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Abstract

Green fluorescent protein (GFP) is a light emitter in the bioluminescence reaction of the jéllgdjsbrea victoria. The protein consist of
238 amino acids and produces green fluorescent light & 508 nm), when irradiated with near ultraviolet light. The fluorescence is due to the
presence of chromophore consisting of an imidazolone ring, formed by a post-translational modification of the tripeStieBsS8eGly*’—,
which buried into3-barrel.

GFP is extremely compact and heat stable molecule. In this work, we present data for the effect of chemical denaturing agent on the thermal
stability of GFP. When denaturing agent is applied, global thermal stability and the melting point of the molecule is decreases, that can be
monitored with differential scanning calorimetry. The results indicate, that in 1-6 M range of GuHCI the melting temperature is decreasing
continuously from 83 to 38C. Interesting finding, that the calculated calorimetric enthalpy decreases with GUHCI concentration up to 3 M
(5.6-0.2 kI matl), but at 4 M it jumps to 8.4 and at greater concentration it is falling down to 1.1 kJnféikst phenomena, i.e. the decrease
of melting point with increasing GuHCI concentration can be easily explained by the effect of the extended chemical denaturation, when less
and less amount of heat required to diminish the remaining hydrogen bofidsarrel. The surprising increase of calorimetric enthalpy at
4 M concentration of GUHCI could be the consequence of a dimerization or a formation of stable complex between GFP and denaturing agent
as well as a precipitation at an extreme GuHCI concentration. We are planning further experiments to elucidate fluorescent consequence of
these processes.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction of the barrel is composed of 11 antiparalglisheets. An-
_ o tiparalell sheets are connected withhelical stretches. One
Green fluorescent protein (GFP) from the jellyfisle- a-helix extends to the interior of the “B-can” and forms

quorea victoriais one of the most widely studied and the fluorescent chromophore. Chromophore is composed
applied proteins in biochemistry and cell biology. GFP from three (—S&P—Tyr®¢—Gly87) post-translationally modi-
converts the blue light (that would otherwise be emitted by fied amino acid$6]. Fluorescent properties of GFP and its
the C&*-sensitive protein aequorin) into a brilliant green genetically modified variants are determined by interaction
fluorescencd1-3]. GFP and its genetically modified vari- petween these three amino acids and neighboring residues.
ants are widely used as fluorescent biosensors for proteinExtensive digestion of GFP with papain has yielded a
expression and to study the dynamics and protein—proteinhexapeptide (Phe64-GIn69), which contains tripeptide, but
interactions in living cellg4,5]. this fragment has been found nonfluoresd@it

GFP (28kDa, 238-aa residues) is a barrel-shaped Enhanced GFP (EGFP) is a mutant of GFP with 35-fold
molecule, 24 A in diameter and 42 Ain length. Outer “layer” increase in fluorescend8—10] This variant has mutations

of Ser to Thr at amino acid 65 and Phe to Leu at posi-
* Corresponding author. Tek:36-72-536-260; fax:+36-72-536-261.  tions 64 and encoded by gene with optimized human codons
E-mail addressdenes.lorinczy@aok.pte.hu (D&inczy). [9].
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Thermally denatured GFP can be renatured at the low tem-ple. The sample and reference vessels were equilibrated with
perature, so the process is reversidlé,12]. Denaturating  a precision of 0.1 mg. It was not necessary to correct for
agents, such as GuHCI lowers the temperature of denatura-heat capacity between the sample and reference vessels. The
tion of GFP, which can be monitored by differential scanning calorimetric enthalpy was calculated by the SETARAM two
calorimetry. Thermally or chemically unfolded polipeptide points fitting integrating software.
cannot be an ideal mathematically random chain. There is
considerable experimental evidence for local order in pro-
teins denatured by different denaturafit8—15]. It is inter- 3. Results and discussion
esting to check the simultaneous influence of the two de-
naturing processes and the question of reversibility of the  Since each amino acid influences the free enthalpy of
unfolding for GFP because intrinsic viscosity data given at both the folded and unfolded states, insight into denaturated
identical temperatures suggest that unfolded chains evokedproteins is crucial for understanding protein stabi[i@].
either heat treatment or GUHCI are very nearly random coils. During unfolding the polypeptide chain becomes less com-
The free energy associated with both kind of denaturation pact, more highly solvated and much more flexifd].

are very similar at the same temperature andX8j. There-  According to our measurements the native GFP seems to be
fore, in this study we present data for the effect of denaturing very heat stable. It has one endotherm witf 83melting
agent (GuHCI) on the global thermal stability of GFP. temperature and 56 J/kg calorimetric enthalpy in 0-XD0

temperature range (Fig. 1). Its thermal denaturation is
highly reproducible but the baseline is changing slightly

2. Materials and methods from batch to batch. The transition exhibits strong coopera-
tivity, the system behaves as a single big domain. Applying
2.1. Cloning of EGFP chemical denaturation by administrating GUHCI in 1-6 M

concentration the melting temperature is decreasing contin-

E-GFP clone was purchased from BD Biosciences, Clon- uously from 83 to 38C (Table 1). Using Fourier transform
tech. pPEGFP-N1 encodes a red-shifted variant of wild-type infrared spectroscopy Scheying et 2] has found a
GFP [17-19] which has been optimized for brighter fluo- smaller thermal unfolding transition temperature for EGFP
rescence and higher expression in mammalian cells (excita-mutant (79.5C) but they used a smaller scanning rate than
tion maximum= 488 nm; emission maximura 507 nm). we did. It is known from the studies of Sanchez-Ruiz et al.
PEGFP-N1 encodes the GFPmutl vari@htwvhich contains [23] and Vogl et al.[24] that the melting peak tempera-
the double-amino-acid substitution of Phe-64 to Leu and ture is heating rate dependent. It follows a saturation like
Ser-65 to Thr. The coding sequence of E@FP gene con-  function and above 0.5K/min it is roughly scanning rate
tains more than 190 silent base changes which correspondndependent. This was the reason that we used 0.3 K/min
to human codon-usage preferences. For prokaryotic expreswhich is generally accepted for protein samples. Our calori-

sion EGFP was cloned into pET-28a vector (Novagen). metric enthalpy decreases with GUHCI concentration up to
3M (5.6 — 0.2kIJmol 1), but at 4 M it jumps to 8.4 and at
2.2. Expression and purification of GFP greater concentration it is falling down to 1.1 kJ mblwith
simultaneous decreasing of melting temperature. The first
EGFP was expressed solubly ikscherichia coli  finding can be explained by the effect of the extended chem-
(BL21(DE3)pLysS) at temperature 1€ for 72h. Hig- ical denaturation with increasing GuHCI concentration. This
tagged proteins were purified on i NTA columns un- way smaller amount of heat feeding is enough to destroy the

der native conditions following manufacturer’s instructions remaining structure at lower melting temperature. The un-

(Qiagen). Final eluate was dialyzed against EGFP-puffer expected increase of calorimetric enthalpy at 4 M concentra-
(100mM NaCl, 20mM NakbPQO;, 5mmM mercap- tion could be the consequence of a structural rearrangement
toethanol at pH= 7.5) and further purified on Sephadex

G-25 column. Concentrations were determined with Brad-

ford reagent (Sigma) or calculated from extinction at Tablel ) ) )
488 nm Thermal denaturation parameters (mea8.D.) of GFP in the function

of GUHCI concentration

: - GuHCI Melting temperature Calorimetric enthal

2.3. Calorimetric measurements (eI T og) P (AH, kamor1) Py
The ther.mal unfolding of EGFP was monit.ored by a SE- g gi'_gi 8:2 i:ggi 8:32
TARAM Micro DSC-II calorimeter. All experiments were  » 68.7+ 0.2 0.68+ 0.02
carried out between 0 and 100 with a scanning rate of 3 63.2+ 0.2 0.20+ 0.01
0.3 K/min. Conventional Hastelloy batch vessels were used 4 44.6+ 0.2 8.38+ 0.16
during the denaturation experiments with an average.850 > 44.0+ 0.2 721+ 0.12
38.3+ 0.2 1.08+ 0.04

sample volume. GFP buffer was used as a reference sam-
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Fig. 1. Reproducibility of thermal denaturation of native GFP (endothermic deflections are directed downwards).

caused by the chemical denaturation. Some observation [4] R.Y. Tsien, Annu. Rev. Biochem. 67 (1998) 509-544.

provide data for the possibility of aggregation above the

melting (Tym) temperature[22,25]. In contrast during the
whole thermal denaturation range (0—2@) we could not

detect any sign of aggregation of GFP which is also con-

firmed by the data of Seifert et §R6]. Another possible

explanation could be a dimerization process, the structure
evoked by this way is easily denaturated by the succes-
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enthalpy at lower melting points. It is supported by the
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observations that whatever structure forms in the unfolded [12] W.W. Ward, S.H. Bokman, Biochemistry 21 (1982) 4535.

state under a given set of conditions, it is likely to be very
transienf20], e.g. bond rotations are slowed up to 100-fold
to free amino acid427] and unfolded proteins undergo
rapid hydrogen-exchange reactid28,29]. Further exper-

iments are needed to look for the fluorescent consequence
of these processes to collect all the wanted information [18]
to calculate reliable activation energy and free enthalpy [19]

data.

Acknowledgements

This work was supported by grants of OTKA CO-272
(D.L.).

References

[1] F.H. Johnson, O. Shimomura, Y. Saga, L.C. Gershman, G.T.
Reynolds, J.R. Waters, J. Cell. Comp. Physiol. 60 (1962) 85.

[2] J.G. Morin, J.W. Hastings, J. Cell Physiol. 77 (1971) 313.

[3] H. Morise, O. Shimomura, F.H. Johnson, J. Winant, Biochemistry
13 (1974) 2656.

[13] C.R. Matthews, D.G. Westmoreland, Biochemistry 14 (1975) 4532.

[14] D. Amir, E. Haas, Biochemistry 26 (1987) 2162.

[15] E. Haas, D. Amir, J. Cell. Biochem. 11C (1987) 214.

[16] P.L. Privalov, Adv. Protein. Chem. 33 (1979) 167.

[17] D.C. Prasher, V.K. Eckenrode, W.W. Ward, F.G. Prendergast, M.J.

Cormier, Gene 111 (2) (1992) 229.

M. Chalfie, Y. Tu, G. Euskirchen, W.W. Ward, D.C. Prasher, Science

263 (1994) 802.

S. Inouye, F.I. Tsuji, FEBS Lett. 351 (2) (1994) 211.

[20] T. Alber, Stabilization energies of protein conformation, in: G.D.
Fasman (Ed.), Prediction of Protein Structure and the Principles
of Protein Conformation, Plenum Press, New York, London, 1989,
pp. 163-165.

[21] C. Tanford, Adv. Protein Chem. 23 (1968) 121.

[22] C.H. Scheyhing, F. Meersman, M.A. Ehrmann, K. Heremans, R.F.
Vogel, Biopolymers 65 (2002) 244.

[23] .M. Sanchez-Ruiz, J.L. Lopez-Lacomba, M. Cortijo, P.L. Matao,
Biochemistry 27 (1988) 1648.

[24] T. Vogl, C. Jatzke, H.-J. Hinz, Biochemistry 36 (1997) 1657.

[25] H. Fukuda, M. Arai, K. Kuwajima, Biochemistry 39 (2000) 12025.

[26] M.H.J. Seifert, D. Ksiezek, M.K. Azim, P. Smialowski, N. Budisa,
T.A. Holak, J. Am. Chem. Soc. 124 (2002) 7932.

[27] V. Glushko, P.J. Lawson, F.R.N. Gurd, J. Biol. Chem. 247 (1985)
3176.

[28] H. Roder, G. Wagner, K. Wiittrich, Biochemistry 24 (1985) 7407.

[29] D. Loftus, G.O. Gbenle, P.S. Kim, R.L. Baldwin, Biochemistry 25
(1986) 1428.



	Thermal stability of chemically denatured green fluorescent protein (GFP)A preliminary study
	Introduction
	Materials and methods
	Cloning of EGFP
	Expression and purification of GFP
	Calorimetric measurements

	Results and discussion
	Acknowledgements
	References


