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Introduction of Fluorometry to the Screening of Protein
Crystallization Buffers
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A system to use fluorometry for the search of protein crystallization buffers was developed. The
screening of candidates was done with a use of short gel-filtration column (Sephacryl S-100 HR)
linked to the fluorometer. Protein elution was monitored by intrinsic fluorescence or emission from
its labels. This method was applied to actin and actin complexes. When nuclei were formed in actin
solution, preceding the peak of actin, a new peak appeared on the elution curve. It was found that
the fluorescence allows detection of even small amount of nuclei formed in the buffer. Using the
screened buffers, crystal growths were attempted. The images of crystals were captured by fluores-
cence microscope. The monitoring of nuclei with this method will accelerate the screening of
crystallization buffers. This system is applicable to the crystallization of other proteins and their
complexes.
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INTRODUCTION the wavelength of light [1]. Crystals are grown from
the buffers that induce monodisperse aggregation [3].
However, the applicability of crystals to the elongatedCrystal is indispensable for the understanding of
molecules such as filaments formed by polymerizationprotein structure and function. Its growth proceeds when
is as yet unclear. Usually in such a solution, the intrinsicnuclei are formed in the protein solution as a result of
scattering is high and the signal-to-noise ratio is low.phase transition induced by precipitants. Dynamic light
Consequently, the unequivocal deconvolution of the dif-scattering (DLS) is often employed for the search of
fusion coefficients for the different-size particles becomeuseful buffers in the initial stage of crystallization [1]. In
difficult [4]. Another point is the fact that the sizes ofthis method the dispersity of aggregations is estimated
aggregates and mobility are not determined uniquely fromwith a decay analysis of autocorrelation function of the
the diffusion coefficients. Sometimes the estimated distri-light scattered by a macromolecule undergoing Brownian
butions do not reflect the real sample distribution [5].motion. The globular proteins having comparatively low
Here, an alternative method was developed for the fila-molecular weights are applied to this system [2], because
mentous molecules. It consists of the fluorometrical sys-the system works in the condition that the intensity of
tem based on the short column method. Previouslyscattered light from an aggregate is small compared to
concerning the use of gel-filtration column, the overesti-
mate of monodispersity was implied, suggesting the siev-
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priate probes with high quantum yield are chosen, even Fluorometry Using Short Column
small amounts of nuclei are monitored. This system was

The short column of 9 3 26 mm having a 20-mm
applied to actin. Actin is ubiquitous in almost all eukary-

pore filter at the one end was packed with Sephacryl S-
otic cells, and a large number of different proteins bind

100-HR (Pharmacia). Samples of 200 mL were eluted
to actin. Actin forms filaments by polymerization and its

immediately with buffers at a rate of 0.5 ml/min. The
scattering increases with polymerization [6]. We have

eluate from the short column was fed through a polyethyl-
shown previously the excess of ATP over actin caused

ene tube (2 mm in diameter) into a Hitachi F-2000 fluo-
polymerization [7]. This experience led us to try ATP as

rometer equipped with a flow cell (90 mL). Throughout
actin precipitant. This system worked well, and the nuclei

the experiments, the same short column was used.
formation was induced by ATP.

Crystallizations of Actin

EXPERIMENTAL Using the buffer searched by the short column sys-
tem, crystals were grown in capillaries of 2 3 100 mm.
The end of the capillary was sealed with dialysis mem-

Materials brane with a cut-off of 8000 Da. About 20 mL of sample
solution in the capillary was dipped in the test tube filledActin was extracted from rabbit skeletal muscle,
with 1.0 ml of buffer. Crystallizations of TMRITC-actinand on a 2.5 3 80 cm column of Sephacryl S-100 HR,
(4.3-mg/ml) were performed in buffer A. As a precipitant,Pharmacia (Amersham Biosciences Co., Tokyo) was puri-
2mM ATP or MANT-ATP (final concentration) was addedfied as described previously [8] in a low-salt A-buffer
to buffer A.(0.1 mM ATP; 0.1 mM CaCl2; 2 mM Tris-HCl, pH 8.0;

and 1 mM NaN3). The stock actin kept in A-buffer was
filtered through 0.45-mM pore filters, (MILLEX-HV;

RESULTS AND DISCUSSIONMillipore, Shinagawa, Tokyo) just before use. Polyethyl-
ene glycol 6000 (PEG) was obtained from Nacalai
Tesque, Kyoto, Japan. DNase 1 was purchased from Wor- Fluorometric Detection of Nuclei in Actin Solution
thington Biochemical Co. (Lakewood, NJ. USA). Rho-
dopsin was prepared from the eyes of squid (Watasenia Fig. 1A shows the effect of salts on actin observed

by elution profiles. The elution of actin was monitoredscintillans), as described previously [9], in the presence of
sucrose monolaurate (SM-1200) (DOJINDO Laboratory, by intrinsic fluorescence at the emission of 333 nm. The

intrinsic fluorescence of tryptophan on actin was usedKumamoto, Japan). Labeling of actin in A-buffer with
fluorescent probes N-(1-pyrene)iodoacetamide (PIA) previously in monitoring the polymerization of actin [11].

Actin polymerizes in the presence of salts, e.g., 0.1 M(Molecular Probes, Eugene, OR, USA) or tetramethylrho-
damine isothiocyanate (TMRITC) (Sigma-Aldrich, NaCl. As shown in Fig. 1A, both types of actin, one in

the monomeric state (curve a) and the other in the poly-Tokyo) was done as described previously [10] in the
presence of 10 times molar excess of probes over actin meric state (curve b) eluted from the short column almost

in the same manner and the peaks had the same retentionat 48C in the dark for 30 min. The reaction was terminated
with 20 mM 2-mercaptoethanol. The unreacted probes time. As shown here, the fluorescence intensity of the

peak of actin in the presence of salts (curve b) was 25%were removed using HiTrap Desalting column (Phar-
macia) or dialysis. Images of crystals were recorded by lower compared to the peak of actin in the low-salt A-

buffer (curve a). Because tryptophan fluorescence onCCD camera (Hamamatsu Photonics, Hamamatsu, Japan)
mounted on the fluorescence microscope (Olympus actin is reduced 25% in the polymerized state compared

to the monomeric actin in A-buffer [11], the actin in theBHA-RFL-LB, Tokyo) using 103 objective (NA:0.25).
The fluorescence from 28-(or-38)-O-(N-methylanthrani- short column was in the state of polymerized form.

Next, the ATP effect on actin as a precipitant wasloyl)-adenosine-58-triphosphate (MANT-ATP) (Molecu-
lar Probes) bound to crystals was observed using a examined. ATP induces polymerization of actin in a low-

salt buffer [7,12], thus, it may also cause the phase transi-dichroic mirror DM400 and cutoff filters (UG-1 for exci-
tation and L-435 for emission). The fluorescence from tion of actin resulting in nuclei formation. Here, instead

of ATP, MANT-ATP was used to monitor the binding ofTMRITC-actin crystals was observed using a dichroic
mirror DM580 and cutoff filters (BG-36 for excitation ATP to actin. Curve c in Fig. 1A shows the elution profile

of MANT-ATP observed at the emission of 447 nm. Actinand O-570 for emission).
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Fig. 1. (A) Comparisons of the elution profiles of actin monitored by fluorescence of MANT-ATP to those monitored with intrinsic fluorescence
of actin. Actin concentrations were 5 mM. Samples were eluted with Ca-buffer (0.1 mM CaCl2; 1 mM NaN3; 2 mM Tris-HCl, pH 8.0). Intrinsic
fluorescence of tryptophan; excitation at 281 nm and emission at 333 nm (curves a and b). MANT-ATP fluorescence; excitation at 356 nm and
emission at 447 nm (curve c). a: actin in low-salt A-buffer (see Material Section). b: actin in A-buffer was polymerized with additions of salts to
0.1 M NaCl and 2 mM MgCl2 30 min before application to the column. c: Immediately after addition of 1 mM of MANT-ATP (final concentration),
actin in A-buffer was applied to the short column and run. (B) Elution patterns of actin (5 mM ) from the short column observed by intrinsic
fluorescence. Excitation at 281 nm and emission at 333 nm. Immediately after addition of 25 mM MANT-ATP, actin in A buffer was applied to the
column and run. a: in the presence of MANT-ATP. b: in the absence of MANT-ATP. Inset: the lower parts of the curves were enlarged to show
clearly the nuclei formation. (C) Elution profiles of PIA-actin*DNase 1 complexes eluted with I-buffer (50 mM imidazol pH 6.6, 0.1 mM CaCl2,
1 mM NaN3). a: Just before elution, 10% PEG 6000 (final concentration) was added to the sample. b: No addition. Excitation is 344 nm and
emission is 386 nm. (D) Elution patterns of PIA-actin*rhodopsin mixtures eluted with I-buffer in the presence of 0.1% sucrose monolaurate (SM-
1200). a: Just before the elution, 10% PEG 6000 (final concentration) was added to the sample. b: no addition. Excitation is 344 nm and emission
is 386 nm.

in the presence of 1 mM of MANT-ATP showed a small might have released MANT-ATP from nuclei [12]. Then
further a search to find nuclei induced by MANT-ATPpeak (peak-1), which came out in advance of the main

peak of MANT-ATP (peak-2). The position of peak-1 is was performed using intrinsic fluorescence of actin at the
emission of 333 nm. Here, the concentration of MANT-included in the time range of actin elution observed on

the curve a. From this result it is seen that a part of ATP was increased to 25 mM, resulting in 5-fold molar
excess of MANT-ATP over actin. As shown in Fig. 1BMANT-ATP was bound on actin. Because no actin elution

was observed in the time range between 400 and 700 on the peak of curve a was 24% lower compared to that of
curve b. This showed the polymerization of actin. Further,the curve a, the large peak-2 on curve c will correspond

to the elution of free MANT-ATP (or its product). Here, preceding to the main peak-2, the small peak-1 was
observed on the curve a. This peak-1 is shown withthe peak corresponding to nuclei was not observed on

curve c, i.e., any leading peak to peak-1 was not present. enlargement on the inset. Comparing this peak-1 to the
peak of curve b in Fig. 1A, it is seen that peak-1 elutedIt is possible that the hydrolysis of MANT-ATP by actin
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in advance of the polymerized actin. This result shows DNase 1 [13], searches of aggregates were carried out.
In the presence of precipitants (PEG 6000), a new peakthat peak-1 was composed of aggregates having larger

molecular sizes than those of the polymerized actin. Con- appeared on the curve a, although it was not observed in
the absence of precipitant (curve b). The leading peak-1sequently, peak-1 represented the nuclei induced by

MANT-ATP. As shown here, even the small amount of was higher compared to peak-2. This suggests that a large
amount of nuclei was formed. Fig. 1D shows the elutionnuclei could be detected by this fluorometric system.

Next, using ATP as a precipitant, crystals were grown. profiles of actin*rhodopsin solution. Because rhodopsin
is insoluble in water, sucrose monolaurate (SM-1200)Crystals were observed with fluorescence microscope.

As shown in Fig. 2, the fluorescence from actin crystals was added to I-buffer. The rise of peak-1 corresponding
to the nuclei on curve a suggests the usefulness of thiswas monitored using the emissions from MANT-ATP

(Fig. 2A) and TMRITC (Fig. 2B). The images by both buffer for crystallization of actin*rhodopsin. In this case,
the peak-1 on curve a was not so high as that on curveemissions overlapped. This result confirmed the binding

of MANT-ATP to actin. Consequently, the buffer A con- a in Fig. 1C. So, the amount of nuclei seems to be lower
compared to that in actin*DNase 1 solution. As showntaining excess ATP over actin worked as precipitant. This

result is new. So far it on the role of ATP in crystallization here, short column worked for the search of nuclei without
sieving, desalting and dilution to excess. Compared toof actin has not been reported.
the long column, the time of loading and elution of sam-
ples were spared. Even viscous samples such as long

Searches of Nuclei in the Solution of Actin
actin filaments [6] could be applied to it (Fig. 1A). Unlike

Complexes
DLS, molecular sizes of aggregates to be applied to it
are not restricted by the wavelength of light. The fractionFig. 1C shows the elution profiles of actin*DNase

1. Using the buffer published for crystallization of actin*- of monodisperse aggregates obtained from the short col-

Fig. 2. Actin crystals observed by fluorescence microscope. Images were recorded by CCD camera. (a) Monitored by fluorescence of MANT-ATP.
(b) Monitored by fluorescence of TMRITC. Bar shows 0.1 mm. Crystals were grown in the capillaries.
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