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1.1 ABSTRACT 
 

In this brief review, we present recent results in the development of fluorescence-
based assays for the detection of compounds with cytotoxic, anticancer and anti-
microbial properties.  As other reviews have explored various aspects related to these 
topics, this review will focus on the use of the Green Fluorescent Protein (GFP) for the 
detection of potentially toxic and/or therapeutic compounds.   Since high-throughput 
screening of chemical compounds can be both expensive and laborious, development 
of low cost and efficient cell-based assays to determine biological activity should 
greatly enhance the early screening process.  In our recent studies, we have developed a 
couple of GFP-based assays for the rapid screening of compounds with cytotoxic and 
bacteriocidal properties. As will be described in more detail in subsequent sections, a 
new 96-well assay has recently been developed that allows for the simultaneous 
screening of test compounds on gram positive and negative bacteria as well as 
mammalian (human cancer) cells.  Our results demonstrate that both mammalian cells 
and bacteria can be analyzed in tandem to rapidly determine which compounds are 
specifically toxic to one of these cell types.  The parallel screening of both eukaryotic 
and prokaryotic cells was found to be feasible, reproducible, and cost effective.   

 
 
1.2. BRIEF OVERVIEW ON THE PROPERTIES OF GFP  
  
 Few methods exist that allow the visualization of living cells as they undergo 
apoptotic or necrotic modes of death.   Since labeling of cells with dyes is not always 
efficient and may lead to interference of cellular functions, the preferred method for 
non-invasive detection is via the use of fluorescent markers.  A fluorescent marker that 
has achieved prominence in visualization assays is GFP and its derivatives.  These 
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proteins have greatly facilitated the in vivo and in situ visualization of proteins 
involved in complex cellular functions.    

GFP was first detected in the jellyfish, Aequorea victoria, in 1961 [1], but the 
cloning of the GFP gene did not take place until 1992 [2]. Subsequent expression of the 
GFP protein revealed that it retained its fluorescence properties in non-jellyfish species 
(for extensive reviews see [3; 4]).   GFP is an exceptional protein since it does not 
require co-factors or substrates, is stably expressed as a fusion protein, is relatively 
non-toxic, and can be readily detected by fluorescence microscopy and other 
fluorometric techniques (see [3; 4]).  The wild type GFP protein has two excitation 
peaks at 395nm and 470nm, and its emission peak is at 509 nm [4].   However, the 
most unique feature of GFP is the highly fluorescent chromophore composed of Ser-
Tyr-Gly residues which are cyclized and oxidized to form the chromophore [3; 4]. Due 
to these unusual characteristics, this protein has been used to explore complex 
biochemical and cellular processes in living cells and in whole prokaryotic and 
eukaryotic organisms (reviewed by [3; 5]).  GFP variants have also been created with 
shifted absorbance and emission spectra and improved folding and expression 
properties.  The creation of blue, cyan, yellow and red GFP variants coupled with new 
fluorescence imaging techniques has greatly enhanced our ability to perform 
localization and kinetics studies of GFP-tagged proteins (see [3] for a review of these 
techniques).     It is important to note that the majority of recent studies make use of an 
enhanced version of GFP (EGFP) which is not only codon optimized for mammalian 
expression but also contains point mutations that make it brighter and more stable [3]. 

 
1.3. GFP AS A BIOSENSOR  
 
 The use of GFP as a biosensor for genotoxic compounds has also been gaining 
momentum over the past few years [5-8].   A good example of these assays, is the 
GreenScreen genotoxicity assay that can simultaneously measure both toxicity and 
genotoxicity in yeast [9-11].   This assay relies on genetically modified yeast carrying a 
DNA damage-inducible RAD54 promoter upstream of a yeast-enhanced GFP gene that 
is expressed when DNA repair is induced by genotoxic agents [6; 11].  A reduction in 
cell proliferation was used to determine toxicity and to test environmentally relevant 
substances such as metal ions, solvents, and pesticides.  Most recently, this assay was 
modified for environmental monitoring using portable instrumentation [9]. Using a 
similar strategy, Normal et al, generated GFP-reporters based on the inducible DNA 
damage SOS response of Escherichia coli [12].  Although several constructs were 
tested, the SOS-GFP biosensor was found to be highly sensitive to the detection of 
carcinogens and genotoxins [12].  Apart from an increase in sensitivity, as compared to 
other E. coli GFP-based models, this system should be readily applicable to high-
throughput screening assays. 

The use of GFP-expressing mammalian cells for cytotoxic compound screening 
was first described by Sandman, et al., [13].  In this study, the inducible Tet-On system 
was utilized to drive the expression of EGFP in HeLa cells to evaluate the cytotoxicity 
of platinum complexes [13].   Treatment of the inducible HeLa cells with cisplatin and 
other platinum complexes resulted in a strong correlation between GFP inhibition and 
cytotoxicity [13].  The observed decrease in GFP expression was mediated by 
transcriptional downregulation possibly due to platinum-mediated DNA crosslinking 
[13].  In another study using well-known cytotoxic agents, Steff, et al., [14] 
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demonstrated that GFP-based assays yielded comparable kinetics and sensitivity to 
more traditional apoptosis assays. After toxicant exposure, a decrease in GFP 
fluorescence was detected by flow cytometry and fluorescence-based microplate assays 
[14]. Although the mechanism for the loss of fluorescence was not determined, 
cytoplasmic GFP-fluorescence was found to decrease during cell death but this 
decrease in signal was apparently not due to protein degradation [14].  In yet another 
study, the fluorescence signal of a fusion protein consisting of GFP and the nuclear 
pore membrane protein POM121 that targets to the nuclear membrane was also found 
to dissipate after induction of apoptosis in a neuroblastoma cell line [15].  In this study, 
the loss of GFP-signal was found to correlate with the degree of chromatin 
condensation and nuclear DNA fragmentation associated with apoptosis [15].    

A novel murine bone marrow stromal cell line has also been established for the 
assessment of p53 (tumor suppressor) protein responses to genotoxic stress [16].  In 
this study, EGFP was used to assess the transactivation response of p53 to chemical 
and physical stimuli. As was expected, GFP expression was significantly enhanced 
upon exposure to p53 inducers and this induction correlated well with p53 protein 
accumulation making this model system very useful for toxicological studies.  Using a 
similar approach, Quinones and Rainov [17], established a human cell line (HEK293-
TP53::EGFP) that expresses a functionally stabilized p53 protein fused to EGFP to 
monitor p53 protein expression as well as its subcellular localization.  In this system, 
DNA damaging agents caused a significant increase of intracellular p53-EGFP levels, 
which was dependent on the endogenous p53 status. These GFP-based reporter systems 
should be very useful for the identification of mutagens and carcinogens that induce 
p53 expression. 

An interesting twist to the aforementioned assays is the use of GFP-tagged cells in 
cell-mediated cytotoxicity assays. Analysis of cytotoxic T-lymphocyte (CTL) or 
natural killer (NK) cell activity generally involves the use of radiolabeled target cells 
and therefore the creation of sensitive non-radioactive assays is highly desirable.   A 
GFP-based “fluorolysis” method was developed that is significantly more sensitive 
than the standard 51Cr-release assay for CTL activity [18].   In this assay, the well 
characterized T-cell target cell line P815 was transfected with the GFP gene and used 
as a target in CTL assays.  Using flow cytometry, the percentage of GFP labeled target 
cells was easily detected allowing for the identification of a smaller number of 
activated CTLs [18].  A variant of this assay has recently been employed for the 
detection of NK-mediated cytolysis.  In this case, a GFP-transfected Wilms' tumor cell 
line was established that is highly susceptible to human NK cells [19].  Measurement 
of GFP release by NK-lyzed tumor cells was found to correlate well with radioisotopic 
assays and proved to be a convenient alternative for monitoring human activated NK-
cell mediated killing activity [19].    

 
1.4.  GFP-BASED TOXICITY ASSAYS IN MULTICELLULAR ORGANISMS 

 
Apart from the large variety of prokaryotic and eukaryotic cell based assays, recent 

breakthroughs allow GFP-detection in live multicellular organisms.  For example, a 
chick-embryo metastatic cancer model has recently been described that makes use of 
Lewis lung carcinoma cells that express GFP [20].  Injection of the GFP-tagged 
carcinoma cells into 12th day chick embryos resulted in metastases in the brain, heart, 
and sternum, which was readily visualized by fluorescence after several days.  Co-
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injection of the marked cells with therapeutic agents resulted in complete inhibition of 
metastases indicating that this model can be used for screening of anti-
cancer/metastatic drugs [20].  Several GFP transgenic animals have also been 
generated that could potentially be used to screen the effects of toxic compounds in 
vivo.   Most recently, transgenic zebrafish [21; 22], medaka [23], and nematode [24] 
models have been described for the detection of pollutants and other environmental 
genotoxic compounds. Transgenic mice expressing GFP have been used for a variety 
of purposes including analysis of tumor angiogenesis [25] and metastasis [26-28].  A 
good example of targeted expression of GFP is the non-invasive prostate imaging 
model in live mice [29].   In this model, transgenic mice carrying the human kallikrein 
2 promoter coupled to luciferase and GFP genes, via a bi-cistronic vector, yielded 
animals that specifically expressed GFP in the prostate lobes [29].   In addition, several 
GFP-tagged cancer cells introduced into immunocompromised mice have been 
developed that have allowed visualization of tumor growth, metastasis and its 
associated vascularization [27].   These systems offer great advantages as the GFP-
tagged tumor cells are readily detected in normal tissues by fluorescence microscopy 
without extensive sample preparation.   Since the process of metastasis is not fully 
understood and since prevention of tumor-spread is of great importance for cancer 
therapy, any insights provided by these cancer-models can lead to the discovery of 
novel therapeutic approaches.   In recent years, intravital microscopic methods and 
whole body imaging techniques have been developed to detect GFP-tagged tumor 
progression in animals [25; 26; 30-33].  In fact, real time detection of such labeled cells 
has been used to detect single cells (reviewed by [27]) and used to monitor the 
metastatic process [34; 35].  These ex vivo detection techniques are highly relevant for 
the screening of novel therapeutic agents and they may allow the detection of tumor 
cell clearance during drug treatment. 
 
1.5.  RECENT GFP-ASSAYS FOR DRUG DISCOVERY 
 

Since high throughput screening of chemical compounds can be both expensive 
and laborious, development of low cost and efficient cell-based assays to determine 
biological activity should greatly enhance the early screening stages [36-38].  Several 
computational methods are currently in use to predict the potential toxicity of novel 
compounds but it is highly unlikely that these methods will fully replace animal or cell-
based assays [39-42].   
 In our recent studies, we developed two GFP-based assays for the rapid screening 
of compounds possessing cytotoxic and bacteriocidal properties [43; 44].  In our first 
attempt to develop a simple cytotoxicity assay, we made use of a human cancer cell 
line, HeLa-GFP [45] that constitutively expresses a recombinant EGFP gene fused to 
histone H2B [43].  Expression of the H2B-GFP fusion protein results in nuclei that can 
be readily detected by fluorescence microscopy [45].  An obvious advantage of using 
GFP-marked cells to examine cytotoxicity is that the same cells can be analyzed over a 
prolonged period of time.  As can be seen in Fig. 1, the cytotoxic effects of plumbagin 
(Q1), a known cytotoxic naphthoquinone, was monitored by fluorescent microscopy 
over a 10 hour period.   Prototypical signs of apoptosis were detected by 6 hours of 
exposure as evidenced by nuclear DNA condensation and membrane blebbing.  After 
10 hours of exposure, GFP fluorescence decreased significantly, which was   most 
evident  when the cells were  treated with another cytotoxic naphthoquinone, 3-Phenyl- 



  5

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.   Microscopic analysis of the toxic effects of plumbagin (Q1) and 3-phenyl-1,4-naphthoquinone 
oxide (Q23).   Using fluorescence microscopy, a group of HeLa-GFP cells was monitored for signs of cell 
death at two hour intervals over a 10 hour period.  Obvious signs of cell-death induction were clearly visible 
by 6 hours (hrs) of chemical exposure by membrane “blebbing” (see filled arrows) and by an increase in 
nuclear DNA condensation (open arrows).  Note that Q23 (see Fig.  3) is the same compound referred to as 
NQ11 in our previous analysis [43]. 

 
1,4-naphthoquinone oxide; Q23,  see Table 1 and  ref. [43]).   This  decrease  in  GFP-
signal is likely due to DNA degradation and the loss of nucleosomal structure. 
Interestingly, clouds of GFP fluorescence were occasionally detected adjacent to the 
GFP-depleted nuclei presumably due to release of histones/nucleosomes after inter-
nucleosomal DNA cleavage 

To eliminate the possibility that the H2B-GFP fusion protein contributed to the 
cytotoxic effects of the quinone compounds, several cell lines were also subjected to 
the same microscopic analysis [43].  As can be seen in Fig. 2A,  when Q1 and Q23 
were tested on several adherent cell lines (NIH3T3, L-cells, L-tk-, HeLa and HeLa-
GFP), very similar toxicity effects were detected.  Although the morphological changes 
of the dying cells resembled the changes attributed to apoptosis, it is clear that 
naphthoquinones can cause necrosis as well (see ref. [43] and references within).  In 
order to determine if the two compounds, Q1 and Q23, induce similar modes of death, 
flow cytometry was utilized to help determine the percentages of cells undergoing 
necrosis and/or apoptosis.  Annexin V-FITC staining, which detects phosphatidylserine 
exposure on the surface of apoptotic cells, and Propidium iodide (PI), which stains the 
nuclei of dying cells, were used in conjunction to determine the modes of death 
induced by Q1 and Q23.  As shown in Fig. 2B, treatment of a non-adherent 
lymphocyte cell line with Q1 and Q23 resulted in a  significant induction of apoptosis 
(> 30%; see [43]) consistent with prior results on the action of plumbagin and other 
naphthoquinones [46-49].  Although the cytotoxic effects of both quinones were quite 
similar, Q23 treatment resulted in a slightly higher level of necrosis (~30%) than 
apoptosis (~25%) at the highest concentrations tested (Fig. 2B).  As will be discussed 
in the next section, it is likely that some of the naphthoquinone compounds that were 
recently screened will exhibit different modes of action. 

 
1.6. USING THE HELA-GFP ASSAY TO DETERMINE THE CYTOTOXICITY 
OF ANTIBACTERIAL COMPOUNDS 

8 hrs6 hrs0 hrs 10 hrs

Q1

Q23

8 hrs6 hrs0 hrs 10 hrs

Q1

Q23

8 hrs6 hrs0 hrs 10 hrs

Q1

Q23
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Figure 2.  Analysis of the toxic effects of plumbagin (Q1) and Q23.  (A) Cytotoxicity screening of Q1 and 
Q23 on various adherent cell lines.  Plumbagin was tested at 5.3 (1.0) and 0.21 (.04) µM while Q23 was 
tested at 4.0 and 0.16 µM.  DMSO (1 µl), which was the compound solvent, was added as a control at the 
same concentration as the test samples.   (B) Graphical representation of results obtained by two-color flow 
cytometry (see [43]) at low and high compound concentration.   Note that Annexin V-FITC and PI double 
staining should detect late apoptosis while single PI staining should be indicative of necrosis (see [43] for 
more details).  Early apoptosis is defined as cells that are only Annexin V positive.  Compounds were tested 
at the same concentration as in (A) for the lower concentration and four times that amount for the higher 
concentration.  
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Mycobacterial infections are on the increase worldwide, particularly in 
immunocompromised population, as is the case of M. avium in AIDS patients.  
Although these infections have devastating effects, there have been no new drugs 
specifically developed against these organisms since the 1960’s ([50] and references 
within).  A recent screen of acetophenone derivatives revealed that some of these 
compounds have significant anti-mycobacterial properties [50]. Acetophenone-
derivaties with the strongest antibiotic properties were subsequently tested in the HeLa-
GFP cytotoxicity assay to determine if any of these compounds exhibited cytotoxic 
effects against the human cell line (see Fig. 3; [50]).  This analysis uncovered 
compounds with selective cytotoxicity toward eukaryotic cells  (see asterisks, Fig. 3) 
and compounds with selective antibacterial activities (see arrows, Fig. 3; [50]).  Thus, 
compounds likely to have distinct mechanisms of action in prokaryotic and eukaryotic 
organisms were uncovered.  As will be described in more detail in the following 
section, a new 96-well assay has recently been developed that allows for the 
simultaneous screening of test compounds on gram positive and negative bacteria as 
well as on mammalian cells. 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 3.  Screening of acetophenone compounds for toxicity with the HeLa-GFP assay.  HeLa-GFP cells 
were exposed to various acetophenone compounds for 24 hours at two concentrations, 10 and 50 µg/ml.  
Compounds selectively toxic to bacteria (4 Nitroacetophenone, NAP; 4 Bromoacetophenone, 4BAP; and 4-
Piperidinoacetophenone,  PAP) with cytotoxicities of <25% and minimal inhibitory concentrations (MIC) of 
< 605 are indicated with open arrows.   Compounds selectively toxic to the HeLa cells (Hydroxybenzoic acid, 
HBA;  4-Chloroacetophenone, 4CAP; and 4-Aminoacetophenone, 4AAP) with cytotoxity >25% and MIC 
>9500 are marked with asterisks (Ctrl, control without compound; see [50] for additional details). 
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1.7,  LARGE-SCALE SCREENING OF COMPOUNDS ON EUKARYOTIC 
AND PROKARYOTIC CELLS 
 

In order to rapidly screen novel compounds for their toxic properties, a relatively 
simple GFP-based assay was recently developed to simultaneously screen several 
compounds without having to perform other elaborate assays [43].  Although easy to 
implement, this assay could not be applied to high-throughput analysis as it relied on 
microscopic visualization [43].   Given this obvious limitation, the assay was modified 
to facilitate the simultaneous screening of multiple compounds in a 96-well format 
using an automated fluorescence plate reader.  Since small quantities of compounds are 
analyzed, this assay is particularly well suited for the screening of small combinatorial 
chemical libraries.  Another advantage of these microplate assays is the ability to 
perform all assays in duplicate or triplicate to derive more reliable results.  Using this 
assay, we recently screened thirty nine naphthoquinone derivatives with significant 
success (see Fig.4 [44]).    

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Chemical structure of some of the naphthoquinone compounds that were recently tested in the 96-
well toxicity assays (see [44] for additional details).   Type I compounds are prototypical naphthoquinones 
like plumbagin while Type II compounds represent naphthoquinone epoxides. 
 

 
The HeLa-GFP assay was subsequently modified to test the same compounds on 

GFP-expressing Escherichia coli and Mycobacterium avium strains in an attempt to 
uncover potential anti-microbial agents [44]. As shown in Table 1, plumbagin (Q1) 
was clearly the most toxic of the test compounds on both the mammalian cells and the 
two bacterial strains.  In addition, two similar compounds, Q3 (naphthazarin) and Q5 
(menadione; Fig. 4) were also found to be highly toxic to all cell types.  Apart from 
plumbagin, lapachol (Q4) was found to be the most toxic to M. avium as previously 
determined with other assays [51].  Interestingly, lapachol and similar quinones have 
recently been shown to exhibit strong inhibitory properties against two species of 
Leishmania associated to tegumentar leishmaniasis [52].  Although lapachol was found 
unsuitable as an anticancer drug due to its toxic side effects [53], it has recently been 
shown to exhibit anti-metastatic effects by inhibiting the invasiveness of cancer cells 
[54]. 

Most of the compounds tested exhibited the high levels of toxicity at higher 
concentrations, although some were still very toxic at a ten-fold dilution (see Q1-3 and 
Q23-25 at 2 µg/ml, Table 1) on the HeLa-GFP cell line.  Apart from differences in 
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overall toxicity, two general types of toxic compounds were detected in these assays, 
those that exhibited toxicity to two or all three of the cell types (Q1-7 and Q23) and 
those that were primarily toxic to the HeLa cells (Q24-28; see Fig. 4). As these two 
sets of compounds apparently target different cell types, it is likely that these 
compounds will have different modes of action.  Experiments are currently in progress 
to elucidate if these compounds have different molecular targets or if these differences 
are just a matter of membrane permeability.   It is important to point out that the 
observed differences would not have been detected if the compounds had been tested 
on a single cell type. 
 

Table 1.  Percent GFP-fluorescence after chemical exposure 
 

Compound HeLa-GFP* 
20 µµµµg/ml** 

 HeLa-GFP 
2 µµµµg/ml 

E. coli-GFP+ 

20 µµµµg/ml 
M.avium-GFP

20 µµµµg/ml 
Q1 9.0  13.0 1.0 7.0 
Q2 29.0  14.0 111.0 72.0 
Q3 4.0  0 41.0 38.0 
Q4 3.0  70.0 56.0 26.0 
Q5 22.0  13.0 58.0 69.0 
Q6 20.0  78.0 105.0 55.0 
Q7 25.0  13.0 89.0 35.0 
Q23 3.0  14.0 56.0 66.0 
Q24 23.0   5.0 87.0 202.0 
Q25 18.0  0 118.0 133.0 
Q26 27.0  26.0 110.0 97.0 
Q27 21.0  21.0 117.0 133.0 
Q28 4.0  17.0 115.0 97.0 

 
* HeLa and M. avium-GFP cells were incubated with compound for 18 hrs. 
**Compounds were tested at concentrations of 20 µg/ml or 2 µg/ml as indicated (see ref. [44]) .  

    +E. coli-GFP was incubated with compound for 10 hrs 
 
 

A structural/physical analysis of the test compounds indicates that they exhibit 
significant differences in size, solubility (log P values) and toxicity (see Table 2 and 
[44] for additional details).   For example, Type-1 compounds (see Fig. 4 and Table 1) 
generally exhibit high toxicity against all tested organisms, although E. coli was the 
most intrinsically resistant.  In contrast, Type-2 compounds (see Table 1) were 
selectively toxic against the HeLa cells, perhaps due to some unique biotransformation 
in these cells.  This analysis revealed that molecular weight and solubility (quantified 
as logP, see Table 2) of the compounds significantly correlated with toxicity to HeLa 
cells, with a weaker correlation of activity against M. avium, and did not correlate with 
killing of E. coli (for actual statistical values see [44]).  Interestingly, toxicity against 
the two prokaryotic organisms strongly and significantly correlated with each other, 
but not with the eukaryotic cell line.  This suggests that the mechanism of action of 
quinones is different against prokaryotic and eukaryotic cells, which has been observed 
in other studies as well [51].  In general, M. avium and E. coli were more tolerant to the 
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quinones than the HeLa cells.  This is likely due to the great permeability barrier of 
mycobacteria [55] and the fact that E. coli often uses efflux pumps against quinones 
[56].  Compounds containing a 2,3-epoxide were highly toxic to eukaryotic cells (see 
Q23-Q28. Table 1), but were relatively non-toxic to prokaryotic cells.  It thus appears 
that the differences between the mammalian and prokaryotic cells could be attributed to 
membrane permeability and/or cellular quinone metabolism. 
 

Table 2.  Names and physical characteristics of quinone compounds 
 

Type-1* 
Compounds 

               
Compound name 

  
MW 

 
LogP 

 
R-group 

Q1 
Plumbagin 

2-Methyl-5-hydroxy-1,4-naphtho 
quinone 

188.18 0.87 R1=CH3;  R2=H 
R3=OH; R4=H 

Q2 
Juglone 

5-Hydroxy-1,4-naphthoquinone 174.15 1.92+ R1=H; R2=H 
R3=OH; R4=H 

Q3 
Naphthazarin 

5,8-Dihydroxy-1,4-naphthoquinone 190.15 1.79+ R1=H;  R2=H  
R3=OH; R4=OH 

Q4 
Lapachol 

2-Hydroxy-3-(3-methylbut-2-enyl) - 
1,4-naphthoquinone 

242.27 2.02 R1=OH  
R2= CH2CH=C(CH3)2 
R3=H; R4=H 

Q5 
Menadione 

2-Methyl-1,4-naphthoquinone 172.18 2.20+ R1=CH3; R2=H 
R3=H; R4=H 

Q6 2,3-Diphenyl-1,4-naphthoquinone 310.35 3.99 R1=Ph; R2=Ph 
R3=H; R4=H 

Type-2 
Compounds 

    

Q23 3-Phenyl-1,4-naphthoquinone oxide 250.25 1.74 R1=Ph 
R2=H 

Q24 3-Butyl-1,4-naphthoquinone oxide 230.26 1.67 R1=(CH2)3CH3  
R2=H 

Q25 3-Hexyl-1,4-naphthoquinone oxide 258.31 2.50 R1=(CH2)5CH3  
R2=H 

Q26 2,3-Propyl-1,4-naphthoquinone 
oxide 

258.31 2.55 R1=CH2CH2CH3  
R2= CH2CH2CH3 

Q27 2-Ethyl-3-propyl-
1,4naphthoquinone oxide 

244.29 2.13 R1= CH2CH3 
R2= CH2CH2CH3 

Q28 2-Ethyl-3-(ethylperoxymethyl)-1,4-
naphthoquinone oxide 

274.27 1.42 R1=CH2CH3 
R2= CO2CH2CH3 

 *Types1-2 naphthoquinones are based on structures shown in Fig. 4. 
+ Experimental values for n-octanol-water, 25 oC. 
 
1.8.  SUMMARY: 
 

The use of GFP as a biosensor has gained significant popularity over the last 
decade because this molecule can be utilized in a great variety of assays.  Through the 
use of cell-based assays, this fluorescent marker has facilitated the in vivo and in situ 
visualization of proteins that are involved in complex cellular functions.  Although 
several GFP-based models have already been applied to the screening of toxic, 
anticancer, and antibacterial compounds, it is clear that improvements in these assays 
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will greatly advance the field of drug discovery.  As described in this review, we have 
developed simple and effective assays to determine the toxicity of various compounds 
on various cell types.   Furthermore, these assays can be performed in parallel to screen 
for toxic compounds on both eukaryotic and prokaryotic cells in a cost effective and 
reproducible manner.  The availability of sophisticated instrumentation and robotic 
systems should soon allow for the implementation of the aforementioned assays to 
high-throughput screening of thousands of compounds from established and/or new 
chemical libraries.   
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