
1. Materials and Methods

Linbro plates with hanging droplets having volumes from 5 to 15 µl were used for the initial
experiments. Laser light with a wavelength of 682 nm was directly focused at the sample. The
scattered light was collected and directed via a fiber optic system towards a photomultiplier tube
(Hamamatsu R6357) for detection. The used autocorrelator covers a time range from 0.8 µs to 30
s. The radius distributions were obtained from the autocorrelation functions (ACF) with the
evaluation program Contin. The probe (Schäfter + Kirchhoff, Hamburg Germany), containing the
optical components for focusing the beams, was positioned above the plates containing the
protein solution/drops. The scattering angle was 160° and the detector head was additional tilted
by 30° to avoid reflections. The CrystalScore® system (Diversified Scientific, Inc.), an advanced
CCD microscope set up (Fig 8.), equipped with a motorised XY stage allows a software
controlled precise and easy access to all droplet positions. The system is designed for scanning
multiwell plates typically used in crystallisation experiments as well as storing the data and
images in a data base.
Fig 7. shows a typical droplet recorded by the system, the passage of the laser beam is clearly
visible. A corresponding ACF and the derived radius distribution is shown in Fig 2. The
reproducibilty is high, repeating the measurement 20 times delivered a standard deviation of
1.2%.
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Occasionally crystals grow in its amorphous precipitate and it may be difficult
to identify them. Applying the UV technique it is however possible to
recognize protein crystal covered partially or even completely by its precipitate.
Fig 7. shows such a droplet with crystals of Misteletoe lectin I together with its
amorphous precipitate. The crystals are partially covered by the precipitate. Fig
8. shows superimposed white light and UV illumination. The crystals show
significant more fluorescence than the precipitate. Fig 9. shows the droplet only
illuminated by UV light. Crystals show significant more fluorescence than the
background or precipitate and can be visualized more clear and efficient.

radius

Introduction Part II
Dynamic light scattering (DLS) is a well-introduced method to determine the size and mode of
aggregation of proteins and other biomolecules in solution. However, its use was up to now limited
to off line measurements in cuvettes. The DLS technique and method is a well established method to
optimise protein solutions prior to crystallisation experiments by analysing the dispersity. [1]
Protein crystallisation experiments are usually carried out in multiwell plates. The protein solution
are set up manualy or via robotic systems with volumes in the range of 1 to 10 µl. Here we describe
a new method to measure and analyse the protein particle size direct in drops and in particular to
investigate the stage of nucleation and the process/progress of crystal growth by ‚external‘ DLS.
This has several advantages:
• No additional pipetting is necessary to perform measurements
• The crystallisations process can be monitored online in situ, without interrupting
• Measurements can be done or taken off from even small volumes
• The external DLS technique described here can be adapted to an automatised plate screening
   system and allows to monitore and to evaluate the entire process of crystallisation in an automated
   way.
• The data obtained provide information to understand in detail the process of crystal growth and
   allows further optimisation as well as a final check before set ups may be removed.

 2. Results and Discussion

The feasibility of the method was demonstrated and the set up was optimised for the
Crystal Score Imaging system (DSI, Birmingham, USA. Experiments were
performed with various proteins and different crystallisation plates to demonstrate
its practical usefulness:

1) droplets of a buffered lysozyme solution (7 mg/ml) were prepared with different
volumes to analyse whether small protein solution volumes provide reproducable
signals.

2) For the initial experiments droplets were placed on siliconised cover slips in
conjunction with Linbro plates (Fig 1a,b. – Fig 4a,b.

3) The same solution was used later on in Greiner Multiwell plates with volumes from
1 to 4 µl. Fig 5. and  Fig 6.

4)  Observation of a crystallisation reaction.
To conclude, it was shown that in-situ DLS measurements can be performed
routinely

5)  The hardware will be extended to allow measurements in nano-crystallisation set
ups

Introduction  Part I
Crystallization experiments of proteins and other biomolecules are
usually carried out in multiwell plates or other set ups, with sample
volumes  in the range of 1 to 10 µl. Usually systematic and intensive
screening is required to obtain X-ray suitable crystals. A method and
a system to identify and classify the process of nucleation and crystal
growth in a protein droplet is therefore of high importance;  see
Section II
In section I we first describe a method to support the identification of
protein crystals, exploiting the fact that most proteins and other
biomolecules show fluorescence when illuminated with UV light.
The CrystalScore® Imaging system was applied to analyse images
illuminated with UV light. The method presented here provides an
easy way to identify protein crystals and to distinguish between salt
crystals.

 1. Materials and Methods
• Three different proteins, Lysozym (from chicken egg white),

Proteinase K (from Tritirachium album) and Mistletoe lectin I
(European misteletoe), two different kinds of anorganic salt
crystals, sodium chloride and ammonium sulfate and a crystal of
the organic molecule Kinetin were used for the experiments.

• Linbro plates with hanging drops and volumes 5 to 15 µl;
microbatch plates and  Greiner multiwell plates were applied

• The DUVI (PLS-Design, Hamburg, Germany) UV/White light
system was adapted to the CrystalScore® Imaging System (DSI,
Birmingham, USA & PLS Design, Hamburg, Germany ) equipped
with a CCD camera and microscope. The motorised XY stage of
the system allows an precise access to all droplet positions. The
UV light was led via a light guide to the sample. A quartz lens
system was used to focus the beam to a diameter of about approx.
2 mm.

• A UV blocking filter was adapted at the camera, because the color
filter of the CCD chip itself shows strong fluorescence, which was
suppressed with this filter.

2. Results and Discussion
Crystallization experiments were made with different proteins to compare and
analyse images  obtained with white light illumination (upper image) and UV
illumination (lower image). Fig. 1 shows such a comparison for typical
Proteinase K crystals. This protein contains 0.5 residues of Tryptophane /100
AA. Fig 2. shows a crystal of Lysozyme which contains 4 Tryptophane
residues/100 AA. In Fig 3. crystals of Mistletoe lectin I (it contains 2.3
residues of Tryptophan/100 AA) in its precipitate are shown. The crystals
show higher fluorescence as the background, because the density of protein is
usually higher in crystals than in its precipitant.
Applying a combined white and UV light source protein crystals can be
identified and recognized  more efficiently either the classic manual mode or
using a automatic Crystal Score System.

Fig 3.Fig 1.

 Crystals of the common precipitating reagents:
Ammoniums sulfate (Fig 4.) and Sodium chloride (Fig
5.) under white light and UV illumination show clearly
differences in the intensity of fluorescence compared to
protein crystals. Altough the salt crystals are visible
with white light (upper image) and UV, the crystals do
not show fluorescence. Exposed with UV light the salt
crystals are almost invisible (lower image) and are
therefor characterized to be none protein crystals.
The red corona is caused by a reflection producing red
fluorescence in the camera itself. We plan to install
more effective filters to  remove this effect.

Fig 6.

This different behaviour of fluorescence under UV illumination can
be used to identify protein crystals in or out of a mixture of protein
and salt crystals or grown from the precipitant agent. Fig 6. shows a
drop which contains an high amount of ammonium sulfate crystals
and only two Misteletoe lectin I crystals. With white light
illumination it is almost impossible to recognize or identify the
protein crystal (upper image), with UV illumination the protein
crystal show intensive fluorescence, while the ammonium sulfate
crystals are colourless and therefore almost invisible.

Fig 7. Fig 8. Fig 9.

Different plate were and tested applied for the experiments. Fig 12.
shows a single Lysozyme crystal at microbatch conditions in a
Nunc72 plate, under oil and white light exposure. The droplet has
a volume of about 2 to 3 ml. Fig 13. shows the same drop with UV
illumination.
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Crystals of organic molecules can be distinguished from
protein crystals. Fig 10. shows a mixture of Kinetin (N6-
furfuryladenine) and Mistletoe lectin I crystals. The kinetin
crystals do not show much fluorescence, so they can be
clearly identified as none protein crystals.

Kinetin

Theoretical background of the protein
fluorescence
The fluorescence of proteins is mainly caused by the aromatic
amino acid tryptophan [2]. It has an absorption maximum at around
280 nm wavelength (red curve in Fig. 0) and emission of
fluorescence light is at about 350 nm (black curve), although the
exact spectra depend on the molecular environment. The molecule
shown below is a tetrapeptipde containing a tryptophan residue
(blue).
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Fig 2b.

Fig 1a. shows DLS results for Lysozyme under steady state conditions. This DLS measurement
was taken direct from a hanging drop set up. Figure 1b shows the DLS output for the first 12
hours of the crystallization process.
Fig 2a. Same conditions as in figure 1, now for Proteinase K. Fig 3a.  now for Mistletoe lectin I
and Fig 4. for BSA.
Fig 2b, 3b and 4b. show the first DLS analysis for 12 h of the crystallization process accordingly

Fig 5. Fig 6.

Fig 5. shows the first 12 hours of a crystallization set up for Lysozyme, now in a Greiner 288
well plate. The volume of the droplet was 1- 2 ml.
Fig 6. shows the DLS results for first 12 hours of crystallization of Lysozyme in a Nunc72
plate; the micro batch technique was applied and the volume of the droplet was 2 ml.
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Set Up
The protein samples placed within multiwell plates are illuminated by laser light via an external
light guide. The scattered light is re-collected by a lens system, transferred to the detector and
analysed.
For the initial set up a visual inspection of the laser beam and careful adjustment of the beam
position with the CCD microscopy is required, to avoid collection of parasitic stray light, which
would spoil the measurements.

3. Conclusion and further  Information

The feasibility applying UV light to support protein crystal identification and allowing a
differentiation from salt crystals was shown in section I of this poster.  The combined
UV & white light system which can be adapted to standard microscopes or to
automatised scoring systems is manufactured by PLS-Design, Hamburg Germany.
The adaptation of a DLS system, with external optics, allowing the on-line analysis of set
ups without mechanical interfering or interrupting the crystallisation process will provide
tremendous additional information about the nucleation and crystal growth process. It
will provide valuable data to optimise the crystallisation of proteins and other
biomolecules. Also this system is manufactured by PLS-Design Hamburg.

For more information, please contact: info@pls-design.com or visit our webpage:
www.pls-design.com
Both applications, UV and DLS  to analyse crystallisation experiments are covered and
protected by a patent [3].
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