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1. Introduction

1.1. Biological Systems and Proteins

To understand the way biological systems work is fundamental for the
treatment and prevention of diseases and thus essential for modern societies. The
function of biological systems is closely related to the atomic structure and the
interaction of their components. Even though lipids, (poly-)glycosides and secondary
metabolites cannot be neglected if one strives to understand the function of living
matter, proteins are by far the most important particles in the biological world. Built
from only a small set of amino acids, chemically different only in their side chains,
proteins exist in a massive structural variety and diversity maybe only being excelled
by that of secondary metabolites — which themselves are all produced by complex
arrangements of enzymes. Proteins are essentially the molecules that transform
inorganic and simple organic matter into the molecules that form biological systems.
To understand the function of biological systems one has to understand the function
of proteins and their interaction with each other and other molecules within the
observed system. Since the function of proteins depends on their three dimensional
atomic structure it is necessary to gain structural information. And since very little
changes in structure can lead to drastic changes in function the elucidation of
structure should be as accurate and detailed as possible. Within the last 60 years
various methods to gain structural information from molecules have been developed,
e.g. Nuclear Magnetic Resonance (NMR) [1, 2], cryo Electron microscopy (cryoEM)
[3-5], Atomic Force Microscopy (AFM) [6-8], X-Ray Scattering Methods (SAXS) [9,
10] and Electron- [11], Neutron- [12] and X-Ray crystallography [13, 14].

1.2. X-Ray Crystallography and Protein Crystallization

To date X-Ray crystallography is the method best applicable to proteins of any
size that can yield three dimensional structure information at atomic resolution. At
present the protein database (PDB) [15] consists of approx. 80’000 protein structures
that have been elucidated by this method. Yet this is only a small number compared
to the proteins that have been purified from biological samples or produced in
genetically modified organisms [16]. Especially for many proteins crucially for the
understanding of the way biological systems interact — membrane bound receptors

from eukaryotes — no structures at atomic level are available even though they have
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been successfully produced, solubilized and purified. On the other hand, if diffracting

crystals could be gained from purified proteins it is very probable to obtain the three

dimensional structure [16] (see Table 1)

Table 1: Status of structural genomics projects. Less than one third of all purified target proteins could

be crystallized [16]

Status Total Number | (%) Relative to | (%) Relative to | (%) Relative to | (%) Relative to

of Targets "Cloned" "Expressed" "Purified" "Crystallized"
Targets Targets Targets Targets

Cloned 193473 100.0 - - -

Expressed 121300 62.7 100.0 - -

Purified 45469 23.5 37.5 100.0 -

Crystallized 14547 7.5 12.0 32.0 100.0

Diffraction- 7093 3.7 5.8 15.6 48.8

quality

Crystals

Diffraction 7564 3.9 6.2 16.6 52.0

Crystal 4989 26 4.1 11.0 343

Structure

Besides the efforts of the last 50 years to improve the methods, crystallization of
proteins is now — in the post-structural genomic era [17] — the rate limiting step [16,
18] to get structural information at atomic resolution from biological macromolecules
(see Table 1). In the past twenty years the concept of high-throughput crystallization
[19-23] with the aid of pipetting robots has been widely accepted as the method of
choice (see Figure 1 for robots used for crystallization of proteins in this work).

A I ; -

> e A ] . = : -

Figure 1: Robots used for preparation of crystallization experiments in the course of this work. A)
Lissy (Zinsser, Germany), was used to prepare crystallization solutions. B) Honeybee 961 (Genomic
solutions, USA) a robot for high throughput crystallization.



Vapor diffusion has emerged as the major method of protein crystallization since it
was until recently suited best for high throughput approaches. Today high throughput
screening can be applied as well to the method of free interface diffusion [24] in
microfluidics [25, 26] (see Figure 2 A for a comparison of crystallization methods in a
protein crystallization phase diagram). Together with the minimization to nanolitre
volumes per crystallization droplet high throughput screening led to a higher quantity
in crystallization experiments, narrowing down the crystallization space unattended
(see Figure 2 B), but also to a higher quality since robots can carry out crystallization
experiments highly reproducible. Moreover the large number of solved structures in
the PDB was used for statistical evaluation of crystallization conditions resulting in
improved sparse matrix [27] screens (see Figure 2B) that are commercially available
(and thus reproducible) by various manufacturers (e.g. Hampton Research, Jena
BioScience, Molecular Dimension or Qiagen). On the other hand did high-throughput
not lead to the hoped high (structural-)output [20], still the attempts to crystallize fail
for the majority of purified proteins (see Table 1) and the question why a protein
crystallizes under certain conditions and another not, remained unanswered. In future
single molecule structure elucidation applying X-ray lasers [28] — such as the XFEL
[29] currently under construction at DESY, Hamburg — might prove as the method of
choice for the investigation of protein structures if it can yield as detailed information
as X-Ray crystallography. First results applying soft X-ray pulses at FLASH
(Hamburg) [30] and the first X-ray laser SLAC in Stanford (California, USA) are
promising [31, 32]. The structure of the membrane protein Photosystem | was solved
at SLAC by injecting nanocrystals into the X-ray laser beam [32]. The resolution of
eight Angstroms is still quite moderate but even such a result only a few years back
was thought to be impossible. Recently in vivo grown microcrystals of the protein
Cathepsin B from Trypanosoma brucei were subjected to this method and diffraction
patterns could be obtained [33]. Moreover it could be shown that even though the
imaged particle (molecule or set of molecules such as protein complexes or virus
particles) is destroyed by the X-ray pulse diffraction and structural information can be
detected before destruction [34, 35]. The strength of X-Ray crystallography — in
comparison with single molecule techniques — is the averaging over billions of
molecules, minimizing statistical errors. Thus the investigation of crystallization

phenomena and the subsequent rationalization of protein crystallization are



necessary to overcome the above described bottleneck and to be able to get

diffracting crystals from the majority of solubilized and purified proteins.
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Figure 2: A) schematic protein crystallization phase diagram [36], B) Comparison of different protein
screening techniques [14]. A) shows idealized pathways of the three major crystallization methods
vapor diffusion (blue line), free interface diffusion (purple line) and microbatch (brown line) from set-up
to nucleation (dashed) and to successful crystallization (full line). The size of the nucleation zone of a
protein determines its crystallizability. B).The sparse matrix screens are derived from the conditions of
previously crystallized proteins. Grid- and footprint screens are useful during the optimization of
protein crystallization; the initial conditions are refined stepwise. It is today assumed that a
combination of sparse matrix screens and 2D (wide)-grid screens yields the best results in initial
screening. An example is the combination of the screens JCSG+ (sparse matrix) and PACT (wide
grid) [37]. It has to be noted that the 2D and 3D drafts of protein crystallization space are
simplifications and that the “real” crystallization space is multidimensional.

This will improve structure based drug design [38] efforts, since the three
dimensional structure of drug targets will be much more easily accessible, but also
new insights into the interaction of pathogens with their host will be gained and by

this a better understanding will arise of the why and how of diseases.

1.3. Improvements in Protein Crystallization

Since the beginning of protein structure elucidation by X-Ray crystallography

[13] the crystallogenesis of complex molecules such as proteins is being investigated
[18, 39-44]. More and more details about how protein molecules form ordered
aggregates that grow into crystals have been revealed or are being discussed [45-
47], but no consistent theory, no rational formula exists that can be applied to get
certainly crystals from every protein. The main reason, after ruling out impurity and
missing secondary structure, that protein crystallization cannot be rationalized is the
complex electrostatic surface potential of proteins. Other than simple ions or small
4



organic molecules in proteins positive and negative charges are distributed on the
surface in a complex manner, depending on the three dimensional arrangement of
the amino acid sequence of the protein (and on the pH-value). Since to date no law is
known that describes how the primary structure of a protein (the sequence) is
translated into the three dimensional tertiary structure it is not possible to deduce the
charge distribution of the protein simply by bioinformatic processing of the amino acid
sequence. Approaches such as the cloud computing initiative Rosetta@home [48-
50] or the Rosetta based computer game Foldit [51] had some success in
determining the three dimensional structure of a protein. Recently based on a
Foldit/Rosetta-model the structure of the retroviral protease M-PMV (PDB accession
code: 3SQF) could finally be solved by molecular replacement [52]. But this quality of
prediction is not enough for the prediction of crystallization conditions since a single
mutation of an amino acid on the surface of the protein can result in completely
different conditions under which the given protein crystallizes [53]. That means that
even for two proteins, A and B that share a high sequence identity and even a nearly
identical fold and three dimensional arrangement the conditions for the crystallization
of B cannot be predicted exactly from the conditions that yielded diffracting crystals
for A.

1.4. Rational Crystallization of Proteins

A more promising approach for rational protein crystallization does not take
the amino acid sequence into account but relies on the biophysical properties of the
protein- and crystallization solutions. Protein solutions prior to crystallization are
probed using methods such as Circular Dichroism (CD) spectroscopy, Dynamic Light
Scattering (DLS) [54-56] and absorption spectroscopy to ensure correct folding,
purity and concentration of the protein. After the addition of a crystallizing agent the
crystallization process can be observed insitu applying dual polarization
interferometry (DPI) or DLS [18]. By absorption spectroscopy the concentration of
protein at different crystallization conditions can be calculated and thus the solubility
curve. From these measurements the phase diagram of a protein against a
precipitant can be derived [39]. This is beneficial for the optimization of crystallization
and narrows down the concentration range of protein and precipitant to be screened.
An indicator for possible protein crystallization is the second virial coefficient B,, [57,



58] that can be derived from Static Light Scattering (SLS) experiments [54, 57, 59]
as well as from DLS experiments [60-62].

It could be shown that for slightly negative values of B, there exists a
crystallization window in which — by variation of protein concentration — formation of
protein crystals is probable [63]. The value of By, reflects the protein-protein and
protein-precipitant interactions in solution [58]. If repulsive interactions dominate the
B2, is positive, protein molecules will not form crystals since the time of contact
between two molecules is minimized. For dominating attractive interactions Ba;
becomes negative. Too much attraction between protein molecules will lead to
unordered aggregation. Crystallization is favored if the contact time between two
molecules is sufficient for attachment but the attractive interaction is weak enough
that they only stay attached if they are in a certain orientation towards each other
[61]. The By, is independent of the protein concentration [57], the crystallization
conditions however are a function of protein concentration [57, 62]. This is why at a
B22-value within the crystallization window the protein concentration has to be varied

to obtain protein crystals.

1.5. Light Scattering

Detector

Beamstop Sample  Beamstop

Laser

Sample

Side view Top view

Figure 3: Scheme of DLS instrumentation. Laser light scattered by sample solution is detected by
Photomultiplier Tube (PMT) or Avalanche photo diode (APD). The signal is processed by a correlator
and data evaluated by a PC that also controls the laser. The top view shows that the detectors can be
arranged at various angles perpendicular to the incident laser beam. Instruments with multiple

detectors exist as well as set-ups where the angle of one detector can be varied

Today a light scattering experiment is carried out by probing a solution containing the
solute to be investigated by a Laser (see Figure 3). At an angle or at multiple angles
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perpendicular to this beam detectors record the scattered light from the sample. In
most cases a photomultiplier tube (PMT) is used for that purpose but some
manufacturers use an avalanche photo diode (APD) instead (advantages and
disadvantages of both types of detectors are briefly discussed by YADAvV et al. [60]).
In the case of SLS only the intensity of scattered light is recorded whilst DLS means
that the fluctuation of intensity is recorded. The signal recorded by the detector is
then processed by a hardware correlator that calculates the time dependence of
intensity fluctuations of scattered light. For both SLS and DLS further evaluation is
carried out by a computer equipped with software for that purpose. The fluctuation of
intensity is coupled to the Brownian motion of particles in solution and thus, if the
viscosity of the solution is known, the hydrodynamic radius (Rn) of these particles can
be estimated through the Stokes-Einstein equation (EQ 1) [56, 64]:

Doz kT
é6mnRy
EQ 1
Ry= kT
6mnD-
EQ 2

D, is the diffusion coefficient at infinite dilution, k is the Boltzmann constant, T is the
temperature, n is the viscosity of the solution and Ry the hydrodynamic radius.
Analysis of the time dependent intensity fluctuation displayed in the auto correlation
function (ACF) by algorithms such as CONTIN [65-67] or the method of cumulants
[68-70] yields the diffusion coefficient of particles in solution. Applying EQ 1 the Ry of
particles in solution can be calculated. In the case of CONTIN, the algorithm used
throughout this work, the radius distribution can be derived even if various particle
sizes exist in solution. The method of cumulants has its strength in the calculation of
polydispersity parameters of a single radius peak. Other methods to analyze the ACF
exist (a good overview on the analysis of ACF is given in the chapter Data analysis in
Dynamic Light Scattering in Dynamic Light Scattering — the method and some
applications by Wyn Brown [71]) and some manufacturers of light scattering
instruments distribute their own set of algorithms. Changes in Ry and radius
distribution of a protein solution can be used for the analysis of oligomerization- and

aggregation states in solution [57].



When SLS is measured in macromolecular solutions that are pure and
monomodal the molecular weight of particles in solution and second virial coefficient
B2, can be calculated from the concentration- and angle-dependence of the intensity
of scattered light [64, 72]. As described in chapter 1.4, By, is an indicator that shows
if in the probed solution repulsive or attractive interactions between the molecules
dominate [57, 73].

Considering the information that can be achieved applying light scattering and
the non-invasive character of this methods (as long as the macromolecule contains
no chromophore that can be excited by the given laser wavelength) it does not
surprise that it is widely used as an analysis tool of the crystallization process and for
the investigation of biological macromolecules. Already during the first years of
application it was proposed [74] that DLS can be used to assess the crystallization
probability of proteins. DLS was then used in optical cuvettes probing protein
solutions prior to and during crystallization. These measurements consumed large
amounts of protein solution and had — furthermore — to be carried out under non-

standard conditions.

1.6. In situ DLS

Fibre cable to detector

I_ Laser
Optical head
Camera
PMT
o —
Correlator :'
I Multiwell plate l
Moveable stage
Light [

Figure 4: Scheme of an in situ DLS instrument. Adapted from Garcia-Caballero et al. [18], figure 3.

WILSON et al. had the idea to measure DLS in small droplets during vapor diffusion
experiments [75] and presented a draft of instrumentation for that purpose. Later
8



CAsAY and WILsON performed the first DLS measurements in hanging crystallization
droplets in a special apparatus in microgravity environment [76]. The first
measurements in crystallization plate droplets were then performed by RICKA and
WESSEL [77]. In parallel light scattering measurements in cuvettes under
crystallization conditions using batch methods were carried out by various groups
gaining insight in the complex processes during nucleation and crystallization [57, 63,
78-86]. The availability of DLS plate readers for micro titer plates reduced the amount
of protein necessary for these experiments and DLS can now be used routinely for
buffer- and additive-screening or for the observation of complex formation between
two proteins [87].

The scheme of instrumentation for in situ DLS is shown in Figure 4. The first
commercially available DLS instrument for measurements in crystallization conditions
other than batch was introduced in 2008 [88]. The SpectroLIGHT 500 system (see
Figure 5), which was also used in this work, enables DLS measurements in standard
vapor diffusion 96 well plates with SBS-footprint but also in cell culture plates [18,
88]. The minimum volume for DLS measurements suits the volumes normally used in

high throughput crystallization approaches (~ 500 nL).

e

Figure 5: The SpectroLIGHT 500 system was used to carry out in situ DLS measurements. On the

right hand side is the plate reader box in which also the DLS optics are included and on the left hand

side the control terminal, displaying the software SPECTRO, can be seen.

The SpectroLIGHT 500 [18] is controlled by the SPECTRO software. The software
on the one hand evaluates the DLS raw data coming from the hardware correlator, it
interprets the ACF [55, 56] using the CONTIN algorithm [65] to then display the

radius distribution of the measured solution. On the other hand it has an included

9



camera window in which the position of the optical head relative to the plate, the laser
and image properties can be controlled. These properties furthermore can be
controlled automatically by the use of small scripts written in Python [89]. Using these

scripts complex operations such as imaging and DLS of selected wells are possible.

1.7. Theory of Dynamic and Static Light Scattering

If a sample is illuminated by a laser beam and the particles in solution are
small compared to the laser wavelength the light is scattered at the particles in all
directions. Since the laser light used is approximately coherent and monochromatic
and the particles in solution are constantly in motion (Brownian motion) a detector
perpendicular to the incident laser beam observes a fluctuation of intensity of
scattered light (depending on the complex pattern of destructive- and constructive
interferences of the scattered light at all the particles in the observation space in a
defined time interval). The time dependence of the intensity function is related to the
viscosity of the solution, particle size and temperature, since Brownian motion
depends on these variables. To obtain information from the Brownian motion of
particles by DLS the ACF of the time dependent intensity of light is evaluated [64].

L (IIt+T)
g2(q;t) = W

EQ3

In EQ 3 g2(q; 1) is the second order ACF at a wave vector g and delay time 7. / is the
measured intensity and t is time. At very short delay times (r4) there is a high
correlation of intensity between ty and t; (time between ty and t; is 1) since the
particles in the observed space have had no time for translational movement yet. At
longer delay times (12) the particles have positions different from their original position
(relative to each other and the laser beam) thus there is only a low correlation of
intensity between ty and t;. In the case of only one particle population present in the
solution and no interaction between the particles (monomodal solution of hard coils)
the decay of correlation between the observation points 7, and 1, is exponential. In
DLS measurements the intensity of scattered light is recorded for many delay times
(1,) over a certain period of time. Different than the second order correlation function

(EQ 3) which is related to the intensity, the first order correlation function g+(q;1):

gi(gr)= eI

EQ4
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is related to the auto-correlation of the electric field in the above described case of a

monomodal solution of hard coils that are small relative to the laser wavelength. I is

the decay rate of the electric field. The electric field on the other hand cannot be

measured directly. Both EQ 3 and EQ 4 can be related [64] by the Siegert relation:
92(q;7t) = 1+ Blg.(q; D)]?

EQS5

Where  is a correction factor for instrumentation non-ideality (in an ideal case B = 1).

Thus the decay rate of the electric field can be related to the measurable intensity

fluctuation. This decay rate on the other hand can be described as a function of the

wave vector q and the diffusion coefficient D [64]:

D
s
EQ 6
dngmt . (0
a==3-sin(3)
EQ7

The wave vector q is a function of the wavelength A, the angle between laser and
detector 6 and the refractive index of the solution ny. Other than in a SLS experiment
where usually the angle between laser and detector and hence q is varied to obtain a
ZIMM pilot for the calculation of molecular mass and By, g is normally kept constant
during DLS measurements. Combining EQ 4, EQ 5 and EQ 6 it is clear that in the
case of a monomodal solution of hard coils the diffusion coefficient D can be
obtained by an analysis of the time dependent intensity fluctuation:
92(¢;7) = 1+ Be 2P0

EQ8
As described in chapter 1.5 this intensity fluctuation can be recorded by a detector,
either a PMT or an APD. Following the detection the resulting electric signal is
usually evaluated into the autocorrelation function EQ 3 by a hardware correlator that
suit this purpose better than software using a computer CPU. An exponential fit over
the autocorrelation plot of g»(q; 1) against r yields — if scattering angle, wavelength of
the laser and refractive index of the solution are known and hence q — the diffusion
coefficient D (EQ 8).

If the solution is composed of interacting particles or if more than one type of
particles is present in solution (polydispersity), D cannot be derived by a simple
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exponential fit. In general all protein solutions can be considered polydisperse even
though in literature and in this work the term monodisperse is sometimes used to
describe the properties of a protein solution. Monodisperse in this sense points to a
solution of low polydispersity, but in all solutions containing polyelectrolytes — such as
proteins — molecule-molecule interaction exists, as well as temporary complexes,
such a solution is never ideally monodisperse. The decay of the ACF will hence
always deviate from an ideal exponential decay. If the ACF resulting from these
measurements is fitted simply exponential the fit will not match the observation.
Hence to evaluate the ACF a more complex fit is necessary. As mentioned earlier the
algorithm CONTIN, developed and written by S.W. PROVENCHER [65-67] was used to
fit the autocorrelation function and to derive D from DLS measurements throughout
this work. CONTIN can fit an ACF derived from polydisperse solutions and not only
derive the radius of the main component but also, if the species of particles in
solution vary enough in size, can display the radius distribution. This is very useful if
aggregation-, oligomerization- or crystallization phenomena should be studied by
DLS since in these cases often two distinct particle ensembles exist in solution. The
algorithm of CONTIN fits the ACF by performing the inverse Laplace Transform,
starting from an unsmoothed solution [64]. This solution is then regularized based on
statistics yielding the optimal solution [67].

It is known from EQ 2 that the hydrodynamic radius Ry can be directly
calculated from the diffusion coefficient. Since D depends on the protein
concentration in EQ 1and EQ 2 Dy is used, the diffusion coefficient at infinite protein
dilution. In practice D can be used for the calculation of Ry but one has to bear in
mind that this Ry is, as D, thus a function of protein concentration (Cprotein)-

Furthermore D is a function of protein-protein- and protein-solute interaction in
solution [61]. If the protein concentration is constant changes in D are due to
changes in protein-protein- or protein-solute interaction. It could be shown [61, 71]
that this dependence — the interaction factor kp — is closely related to the second
virial coefficient Bys:

D = Dy (1 + kpCproteint---)
EQ9
kp = 2B;;My — {1 — Vg
EQ 10
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In EQ 10 My is the solute molecular weight, v, is the specific volume of the solute
and {; is the first order concentration coefficient of the friction coefficient [61]. A
deduction of EQ 9 and EQ 10 was presented by WYN BROWN and Pu ZHou [90]. It is
assumed [61] that for a given solvent and solute v, and {7 are constants. Then By,
can be calculated from the measurement of D at different protein concentrations (if
Dy is known, By, can be calculated directly from a measured D and the protein
concentration at that point). Still vs, and {; remain uncertainties in the calculation of
B2, based on DLS measurements. The first order concentration coefficient of the
friction coefficient {; can be derived from pulsed field gradient NMR [90] but this is
not applicable for daily routine work and thus not useful for rational crystallization of
proteins. As compared by YADAV et al. [60] kp can be used instead of By, to describe
the quality of protein-protein interaction. Since kp is derived directly from DLS
measurements its application towards rational crystallization of proteins is more
straight forward as that of the second virial coefficient.

In the case of static light scattering (SLS), only the absolute intensity of
scattered light at different angles is recorded by a PMT. The dynamic information
about the movement of particles within the sample is lost but SLS is better suited
than DLS when it comes to the analysis of My and By, within a sample. ZiImm [72]
could show that the intensity of scattered light recorded at different angles and
concentrations of a sample is related to the My of the sample, to radius of gyration Ry

and to the By, of the examined solution [64, 91]:
Ke i(1 + 1qSZ(Rg)Z+...> + 2B,,c + 3C35+...
R, My 3

EQ 11

With the optical constant K:

2 o dn

_4am n3 (g’
N4 A%
EQ 12
And the Rayleigh ratio:
d*> I

R = sin20,1,
EQ13
The SLS scattering vector gs is nearly identical with the scattering vector in DLS (EQ
7) with the exception that the refractive index n, is absent in qs. Cs3 is the third virial
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coefficient and omitted in most considerations regarding the evaluation of light
scattering experiments. In EQ 12 (dn/dc) is the refractive index increment and Na is
Avogadro’s constant. /p in EQ 13 is the intensity of incident light, /s the intensity of
scattered light and d is the distance of the detector from the scattering volume. The
determination of lp is challenging. Normally this is solved by calibration with a
standard of know calibration power. Solvents such as toluene can be used for this
purpose. Then just protein concentration and the scattering angle (and thus qs) must
be varied in order to obtain information of the sample My, Ry and B2, according to
EQ 11 by plotting KC/Rg against (gs>+const.*c) (ZIMM plot) [72, 91].

However, the variation of angle is not possible in the case of in situ
measurements within crystallization plates. Moreover do these environments not
provide the freedom of dust necessary for valid SLS measurements. This is why in
this work “pseudo-SLS” is used for the analysis of on-going crystallization rather than
SLS. In pseudo-SLS the development of the intensity of scattered light (countrate)
over time is analyzed and the relative changes of countrate between measurements
are  then attributed to  changes in protein concentration and
crystallization/nucleation/oligomerization events to complement the information

derived from the analysis of changes in Ru.
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2. Aim of this Work

In terms of this thesis crystallization phenomena of biological macromolecules
should be analyzed utilizing light scattering methods. Particularly in situ DLS methods
should be applied to analyze and score the most common crystallization techniques:
vapor diffusion, counter diffusion and microbatch under oil, with aim to identify
procedures to optimize crystallization of biomolecules and to monitor and control the
most critical step within crystallization experiments, the formation of crystalline nuclei.
Another aspect of the thesis was to identify and to design automatic procedures to
adapt the in situ DLS method to high throughput crystallization techniques used most
commonly today.

Further the possibility to perform DLS measurements within particularly small
and low volume crystallization compartments such as microfluidics devices should be
analyzed considering also complex conditions, as the cubic lipid phase system, used
to crystallize membrane proteins.

In terms of these investigations the interaction and oligomerization of two
human membrane proteins, CD81 and Claudin-1, both proteins are essential in the
course of the HCV infection should be analyzed. In parallel crystallization
experiments of native CD81 and another human membrane protein from the
tetraspanin family, CD82, were intended. Finally in situ DLS should be applied to
characterize the surface layer protein SIfB from Lysinibacillus spaericus strain JGA12
in solution to identify appropriate crystallization conditions and to obtain X-ray
suitable crystals for further structure analysis, as so far no full length 3D structure of a

surface layer protein has been presented.
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3. Dynamic Light Scattering in situ in common Crystallization

Environments

3.1. General Considerations

Even though described for the first time more than twenty years ago (see
chapter 1.6) in situ DLS in droplets or other crystallization environments else than
the measurement cuvette never emerged the theoretical or physical niche. Even
though the physical processes within a solution of biological macromolecules during
crystallization were studied [74, 75, 78] only few efforts were made to investigate the
differences between the various methods and set-ups. These differences (mainly the
time interval in which supersaturation of the solution is achieved [45]) were deduced
from basic physical parameters such as diffusion (counter- and free interface
diffusion methods) or partial vapor pressure of the solutes (vapor diffusion
crystallization). The processes at super saturation were deduced from batch
experiments within the above described cuvettes. A combination of both
considerations together with theoretical assumptions on the influences of kinetics,
thermodynamics, hydrodynamics and the electrostatic surface potentials was then
the most accurate description of protein crystallization. The difference between t
(were the experiment was started) and tsyper (Where super saturation was achieved)
(A(ts-to)) and the approximation curve to super saturation within the phase diagram
were described [36] but not the biophysical processes taking place during this
approximation. It is obvious that A(ts-to) and the curve of approximation to super
saturation in a phase diagram influence crystallization at molecular level, since these
are the main differences between the methods and it could be shown that at a same
level of super saturation different results in crystallization can be obtained [45].
Probing a crystallization experiment, whether a small droplet or solution within a thin
capillary, with DLS from the start to the formation of microscopically observable
crystals, can give insight into the biophysical processes during the first stages of
crystallization. Changes of calculated Ry from DLS (see chapter 1.7) can be
attributed to changes of the diffusion coefficient D. Since D depends on the protein
concentration (cprotein) @nd protein-protein interaction over protein-solute interaction
(kp) (see EQ 9) depending on the kind of experiment changes in kp (counter- and
free interface diffusion, were protein diffusion is assumed to be negligible compared

to precipitant diffusion; microbatch, were Cprotein = const.) or in kp and Cprotein in parallel
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can be monitored (vapor diffusion experiments). If the total intensity of scattered light
(pseudo-SLS) is monitored as well during the crystallization experiment and the
sample is free of dust, changes in the intensity can be compared to changes in Ry
and a combination of both measurements can be used for a relative or absolute
analysis of crystallization experiments. If a monomodal protein solution is considered,
then under normal vapor diffusion conditions the Ry at fp should be larger than at t,,
(before addition of precipitant) since the addition of the precipitant leads to attractive
protein-protein interaction, therefore D decreases [61] and with D being inversely
proportional to Ry (EQ 2), Ry increases. The dependence of Ry and as well D on
Corotein 1S coONnsidered to be lower than that on kp, hence the dilution to Cprotein /2 at to
does not influence Ry as much as the changes in kp due to addition of precipitant.
Between to and tsyer Ru Will increase further depending on the equilibration rate
between reservoir and crystallization drop. If at all times during to and tsuper Cprotein IS
known (such as in the instrument ARNE MEYER developed [92]) changes in kp can be
treated independently of changes in Cprotein- If Cprotein @t @ certain point in time ¢ is not
known exactly (it has to be between Cprotein@nd Cprotein/2) Which is true in crystallization
experiments in crystallization plates, changes in Ry between ty and ts,per have to be
examined as changes of kp and Cprtein. IN @ successful vapor diffusion crystallization
experiment super saturation is achieved short before or latest at the point of
equilibrium between reservoir and drop. If super saturation of protein at equilibrium is
not achieved no crystals will grow from the experiment, if supersaturation is achieved
far before equilibrium the chance is high that unordered aggregates form instead of
X-ray suitable single crystals. At the point of super saturation attractive interaction
between protein molecules will increase rapidly whilst cprorein Will increase at a normal
rate. Then, if nucleation takes places, protein is either built into nuclei or assembles
in mesoscopic phases [47]. In both cases cprtein decreases and the rate of change in
kp will remain constant, resulting in a slower increasing Ry.

When equilibrium is achieved (with super saturation being achieved before) kp
will become constant, at still decreasing cproein @and hence Ry will decrease slowly.
The decrease of Ry will continue until decrease of Cpotein I€ads to an undersaturated
solution. Then cprorein Will also remain constant and as such will R4. Figure 6 gives an
overview of the theoretical development of Ry in the above described circumstances

and in the case of equilibrium before super saturation.
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Figure 6: Scheme of an idealized Ry development (derived from a Gedankenexperiment) during a
successful (boxes) and unsuccessful (circles) vapor diffusion crystallization experiment. A) Ry of the
protein without precipitant, B) Ry of protein after addition of precipitant, C) Ry at achieved super

saturation, D) vapor diffusion equilibrium E) final Ry, protein solution under saturated.

In Figure 7 the results of a real crystallization experiment in a Linbro plate monitored
by in situ DLS are shown. The development of radius distribution over time behaves
as theoretically predicted for the two cases (a) crystallizing system (boxes) and (b)
non crystallizing system (circles). The here applied method was hanging drop vapor
diffusion. The theoretical and experimental radius distributions over time in the case
of a microfluidic set-up were described by AARON M. STREETS and STEPHEN R. QUAKE
[93]. They attributed the changes in Ry to Oswald ripening of pre-crystalline clusters
following the theory of a two-step nucleation [46]. In the model they developed, the
increased Ry after addition of precipitant is already a sign of the formation of a
mesoscopic phase [93]. They apply a strict thermodynamic approach to protein
nucleation and crystallization not taking into account the kinetics, electrostatics and
hydrodynamics of protein crystallization.
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Figure 7: Development of radius distribution over time for a real vapor diffusion experiment in a
Linbro24 plate. Circles: non-crystallizing conditions, 30 mg/mL hen egg white lysozyme vs. 0.125 M
NaCl. Boxes: conditions that gave crystals, 30 mg/mL lysozyme vs. 1 M NaCl.

However their results could be reproduced applying in situ DLS within the
CrystalFormer HT microfluidic system (see chapter 3.3). Moreover they also related
the drip of Ry in systems with growing crystals to the decrease of Cprotein-

From the observation of a crystallization experiment by DLS alone already a
lot of information can be obtained. The relative changes of Ry (coupled to the
diffusion coefficient D) show whether the observed system is super saturated, at
equilibrium or if it is again under saturated and no further crystal nucleation can be
expected. It is important to note, that it is the relative changes of Ry that matter and
less the absolute changes. The absolute changes of Ry are only valuable if the
observed system is known very well, e.g. for lysozyme where Dy is known not only for
the pure protein but also at various precipitant conditions. Then absolute values of Ry
can be used to deduce the state of crystallization in a droplet. In all other cases the

experiment has to be monitored by DLS constantly or at smallest possible At in the
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case of multiple experiment monitoring. Hence automation and velocity of in situ DLS
measurements matter if this method comes to application for the purpose of

rationalization and optimization of protein crystallization.
3.2. Granada Crystallization Box

3.2.1. Introduction

The Granada Crystallization Box Domino (GCB-D) was first developed and
presented in the course of a space experiment [94]. It is an enhancement of the
previously developed crystallization environments GCB and GCB-Il [95]. As the
name denotes all types of GCB were developed in Granada at the CSIC/ Laboratorio
de Estudios Cristalograficos. The here presented experiments were carried out in
collaboration with JOSe A. GAVIRA and EMILIO MELERO GARCIA (both from CSIC/
Laboratorio de Estudios Cristalograficos) during the EU FP6 project OptiCryst [18].

In all types of GCB super saturation of protein solutions is achieved through
the method of counter diffusion [96]. Protein solution in thin capillaries (500 — 100 pm
inner diameter) is brought in contact with precipitant concentration in a reservoir.
Protein and precipitant start to diffuse against each other with the precipitant in the
case of e.g. here used ammonium sulfate diffusing one order of magnitude faster
than the protein. The velocity of diffusion in and out of the capillary can be further
slowed down by blocking the capillary entrance by agarose layers. These are thick in
the case of the GCB — here the agarose is the bottleneck [92] — and thin in the case
of a GCB-D. In the GCB-D the inner diameter of the capillary is the bottleneck of
precipitant diffusion. At some time after inserting the protein filled capillary into a
GCB-D super saturation is achieved close to the open end of the capillary. With time
the point of initial super saturation moves further up the capillary until all the protein
within the capillary is at super saturation conditions. The difference to e.g. vapor
diffusion at the level of crystallization kinetics is the temporal pathway of
crystallization [45]. In vapor diffusion droplets super saturation is achieved in the
whole drop at nearly the same time. Any saturation gradient is equilibrated fast
through diffusive mass transport. This mass transport is hindered in the GCB by the
narrow inner diameter of the capillaries. Thus along the capillary super saturation is
achieved at different times. The time difference A(At) at which super saturation is
achieved can be as long as three weeks. Since every At can be considered as a

unique crystallization condition each capillary in a GCB can be viewed as a screen
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with a large amount of conditions that are continuously self-screened [96]. The here

described results have been published previously [97].

3.2.2. Materials and Methods

Glucose isomerase was used for the counter-diffusion experiments.
Commercial glucose isomerase (Hampton Research, USA) was dialyzed against
Hepes (0.1 M, pH 7.0, Sigma Aldrich, Germany) and then concentrated in order to
obtain a final stock solution of 50 mg/ml, as determined by spectrophotometry at 280
nm. GCB-D reactors [94] (see Figure 8) containing ammonium sulfate (3.0 mol/L)
and Hepes (0.1 mol/L) at pH 7.0 were obtained from Triana S&T and used to set up
the crystallization experiments.

Capillaries of 0.1, 0.2 and 0.3 mm inner diameter were filled with protein
solution. Additionally, a fourth capillary of 0.3 mm was filled with a mixture of protein
solution, buffer and low melting point agarose (0.075% w/v, Serva).

A SpectroLIGHT 500 instrument (Nabitec, Germany, see Figure 5) [18, 88]
was used to carry out the DLS measurements. The system was adapted to be able to
observe experiments in capillaries (e.g. GCB-D). The GCB-Ds were obtained in a
configuration where they come prefilled with any desired cocktail of additives to be
used as precipitant, topped with a layer of agarose gel through which the protein-
filled capillaries are punctured for mechanical stability (see Figure 8).

The intensity fluctuation of scattered light was recorded by a photomultiplier
tube and the autocorrelation function [55, 56] calculated by a hardware correlator.
The ACF was interpreted using the CONTIN algorithm [65-67]. Results obtained
through CONTIN were evaluated using the software SPECTRO (Nabitec, Germany).
For the measurement procedure the capillaries were first loaded with protein solution,
then one end of each capillary was sealed with wax and punctured - open-end first -
through the gel of the GCB-D. Immediately afterwards the box was fixed inside the
DLS instrument. By using the instrument’s optical camera it was possible to record
the coordinates at the beginning and at the end of the capillary and thus convert the
distance along the capillaries to the coordinate system of the motorized stage. Seven
positions were chosen to record the DLS signal according to followed the
precipitation front from the entrance of the capillary as a function of time (see Figure
8).
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Figure 8: Schematic drawing and figure of a GCB-D alone and inside the SpectroLIGHT 500. A

schematic set up of a counter-diffusion experiment is shown on the left side. The open end of the
capillary allows the precipitant to diffuse against the much slower diffusive protein solution, thereby
inducing the precipitation of the protein. Each mark (*) represents a DLS measurement position, at 0.7,
2.2,5.1,9.9, 11.8, 18.7 and 24.5 mm from the open end. In the middle a GCB-D used for in situ DLS
experiments is shown and on the right side a GCB-D within the SpectroLIGHT 500 is shown.

At the beginning of the measurements minute displacements in x, y and z directions
were performed at each position to optimize the DLS signal (optimized position
means: the largest countrate at which a valid ACF with high intercept could be
obtained). Subsequently a cycling series of measurements was set-up (a script was
written in Python and given as input for the autopilot of SPECTRO) in which the DLS
signal was detected for 60 seconds at each of the positions in sequence, and then
paused for a defined amount of time until the beginning of the next cycle. In total, the
interval between two successive measurements at the same position was 122

minutes and the experiment was monitored during 14 days.

3.2.3. Results and Discussion

The volume of solution analyzed by the DLS system (crossing space of laser
and detector) has been estimated to be around 1 pL [88], which is equivalent to a
sphere of approximately 12.5 micrometers in diameter. This volume is not negligible
for sub-millimeter diameter capillaries, especially in the case of 0.1 mm capillaries
that, on the other hand, are the most widely used because of its small sample
consumption (approximately 400 nL). It is therefore required to ensure that no spatial
distortions occur during measurement to obtain a clean DLS signal, similar to that
obtained in quartz cuvettes, considering the geometry of the capillary and the plastic

walls of the GCB-D. Capillaries of 0.1, 0.2 and of 0.3 mm, with and without agarose,
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were filled with the supernatant of a centrifuged protein solution of 50 mg/mL in its
buffer. The concentration of the supernatant was measured to be of 49 mg/mL
(Absorption at 280 nm). After this, the different capillaries were punctured in GCB-D’s
filed with 3 M ammonium sulfate. DLS signals were acquired at 30 mm from the
open end of the capillary (Figure 9). To make sure that the precipitant concentration
in the observed volume was negligible, the DLS measurements were performed 5-15
minutes after puncturing the GCB-D. An aliquot of the protein sample in its buffer
without precipitant was also measured by DLS in a quartz cuvette for comparative
purposes. For all the capillaries, DLS signals were measured for 30 seconds, 30
consecutive times and 2 seconds interval between measurements. The results of the
size distributions obtained from the DLS signals are shown in Figure 9. Figure 9C
shows how the focus of the DLS laser beam fits inside the capillary, being sufficiently
away from the flares caused by the reflection of the laser on the walls of the GCB-D,
even in the case of the smallest 0.1 mm capillaries. Figure 9A shows an overlay plot
of the radius distribution of glucose isomerase in capillaries and the optical cuvette.
Figure 9A indicates that the size distributions calculated from DLS measurements
inside the cuvette and those taken inside the capillaries are comparable. In all cases
a monomodal size distribution was observed in which the only peak evident is that
corresponding to the hydrodynamic radius of glucose isomerase in the buffer without

precipitant.
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Figure 9: Results of the DLS measurements in capillaries. A). Comparison of the size distributions
obtained from DLS measurements of the same protein solution in standard quartz cuvettes and inside
capillaries. The measured radius was approximately 2 nm in all 5 cases. B) ACF of the respective
measurements, C) shows the focus of the laser inside a 0.1 mm capillary: the white dot marks the
focus of the collecting optics and is slightly off for the sake of clarity, of 0.1 mm 0.2 mm, 0.3mm and

0.3mm with agarose.

Figure 9B shows an overlay of the auto correlation functions from which the radius

distributions were derived. One can see that the signal to noise ratio for DLS
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measurements in the cuvette is a bit better than for measurements in capillaries but
all the ACF are shaped as expected [54, 56, 91] for monomodal solutions. These
results clearly demonstrate that DLS measurements can be performed inside
capillaries with an inner diameter as small as 100 um. Moreover it could be shown
that it is possible to measure DLS in standard commercial counter-diffusion devices.

After proving that DLS measurements can be performed inside capillaries a

counter-diffusion crystallization experiment was set-up and the evolution of size
distribution of the protein as a function of time and distance inside the capillary was
monitored by DLS. A 0.1 mm capillary was filled with glucose isomerase solution at a
concentration of 50 mg/mL in buffer, then punctured it in a GCB-D box containing
3 mol/L ammonium sulfate as precipitant and proceeded as described in the
experimental section. The results of this experiment can be seen in Figure 10.
As soon as the open-end capillary is put in contact with the precipitant solution, the
protein and the mixture start to counter-diffuse against each other. The precipitant
diffuses faster than the protein due to its larger diffusion coefficient (approximately
one order of magnitude). As the precipitant travels through the capillary, the solubility
of the protein decreases and precipitation takes place. The -calculated size
distributions seem to react to this process in two different ways. At first, the
increasing concentration of the precipitant causes an increase in the hydrodynamic
radius of the protein (from 2 nm to approximately 5 nm).

A possible explanation for this observation is that the higher number of ions in
the solution, their interaction with the protein and the protein-protein interactions
mediated through the electrostatic conditions of the solution influence the measured
diffusion coefficient, which is used by SPECTRO to calculate the hydrodynamic
radius Ry using the Stokes-Einstein Equation [91]. The difference of theoretical Ry
and measured Ry is, at constant protein concentration, a function of precipitant
concentration (see chapter 1.7). Thus by relating measured Ry with theoretical Ry of
the Protein it is in principle possible to determine the concentration of precipitant [61].
The second effect is that, at a certain time during the counter-diffusion, there is a
perturbation of the size distribution consisting in the prompt extinction of the peak
corresponding to the protein in solution and in the appearance of broad peaks at
larger diameters.
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Figure 10: Size distribution (X-axis) as a function of time (Y-axis) obtained from DLS measurements in

a single capillary. The number at the bottom right corner of each picture indicates the distance of the
measurement in mm from the open end of the capillary. The picture at the bottom shows an overview
of the capillary and the position of the measurements (*) in the GCB-D.

The fast disappearance of the initial protein peak is indicative of crystallization events
[88] that seem to take place progressively later in time at larger distances from the
entrance of the capillary, as expected from the experimental observation and the
simulation results. The irregular size distributions at larger hydrodynamic radii
correspond to the perturbation of the DLS signal by the appearing crystals. This is
consistent with the expected formation and evolution of the already described
advancing supersaturation wave [98] produced by the continuous diffusion of the
precipitant. At the largest distances investigated it can be seen that the crystallization
is not so clearly observed from DLS data. The reason for this may be that the
process of nucleation and crystal growth at those positions occur at lower super
saturation conditions than for points closer to the entrance. Since those processes
are the cause of the depletion of the protein, it can be concluded that, at longer
distances within the capillary, they are not fast and/or intense enough to counteract

the restoration of the consumed protein by diffusion from the rest of the capillary.
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Nevertheless, the rise in concentration of the precipitant due to diffusion can be

clearly observed in the increase of Ry.

3.2.4. Conclusions

The experimental results presented here show clearly that the in situ DLS
technique can be used inside capillaries for analysis of counter-diffusion
crystallization experiments. The obtained DLS signals were equivalent to the one
obtained using a quartz cuvette, yielding similar values for the hydrodynamic radius
of glucose isomerase in its buffer without precipitant, even when it was measured
inside capillaries of inner diameter as small as 0.1 mm.

Also a real counter-diffusion experiment in standard GCB-D systems was
successfully followed by in situ DLS. The DLS signal is sensitive to super saturation
changes inside the capillary, through the increase of the apparent protein
hydrodynamic radius, which reflects the salt-dependent protein-protein and protein-
salt interactions [60, 61, 91, 99].

3.3. CrystalFormer HT

3.3.1. Introduction

The CrystalFormer HT (Microlytic, USA) is a microfluidic crystallization device
(see Figure 11), utilizing the method of free interface diffusion for crystallization of
biological macromolecules [25]. On a SBS-footprint [100] plate 96 channels are
arranged. Each channel has a length of 1 cm and an inner diameter of 100 um.

sealing tape peelable film for harvesting

|

. _— v
crystallization channel (d = 100 pm) precipitant reservoir
protein reservoir

S

Figure 11: Left: CrystalFormer HT (Photo taken from http://www.microlytic.com), right: schematic draw

of the side view of one CrystalFormer channel (Figure adapted from Stojanoff et al. [25]).

The CrystalFormer HT can be filled by crystallization robots such as the Mosquito or
manually using microliter pipettes [101]. Its channels are on one hand similar to
those of the GCB-D but on the other hand the set-up differs drastically. The length of

the channel is only one fourth of the length of a capillary within the GCB-D. Moreover
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are protein- and precipitant reservoir in the CrystalFormer HT of the same volume,
whilst in the GCB-D the reservoir volume is more than 1000x larger than the protein
volume. A thin layer of agarose is blocking diffusion at the tip of each capillary in a
GCB-D, the channels of the CrystalFormer HT are free of any substance slowing
down diffusion. In combination a faster approximation to super saturation should be
expected and fewer “screening points” along the capillary due to the shorter length.
After super saturation is achieved at one point along the capillary, Cprotein Will remain
constant (and not decrease as in vapor-diffusion or microbatch experiments) since
protein being built into nuclei will be replaced by protein from the reservoir. This
process is only inverted when super saturation is achieved within the protein
reservoir. Since diffusion from the protein reservoir is at distances far from it limited
as in the GCB a similar behavior of crystallization as in the GCB-D can be expected.
At distances close to the protein reservoir deviation from the crystallization processes
observed within the GCB-D are to be expected. Since at these distances super
saturation is delayed they are most interesting and after assessing the general
possibility of DLS in the CrystalFormer HT the focus will be on measurement

positions close to the protein reservoir.

3.3.2. Materials and Methods

A CrystalFormer HT was received as a gift from Microlytic. For in situ DLS
measurements in the scope of this work the channels were filled manually, following
the instructions of the CrystalFormer user manual [101]. Into the protein reservoir of
a channel 1 — 1.5 pL of protein were pipetted in a way that the channel was
completely filled. Then carefully the chosen precipitant was pipetted in the opposite
reservoir. To avoid evaporation of solvent the wells were sealed with tape provided
by Microlytic. For DLS measurements the plate was inserted in the SpectroLIGHT
500 right after the last pipetting step. For measurements three points along the
capillary were chosen (close to the protein reservoir, in the middle, close to the
precipitant reservoir). The coordinates of these points were saved in the plate
definition files in the Spectro database. Thus reproducibility of measurements was
enabled. For optimization of the DLS signal a deviation from these positions of no
more than 1 — 2 % relative to the channel length was used. The DLS signal was
tested and through movement in x, y, z-direction using the camera and robotics of the
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SpectroLIGHT 500 this signal was optimized. The measurement position was saved

and DLS measurements were performed.

3.3.3. Results and Discussion

Since the CrystalFormer HT is a plate with SBS-format [100] footprint the
adaptor for 96-well plates was used for measurements within the SpectroLIGHT 500.
Based on the plate dimensions a plate definition file was created in the instruments
database. Three points of measurement per channel were created. For the first
measurements hen egg-white lysozyme (HEWL, Merck, Germany, 100 mg/mL,
dissolved in 250 mM NaOAc/HOAc buffer, pH 4.75, dialyzed against 250 mM
NaOAc/HOAc buffer, pH 4.75 buffer to remove NaCl) was used. In the protein well of
the channel 2 yL of lysozyme were pipetted and assured that the channel was
completely filled with protein solution. In the precipitant well 2 yL of a 1 M CaCl,
(Merck, Germany) solution were pipetted and both wells were sealed with tape. The
plate was inserted in the SpectroLIGHT 500 instrument, the plate definition file
chosen and channel and point of measurement selected. The laser and detector
position was then adjusted in a similar manner as described for the GCB-D (chapter
3.2.2) Due to the small inner diameter of the channel fine adjustments (20 um steps)
had to be carried out in order to optimize the DLS signal. Reflections of the laser at
the walls of the channel and the plastics of the plate made this challenging but then a
DLS signal of good quality could be obtained. The quality of a DLS signal is given by
a) the ACF b) Intensity and c) radius distribution. The ACF should have an intercept
of at least 1.4, ideally it is 2. Most of the times for measurements in cuvettes an
intercept of 1.8 — 1.9 can be achieved. For the first DLS measurement in the
CrystalFormer HT an intercept of approx. 1.8 could be obtained (see Figure 12).
Moreover the form of the ACF is critical: the ACF obtained in these initial
measurements was shaped as to be expected for a monomodal protein solution. The
signal intensity of a measurement is important for signal-to-noise considerations and
it tells if the laser beam or scattered light is blocked by the measurement
environment. Moreover diffuse reflections will add to the intensity. A good
measurement in non-standard environments has an intensity of scattered light that
does not deviate too much from the intensity measured in a cuvette. The average
countrate of 555 +/- 10 kHz obtained for this measurement is high but the deviation

from standard DLS is not too much.
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Figure 12: Results of first DLS measurements within the CrystalFormer HT. In the upper box the ACF
is shown. The intercept of approx. 1.8 indicates a good measurement. The radius distribution derived
from the ACF by CONTIN is shown in the lower box. The lysozyme solution at this initial stage of

crystallization is as expected monomodal.

In Figure 13 more results of initial DLS measurements within the CrystalFormer HT
are presented. In the case of lysozyme, the ACF obtained in the CrystalFormer are
compared with an ACF obtained by conventional DLS in optical cuvettes. As can be
seen the quality of DLS measurements in the microfluidic device is comparable with
that in the optical cuvette. The same applies for DLS measurements with the protein
PfGST (Glutathione s-transferase from Plasmodium falciparum, [102]), received from
RAPHAEL EBERLE (University of Hamburg). Here the ACF obtained from DLS
measurements within the CrystalFormer HT was compared with a measurement in a
Terazaki-plate under oil (see chapter 3.5). Both ACF are nearly identical. This also
shows that the application of DLS for measurements within this device is not limited
to model proteins such as lysozyme.

Based on these results it is clear that DLS measurements within the
CrystalFormer HT are not only possible but qualitatively equal to those in optical
standard environments. From this point on the next step was to investigate
crystallization processes within the microfluidic device in situ by DLS. It was chosen

to investigate the crystallization of lysozyme at three different conditions (1 M NaCl,
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0.6 M NaCl and 50% PEG 400). Measurements were prepared as described above
but continued at position 1 on the selected channel for at least 60 hours.

1,84 1,8 1
—— Lysozyme in cuvette f O PfGST (CrystalFormer HT)
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Figure 13: ACF obtained by DLS measurements in the CrystalFormer HT. On the left hand side
different conditions of lysozyme are compared with an ACF of lysozyme obtained from measurements
in an optical cuvette. On the right hand side the ACF of PfGST (protein expressed and purified by
RAPHAEL EBERLE, its structure is displayed as a cartoon plot on the right hand side, PDB-accession
code: 1PA3, [102]) in the CrystalFormer is compared with the ACF of the same protein in Terazaki-
plates under oil.
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Figure 14: Results of in situ DLS monitoring of crystallization experiments within the CrystalFormer
HT. A) an overlay of the development of radius distribution over time for the three conditions is shown.
B) the corresponding pseudo-SLS measurements.

(A) Lysozyme vs. 1 M NaCl: Lysozyme (95 mg/mL) was crystallized within the
CrystalFormer HT against a solution containing 1 M NaCl solved in the lysozyme
buffer (250 mM NaOAc/HOAc, pH 4.75). 1 M NaCl was chosen because in previous
crystallization experiments in 96-well plates and cell culture plates this was the
condition that in most cases resulted in the growth of lysozyme crystals. DLS was

recorded within the SpectroLIGHT 500 at position 1 during 80 h. Whilst this period
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the solution at the selected point was monodisperse with only one particle species in
solution. The Ry of lysozyme increased rapidly from approx. 2 nm to a maximum of
8.4 nm after 32 hours (for the development of Ry see Figure 14 A, violet circles).
Within the next 20 h the hydrodynamic radius decreased nearly as fast as it
previously increased: the Ry after 51 hours was just 3.5 nm. From 51 to 80 h of the
observed experiment Ry increased to about 5 nm but being at the same time
fluctuant, changing from measurement to measurement. Increase and decrease,
similar in the time range as for the Ry, could also be observed for the intensity of
scattered light (see Figure 14 B): Initially a countrate of 250 kHz was recorded. A
maximum of countrate (~ 1700 kHz) was observed after approx. 30 — 32 hours. After
32 hours the countrate decreased within 14-16 hours from 1700 kHz to approx. 220
kHz and remained more or less constant for the next 12 h. Between hour 62 and 74
the countrate increased slightly to 300 kHz then it finally decreased again to a final
value of approx. 200 kHz after 80 hours.

Developments of countrate and Ry in the course of this experiment are typical
for an occurring crystallization and are in concordance with theoretical considerations
(see chapter 3.1) and experimental results obtained previously by AARON STREETS
[93]. The diffusion of NaCl leads to stronger attractive interaction between protein
molecules in solution.

Since the Ry depends on protein concentration, protein size and solution
properties and the first two are assumed to be constant throughout the experiment
changes of Ry are due to changes of solution properties. Since Ry is inversely
proportional to the diffusion coefficient D (EQ 1) and it is known [61] that D will
become smaller if there is an increase of attractive protein-protein interactions, the
correlation of increasing NaCl concentration and increasing Ry for lysozyme
becomes clear. On the other hand decreases the lysozyme concentration during
crystallization whereas the NaCl concentration increases further. The Ry decreases,
this means that the change in cpowin is dominates of changes of kp during
crystallization. The fluctuations in Ry visible after approx. 47 h can be explained by
fluctuations in protein concentration due to crystallization along the capillary or in the
protein or precipitant reservoir relatively far away from the point of measurement
causing a local protein concentration gradient and a flow of protein molecules and

thus a local change of protein concentration.
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(B) Lysozyme vs. 0.6 M NaCl: Experimental procedures were the same as for the
experiment with 1 M NaCl. A 0.6 M NaCl solution in NaOAc/HOAc buffer was used.
The lower NaCl concentration should shed light on the precipitant concentration
dependence of Ry and countrate development during a crystallization experiment.
DLS was recorded in situ for 65 hours. As in the experiment with 1 M NaCl Ry
increased rapidly with time: from 1.72 nm at to to 4.13 nm after 10 h of incubation
(see Figure 14 A, green triangles). Within the next 55 hours only a slight increase of
Ry to 4.6 nm could be observed. Moreover fluctuations of Ry occurred. Whilst the
majority of the measurements yielded values of Ry that did not deviate from a range
of 4 — 4.6 nm frequently Ry were recorded much smaller (down to 1 nm) or bigger (up
to 7 nm). These fluctuations may be associated with deviations from ideal diffusion.
However, within these 65 hours of observations no peak of Ry as for crystallization
with 1 M NaCl could be observed. The slight increase of Ry after 10 hours reflects an
on-going increase of NaCl concentration. The NaCl concentration present after 65 h
was more or less equal to that present in the 1 M NaCl experiment after approx. 10 to
11 hours (Ry = 4.6, t = 10.5 h). The Ry can be used for comparison of NaCl
concentration since all other parameters of the experiment have been kept the same.
This NaCl concentration present after 10 — 11 hours (1 M NaCl experiment) and 65
hours (0.6 M NaCl experiment) does not result in a supersaturated lysozyme solution.
Crystals only grew in the 0.6 M NaCl experiment about one week after in situ DLS
was finished. Within the 65 hours there was no peak in Ry since no crystallization
occurred yet. This demonstrates that the measured Ry is highly sensitive to changing
precipitant concentrations and that DLS can be used to compare precipitant
concentrations at different points in time in counter diffusion experiments.

The development of the intensity of scattered light over time for this
experiment (see Figure 14B, green triangles or Figure 15 for details) was analogous
to the development of Ry: a strong increase within the first 10 — 12 hours (from
approx. 175 kHz to 475 kHz) of measurement followed by a slight increase in
intensity in the following 55 hours of observation. Fluctuations in the countrate could
be observed, but not as strong as in the radius distribution. Other than in the previous
experiment with 1 M NaCl there is no clear peak in the countrate. In conjunction with
the radius development this is a clear sign for no supersaturation at any point of

measurement within the observed period of time.
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Figure 15: Detailed view on the development of the intensity of scattered light in case of the

crystallization experiment of lysozyme vs. 0.6 M NaCl.

(C) Lysozyme vs. PEG 400: Lysozyme was crystallized against a solution containing
50 % PEG 400 (v/v) in 0.2 M sodium citrate (pH 4.5). The solution was obtained from
a counter diffusion training kit (Triana, Spain) and thus it was verified that this
solution will crystallize lysozyme with a high probability. DLS was recorded at position
1 for approx. 80 hours (see Figure 14). Throughout the 80 h a monomodal solution
was present. The Ry of the particles in solution increased from initially 2 nm to
approx. 9 nm after 80 h. The increase occurred rapidly during the first 30 h. From
hour 30 to 60 a slight decrease of Ry could be observed and during the last 20 h it

remained nearly constant.
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Figure 16: Detailed view on the development of the intensity of scattered light in case of the
crystallization experiment of lysozyme vs. 50% (v/v) PEG 400.
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Intensity of the recorded scattered light increased during the first 30 h from 250 to
500 kHz (see Figure 16). From 15 h to 30 h sinus like fluctuation of the intensity
could be observed. After 30 h the intensity decreased to approx. 300 kHz within 20 h.
Within the last 30 h of measurement it decreased further to 200 kHz. Observation of
the channel after 80 hours revealed that crystals had grown not within the channel

but close to the point of measurement within the lysozyme reservoir (Figure 17).

crystals

/

position of measurement

Figure 17: Lysozyme crystals grown in the protein reservoir of the CrystalFormer HT during

crystallization with 50% (v/v) PEG 400 as precipitant.

The initial increase of both Ry and countrate can be explained by the diffusion of
precipitant along the capillary, as it was described above for the experiments with
1 M and 0.6 M NaCl. Increasing concentration of PEG 400 cause increased Ry and
countrate for two reasons: first, the higher viscosity of the PEG solution in
comparison with the lysozyme solution in buffer and second, PEG mediates attractive
interaction between lysozyme molecules. Since a change of viscosity leads to slower
particles these appear to be bigger than they actually are: in the Stokes-Einstein
equation used by SPECTRO the viscosity is kept constant. A smaller diffusion
coefficient D reflects directly in a bigger Ry. This change of viscosity on the other
hand does not explain the increasing countrate since the intensity of scattered light is
independent of the viscosity and only coupled with the concentration and size of
molecules in solution. On the other hand acts PEG 400 as precipitant: it causes
attractive interaction between lysozyme molecules. Both countrate and Ry are

sensitive to changes in the protein-protein and protein-solutes interaction. Thus an
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increase of protein-protein interaction leads to increased countrate and Ry. After the
onset of crystallization protein molecules are built into the growing crystals and are
no longer in solution: the protein concentration decreases. This decrease in
concentration causes the decrease in countrate. The Ry depends on protein size,
protein concentration and solution properties (see chapter 1.7and 3.1). Since the
PEG 400 concentration stays constant after 1.5 days or increases slowly to 50% (v/v)
the viscosity of the solution remains constantly high in comparison to a solution of
lysozyme in its buffer. The apparent Ry depends strongly on the viscosity and due to
this, decreases only slowly or rather remains constant after 30 h. This comes clear
when comparing the development of Ry with that of the experiment with 1 M NaCl as
precipitant (Figure 14). For the latter case Ry decreases after approx. 30 h from 8
nm to approx. 4.5 nm after 55 h. The increase of viscosity for a 1 M solution of NaCl
is only small compared with 50% PEG 400 thus changes in protein concentration and
protein-protein interaction are more visible in the experimental data in the case of
NaCl. It also shows that for a correct interpretation of in situ DLS experiments both

development of intensity of scattered light and Ry have to be analyzed.

3.3.4. Conclusions

It could be shown for the first time that DLS measurements within the
CrystalFormer HT are possible and that the quality of these measurements is
comparable to that of DLS in conventional optical cuvettes. Moreover it could be
shown that it is possible to follow the crystallization process in situ within this
microfluidic device. In the course of the DLS monitoring results obtained by AARON
STREETS [93] could be verified and new insights into the processes that occur when
salt is replaced by PEG as precipitant could be gained.

It is now clear that by the observation of crystallization processes one can
distinguish between supersaturation/crystallization and undersaturated conditions
within microfluidic crystallization environments even if no nuclei can be observed (as
was demonstrated for vapor diffusion in chapter 3.1). This is important because the
appearance of nuclei in the radius distribution is considered to be a clear sign of too

harsh crystallization conditions [63].
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3.4. DLS in 96-Well Plates

3.4.1. Introduction

The most common crystallization plates today have a SBS-footprint [100] and
are designed to screen for 96 precipitant conditions. These plates can have one, two
or three crystallization wells per precipitant reservoir and are optimized for automated
high-throughput screening (HTS) [19-21, 23, 103-106] vapor diffusion crystallization
applying pipetting robots. In our lab a Honeybee 961 robot (Genomic Solutions, USA)
is used to set up crystallization plates. For robotic screening with a total volume of
600 or 1200 nL applying the Honeybee 961 the NextalQia1 plate (Qiagen, Germany)
was used. The bottom of its wells is conical hence even at nanolitre volumes the
crystallization drop is always situated at the same place. This is important for the
automation of imaging and in situ DLS as well as for the reproducibility of
experiments.

The other 96-well plate finally used for in situ DLS experiments is the MRC
Crystallization Plate™ (MRC, Swissci, Switzerland). As the NextalQia1 it has two
crystallization wells per precipitant reservoir. Its wells are hemispherical und thus
were not suitable for HTS with the Honeybee robot. They were chosen for manual
pipetting and buffer screening since the design of the plate seemed promising for in
situ DLS.

First DLS experiments within 96-well plates (Nextal Qia1) have been carried
out by ARNE MEYER [92] showing that it is possible to get an ACF from
measurements in small sitting droplets. On the other hand these first experiments
showed a non-satisfactory signal-to-noise ratio and the countrate was low in
comparison with measurements in cuvettes or culture plate hanging drops. This was
especially the case if the wells were sealed with tape, necessary to prevent
evaporation of the drop. Without the tape signal-to-noise ratio was better but
experiments could only be carried out for a few minutes until the drop fell dry.

Besides the mentioned plates other plates from manufacturers such as
Corning or Greiner have been tested but no good DLS signal could be obtained.
Since also the first experiments using the NextalQia1 were not promising focus was
laid on the MRC-1 plates.

One reason for the unsatisfactory DLS measurements within the wells of a

NextalQia1 plate were the geometrical properties of the plate. Each two well — one
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reservoir compartment (named 2W1R) is separated from the next by relatively high
walls close to the wells. Since the SpectroLIGHT 500 uses not an x-y-stage but a
rotating table with polar coordinates for positioning of the laser and the optics the
relative position of laser and detector on a well varies depending on the position of
the well on the plate. Hence not on all wells of the plate in situ DLS measurements
are possible because either laser or detector are blocked by the high walls. Since the
body of the MRC plate does not come with high walls between the 2W1R
compartments it was thought that these plates would be best for in-depth in situ DLS

analysis of vapor-diffusion crystallization.

3.4.2. Materials and Methods

Both the NextalQia1 and MRC are 96 reservoir, 192 well crystallization plate
with SBS footprint [100] designed for high throughput crystallization. For in situ DLS
observation of crystallization experiments between 0.6 and 1.5 uL protein solution
were mixed with equal amounts of precipitant unless noted else. The reservoir was
filled with 40 — 80 uL of precipitant solution. In the case of additive or buffer screening
the reservoirs were either kept empty or filled with 90 uyL paraffin oil to prevent
shrinkage of the drop due to evaporation during long-time experiments. The wells
were always sealed with AMPLIseal (Greiner Bio one, Germany) to prevent
evaporation of the drop.

For initial experiments 2 yL of hen egg-white lysozyme (Merck, Germany, 45
mg/mL in 250 mM NaOAc/HOAc buffer, pH 4.75) were filled in both wells of a 2W1R
compartment on a MRC plate. The reservoir was filled with 50 pL of the protein buffer
and the 2W1R compartment was sealed with tape to prevent evaporation. The plate
was inserted in the SpectroLIGHT500 and the plate type “MRC1” and the wells
containing the protein solution were chosen from the database. The laser beam was
positioned within the first well and by variation of x-, y- and z-coordinates laser beam
and (virtual) detector position were brought into accordance. Then DLS
measurements were recorded.

For in situ DLS monitoring of crystallization experiments instead of protein
buffer 40 — 80 uL of precipitant solution were pipetted in the reservoir and in the well
protein solution was mixed with precipitant to yield a final drop volume ranging from 1
— 4 yL. Besides lysozyme the Ervi-fragment AN (FAD-binding sulfhydryl
oxidase,13.4 kDa, received from KYRIAKOS PETRATOS, IMBB-FORTH, Crete, Greece,
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in the terms of a research collaboration) was used in initial in situ DLS studies in
MRC1 plates.

For integration of in situ DLS in the evaluation of high throughput
crystallization experiments a NextalQia1 plate was filled by a Honeybee 961
(Genomic Solutions, USA) robot: 600 pL protein (lysozyme, Merck, Germany, 45
mg/mL in 250 mM NaOAc/HOAc buffer, pH 4.75) were mixed in each well with 600
ML precipitant (columns 1-6 of the plate: 500 mM NaCl; columns 7-12: 1 M NaCl).
Each reservoir was filled with 60 uL of the respective precipitant solution. The laser
beam was positioned within the first well and by variation of x-, y- and z-coordinates
laser beam and (virtual) detector position were brought into accordance. This was
repeated in all 96 wells. An autopilot file was written (Python script, see Appendix,

chapter 9.1) and automated measurements started in all 96 wells.

3.4.3. Results and Discussion

Else than in preliminary experiments within the wells of NextalQia1 plates the
laser trace was good visible during positioning of laser and detector within the first
well of the MRC plate. From this point it was clear that in well 1 the laser beam was
not blocked by the plate. Positioning however was challenging since due to the round
drop surface distorted signals were obtained in most parts of the drop. The position
chosen was close to the side of the drop (see Figure 21A). DLS was then recorded
and a good ACF with an intercept of approx. 1.7 could be obtained. Radius
distribution showed that the solution was monomodal with a Ry of 2.1 nm and being
in good concordance to that measured in an optical cuvette (Ry: 1.8 nm) (see Figure
18). In the course of the preparation of in situ DLS measurements to investigate
membrane protein interaction (see chapter 6.3.2) DLS was measured in wells of the
MRC plate to see if a good signal can be obtained in the case of membrane proteins
and investigate the protein quality prior to further experiments. Since these proteins
are solved in a detergent containing buffer they tend to form a flat surface rather than
round droplets. CD82 [107] a human membrane protein from the tetraspanin family
(see chapter 6.1) was cloned and expressed in yeast cells and received as purified
protein from NICKLAS BONANDER (Aston University, UK, OptiCryst). Two different
preparations of CD82 (each 1 pL) were pipetted into wells of a MRC plate,

measurements were carried out as described above.
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Figure 18: First DLS measurements in a MRC plate (blue boxes / blue line) compared with a
measurement of the same protein solution in an optical cuvette (purple circles / purple line). A) The
ACF is of good quality in the case of DLS in a small droplet though the intercept is higher when DLS is
measured within a cuvette. B) Small differences are also visible in the radius distribution. But it is clear

that the obtained results deviate not too much from that within a cuvette.

The results of in situ DLS (Figure 19) show that even in the case of extremely flat
droplets containing detergent solution valid measurements can be carried out.
Moreover does the ACF show that the quality of measurement in the case of CD82 is
even better than for lysozyme. Further measurements showed that DLS can be
measured within all wells of a MRC plate and that the quality of measurements does
not deviate too much from measurements within optical cuvettes. The possibility to
measure DLS within the MRC was exploited for buffer screening (see chapter 5.2.1)

and to investigate membrane protein interaction and oligomerization (chapter 6.3.2).
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Figure 19: /n situ DLS within small (1 pL) droplets of the CD82 preparations X (blue) and Y
(purple).Even though the solutions formed no droplet but a thin flat layer covering all the protein well
good DLS measurements were possible, as can see from the ACF of both solutions (A). The obtained
Ry between 3 and 4 nm (B) is in concordance with a monomer in solution (29.6 kDa protein in B-OG
micelles).

39



k i

Figure 20: DLS measurements within a well of a MRC plate. A): under white light illumination to show

well and drop, B): real conditions, reflections of the laser on the round surface of the droplet are visible

but the trace through the drop itself remains undisturbed.

3.4.3.1. In situ DLS to Monitor Crystallization Experiments

Based on the previously described experiments to prove that DLS measurements in
small droplets in the MRC plate are possible crystallization experiments were set-up
to be monitored by DLS. In well A1_2 (second well of the 2W1R compartment A1) of
a MRC plate 1.5 pL lysozyme was mixed with 1.5 yL NaCl solution (1 M, both in 250
mM NaOAc/HOAc buffer, pH 4.75), the reservoir was filled with 50 yL of 1 M NaCl
solution in the same buffer. Measurements were started right after the introduction of
the plate into the SpectroLIGHTS500. First a series of measurements (10x20 s) was
recorded to monitor the initial radius distribution. The experiment was then monitored
by DLS over a period of 50 h (see Figure 21 A), all five minutes a measurement of
20 seconds length was recorded. The initial Ry of lysozyme is with approx. 2.5 nm
larger than that for lysozyme alone (1.9 nm). This is caused by the initial NaCl
concentration of 0.5 M. Addition of any soluble molecule, such in this case NaCl,
changes the chemical potential in solution [108, 109]. Moreover attachment of
chloride and sodium ions to the surface of the protein can result in protein-salt-protein
bridges. This yields at certain concentrations to attractive interactions between
protein molecules. The motion of particles in solution is not anymore purely
Brownian. This is represented in the diffusion coefficient D and hence in the Ry
derived by DLS measurements (EQ 1). With increasing salt and protein concentration
caused by vapor diffusion Ry increases further from 2.5 nm to 3.2 nm within 24
hours. Then, as expected in the case of nucleation and growing crystals (see

chapters 3.1 and 3.3) Ry remains constant and decreases slightly within the next 10
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hours to a Ry between 3 and 3.1 (see Figure 21 A). After approx. 35 h the results of
DLS start to get diffuse this is either caused by a diffusion gradient due to crystal
growth close to the point of measurement or because large nuclei are diffusing

through the point of measurement causing distortions of the signal.
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Figure 21: /n situ DLS monitoring of a crystallization experiment. A) left hand side: development of
radius distribution of monomeric lysozyme over time under vapor diffusion crystallization. Right hand
side: drop before crystallization with DLS laser (upper image) and after 50 hours with crystals of
lysozyme being visible (lower image, at different position to enable DLS measurement. B) ACF and
radius distribution of the monitored drop before (blue boxes) and after (purple circles) crystallization.

The reduced protein concentration leads to a lower Ry of the monomer after crystallization.

Evaluation of the droplet after DLS monitoring shows that crystals grew under these
conditions (see Figure 21 A). A comparison of DLS results before and after

crystallization (Figure 21 B) showed that the nucleation peak at 100-200 nm in the
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radius distribution in the initial measurement is not present after crystallization.
Moreover is the monomeric Ry after crystallization approx. 1 nm smaller than in the
initial series of measurement. This is related to the reduced protein concentration
after crystallization. In comparison with results obtained from similar experiments in
the CrystalFormer HT (see chapter 3.3.3) or in Linbro plates (see chapter 3.1) the
small increase of Ry during the crystallization experiment attracts attention. An
explanation might be that nuclei formed directly after addition of NaCl to the protein
due to local super saturation. These nuclei withdrew protein from solution and the

lower protein concentration then led to lower Ry.
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Figure 22: In situ DLS monitoring of two crystallization experiments with AN. In both cases a mixture
of 8% (w/v) PEG 4000 and 100 mM ammonium sulfate was used as precipitant. In the experiment
represented by boxes in the radius distribution 1.7 uL protein was mixed with 0.7 pL precipitant. In the
experiment represented by circles a mixture of equal amounts of protein and precipitant was used.
The cartoon plot in the upper right side displays the structure of a sulfhydryl oxidase similar to AN
(PDB-accession code: 2HJ3).

In Figure 22 in situ DLS monitoring of two crystallization experiments of AN (FAD-
binding sulfhydryl oxidase,13.4 kDa, received from KYRIAKOS PETRATOS, IMBB-
FOTH, Crete, Greece, in the terms of a research collaboration) is shown. In both
experiments the same precipitant solution was mixed with protein (8% (w/v) PEG
4000, 100 mM ammonium sulfate). The only difference is that in one well (blue
boxes) 0.7 pL precipitant solution was added to 1.7 pL of protein whilst in the other

well (purple circles) equal amounts of protein and precipitant were mixed.
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Figure 23: Results of crystallization experiments of AN that were monitored by DLS (Figure

22).Crystals could only be obtained in the case of boxed (left). In the case of circles (right) only phase

separation is visible.

It can be seen that the Ry of the latter case is > 10 nm and shows a broad
distribution. In the other case the radius distribution is narrow in the first 25 hours and
grows constantly from approx. 5 nm to 7-8 nm. After 25-27 hours also this radius
distribution becomes broader and some nuclei can be monitored (at R4y > 100 nm,
omitted in the figure) by DLS. This difference in DLS between both monitored
experiments corresponds with the macroscopic results of the experiment (Figure 23):
only in the experiment represented by blue boxes grew crystals (next to phase
separation) whilst in the other case only phase separation could be observed.
Applications of in situ DLS monitoring of crystallization experiments within the MRC
plate are also described in chapter 6.2.1.

For in situ DLS measurements within the wells of a NextalQia1 plate filled by a
Honeybee 961 robot, laser and detector position were adjusted manually in all 96
wells. After adjustment DLS was measured in these wells. Figure 24 shows the
results of two of these measurements. In both wells lysozyme (45 mg/mL) was mixed
with an equal volume of NaCl (0.5 M) solution. A shoulder — typical sign of a bimodal
solution — is visible in the ACF in the DLS measurement right after preparation of the
crystallization experiment. Even though the experiment was set-up by a pipetting
robot and the DLS positions were adjusted carefully the ACF are not identical,
indicating that even with high accuracy statistical errors cannot be avoided in
crystallization. However, after 14 days (no macroscopic crystals grew in neither
droplet) both ACF are nearly identical showing that DLS positioning and robotic

pipetting were indeed carried out accurately.
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Figure 24: DLS measurements within wells A3 and A4 of a NextalQia1 plate (boxes) in comparison
with measurements in a MRC plate (circles) and in an optical cuvette (triangles). Also displayed are
results from in situ monitoring of crystallization (diamonds, initial) in the same wells of a NextalQia1

plate.

Figure 25: Schematic drawing of a NextalQia1 plate showing in which positions DLS measurements in

droplets (1.2 yL volume) are possible (green), restricted (yellow) and not possible (red).
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A comparison with DLS measurements in a MRC plate and a cuvette shows that the
quality of DLS within the NextalQia1 plate at well A3 and A4 is a bit better as in a
MRC plate and not as good as in an optical cuvette. Figure 25 shows — based on the
DLS measurements carried out — in which of the wells of a NextalQia-1 plate DLS
measurements are possible (green). In the other wells DLS measurements are
restricted (E and F9, G6) or impossible. DLS measurements are impossible when
laser or detector is blocked by the high walls separating the 2W1R compartments
within this type of plate. When using smaller volumes (< 1.2 yL) DLS will become
impossible in nearly all wells. The distribution of red on the plate indicates a problem
stemming from the polar stage. Since the relative position of laser and detector to the
walls varies due to the way positioning is carried out by the stage not all wells are
affected from blocking of the DLS optics. To overcome this problem the polar stage —
being beneficial in the case of capillaries — should be coupled with a x-y-stage that

would allow better measurements in the case of plates such as the NextalQia1.

3.4.4. Conclusions

It could be shown for the first time that valid DLS measurements in droplets in
96well plates such as the MRC plate are possible. This is important since 96well
plates are the plates used most for high throughput protein crystallization. Moreover it
could be shown that monitoring and scoring of in situ DLS measurements in such
plates is possible. Furthermore for the first time DLS measurements could be carried
out in crystallization droplets within a NextalQia1 plate that were prepared by a
pipetting robot. It was assessed in which wells DLS measurements are possible and

in which not.
3.5. DLS under Oil

3.5.1. Introduction

Besides vapor diffusion [110] and counter diffusion/free interface diffusion [96,
111] the microbatch approach [112-114] is the third major method for protein
crystallization. Other than for conventional batch methods crystallization volumes
used are comparable to that in vapor diffusion approaches. Robots are available for
high throughput screening applying the microbatch method [114, 115]. Usually the
system during crystallization under microbatch conditions is sealed with paraffin oil to
prevent evaporation. A combination of microbatch and vapor diffusion conditions can
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be achieved by replacing paraffin oil with other oils that are permeable for water
vapor [112]. Most known is the commercially available “Al’'s Oil”, a 1:1 mixture of
paraffin oil and silicone oil. In this chapter the application of in situ DLS towards both
methods will be described. So far no DLS monitoring of droplets in microbatch plates
had been reported.

Interesting about the DLS monitoring within microbatch plates under oil is the
fact that the droplets are contained in a stable environment. If pure paraffin oil is used
the drop size will be stable for weeks and thus a once adjusted DLS signal will be
stable for a very long time. Any change of the recorded ACF can hence be attributed
to changes in the drop making DLS results very reliable. Furthermore the oil layer
forms a flat surface that should cause no distortions of the laser light (as it is the case
with the laser on the round surface of sitting drop vapor diffusion droplets). The path
of light through the oil towards onto the round drop bears not such a strong risk of
distortions and flares that can deteriorate the DLS signal since the refractive index of
paraffin oil (1.47, [116]) and water (1.33, [117]) differ not as much as it is the case
between water and air (1.00). Another reason for expected good results of light
scattering experiments within droplets under oil is that most of the dust that always
resides on a plate is adsorbed in the oil layer, since the oil is poured onto the plate
prior to the protein droplets. Moreover the remaining dust in the system will be

enriched over time in the viscous oil rather than in water.

3.5.2. Materials and Methods

For initial experiments lysozyme (Merck, Germany, 2 uL, 45 mg/mL in
NaOAc/HOAc buffer pH 4.75) was centrifuged at 16’100 x g for 30 minutes and
pipetted manually into wells of a Terazaki plate (Nunc, Denmark). The plate was
treated previously with paraffin oil (Applichem, Germany) in a way that all wells were
filled with oil. Measurements were carried out using a custom designed adaptor for
the SpectroLIGHT 500. The optical head was moved relatively to the plate in order to
obtain a valid DLS signal in a similar manner as described for the adjustment of
measurements in the case of 96 well plates. Furthermore PfGST [102] (Glutathione
s-transferase from Plasmodium falciparum, My: 25 kDa, PDB accession code: 1PA3)
in its buffer (0.1 M Tris pH 8.0, 10 mM glutathione) was obtained from RAPHAEL
EBERLE, who had expressed and purified the protein, in terms of a collaborative work

to analyze protein quality and monitor crystallization. Droplets were prepared as
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described for lysozyme. All non-protein solutions were filtered through a 0.22 ym

syringe filter (VWR, Germany) prior to use.
3.5.3. Results and Discussion

From the initial DLS measurements in lysozyme solutions within Terazaki
plates an ACF typical for monomodal solutions with an intercept of 1.7 could be
obtained. Radius distribution analysis showed one particle species in solution with a
Ry of 2.2 nm (Figure 26).
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Figure 26: Results of initial DLS measurements within a small droplet under oil in a Terazaki plate. A

45 mg/mL solution of lysozyme was used as sample.

After the possibility to obtain valid DLS measurements within small droplets under oil
was assessed, a crystallization experiment was monitored by DLS. 2 yL Lysozyme
were pipetted into the well of a pre-oiled Terazaki plate and small volumes of 1 M
NaCl solution were added stepwise. Between the additions DLS measurements were
recorded.

As can be seen in Figure 26 the first addition of NaCl (1 uL) led to an increase
of protein radius from approx. 2 to 4 nm. After another 1 yL of 1 M NaCl solution was
added the monomer radius increases further to approx. 6-7 nm. Moreover a second
particle species appears in solution at roughly 90 nm. This second species
represents either nuclei or — following the two step nucleation hypothesis [47] — the
dense mesoscopic phase from which then macroscopic nuclei emerge. After

nucleation appeared the drop was diluted by 2 uL of buffer. The second particle
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species immediately starts to vanish. However the monomer Ry shows only slow

decrease.
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Figure 27: Contour plot of the development of radius distribution over time derived by in situ DLS
within a Terazaki plate. Stepwise precipitant addition led to stepwise growth of protein monomer Ry,.
The colors of the contour plot indicate the relative intensity of the particle, with blue being zero and

dark red being maximum.

After these initial measurements, automation of DLS within Terazaki plates was
achieved (see chapter 3.6). Moreover it could be shown that droplets under oil bear
ideal conditions for DLS measurements thus this method was used to replace the
conventional DLS measurements in optical cuvettes in the case of e.g. buffer
optimization. The advantage over MRC plates is that the wells within a Terazaki plate
are automatically sealed by the oil. Additionally the straight oil surface reduces flares
and laser reflections to a minimum (see Figure 28). The crystallization of PfGST
[102] under batch conditions was optimized for crystallization of the protein in a
containerless environment in levitated drops [118] in Xi'an, China. In the course of
this optimization in situ DLS was applied to optimize conditions rationally. In Figure
29 the results of such an experiment are presented. The clear difference in ACF and
radius distribution between pure PfGST and PfGST at crystallizing conditions showed
that even if the pure protein is not monomodal in solution the crystallization process
could be investigated by in situ DLS.
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ACF value

Figure 28: DLS within Terazaki microbatch plates under oil. A) and B) DLS laser within a normal
crystallization droplet. C) Laser trace within such a drop without additional illumination, D) ACF of an in
situ DLS measurement within the drop displayed under C), E) and F) Laser trace in non-perfect
droplets. Nearly no flares distortions can be observed, DLS measurements are possible. G) and H) at
the end of an in situ DLS monitored crystallization experiment of the protein PFGST. DLS does not

influence the crystal growth when applying microbatch under oil conditions.
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Figure 29: Comparison of ACF (A) and radius distribution (B) of PfGST (the cartoon plot in the upper
right side shows the structure of PfGST, ) in its buffer (blue, 0.1 M Tris pH 8.0, 10 mM Glutathion) and
during crystallization (violet) after mixing 2 yL of ammonium sulfate solution (2.6 M, 0.1 M Tris pH 8.0,
10 mM Glutathion) with 1 uL of PfGST. From this set up crystals grew after 12 hours (see Figure 28
G).

3.5.4. Conclusions

It could be shown for the first time that DLS measurements within small
droplets under oil in Terazaki plate are possible and can deliver information to
optimize the crystallization process. Moreover the quality of DLS measurements in
droplets under oil proved to be good enough to replace optical cuvettes or MRC
plates in the case of pre-crystallization DLS (e.g. buffer optimization). An example for
the application of DLS towards droplets under oil can be found in chapter 5.3.7.

3.6. Automation of Measurements

3.6.1. Introduction

For application of in situ DLS as a standard method to monitor and score
crystallization experiments automation is necessary. The rise of HTS methods results
in a huge number of crystallization trials. /In situ DLS has to have the ability to be
applied to many conditions at the same time. The SpectroLIGHT 500 was built as an
UV/VIS imager with added in situ DLS instrumentation [18, 88, 92, 119]. It was
known that the accuracy of its mechanical components was good enough for imaging
purposes. But from initial in siftu DLS measurements it was clear that occasionally a
deviation of just 20 ym could cause a distortion of the DLS signal, hence a much
higher accuracy is required. For automated in situ DLS monitoring of a 96-well plate
for 24 hours and three measurements per well and per hour the plate and optics

head would have to move approx. 7’000 times. And even after 77000 movements the
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deviation of measurement position should be as small as possible, preferably < 20
um. DLS automation was tested for vapor diffusion- (MRC plate) and microbatch
crystallization and within the GCB-D.

Automated in situ DLS would be possible if a) measurements with many
movements and b) with highest precision could be carried out. Requirement a) was
tested using a MRC plate and for b) DLS was recorded for two weeks on seven
positions along a capillary within the GCB-D.

3.6.2. Materials and Methods

Measurements within the SpectroLIGHT 500 were prepared as described
before (see e.g. chapter 3.4.2). After manual adjustment of laser and detector at
every measurement position an autopilot file was generated as Python script. In this
file the total number of measurements per well, the interval between measurements
and the duration of a single measurement within the respective experiment were
saved. The automated measurement was then started by reading this script-file (e.g.
autopilot.py, see Appendix, chapter 9.1 for examples of such scripts) into the DLS
software SPECTRO. DLS was then recorded as described in the file.

All plates in the case of MRC plates were prepared manually. To avoid
evaporation during preparation only one third of a plate was pipetted at a time.
During the preparation of the other parts of the plate it was temporarily covered with
AMPLIseal (Greiner Bio One, Germany). When the preparation was complete this
seal was removed and a new sheet of AMPLIseal used to seal the whole plate.

The preparation of measurements within the GCB-D is described in chapter
3.2.2. For automated experiments in Terazaki plates under oil an IMPAX robot
(Douglas Instruments) was used to prepare the droplets under oil. A matrix of 6x6
drops was pipetted, applying 6 different protein (lysozyme Merck, Germany): 7.5 — 25
mg/mL, dissolved in 250 mM NaOAc buffer, pH 4.75) and precipitant concentrations
(NaCl: 0.4 — 1.0 M, dissolved in the same buffer as the protein). The overall drop
volume was 2 pyL. Measurements were carried out in the SpectroLIGHT 500 using
the autopilot function. DLS was recorded at each well for 15 seconds; this was
repeated 140 times during 20 hours.

All protein solutions used were centrifuged for at least 20 minutes prior to use
and all other buffers, precipitants, detergents used in these experiments were filtered

through 0.22 pm syringe filters (Milipore, USA) before mixing with protein solutions.

51



3.6.3. Results and Discussion

An initial test for automation requirement a) was carried out while monitoring
experiments on the interaction of membrane proteins (see chapter 6.3.2). There two
times 20 wells (1. A1 — A5 to D1 — D5; 2: E1 — E5 to H1 — H5) were observed, each
time 118 measurements per well have been monitored (2380 movements per
experiment). In most of the wells a valid DLS signal could be obtained during the
entire observation. And no significant deterioration of DLS signal could be observed
in both experiments.

To test if this would still hold true on a completely filled plate Well 2 of all 96
2W1R compartments was filled with 1 pL protein (Columns 1-4: CD81 [120], columns
5-8: CD82 [121] and Columns 9-12: Proteorhodopsin [122], all proteins being
membrane proteins and were cloned, expressed and purified by NICKLAS BONANDER)
and 1 pL of a selection of 32 different detergents at each 10x their critical micelle
concentration (emc). The reservoir was filled with 16 pL protein buffer (1 % (w/v) B-
OG, 20 mM MOPS, pH 8.0) to avoid any vapor diffusion. DLS measurements started
after insertion of the plate into the SpectroLIGHT 500 and adjustment of all 96 wells
for best DLS signal. An autopilot file was written in Python (see chapter 9.1,
Appendix 3) in a way that DLS was measured in each well for 60 seconds and that
in each well DLS was measured once all 100 minutes. At all 6240 measurements
were recorded within 80 hours, the plate and optical head were moved 6240 times
during this experiment. Initially 89 of 96 wells yielded a valid DLS signal (94 %
success rate) but after approx. 10 measurements results from some wells showed
distortion in DLS that was clearly result of mechanical drift. However, from most of
the wells valid measurements could be obtained throughout the experiment.

During the first automated DLS measurements in Terazaki plates, monitoring
microbatch crystallization experiments under oil, in 20 of 36 wells (56 %) a valid DLS
signal could be recorded during the entire time, in all but two wells this was the case
for at least the first 20 measurements. Imaging of the wells right after finishing the
DLS measurements revealed that in most of the cases distortion of the DLS signal
could be assigned to crystal growth. The growing crystals either block the laser or
detector or cause light reflections that are more intense than the scattered light from
solution. There are though some wells in which no crystal growth was observed but
the DLS signal appeared distorted after 20 — 60 measurements. In these cases

shrinkage of the drop (Al’s oil was used in this experiment) or mechanical drift could
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be the cause of the distortion. Since not all drops were perfectly formed and the
relative position of laser towards the droplets depends on the position of the well on
the plate mechanical drift may not affect all wells. Thus the distortion can be
explained.

If requirement b) for automation could be achieved in the course of
experiments regarding in situ DLS in small capillaries (see chapter 3.2). The
capillaries within the GCB-D only have an inner diameter of 100 ym. It is in this
environment critical to be continuously on the same position. Even a deviation of just
20 pym will lead to a complete decline of the DLS signal. DLS was recorded at seven
positions along a 100 pm inner diameter capillary during a counter diffusion
experiment. The capillary was filled with glucose isomerase (50 mg/mL, in 0.1 M
Hepes, pH 7.0), 3 M solution of ammonium sulfate was used as counter diffusion
precipitant. In two weeks a total of 1022 measurements was recorded (146 per
position), thus plate and optical head were moved 1022 times. It can be clearly seen
from the results in chapter 3.2.3 that at positions at which no crystals grew within two
weeks a valid ACF could be obtained throughout the experiment. This proves that
automated in situ DLS measurements even in such critical environments as a 100

pum diameter glass capillary are possible.

3.6.4. Conclusions

The first automated DLS measurements within crystallization plates and thin
capillaries could be carried out and it could be shown that even in the case of the
GCB-D where highest accuracy is required automated monitoring of crystallization
processes could be carried out. These results show that the integration of in situ DLS
as a standard method within high throughput screening is possible and can be used
to score and analyze crystallization droplets. However it is still required to adjust the
position of laser and detector manually at all positions prior to the measurement. This

needs to be automated as well in the future.

3.7. In situ DLS: Overview, Conclusions and Outlook

As shown in the previous chapters that DLS measurements can be carried out
in all major crystallization environments and that automation of these measurements
is possible. This opened the possibility to investigate the submicroscopic processes

taking place during protein oligomerization, aggregation and crystallization.

53



For the first time ever in situ DLS monitoring within Terazaki plates under oil, in 100
um inner diameter capillaries within the Granada crystallization box domino (GCB-D)
and in the channels of the CrystalFormer HT was established. Moreover the initial
experiments in 96well-plates carried out by ARNE MEYER [92] could be improved.
Choosing seals (AMPLIseal, Bio Greiner One) and the plates best suited for in situ
DLS (MRC Crystallization Plate™, Swissci) a better signal to noise ratio could be
achieved and even more important: DLS is now possible in all 192 wells of the plate
making it possible in the future to integrate in situ DLS as a standard step in high
throughput screening, just as today imaging is carried out. The information gained by
DLS surely will help to refine the crystallization experiments and facilitate optimization
of crystal growth in order to obtain X-ray suitable crystals. However, application of in
situ DLS towards different target proteins showed the complexity of this approach: in
most cases the derived radius distributions over time showed a very complex pattern
that was not comparable with the results obtained for model proteins (own results
and results obtained by ARNE MEYER [92] and KARSTEN DIERKS et al. [88]). This
opens the question if the use of model proteins leads to any scientific progress if it
comes to the development of novel methods.

What target proteins often show (in the course of this work it was observed for
SIfB (see chapter 5) and AN) is precipitation before crystallization. In these cases
crystals grew out of the precipitate. If the conditions of the solution are altered to
prevent precipitation no crystals appear at all. The application of in situ DLS could not
reveal why this is the case.

Especially for in situ DLS within vapor diffusion crystallization experiments the
shrinking drop size is a problem. An initially perfectly adjusted position of
measurement can due to changes in the drop size eventually become a position at
which DLS measurements are not or not good possible due to reflections and flares
of the laser. The interpretation of data after such an experiment is then very difficult
since CONTIN produces always a radius distribution and if the ACF is not interpreted
manually such false positive results could easily be taken for real.

Promising are in situ DLS measurements in capillaries. Here the environment
is stable; a once adjusted position will stay adjusted during the whole experiment.
Hence interpretable results can be obtained. Based on reflections of WILLIAM WILSON
[63] that if nucleation can be detected by DLS already to many nuclei exist in solution

(which is not desired [40]) and of PETER G. VEKILOV that nucleation rather occurs
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from a dense protein phase called the mesoscopic phase than directly from the dilute

solution of protein molecules [47] monitoring of crystallization processes was focused

to the analysis of the development of the Ry of monomeric (or low oligomeric)

particles. The same approach was proposed by AARON STREETS [93] and within the

CrystalFormer HT comparable results, as first described by him in 2010, could be

obtained for the time dependent development of Ry in the case of a crystallizing and

non-crystallizing systems.

In the course of this work the crystallization of various target proteins could be

improved by in situ DLS:

Jack Bean Urease [123] was obtained from Sigma as lyophilized powder for
structure-function relation studies with inhibitors by AFSHAN BEGUM (University
of Hamburg). All crystals only showed diffraction to approx. 3.5 Angstroms. In
situ DLS revealed that the protein was oligomerized and that this
oligomerization could not be removed. AFSHAN BEGUM then purified Jack Bean
Urease from Jack Bean meal and could then grow crystals from the naturally
occurring hexamers. These crystals proved to be X-ray suitable and showed
diffraction up to 1.8 Angstroms. Inhibitor studies by AFSHAN BEGUM are in
progress.

WbGST, a glutathione-s-transferase from Wucheria bancrofti [124] was
expressed and purified by PRINCE PRABHU (Centre for Biotechnology, Anna
University, Chennai). No crystals could be obtained. An analysis of the most
promising conditions and of variations of these conditions by in situ DLS
showed rapid aggregation taking place inside the crystallization droplet.
Analysis of the protein without precipitant showed that its stability was highly
temperature dependent. All crystallization processes were then carefully
carried out at 4°C. X-ray suitable crystals could be obtained and the structure
was solved by PRINCE PRABHU (to be published).

AN, a recombinant protein construct of full length yeast ERV1 which is a
sulfuryl hydroxylase [125], was investigated in terms of a cooperation with
KYRIAKOS PETRATOS from IMBB Forth (Crete). Petratos and co-workers could
only obtain tiny crystals. In situ DLS revealed that the used PEG
concentrations were too high. Applying in situ DLS crystallization conditions
were altered rationally. Reducing the concentration of PEG 4000 from 20% to
5% and addition of 5-8 % of PEG 400 resulted for the first time in the growth of
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larger (300 — 400 um) crystals that showed diffraction pattern. However the
conditions need to be further optimized.

e The Spiegelmer NOXE36 was developed by NOXXON (Berlin, Germany) as
an inhibitor of the monocyte chemoattractant protein (MCP-1) [126]. In the
course of her scientific work BARBORA SCHMIDT (University of Hamburg) aimed
at crystallizing the complex of NOXE36 and MCP-1. In situ DLS studies
revealed that the initial crystallization conditions resulted in aggregation short
after preparation of the crystallization experiments. Improvement of conditions
led to the growth of X-ray suitable crystals that showed diffraction up to 2.2

Angstroms. Solution of the three dimensional structure is on-going.

Figure 30: A) Erv1 from Arabidopsis Thaliana (PDB-accession code: 2HJ3) as an example for sulfuryl
hydroxylases. A recombinant fragment of Ervl — AN — was crystallized with the help of in situ DLS. B)
PfGST (PDB-accession code: 1PA3, [102]) as an example for Glutathione S-transferases such as
WbGST from Wucheria bancrofti. The structure of WbGST was solved by the method of molecular
replacement with PfGST as search model (33% sequence identity). C) Cartoon plot of the asymmetric
unit of Jack bean urease (PDB-accession code: 3LA4, [123] ), the assumed biological molecule is
composed of six monomers.

Three proteins were investigated as part of the EU FP6-funded OptiCryst [18]
consortium. The results of these investigations are presented as studies on the
application of in situ DLS on target proteins in chapters 5 and 6.

e CD81 and CD82 two human membrane proteins of the Tetraspanin-family
[127], were expressed and purified by ROSLYN BILL and NICKLAS BONANDER
(Aston University, UK). Applying in situ DLS crystals of both CD81 and CD82
could be obtained. Moreover interaction and oligomerization between and of
CD81 and the tight junction protein Claudin-1 [128] was investigated by in

droplet DLS. These studies are thoroughly discussed in chapter 6.

e SIfB from Lysinibacillus spaericus strain JGA12 [129], was purified directly
from JGA12 by JOHANNES RAFF (Helmholtz-Zentrum Dresden-Rossendorf,
HZDR) and co-workers. In situ DLS was applied to optimize buffer conditions
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(chapter 5.3.1), investigate initial crystallization experiments (chapter 5.3.4)
and to evaluate the influence of bivalent cations on the stability of SIfB
(chapter 5.3.7).
In conclusion it can be stated that in situ DLS has a high potential to facilitate the
rationalization of protein crystallization and to gain further insight into the
submicroscopical processes within  crystallizing solutions of biological
macromolecules. In future light scattering methods in situ and prior to crystallization
will help delivering the desired nano-crystals for structure elucidation of target

proteins with X-ray lasers such as the XFEL currently being built at the DESY site.
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4. Light Scattering Experiments in Special Hardware

4.1. Introduction

Today most of the crystallization plates are standardized and follow the
measures of the SBS footprint [100]. Other crystallization techniques such as counter
diffusion in capillaries or microfluidics tend also towards the usage of SBS footprint
devices since imagers and robots are designed to handle this format. It could be
shown that the DLS instrument used in this work, the SpectroLIGHT 500 is capable
to handle also non-SBS crystallization hardware (see chapter 3.2 and 3.5).
Sometimes it is desired to monitor crystallization, protein oligomerization or
protein-protein interaction in devices that are non-standard and were certainly not
designed to suit the optical properties required for DLS measurements. In this
chapter initial DLS measurements in special environments, such as containers for
crystallization in space, small reaction tubes or in cubic lipid phases (CLP) [130], are

carried out and the applicability of DLS is discussed.

4.2. Materials and Methods

Protein material was centrifuged prior to the experiments to remove dust and
other residuals. In the case of DLS within small reaction tubes (tubes typically used
for polymerase chain reaction, PCR) and cubic lipid phases, hen egg-white lysozyme
was used to demonstrate the possibility of DLS monitoring.

HEWL (Merck, Germany) was solved in NaCl-free NaOAc-buffer (250 mM,
pH 4.75) and dialyzed against this buffer to remove any NaCl carried in from the
lyophilized protein powder. Concentration and purity of the protein was estimated
prior to the experiment by absorption spectroscopy applying a Nanodrop 2000c
(Thermo Fisher, USA).

For measurements in small reaction tubes a 1.5 M solution of NaCl in NaOAc-
Buffer (250 mM, pH4.75) was prepared and filtered through a 0.22 uym syringe filter
prior to use. Equal amounts (10 pL) of HEWL (45 mg/mL) and 1.5 M NaCl solution
were mixed inside a clear PCR tube. The tube was placed into the SpectroLIGHT
500 in a similar manner as the GCB-D (see chapter 3.2). Minute displacements were
carried out to find a position of optimized DLS signal quality. DLS was recorded and
evaluated with SPECTRO.

Cubic lipid phases were prepared in small reaction tubes with and without
addition of protein. In the latter case the CLP was prepared as follows:
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14.8 mg rac-Glycerol 1-monooleate (MO, monoolein, Sigma, Germany), 14 uL NaCl
solution (1 M in in 250 mM NaOAc-Buffer, pH 4.75), 0.9 yL MPD (100 % (v/v), Carl
Roth, Germany) and 7.8 yL HEWL solution (45 mg/mL, in 250 mM NaOAc-Buffer,
pH 4.75) were added together in this order and mixed with a vortex shaker for
3 minutes. After waiting for 15 minutes the opaque emulsion was centrifuged for 150
min at 10’000 x g. Every 20 minutes the tube was turned inside the centrifuge around
180° to achieve a straight surface within the small reaction tube. The CLP without
protein was prepared in the same manner by replacing protein solution by 250 mM
NaOAc-Buffer at pH 4.75.

The resulting clear solid mixture was inserted into the SpectroLIGHT 500 and
DLS measurements were prepared and carried out as described for measurements
in small reaction tubes.

For DLS measurements in capillaries within a space box designed for the
Chinese space mission Shenzhou8 the protein ThiM (5-(hydroxyethyl)-4-
methylthiazole kinase; EC 2.7.1.50, from Staphylococcus aureus [131]) was used.
ThiM was cloned, expressed and purified by JuLIA DREBES (University of Hamburg).
After purification it was dialyzed in a buffer containing 100 mM TRIS (pH 8.0) and 150
mM NaCl. The protein was concentrated using 3 kDa cut-off centrifugal filters
(Millipore, USA) to approx. 12 mg/mL. Concentration and purity of the protein was
estimated prior to the experiment by absorption spectroscopy applying a Nanodrop
2000c (Thermo Fisher, USA), quality of the sample was assessed by DLS
measurements (Terazaki plate under oil, SpectroLIGHT 500)

The concentrated monomodal protein (~ 10 pL) was injected into a capillary
(10 mm long, 1 mm inner diameter) applying a 100 uL gas-tight syringe (Hamilton,
USA) to avoid formation of bubbles. The capillary was closed with a 2% (w/v) solution
of low melting point agarose (Serva) and placed into a well of a space box. The well
was then filled with precipitant solution (18-20 % (w/v) PEG 3350, 7% 2-propanol,
0.25 M magnesium formate) and sealed with AMPLIseal (Greiner Bio One) to prevent
evaporation and leaking of the precipitant. The Growth-box was placed into the
SpectroLIGHT 500 in a similar manner as the GCB-D (see chapter 3.2). A search for
the box and its capillaries was performed and the capillary position saved in the
database of SPECTRO. Minute displacements were carried out to find a position of
optimized DLS signal quality. An autopilot-file was generated as Python script and

automated measurements were started.
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4.3. Results and Discussion

4.3.1. DLS in Capillaries for Space Experiments

Measurements were carried out similar to those in the GCB-D and the
CrystalFormer HT. Initial DLS measurements after adjustment of laser and detector
position showed a typical ACF with an intercept of 1.7 (see Figure 31). A
crystallization experiment was then monitored automatically for 60 hours at five
positions within the capillary.

ACF value
-

T T T T T
10* 10* 10° 10° 10"
Time (s)

Figure 31: Growth box for crystallization during Shenzhou8 mission and results of crystallization and
in situ DLS. (A) The crystallization system for Shenzhou8, on the left hand side the capillaries are
displayed, the containers are shown on the right hand side (B) crystals of ThiM grown in the capillaries
(bearing the same crystal morphology as described by JuLIA DREBES et al. [131]), (C) ACF of initial

DLS measurements within the capillary inside a container

The results of DLS measurements within the first 14 hours are displayed in Figure
32. At first, a bimodal solution is present in all positions along the capillary. The
smaller particle species grows from Ry= 6-9 nm to 15 nm within the first 6 h. But after
4 h it can only be detected at position 2. Meanwhile the larger particle species grows
from approx. 30 nm to 50 nm. Between 6 and 8 hours the size of this particle species
at positions 5 and 6 increases faster than at the other positions. After 7-8 hours the
size of these particles exceeds 1 um.

The same happens to this particle species at position 3 after 9 hours, at
position 2 after 12 h and at position 1 after 13-14 hours. This points to a correlation
between position and radius distribution stemming from a gradient of precipitant
within the capillary. The differences between the positions can be related to the
diffusion velocity within the capillary. Compared with the results from DLS
measurements inside the GCB-D it can be seen that the diffusion takes place much

faster. This is due to the larger inner diameter of the capillary.
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Figure 32: Results of in situ DLS in the crystallization box designed for Shenzhou8. A strong
correlation between the position of measurement and growth of the aggregates can be seen in the
radius distribution. At positions close to the entry (4, magenta and 5, black) the aggregates grow to a
Ry over 1 uym after 7 h, at position 3 (blue) this is the case after 9 hours, at position 2 (red) after 12

hours and at position 1 after 13-14 h. This displays the concentration gradient within the capillary.

4.3.2. DLS in Small Reaction Tubes

Since to enable first DLS measurements the CLPs had to be prepared in small
reaction tubes the general quality of DLS measurements within these tubes had to be
assessed. Lysozyme- and NaCl-solutions were mixed inside a small reaction tube
and the tube then inserted into the SpectroLIGHT 500 instrument. The laser and
detector position were adjusted and an ACF recorded and evaluated. As can be seen
in Figure 33 it is possible to measure DLS within PCR tubes. Even though,
comparison with a measurement at equal conditions in a MRC plate shows that the
ACF has a lower intercept (1.4 to 1.7) the quality of measurement is comparable. The
ACF is formed as expected for a nucleating lysozyme solution and it approximates 1
at large delay times. In delay times > 4x10° s both ACF are nearly identical. The
lower intercept at small delay times can be attributed to reflections and the non-ideal
environment leading to a deviation from ideal intensity fluctuation over time. The
radius distribution shows the typical bimodality expected for lysozyme. The
differences in radius distribution between the measurement in a MRC plate and the
PCR tube can be explained by the ACF: The relative ACF value at delay times
between 10 and 10 s compared with the intercept is higher in the case of PCR
tubes hence the intensity in the radius distribution as calculated by CONTIN is higher

as in the case of the measurement in a MRC plate.
61



® Lysozyme in PCR tube 104
o Lysozyme in MRC-1 plate '

Lysozyme in MRC plate
Lysozyme in PCR tube

0,8

0,6 1

ACF value
rel. intensity

0,4 4

T T — T 0,0 — ey e —r ey
10° 10" 10° 10* 10" 1 10 100 1000

delay time = (s) R, (nm)

Figure 33: DLS in PCR tubes, on the left hand side the ACF is shown, the radius distribution is
displayed on the right hand side.

4.3.3. DLS in Cubic Lipid Phases

Cubic lipid phases [130] can be regarded as liquid crystals with a regular
arrangement of water and lipid molecules ranging throughout the space the CLP is
prepared in. CLPs are clear, show no birefringence when illuminated with polarized
light and have viscous, solid-like, texture. Because of their property to keep lipophilic
molecules encapsulated for a certain time depending on the way the CLP is prepared
and the type of caged molecule, their use in drug delivery systems is discussed [132,
133]. With regards to Structural Biology most important is their role in the
crystallization of membrane proteins [134-136]. Due to their lipophilic properties
within a hydrophilic environment CLPs mimic biological membranes [134]. Else than
these membranes they are arranged in a regular and connected three dimensional
pattern [135]. The membrane protein molecules are incorporated in the lipid structure
just as in their natural environment, membranes. The structural properties of CLPs
facilitate crystallization of the membrane proteins [135]. Channels within the CLPs
deliver precipitant molecules towards the protein and CLPs are liquid crystals — the
arrangement is always dynamic. This dynamic within the CLP provides contacts
between membrane proteins. If the solution properties favor attractive protein
interaction this can lead to nucleation and crystal formation [137]. Most important, the
three dimensional structure of the CLP leads to the growth of three dimensional
crystals and not to the typical crystals of membrane proteins composed of layers of
two-dimensional crystals. Bearing this and the high importance of membrane proteins
in nearly all biological processes in mind, it is very interesting to investigate the
crystallization phenomena within a CLP by light scattering methods in order to
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rationalize and facilitate crystallizability. Here the first DLS measurements in CLPs

with and without protein are presented.

Figure 34: (A) CLP in a small reaction tube, (B) DLS laser in CLP without protein, (C) laser passing
through CLP with lysozyme

In Figure 34 the CLP within a PCR tube (A) and the laser trace in the case of CLP
without- (B) and with protein (C) are displayed. It can be seen that especially in the
CLP with protein the laser passes the PCR tube walls and the CLP without any major
flares and reflections. The ACF (Figure 35) in the case of CLP without protein has an
intercept of 1.4 and has a shape typical for a valid measurement although the
countrate is low (11 kHz). If lysozyme is present the ACF is smoother and has an
intercept of 1.6. Moreover the countrate is more than ten times higher (127 kHz).

Thus the background signal of the CLP does not disturb DLS measurement of protein

samples.
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Figure 35: Results of DLS measurements within cubic lipid phases.

This clearly shows that valid DLS measurements within CLPs are possible. Since the
CLP as such is viscous and — compared with e.g. buffers — rigid and DLS
measurements are based on the Brownian motion of particles this was not to be

expected.
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Figure 36: Lysozyme crystals grown in a CLP within a small reaction tube

The results of in situ DLS with lysozyme show that lysozyme behaves as a Brownian
particle inside a CLP. It still needs to be assessed whether this is the case if instead
of lysozyme a membrane protein is placed within the CLP. Since membrane proteins
are placed between the lipid molecules and not in the connecting channels its
movement may be hindered.

Figure 36 shows lysozyme crystals grown in a CLP. For soluble proteins such
as lysozyme a CLP provides an environment such as agarose: the high viscosity of
the CLP protects the crystal during growth, whilst protein molecules are transported
to the growing crystal via channels present in the CLP.

4.4. Conclusions and Outlook

It could be shown that DLS measurements are possible even in special
crystallization hardware and that the quality of measurements can be compared to
those in optical cuvettes or crystallization plates. Most interesting is the possible
potential of in situ DLS in the case of cubic lipid phases. Sometimes up to 50°000
crystallization experiments are necessary to obtain membrane protein crystals and in
many cases even these ultra-high through put approaches fail to produce X-ray
suitable crystals. DLS within CLPs might help in future to narrow down the number of

experiments and facilitate successful membrane protein crystallization.
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5. Application of in situ DLS - JGA12 / SIfB

5.1. Introduction

SIfB from Lysinibacillus spaericus strain JGA12 [129] is a surface layer protein
(S-Layer protein, SLP) [138-141] first isolated and described by JOHANNES RAFF
(HZDR, Dresden) and co-workers from uranium mine waste piles in eastern Germany
[129]. The protein consists of 1207 amino acids and has a molecular weight of
approx. 120 kDA. As a surface layer protein it has the tendency to self-arrange to two
dimensional crystal like structures [142]. Protein used within this work was obtained
from JOHANNES RAFF and co-workers who isolated and purified the protein directly
from Lysinibacillus spaericus strain JGA12 [129]. BLAST [143] search revealed that
no protein structure with more than 28% sequence homology exists in the PDB. This
fact, possible industrial applications [144, 145] of S-layer protein coated surface and
the need to enlighten the structural basis of s-layer formation are making the three
dimensional structure determination of SIfB / JGA12 a challenging and interesting
aim. Previous work of JOHANNES RAFF included AFM characterization of surface layer
formation as well as EXAFS (Extended X-Ray Absorption Fine Structure), XANES (X-
ray Absorption Near Edge Structure) and ATR-FTIR (Attenuated Total Reflectance
Fourier Transform Infrared Spectroscopy) measurements to determine the metal
binding properties of SIfB, especially the ability to complex uranium and palladium
[144, 146, 147]. In the PDB, besides the ubiquitous occurrence of S-Layer proteins in
the bacterial world, to date no full length structure of a SLP is present. The structure
of single domains of SLPs were solved and complete structures predicted by
arrangement of these domains [148]. The structure of the surface layer homology
(SLH) domains of the surface array protein (Sap) from Bacillus anthracis (the
pathogen that causes anthrax) was solved [149]. These SLH domains are
characteristic for many S-layer proteins and are necessary for binding to secondary
cell wall polysaccharides (SCWP) of Gram-positive bacteria [149]. These SLH
domains are also present in SIfB from Lysinibacillus spaericus strain JGA12 [129]
although the sequence similarity (approx. 40%) and identity (22 %) with the

respective domains in Sap is low.
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5.2. Materials and Methods

5.2.1. Buffer and Salt Optimization

The received first two charges (JGA12-A and JGA12-B) of protein were
produced and purified by JOHANNES RAFF and dissolved in water at pH 7.0 and free
of bivalent cations. The concentration as determined by JOHANNES RAFF was approx.
13 mg/mL [150]. Solution properties were assessed with DLS. 2 uL of protein were
transferred into the wells of a MRC-plate. The plate was sealed to avoid evaporation
of the droplets and a series (20x20 s) of DLS measurements was recorded using the
SpectroLIGHT 500 (Nabitec, Germany). For buffer optimization the pH-Screen
(Hampton Research) was used. Protein (1.5 pyL) and the solutions from the screen
(1.5 pL) were mixed in the wells of a MRC-plate. DLS measurements were carried
out as for the protein alone. Further optimization of protein buffer was carried out
using custom made buffers and salt solutions (see Table 2). Solution properties were
monitored with DLS as described above. Additionally all solutions were monitored
after 24 h and 7 days to gain insight into the long-time stability of JGA12 in the

respective buffers.

Table 2: List of compounds used for buffer optimization.

Compound Concentrationin | Compound Concentration in
drop drop

MOPS (pH 8.0) 10 mM TRIS (pH 7.4), NaCl | 25 mM, 150 mM

MOPS (pH 8.0), B-| 10 mM, 0.5 % TRIS (pH 7.4), NaCl, | 28 mM, 135 mM,

0G Anion-Mix' 10%

MgSO, 500 mM MOPS (pH 7.1), | 100 mM, 150 mM
NaCl

NaCl 500 mM TRIS (pH 7.4), NaCl, | 28 mM, 70 mM, 135
(NH,),SO, mM

TRIS (pH 7.4), NaCl, | 50 mM, 150 mM, | TRIS (pH 7.4), NaCl, | 25 mM, 75 mM,

ethylene glycol 25% ethylene glycol 25%

TRIS (pH 7.4), NaCl, | 50 mM, 150 mM, 200 | TRIS (pH 7.4), NaCl, | 25 mM, 75 mM, 200

NDSB256% mM NDSB256 mM

TRIS (pH 7.4), NaCl | 25 mM, 75 mM TRIS (pH 7.4), NaCl, | 28 mM, 135 mM, 5
EDTA mM

" Anion-Mix: 80 mM Nal, 40 mM of NaF, NaCl, NaBr and Na,SO,, “NDSB256 was obtained from
Hampton Research
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5.2.2. Crystallization

Two different solutions of JGA12-B were prepared for crystallization experiments:
1. JGA12-B_DIL
Equal amounts of JGA12-B and buffer (SLP1, 150 mM NaCl, 50 mM TRIS,
pH 7.4) were mixed and centrifuged for 1 h at 16’100 x g. The protein was stored
at 4°C all the time.
2. JGA12-B_DIAL
JGA12-B (400 pL) was dialyzed for 21h in a dialysis box (Slide-A-Lizer, 10 kDa
cut off) against 400 mL of buffer (SLP2, 300 mM NaCl, 50 mM TRIS, pH 7.4).
After dialysis the protein was centrifuged for 1 h at 16’100 x g and stored at 4°C
constantly.
Solution properties of both JGA12-B_DIL and JGA12-B_DIAL were monitored before
crystallization experiments with DLS following the procedure described for buffer
optimization. Before the initial crystallization experiments the protein concentration
necessary for crystallization was estimated applying the pre-crystallization test (PCT,
Hampton Research) [151].

Initial screening for crystallization conditions was carried out with JGA12-
B_DIL. The pipetting robot Honeybee 961 (Genomic solutions) was used to transfer
protein and precipitant solution onto a 96 well Nextal Qia1 plate (Qiagen, Germany).
The commercially available premixed screens JCSG+, Classic and Cryo (all Qiagen,
Germany), containing a total of 284 unique precipitant mixtures, were chosen for the
first crystallization experiment. 300 nL protein were mixed with 300 nL of the
respective precipitant in one of the two wells per reservoir. Each reservoir was filled
with 55 L of the respective precipitant mixtures. The plates were sealed and stored
at 4°C or 20°C in a vibration free incubator (Rubarth, Germany) and monitored once
a week with an optical microscope (Olympus, Japan) and the imager CrystalScore
(Diversified Scientific, USA).

Further screening was carried out with JGA12-B_DIL and JGA12-B_DIAL
using the above described procedure but applying the screens PACT, Morpheus,
PGA (all by Molecular Dimensions, UK), MPD Suite, pHClear | & Il Suite, Anions
Suite and AmS0O4 Suite (all Qiagen, Germany). The plates were stored at 20°C in a
vibration free incubator (Rubarth, Germany) and monitored once a week.

Optimization of crystallization conditions was based on the observations of the

initial screenings. The most promising conditions were varied systematically. Input
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Excel-sheets containing information of the optimization mixtures (see Appendix,
chapter 9.2) were created for the pipetting robot LISSY (Zinsser, Germany). LISSY
was used for the automated generation of optimization screens. The deepwell blocks
filed by LISSY were used to carry out screens with the Honeybee 961 robot as
described above. Both protein solutions (_DIL and _DIAL) were subjected to the
custom made optimization screens. Storage and monitoring of the screens was
carried out as described above. The first optimization screen (PPEG) was analyzed
and evolutionary optimization carried out, taking into account information derived
from all previous screens. Such the screens PPEG2 and PPEG3 (optimization step
2), PPEG7 and PPEGS (optimization step 3) and PPEG9 (optimization step 4) were
designed and used in crystallization experiments.

5.2.3. New JGA12

The third batch of JGA12 protein, JGA12-N (13 mg/mL), was dissolved in
buffer SLP4 (75 mM NaCl, 25 mM TRIS, pH 7.4) during purification by JOHANNES
RAFF. Solution properties of JGA12-N were assessed by DLS as described above.
Crystallization experiments were carried out using the optimization screens PPEG 1,
2, 3,7, 8 and 9 as described above — with the difference that 600 nL protein was
mixed with 600 nL precipitant in the well — was used for automated pipetting with the
Honeybee 961 robot. The plates were stored at 20°C in a vibration free incubator
(Rubarth, Germany) and monitored once a week.

5.2.4. In situ DLS

Protein (JGA12-B_DIL and JGA12-B_DIAL) was mixed in the wells of a MRC-
plate with an equal amount of precipitant and equilibrated against 30-50 L of the
respective precipitant. The plate was sealed and inserted into the SpectroLIGHT 500
for DLS measurements. Precipitant solutions were selected that yielded crystals in
the initial screening. Moreover precipitant solutions were prepared where the
conditions that yielded crystals initially were varied for optimization of crystal growth.

DLS was measured in all droplets after the preparation of the crystallization
set-ups. Selected wells were monitored by DLS throughout the experiment. Between
measurements the wells were inspected applying the built in camera or a microscope
to monitor crystal growth. In situ DLS was also applied to crystallization experiments
of JGA12-B under oil. DLS measurements were evaluated using the software
SPECTRO and Oirigin.
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5.2.5. SAXS Measurements

Concentration of SIfB (JGA12-N) was determined using a Nanodrop 2000c
(Thermo Fisher) and theoretical values for Absorption-coefficient (ProtParam,

http://web.expasy.org/protparam/ ). Four dilutions were prepared (5, 4, 3 and 2

mg/mL) by mixing protein solution with its buffer, centrifuged and stored at 4°C until
the measurements. SAXS measurements [9] were carried out at X33 beamline
(HASYLAB/EMBL). Results were evaluated using the ATSAS software GNOM [152]
and ATSAS online server [153]. Ab initio modeling was carried out using DAMMIN
[154] and DAMMIF [155], CRYSOL and SASREF [156] were used for comparison of
SAXS data and PDB-data of homologous structures.

5.2.6. In situ Proteolysis

Monodisperse SIfB (JGA12-N) in its buffer was subjected to four proteases
(subtilisin, papain, trypsin and chymotrypsin) at two protease concentrations (0.1 and
0.01 mg/mL) according to the instructions of the floppy choppy kit (Jena Bioscience).
The proteolysis was monitored by DLS and SDS-PAGE [157]. SAXS measurements
of the products of proteolysis with trypsin and chymotrypsin were carried out as
described in chapter 5.2.5. For DLS 2.5 pL of the centrifuged proteolysis solution
were pipetted into a well of a MRC 96-well plate, the reservoir was filled with 50 L
paraffin oil and the 2W1R compartment was sealed. DLS measurements (20 x 20s)
of all proteolysis experiments and full length SIfB as reference were recorded in the
SpectroLIGHT 500 at 150° scattering angle. The software SPECTRO was used to
evaluate the results from DLS. For SDS-PAGE [157] aliquots of the proteolysis
solution were denatured using the following protocols:

a) 1.5 pL of proteolysis solution were diluted with 8.5 yL buffer, mixed with 10 pyL

DTT solution (0.5 mol/L) and 20 yL sample buffer (66 mmol/L Tris, pH 6.8,

26% (v/v) glycerol, 2.2% (w/v) sodium dodecyl sulfate (SDS), 0.01% (w/v)

bromphenol blue). The mixture was heated for five minutes at 96°C using a

ThermoMixer comfort (Eppendorf, Germany). Final concentration of SIfB:

approx. 0.09 pg/uL.

b) 2 uL of proteolysis solution were diluted with 8 uyL buffer. Of this diluted
solution 4 pL were taken and further diluted with 6 pL buffer, 10 yL DTT
solution (0.5 mol/L) and 20 yL sample buffer were added. The mixture was
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heated for five minutes at 96°C using a ThermoMixer (Eppendorf, Germany).
Final concentration of SIfB: approx. 0.06 pg/uL.
For SDS-PAGE a reducing gel containing 7% acrylamide was used.

5.2.6.1. Crystallization

Concentration of the in situ proteolysis solutions were adjusted applying the
PCT (Hampton) prior to crystallization. Crystallization screening was carried out as
described above using the Honeybee 961 robot (Genomic Solutions, USA) and the
premixed commercial screens JCSG+, Cryo (both Qiagen, Germany), PACT, PGA-
screen and Morpheus (all Molecular Dimension, UK). Crystallization plates were
stored at 20°C in a vibration free incubator (Rubarth, Germany) and monitored once
a week.

Crystals of SIfB digested by subtilisin (at 0.01 mg/mL of subtilisin) grew after
two month in a mixture of 1 uL protein solution (concentration estimated by Assp
approx.) and 1 L of solution A1 from PCT (Hampton Research, USA) equilibrated in
a Linbro24 plate against 500 yL solution A1 (2.0 M ammonium sulfate and 0.1 M Tris
hydrochloride, pH 8.5). UV-Imaging of the crystallization droplet applying a
CrystalLIGHT 100 (Nabitec, Germany) light source showed fluorescence of the
crystals indicating them being protein crystals.

For X-ray data collection one crystal (approx. 150x100x60 ym) was flash
frozen in a stream of nitrogen at 100 K. To avoid crystal damage and water ice
formation the crystal was transferred with a Micromount (Mitegen, USA) loop in a
drop containing 2.0 M ammonium sulfate, 0.1 M Tris hydrochloride (pH 8.5) and 20%
(v/v) glycerol as cryoprotectant and incubated there for approx. 20 s before mounting
on the goniometer head. Diffraction images were recorded with a MARCCD165
detector (Marresearch, Germany) at the consortiums beamline X13
(HASYLAB/DESY) at a wavelength of 0.8180 A. The software DNA [158] was used

for initial indexing.
5.2.7. Influence of Selected Bivalent Cations

SIfB-batches (JGA12-B and JGA12-B_DIAL) were centrifuged (16’100 x g, 60
minutes, 4°C), citrate buffer (200 mM, pH 4.0) was prepared from sodium citrate and
citric acid, 20 mM solutions of Mg(OAc),, Ca(OAc),, SrCl,, BaCl,, ZnSO4 and CuSO4
were prepared from 1 M stock solutions. All solutions were filtered through 0.22 pym
syringe filters prior to use. 20 yL of JGA12-B and JGA12-B_DIAL were mixed with 20
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uL citrate buffer (JGA12-B_CIT and JGA12-B_DIAL_CIT). For DLS measurements
1.5 pL of JGA12-B, JGA12-B_DIAL, JGA12-B_CIT and JGA12-B_DIAL_CIT were
mixed directly in the wells of a MRC1 plate with 1.5 pL of the respective solutions of
bivalent cations. Moreover for comparative measurements 3 uL of each protein
solution were pipetted into wells of the same plate. The reservoir was filled with 60 pL
of paraffin oil and the plate was sealed with AmpliSEAL to avoid evaporation. DLS
measurements in all 28 wells (4 protein solutions vs. 6 cation solutions plus 4 protein
solutions alone) were carried out in the SpectroLIGHT 500 as described before. A
series of 20x20 s was recorded per well immediately after mixing.

More detailed investigation of the influence of bivalent cations was conducted
with SIfB (JGA12-N). The protein was centrifuged (16’100 x g, 60 min, 4°C) and 15
WL of protein were mixed with an equal amount of the respective cation solution. For
each cation (chlorides of Mg, Ca and Sr) 21 solutions were prepared, seven different
concentrations (final concentration of Cat** after mixing with protein: 500, 100, 50, 5,
1, 0.5 and 0.1 mmol/L) in three different buffers (Protein buffer; NaOAc/HOAc, pH
4.75, 250 mM and glycine-HCI, pH 2.0, 200 mM). Solutions were prepared from
stock solutions (2 mol/L in deionized water) of MgCl,, CaCl, and SrCl,. Stock
solutions were diluted with the respective buffers 1:1 (Stock 2: 1 mol/L), the pH
adjusted with NaOH and the remaining concentrations prepared by dilution with the
respective buffers at half their original concentration (thus assuring that all solutions
at a pH shared the same buffer concentration). All solutions were filtered through
0.22 um syringe filters prior to use.

The protein-cation mixtures were centrifuged for 20 minutes at 16’100 x g and
kept on ice. For DLS measurements 3 uL of each mixture were pipetted into the pre-
oiled wells of a Terazaki plate (NunC, Denmark). To prevent evaporation of the
droplets paraffin oil (Applichem, Germany) was used. DLS measurements were
carried out within the SpectroLIGHT 500 (Nabitec, Germany). For each mixture a
series of measurement (10x10 s) was recorded directly after pipetting and after nine
days at room temperature. Moreover a second plate was loaded with protein-cation
mixtures one day after the first measurements to test the stability of SIfB with different
cations at 4°C. DLS measurements were carried out as described for the first plate.
To evaluate the effect of bivalent cations three mixtures of SIfB with the buffers were
prepared, to yield a buffer and protein concentration as in the above described

protein-cation experiments. DLS was measured right after preparing the solutions,
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after one day and after nine days at room temperature. DLS measurements were

evaluated using the software Spectro and Origin.
5.3. Results and Discussion

5.3.1. Buffer and Salt Optimization

The received first two charges (JGA12-A and JGA12-B) of protein were
dissolved in water at pH 7.0 and free of bivalent cations. The concentration as
determined by JOHANNES RAFF was approx. 13 mg/mL. Initial DLS of the protein
solutions showed that both solutions were polydisperse. Besides the monomer at
approx. 10 nm a broad peak representing particles with a Ry of 20 — 80 nm was
present (see Figure 37). Neither by filtration nor by centrifugation could this be
removed. Different buffers were tested using the Hampton pH-Screen. A MRC-plate
(Swissci, Switzerland) was used for DLS measurements. In a well 1.5 uL of protein
solution was mixed with 1.5 yL of the respective buffer and a series of DLS
measurements was recorded (20 x 20s) with the SpectroLIGHT 500. In none of the
buffers a significant optimization of the solution properties could be achieved. In all
cases the polydispersity of the solution persisted. It was then assumed that not the
pH value of the solution causes the polydispersity, but the lack of salt or other
additives. Besides typical additives such as ethylene glycol, non-detergent
sulfobetaine (NDSB) or detergent, NaCl was tested in the same manner as the pH

screen before.

— JGA12-a
— JGA12-b

0.8

(=]
=
1

rel. intensity

[=]
S
1

0.2 4

T T T T T T T T — T T T T T T T T
0 50 100 150 200
Ru (nm)

Figure 37: Radius distribution of the two SIfB solutions JGA12-A and JGA12-B as received.
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Figure 38: Results of buffer optimization for the SIfB solution JGA12-b. The slow decay of the
aggregated fraction over time can be seen as well as the shift of the monomer- or small oligomer-peak
from 10 to 7 nm.
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Figure 39: Comparison of the radius distributions of the SIfB solutions JGA12-B_DIL and JGA12-

B_DIAL, the latter one showing a more polydisperse radius distribution.

73



A combination of 50 mM Tris buffer at pH 7.4 and 300 mM NaCl added to the protein
solution resulted finally in a slow decay of the broad peak (Figure 38). At the same
time the monomer or small oligomer peak was shifted from approx. 10 nm to 7 nm,
representing either a dimer of SIfB or a non-globular monomer. Comparison of
JGA12-A and JGA12-B nine days after addition of the buffer showed that JGA12-A
was still polydisperse in solution whilst the JGA12-b solution was nearly monomodal.
For all further experiments only JGA12-b was used. For initial crystallization trials two
buffers were used for SIfB (for DLS results see Figure 39): a) SIfB was dialyzed
against a buffer containing 300 mM NaCl and 50 mM Tris, pH 7.4 (JGA12-B_DIAL)
and b) SIfB was mixed with a buffer containing 150 mM NaCl and 50 mM Tris, pH 7.4
resulting in a solution containing the protein at half the concentration in a buffer of 75
mM NaCl and 25 mM Tris at pH 7.4 (JGA12-B_DIL).

5.3.2. Crystallization

Applying the PCT (Hampton Research, USA) showed that the concentration of
JGA12-B_DIL was better suited for crystallization trials. Protein concentration in
JGA12-B_DIAL was to high according to the PCT. JGA12-B_DIL was screened with
the Honeybee 961 against three screens: Nextal Classic, Nextal Cryo and JCSG+.
For each screen two plates were pipetted: one was stored at 20°C and the other at
4°C to assess the temperature dependence of the protein phase diagram. After one
week of incubation plates were analyzed automatically using the CrystalScore

system and manually under a microscope. Three possible crystallization conditions

could be identified, all from plates stored at 20°C:
(1) 30% PEG2000 MME, 0.2 M (NH4)2S0O4
(2) 12% PEGS8000, 0.4 M Li»SO4
(3) 25% PEG3350

Figure 40: Results from initial crystallization screening of SIfB. On the left hand side the clusters of
small needles derived from condition (1) can be seen. In the middle the crystal grown from condition
(2) is visible and on the right hand side the cluster of small needles grown under condition (3) are
displayed.
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All initial conditions contained PEG, reproduction of crystals was carried out under in
situ DLS monitoring. Condition 1 (30% PEG 2000MME, 0.2 M ammonium sulfate)
yielded small needles as in the screen, the DLS analysis however showed (see
chapter 5.3.4) that even lower concentrations of PEG 2000MME (22% wi/v) induced
aggregation followed by precipitation. Hence, based on the results from in situ DLS
and initial screening, an optimization screen was designed (see Appendix, chapter
9.2), PPEGH1, containing variations of the conditions that initially gave crystals at
slightly lower PEG concentrations. After incubation for one week the plate was
analyzed and the most promising results (all at lower PEG concentrations of approx.

16-20% PEG, see e.g. Figure 41) were optimized applying again self-designed

screens (PPEG2 and PPEG3, see Appendix, chapter 9.2). As precipitants various
concentrations of PEG 3350 (c (w/v): 19 — 16%), 8000 (c (w/v): 16 and 14%) and
10000 (c (w/v): 14 and 12%) were used. The PEGs were combined with ammonium
sulfate, citrate buffer at pH 4.0 or NaOAc/HOAc buffer at pH 4.75 and various
additives.

Figure 41: Improved crystals grown in the PPEG1 optimization screen. Conditions: (A) 18% PEG
8000 (w/v), 0.2 M ammonium sulfate, 0.1 M Na-citrate (pH 4.0), 10% Anion-Mix (Anions of Na, 0.08 M
I, 0.04 M of Br, CI', F" and SO42'), (B) 18% PEG 3350 (w/v), 0.2 M ammonium sulfate, 0.1 M NaOAc-
buffer (pH 4.75), 10% Anion-Mix (Anions of Na, 0.08 M I, 0.04 M of Br,, CI', F and SO42')

Based on the analysis of crystallization results within PPEG2 and PPEG3 (see
Figure 42) crystallization screens PPEG7 and PPEG8 were prepared and screened
using the Honeybee robot. Other than in the previous screens in PPEG7 and 8 only
PEG 10000 was used since the best results in PPEG2 and 3 were obtained with PEG
10000. In screen PPEG7 only Na-citrate at pH 4.0 was used as buffer, variation of
conditions was achieved by variation of salts and salt concentration. In PPEGS8 the

most promising results from PPEG7 were further optimized by pH-variation
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(additionally pH 4.75 and NaOAc-buffer was used) and variation of ammonium
sulfate concentration. Moreover only two salts besides ammonium sulfate were used
in the screen: ammonium iodide and ammonium nitrate. Further improvement of
crystallization could be observed (Figure 42). The best crystals obtained by
screening with PPEG8 can be seen in Figure 42 F, these thin plates have a
maximum size of 150 um but were still too small for DORIS Ill. UV-analysis of the
crystals with a CrystalLIGHT 100 (Nabitec, Germany, [119]) could not clarify whether
the crystals are protein crystals or not. This is quite common for such thin crystals,
their fluorescence being too weak against a strong background due to the plastic
crystallization plates used. However test experiments with droplets without protein did
not yield such crystals thus it is very probable that these crystals are protein crystals.

.
..

Figure 42: Optimized crystals of SIfB grown in screens PPEG2 - PPEGS8. (A) crystals grown from
PPEG2, conditions: 15% (w/v) PEG10000, 0.1 M Na-Citrate (pH 4.0), 0.2 M (NH;).SO,4, 10% Anion-
Mix (Anions of Na, 0.08 M I', 0.04 M of Br, CI', F and SO42'); (B) crystals grown from screen PPEG2,
conditions: 14% (w/v) PEG10000, 0.1 M Na-Citrate (pH 4.0), 0.2 M (NH,4),SO,4, 10% Anion-Mix3
(Anions of Na, 0.05 M of each anion: I, Br, CI, NO3 and tartrate); (C) crystals grown from screen
PPEGS3, conditions: 14% (w/v) PEG10000, 0.1 M Na-Citrate (pH 4.0), 0.2 M (NH,),SO,4, 20% Anion-
Mix3 (Anions of Na, 0.05 M of each anion: I, Br’, CI, NO3, malonate and tartrate); (D) crystals grown
from screen PPEG?7, conditions: 15% (w/v) PEG10000, 0.1 M Na-Citrate (pH 4.0), 0.18 M (NH,4),SO,,
10% AnionMix 6 (0.08 M NH,Br and 0.07 M NH,l); (E) crystals grown from screen PPEG7, conditions:
15% (w/v) PEG10000, 0.1 M Na-Citrate (pH 4.0), 0.2 M (NH,;).SO4, 0.1 M NH4NOj3; (F) crystals grown
from screen PPEGS, conditions: 15% (w/v) PEG10000, 0.1 M NaOAc (pH 4.75), 0.17 M (NH,4),SO,,
0.2 M NH4NO:s.
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5.3.3. New batch of SIfB

Since DLS measurements showed that for monomodal solutions of SIfB NaCl
and buffer at pH 7.4 are required the co-operation partner (JOHANNES RAFF,
Helmholtz Zentrum Dresden) decided to use the buffer SLP1 already during
purification. DLS upon arrival of the purified protein (JGA12-N) showed (see Figure
43) that this optimized purification led to an improvement of solution properties. SIfB

in solution is now monomodal with a Ry of 6.41 nm.
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Figure 43: Radius distribution of SIfB (JGA12-N, blue) in comparison with SIfB solution JGA12-B_DIL

(orange, dashed). It can clearly be seen that JGA12-N is less polydisperse.

Figure 44: Crystals of SIfB grown from a screening of JGA12-N against PPEG7. Conditions: 15%
(w/v) PEG10000, 0.35 M NH4NO3, 0.1 M Na-Citrate (pH 4.0), 8 mM NHyl, 7 mM NH,Br.

77



The new batch of SIfB was then screened against PPEG screens 2, 3, 7, 8 and the
newly designed PPEGY9 (see appendix, chapter 9.2). There was no general
improvement in crystallization but in PPEG7 thin plates (Figure 44) with a length of
approx. 200 ym could observed after two weeks. These are the biggest crystals
obtained for SIfB so far. Still these crystals appeared as very thin plates and were

preserved for further investigation of the crystals at beamline P11 (PETRA 111).
5.3.4. Insitu DLS

Directly after first crystals of SIfB could be observed in the initial screens it was
tried to reproduce and optimize crystal growth manually. Conditions that yielded
crystals were prepared and selected crystallization experiments monitored by DLS.
The best initial crystals could be obtained with PEG 2000 MME as precipitant hence
in these initial optimizations under in situ DLS observation it was focused on
conditions containing PEG 2000 MME. From the first measurements on it was clear
that the conditions were too strong: No more monomeric SIfB could be detected by
DLS. Instead a slowly growing fraction at initially 20 — 30 nm could be observed,
accompanied by larger aggregates at over 100 nm. It can be seen in Figure 45 that
the radius distribution during the first 25 hours of crystallization depends on the
crystallization conditions. The aggregates are smaller at 18% PEG 2000 MME (blue
circles) than at 22%. But also the concentration of ammonium sulfate has an
influence, the green triangles (corresponding to 0.2 M ammonium sulfate, 22% PEG
2000MME) have initially a radius comparable to that of SIfB at 18% PEG, from 12
hours on however their radius distribution is similar to that of SIfB at 22% PEG and
0.18 M ammonium sulfate. The initially not so strong aggregation at higher
ammonium sulfate concentrations was exploited in the PPEG screens were in most
cases ammonium sulfate concentrations between 0.20 and 0.22 M were used. These
initial in situ DLS experiments also showed that a lower PEG concentration may yield
better crystals. This was also considered during the design of the first optimization
screen PPEG. The results of in situ DLS presented in Figure 46 show the importance
of protein concentration in successful crystallization. Even though the differences in
precipitant concentration are large (20% difference), it can clearly be seen that the
radius distribution during the 55 hours of automated observation depends strongly on
the protein concentration (cpiL = cpal/2) whilst the radius distribution at a certain

protein concentration is nearly identical. The crystals obtained from this experiment
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were bigger in the case of JGA12-B_DIL. Optimization of crystallization was then,

also based on the results of in situ DLS, continued with this protein solution.
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Figure 45: In situ DLS during a crystallization experiment of SIfB vs. PEG 2000MME.Conditions
are:(A) black boxes: 22% PEG 2000MME, 0.15 M ammonium sulfate, 0.1 M NaOAc-buffer (pH 4.75),
15 % glycerol; (B) green triangles: 22% PEG 2000MME, 0.2 M ammonium sulfate, 0.1 M NaOAc-
buffer (pH 4.75), 15 % glycerol and (C) blue circles: 18% PEG 2000MME, 0.15 M ammonium sulfate,
0.1 M NaOAc-buffer (pH 4.75), 15 % glycerol.
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Figure 46: Comparison of the influence of protein concentration and precipitant concentration on

submicroscopic processes during crystallization. In all conditions 15% glycerol, 86 mM NaOAc-buffer

(pH 4.75) and 0.25 M ammonium sulfate are present. Conditions marked with circles contain 16%
PEG 2000MME and those marked with a box contain 20% PEG 2000MME. Blue is SIfB solution
JGA12-B_DIAL and green represents SIfB solution JGA12-B_DIL.
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Figure 47: In parallel to the on-going crystallization experiments also new conditions were tested.
Here the crystallization of SIfB with PEG 4000 is investigated. (A) black boxes: 10% (w/v) PEG 4000,
10% ethylene glycol, 50 mM TRIS (pH 7.4) and 300 mM NaCl; (B) red circles: 8% (w/v) PEG 4000,
10% ethylene glycol, 4% 2-propanol, 50 mM TRIS (pH 7.4) and 300 mM NacCl.

Statistics from the PDB show that PEG 4000 is one of the most used precipitants in
successful crystallization experiments [159]. Thus a small set of conditions with
PEG 4000 was prepared and the crystallization experiments monitored by automated
in situ DLS within a MRC1-plate. In Figure 47 the results of such an experiment are
displayed. The rapid growth of particles indicates in case (A) — 10% (w/v) PEG 4000,
10% ethylene glycol, 50 mM TRIS (pH 7.4) and 300 mM NaCl — aggregation. After
five days precipitation could be observed in the crystallization droplet. The reduction
of PEG 4000 concentration (from 10% to 8%) and addition of 4 % 2-propanol (case
(B)) led to a slower increase in particle growth. However: in this droplet still
precipitation could be observed, but three days later as in case A. The reason for
non-successful crystallization may be attributed to the high pH-values (7.4) relative to
the pH-values at successful crystallization (pH 4 - 4.75) and to the missing

ammonium sulfate. Thus during the design of the optimization screens PPEG to
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PPEG3 the pH of all conditions was kept below pH 7.0 and ammonium sulfate was
added to all conditions. In situ DLS applied to monitor crystallization experiments of
SIfB improved the quality of the optimization screens and thus facilitated optimization

of protein crystallization.

5.3.5. SAXS of SIfB

The evaluation of SAXS data with the program GNOM [152] showed that SIfB
in solution is monomodal. The radius of gyration (Rg) as calculated from the SAXS
data by GNOM of SIfB is 6.13, the calculated My is approx. 115 kDa which is in good
concordance with the molecular weight expected from the sequence of SIfB (~ 120
kDa). This clarifies that SIfB in solution is a monomer. This information was then used
in ab initio modeling of the low-resolution structure of SIfB. Applying ATSAS [153]
programs DAMMIF [155] and DAMMIN [154] on the SAXS data processed by GNOM
showed that SIfB in solution exists as an elongated molecule in solution (Figure 48)
with several domain-like structure elements. This confirmed the results from DLS that
the Ry (as calculated from DLS measurements) is too large for the present molecular
weight hence an elongated shape of the molecule rather than globular and internal

flexibility was assumed.

920°

Figure 48: DAMMIN-model of SIfB as determined from SAXS-data.

Protein BLAST [143] search with the sequence of SIfB revealed the existence of a
three dimensional structure (PDB accession code: 3PYW, [149]) of the SLH domains
of Sap Bacillus anthracis. Sap is a surface layer protein and bears an overall
homology with SIfB of 28%. Alignment of the sequence of the crystallized fragment of
Sap with the SIfB sequence using the BSSB server [160], shows a homology of 41%
and identity of 22% for the N-terminal region of SIfB (Residue 2 — 185). It is known
[149] that most S-layer proteins, including SIfB [129], share three SLH domains at
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the N-terminal region. Moreover it was proposed [149] that albeit the sequence
homology might vary, most SLH domains should share a high structural homology.
Therefore the crystal structure of the SLH region of Sap was used for modeling of the
N-terminal region of SIfB with the data derived from SAXS measurements applying
CRYSOL and SASREF (ATSAS online server) [156]. However these programs failed
to model the crystal structure of the SLH domains of Sap into the SAXS-model of
SIfB. The SLH domain is either to small compared to the rest of the protein or the 3D
structure of Sap differs too much from the SAXS low resolution N-terminus of SIfB.
Figure 49 shows a manual overlay — created with PyMol [161] - of the Sap crystal
structure (derived from the PDB, accession code: 3PYW) and the DAMMIN-model of
SIfB. It should be noted that this is just a possible orientation of the molecule and that
the sequence homology between the SLH domains from Sap and SIfB is rather low
(homology modeling with SWISS-MODEL [162] showed no good result). Still as can
be seen in Figure 49 the crystal structure of the SLH domains of Sap from
B. anthracis [149] fits quite well into the terminal domain of the DAMMIN-model of
SIfB.
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Figure 49: Overlay of the DAMMIN-model of SIfB and the X-Ray structure of the SLH domains of Sap
from B. Anthracis (PDB accession code: 3PYW, [149])

5.3.6. In situ Proteolysis of SIfB

Initially the Floppy Choppy-kit (Jena Bio Science) was applied for in situ
proteolysis [163, 164] of full length SIfB from JGA12. This method was chosen after
crystallization experiments only yielded small crystals even after extensive screening

and optimization of buffer- and crystallization conditions. Moreover DLS and SAXS
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measurements showed that SIfB has an elongated shape in solution (see
chapter 5.2.5) which points to the possibility of highly flexible domains that — without
further modification — would resist attempts to form large crystals. It could be shown
[163, 164] that the method of in situ proteolysis provides a good way to get at least
X-ray structures of single domains of large and/or flexible proteins.

In situ DLS monitoring of the proteolysis experiments was carried out directly
after mixing SIfB and the respective protease solutions and afterwards in selected
intervals during two weeks. DLS has the advantage over SDS-PAGE [157] that it
directly yields information of the non-denatured status of the protein. Still SDS-PAGE
was used to gain additional information on the state of proteolysis. For both DLS and
SDS-PAGE undigested JGA12-N in its buffer and in the proteolysis buffer conditions
were used as reference. In the course of the DLS monitoring conclusions were drawn
and new in situ proteolysis experiments were started with larger volumes. In the initial
experiments (see Figure 50) a fast decrease of Ry (from the 6.8 nm of pure SIfB)
could be observed at 100 pg/mL subtilisin (1:10 dilution), in all other solutions except
subtilisin at 1:100 dilution and papain at 1:10 — where a slow decrease could be
observed — the Ry remained nearly constant. These observations hold true during the
two weeks, the hydrodynamic radius of the sample digested by 100 pg/mL subtilisin
decreased to approx. 3.8 nm while the intensity of scattered light vanished more and

more. At this concentration it seems that subtilisin digests SIfB almost completely.
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Figure 50: DLS monitoring of in situ proteolysis experiments for two weeks.
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At a higher dilution of subtilisin (1:100 dilution, 10 pg/mL) the Ry decreased slowly to
about 5 nm after two weeks. If papain at 1:10 dilution (100 pg/mL) was used the Ry
after two weeks was 5.5 nm. For all other in situ proteolysis experiments (papain at
1:100 dilution, trypsin and chymotrypsin at 1:10 and 1:100 dilution) no significant
change of Ry could be observed. Based on these initial results large scale proteolysis

set-ups applying subtilisin at 1:100 and papain at 1:10 dilution were carried out.

SIfB (JGA12-N)

2 3 4 5 6 7 8 9
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Figure 51: SDS-PAGE to monitor in situ proteolysis of SIfB. Whilst digestion of SIfB with 1:10 trypsin
shows only little change of Ry in the DLS measurements it appears in the gel as two bands

representing two fragments (Sub = subtilisin, Pap = papain).

Further analysis of these experiments by SDS-PAGE (Figure 51) showed that no
fragments larger than 18 kDa were present in the digested sample in the case of
digestions with papain and subtilisin, whilst in DLS particles with a Ry between 4.5
and 5.5 nm could still be detected. The SLH domains of SIfB have an estimated My
of 16 kDa, it is possible that proteolysis by papain of subtilisin leads to a digestions of
all SIfB, but the SLH domains. Crystallization experiments were carried out with both
(subtilisin 1:100 and papain 1:10) proteolysis solutions. The concentration of the
samples was adjusted applying the pre crystallization test (PCT, Hampton) and both
solutions containing SIfB digested by subtilisin at 1:100 and by papain at 1:10 dilution

were screened against 480 conditions applying the Honeybee 961 robot. After three
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weeks of incubation at 20°C crystals of SIfB digested by papain grew in condition
C10 (10% w/v PEG 8000, 20% v/v ethylene glycol, 0.03 M of each NPS (sodium
nitrate, disodium hydrogen phosphate, ammonium sulfate), 0.1 M bicine/Trizma base
pH 8.5) of the MORPHEUS screen [165]. These crystals (Figure 52), however are

too small for UV-analysis and X-ray diffraction and need further optimization.

Figure 52: Crystals of SIfB digested with papain (1:10 dilution). Crystals were grown in condition C10
(10% w/v PEG 8000, 20% v/v ethylene glycol, 0.03 M of each NPS (sodium nitrate, disodium
hydrogen phosphate, ammonium sulfate), 0.1 M bicine/Trizma base pH 8.5) of the MORPHEUS

screen.

Figure 53: Crystals of SIfB digested by subtilisin grown in solution A1 of the PCT (Hampton). The
strong UV-fluorescence (B) shows that the crystals are protein crystals.

After two month crystals (Figure 53) of SIfB digested with subtilisin could be
observed in the PCT drop A1, containing 2.0 M ammonium sulfate and 0.1 M TRIS

85



hydrochloride (pH 8.5). UV-Imaging [119] of the crystallization droplet applying a
CrystalLIGHT 100 (Nabitec, Germany) light source showed fluorescence of the
crystals (Figure 53) indicating them being protein crystals. Crystals were analyzed at
the consortiums beamline X13 (HASY- LAB / DESY) and proved to be X-ray suitable
(see Figure 54). However the diffraction was too weak applying synchrotron radiation
at DORIS 1l to estimate cell constants. Crystals are stored at 100 K for further
investigation at the P11 beamline of PETRA III.

Since SDS-PAGE showed fragmentation of SIfB by trypsin (Figure 51) that
could not be observed by DLS, a large scale approach of digestion with trypsin and
chymotrypsin at 1:10 dilution was set-up. After one week of incubation the
concentration of the samples was adjusted as described for the digestions with
subtilisin and papain. The concentrated samples were screened against 480

conditions applying the Honeybee 961 robot. No crystals could be obtained.

/ ' Resolution limit: 3.3 A

£

Figure 54: Diffraction image of one of the crystals shown in Figure 53. However, the spots visible

were too weak to index the crystals. But it proves that the crystals are indeed protein crystals.

To analyze the digestion of SIfB by trypsin and chymotrypsin further SAXS was
applied. As described in chapter 5.3.5 SAXS data were processed by GNOM [152].
For digestion with trypsin at 1:10 dilution the radius of gyration (Ry) was determined

to be approx. 5.9 nm (undigested: Ry = 6.13 nm), which is in concordance with the
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DLS results showing only minor changes in Ry. However the My determined by
SAXS is with about 62 kDa much smaller as for undigested SIfB (115 kDa) but similar
to the My obtained by SDS-PAGE. For digestion with chymotrypsin at 1:10 dilution
Ry was determined to be approx. 5.9 nm thus being very similar to the digestion with
trypsin. Also the My determined by SAXS is approx. 64 kDa nearly identical with the
results obtained for digestion with trypsin.

Table 3: In situ proteolysis of SIfB with trypsin and chymotrypsin, comparison of DLS and SAXS
results.

Ry (nm) (DLS) Ry (nm) (SAXS) Mw (kDa) (SAXS)

SIfB 6.61+£0.07 6.14+0.12 115
SIfB digested with

_ 6.2610.13 5.93+0.18 62
trypsin
SIfB digested with

_ 6.14+0.09 5,92+0.27 64

chymotrypsin

DAMMIF [155] was used from the ATSAS online server [153] for ab initio modeling of
the digested fragments of SIfB and comparison with the full length protein.
Alignments of the DAMMIF-models with PyMol show that digestion with trypsin
results in a branched and elongated molecule bearing not many similarities with SIfB.
This is different for chymotrypsin here an alignment with full length SIfB shows that

both molecules are nearly identical.

Figure 55: Alignment of DAMMIF models of (A) full length SIfB (blue) and trypsin digested SIfB (cyan)
and (B) full length SIfB (blue) and chymotrypsin digested SIfB (grey).

The model obtained by DAMMIF from SAXS data for SIfB after digestion with
chymotrypsin lacks only a terminal domain. It was proposed in chapter 5.3.5 that the
here missing part of SIfB consists of the SLH domains. Thus one possibility is, that
chymotrypsin digests these N-terminal domains of SIfB. However the My of the

remaining fragment is with — as determined by SAXS —approx. 62 kDa lower than the
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expected My of SIfB without the SLH domains (approx. 100 kDa: SIfB: 115 kDa, SLH
domains of SIfB approx. 16 kDa).

5.3.7. Influence of Bivalent Cations on SIfB Stability
It could be shown [146] that SIfB from JGA12 as other SLPs has binding sites

for bivalent cations. From first crystallization experiments it was known, that SIfB
tends to form small and irregularly shaped crystals (see chapter 5.3.2). Furthermore
SIfB in its Cat** free state showed instability during DLS measurements at room
temperature. Assuming that instability at room temperature and the growth of small
and unshaped crystals are correlated it is necessary to stabilize the protein for
improved crystal growth. This stabilization on the other hand should not lead to a
favored 2D over 3D crystallization. To find the best conditions SIfB at two different
pH-values was initially mixed with 20 mM solutions of magnesium- and calcium
acetate, strontium- and barium chloride and zinc- and copper sulfate in water and
after evaluation of the DLS results of these initial experiments an improved set-up
was designed where monodisperse SIfB of the JGA12-N batch was mixed with
various concentrations of MgCl,, CaCl, and SrCl, at three different pH-values. The
mixtures were observed by in situ DLS directly after preparation, after one day and
after nine days.

Based on initial DLS experiments with 20 mM solutions of various bivalent
cations (magnesium- and calcium acetate, strontium- and barium chloride and zinc-
and copper sulfate) and SIfB JGA12-B_DIL and JGA12-B_DIAL at pH 4.0 (200 mM
sodium citrate buffer) and pH 7.4 it was expected that the addition of calcium- and
strontium-ions would not improve the solution properties but lead to protein
aggregation. For magnesium acetate a slight improvement of solution conditions
could be observed. The presence of barium-, copper-, and zinc-ions led to strong
aggregation at both pH-values (pH 7.4 and pH 4.0) of JGA12-B_DIL (SIfB).

Already during the recording of the DLS measurements of the experiments it
could be observed that at 500 mM concentration of Cat** and pH 7.4 or 4.75 the
solution was monodisperse with a Ry slightly shifted from 6.2 nm for JGA12-N to 8.04
nm. This shift in Ry is not surprising taking the high ion concentration into account.
Completely unexpected was the monodispersity and total absence of aggregation at
this concentration of bivalent cations.
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At pH 2.0 with 500 mM Sr** or Ca®*" JGA12-N was still monodisperse in
solution but as a defined oligomer with Ry of approx. 26 nm (Figure 57B and Figure
58B). Addition of 500 mM Mg2+ led to formation of a broad peak at approx. 70 nm,
indicating the presence of an ensemble of oligomers. The protein alone at pH 2.0
showed a broad and diffuse signal in DLS (Figure 56 A). For all three bivalent
cations strong concentration dependence could be observed: the Ry for the dominant
particle in solution was bigger for 500, 100 and 50 mM than for the lower
concentration. Especially at these lower concentrations (1, 0.5 and 0.1 mM Cat**) the
solution was oligomeric but monodisperse, indicating that defined oligomers exist in
solution.
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SIfB 0.5 mM MgCI,
= SIfB 0.1 mM MgCl,

— sifB
—— SIf8 100 mM MgCL,
—— SIfB 50 mM MgCl,
= SIfB 5 MM MgCI,

—— SIfB 1 mM MgCL

= SIfB 0.5 mM MgCl,
—— SIfB 0.1 mM MgCl,

A)

E!

0.8+ 0.8

0.6 4 0.6 4

rel. intensity
rel. intensity

0.4 0.4+ ‘

0.2

VN AN

' S
10 100 10
R, (nm) R, (nm)

100

Figure 56: Radius distribution of SIfB at pH 2.0 with (colored curves) or without (black curve) Mg2+

directly after preparation of the samples (A) and after nine days at ambient temperature (B).

After nine days no DLS signal could be recorded in the wells containing 500 mM
Mg**, Ca®* or Sr**, a thick opaque crystalline like layer had formed in the droplets.
This was not the case for JGA12-N at pH 2.0 without bivalent cations; here two
defined particle species coexist in solution with a Ry of approx. 12 and 58 nm. A
possible explanation is that the defined oligomers are building blocks of 2D-crystals
that form in the course of nine days. Since the surface layer also protects the bacteria
from low pH-values and bivalent cations are required for its formation, it is obvious
that surface layer formation can be induced at low pH in the presence of high
concentrations of bivalent cations. For all concentrations below 500 mM and all three
cations DLS could be measured after nine days. For 100 mM of the respective
bivalent cations polydisperse radius distributions were calculated from DLS
measurements. For Sr** and Ca?" particles with a radius of about 100 nm coexisted

with those detected in the initial measurements (see Figure 57 B and Figure 58 B)
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whilst for Mg2+ the initially derived broad peak was now split into two peaks (Figure
56 B). Nothing changed for SIfB solutions with bivalent cations at concentrations
below 50 mM: monodisperse radius distribution with a Ry of approx. 20 nm was
observed by DLS.
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Figure 57: Radius distribution of SIfB at pH 2.0 with (colored curves) ca® (results of pure SIfB (black)
are shown for comparison of results) directly after preparation of the samples (A) and after nine days
at ambient temperature (B)
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Figure 58: Radius distribution of SIfB at pH 2.0 with (colored curves) sr* (results of pure SIfB (black)
are shown for comparison of results) directly after preparation of the samples (A) and after nine days
at ambient temperature (B)

The shifts in Ry observed within nine days for 50 and 100 mM of Ca®* and Sr** in
addition to the formation of an opaque protein layer at 500 mM of Mg?*, Ca** or Sr**
at pH 2.0 indicates a concentration dependence of the velocity of surface layer
formation in vitro. It can be speculated that even a critical value of bivalent cation
concentration exists below which no 2D-crystals form but the protein is preserved in

stable oligomers. At all Ca** and Sr** concentrations between 100 and 0.1 mM in
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protein buffer (pH 7.4) a disturbed DLS signal was recorded during the
measurements directly after mixing protein and cation solution together indicating on-

going aggregation at room temperature at these conditions.
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Figure 59: Results of DLS measurements directly after the addition of MgCl, at pH 7.4 (A and B) and
pH 4.75 (C and D). The ACF in A shows that only the addition of 50 mM of Mg®" leads to a strong
deviation from the curve obtained for the pure protein at this pH. At pH 4.75 however all solutions
containing Mg2+ deviate strongly from the pure protein at that pH: DLS in SIfB at pH 4.75 without
bivalent cations resulted in a non-regular ACF. Mg2+ has here a stabilizing effect right after the addition

to the protein solution.

As can be seen in the ACF overlay for these concentrations (Figure 60 A and E) this
is especially the case for Ca®* were only measurements at 100 and 0.5 mM
concentration give an ACF that corresponds to a evaluable measurement. For Sr?*
concentrations between 5 and 0.5 mM a valid ACF can be obtained although the
fitted curves show no asymptotic approach to 1 at higher relaxation times. The
resulting radius distributions, which are calculated from the non-regular ACF, are

biased and thus will not be evaluated further.
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This was different for Mg®* where at pH 7.4 only for 50 mM Mg?* aggregation
could be observed (Figure 59 A and B). At all other conditions the solutions were
monodisperse in DLS. This confirmed the initial experiments where Mg?* was the
bivalent cation that stabilizes SIfB most at pH 7.4. For all three cations DLS
measurements showed much better results at pH 4.75, the peaks in radius
distribution are more defined indicating low polydispersity. Only for 50 mM CaCl, and
0.5 mM SrCl; slight aggregation of SIfB could be observed right after the preparation
of the mixtures (Figure 60 D and H). This is interesting since most of the
crystallization experiments have been carried out at pH values between 4.0 and 5.0.
It can be seen that SIfB solutions at pH 4.75 containing bivalent cations are generally
less polydisperse than SIfB without bivalent cations (see Figure 59 D and Figure 60
D and H).

For the crystallization of SIfB even more interesting is the long term stability at
room temperature. All bigger crystals obtained so far grew after one to two weeks at
20°C thus SIfB needs to be stable at these conditions for at least one week.
Aggregation or other forms of protein degradation can lead to minor crystal quality as
in the case of SIfB. The pH dependence of SIfB stability is also interesting: the
desired condition should show no degradation at pH 4.75 and pH 7.4.

Favored are conditions that proved to be stable already directly after the
addition of the respective bivalent cation. This is true for all conditions with MgCl,
except 50 mM MgCl,. As can be seen in Figure 61 B and D the narrowest peak
obtained from DLS measurements after nine days at 20+1°C with pH values of 4.75
and 7.4 is that of SIfB with 100 mM MgCl, in solution. No aggregation can be
observed, the solution is monodisperse. Nearly as good results could be obtained for
50 mM MgCl, but this condition showed initially aggregation. The Ry of SIfB at 100
mM MgCl, with 6.45 nm is close to the Ry measured for SIfB without bivalent cations
after centrifugation. At 500 mM Mg** this peak is shifted to 8.04 nm, probably due
Mg2+ mediated protein-protein interaction. As shown before, directly after preparation
of the solutions no valid DLS results could be obtained for SIfB at any concentration
of Ca®" or Sr** at pH 7 .4.
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Figure 60: Results of DLS measurements directly after the addition of CaCl, at pH7.4 (A and B) and
pH 4.75 (C and D) and SrCl, at pH 7.4 (E and F) and pH 4.75 (G and H).In A-B and E-F many ACF

showed irregular behavior. The resulting curves were omitted. Besides the results for 500 mM of Sr

2+

or Ca** the stability of SIfB is worse than after the addition of MgCl,.
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Figure 61: Results of in situ DLS measurements in solutions of SIfB at pH 7.4 ( A) and B) ) and
pH4.75 (C) and D) ) with (curves in colors) and without Mg2+ (black curves) at different
concentrations after nine days at 20+1°C. From comparisons of the ACF ( A) and C) ) and radius
distributions ( B) and D) ) it is clear that within a defined range of concentration, Mg-ions have a
stabilizing effect on SIfB. Both ACF and radius distribution show less aggregation/oligomerization with
Mg2+ than without. The only deviation can be seen in C) and D): at 5 mM Mg2+ SIfB shows aggregation
at higher radius than SIfB without Mg”' However: pure SIfB lacks a monomeric species (see D) )
whilst SIfB with 5 mM Mg2+ (magenta) shows aggregated SIfB in coexistence with monomeric protein.
SIfB is most stable (at both pH values) after nine days at ambient temperature when it contains 100
mM Mg2+ (blue curve in B) and D), in D) filled for clarification). Similar results can be obtained at half

the Mg concentration (curve in dark cyan).

The fact that DLS cannot be measured in solutions containing 0.1 to 100 mM
of Sr** and Ca?* changes after nine days. At 100 mM concentration of either CaCl,
(Figure 63 B) or SrCl, (Figure 62 B) no aggregation can be observed and in the
latter case the radius distribution overlay shows nearly identical solution properties
with that obtained for SIfB with 100 mM MgCl; (Ry = 6.45 nm in both cases).
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At pH 4.75, SIfB remains monodisperse and monomeric for nine days at 20£1°C
when the solution contains 50 — 500 mM SrCl, (see Figure 62 D). At 5 mM, heavy
aggregation can be observed, at lower concentrations of SrCl, most of the protein
remains in a monomeric state but some aggregation can be observed between 20
and 60 nm. As at pH 7.4 the best results were obtained for the droplet containing 100
mM SrCl,. But the difference in Ry between 100 and 500 mM of the bivalent cation is
not as big as at the higher pH value (Figure 62 B and D). For 100 mM CaCl, at pH
7.4 the peak is a bit broader (Figure 63 B) than for the same concentration of MgCl,
or SrCl, indicating either structural flexibility or the presence of an ensemble of
oligomers, the Ry is shifted to 7.20 nm, which is equivalent to that obtained for 1 and
0.5 mM of Mg?* in solution.

At pH 4.75 even the lowest Ca®" concentration (0.1 mM) shows a tremendous
effect on the stabilization of SIfB. Whilst the pure protein at this pH shows a broad
peak at approx. 20 — 30 nm, the addition of 0.1 mM calcium ions leads to a mostly
monomeric radius distribution with some minor aggregation at about 30 — 40 nm. At
higher Ca®* concentrations (50 — 500 nm) the solutions show a monomodal radius
distribution with narrow peaks that indicate low polydispersity and low internal
flexibility of the protein (Figure 63 D).

The different results for Sr** and Ca** at concentrations below 500 mM directly
after the addition to the protein and after nine days at ambient temperature are
surprising. Since the solutions were stored as droplets under paraffin oil at ambient
temperature, not centrifuged prior to the measurements and no precipitation could be
observed it is assumed that SIfB incorporates the relatively small Mg®* ion faster than
the larger Ca?*- and Sr**-ions, thus a stable state with bound bivalent cations is
achieved fast for M92+ whereas the internal rearrangement upon addition of the latter

two cations leads to disturbed DLS signals directly after the mixtures are prepared.
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Figure 62 Results of in situ DLS measurements in solutions of SIfB at pH 7.4 ( A) and B) ) and
pH 4.75 ( C) and D) ) with (curves in colors) and without Sr?t (black curves) at different concentrations
after nine days at 20+1°C. From comparisons of the ACF ( A) and C) ) and radius distribution ( B) and
D) ) it is clear that within a defined range of concentration Sr’*-ions have a stabilizing effect on SIfB.
Both ACF and radius distribution show less aggregation/oligomerization with Sr** than without.
Deviations can be seen in A) and B): the ACF of SIfB at pH 7.4 with 0.1 mM Sr*'is nearly identical to
that of pure SIfB. At such low concentrations the Sr**-ions have no stabilizing effect on the protein.
The radius distribution in both cases is also nearly identical: the peak of 0.1 mM Sr** is almost
completely hidden by the peak of pure SIfB. Moreover the ACF of 5 mM Sr** indicates a solution
containing both a small oligomer and a heavily aggregated species (magenta triangles in A) ). As in
the case of Mg®* SIfB with 5 mM Sr** shows aggregation at higher radius than SIfB without Sr**
However: pure SIfB lacks a monomeric species (see D) ) whilst SIfB with 5 mM Sr?t (magenta) shows
aggregated SIfB in coexistence with protein in a low oligomerized state (Ry ~ 12 nm). SIfB is most
stable (at both pH values) after nine days at 20+1°C when it contains 100 mM Sr* (blue curve in B)
and D), in D) filled for clarification). Similar results can be obtained at half the Sr**  concentration

(curve in dark cyan).
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Figure 63 Results of in situ DLS measurements in solutions of SIfB at pH 7.4 ( A) and B) ) and
pH 4.75 ( C) and D) ) with (curves in colors) and without ca” (black curves) at different concentrations
after nine days at ambient temperature.From comparisons of the ACF ( A) and C) ) and radius
distribution ( B) and D) ) it is clear that at pH 7.4 Ca”* has a far less stabilizing effect on SIfB than sr**
and M92+' The monomeric form is stabilized only at 500 mM, 100 mM and — surprisingly — 0.5 mM
Ca®" As for SIfB containing Sr** at this concentration, 0.1 mM of Ca®" have no effect at all: the ACF of
pure SIfB at pH 7.4 is nearly identical with the ACF at 0.1 mM of calcium chloride. This is totally
different if the pH of the solutions is buffered at 4.75. The pure protein shows aggregation at this pH
after nine days at room temperature. It appears in the radius distribution as one broad peak (Ry ~ 25
nm), whilst even at only 0.1 mM CaCl, most of the protein remains in a monomeric or low oligomeric
state (Ry ~ 8 nm). At higher Ca®* concentrations (50 — 500 mM) no aggregation appears, the protein

solution is monomodal and the narrow peak indicates a very low percentage of polydispersity.

5.3.7.1. Stability at 4°C

Since SIfB JGA12-N is very stable at 4°C (for at least four months) this did not
need to be improved, however it is necessary to assess the stability of SIfB with
bivalent cations at 4°C to gain knowledge if once SIfB is mixed with them it still can
be stored at 4°C and if an incubation at 4°C for 24 h after preparation will lead to

improved stability of the protein at 20°C. This was especially interesting for Ca®* and
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Sr* at pH 7.4 were DLS measurements directly after preparation showed
aggregation and instability but measurement results were much better after 9 days at
20°C. In parallel the absorption spectra of all mixtures were measured to see if
addition of bivalent cations led to a significant loss of protein concentration. During

these measurements no significant changes in protein concentration could be

observed.
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Figure 64: Stability of SIfB at 4°C after addition of bivalent cations.

DLS measurements were carried out after one day of incubation at 4°C. A) shows results at pH 7.4, B)
those at a pH of 4.75.

DLS measurements revealed that at pH 7.4 after one day of incubation at 4°C almost
for all concentrations of the three bivalent cations, the solutions show a
monodisperse radius distribution with peaks at 6.45 nm, 7.20 nm or 8.04 nm. For low
concentrations of CaCl, (0.1, 0.5 and 1 mM) some aggregation could be detected
with a Ry > 1 um. Most surprisingly the best condition after preparation and after nine
days, 100 mM MgCl, (pH 7.0), showed after one day at 4°C aggregation at aprox.
500 — 600 nm. Moreover the Ry of the main peak was shifted from 6.45 to 7.20 nm
and the form of the peak and its relative broadness indicate some fraction of
polydispersity (see Figure 64 A). For Ca** and Sr** these results again showed that
these cations do not generally cause instability of SIfB but incubation time is required
for incorporation and eventually binding to the protein. Especially at a concentration
of 100 mM the radius distributions show a high degree of monodispersity (Ry = 6.50,
standard deviation for Ca?* is 0.08 nm and for Sr** it is 0.11 nm) for both solutions
(see Figure 64 A) which is comparable to the results obtained for Sr** and Mg?* after
nine days at 20+1°C.
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In NaOAc buffer at pH 4.75 significant aggregation could only be observed for 0.5
mM CaCl, and 50 mM SrCl,. Other than at pH 7.4, DLS measurement in the droplet
containing 100 mM MgCl, showed a monodisperse radius distribution with a Ry of
6.45 nm (see Figure 64 B). The same result could be obtained for all Mg?
concentrations except for 500 mM (Ryq = 7.20 nm). Addition of 100, 5 or 1 mM of
CaCl; to SIfB yielded monodisperse solutions with a Ry of 6.45 nm, whilst for 50 and
0.1 mM a broad radius distribution representing small oligomers or structural flexibility
of the monomer (RH ~ 6-8 nm) was found. With 500 mM of CaCl,, SIfB showed a Ry
of approx. 7.20 nm resembling a lot the radius distribution for SIfB without bivalent
cations (pH 4.75). In the case of SrCl, at all concentrations but 100 and 0.5 mM the
radius distribution showed a small amount of polydispersity. The best result was
obtained for 100 mM SrCl,, even if compared with the best results for Mg®* and Ca*".
The peak is narrow (Ry standard deviation of just 0.06 nm) indicating a high degree

of monodispersity and low flexibility of SIfB (see Figure 64 B).
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Figure 65: SIfB solutions at pH 2.0 with and without bivalent cations after one day incubation at 4°C.
A) MgCl, was added, B) results after addition of SrCl, and C) influence of Ca**-ions at pH 2

Unlike the above discussed radius distributions of SIfB in glycine buffer at pH 2.0
initially and after nine days, a monodisperse radius distribution (R4 ~ 20 nm) resulted
from DLS measurements carried out after incubating SIfB for one day at 4°C in the
same buffer at pH 2.0 (see Figure 65). For SrCl, at concentrations below 50 mM the
radius distributions were in good concordance with that of bivalent cation-free SIfB.
The higher the Sr** concentration the larger was the Ry and the broader the peak.
This was — with the exception of 1 mM — also the case for Ca**, although the
concentration dependence was not so strong here. The concentration dependence of
Ry and polydispersity could also be observed for M92+. At concentrations below
100 mM MgCl; the radius distribution at pH 2.0 was in good accordance with that of
bivalent cation-free SIfB at pH 2.0. At 100 mM of Mg2+ the Ry was shifted from
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~20 nm to ~30 nm and at the highest tested concentration (500 mM) a very broad
peak ranging from 60 — 300 nm was calculated from DLS measurements.

Based on these results SrCl, proves to be a good alternative for MgCl, to
stabilize SIfB. If this improvement of protein stability should be used in protein
crystallization it is recommended to add MgCl, right before the screening while on the
other hand SrCl, should be added one day in advance, followed by incubation at 4°C
until performing the crystallization screen. Interestingly even the addition of 100 mM
Ca®" to the protein solution that should result in the preferred formation of 2D crystals
improved protein stability if compared with SIfB at 20°C. It seems that at 20+1°C, the
temperature at which the protein might be in an active state, bivalent cations are
required for its stability. Moreover it could be shown that 2D crystals, at least in vitro,
only form within two weeks if the solution is brought to low pH-values of approx. 2.0
or below. These results certainly widen the possibilities of approaches to obtain X-ray

suitable 3D crystals.

5.4. Conclusions and Outlook

Albeit the importance of S-layer proteins for the survival of many bacteria —
including pathogens — and possible industrial applications in waste management,
catalysis, nanotechnology and drug delivery, little is known about the 3D structure of
these proteins. It is therefore of high interest to overcome these deficiencies and
shed light onto the three dimensional structures of s-layer proteins at atomic
resolution. The high flexibility of these proteins, their inherent tendency to form 2D
but not 3D crystals makes this a challenging task. On the other hand in the course of
this work, first crystals of SIfB could be presented that are a starting point for further
investigations. Especially with the possibilities of PETRA |ll at DESY the thin plates
obtained will eventually become X-ray suitable crystals. Furthermore the crystals
grown from the proteolysis approach have to be investigated. Moreover investigation
of the influence of bivalent cations on SIfB suggest that the addition of Mg2+ or Sr** to
the protein buffer improves stability of the protein and thus might enhance its
crystallizability. Nonetheless it may be necessary to include molecular biology
approaches as it could be shown by other groups that expression, purification and
structure determination of fragments of s-layer proteins by X-ray crystallography are
possible. In combination with solution scattering techniques (SAXS, SANS) and

CryoEM-analysis of 2D-crystals this may prove the better way to obtain a full length
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structure of SIfB at high resolution. In addition to the characterization of SIfB, also
other novel s-layer proteins of genetically similar bacteria but also of other bacterial
families should be analyzed. Especially the structure-function analysis of S-layer
proteins from human pathogens could deliver interesting insights applicable in the

development of novel antibiotics.
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6. Application of in situ DLS to Analyze Solution Properties of
CD81and CD82 and Tetraspanin-Claudin-1 Interaction

6.1. Introduction

CD81 (see Figure 66 for a scheme) is a human membrane protein from the
tetraspanin family [127], bearing two extra-cellular loops, EC1 and EC2 and four
trans-membrane a-helices. It is involved in various host-pathogen interactions
including HIV, HCV and Plasmodium falciparum infection [120, 166, 167].
Tetraspanins are known to form complexes with each other and other protein

molecules such as integrins [127].

EC2

EC1

Figure 66: Scheme of CD81. Blue boxes are the trans-membrane helices, the membrane is drawn in
yellow, EC2 is displayed as cartoon plot (magnified on the right side) as generated from PDB-file 11V5.

Claudin-1 [168-170] is a trans-membrane protein from the Claudin superfamily [170].
As CD81 it has four trans-membrane helices. The structural components of cellular
tight junctions are mainly formed by Claudins [169]. These tight junctions [171] are
important in intercellular communication and cellular interaction during infection [172-
175]. For HCV infection of liver cells interaction of CD81 with the E1/E2 glycoproteins
on the HCV surface is essential [167]. But when Claudin-1 [168-170] is absent no
infection occurs [128]. It was proposed that Claudin-1 and CD81 interaction plays an
important role during HCV infection [128, 176, 177]. The investigation of this
interaction and its dependence on co-factors is important for the understanding of
HCV host-pathogen interaction and thus the treatment and prevention of HCV [178].
CD82 [179, 180] is a metastasis suppressor that belongs to the tetraspanin
superfamily. Its expression or the absence of CD82 expression are associated with
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various human cancers [107]. Function [121, 179, 181-184] and potential use of
CD82 in anti-cancer treatment [107] are widely discussed.

CD81 and CD82 share some characteristics [181, 185-187] but differ in most
aspects of their cellular function and role. Important for the investigation of CD81-
Claudin-1 interaction, as carried out in this work is that no interaction is reported for
CD82 and Claudin-1. Hence CD82 serves as a control model for the significance of
the experimental results.

Little is known about the three dimensional structures of tetraspanins. Only
two structures of the EC2-loop of CD81 are deposited with the PDB [188, 189].
Moreover one cryoEM-structure of the tetraspanin uroplakins la and Ib at 6 A
resolution exists giving insight into the structure of tetraspanin complexes [190].
Keeping the above described importance of tetraspanins in many cellular processes
in mind it is clear that to obtain more detailed information and to gain insight into
structure-function relations at atomic level the determination of complete three-
dimensional structures of tetraspanins by X-ray crystallography is necessary. Even
the optimized expression and purification of CD81 and CD82 from yeast [120] only
yields small amounts of pure protein. Moreover the crystallization of membrane
proteins is difficult and not straight forward [191, 192]. In general the amount required
to crystallize a membrane protein is bigger than that needed for a soluble protein.
However, recent advantages in the development of synchrotron light source with the
possibilities of microfocus beamlines [193-195] combined with increased photon
intensity makes it possible to determine the structure of biological macromolecules
from crystals as small as 10 ym. Thus the structure determination of membrane
proteins is facilitated since the crystal size required for X-ray crystallography has
decreased drastically [195]. Furthermore technologies are being developed that aim
at better expression of membrane proteins as well as methods that facilitate
membrane protein crystallization [191, 196]. Still to grow X-ray suitable crystals of
membrane proteins and even to solve their three dimensional structure is a huge
challenge [197].

In the scope of this work crystallization experiments for CD81 and CD82 were
designed and carried out, applying high throughput technologies and in situ DLS
[88]. Moreover solution conditions and detergent properties were assessed by light

scattering methods (DLS) and optimized.
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6.2. Materials and Methods

6.2.1. Crystallization of CD81 and CD82

Both CD81 and CD82 were cloned, expressed and purified by NICKLAS
BONANDER (Aston University, Birmingham, UK). The production of the recombinant
proteins, as carried out by NICKLAS BONANDER, was described by MOHAMMED
JAMSHAD et al. [120]. The received protein samples were clarified by centrifugation at
16’100 x g for 15 min, followed by DLS in a SpectroLIGHT 300 (Nabitec, Germany) to
determine protein quality.

Buffer and detergent were optimized applying DLS in cuvettes (within the
SpectroLIGHT 300) and in situ DLS within the SpectroLIGHT 500 in MRC-plates.
DLS measurements were analyzed and evaluated with the software SPECTRO.
Radius distributions were calculated by SPECTRO applying CONTIN [65-67].

Protein concentrations were adjusted applying 3 kDa cut-off centrifugal filters
(Millipore, USA). Protein concentrations were determined by absorption
spectroscopy, applying a Nanodrop 2000c (Thermo Fisher, USA). The concentration
range for crystallization was estimated by application of the PCT__(Hampton
Research, USA).

Protein buffer (20 mM MOPS (Sigma Aldrich, USA), pH 8.0, 1 % n-Octyl-3-D-
Glucopyranoside (B-OG, Anatrace, USA)) was received by NICKLAS BONANDER and
as all other precipitants, additives and detergents were filtered through 0.22 ym
syringe filters prior to use.

For initial crystallization experiments conditions from the Molecular Dimension
(MD, UK) screens MemGold™ and MemPlus™ containing Ca** were used since
these conditions yielded small crystals in previous screens. These conditions
however were varied and optimized based on initial results. A crystallization method
was adapted from the Nucleic Acid Mini Screen (NAMS, Hampton Research, USA).
Various concentrations of MPD or MPD/PEG 400 mixtures in the reservoir (500 pL)
were equilibrated against droplets (4 uL) containing protein (at half the concentration)
and 5 mM of CaCl,. The mixture in the reservoir is not only hygroscopic, MPD is also
volatile. This has the effect that the protein drop is dried out slowly and at the same
time MPD is enriched within the drop, acting as precipitant. Further protein
crystallization was carried out with a Honeybee 961 (Genomic Solutions, USA) robot

applying pre-formulated screens (Classic, JCSG+, MPD-Suite, MB-Class | & I,
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CryoSuite and ComPAS; all by Qiagen, Germany). Based on the results of initial and
robotic screening a customized screen (Screen 8.2.G, see Appendix, chapter 9.2)
was developed and screened against CD81 and CD82 manually in 24 well cell
culture plates. Fos-Choline-14 (n-Tetradecylphosphocholine, FOS 14, Anatrace,
USA) and Fos-Choline-18 (n-Octadecylphosphocholine, FOS 18, Anatrace, USA)
were used in this screen as additives.

All X-ray diffraction experiments were carried out at the EMBL beamline X12
(HASYLAB/DESY).

6.2.2. In situ DLS Determined Interaction between CD81 and Claudin-1

Protein solutions were clarified by centrifugation at 16’100 x g for 15 min and
then transferred to a MRC crystallization plate at 1 pL/well. Five different molar ratios
of Claudin-1:CD81, Claudin-1:CD82 and CD82:Claudin-1 (9:1; 7:3; 5:5; 3:7; 1:9) were
analyzed with and without the addition of 0.1 pyL cholesteryl hemisuccinate (CHEMS,
Anatrace, USA; 2.2 mg/mL in 20 mM MOPS, pH 8.0, 1 % beta-OG) to the drop. As
controls, Claudin-1, CD81 and CD82 were analyzed alone with and without addition
of 0.1 yL CHEMS (2.2 mg/mL in 20 mM MOPS, pH 8.0, 1 % B-OG) to the drop, as
well as the same buffer without protein. The reservoirs were filled with 35 yL protein
buffer (20 mM MOPS, pH 8.0, 1 % beta-OG) and the plate was sealed with
AMPLIseal (Greiner Bio-One, Germany) to avoid evaporation during the
measurements. DLS measurements within these droplets were carried out at 20°C
using a SpectroLIGHT 500 instrument. Data were analyzed using Spectro (Nabitec,
Germany). Spectro interprets the autocorrelation function [54, 56] using the CONTIN-
algorithm [65] to obtain the distribution of particle radii. To obtain data on the time-
dependent change of the hydrodynamic radius (Ry) distribution of the respective
protein mixtures, DLS measurements were recorded for 23 h in all wells. From each
well a series of 130 measurements at 30 s per measurement was recorded, with an

interval of approximately 10 min between each measurement.
6.3. Results and Discussion

6.3.1. Crystallization of CD81 and CD82

Purified samples of the human membrane proteins CD81 and CD82, both of
the tetraspanin family were received from NICKLAS BONANDER (Aston University, UK)

in terms of the EU FP6 project OptiCryst.
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Initially solution properties of both samples were assessed by DLS in cuvettes
(see Figure 68 and Figure 69). It could be shown that the received samples were in
an aggregated state, with a broad radius distribution and Ry between 20 and 60 nm
(CD82) and 60 nm (CD81). Centrifugation for 20 minutes at 16’100 x g did not lead to
a significant improvement in radius distribution. However, in the case of CD81 it could
now be seen that besides the aggregated state some smaller particles (Ry of approx.
7 nm) existed in solution.

Since it is known from literature that detergent micelles can be detected by
DLS and that the Ry of detergent micelles depends on their concentration in solution
[198, 199] DLS was measured in solutions containing different concentrations of
B-OG in the protein buffer (20 mM MOPS, pH 8.0). Based on the results of DLS (see
Figure 67) it is plausible that the low concentration of detergent is responsible for the
broad radius distribution of both CD81 and CD82. The obtained results are nearly
identical with that of 1 % B-OG without protein and the protein solutions also contain
1 % B-OG. For crystallization a low concentration is ideal since high concentrations of
detergent inhibit concentration. On the other side a high degree of monodispersity is
desired in crystallization. Already at 2 % detergent a monodisperse radius distribution
could be obtained, but the results in the case of 2.5 % B-OG were even better (see
Figure 67).

2.0 1 o 20% p-OG — 20% p-0G

A) A 10% p-OG B) 1.0 —— 10% B-OG
A v 5% p-0G 09 — 5% p-0G
Y 2.5% p-0G | —_— 2.5% p-0OG
> 2% p-OG ] — 2% p-0G
o 15% p-0G 1.5% p-0G
o 1% B-0G - 1% p-0G
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Figure 67: DLS measurements in solutions of the detergent B-OG in protein buffer (without protein).
The dependence of ACF (A) and radius distribution (B) on detergent concentration can clearly be
seen. At 1% concentration the radius distribution shows aggregation between 50 and 200 nm. This
aggregation disappears already at 1.5% concentration of 3-OG, but the peak corresponding to one
detergent micelle in solution is still broad. From 2-20 % the radius distribution is monomodal and the
peaks corresponding to one detergent micelle in solution are narrow. As can be seen from ACF and

radius distribution the Ry increases slightly with concentration.
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Figure 68: Results (ACF (A) and (B) radius distribution)of DLS investigation of CD81 before (purple)
and after (blue) adjustment of polydispersity and aggregation. The sample shows in the latter case a
low degree of polydispersity and aggregation and its Ry (B) corresponds to a dynamic mixture of

monomers and dimers of CD81 in detergent micelles.

It was chosen to increase the detergent concentration to 2.5 % but to also increase
protein concentration to 2.5 mg/mL to compensate the increased solubility caused by
higher detergent concentration. CD81 at higher protein and detergent concentration
(Figure 68, blue curves) is nearly monomodal in solution just showing a small
fraction of aggregation at approx. 20 nm. The Ry of the major peak is 3.62 nm and
corresponds to a monomer of CD81 within a detergent micelle. However the peak is
broader to higher Ry than to lower indication a dynamic mixture of monomer and

small oligomers such as dimers in solution.
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Figure 69: Results of DLS investigation of CD82 before (purple) and after (blue) adjustment of
detergent and protein concentration. The sample shows in the latter case a low degree of
polydispersity and aggregation and its Ry (B) corresponds to a dynamic mixture of monomers and

dimers of CD82 in detergent micelles.
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CD82 at higher detergent and protein concentration behaves similar as CD81 (see
Figure 69). The radius distribution shows that the Ry of the dominant peak is at
3.5 nm. This corresponds to a monomer of CD82 within a detergent micelle. Other
than in the case of CD81, CD82 at higher concentrations shows aggregation at
higher Ry and intensity. Since the relation of intensity and concentration depends on
the radius of the particle the fraction of aggregation can assumed to be similar. Both -
CD81 and CD82 - solutions after optimization of protein and detergent concentration
showed a quality in DLS that was considered to be good enough for crystallization
experiments.

For initial crystallization experiments conditions from the Molecular Dimension
(MDL, UK) screens MemGold™ and MemPlus™ containing Ca** were adapted, since
from previous work of NICKLAS BONANDER a Ca®* dependency of protein stability and
crystallizability was proposed. However these conditions yielded no protein crystals.
The drops either remained clear or precipitation occurred. A new approach followed
the method of the Nucleic Acid Mini Screen where initially only a low concentration of
MPD in the DNA/RNA drop is equilibrated against a high concentration of MPD. In
the adaption MPD was omitted from the drop and only added to the reservoir. The
drop was prepared by mixing equal amounts of protein and 10 mM CacClz-solution in
20 mM MOPS buffer (pH 8.0). Variation of the conditions was achieved by changing
the concentration of MPD in the reservoir or by addition of PEG 400 to the reservoir.
PEG 400 as MPD is hygroscopic but it is not volatile. Thus addition of PEG 400
instead of a higher concentration of MPD leads to a more dried out drop but not to
more precipitant within the drop.

Figure 70: Initial crystals of CD81. The UV illuminated image (right hand side) shows fluorescence of

the crystal-cluster.
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A crystal-cluster grew in solutions containing CD81 (Figure 70) after two weeks of
equilibration against a reservoir containing 21 % (v/v) MPD and 40 % (v/v) PEG 400.
UV analysis [119] with a CrystalLIGHT 100 (Nabitec, Germany) showed fluorescence
of the crystals, indicating them being composed of protein material.

These crystals however showed to be not X-ray suitable at this stage. After six
weeks crystals with the morphology of thin plates and needles could be observed in
conditions where the crystallization droplet was either equilibrated against 500 pL or
1 mL of 35 % (v/v) MPD. Both, plates and needles, showed UV-fluorescence (Figure
71). The plates were mounted and showed diffraction up to 1.9 A (Figure 72).

Figure 71: (A) Thin plates grown after six weeks equilibration of CD81 against 500 pL 35% (v/v) MPD;

(B) equilibration against 1 mL of the same reservoir solution led to the growth of thin needles.

Figure 72: Diffraction image of the crystals displayed in Figure 71 A.

Larger thin plates could be observed after seven weeks in a CD81 drop that was
equilibrated against 32 % (v/v) MPD (see Figure 73). These plates showed strong
UV fluorescence and diffraction up to 3.2 A, but again indexing of the crystal system
is presently not possible. For CD82 in these initial crystallization experiments no
crystals could be obtained. However in a later screening crystals of CD81 showing
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UV-fluorescence could be obtained from condition A3 (3.4 M 1,6-hexanediol,
0.2 M MgCly, 0.1 M Tris, pH 8.5)) of the Qiagen Classic Suite.
The knowledge that the use of 1,6-hexanediol as precipitant can lead to

crystals was used in a optimization screen together with the lipids FOS 14 and

FOS 18 as additive. After three month crystals grew from droplets prepared by mixing
equal amounts of CD81 and 0.25 mM FOS 14, 10 mM CacCl, and either (A) 3.6 or (B)
4 M 1,6-hexanediol as well as (C) 0.25 mM FOS 18, 10 mM CaCl, and 3.6 M 1,6-

hexanediol and equilibration against the respective solutions (Figure 74).

Figure 73: Crystals grown from equilibration of a CD81 crystallization droplet against 32 % (v/v) MPD.
From left to right: VIS-image, UV-image, showing strong fluorescence of the crystal, Diffraction images

of the crystal.

These crystals have not yet been analyzed by X-ray diffraction experiments since
they are too small for DORIS Il beamlines. The crystals are kept for future X-ray
diffraction studies and data collection at beamline P11 (HASYLAB/DESY) of
PETRAIII.

..

Figure 74: Crystals of CD81 grown after three month with A), B) FOS14 or C) FOS18. The maximum
length of a needle is approx. 50-80 uym.

110



6.3.2. Protein Interaction

The particle size in solution for Claudin-1 was calculated from DLS
measurements using the Stoke-Einstein-Equation (EQ1) and thus relating the

diffusion coefficient to the corresponding hydrodynamic radius (Ry) [56].
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Figure 75: Radius distribution of Claudin 1 with (red) and without (black) CHEMS.

The diffusion coefficient was obtained by analysis of the ACF [56] using the CONTIN
algorithm [65] within the software SPECTRO. For Claudin-1 the mean particle
hydrodynamic radius (Ry) for the monomer was measured by DLS to be 4.0£0.7 nm.
The radius of a FOS-choline-12 micelle in solution calculated from DLS
measurements is given in literature as 2.5+0.6 nm [199] and thus not much different
than that of BOG-micelles (Ry in literature ranges from 2.3 — 3.1 nm [198, 199] which
was confirmed by own measurements where a Ry of 2.6 — 4.4 could be obtained, see
chapter 6.3.1). The molecular weight of the FOS-choline-12 micelle as determined
by DLS is 28 kDa and that of a B-OG-micelle is 33 kDa [199], respectively. The size
of B-OG is 21 — 30 kDa as determined by sedimentation velocity (Analytical ultra-
centrifugation, AUC [200]) and SLS [198]. Claudin-1 (My = 23 kDa) in complex with
the FOS-choline-12 detergent micelle would yield a molecular weight of approx. 51
kDa. The Ry of approx. 4 nm corresponds to a molecular weight of approx. 77 kDa
which is in accordance with two molecules of Claudin-1 in complex with the detergent
micelle, thus the main species in solution is a Claudin-1 homodimer.
Homodimerization of Claudins was previously described for Claudin-5 [201], The

relative broadness of the peak (+ 0.7 nm in the presence of CHEMS and £0.9 nm in
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the absence) indicates a presence of other oligomers (e.g. tetramer, hexamer) in
solutions as well as a small amount of monomeric Claudin-1 and detergent alone.

Aggregation was observed with a radius distribution of 10 to 1000 nm (Figure 75).

1.0 —-
0.9 —-
0.8 —-
0.7 —-
0.6 :

0.5

rel. intensity

0.4
0.3 -
0.2

0.1

0.0 B A W — e
1 10 100 1000

R, (nm)

Figure 76: Radius distribution of Claudin 1 with (red) and without (black) CHEMS after 12h at room

temperature.

With CHEMS added to the drop this aggregation appeared less intense in the
calculated radius distribution derived from DLS measurements (Figure 75). Moreover
the peak in the radius distribution corresponding to a particle with the mean radius of
approx. 4 nm was more defined and with a higher relative intensity (0.82 to 0.65)
compared with the measurement without CHEMS. Since the relative intensity is
compared for the same molecule at an identical radius, it is a measure of the amount
of this species of particle in solution. Thus addition of CHEMS results in a higher
concentration of Claudin-1 homodimer in solution and in less aggregation: it
obviously stabilizes the monomer of Claudin-1 in solution. Nonetheless DLS results
show that Claudin-1 even in the presence of CHEMS has a tendency towards
aggregation, as in about 12 h the aggregation peak is tighter and corresponding to a
particle size of ~80 nm (Figure 76). For CD81 with and without CHEMS DLS
measurements showed that the dominating species in solution is a detergent-protein-

complex with a hydrodynamic radius of approx. 6 nm (Figure 77).
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Figure 77: Radius distribution of CD81 with (red) and without (black) addition of CHEMS.

The Ry of 6 nm corresponds to an estimated molecular weight of the complex
of approx. 220 kDa. This can be related to six or seven molecules of CD81 within a
B-OG-micelle (My of approx. 190 — 220 kDa). The relatively broad peak indicates that
some lower (e.g. dimeric CD81) as well as higher oligomeric states and aggregates
are present in the solution, but at low concentrations relative to the dominant species.
This radius distribution is in accordance with the reported tendency of CD81 to form
dimers and oligomeric complexes in solution [190, 202]. CD81 was stable with
CHEMS present in solution throughout the whole series of measurements (23 h)
while in the absence of CHEMS a broadening of the peak, indicating a complex

distribution of particles in solution could be observed (Figure 78).
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Figure 78: Radius distribution of CD81 with (red) and without (black) CHEMS after 12h at room

temperature.
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It is known that various tetraspanins interact with each other [178], with other
proteins such as tight junction proteins (e.g. CD9 with Claudin-1 [203] or CD81 and
Claudin-1 [127]) or integrins [204] and form — in the course of this interaction —
heterodimers and higher oligomer complexes [187, 204]. Moreover it is known that
interaction between CD81 and Claudin-1 plays a critical role in HCV cell entry [128].
To gain information about this interaction DLS was applied to analyze the two
component solutions of CD81 and Claudin-1 at different molar ratios (9:1, 7:3, 5:5,
3:7 and 1:9) (Figure 79) a summary of results can be found in Table 4. For
comparative reasons DLS was also measured at the same molar ratios for mixtures
of CD81 and CD82 and of CD82 and Claudin-1. All measurements were carried out
with and without addition of CHEMS, since it is known that cholesterol plays an
important role in tetraspanin association and host-pathogen interaction [127, 166].
These measurements showed that for all CD81:Claudin-1 ratios, except for
CD81:Claudin-1 7:3, the radius distribution was similar to the one expected from a
non-interacting mixture of both proteins (Figure 79).

For CD81:Claudin-1 1:9, 3:7 and 5:5 without addition of CHEMS the resulting
radius distribution for Ry > 10 nm was more or less equal to that of Claudin-1 alone.
For CD81:Claudin-1 9:1 with and without addition of CHEMS radius distribution
showed a particle with a hydrodynamic radius corresponding to that of CD81 (Ry of
approx. 6nm), but the radius of the higher oligomers/aggregates corresponded to that
of Claudin-1 and the mixtures of Claudin-1 and CD81 (except the molar ratio of
CD81:Claudin-1 7:3).

For CD81:Claudin-1 7:3 distribution of particle radii in solution was different:
with and without addition of CHEMS a defined oligomeric species at approx. 30 nm
appeared within one hour after pipetting both protein solutions together (Figure 79).
This defined oligomer was stabilized by addition of CHEMS where it is the dominating
species after 12h (Figure 80) whilst the radius of the defined oligomer is shifted from
30 to 60 nm in the absence of CHEMS. Figure 81 shows, that for the latter case the
radius of the oligomer is growing up to approx. 80 nm within 18h while the radius of
the oligomer is nearly constant during 18h of DLS monitoring with CHEMS present in
the drop. For CD81 alone and for CD81:CD82 in 7:3 ratio in the presence of CHEMS
a particle with a hydrodynamic radius of ~20 — 30 nm could be observed as well. But
these particles where less defined and their intensity is lower than that for

CD81:Claudin-1 at 7:3 ratio. This corresponds rather to an ensemble of oligomers of
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different sizes at lower concentrations in solution than to a unique oligomer as could
be observed for CD81:Claudin-1 in 7:3 ratio. For CD81:CD82 1:9 a defined oligo-
meric particle could be observed within the first ten measurements but analysis of the

data showed that measurement errors had occurred here that led to such a false

interpretation of the result. Neither for any other CD81:CD82 molar ratio, nor for

CD82:Claudin-1 at any molar ratio, particles with a Ry of 20 — 35 nm could be

observed. For all other mixtures and CD81, CD82 or Claudin-1 alone just aggregation

or less defined higher oligomers (~80 nm) could be observed, but no oligomers at

approx. 30 nm.

Table 4: Summary of particle radius distribution as measured by in situ DLS after mixing CD81 and

Claudin-1 at different ratios.

Protein Particle radius (nm) Predicted oligomeric
state
- CHEMS + CHEMS
<10 nm >10 nm <10 nm >10 nm
Claudin-1in 4.0 40 4.0 40 Dimer (4 nm) as well as
foscholine-10 (2.5;0.9) (40; 0.2) (1.3;0.8) (20;0.2) higher
oligomers/aggregates
(broad peak at 40 nm)
CD81in [QG 6.0 - 6.5 25 Dimer (6 nm) plus, in
(3.5;1.0) (1.0; 1.0) (6; 0.3) the presence of
CHEMS, a distinct peak
at 25 nm
Claudin-1:CD81 | 4.6 45 5.0 48 Dimer (4-5 nm) as well
(1:1) (2.0; 1.0) (40; 0.2) (1.6;1.0) (23;0.2) as higher
oligomers/aggregates
(broad peak at >40 nm)
Claudin-1:CD81 | 4.2 28 4.0 33 Dimer (4 nm) as well as
(1:2) (0.9; 0.9) (9.0; 0.4) (1.6; 0.4) (9.0; 0.7) a distinct oligomer (30
nm) which is dominant
in the presence of
CHEMS; predicted to be
hexameric
Claudin-1:CD81 | 4.3 42 5.0 68 Dimer (4-5 nm) as well
(2:1) (1.7;0.8) (10; 0.2) (1.0; 0.9) (30;0.2) as higher
oligomers/aggregates
(broad peak at >40 nm)
Claudin-1:CD81 | 5.2 48 6.5 70 Dimer (>5 nm) as well
(1:9) (1.4; 0.9) (48; 0.3) (2.6; 0.9) (85; 0.2) as higher
oligomers/aggregates
(broad peak at >40 nm)
Claudin-1:CD81 | 4.5 75 4.0 41 Dimer (>4 nm) as well
(9:1) (2.5;0.8) (30; 0.2) (0.5;1.0) (10;0.2) as higher
oligomers/aggregates
(broad peak at >40 nm)
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Figure 79: Comparison of radius distribution derived from DLS measurements for CD81, Claudin-1

and all mixtures of both proteins. A) in the absence B) in the presence of CHEMS.
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Figure 81: Radius distribution (> 10 nm) over time forCD81:Claudin-1 7:3 with (black boxes) and
without (red circles) CHEMS.

It is known that the tetraspanin uroplakins la and Ib form defined hexagonal
complexes [190] with a radius of approx. 8nm. Oligomerization of such a complex of
six homodimers leads to a cluster of tetraspanin molecules. This could explain the
less-defined particle radius of CD81 ranging from approx. 8nm to approx. 100 nm,
observed in this study in the presence of CHEMS. The defined oligomeric state at a

Ry of approx. 30nm that could be observed with DLS for a solution containing CD81
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and Claudin-1 in a 7:3 molar ratio would then be the result of incorporation of
Claudin-1 into such a complex leading to a more defined oligomerization, which is
stable if CHEMS is present in the solution (Figure 81).

16 nm

~ 60 nm

Figure 82: Proposed complex of CD81 homodimers (black) and Claudin-1 homodimers (pink). The
hexagonal arrangement of CD81 homodimers is the arrangement that was found for tetraspanin

uroplakins la and Ib by cryoEM studies.

The different DLS results for absence and presence of cholesterol is in accordance
with the proposed two cholesterol binding sides of CD81 [205] and studies on the
role of CD81 in HCV infection which showed that the entry of the virus in the host cell
is dependent on the cholesterol content within the cell [166]. One possible complex
between Claudin-1 and CD81 with a diameter of about 60 nm, and therefore in
concordance with the measured Ry of approx. 30 nm is displayed in Figure 82. As

building blocks of the complex the hexagonal arrangement of dimers revealed by
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CryoEM for tetraspanin uroplakins la and Ib was used. These hexamers of dimers
were found to have a diameter of 16 nm [190]. These 16nm were used as a ruler for
the overall complex between CD81 and Claudin-1. Claudin-1 and CD81 dimers were
furthermore arranged in a way that the specific ratio of 7:3 between CD81 and
Claudin-1 is reflected in the mirror. The above displayed structure has a 6:3
CD81:Claudin-1 ratio, which is within the pipetting error at this volumes to a ratio of
7:3.
60 nm

16 nm

Figure 83: Most probable complex of CD81 homodimers (black) and Claudin-1 homodimers
(pink).The hexagonal arrangement of CD81 homodimers is the arrangement that was found for

tetraspanin uroplakins la and Ib by cryoEM studies [190].

Attention also needed to be paid to the symmetry of the complex. In the 2D-crystals
used for cryoEM of uroplakins a hexagonal symmetry was found [190]. Combining
these restraints another complex was proposed (Figure 83). Here the symmetric

arrangement of molecules is more logical. Seven uroplakin-like CD81 (black)
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complexes (containing six homodimers each) are arranged with 24 Claudin-1
homodimers (Claudin-1). Again the known diameter of the hexamer of dimers (16
nm) [190] was used as a ruler to assemble the complex. The result is a complex of
approx. 60 nm in diameter representing the Ry ~ 30 nm particle present in solutions
containing CD81 and Claudin-1 in a 7:3 ratio. The ratio of CD81 and Claudin-1 in the
complex is 7:4 which is in the range of pipetting errors at the volumes used for the

DLS measurements.

6.4. Conclusions and Outlook

After improvement of initially received solutions of CD81 and CD82 based on
results from DLS measurements, crystals of both proteins could be obtained. CD81
crystallized better, but diffraction studies showed that for indexing and data collection
crystals need to be improved. Optimization of crystallization was challenging since
even at optimized expression and purification by NICKLAS BONANDER only small
amounts of protein were available. With larger amounts of protein and the now even
further improved DLS methods it will be possible to overcome the problems during
crystallization and to obtain the first crystal structure of a tetraspanin.

It could be shown for the first time that the assumed interaction of CD81 and
Claudin-1 exists in solution, but only at a molar ratio of CD81 to Claudin-1 of roughly
2:1. Interesting is the dependence of the stability of this complex on the presence of
CHEMS since it is proposed that CHEMS is important for HCV infection and CD81
function. This makes it necessary to further investigate the interaction of CD81 and
Claudin-1 by other techniques such as CryoEM or SAXS that yield more information
than DLS. Furthermore the interaction of CD81 and Claudin-1 — both alone and
together — with the E1/E2-glycoproteins on the HCV surface should be investigated
by DLS as well as SAXS. This should then shed light on the interaction between
these proteins and thus will give new insights into HCV infection and maybe on how

to prevent infection.
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7. Abstract — Zusammenfassung

7.1. Abstract

Obtaining X-ray suitable crystals is to date the rate limiting step to solve the
structure of biological macromolecules such as proteins at atomic resolution. Those
Structures are required for the design of novel drugs and to understand the way
biological systems work. Rationalization of crystallization by biophysical methods is a
promising way to accelerate this process. Here Dynamic Light Scattering (DLS) was
applied in order to develop novel methods for the rationalization of crystallization and
to analyze crystallization and aggregation of proteins in detail.

The method of in situ DLS was successfully applied to all major crystallization
methods used today. For the first time ever the submicroscopic processes during
crystallization and nucleation could be observed within thin capillaries used in the
Granada Crystallization Box Domino (GCB-D) and in the CrystalFormer HT.
Furthermore for the first time DLS measurements could be carried out in small
protein and crystallization droplets under oil in Terazaki plates. In this case not only
the observation and scoring of the crystallization or oligomerization processes is
possible, also the quality of the DLS measurements is good enough that in future
optical cuvettes may be replaced by Terazaki plates, thus saving time and material.
1 yL sample solution instead of 10 yL can be used and automated measurements
are possible. Also light scattering measurements in the most commonly used 96 well
sitting drop vapor diffusion plates could be improved and detailed analysis and
scoring of crystallization processes within these plates was enabled and
demonstrated. Automation of measurements for the above mentioned crystallization
environments and methods could be automated for the first time. This allows
analyzing up to 192 droplets at the same time. Some of these results are published
already.

Following these improvements, DLS measurements were carried out also for
the first time in special environments, as a crystallization box used for microgravity
experiments in space or in cubic lipid phases within PCR tubes. Especially the latter
set up is valuable, since membrane proteins are mainly crystallized within cubic lipid
phases today.

Based on the developed DLS methods and technical results obtained, DLS

was applied to investigate the crystallization behavior of the surface layer protein SIfB
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from Lysinibacillus spaericus. Applying DLS initial crystals could be obtained from
this protein. Moreover it could be shown by DLS that the stability of SIfB depends on
the presence of bivalent cations. At pH 4.75 and 7.4 the protein is stabilized by 100
mM of either MgCl, or SrCl,. This information will support crystallization experiments
to obtain X-ray suitable crystals and thus will facilitate the 3D structure analysis. It
could be confirmed by small angle X-ray scattering (SAXS) that the elongated shape
of SIfB predicted by DLS is indeed the shape of the protein.

Furthermore in situ DLS was applied to investigate the specific interaction of
the human membrane proteins CD81 and Claudin-1, both involved in the infection of
liver cells by hepatitis C virus (HCV). It could be shown by DLS that only at a
CD81:Claudin ratio of 7:3 and in the presence of cholesteryl hemisuccinate a stable
complex is formed. Based on these results and biochemical data a model for this
complex was proposed. Finally CD81 could be crystallized after solution conditions

were improved by applying in situ DLS.
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7.2. Zusammenfassung

Die Gewinnung Rontgentauglicher Kristalle ist heute der limitierende Schritt
bei der Losung der Struktur von biologischen Makromolekulen, zum Beispiel
Proteinen, bei atomarer Aufldsung. Diese Strukturen werden bendtigt um neue
Medikamente zu entwickeln und um zu verstehen wie biologische Systeme
funktionieren. Die Rationalisierung der Kristallisation unter Anwendung
biophysikalischer Methoden ist ein vielversprechender Weg diesen Prozess zu
beschleunigen. In dieser Arbeit wurde Dynamische Lichtstreuung (DLS) angewendet
um neue Methoden der Rationalisierung der Kristallisation zu entwickeln und die
Prozesse der Proteinkristallisation und —aggregation im Detail zu untersuchen.

Die Methode der Dynamischen Lichtstreuung in situ wurde erfolgreich an alle
heute gebrauchlichen Kristallisationsmethoden adaptiert. Zum ersten Mal Uberhaupt
konnten die submikroskopischen Prozesse wahrend der Kristallisation in Kappilaren
der auf Gegendiffusion basierenden Granada Crystallization Box Domino (GCB-D)
und dem CrystalFormer HT zeitaufgeldst untersucht werden. Weiterhin konnten
erstmals DLS Messungen in kleinen Protein- und Kristallisations-Tropfen unter Ol in
sogenannten Terazaki Platten durchgeflhrt werden. In diesem Fall ist nicht nur die
Uberwachung von Kristallisations- oder Oligomerisierungs Prozessen mdglich
sondern die hervorragende Qualitat dieser Messungen ermoglicht es die bislang
Uberwiegend fur DLS Messungen genutzten Kivetten in Zukunft durch Terazaki-
Platten zu ersetzen. Dies spart Zeit und Material. Es reichen fur eine Messung 1 pL
statt bislang 10 yL Ldsung. Weiterhin lassen sich die Messungen auch voll,
automatisch und zeitaufgelost in unterschiedlichen Tropfen parallel durchfihren..
Lichtstreumessungen wurden auch in Tropfen mit niedrigen Volumen in Platten mit
96 Kristallisationstopfen durchgeflihrt. Diese Platten sind heute die meistgenutzten in
robotunterstitzten Hochdurchsatz Kristallisationsexperimenten. Die Methode der
in situ DLS Messung in diesen Platten wurde ausgearbeitet und angepasst. Eine
detaillierte Analyse von Kristallisationsphanomenen in diesen Platten wurde
ermdglicht und an ausgewahlten Beispielen dargestellt. Diese Anwendung ermdglicht
es nun bis zu 192 Kiristallisationsexperimente Uber DLS zu Uberwachen und
auszuwerten. Ein Teil dieser Arbeiten konnte bereits veroffentlicht werden.

Im Anschluss an diese Experimente und Arbeiten konnte gezeigt werden,
dass DLS Messungen auch in einigen besonderen Kristallisationsumgebungen

mdglich sind. So zum Beispiel in Kapillaren in einer Kristallisationsbox fur
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Weltraumexperimente oder in kubisch lipiden Phasen in PCR-Behaltern. Vor allem
die letztere Kristallisationsumgebung gewinnt heute zunehmend an Bedeutung, da
Membran-Proteine haufig in kubisch lipiden Phasen kristallisiert werden. Es ist nun
im Prinzip mdglich die submikroskopischen Vorgange von kristallisierenden
Membran-Protein Losungen in kubisch lipiden Phasen mit DLS zu untersuchen und
zu optimieren. Damit Iasst sich die Kristallisation und die Strukturaufklarung dieser
sehr wichtigen Protein-Klasse zukunftig verbessern

Basierend auf den vorab beschriebenen und im Rahmen dieser Doktorarbeit
entwickelten Methoden wurde in situ DLS angewandt um das surface layer protein
SIfB aus Lysinibacillus spaericus in LOosung zu analysieren. Die uber DLS
gesammelten Informationen ermoglichten eine erste erfolgreichen Kristallisation
dieses Proteins. Zusatzlich konnte mit DLS gezeigt werden, dass die Stabilitat von
SIfB Uber die Zugabe von bivalenten Kationen optimiert werden kann. Bei pH-Werten
von 4.75 und 7.4 wird das Protein durch 100 mM MgCl, oder SrCl, am starksten
stabilisiert. Dieses Erkenntnisse sollen in Zukunft genutzt werden, um
rontgentaugliche Kristalle von SIfB zu erhalten und folgend die Struktur zu I6sen.
Durch Kleinwinkel Réntgenbeugung konnte gezeigt werden, dass die anhand von
DLS Messungen bereits vermutete langliche Form von SIfB tatsachlich in Losung
vorliegt.

Des Weiteren wurde in situ DLS angewandt, um die spezifische Interaktion
von CD81 und Claudin-1, beides menschliche Membran-Proteine, die an der
Infektion von Leberzellen mit dem Hepatitis C Virus (HCV) beteiligt sind, zu
untersuchen. Es konnte gezeigt werden, dass nur bei einem Verhaltnis von CD81 zu
Claudin-1 von sieben zu drei und unter Zugabe von von Cholesteryl Hemisuccinat ein
stabiler und definierter Komplex gebildet wird. Basierend auf diesen Ergebnissen
konnte ein Modell fur einen moglichen CD81-Claudin-1 Komplex vorgeschlagen
werden. Abschliessend konnte CD81 alleine kristallisiert werden, nachdem die

Proteinldsung basierend DLS Messungen optimiert wurde.
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9. Appendix
9.1. Python Script for Automated in situ DLS

# -*- coding: utf-8 -*-

plate = "nextal"

file = "DO 2011 030"

Tist = ["al-1", "a2-1", "a3-1", "ad—1", "aS-1", "ag-1", "a7-1", "ag—1", "ao—1", "alo-1", "all-1", "alz—1"
"b1-1", "b2-1", "b3-1", "b4-1", "b5-1", "b6-1", "b7-1", "b8-1", "b9-1", "b10-1", "bll-1", "bl2-1",

"cl-1", "e2-1", "c3-1", "ec4-1", "e5-1", "c6-1", "c7-1", "c8-1", "c9-1", "cl0-1", "cll-1", "cl2-1"
nd1-1", "d2-1", "d3-1", "dd-1", "d5-1", "dé-1", "d7-1", "de-1", "do-1", "dlo-1", "dll-1", "di2-1",
"el-1", "e2-1", "e3-1", "e4-1", "e5-1", "e&6-1", "e7-1", "e8-1", "e9-1", "elO-1", "ell-1", "el2-1",
"f£1-1", "f2-1", "£3-1", "f4-1", "f5-1", "fe-1", "f7-1", "fg-1", "f9-1", "fio-1iv, "fil-1", "fiz-1"
*g1-1", "“g2-1", "g3-1", "g4-1", "g5-1", "g6&-1", "g7-1", "g8-1", "“g9-1", "glO-1", "gll-1", "glzZ-1"
"h1-1", "h2-1", "h3-1", "h4-1", "h5-1", "he-1", "h7-1", "h8&-1", "h9-1", "h10-1", "h1l1-1", "h12-1")
for n in range(300):

for drop in list:

setpos (drop)

wait (5)

dls ()

Appendix 1 Python script used for automated in situ DLS in HTS plates.

# -*- coding: utf-8 -*-
plate = "Granada’
file = "thim_cnbl_ row2"
list = ["al", "a2", "a3", "a4", "ab5"]
for n in range(120):
for drop in list:
setpos(drop)
for n in range(10):
disQO
wait(l)
white(100)
wait(10)
image()
white(0)
wait(1360

Appendix 2 Python script used for automated in situ DLS and imaging of a crystallization experiment
of ThiM within a crystallization box for space experiments.

plate = "MRC1"

file = "DO_2010_015"

Tist = ["al-2", Ma2-2", "a3-2M, a4 2n, Ma5 0N Ngg QM Mgoow  mgg o om  wagoow  mg]Qon mgll-2M, "z12-2n
"h1-2", "h2-2", "b3-2%, "b4-2", "B5-2", "bE-2", "bT-2", "HE-2", "b9-2", "bl0-2", "bll-2", "bl2-2"
ME1-2M, ME2-2W, ME3-2M, Mo4o2", MeS-2%, "ego2M, Me7-2", MeB-2", "g9-2", "elQ-2", "ell-2", "cl2-2",
"A1-2", "d2-2%, "d3-2", "d4-27, "d5-2", "de-2", "d7-2", "dB-2", "d9-2", "d10-2", "dll-2", "d12-2",
Helo2M, Me2 2N, Me3 oM, M4 oW Me5 2N NMag i M7 oW Mag on  Weg_ow  Me](Qopn,  Well_2", Malz_2M

"f1-2", "f2-2", "f3-2", "f4-2", "f5-2", "fe-2", "f7-2", "fg-2", "fo-2", "flo-2", "flil-2", "flz2-2",
"gl-2", "g2-2", "g3-2", "g4-2", "g5-2", "ge-2", "g7-2", "g8-2", "g9-2", "glO-2", "gll-2", "gl2-2",
"hl-2", "h2-2", "h3-2", "h4-2", "h5-2", "hé-2", "h7-2", "h8-2", "h9-2", "h10-2", "hl1l-2", "hl2-2"]
for n in range(65):
for drop in list:
setpos (drop)
walit (5)
dls ()
fimage ()
wait (5)

Appendix 3 Python script used for automated in situ DLS monitoring of a detergent screen.
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9.2. Self-Designed Screens

Screen Protein
8.2.A PPEG SIfB — JGA12
8.2.B PPEG2 SIfB — JGA12
8.2.C PPEG3 SIfB — JGA12
8.2.D PPEG7 SIfB — JGA12
8.2.E PPEGS SIfB — JGA12
8.2.F PPEG9 SIfB — JGA12
8.2.G DO_2010_006 CD81, CD82

Additive mixture Contents

AA-Mix 0.04 M histidine, 0.03 M arginine, 0.03 M proline

Alk-Mix 0.28 M tert-butanol, 0.28 M isopropanol, 0.28 M n-propanol,
0.28 M 1,3-propanediol

Anion-Mix 0.08 M NaCl, 0.04 M NaF, 0.04 M NaBr, 0.04 M Nal, 0.04 M
Nast4

Anion-Mix2 0.07 M NaBr, 0.08 M Nal

Anion-Mix3 0.05 M NaBr, 0.05 M Nal, 0.05 M NaNO3, 0.05 M sodium
tartrate, 0.05 M sodium malonate

Anion-Mix5 0.05 M NH4CI, 0.05 M NH4Br, 0.05 M NH4l, 0.05 ammonium
formate, 0.05 M ammonium tartrate, 0.05 M ammonium
acetate, 0.05 M ammonium citrate

Anion-Mix6 0.07 M NH4Br, 0.08 M NHl

Cation-Mix 0.04 M KCl, 0.02 M LiCl, 0.02 M NacCl, 0.02 M MgCly,

0.02 M CaCl,
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Custom PEG Screen: PPEG

Source
8.2.A

Stock
Cstock

Number (Destiny)

PEG2000MME PEG4000

Well

A10

Cc10
C11
C12

D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12

1 2 3 4 5 6 7,00 8,17 9 10 11
PEG1500 PEG3350 PEG8000 PEG10000 AS NaOAc pH4.75  NaCitrat pH4 Isopropanol Alk-Mix
50 50 50 50 50 50 3,00 0,25 1 100 100
Prec Cprec Vprec Source Salt Csalt Vsalt Source Buffer Cbuffer Vbuffer Source Additive
PEG2000MME 22 440 1AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8 Anion Mix
PEG2000MME 22 440 1AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9 Anion Mix
PEG1500 22 440 3 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8 Anion Mix
PEG1500 22 440 3 AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9 Anion Mix
PEG3350 22 440 4 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8 Anion Mix
PEG3350 22 440 4 AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9 Anion Mix
PEG4000 22 440 2 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8 Anion Mix
PEG4000 22 440 2 AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9 Anion Mix
PEG8000 22 440 5 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8 Anion Mix
PEG8000 22 440 5 AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9 Anion Mix
PEG10000 22 440 6 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8 Anion Mix
PEG10000 22 440 6 AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9 Anion Mix
PEG2000MME 22 440 1AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8 AA-Mix
PEG2000MME 22 440 1AS 0,22 73,33 7 NaCitrat pH4 0,1 100 9 AA-Mix
PEG1500 22 440 3 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8 AA-Mix
PEG1500 22 440 3 AS 0,22 73,33 7 NaCitrat pH4 0,1 100 9 AA-Mix
PEG3350 22 440 4 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8 AA-Mix
PEG3350 22 440 4 AS 0,22 73,33 7 NaCitrat pH4 0,1 100 9 AA-Mix
PEG4000 22 440 2 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8 AA-Mix
PEG4000 22 440 2 AS 0,22 73,33 7 NaCitrat pH4 0,1 100 9 AA-Mix
PEG8000 22 440 5 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8 AA-Mix
PEG8000 22 440 5 AS 0,22 73,33 7 NaCitrat pH4 0,1 100 9 AA-Mix
PEG10000 22 440 6 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8 AA-Mix
PEG10000 22 440 6 AS 0,22 73,33 7 NaCitrat pH4 0,1 100 9 AA-Mix
PEG2000MME 20 400 1AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8
PEG2000MME 20 400 1AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9
PEG1500 20 400 3 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8
PEG1500 20 400 3 AS 0,2 66,67 7 NaCitrat pH4 0,1 100 9
PEG3350 20 400 4 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8
PEG3350 20 400 4 AS 0,2 66,67 7 NaCitrat pH4 01" 100 9
PEG4000 20 400 2 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8
PEG4000 20 400 2 AS 0,2 66,67 7 NaCitrat pH4 01" 100 9
PEG8000 20 400 5 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8
PEG8000 20 400 5 AS 0,2 66,67 7 NaCitrat pH4 01" 100 9
PEG10000 20 400 6 AS 0,2 66,67 7 NaOAc pH4.75 0,1 400 8
PEG10000 20 400 6 AS 0,2 66,67 7 NaCitrat pH4 01" 100 9
PEG2000MME 20 400 1AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8
PEG2000MME 20 400 1AS 0,22 73,33 7 NaCitrat pH4 01" 100 9
PEG1500 20 400 3 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8
PEG1500 20 400 3 AS 0,22 73,33 7 NaCitrat pH4 01" 100 9
PEG3350 20 400 4 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8
PEG3350 20 400 4 AS 0,22 73,33 7 NaCitrat pH4 01" 100 9
PEG4000 20 400 2 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8
PEG4000 20 400 2 AS 0,22 73,33 7 NaCitrat pH4 01" 100 9
PEG8000 20 400 5 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8
PEG8000 20 400 5 AS 0,22 73,33 7 NaCitrat pH4 01" 100 9
PEG10000 20 400 6 AS 0,22 73,33 7 NaOAc pH4.75 0,1 400 8
PEG10000 20 400 6 AS 0,22 73,33 7 NaCitrat pH4 01" 100 9

12

13

Kation-Mix Anion-Mix

100

100

Cadditive  Vadditive

GO OO oaaoaoaaaoaoaaoaoaoaoaoaoaoaaoa

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

a
o
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16

Source

14,0 15,0
AA-Mix Wasser Wasser2
100,0
Vsum  Vwater

956,7 43,3
656,7 3433
956,7 43,3
656,7 3433
956,7 43,3
656,7 343,3
956,7 43,3
656,7 3433
956,7 43,3
656,7 3433
956,7 43,3
656,7  343,3
963,3 36,7
663,3  336,7
963,3 36,7
663,3 336,7
963,3 36,7
663,3  336,7
963,3 36,7
663,3 336,7
963,3 36,7
663,3  336,7
963,3 36,7
663,3 336,7
866,7 1333
566,7 4333
866,7 1333
566,7 4333
866,7 1333
566,7 4333
866,7 1333
566,7 4333
866,7 1333
566,7 4333
866,7 1333
566,7 433,3
873,3 126,7
573,3 426,7
873,3 126,7
573,3 426,7
873,3 126,7
573,3 426,7
873,3 126,7
573,3 426,7
873,3 126,7
573,3 426,7
873,3 126,7
573,3 426,7



49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

H10
H11
H12

PEG2000MME
PEG2000MME
PEG1500
PEG1500
PEG3350
PEG3350
PEG4000
PEG4000
PEG8000
PEG8000
PEG10000
PEG10000
PEG2000MME
PEG2000MME
PEG1500
PEG1500
PEG3350
PEG3350
PEG4000
PEG4000
PEG8000
PEG8000
PEG10000
PEG10000
PEG2000MME
PEG2000MME
PEG1500
PEG1500
PEG3350
PEG3350
PEG4000
PEG4000
PEG8000
PEG8000
PEG10000
PEG10000
PEG2000MME
PEG2000MME
PEG1500
PEG1500
PEG3350
PEG3350
PEG4000
PEG4000
PEG8000
PEG8000
PEG10000
PEG10000

360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240

1AS
1AS
3 AS
3 AS
4 AS
4 AS
2 AS
2 AS
5 AS
5 AS
6 AS
6 AS
1AS
1AS
3 AS
3 AS
4 AS
4 AS
2 AS
2 AS
5 AS
5 AS
6 AS
6 AS
1AS
1AS
3 AS
3 AS
4 AS
4 AS
2 AS
2 AS
5 AS
5 AS
6 AS
6 AS
1AS
1AS
3 AS
3 AS
4 AS
4 AS
2 AS
2 AS
5 AS
5 AS
6 AS
6 AS

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,22
0,22
0,22
0,22
0,22
0,22
0,22
0,22
0,22
0,22
0,22
0,22
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
73,33
73,33
73,33
73,33
73,33
73,33
73,33
73,33
73,33
73,33
73,33
73,33
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67

7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4
7 NaOAc pH4.75
7 NaCitrat pH4

100
400
100
400
100
400
100
400
100

100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100

17 Anion Mix

9 Anion Mix
17 Anion Mix

9 Anion Mix
17 Anion Mix

9 Anion Mix
17 Anion Mix

9 Anion Mix
17 Anion Mix

9 Anion Mix
17 Anion Mix

9 Anion Mix
17 AA-Mix

9 Kation-Mix
17 AA-Mix

9 Kation-Mix
17 AA-Mix

9 Kation-Mix
17 AA-Mix

9 Kation-Mix
17 AA-Mix

9 Kation-Mix
17 AA-Mix

9 Kation-Mix
17 Isoprop

9 Isoprop
17 Isoprop

9 Isoprop
17 Isoprop

9 Isoprop
17 Isoprop

9 Isoprop
17 Isoprop

9 Isoprop
17 Isoprop

9 Isoprop
17 Alk-Mix

9 Alk-Mix
17 Alk-Mix

9 Alk-Mix
17 Alk-Mix

9 Alk-Mix
17 Alk-Mix

9 Alk-Mix
17 Alk-Mix

9 Alk-Mix
17 Alk-Mix

9 Alk-Mix

100
100
100
100
100
100
100
100
100
100
100
100
100

50
100

50
100

50
100

50
100

50
100

50
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

926,7
626,7
926,7
626,7
926,7
626,7
926,7
626,7
926,7
626,7
926,7
626,7
933,3
583,3
933,3
583,3
933,3
583,3
933,3
583,3
933,3
583,3
933,3
583,3
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7
806,7
506,7

73,3
373,3

73,3
373,3

73,3
373,3

73,3
373,3

73,3
373,3

73,3
373,3

66,7
416,7

66,7
416,7

66,7
416,7

66,7
416,7

66,7
416,7

66,7
416,7
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
193,3
493,3
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Custom PEG Screen PPEG2

Source
8.2.B

Stock
Cstock

Number (Destiny)

PEG3350 PEG8000 PEG10000 AS
50 35

Well

C10
Cc11
C12

D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12

1

Prec

PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350
PEG3350

Cprec

3

35

45 11 7 8,00 9 10
NaOAc pH4.75 NaCitrat pH4 Anion-Mix1 Anion-Mix2 Anion-Mix3 Wasser
3 0,25 100 100,00 100
Vprec Source Salt Buffer

400 1AS 0,2 66,67 4 NaOAc pH4.75
400 1AS 0,2 66,67 4 NaCitrat pH4
400 1AS 0,2 66,67 4 NaOAc pH4.75
400 1AS 0,2 66,67 4 NaCitrat pH4
400 1AS 0,2 66,67 4 NaOAc pH4.75
400 1AS 0,2 66,67 4 NaCitrat pH4
400 1AS 0,18 60,00 4 NaOAc pH4.75
400 1AS 0,18 60,00 4 NaCitrat pH4
400 1AS 0,18 60,00 4 NaOAc pH4.75
400 1AS 0,18 60,00 4 NaCitrat pH4
400 1AS 0,18 60,00 4 NaOAc pH4.75
400 1AS 0,18 60,00 4 NaCitrat pH4
360 1AS 0,2 66,67 4 NaOAc pH4.75
360 1AS 0,2 66,67 4 NaCitrat pH4
360 1AS 0,2 66,67 4 NaOAc pH4.75
360 1AS 0,2 66,67 4 NaCitrat pH4
360 1AS 0,2 66,67 4 NaOAc pH4.75
360 1AS 0,2 66,67 4 NaCitrat pH4
360 1AS 0,18 60,00 4 NaOAc pH4.75
360 1AS 0,18 60,00 4 NaCitrat pH4
360 1AS 0,18 60,00 4 NaOAc pH4.75
360 1AS 0,18 60,00 4 NaCitrat pH4
360 1AS 0,18 60,00 4 NaOAc pH4.75
360 1AS 0,18 60,00 4 NaCitrat pH4
320 1AS 0,2 66,67 4 NaOAc pH4.75
320 1AS 0,2 66,67 4 NaCitrat pH4
320 1AS 0,2 66,67 4 NaOAc pH4.75
320 1AS 0,2 66,67 4 NaCitrat pH4
320 1AS 0,2 66,67 4 NaOAc pH4.75
320 1AS 0,2 66,67 4 NaCitrat pH4
320 1AS 0,18 60,00 4 NaOAc pH4.75
320 1AS 0,18 60,00 4 NaCitrat pH4
320 1AS 0,18 60,00 4 NaOAc pH4.75
320 1AS 0,18 60,00 4 NaCitrat pH4
320 1AS 0,18 60,00 4 NaOAc pH4.75
320 1AS 0,18 60,00 4 NaCitrat pH4
280 1AS 0,2 66,67 4 NaOAc pH4.75
280 1AS 0,2 66,67 4 NaCitrat pH4
280 1AS 0,2 66,67 4 NaOAc pH4.75
280 1AS 0,2 66,67 4 NaCitrat pH4
280 1AS 0,2 66,67 4 NaOAc pH4.75
280 1AS 0,2 66,67 4 NaCitrat pH4
280 1AS 0,18 60,00 4 NaOAc pH4.75
280 1AS 0,18 60,00 4 NaCitrat pH4
280 1AS 0,18 60,00 4 NaOAc pH4.75
280 1AS 0,18 60,00 4 NaCitrat pH4
280 1AS 0,18 60,00 4 NaOAc pH4.75
280 1AS 0,18 60,00 4 NaCitrat pH4

1

Wasser2

Cbuffer

0,1
0,1

Vbuffer Source Additive

r

~

~

|

~

~

~

~

~

~

~

~

~

~

~

400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100

5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3
5 Anion Mix
6 Anion Mix
5 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 3
6 Anion Mix 3

Cadditive Vadditive

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Vsum Vwater

966,67
666,67
966,67
666,67
966,67

840,00

840,00
540,00
840,00
540,00

33,33
333,33
33,33
333,33
33,33
333,33
40,00
340,00
40,00
340,00
40,00
340,00
73,33
373,33

Source

143



49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

H10
H11
H12

PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEGB8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

2 AS
2 AS
2 AS
2 AS
2AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
2 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67

4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaCitrat pH4

01"

0,1

400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100

100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100
400
100

11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3

11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3

11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3
11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3
11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3
11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3
11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3
11 Anion Mix
6 Anion Mix
11 Anion Mix 2
6 Anion Mix 2
11 Anion Mix 3
6 Anion Mix 3

70
100

70
100

70
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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993,81
723,81
993,81
723,81
993,81
723,81
995,24
695,24
995,24
695,24
995,24
666,67
966,67
666,67
966,67
666,67
966,67
666,67
938,10
638,10
938,10
638,10
938,10
638,10
995,24
695,24
995,24
695,24
995,24
695,24
966,67
666,67
966,67
666,67
966,67
666,67
938,10
638,10
938,10
638,10
938,10
638,10
909,52
609,52
909,52
609,52
909,52
609,52

6,19
276,19
6,19
276,19
6,19
276,19
4,76
304,76
4,76
304,76
4,76
333,33
33,33
333,33
33,33
333,33
33,33
333,33
61,90
361,90
61,90
361,90
61,90
361,90
4,76
304,76
4,76
304,76
4,76
304,76
33,33
333,33
33,33
333,33
33,33
333,33
61,90
361,90
61,90
361,90
61,90
361,90
90,48
390,48
90,48
390,48
90,48
390,48
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Custom PEG Screen: PPEG3

4

3

Vprec Source Salt

380
380
380
380
380
380
380
380
380
380
380
380
360
360
360
360
360
360
360
360
360
360
360
360
340
340
340
340
340
340
340
340
340
340
340
340
320
320
320
320
320
320
320
320
320
320
320

Source ", 14 2 3
Stock 82C PEG3350 PEG8000 PEG10000 AS
Cstock 50 35 35
Number (Destiny) Well Prec Cprec
1 A1 PEG3350 19
2 A2 PEG3350 19
3 A3 PEG3350 19
4 A4 PEG3350 19
5 A5 PEG3350 19
6 A6 PEG3350 19
7 A7 PEG3350 19
8 A8 PEG3350 19
9 A9 PEG3350 19
10 A10 PEG3350 19
11 A11  PEG3350 19
12 A12  PEG3350 19
13 B1 PEG3350 18
14 B2 PEG3350 18
15 B3 PEG3350 18
16 B4 PEG3350 18
17 B5 PEG3350 18
18 B6 PEG3350 18
19 B7 PEG3350 18
20 B8 PEG3350 18
21 B9 PEG3350 18
22 B10 PEG3350 18
23 B11  PEG3350 18
24 B12 PEG3350 18
25 c1 PEG3350 17
26 c2 PEG3350 17
27 C3 PEG3350 17
28 C4 PEG3350 17
29 C5 PEG3350 17
30 C6 PEG3350 17
31 Cc7 PEG3350 17
32 Cc8 PEG3350 17
33 Cc9 PEG3350 17
34 C10 PEG3350 17
35 C11  PEG3350 17
36 C12  PEG3350 17
37 D1 PEG3350 16
38 D2 PEG3350 16
39 D3 PEG3350 16
40 D4 PEG3350 16
41 D5 PEG3350 16
42 D6 PEG3350 16
43 D7 PEG3350 16
44 D8 PEG3350 16
45 D9 PEG3350 16
46 D10 PEG3350 16
47 D11 PEG3350 16
48 D12  PEG3350 16

320

5

6 7

MES pH NaCitrat pH4 Anion-Mix1

0,5

1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
1AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS
14 AS

1 100

Csalt
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

8,00
Anion-Mix2
100,00

Vsalt
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
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Anion-Mix3 Wasser
100

Buffer

4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5

Source

1

12

13

Wasser2 NaCitrat pH3 NaCitrat pH5.25

Cbuffer
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

1

Vbuffer
100
100
200
111,111111
100
100
200
111,111111
100
100
200
111, 111111
100
100
200
111,111111
100
100
200
111,111111
100
100
200
111,111111
100
100
200
111, 111111
100
100
200
111,111111
100
100
200
111,111111
100
100
200
111,111
100
100
200
111,111111
100
100
200
111, 111111

0,9

Additive
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3

Source

Cadditive Vadditive
15 150
15 150
15 150
15 150
20 200
20 200
20 200
20 200
20 200
20 200
20 200
20 200
15 150
15 150
15 150
15 150
20 200
20 200
20 200
20 200
20 200
20 200
20 200
20 200
15 150
15 150
15 150
15 150
20 200
20 200
20 200
20 200
20 200
20 200
20 200
20 200
15 150
15 150
15 150
15 150
20 200
20 200
20 200
20 200
20 200
20 200
20 200
20 200

O © O OO0 WOoOWN=NSN=NOOOOOWOMWOoOWNNSNNOOO©O©OWOOWONNNNOOOO©OWOmOOoNNN-N

Vsum Vwater Source

696,67
696,67
796,67
707,78
746,67
746,67
846,67
757,78
746,67
746,67
846,67
757,78
676,67
676,67
776,67
687,78
726,67
726,67
826,67
737,78
726,67
726,67
826,67
737,78
656,67
656,67
756,67
667,78
706,67
706,67
806,67
717,78
706,67
706,67
806,67
717,78
636,67
636,67
736,67
647,78
686,67
686,67
786,67
697,78
686,67
686,67
786,67
697,78

303,33
303,33
203,33
292,22
253,33
253,33
153,33
242,22
253,33
253,33
153,33
242,22
323,33
323,33
223,33
312,22
273,33
273,33
173,33
262,22
273,33
273,33
173,33
262,22
343,33
343,33
243,33
332,22
293,33
293,33
193,33
282,22
293,33
293,33
193,33
282,22
363,33
363,33
263,33
352,22
313,33
313,33
213,33
302,22
313,33
313,33
213,33
302,22

10



49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

G10

G11

G12
H1
H2
H3
H4
H5
H6
H7
H8

H10
H11
H12

PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG8000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

457,14
457,14
457,14
457,14
457,14
457,14
457,14
457,14
457,14
457,14
457,14
457,14
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
342,86
342,86
342,86
342,86
342,86
342,86
342,86
342,86
342,86
342,86
342,86
342,86

2AS
2 AS
2AS
2AS
2AS
2 AS
2AS
2AS
2AS
2 AS
2AS
2AS
2AS
2 AS
2 AS
2AS
2 AS
2 AS
2 AS
2AS
2AS
2AS
2 AS
2AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67
66,67

4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH86.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH86.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH86.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5
4 NaCitrat pH3
4 NaCitrat pH4
4 MES pH6.5

4 NaCitrat pH5,5

0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
111,111
100
100
200
11,1111
100
100
200
11,1111
100
100
200
111,111

12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3
12 Anion Mix
6 Anion Mix
5 Anion Mix
13 Anion Mix
12 Anion Mix 2
6 Anion Mix 2
5 Anion Mix 2
13 Anion Mix 2
12 Anion Mix 3
6 Anion Mix 3
5 Anion Mix 3
13 Anion Mix 3

150
150
150
150
200
200
200
200
200
200
200
200
150
150
150
150
200
200
200
200
200
200
200
200
150
150
150
150
200
200
200
200
200
200
200
200
150
150
150
150
200
200
200
200
200
200
200
200
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773,81
773,81
873,81
784,92
823,81
823,81
923,81
834,92
823,81
823,81
923,81
834,92
716,67
716,67
816,67
727,78
766,67
766,67
866,67
777,78
766,67
766,67
866,67
777,78
716,67
716,67
816,67
727,78
766,67
766,67
866,67
777,78
766,67
766,67
866,67
777,78
659,52
659,52
759,52
670,63
709,52
709,52
809,52
720,63
709,52
709,52
809,52
720,63

226,19
226,19
126,19
215,08
176,19
176,19

76,19
165,08
176,19
176,19

76,19
165,08
283,33
283,33
183,33
272,22
233,33
233,33
133,33
222,22
233,33
233,33
133,33
222,22
283,33
283,33
183,33
272,22
233,33
233,33
133,33
222,22
233,33
233,33
133,33
222,22
340,48
340,48
240,48
329,37
290,48
290,48
190,48
279,37
290,48
290,48
190,48
279,37
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Custom PEG Screen: PPEG7
Source

Stock 82 . D

Cstock
Vges

Number (Destiny)

Well

D12

1

50
500

2

35

Prec

PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

3,24
PEG3350 PEGB8000 PEG10000 AS

Cprec

35

4,05,12

3,0

Vprec Source
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3

0,25

6

1

Csalt

7 8,0
100 100,0
Vsalt

0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0
0,2 33,3
0,2 33,3
0,18 30,0
0,18 30,0

Source

9 10

NaOAc pH4.75 NaCitrat pH4 Anion-Mix1 Anion-Mix2 Anion-Mix3 Wasser

100

Buffer
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4

1

13

14 15

Wasser2 AmNO3 Nal NaBr

Cbuffer
0,1
0,1
0,1
0,1
0,1

5

Vbuffer
50
50
50
50
50
50

1

Source Additive
6 Anion Mix 2
6 Anion Mix 2
6 Anion Mix 2
6 Anion Mix 2
6 Nal
6 Nal
6 Nal
6 Nal
6 NaBr
6 NaBr
6 NaBr
6 NaBr
6 AnioMix5
6 AnioMix5
6 AnioMix5
6 AnioMix5
6 AnioMix6
6 AnioMix6
6 AnioMix6
6 AnioMix6
6 AmCI
6 AmCl
6 AmCl
6 AmCl
6 AmBr
6 AmBr
6 AmBr
6 AmBr
6 Aml
6 Aml
6 Aml
6 Aml
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmAc
6 AmAc
6 AmAc
6 AmAc
6 AmFor
6 AmFor
6 AmFor
6 AmFor
6 AmTar
6 AmTar
6 AmTar
6 AmTar

1

16

17

18

19

20

AnioMix5 AnioMix6 AmCI AmBr Aml

100

100

Cadditive Vadditive

50
50
50
50
50

1

1

Vsum Vwater Source

347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
347,6
347,6
344,3
344,3
307,6
307,6
304,3
304,3
347,6
347,6
344,3
344,3
322,6
322,6
319,3
319,3
347,6
347,6
344,3
344,3

1

152,38
152,38
155,71
155,71
152,38
152,38
155,71
155,71
152,38
152,38
155,71
155,71
152,38
152,38
155,71
185,71
152,38
152,38
155,71
155,71
152,38
152,38
155,71
155,71
152,38
152,38
155,71
155,71
152,38
152,38
155,71
155,71
192,38
192,38
195,71
195,71
152,38
152,38
155,71
155,71
177,38
177,38
180,71
180,71
152,38
152,38
155,71
155,71

21

22

23

AmAc AmFor AmTar

1

2

1
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49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

E1
E2
E3
E4
E5
E6
E7

E9
E10
E11
E12
F1
F2
F3
F4
F5
F6
F7
F8
Fo
F10
F11
F12
G1
G2
G3
G4
G5

G7

G8

G9
G10
G11
G12

H2
H3
H4
H5
H6
H7
H8
Ho

H10

H11

H12

PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

2143
2143
2143
2143
2143
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
2143
214,3
214,3
214,3

3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
3 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3
24 AmNO3

0,4
0,4
0,35
0,35
0,4
0,4
0,35
0,35
0,4
0,4
0,35
0,35
0,4

0,35
0,35
0,4

0,35
0,35
0,4
0,4
0,35
0,35
0,4
0,4
0,35
0,35
0,4
0,4
0,35
0,35
0,4

0,35
0,35
0,4
0,4
0,35
0,35
0,4
0,4
0,35
0,35
0,4
0,4
0,35
0,35

40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0
40,0
40,0
35,0
35,0

13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4
13 NaCitrat pH4

0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

6 Anion Mix 2
6 Anion Mix 2
6 Anion Mix 2
6 Anion Mix 2
6 Nal

6 Nal

6 Nal

6 Nal

6 NaBr

6 NaBr

6 NaBr

6 NaBr

6 AnioMix5
6 AnioMix5
6 AnioMix5
6 AnioMix5
6 AnioMix6
6 AnioMix6
6 AnioMix6
6 AnioMix6
6 AmCl

6 AmCl

6 AmCl

6 AmCl

6 AmBr

6 AmBr

6 AmBr

6 AmBr

6 Aml

6 Aml

6 Aml

6 Aml

6 AmSO4
6 AmSO4
6 AmSO4
6 AmSO4
6 AmAc

6 AmAc

6 AmAc

6 AmAc

6 AmFor

6 AmFor

6 AmFor

6 AmFor

6 AmTar

6 AmTar

6 AmTar

6 AmTar

10
10
10

0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

10

10
10

10
10

0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
16,66667
16,66667
16,66667
16,66667
50
50
50
50
25
25
25
25
50
50
50
50

354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3
354,3
354,3
349,3
349,3

321

321

316

316
354,3
354,3
349,3
349,3
329,3
329,3
324,3
324,3
354,3
354,3
349,3
349,3

145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
145,71
145,71
150,71
150,71
179,05
179,05
184,05
184,05
145,71
145,71
150,71
150,71
170,71
170,71
175,71
175,71
145,71
145,71
150,71
150,71
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Custom PEG Screen: PPEG8

Source
Stock
Cstock
Vges

8.2.E

Number (Destiny)

1
PEG3350

50

500

Well

C10
C11
C12
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
E1

2
PEGB8000
35

Prec

PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

3, 24

PEG10000
35

Cprec

4
AS
3

Vprec
2143
214,3
2143
214,3
2143
214,3
2143
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
2143
214,3
214,3
214,3
214,3
214,3

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
214,3

5,12 6 7 8,0 9 10
NaOAc pH4.75 NaCitrat pH4 Anion-Mix1 Anion-Mix2 Anion-Mix3 Wasser
1 1 100 100,0 100
Source Salt Csalt Vsalt Source Buffer
3 AS 0,2 33,3 4 NaCitrat pH4
3 AS 0,2 33,3 4 NaCitrat pH4
3 AS 0,2 33,3 4 NaCitrat pH4
3 AS 0,2 33,3 4 NaOAc pH4.75
3 AS 0,2 33,3 4 NaOAc pH4.75
3 AS 0,2 33,3 4 NaOAc pH4.75
3 AS 0,19 31,7 4 NaCitrat pH4
3 AS 0,19 31,7 4 NaCitrat pH4
3 AS 0,19 31,7 4 NaCitrat pH4
3AS 0,19 31,7 4 NaOAc pH4.75
3 AS 0,19 31,7 4 NaOAc pH4.75
3AS 0,19 31,7 4 NaOAc pH4.75
3 AS 0,18 30,0 4 NaCitrat pH4
3 AS 0,18 30,0 4 NaCitrat pH4
3 AS 0,18 30,0 4 NaCitrat pH4
3 AS 0,18 30,0 4 NaOAc pH4.75
3 AS 0,18 30,0 4 NaOAc pH4.75
3 AS 0,18 30,0 4 NaOAc pH4.75
3 AS 0,17 28,3 4 NaCitrat pH4
3AS 0,17 28,3 4 NaCitrat pH4
3 AS 0,17 28,3 4 NaCitrat pH4
3 AS 0,17 28,3 4 NaOAc pH4.75
3 AS 0,17 28,3 4 NaOAc pH4.75
3 AS 0,17 28,3 4 NaOAc pH4.75
3 AS 0,2 33,3 4 NaCitrat pH4
3 AS 0,2 33,3 4 NaCitrat pH4
3 AS 0,2 33,3 4 NaCitrat pH4
3 AS 0,2 33,3 4 NaOAc pH4.75
3 AS 0,2 33,3 4 NaOAc pH4.75
3 AS 0,2 33,3 4 NaOAc pH4.75
3 AS 0,19 31,7 4 NaCitrat pH4
3 AS 0,19 31,7 4 NaCitrat pH4
3 AS 0,19 31,7 4 NaCitrat pH4
3 AS 0,19 31,7 4 NaOAc pH4.75
3 AS 0,19 31,7 4 NaOAc pH4.75
3 AS 0,19 31,7 4 NaOAc pH4.75
3 AS 0,18 30,0 4 NaCitrat pH4
3 AS 0,18 30,0 4 NaCitrat pH4
3 AS 0,18 30,0 4 NaCitrat pH4
3 AS 0,18 30,0 4 NaOAc pH4.75
3 AS 0,18 30,0 4 NaOAc pH4.75
3AS 0,18 30,0 4 NaOAc pH4.75
3 AS 0,17 28,3 4 NaCitrat pH4
3AS 0,17 28,3 4 NaCitrat pH4
3 AS 0,17 28,3 4 NaCitrat pH4
3 AS 0,17 28,3 4 NaOAc pH4.75
3 AS 0,17 28,3 4 NaOAc pH4.75
3AS 0,17 28,3 4 NaOAc pH4.75
3 AS 0,2 33,3 4 NaCitrat pH4

1

Wasser2 AmNO3 Nal

Cbuffer
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

13

5

Vbuffer

14 15
NaBr
1 1

Source Additive
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 Aml
6 Aml
6 Aml
5 Aml
5 Aml
5 Aml
6 AmNO3

16 17 18 19 20
AnioMix5 AnioMix6 AmC| AmBr Aml
100 100 1 1 1

Cadditive Vadditive Vsum Vwater
0,1 50 20 347,6 152,38
0,15 75 20 372,6 127,38
0,2 100 20 397,6 102,38
0,1 50 20 347,6 152,38
0,15 75 20 372,6 127,38
0,2 100 20 397,6 102,38
0,1 50 20 346 154,05
0,15 75 20 371 129,05
0,2 100 20 396 104,05
0,1 50 20 346 154,05
0,15 75 20 371 129,05
0,2 100 20 396 104,05
0,1 50 20 344,3 155,71
0,15 75 20 369,3 130,71
0,2 100 20 394,3 105,71
0,1 50 20 344,3 155,71
0,15 75 20 369,3 130,71
0,2 100 20 39%4,3 105,71
0,1 50 20 342,6 157,38
0,15 75 20 367,6 132,38
0,2 100 20 392,6 107,38
0,1 50 20 342,6 157,38
0,15 75 20 367,6 132,38
0,2 100 20 392,6 107,38
0,1 50 20 333,3 166,67
0,15 75 20 358,3 141,67
0,2 100 20 383,3 116,67
0,1 50 20 333,3 166,67
0,15 75 20 358,3 141,67
0,2 100 20 383,3 116,67
0,1 50 20 331,7 168,33
0,15 75 20 356,7 143,33
0,2 100 20 381,7 118,33
0,1 50 20 331,7 168,33
0,15 75 20 356,7 143,33
0,2 100 20 381,7 118,33
0,1 50 20 330 170
0,15 75 20 355 145
0,2 100 20 380 120
0,1 50 20 330 170
0,15 75 20 355 145
0,2 100 20 380 120
0,1 50 20 328,3 171,67
0,15 75 20 353,3 146,67
0,2 100 20 378,3 121,67
0,1 50 20 328,3 171,67
0,15 75 20 353,3 146,67
0,2 100 20 378,3 121,67
0,1 10 13 307,6 192,38

21

22

23

AmAc AmFor AmTar

1

Source

2

1
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50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

F10
F11
F12
G1

G3
G4
G5

G7
G8
G9
G10
G11
G12

H2
H3
H4
H5
H6
H7
H8

H10
H11
H12

PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
2143
214,3
214,3
214,3
214,3
2143
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
214,3
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
3 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS

0,2
0,2
0,2
0,2
0,2
0,19
0,19
0,19
0,19
0,19
0,19
0,18
0,18
0,18
0,18
0,18
0,18
0,17
0,17
0,17
0,17
0,17
0,17
0,2
0,2
0,2
0,2
0,2

0,19
0,19
0,19
0,19
0,19
0,19
0,18
0,18
0,18
0,18
0,18
0,18
0,17
0,17
0,17
0,17
0,17
0,17

33,3
33,3
33,3
33,3
33,3
31,7
31,7
31,7
31,7
31,7
31,7
30,0
30,0
30,0
30,0
30,0
30,0
28,3
28,3
28,3
28,3
28,3
28,3
33,3
33,3
33,3
33,3
33,3
33,3
31,7
31,7
31,7
31,7
31,7
31,7
30,0
30,0
30,0
30,0
30,0
30,0
28,3
28,3
28,3
28,3
28,3
28,3

4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaOAc pH4.75
4 NaOAc pH4.75
4 NaOAc pH4.75

0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
5 AmNO3
5 AmNO3
5 AmNO3

0,15
0,2

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2
0,1

0,15
0,2

15
20
10

20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10

20
10
15
20
10
15
20
10

20
10
15
20
10
15
20
10
15
20

312,6
317,6
307,6
312,6
317,6

306

311

316

306

311

316
304,3
309,3
314,3
304,3
309,3
314,3
302,6
307,6
312,6
302,6
307,6
312,6
293,3
298,3
303,3
293,3
298,3
303,3
291,7
296,7
301,7
291,7
296,7
301,7

290

295

300

290

295

300
288,3
293,3
298,3
288,3
293,3
298,3

187,38
182,38
192,38
187,38
182,38
194,05
189,056
184,05
194,05
189,05
184,05
195,71
190,71
185,71
195,71
190,71
185,71
197,38
192,38
187,38
197,38
192,38
187,38
206,67
201,67
196,67
206,67
201,67
196,67
208,33
203,33
198,33
208,33
203,33
198,33

210

205

200

210

205

200
211,67
206,67
201,67
211,67
206,67
201,67
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Custom PEG Screen: PPEG9

Source
Stock
Cstock
Vges

8.2.F

Number (Destiny)

1
PEG3350

50

500

Well

9 10

100

Source Buffer
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4

23,24 45,12 6 7 8
PEG8000 PEG10000AS NaOAc pH4.75 NaCitrat pH4 Anion-Mix1 Anion-Mix2 Anion-Mix3 Wasser

35 35 3 1 1 100 100
Prec Cprec Vprec Source Salt Csalt Vsalt
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 2143 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30
PEG10000 15 214,3 3 AS 0,18 30

4 NaCitrat pH4

11

Wasser2 AmNO3 Nal

Cbuffer

13

5

14

NaBr

1

15 16

17

18 19

AnioMix5 AnioMix6 AmCl AmBr

1 100

100

Vbuffer Source Additive Cadditive Vadditive

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml
6 Aml

50
50
50
50

1 1

Cryo
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol
20 Glycerol

26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol
26 Glycerol

20
Aml
1

Cadditive

21
AmAc
1

Vadditive
113,636
113,636
113,636
113,636
136,364
136,364
136,364
136,364
153,409
153,409
153,409
153,409

113,636
113,636
113,636
113,636
147,727
147,727
147,727
147,727
170,455
170,455
170,455
170,455

22

AmFor AmTar Glycerin Kl

2

23

1

25,0

44,0

26

2

Source Vsum Vwater Source

457,9

42,1
42,1
42,1
42,1
19,4
19,4
19,4

27
KNO3
2
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PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000
PEG10000

2143
2143
214,3
214,3
214,3
214,3
2143
2143
214,3
214,3
214,3
2143
214,3
2143
2143
2143
2143
2143
2143
2143
2143
214,3
214,3
214,3
214,3
2143
2143
214,3
214,3
2143
2143
2143
2143
214,3
214,3
214,3
214,3
214,3
2143
2143
214,3
214,3
214,3
2143
214,3
2143
2143
2143

3 AS
3 AS
3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS

3 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS
24 AS

0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18

0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18
0,18

4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4
4 NaCitrat pH4

6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 AmNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3
6 KNO3

13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol
13 Glycerol

27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27 Glycerol
27
27
27
27
27
27
27
27
27
27
27
27

113,636
113,636
113,636
113,636
147,727
147,727
147,727
147,727
170,455
170,455
170,455
170,455

113,636
113,636
113,636
113,636
147,727
147,727
147,727
147,727
170,455
170,455
170,455
170,455

25
25
25
25
25
25
25
25
25
25
25
25

25
25
25
25
25
25
25
25
25
25
25
25

417,9
417,9
417,9
417,9

82,1
82,1
82,1
82,1
48,0
48,0
48,0
48,0
25,3
25,3
25,3
25,3

195,7

195,7

195,7

1957

195,7

195,7

195,7

195,7

195,7

1957

1957

195,7
67,1
67,1
67,1
67,1
33,0
33,0
33,0
33,0
10,3
10,3
10,3
10,3

180,7

180,7

180,7

180,7

180,7

180,7

180,7

180,7

180,7

180,7

180,7

180,7
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DO_2010_006

CD81/82

Lipids

20°C

19.02.2010

FOS14 (/0.5 mM in

every Reservoir (50

L)

FOS18 || 0.5 mMin

every Reservoir (50

L)

8.2.G

Reservoir: 1 mL

2

4

5

CD82 /I fil-frozen

1,6-Hexandiole 3.6M
10mM CacCl2

1,6-Hexandiole 3.8M
10mM CacCl2

1,6-Hexandiole 4M
10mM CaCl2

1,6-Hexandiole 3.6M
10mM CaCl2

1,6-Hexandiole 3.8M
10mM CaCl2

1,6-Hexandiole 4M
10mM CaCl2

38 % PEG 400 10 mM
CaCl2 4% MPD

40 % PEG 400 10 mM
CaCl2 4% MPD

42 % PEG 400 10 mM
CaCl2 4% MPD

38 % PEG 400 10 mM
CaCl2 4% MPD

40 % PEG 400 10 mM
CaCl2 4% MPD

42 % PEG 400 10 mM
CaCl2 4% MPD

CD81 /I frozen-fil

1,6-Hexandiole 3.6M
10mM CacCl2

1,6-Hexandiole 3.8M
10mM CacCl2

1,6-Hexandiole 4M
10mM CaCl2

1,6-Hexandiole 3.6M
10mM CacCl2

1,6-Hexandiole 3.8M
10mM CaCl2

1,6-Hexandiole 4M
10mM CaCl2

D

38 % PEG 400 10 mM
CaCl2 4% MPD

40 % PEG 400 10 mM
CaCl2 4% MPD

42 % PEG 400 10 mM
CaCl2 4% MPD

38 % PEG 400 10 mM
CaCl2 4% MPD

40 % PEG 400 10 mM
CaCl2 4% MPD

42 % PEG 400 10 mM
CaCl2 4% MPD

Stock:

Hexandiole 5.6 M

200 mM CacCl2

100% PEG 400

40 % MPD

10 mM FOS

1,6-Hexandioel 3.6M
10mM CaCl2

1,6-Hexandiole 3.8M
10mM CaCl2

1,6-Hexandiole 4M
10mM CaCl2

38 % PEG 400 10 mM
CaCl2 4% MPD

40 % PEG 400 10 mM
CaCl2 4% MPD

42 % PEG 400 10 mM
CaCl2 4% MPD

FOS 14

Res-solution
(3x):

1.928 mL 7M Hexandiol
150 pL CaCl2 150 pL
FOS14 772 uL Water

2.036 mL 7M Hexandiol
150 pL CaCl2 150 pL
FOS14 664uL Water

2.14 mL 7M Hexandiol
150 pL CaCl2 150 uL
FOS14 560 uL Water

1,14 mL PEG 400 150

pL CaCl2 150uL FOS14

300 yL MPD 1,260 mL
Water

1.2 mL PEG 400 150 yL
CaCl2 150uL FOS14
300 yL MPD 1.2 mL

Water

1.26 mL PEG 400 150
uL CaCl2 150uL FOS14
300 uL MPD 1,160 mL
Water

FOS 18

Res-solution
(3x):

1.928 mL 7M Hexandiol
150 yL CaCl2 150 uL
FOS18 772 uL Water

2.036 mL 7M Hexandiol
150 yL CaCl2 150 uL
FOS18 664uL Water

2.14 mL 7M Hexandiol
150 uL CaCl2 150 uL
FOS18 560 pL Water

1,14 mL PEG 400 150

uL CaCl2 150uL FOS18

300 uL MPD 1,260 mL
Water

1.2 mL PEG 400 150 uL
CaCl2 150uL FOS18
300 pL MPD 1.2 mL

Water

1.26 mL PEG 400 150
uL CaClI2 150uL FOS18
300 pL MPD 1,160 mL

Water
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10. Instrumentation and Chemicals

10.1. Instrumentation

Beamlines

a) X12, EMBL, HASYLAB, DESY, Hamburg

Synchrotron source Bending magnet

Wavelength 0.7 — 2.1 A

Focal spot 2 mm x 0.4 mm (varies with energy)
Detector MARMosaic, 225 mm

b) X13, consortiums beamline, HASYLAB, DESY,

Hamburg:

Synchrotron source Bending magnet
Wavelength 0.81 A

Focal spot 2 mm x 0.4 mm

Detector MARCCD 165 mm

c) X33, SAXS beamline, EMBL, HASYLAB, DESY,

Hamburg

Synchrotron source  DORIS bending magnet
Wavelength 1.5 A

Focal spot 2 mm x 0.6 mm

Large automated sample changer

Detectors Photon counting Pilatus 1M-W pixel
detector; Photon counting Pilatus 300K-W pixel
detector; Mar345 image plate (345 mm?)

Centrifuges

a) Centrifuge 5804R (Eppendorf, Germany)

b) Centrifuge 5415R (Eppendorf, Germany)

c) Centrikon T-1065 (Kontron, Germany)
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Crystallization robots

DLS instrumentation

Imaging

Incubator

Microbalance

pH Meter
Photospectrometry
| Absorption
Spectroscopy
Pipetting robots
SDS-PAGE

UV-light source

a) Honeybee 961 (Genomic Solutions, USA)

b) IMPAX (Douglas Instruments, UK)

a) SpectroSIZE 300 (Nabitec, Germany)

b) SpectroLIGHT 500 (Nabitec, Germany)

a) CrystalScore (Diversified Scientific, USA)

b) Microscope SZX12 with camera DP10 (both
Olympus, Japan)

Crystallization experiments at 4°C and 20°C were stored

in RUMED 3001 (Rubarth, Germany) incubators

Sartorius CP224S-OCE (Sartorius, Germany)

Five Easy FE20 (Mettler-Toledo, Switzerland

Nanodrop 2000c (ThermoScientific, Peqlab, Germany)

Lissy (Zinsser, Germany)
Consort EV265

CrystalLIGHT 100 (Nabitec, Germany)
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10.2. Chemicals and Formulations

10.2.1. Chemicals Used (Including GHS Classification and Hazard

and Precautionary Statements)

Compound CAS-No. Supplier | GHS Hazard Precautionary
hazard | Statements Statements
(NH,).SO, 7283-20-2 Carl Roth | - - -
1,3-Propanediol | 504-63-2 Merck - - -
1,6-Hexanediol 629-11-8 Merck - - -
1-Propanol 71-23-8 Carl Roth | GHS02 | H225, H318, P210, P233,
GHSO05 | H336 P305+351+338
GHSO07
Acetic acid 64-19-7 Chem- GHS02 | H226, H314 P280,
solute GHSO05 P305+351+338,
P310
Acrylamide 30% | 79-06-1 Carl Roth | GHS06 | H301, H312, P201, P280,
GHS08 | H316, H317, P301+310,
H319, H332, P305+351+338,
H340, H350, P308+313
H361f, H372
APS 7727-54-0 Carl Roth | GHS03 | H272, H302, P280,
GHSO07 | H315, H317, P305+351+338,
GHS08 | H319, H334; P302+352,
H335 P304+341,
P342+311
Arginine 74-79-3 Fluka - - -
BacCl, 10361-37-2 | Merck GHS06 | H301, H332 P301+310
Bromphenol 115-39-9 Applichem | - - -
blue
CacCl, 10043-52-4 | Merck GHS07 | H319 P305+351+338
CaOAc 5743-26-0 Merck GHS07 | H315, H319, P261,
H335 P305+351+338
CdCl, 10108-64-2 | Sigma GHS06 | H350, H340, P201, P260,
GHS08 | H360FD, P273, P284,
GHS09 | H330, H301, P301+310, P310
H372, H410
CHEMS 102601-49- | Anatrace - - -
0
Citric acid 77-92-9 Sigma GHSO05 | H318 P305+351+338,
P311
CuSO, 7758-98-7 Merck GHS07 | H302, H315, P273,
GHS09 | H319, H410 P305+351+338,
P302+352
D-mannose 3458-28-4 Carl Roth | - - -
DTT 3483-12-3 Applichem | GHS07 | H302, H315, P302+352,
H319, H335 P305+351+338
EDTA 60-00-4 Sigma GHS07 | H319 P305+351+338
Ethanol 64-17-5 Carl Roth | GHS02 | H225 P210
Ethylene glycol | 107-21-1 Merck GHS07 | H302 -
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Compound CAS-No. Supplier | GHS Hazard Precautionary
hazard | Statements | Statements
FOS14 77733-28-9 | Anatrace | GHS07 | H302+312+32 | P260, P280,
2 P305
FOS18 65956-63-0 | Anatrace | GHS07 | H302+312+32 | P260, P280,
2 P305
Galactose 59-23-4 Sigma - - -
Glutathione 70-18-8 Carl Roth | - - -
Glycerol 56-81-5 Sigma - - -
Glycine 56-40-6 Applichem | - - -
Hepes 7365-45-9 Sigma - - -
Aldrich
Histidine 71-00-1 Sigma - - -
Hydrochloric 7647-01-0 Merck GHS05 | H314, H335 P261, P280,
acid >25 % GHSO07 P310,
P305+351+338
Isopropanol 67-63-0 Carl Roth | GHS02 | H225, H319, P210, P233,
GHS07 | H336 P305+351+338
KCI 7447-40-7 | Carl Roth | - - -
Li,SO, 10102-25-7 | Merck GHS07 | H302 -
LiCl 7447-41-8 Merck GHS07 | H302; H315, P302+352,
H319, H335 P305+351+338
Mg(HCOO), 6150-82-9 Fluka - - -
MgCl, 7786-30-3 Carl Roth | - - -
MgOAc 16674-78-5 | Merck - - -
MgSO, 7487-88-9 Merck - - -
MO 111-03-5 Sigma - - -
Mops 1132-61-2 | Serva GHS07 | H315, H319, P261,
H335 P305+351+338
MPD 107-41-5 Carl Roth | GHS07 | H315, H319 -
NaBr 7647-15-6 Merck - - -
NaCl 7647-14-5 | Carl Roth | - - -
NaF 7681-49-4 Merck GHS06 | EUHO032, P264, P280,
H301, H315, P301+310
H319
Nal 7681-82-5 | Applichem | GHS07 | H315, H318 P264, P280,
P302+P352,
P305+351+338,
P321,
P332+P313,
P362
NaNO; 7631-99-4 Merck GHS03 | H302, H315, P220, P261,
GHS07 | H319, H335 P305+351+338
NaOAc 127-09-3 Applichem | - - -
NaOH 1310-73-2 Merck GHSO05 | H314 P280, P310,
P305+351+338
NH,Br 12124-97-9 | Applichem | - - -
NH,l 12027-06-4 | Sigma GHS07 | H315, H319, P261,
H335 P305+351+338
NH;NO; 6484-52-2 | Applichem | GHS03 | H315, H319, P220, P261,
GHS07 | H335 P305+351+338
NH,OAc 631-61-8 Applichem | - - -
Paraffin 8002-74-2 Applichem | - - -
PEG 10000 25322-68-3 | Merck - - -
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Compound CAS-No. Supplier | GHS Hazard Precautionary
hazard | Statements Statements
PEG 1500 25322-68-3 | Fluka - - -
PEG 2000 MME | 25322-68-3 | Fluka - - -
PEG 300 25322-68-3 | Applichem | - - -
PEG 3350 25322-68-3 | Sigma - - -
PEG 400 25322-68-3 | Sigma - - -
PEG 4000 25322-68-3 | Merck - - -
PEG 8000 25322-68-3 | Sigma - - -
Proline 147-85-3 Sigma - - -
SDS 151-21-3 Sigma GHS02 | H228, H302, P210, P261,
GHS06 | H311, H315, P280, P312,
H319, H335 P305+351+338
Sodium citrate 6132-05-4 Sigma - - -
Sodium 141-95-7 Sigma - - -
malonate
Sodium tartrate | 868-18-8 Applichem | - - -
SrCl, 10476-85-4 | Merck GHS05 | H315, H318, P261, P280,
GHSO07 | H335 P305+351+338
TEMED 110-18-9 Merck GHS02 | H225, H302, P261, P280,
GHS05 | H314, H332 P305+351+338
GHS07
tert-Butanol 75-65-0 AppliChe | GHS02 | H225, H319, P210,
m GHS07 | H332, H335 P305+351+338,
P403+233
Tris 1185-53-1 Fluka GHS07 | H315, H319, P261
H335 P305+351+338
ZnS0O, 7446-20-0 Aldrich GHSO05 | H302, H318, P273, P280,
GHS07 | H410 P501
GHSO09 P305+351+338
B-OG 29836-26-8 | Carl Roth | - - -
10.2.2. Formulations and Buffers
10.2.2.1. Commercial Protein Screens and Kits
Name Supplier Risk Risk phrases Safety
label phrases
PCT Hampton - - -
pH Screen Hampton Xn R38, R20/21/22 S26, S46,
S24/25
Floppy Choppy | Jena Bio C, Xn, Xi | R35, R41, R42, S22, S26, S45,
Science R36/37/38 S24/25,
S36/37/39:
Macrosol Molecular T,N R10, R45, R46, R60, S20, S26, S45,
Dimensions R61, R25, R36/37/38, | S53, S61,
R48/20/22, R51/53 S36/37/39
Morpheus Molecular T,N R10, R45, R46, R60, S20, S26, S45,
Dimensions R61, R63, R23/25, S53, S61,
R36/37/38, R48/20/22, | S36/37/39
R51/53
PACT premier Molecular T R23/25, R52/53 S20, S36, S45,
Dimensions S61
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Name Supplier Risk Risk phrases Safety
label phrases
PGA Screen Molecular Xn R20, R21, R22 S20, S26, S46,
Dimensions S24/25
Stura/ Molecular T,N R10, R45, R46, R60, S20, S26, S45,
Footprint* Dimensions R61, R25, R36/37/38, | S53, S61,
R48/20/22, R51/53 S36/37/39
AmSO04 Suite Qiagen T+ N R10, R25, R26, R45, | S45, S53, S61,
R46, R60, R61, S36/37.
R48/23/25, R51/53
Anions Suite Qiagen Xn, O R8, R22, R36 S15, S16, S26,
S36/37/39
Classic Suite Qiagen T,N R10, R45, R46, R60, | S20, S26, S45,
R61, R23/25, S53, S36/37/39.
R36/37/38, R48/20/22, | ,
R51/53
ComPAS Suite | Qiagen T R10, R45, R23/24/25, | S13, S26, S45,
R36/38, R39/23/24/25, | S53, S61,
R51/53 S36/37/39.
Cryos Suite Qiagen T,N R10, R45, R46, R60, S20, S26, S45,
R61, R23/25, S53, S61,
R36/37/38, R48/20/22, | S36/37/39.
R51/53
JCSG+ Suite Qiagen T,N R10, R21, R41, R45, | S13, S20, S26,
R23/25, R37/38, S45, S53,
R51/53 S36/37/39
MbClass Il Qiagen N R51/53 S61
Suite
MbClass Suite | Qiagen N, Xi R10, R36/38, R51/53 | S26, S61
MPD Suite Qiagen T,N R10, R22, R23, R43, | S26, S45, S53,
R45, R46, R60, R61, | S61, S36/37
R36/38, R48/20/22,
R51/53
pH Clear Suite | Qiagen Xi R10, R36 S26
pH Clear Il Qiagen Xi R36/38 S26
suite
10.2.2.2. Buffers, Formulations and SDS-PAGE

If not stated differently buffer pH was adjusted by titration against 1 M NaOH
or 1 M HCI solutions. For NaOAc/HOAc-buffer pH was adjusted by addition of acetic
acid to avoid contamination with CI'. For 100 mL of 250 mM buffer 56.5 mL NaOAc
solution (250 mM) was mixed with 10.9 mL acetic acid (1 M) and water was added to
100 mL.

Concentrations of solutions are always in relation to the final volume, e.g. for a
50 % (w/v) solution of PEG, 50 g of the respective PEG were dissolved in water and
then water was added to a total volume of 100 mL.
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Protein concentration was estimated before every experiment by analysis of
the absorption at a wavelength of 280 nm applying a Nanodrop 2000c (Fisher
Scientific, Peqglab, Germany)

A 7% SDS-PAGE was prepared by mixing (in that particular order) 5 mL
water, 2.5 mL buffer (1.5 M Tris, pH 8.8), 100 yL SDS solution (10 % (w/v) in water),
2.31 mL acrylamide (30 % solution), 10 yL TEMED and 50 yL APS (15 % (w/v)
solution in water). The stacking gel (4%) was prepared by mixing 6.1 mL water, 2.5
mL buffer (0.5 M Tris, pH 6.8), 100 yL SDS solution (10 % (w/v) in water), 1.3 mL
acrylamide (30 % solution), 10 yL TEMED and 50 pL APS (15 % (w/v) solution in
water). Protein bands were stained with Coomassie blue solution (250 mL
isopropanol, 100 mL acetic acid, 1 g Coomassie blue, 1000 mL water) and destained
in 16.7 % (v/v) acetic acid. For the estimation of molecular mass protein weight
marker SM0431 (Fermentas, Germany) was used.

Unless stated else, water was deionized by a SG ion exchange (Omnilab,
Germany) system prior to use.

10.2.3. GHS and Risk Symbols and Information about Hazard-, Risk-,

Safety- and Precaution- Statements

PHOODPE

GHS02 GHSO03 GHSO05 GHSO06 GHSO07 GHSO08 GHSO09

Figure 84: GHS pictograms (source: http://www.unece.org/trans/danger/publi/ghs/pictograms.htmil).

GHS Hazard Statements

EUH032 Contact with acids liberates very toxic gas
H 225 Highly flammable liquid and vapour

H 226 Flammable liquid and vapour

H 228 Flammable solid

H 272 May intensify fire; oxidizer

H 301 Toxic if swallowed

H 302 Harmful if swallowed

H 311 Toxic in contact with skin

H 312 Harmful in contact with skin

H 314 Causes severe skin burns and eye damage
H 315 Causes skin irritation

H 316 Causes mild skin irritation

H 317 May cause an allergic skin reaction
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GHS Hazard Statements

H 318 Causes serious eye damage

H 319 Causes serious eye irritation

H 330 Fatal if inhaled

H 332 Harmful if inhaled

H 334 May cause allergy or asthma symptoms or breathing difficulties if inhaled
H 335 May cause respiratory irritation

H 336 May cause drowsiness or dizziness

H 340 May cause genetic defects

H 350 May cause cancer

H 360 May damage fertility or the unborn child

H 361 Suspected of damaging fertility or the unborn child

H 372 Causes damage to organs through prolonged or repeated exposure
H 410 Very toxic to aquatic life with long lasting effects

GHS Precautionary Statements

P201 Obtain special instructions before use

P210 Keep away from heat/sparks/open flames/hot surfaces — No smoking

P233 Keep container tightly closed

P260 Do not breathe dust/fume/gas/mist/vapors/spray

P261 Avoid breathing dust/fume/gas/mist/vapors/spray

P264 Wash ... thoroughly after handling

P273 Avoid release to the environment

P280 Wear protective gloves/protective clothing/eye protection/face protection

P284 Wear respiratory protection

P310 Immediately call a POISON CENTER or doctor/physician

P311 Call a POISON CENTER or doctor/physician

P321 Specific treatment (see respective MSDS)

P362 Take off contaminated clothing and wash before reuse

P301+310 IF SWALLOWED: Immediately call a POISON CENTER or
doctor/physician

P308+313 IF exposed or concerned: Get medical advice/attention

P403+233 Store in a well-ventilated place. Keep container tightly closed

P304+341 IF INHALED: If breathing is difficult, remove victim to fresh air and keep
at rest in a position comfortable for breathing

P332+313 If skin irritation occurs: Get medical advice/attention

P342+311 Call a POISON CENTER or doctor/physician

P302+352 IF ON SKIN: Wash with soap and water

P305+351+338 | IF IN EYES: Rinse cautiously with water for several minutes. Remove

contact lenses if present and easy to do — continue rinsing
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Oxidizing

o (o T Xi N

Corrosive Toxic Irritant Hazardous to the
environment
T+ Xn
Very Toxic Harmful

Figure 85: Hazard symbols for formulations and respective risk labels (Source:
http://de.wikipedia.org/wiki/Gefahrensymbol).

Risk Statements

R8 Contact with combustible material

R10 May cause fire

R20 Flammable

R21 Harmful by inhalation

R22 Harmful in contact with skin

R25 Harmful if swallowed

R35 Toxic if swallowed

R36 Causes severe burns

R38 Irritating to eyeslrritating to skin

R41 Risk of serious damage to eyes

R42 May cause sensitisation by inhalation

R43 May cause sensitisation by skin contact

R45 May cause cancer

R46 May cause heritable genetic damage

R60 May impair fertility

R61 May cause harm to the unborn child

R39/23/24/25 Toxic: danger of very serious irreversible effects through inhalation, in
contact with skin and if swallowed

R36/37/38 Irritating to eyes, respiratory system and skin

R23/24/25 Toxic by inhalation, in contact with skin and if swallowed

R20/21/22 Harmful by inhalation, in contact with skin and if swallowed

R48/20/22 Harmful: danger of serious damage to health by prolonged exposure
through inhalation and if swallowed

R23/25 Toxic by inhalation and if swallowed

R36/38 Irritating to eyes and skin

R51/53 Toxic to aquatic organisms, may cause long-term adverse effects in the
aquatic environment

R37/38 Irritating to respiratory system and skin

Safetey Statements

S$13 Keep away from food, drink and animal foodstuffs

S15 Keep away from heat

S16 Keep away from sources of ignition - No smoking

S20 When using do not eat or drink. Do not breathe dust

S22 In case of contact with eyes, rinse immediately with plenty of water and
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Safetey Statements

seek medical advice

S26 In case of accident or if you feel unwell seek medical advice
immediately (show the label where possible).

S45 If swallowed, seek medical advice immediately and show this container
or label

S46 Avoid exposure - obtain special instructions before use

S53 Avoid release to the environment

S61 Refer to special instructions/safety data sheet

S$24/25 Avoid contact with skin and eyes

S$36/37 Wear suitable protective clothing and gloves

S36/37/39 Wear suitable protective clothing, gloves and eye/face protection
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