight: in vivo cell tracking by use of
molecular resonance imaging. Nat Clin Pract
Cardiovasc. J. Med., 3: 554-562.



Intl. J. Genet., 5(2): 39-47, 2015

47

58. Lechner, A., 2004. Stem cells and regenerative 60. Contag, P., N. Olomu, K. Stevenson and C. Contag,
medicine for the treatment of type 1 diabetes: the 1998. Bioluminescent indicators in mammals. J. Natt
challenges laying a head. J. Pediatr Diabetes, 5: 88-93. Med., 4: 245-247.

59. Lee, S., S. Lee and S. Biswal, 2012. Magnetic
resonance reporter  gene  imaging.  J.  Theranostics,
2: 403-12.


