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Summary. The Green Fluorescent Protein (GFP) is a 
spontaneously fluorescent polypeptide of 27 kD from the 
jellyfish Aequorea victoria that absorbs UV-blue light 
and emits in the green region of the spectrum. GFP has 
been succesfully expressed both in bacteria and in 
eukaryotic cells and is widely used to monitor the 
localization of tagged proteins in living cells. Since 
wtGFP performs inefficiently in different cellular 
contexts, efforts have been devoted to the improvement 
of GFP expression levels andtor fluorescence. We will 
here review the basic characteristics of wt and mutated 
GFP, in particular their protein expression vs fluorescent 
properties. Emphasis will be given to unexpected 
consequences of mutations of the GFP gene, i.e. on 
transcription and translation rates and on protein folding 
in different cell types, and to how these critically reflect 
on the use of GFP in different cellular environments. 
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Introduction 

The Green Fluorescent Protein (GFP) is a 
spontaneously fluorescent polypeptide of 27 kD (228 
AA) from the jellyfish Aequorea victoria (Prasher et al., 
1992; Chalfie et al., 1994; Inouye and Tsuji, 1994a; 
Cubitt et al., 1995; Prasher, 1995; Chiu et al., 1996; 
Heim and Tsien, 1996). In Aequorea, GFP converts the 
blue chemiluminescence of the photoprotein Aequorin 
into green fluorescence by energy transfer (Inouye and 
Tsuji, 1994a; Cubitt et al., 1995; Prasher, 1995; Kendall 
and Badminton, 1998). The GFP chromophore is 
generated by a cyclization of three adjacent aminoacids 
(S65, Y66, G67), followed by 1,2-dehydrogenation of 
the tyrosine (Heim et al., 1994; Inouye and Tsuji, 1994b; 
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Cubitt et al., 1995; Ormo et al., 1996; Yang et al., 1996a; 
Youvan and Michel-Beyerle, 1996; Reid and Flynn, 
1997). The chromophore alone is able to absorb light, 
but its fluorescent emission dependens on a protein 
'sheath', an 11-stranded 8-barrel (Ormo et al., 1996; 
Yang et al., 1996a; Reid and Flynn, 1997). GFP has been 
succesfully expressed both in bacteria and in eukaryotic 
cells and has been produced by in vitro translation of the 
GFP mRNA (Chalfie et al., 1994; Inouye and Tsuji, 
1994b; Prasher, 1995; Chiu et al., 1996; Heim and Tsien, 
1996; Gubin et al., 1997; Kahn et al., 1997; Haseloff and 
Arnos, 1998; Pines, 1998). The latter indicates that the 
chromophore cyclization and folding (Makino et al., 
1997) are, at least in a large part, autocatalytic and that 
GFP does not need specific cofactors to become 
fluorescent. GFP retains its fluorescence when fused to 
heterologous proteins (Cubitt et al., 1995; Laukkanen et 
al., 1996; Ludin and Matus, 1998; and submitted for 
publication). This property allows the use of GFP as a 
reporter for gene expression and to monitor the 
localization of GFP tagged proteins in living cells 
without the need for invasive labelling of the cells 
(Chalfie et al., 1994; Roessner and Scott,  1995; 
Anderson et al., 1996; Cheng et al., 1996; Chiu et al., 
1996; Hampton et al., 1996; Andersen et al., 1998; 
Ludin and Matus, 1998). 

In order to realize GFP-based multicolor analysis 
and to follow the interaction of GFP-tagged proteins by 
fluorescence resonance energy transfer (FRET), spectral 
variants of GFP have been produced that have different 
excitation andtor emission spectra (Heim et al., 1994, 
1995; Cubitt et al., 1995; Delagrave et al., 1995; Ehrig et 
al., 1995; Anderson et al., 1996; Heim and Tsien, 1996; 
Ormo et al., 1996; Palm et al., 1997). This has also 
allowed a better match with available light sources, e.g. 
the blue line of argon-ion lasers (Heim et al., 1995; 
Cormack et al., 1996). Brighter mutants have also been 
seeked for to compensate for low expression levels in 
specific cellular environments (Anderson et al., 1996; 
Cormack et al., 1996; Crameri et al., 1996; Heim and 
Tsien, 1996; Siemering et al., 1996; Yang et al., 1996b, 
1998; Zhang et al., 1996; Kimata et al., 1997). The large 
number of GFP variants has considerably complicated 














