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The green f luorescent protein (GFP) of 
the jellyfish Aequorea victoria has been 
used extensively in cell biology studies 
within the last 15 years, including studies 
of bacterial gene expression and protein 
localization using GFP-protein fusions. 
The needs of these studies prompted 
changes to the original GFP sequence 
to improve stability, spectral charac-
teristics, and folding properties (for a 
review, see Reference 1).

The codon usage of the original GFP 
gene created problems when trying to 
express the protein in other organisms (2). 
To prevent similar problems in Escherichia 
coli, we synthesized a g fp gene optimized 
for use in this organism. This synthetic 
g fp gene uses codons similar to ribosomal 
and other abundant proteins in E. coli (see 
Supplementary Materials for details). The 
gene carries the GFP mutant 2 changes—
S65A, V68L, S72A—in the chromophore 
(3) as well as a D234H change to provide 
a restriction site in the 3′-end. Our final 
GFP (GFP-mut2) also carries an accidental 
M153V alteration, which increased fluores-
cence (see Supplementary Figure S4). 
The DNA sequence of plasmid pFH2191 
(Supplementary Figure S1) carrying our 
synthetic gfp gene is deposited in GenBank 
(account no. AF325903).

We constructed plasmids with all 
possible combinations of mutations 
including those encoding M153T (4), 
V163A (4,5), S175G (5), and S202F-
T203I (6) in the GFP. In addition, we 
combined our M153V alteration with 
S175G and the S202F-T203I pair (see 
Supplementary Figure S3 for details and 

spectra). All combinations except those 
carrying the S202F-T203I or V163A 
changes had spectral properties similar 
to mutant 2 (3).GFP with the V163A 
mutation displayed a red shift (plus 5 
nm excitation; plus 2 nm emission). All 
combinations carrying the S202F-T203I 
change exhibited excitation and emission 
spectra that were very different from the 
GFP-mut2 spectra (Figure 1 and Supple-
mentary Figure S4).

We selected the S202F-T203I along 
with M153T and V163A for inclusion in 
our new f luorescent protein, which we 
named YGFP. The excitation spectrum 
of YGFP is similar to that of yellow 
f luorescent protein (YFP), while the 
emission maximum is very close to that 
of GFP. Figure 1 shows the spectra of 
GFP-mut2, YGFP, YFP (equal to our 
GFP-mut2 except for the T203Y change 
(7)), and a cyan f luorescent protein 
(CFP) synthesized from the E. coli codon 
optimized and modified cfp gene.

Surprisingly, all the combinations 
carrying the S202F-T203I changes (see 
Supplementary Figure S4) were not 
excited at 400 nm, which is the wavelength 
reported to excite GFP carrying these 
two mutations (6). We replaced the 
chromophore of one of the plasmids 
(pFH2509) with a wild-type chromophore 
and found that the spectral character-
istics became similar or identical to those 
published by Heim et al. (6) (excitation 
at 400 nm, no excitation at 480 nm, and 
an emission maximum at ~510 nm; data 
not shown). At this point, we realized that 
the spectral properties of the YGFP were 
virtually identical to those of the GFP 
mutant 3 derivative (3).
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We describe YGFP, a slow bleaching green fluorescent protein (GFP) 
with unique spectral properties. YGFP is derived from an Escherichia 
coli codon-optimized synthetic g fp mutant 2 derivative. In addition to 
the GFP-mut 2 changes, it also carries S202F and T203I substitutions. 
YGFP can be used as a substitute for yellow fluorescent protein (YFP) in 
experiments in which two or more fluorescent proteins are fused to dif-
ferent cellular protein components, expanding the ability to study mul-
tiple labeled proteins in a cell at once.
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Figure 1. Spectral properties of GFP-mut2, YGFP, YFP, and CFP. Excitation spectra were recorded at 
emission wavelengths of 508 nm for GFP and YGFP, 475 nm for CFP, and 528 nm for YFP. Emission 
spectra were obtained using excitation wavelengths of 482 nm for GFP, YGFP, YFP, and 450 nm for 
CFP. CFP is derived from our GFP-mut2 with the following amino acid changes: F64L A65T Y66W 
L70V. This CFP fluoresces more than the commercially available enhanced CFP (ECFP), which has an 
additional N145I change (data not shown).
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To examine functionality of the new 
fluorophore, YGFP and CFP were fused 
to different ParB partition proteins from 
bacteriophage P1 and plasmid pMT1, 
respectively. These two fusion proteins 
were used to successfully fluorescently 
label parS sequences at different positions 
on the chromosome (8). With GFP-mut2 
and YFP ParB protein fusions, we could 
also distinguish fluorescent labeling at two 
different positions on the chromosome in 
the same cell. However, YFP fluorescence 
bleached very rapidly. We compared the 
bleaching properties of fluorescent foci 
at a pMT1 parS sequence formed by the 

GFP-mut2, the YGFP, the GFP-mut3, 
and the YFP fusions to the pMT1 ParB 
protein. Figure 2 shows f luorescent 
GFP-mut2 and YGFP foci present after 
240 s of exposure, whereas GFP-mut3 and 
YFP foci disappear very rapidly, becoming 
difficult to observe after 30 s and virtually 
absent after 60 s. 

YGFP and YFP have very similar pH 
sensitivities (9), but YGFP is much less 
halide-sensitive than YFP (10). Halide 
and pH sensitivities of GFP-mut2 and 
YGFPs are shown in Supplementary 
Figure S6.

We conclude that YGFP is a 
potentially advantageous f luorescent 
reporter protein because it is more 
photo-stable than GFP-mut3 (3) and 
YFP; the spectral properties of YGFP 
make it very useful for polyf luorescence 
labeling and visualization of different 
cellular positions; and it is not excited 
at wavelengths ≥525 nm, so it can be 
used with mOrange f luorescent protein 
(11) using single band pass filter sets for 
both proteins (e.g., Semrock GFP-3035C 
for YGFP and SpGold-B for mOrange), 
which are also compatible with a filter 
set for mCherry (Semrock LF594/LP-A). 
In conclusion, it should be possible to 
simultaneously record the f luorescent 
proteins CFP, YGFP, mOrange, and 
mCherry (11), allowing visualization of 
four different f luorescent protein fusions 
in the same cell.
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Figure 2. Bleaching properties of fluorescent 
proteins. Photomicrographs of E. coli cells with 
a pMT1 parS sequence inserted at the origin of 
replication between the asnA and asnC genes. 
The four strains carried four different plasmids 
with the genes for GFP-mut2, YGFP, GFP-mut3, 
and YFPs fused to the pMT1 parB gene (see 
Supplementary Figure S4 for plasmid struc-
ture). All genes were E. coli codon-optimized 
and controlled by an arabinose promoter. Cells 
in logarithmic growth were induced with 0.2% 
arabinose for 30 min and kept on ice until pic-
tures were taken. At this induction level, excess 
fluorescent fusion protein is synthesized and 
binds nonspecifically to the nucleoid in addition 
to the specific binding to the parS sequence in 
the origin. All pictures are 0.99-s exposures of 
bacteria excited for the periods indicated in sec-
onds on the individual pictures.


