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Fluorescent Properties of Model Chromophores of Tyrosine-66 Substituted

sine
Mutants of Aeguorea Green Fluorescent Protein (GFP)
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Abstract: In an ethanol- glass marix at 77 K, model compounds of the chromophores of recombinant
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GFP-Y66F, GFP-Y66W, and GFP-Y66H exhibited fluorescence properties ciose io ihose of the
corresponding mutant proteins. © 1998 Elsevier Science Ltd. All rights reserved.
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The bioluminescence system of the jellyfish, Aequorea victoria, involves two closely associated
proteins: a calcium binding photoprotein aequorin!-3 and a chromophore-containing green fluorescent protein
(GFP).4-6 GFP is made up 238 amino acid residues in a single polypeptide chain and emits a greenish
fluorescence (Amax 508 nm, ® = 0.8) when exposed to long ultraviolet light.5: 7-9 The GFP chromophore is
depicted in formula A in Scheme 1. The chromophore is formed from a tripeptide -Ser65—Tyr66—Gly67- in the
primary structure of the expressed protein via a post-translational autocyclodehydration and subsequent

utoxidation (Scheme 1).10-12 Recently, we reported on the structure, biogenesis and fluorescence of the

autoxidation (Scheme 1) tly,

chromophore in wild-type GFP by means of chemical and spectroscopic methods using model compoun
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and 2.13:14 X-ray crystallograhic analyses of mutant GFPs have been recently published.’> When the GFP
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gene is expressed, the characteristic green fluorescence of GFP can be easily detected by simply illuminating

with a conventional black light source. An external cofactor is not required. Recent progress in heterologous
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Scheme 1. Biogenesis of Chromophore Moiety A in Wild -type GFP
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Scheme 2. Putative Structures of Mutant Chromophores
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expression of cDNA for GFP in various organisms has led to widespread application of the protein as a
reporter in studies involving gene expression, protein localization, protein-protein association, and cell
development.16  Of particular interest would be the creation of a mutant GFP with a red-shifted fluorescence
maximum. Such a GFP could serve as a powerful probe, allowing biological events to be visualized in a dual
- red and green - color mode. Recently, the fluorescence of the GFP mutants GFP-Y66W, GFP-Y66H and
GFP-Y66F (Tyr66 in the wild protein sequence replaced by Trp66, His66, and Phe60, respectively) has been
reported.17:18  The GFP-Y66W, GFP-Y66H and GFP-Y66F mutants had a blue-shifted fluorescence, with
maxima at around 480, 450 and 440 nm reene('hve]v The (‘h_rnmnnhm‘EQ of GFP-Y66F, GFP-Y66W and
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GFP-Y66H are shown in B, C, and D in Scheme 2. In order to study the fluorescent properties of model

chromophores of the mutant proteins, we have synthesized and measured the fluorescence of 4-

aryimethylideneimidazoi-5-ones 2, 3, 4, and 5 which are the chemical anaiogues of the chromophore moieties

of wild-type GFP, GFP-Y66F, GFP-Y66W, and GFP-Y66H, respectively.
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hromophores 2, 3, 4 and 5 were prepared via ulxﬁuu\:_y'e" azlactone synthesis
in Scheme 3. Reaction of N-acetylglycine, aromatic aldehydes, and anhydrous sodium acetate in acetic
anhydride provided the corresponding azlactones 6 (68% ), 7 (61%), 8 (48%), and 9 (not isolated),
respectively.20 Reaction of 6, 7, 8 and 9 with methylamine in the presence of K2CO3 afforded 2 (42% ),
321 (53%), 422 (48%), and 523 (two steps, 37%), respectively.2425 Recombinant GFP mutants GFP-Y66F,
GFP-Y66H and GFP-Y66W were purified as described previously.® Figure 1 (a) shows the fluorescence
spectra of wild-type GFP, GFP-Y66F and GFP-Y66H. GFP-Y66F and GFP-Y66H had fluorescence maxima
near 430 nm and 450 nm, respectively, close to the values previously reported for the mutant proteins.17,18
Ethanol solutions of 2, 3, 4, and 5 showed only very weak fluorescence at room temperature, as previously
found with 1,13 However, when the ethanol solutions were frozen in liquid N2 (77 K) as ethanol-glass, 2, 3,
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and 5 became highly fluorescent with intensities increasing 2000
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{Figure 1 (b)].13 The fluorescence spectra of GFP-Y66W and 4 are not shown because they were very wes
(the intensity of GFP-Y66W was 1% of wild-type GFP). The fluorescence emission maxima of 2, 3, 4, and
5 in ethanol glass were 485 nm (basic condition), 420, 467, and 402 nm (basic condition),26 respectively.
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escence spectra had similar shapes to those of the corresponding GFPs (Figure 1).17

S
the flucrescence maximum was significantly shifted to a lower wavelength in the case of §.

In conclusion, the observed results strongly suggest that the fluorescence properties of wild-type

mutant GFPs are SlgﬂlIlCﬂnUy lmlucm,cu Dy the environment dI'ULlIlLl LIIC LIlfUlllUpllUlC and that

and D are the correct chemical structures for the chromophores in the recombinant proteins.
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Figrue 1. (a) Fluorescence emission spectra of wild-type GFP, GFP-Y66F, and GFP-Y66H in 0.1 M
ammonium bicarbonate, pH 8, at room temperature. For each curve, the amplitude is

nrmm
ormalizedtoa m.:-u'.;."p.u.mu value of 1.0,

(b) Fluorescence emission spectra of 2 (5 x 10-7 M containing 1 M NaOH, 2.5% v/v), 3 (5 x 107
M, neutral), and 5 (5 x10'7 M containing 1 M NaOH, 2.5% v/v) in ethanol-glass at 77 K.
For each curve, the amplitude is normalized to a maximum value of 1.0.
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Previous synthesis of 2 was inefﬁcient 14" In this study, we prepared 2 via azulactone 5
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Rmmfarmrv IR, IH NMR. and hieh resolution mass s pectra were obtained for these comnounds
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3: yellow needles, mp 108-109 °C (ether); uv (EtOH) amax 372 nm ( € 25400); IR (KBr) 1770, 1650,
1600, 1580, 1445 cm-1; IH NMR (270 MHZ, CDCI3) 6 2.41 (3 H, s), .3.21 (3H,s),7.12 (1 H, s),
7.37-7.46 3 H, m), 8.13 (2 H, m); EIMS (70 eV) m/z (relative intensity) 200 (M, 100).

HREIMS found m/z 200.0943 (M+); calcd for C12H12N20 200.0950.

A- Ay maadlac: smam I O Fdans) (ML TTY (TReNIIN Qsaany TT) saeaa £ o FIRANNN. I's
- _ycuuw HUUUILDS, LI LUV Uty \\.Jl.\.djj, UV \LWJIL) ALLIAA DT & nm Lt LIV, LN \DNDL)
H ) ’

3000, 1680, 1630, 1510 cm-1; 'H NMR (500 MHZ, acetone-dg) 8 2.35 (3 .
7.23 (2 H, m), 7.33 (1 H, s), 748~751 (1 H, m), 8.13-8.16 (1 H, m), 8.51 (1H d, J = 2.6Hz),
10.98 (1 H, br t, J = 2.6; NH); EIMS (70 eV) m/z (relative intensity) 239 (M*, 31), 56 (100).
HREIMS: found m/z 239.1049 (M*); calcd for C14H13N30 239.1060.
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5: yellow needies; mp 192 °C (dec) (CHCls); UV (EtOH) amax 287 nm ( € 19200); IR (KBr) 31

(br), 1710, 1640, 1590, 1510 cm-!; 'H NMR (270 MHZ, CD30D) 5 2.23 (3 H, s), 2.84 (3 H, s),
7.08 (1H, S),7.82 (1H,S),9.01 (1 H, S); EIMS (70 eV) m/z (relative intensity) 190 (M+, 100), 56
(59). HREIMS: found m/z 190.0865 (M*); calcd for C9H1gN40O 190.0855.
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Under acidic condmons S exhibited two comparable fluorescence maxima (357 and 402 nm),
whereas the fluorescence maximum at 358 nm was observed under neutral conditions.



