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Vorführender
Präsentationsnotizen
Many thanks to the organizers for the very kind invitation in this very very nice town. This gives us the opportunity to present our work in proteomic sample preparation.
Here you see our institute in the centre of Jena. 
Always, the town shows a lot of construction sites as you can see here in front of our institute and here with the truck crane.
Thus, Jena is – like others - a continuously changing town. 
Every change in the “concretome” and “residentome” theoretically may be observed from the top of this high tower, day by day or state by state. 
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Proteomic biomarker search requires both comprehensiveness (avoiding
depletion) and high resolution/sensitivity ...

sample control
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Vorführender
Präsentationsnotizen
Well, this is like a proteomic study. From here in principle every alteration between sample and control should be identified. From the Landmark-Tower this would be a more complex task.
Nevertheless, an identification of an unknown variation without any hypothesis needs both, comprehensiveness – by going round the deck- and resolution, let say taking good glasses or a telescope. 
And additionally huge time and patience is required.
To spend time, one may decide to exclude - or deplete – something -  like big, old and well known buildings – such as our institute here – and by doing this one may fail and loss this difference.
With insufficient glasses - one may also overlook valuable biomarkers - like these inhabitants.
Thus, inferred from these two risky examples, it seems better to scan the whole system – concretome, residentome or even proteome - with high resolution and sensitivity. 
Generally, it is a quite contradictory task to be highly comprehensive and sensitive at the same time. 
Nevertheless, biomarker search is such a task - that should not fail or overlook anything. 
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High comprehensiveness requires a lot of time and labour with many
opportunities to fail...

...due to insufficiant precision and coverage
...due to the heterogeniety of methods

...due to unreasonable demands

...like with depletion, enrichments,
labelling, medium exchange, 2D-PAGE,

modifications, concentration, denaturation,

digest...

CVs of liquid handling = pipetting: 1-3% H. Rhode et al. J. Biomol. Screening, 2004, 9, 726
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Vorführender
Präsentationsnotizen
Usually, proteomic sample preparation is very laborious, comparable to the task of Cindarella. 
Each single step of a workflow is characterized by its own imprecision and recovery. 
Such steps may be performed simply by liquid handling – like here … -with usually good precision and coefficients of variation in the range of 1-3 %, even with much lower volumes than here. 
Unfortunately, complete separation procedures need countless preparation steps and various different methods. 
For example: Depletion or labelling require more than one step as well as medium exchange, 2D-gel-electrophoresis, modification, denaturation, digest and so on. 
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High resolution needs high precision and smart separation,
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and a lot of preparation steps with many opportunities to deviate...

Kriiger et al.,
Anal. Chim. Acta, 2013, 776, 1
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Vorführender
Präsentationsnotizen
Some levels of imprecision are known from literature. Mostly, they are much higher than with liquid handling alone and are in the range of 10-15%. 
Each deviation of the respective preceding step will be carried to the next. 
Thus, with respect to the law of error propagation we assessed mathematically the probable deviations of a final result. This was done applying 15-20 steps and a few imprecision levels. 
In this example a constant error is assumed occurring in the same direction over 15 preparation steps. These curves illustrate the worst case. Nevertheless, they show the realistic probability of a deviation by up to 4 to 8-fold - caused alone by experimental imprecision and not by differences of the sample composition. Thus, depending on the direction of the underlying deviation - a false-positive or –negative result may be produced. 
Final bias of still of up to two-fold shows a higher probability. This was estimated when a more stochastic distribution of errors is assumed. This has been shown in this paper.
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Comprehensiveness may be achieved by chromatographic distribution
applying multidimensional native chromatography

without any depletion and without loss of any sample constituent

Native fractionation of proteins:

\{) 1D: Size exclusion chromatography (SEC)
0 2D: Anion exchange chromatography (AEC)
3D: Lectin affinity chromatography (LAC)

Q3
933

Pre-analytic fractionation of tryptic peptides:

4D: LC-ESI-MS/MS

Kreusch et al.,
J. Chromatogr. B, 2008, 875, 567
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Vorführender
Präsentationsnotizen
Some years ago, having all the mentioned preconditions in mind, we have selected a method combination that potentially meets all requirements just mentioned: 
high proteome coverage, sensitivity and -  high precision. 
Comprehensiveness is realized by distribution or sorting. 
In general, under non-denaturating conditions the entire sample content may be preserved and no constituent is excluded or lost. 
High precision should be obtained by simple precise methods. 
In combination with parallelization and automation precision could be maximized.
 
Therefore, we choose a method combining three classical, non-denaturating separation principles. 
With all these separation procedures solely liquid handling is required.
The first, size exclusion chromatography, is of the highest capacity and is scalable to sample size and to the expected range of molecular weights.
These subsequent steps - AE and LAC - are adapted to blood plasma – in principle and size.  
And, all fractions of the respective preceding step may be processed further. 
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Challenges:

How to prepare/analyse thousands of sub-fractions
with high throughput and high reproducibility?

medium exchange
nhative SEC — AEC
LAC — digest, mass spectrometry

modifications — digest, mass spectrometry

determination of protein concentration S. Kreusch et al. Anal. Biochem., 2003, 313, 208
digest
suitable micro columns A. Horn et al. Proteomics, 2006, 6, 559

S. Kreusch et al. J. Chromatogr. B, 2008, 875, 567

mixing of small volumes E. Mitre et al. J. Biomol. Screening , 2007, 12, 361
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Vorführender
Präsentationsnotizen
Nevertheless, the devil is in the details: 
- Native SE is not compatible with AEC, high sugar concentrations after lectin affinity chromatography not with digest and mass spectrometry.
- After distribution - determination of protein concentration and tryptic digest has to be performed in thousands of subfractions within short time.
- suitable micro-columns were not available commercially and 
- last but not least, examination of the expected thousands of data sets are not very comfortable. 
All these challenges have been dealt with.
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High comprehensiveness and precision requires a lot of labour and
time with many opportunities to fail...

...that requires help.
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Vorführender
Präsentationsnotizen
Consequently, there was a lot of work. We needed help and had to look for help.
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-
Maximum precision by parallelization
and maximum throughput
by automation
using —
microplates |

for

sample fractionation
sample preparation
analytics

storage
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Vorführender
Präsentationsnotizen
As with other established analyses, parallelization and high throughput may be realized with microplates. With this format available equipment and disposables may be applied. 
In proteomics in principle, microplates are easily applicable for fractionation, preparation, as well as for analytics and storage.
 
Nevertheless, at the time of our beginning, about 10 years ago, there was no experience and many gaps of required tools. 
Thus, we decided to develop these missing tools as well as an automated workstation. 
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1D - Size exclusion chromatography

serial
defines scale
output into microplates
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Vorführender
Präsentationsnotizen
Here you see the priciple of our first fractionation step, size exclusion chromatography that produces 96 fractions in microplate wells. 
Each fraction contains native sample constituents of a narrow range of native molecular weights. 
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Process characteristics - overview

1D-SEC 2D-AEC 3D-LAC

one column array of 96 columns (c) array of up to 96 columns

input: 2-100 mg [N input: up to 1.5 mg/c input: ~50 pg/c

output: 96 fractions (f) “/ output: 43 fractions/1D f output: 4 fractions /2D f

1 (deep-well) microplate = 4128 fractions 1 microplate (384)/24 2D f
= 11 microplates (384)

0.05-1 ml per fraction 105 pl per fraction 105 ul per fraction
Storage in microplates at -80° C ﬂ

native molecular weights relative net charge primary glycanes

enzyme activities enzyme activities

immunoreactivities immunoreactivities protein annotation/ID

some modifications and some modifications and

metabolites metabolites protein quantitation

Information - overview
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Vorführender
Präsentationsnotizen
For different sample types and amounts the first step is scalable from 2 to more than 100 mgs of protein. We start with - more or less - one ml blood plasma or nearly 100 mg.
In principle, various types and scales may be selected for subsequent steps. 
For samples of blood plasma and CSF we have selected and optimized AE and LAC of the characteristics given here.
Since all 96 1D-fraction are separated into 43 fractions each, after AEC more than 4000 fractions are produced. These fill the wells of 11 microplates. 
Among them are such fractions with moderate complexity that are already suitable for mass spectrometry, such that are practically empty and such with still high content that need further separation by LAC.
All fractions may be stored, immediately processed further or analyzed.
The location of a finally identified constituent within the produced tree-dimensional distribution space preservers many information, such as native molecular weight, on charge and on primary glycane content. 
 
Besides mass spectrometry, various analyses may be performed with the majority of fractions– such as versatile spectrophotometric readout, enzyme- or immuneassays – that yield additional information of some modifications, associated metabolites, as well as biological activities.
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Tools for
parallel
chromatography

2D-AEC

100 pl
Toyopearl DEAE-650M

3D-LAC

70 ul
ConA- or WGA-modified Toyopearl AF-Tresyl 650M
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Vorführender
Präsentationsnotizen
Here you see our column arrays that are developed and manufactured in our lab using cartridges and pipet tips.
Resin type, amount and geometry are adapted to process requirements – with a fast flow through under AE and a moderate flow with affinity chromatography on lectin columns.
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simultaneous transfer and
chromatography
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Vorführender
Präsentationsnotizen
The advantage of the microplate format becomes prominent with such steps that require parallel preparation with high reproducibility. 
Here the 1D-fractions are transferred to AE-columns.
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Tools for parallel medium exchange
@scienova’

create compatibility during fractionation,
to digestion, and to mass spectrometry

Central scientific workshop Rhode et al., W0002008106960, Maischak
et al., Anal. Biochem., 2012, 424, 184
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Vorführender
Präsentationsnotizen
To generate compatibility with subsequent steps, medium exchange has to be performed several times along the workflow – again precisely and with high throughput with the huge numbers of sub-fractions. This is performed simply by dialysis.
Hence, we developed two variants of suitable tools adapted to fraction number, - volume, molecular weight of constituents, and processing time required. 
The left variant is a simple plate with 96 bores of about 500 µl volume that is adapted for lowering ionic strength of 1D-fractions before AEC. 
The right variant enables the processing of lower volumes. This variant is applied to the removal of reagents and desalting before digest and mass spectrometry.
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Automated workstation for parallel chromatography
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Vorführender
Präsentationsnotizen
Here an overview of the current automated workstation is shown which was developed by CyBio in Jena. This workstation consists of
two liquid handlers –here and here…
a refrigerator
a robot that moves all necessary tools and disposables
reservoirs for microplates, pipet tips and elution solvents
a reader, which is integrated
and an IT unit for process control, data processing and data storage.
The robot, the reader and the liquid handlers are controlled by the Software “CyBio composer” developed by CyBio—.
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Time scale:
1 day: 1D-SEC, 4 samples, serial
1 day: 2D-AEC, 4 samples, paraliel
~1 day: 3D-LAC, 10-30 fractions per sample, parallel
~10 days: digest, 96 fractions per day, parallel
~8 weeks: mass spectrometry, 96 fractions per week, serial

some weeks: final data analysis
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Vorführender
Präsentationsnotizen
Thus, we are able to process up to four samples until the second dimension- within two days. 
The third dimension needs additional time depending on the actual number of fractions. 
Thereafter digest and mass spectrometry follows --- 
And as you may imagine, no longer sample preparation - but this , mass spectrometry -is now the bottleneck of the workflow, ….
In principle - we need now a 96-fold mass spectrometric facility.
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Software package “Biomarker Analyzer”
for
process control and analytics:

Biomarker Analyzer

. Automatic Comparison of
Sample Comparison
. & manual sample-related
master data of fraction .
. selection of results &
maintenance related data

fractions biomarker-search

Sample inventory

Database of LloaIdg
labware and measured data calculation

AN

Automatic push and pull interfaces

Biomedical
Data warehouse

UV data Protein|data mperatures ect.
f nr Ve VI )
! tro- I M I Laborator I . I
) Spectro ¥ ass L boratory 11 Automated workstation |
" photometer 1| Spectrometer L stores L |
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Vorführender
Präsentationsnotizen
The whole process control including mining of several data types, such as from different readouts and labware, comparison and selection of fractions, comprehensive data analysis, and visualization is supported by the newly developed software package “Biomarker Analyzer”, supplied by X-CASE. 
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Precision of 1D-fractionation:
mean and SD of protein concentrations of 1D-fractions
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Vorführender
Präsentationsnotizen
Now I would like to show you some results:
Here the native elution profile of plasma proteins is shown after the first separation by SE as well as the calibration curve. As you can see –under native conditions, the majority of the entire proteome elutes in a few HMW fractions, irrespective of the molecular weight of single constituents. 
These fractions contain many lipoproteins, these immunoglobulines, and these albumin.
After 16 identical runs the means and standard deviations – antennas - of protein content of each fraction are shown here. You may realize – precision is very good as well as recovery with practically 100%. 
Without exception, all these fractions were further separated.
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Vorführender
Präsentationsnotizen
This is a picture on all 4128 fractions after the second step. 
It looks like a 2D-PAGE. But it is not so. 
These are protein concentrations in microplate wells indicated by measured values and a color code for better visualization.
In this direction proteins are sorted according their molecular weight, upper part with high, lower part with low molecular weight. In this direction proteins are sorted with increasing net charge. 
The fractions of four such rows are collected within one microplate.
These traces don´t indicate intrinsic plasma proteins. Rather, they indicate supplemented proteins, used as standards for quality control.
These red high-content fractions contain immuneglobulins, transferrin and albumin and only these are further fractionated.
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Precision of 2D-fractionation:
mean and SD of CV of 2D-fractions
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Vorführender
Präsentationsnotizen
Here you see an approach to visualize the precision of several hundreds of  fractions -  of those with considerable protein content. 
After repeated separation of an identical sample – in this case up to 14 times- coefficients of variation for each homologeous fraction or location have been calculated. 
The fractions have been sorted and grouped according their protein content – and not according their location. 
Means and standard deviation of CVs of these groups are shown here.
 
Thus, as indicated by the dark blue columns CV-values of 10% and better could be achieved within one series on one day and using all automation facilities presented and UV-measurements of protein concentration. 
Although processing on different days produce much higher imprecision – yet, the majority of CV values is well below 40%.
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Precision
of mass spec analysis
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Vorführender
Präsentationsnotizen
Mass spectrometric analyses show qualitatively good alignments – here - of two selected fractions that have been prepared accordingly 14 times …
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Vorführender
Präsentationsnotizen
..and they show imprecisions similar to the spectrophotometric readout 
regarding numbers of identified proteins and signal intensities.
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Identified non-redundant proteins:

21 peptide 2 2 peptides

806 1858 227 385

N

502 204

\ 3166 816 human plasma (two sampley
1370 408 human CSF (two pools)
1151 262 bovine plasma (one sample)
1044 218 goat plasma (one sample)
378 111 mouse serum (one pool)
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Vorführender
Präsentationsnotizen
With various sample types and amounts the following yield of identified proteins could be attained recently. Now we apply a LTQ Orbitrap Discovery equipped with an UHPLC. 
 
For human plasma samples the counts are in the range of those obtained by the various human plasma proteome projects. 
With the other samples high but quite different numbers were obtained. 
Here some influencing factors have to be considered such as the low protein content of CSF, the current low number of data base entries in case of ruminants, and the very low sample volume in case of mice.
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Numbers of identified biomaker candidates

Severe sepsis/sepsis: 36
validated:
apparently low molecular weight alboumin, CRISP/A1B-GP

Baum et al. J. Chrom. B, 2008, 876, 31

Alport syndrome: 23

validated:
several biomarker combinations Pohl et al. Ped. Nephrol. 2009, 24, 903
Pohl et al. Ped. Nephrol. 2013, in press
End stage renal disease: 29 Hallbauer et al. Proteomics Clin. Appl., 2010, 4, 953

Psoriasis arthritis (in progress): up to now 10

Amyotrophic lateral sclerosis (in progress): up to now 305
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Vorführender
Präsentationsnotizen
Furthermore, already several biomarker candidates have been identified applying the method combination in its effective states. 
These results with severe inflammation and inborn and acquired nephropathies were obtained from a small number but carefully selected human clinical samples. 
 
Moreover, some of the BM-candidates seem to be valuable since they already could be validated applying immune assays and larger patient cohorts. 
Up to now this was done with severe inflammation and the Alport syndrome, an inborn renal failure.
Biomarker search with two other disease are now under progress.



Institute of Biochemistry | R Universitatsklinikum

Jena

THANKS

Former doctorands: R. Henke, S. Schwedler, A. Baum, M. Pohl, J. Hallbauer, K. Danz, F. Rof3ler

Former personnel: A. Horn, S. Kreusch, G.A. Cumme, R. Bublitz, M. Schulze, H. Hoppe,
C. Fischer, H. Endmann, T. Kruger

Clinicians: J. Misselwitz, G. Wolf, J. Norgauer, J. Grosskreutz University Hospital Jena
A. Meier-Hellmann H HELIOS Klinikum Erfurt
Prototyps: T. Moore, S. Richter, T. Hahnel, H. Oehme
G. Ditze, G. Sammler, M. Buchel, M. Handel Central Scientific Workshop
Software tools M. Nagel rﬁdm anaiysis B. Hanf, <}
consting” L. Schmidt ){/{/g//“
. . . . ®
Clips: H. Roben, F. Reifmann < MMZ

® ® Multimediazentrum

Federal Ministry
Federal Ministry @ N
of B of Education ‘ E F R E
® | s DFG | Nt

Thiringer Aufbaubank EUROPA FUR THURINGEN
EUROPAISCHER FONDS FUR REGIONALE ENTWICKLUNG

Financial support:

Die Forderbank.

17/09/2013 Automated native sample preparation Heidrun.Rhode@med.uni-jena.de Thanks



Vorführender
Präsentationsnotizen
Over the time many contributors were involved…
among them are also physicians, a lot of technicians and IT specialists.
Anton Horn had the vision and initiated the work, sadly he died in 2004.
 
…and the developments presented required a lot of money funded by several institutions….
That all I have to thank….
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…And you I have to thank you for your attention.

“go seicho arigato gozai mashita”


	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25

