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Complexity of Possible False-Positive Phenotypes

All possible phenotypes caused by simultaneous co-transfection were found in the cell population including
mixed conversion, i. e. expression of the correct and altered fusion protein (H2A-eCFP and H2A-eFP).
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Sequence Comparison of Vectors

Comparison of the vectors pSV-H2A-eCFP and pcDNA3-CATB-eYFP reveals not only small nucleotidic ;
difference of 16 bp among eCFP and eYFP but also the homologies of the Neo resistance and the SV40 promoters. -,

Arrows indicate the position of some of the primers used for genomic PCR to proof conversion.
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Proof of Conversion on the DNA Sequence Level

Amplification of H2A-eYFP by genomic PCR, gel separation of the product and final sequencing proofs
that conversion took place in converted clones.
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SIRPM - Automated Image Acquisition

To analyze quantitatively the conversion rates an automated Spatial and Intensity Resolved Planeometric
Microscopy (SIRPM) approach was developed.

In the first stage images of the cells were acquired automatically in the phase contrast, CFP and YFP channels
regarding using an inverse Zeiss microscope controlled by OpenLab (Improvision) software..
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SIRPM - Image Analysis: Background Subtraction

To correct for inhomogeneous illumination and wave front distortions the background has to be subtracted
to assure proper results of SIRPM for S+I segmentation.

This was done automatically by set-up of a macro using the OpenLab (Improvision) software.
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SIRPM - Image Analysis: I+S Segmentation

To quantify the number of nuclei in the eCFP and the eYFP channel, the nuclei were segmented first by an
intensity threshold applied to the channels. From this a binary mask was created from which the nuclei
were further segmented by an area threshold from the CATB signals and background noise.

This was done automatically by set-up of a macro using the OpenLab (Improvision) software.
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SIRPM - Quantification of the Conversion Rate

To quantify the total conversion rate correctly, the H2A signals, i. e. the nuclei need not only be imaged
correctly regarding the different acquisition of the channels but also need to be segmented by their intensity
and area adequately from the CATB and background signals.

CFP - Channel YFP - Channel

A o

()
(@)
e
©
P -
(1)
o
S
(4y)
S
o
>
=
»n
e
[0}
+—
£

abuel ea.e 10 Alisuayu|
Fluorescence intensity YFP channel [A.U
o
0
o

0.00 1o
0.00 . 0.75

Fluorescence intensity CFP channel [A.U.]

2RHZA - R

total —




Conversion Rates under Different Conditions

Conversion appears regardless of the cell type and transfection method reaching a total conversion rate of

~8% in our standard approach but could also reach the theoretic limit of 25%!.

Consequently, "GFP-Walking” not only is a non-neglectable effect but also opens the possibility to
investigate replication/repair/recombination (RRR) processes.
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High-Throughput Conversion Analysis ‘_ _

To allow the integral in vitro and in vivo investigation of replication/repair/recombination (RRR) processes
a vector containing functional and non-functional (fluorescent) markers including an internal standard can
be constructed for high-throughput screening especially for use in FACS analysis.
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SIRPM for Cell Cycle Analysis on Slide (CCAS)

A major problem during experiments as e. g. the analysis of the chromatin distribution in vivo by involving
individual cells is their unknown cell cycle status.

After DAPI staining and SIRPM the DAPI intensity distribution reveals the classic FACS cell cycle
distribution. Thus, the DNA content and thus cell cycle status of an individual cell can be retrieved.
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»GFP-Walking*: Artifical Construct Conversions
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Abstract

Several GFP variants have been developed for multicolor labeling in vivo. Here we report that simultaneous co-
transfection of fluorescent protein chimeras can give falsepositive results caused by the conversion of spectral
properties. The cDNA of the cysteine protease cathepsin B (CB) tagged with the enhanced yellow fluorescent
protein (eYFP) and the cDNA of the histone H2A was tagged with the enhanced cyan fluorescent protein (eCFP)
and were cotransfected into lung carcinoma cells. Stable clones with converted fluorescence properties were
established by G418 selection and prooven on the DNA sequence level by genomic PCR. Thus, conversion is
based on homologous recombination/repair/replication processes that occur between the nucleotide sequences of
the fluorescent proteins. To quantify the abundance of conversion high-throughput spatially and intensity
resolved planeometric microscopy (SIRPM) was applied: The fluorescent nuclei imaged with an epifluorescence
microscope were segmented according to their spatial and intensity properties in both the eCFP and eYFP
channels and the conversion rate was calculated from the respective number of fluorescent nuclei. Under
standard transfection conditions, approximately 8% of cells produce false-positive results, but, depending on the
conditions, up to 26% of the cells permanently express altered fusion proteins. The conversion is independent of
transfection methods or cell types. Generally, this compromises the interpretation of results obtained by dual-
colour cotransfection using auto-fluorescent proteins. Consecutive transfection or low sequence similarities,
however, avoided recombination. The appearance of conversion facilitates exchanges of spectral properties in
fusion proteins, the creation of libraries, or the assembly of DNA fusion constructs in vivo. The detailed
quantification of the conversion rate allows the investigation of recombination/repair/ replication processes in
general.

Corresponding author email contact: TA.Knoch@taknoch.org




Keywords:

Genome, genomics, genome organization, genome architecture, structural sequencing, architectural sequencing,
systems genomics, coevolution, holistic genetics, genome mechanics, genome function, genetics, gene
regulation, replication, transcription, repair, homologous recombination, simultaneous co-transfection, cell
division, mitosis, metaphase, interphase, cell nucleus, nuclear structure, nuclear organization, chromatin density
distribution, nuclear morphology, chromosome territories, subchromosomal domains, chromatin loop
aggregates, chromatin rosettes, chromatin loops, chromatin fibre, chromatin density, persistence length, spatial
distance measurement, histones, H1.0, H2A, H2B, H3, H4, mH2A1.2, DNA sequence, complete sequenced
genomes, molecular transport, obstructed diffusion, anomalous diffusion, percolation, long-range correlations,
fractal analysis, scaling analysis, exact yard-stick dimension, box-counting dimension, lacunarity dimension,
local nuclear dimension, nuclear diffuseness, parallel super computing, grid computing, volunteer computing,
Brownian Dynamics, Monte Carlo, fluorescence in situ hybridization, confocal laser scanning microscopy,
fluorescence correlation spectroscopy, super resolution microscopy, spatial precision distance microscopy,
autofluorescent proteins, CFP, GFP, YFP, DsRed, fusionprotein, in vivo labelling.

Literature References

Knoch, T. A. Dreidimensionale Organisation von Chromosomen-Doménen in Simulation und Experiment.
(Three-dimensional organization of chromosome domains in simulation and experiment.) Diploma Thesis,
Faculty for Physics and Astronomy, Ruperto-Carola University, Heidelberg, Germany, 1998, and TAK
Press, Tobias A. Knoch, Mannheim, Germany, ISBN 3-00-010685-5 and ISBN 978-3-00-010685-9 (soft
cover, 2rd ed.), ISBN 3-00-035857-9 and ISBN 978-3-00-0358857-0 (hard cover, 2rd ed.), ISBN 3-00-
035858-7, and ISBN 978-3-00-035858-6 (DVD, 2rd ed.), 1998.

Knoch, T. A., Miinkel, C. & Langowski, J. Three-dimensional organization of chromosome territories and the
human cell nucleus - about the structure of a self replicating nano fabrication site. Foresight Institute -
Article Archive, Foresight Institute, Palo Alto, CA, USA, http://www. foresight.org, 1- 6, 1998.

Knoch, T. A., Miinkel, C. & Langowski, J. Three-Dimensional Organization of Chromosome Territories and the
Human Interphase Nucleus. High Performance Scientific Supercomputing, editor Wilfried Juling, Scientific
Supercomputing Center (SSC) Karlsruhe, University of Karlsruhe (TH), 27- 29, 1999.

Knoch, T. A., Miinkel, C. & Langowski, J. Three-dimensional organization of chromosome territories in the
human interphase nucleus. High Performance Computing in Science and Engineering 1999, editors Krause,
E. & Jager, W., High-Performance Computing Center (HLRS) Stuttgart, University of Stuttgart, Springer
Berlin-Heidelberg-New York, ISBN 3-540-66504-8, 229-238, 2000.

Bestvater, F., Knoch, T. A., Langowski, J. & Spiess, E. GFP-Walking: Artificial construct conversions caused
by simultaneous cotransfection. BioTechniques 32(4), 844-854, 2002.

Knoch, T. A. (editor), Backes, M., Baumgirtner, V., Eysel, G., Fehrenbach, H., Goker, M., Hampl, J., Hampl,
U., Hartmann, D., Hitzelberger, H., Nambena, J., Rehberg, U., Schmidt, S., Weber, A., & Weidemann, T.
Humandkologische Perspectiven Wechsel - Festschrift zu Ehren des 70. Geburtstags von Prof. Dr. Kurt
Egger. Human Ecology Working Group, Ruperto-Carola University of Heidelberg, Heidelberg, Germany,
2002.

Knoch, T. A. Approaching the three-dimensional organization of the human genome: structural-, scaling- and
dynamic properties in the simulation of interphase chromosomes and cell nuclei, long- range correlations in
complete genomes, in vivo quantification of the chromatin distribution, construct conversions in
simultaneous co-transfections. Dissertation, Ruperto-Carola University, Heidelberg, Germany, and
TAK+Press, Tobias A. Knoch, Mannheim, Germany, ISBN 3-00-009959-X and ISBN 978-3-00-009959-5
(soft cover, 3rd ed.), ISBN 3-00-009960-3 and ISBN 978-3-00-009960-1 (hard cover, 3rd ed.), ISBN 3-00-
035856-9 and ISBN 978-3-00-010685-9 (DVD, 3rd ed.) 2002.



Knoch, T. A. Towards a holistic understanding of the human genome by determination and integration of its
sequential and three-dimensional organization. High Performance Computing in Science and Engineering
2003, editors Krause, E., Jager, W. & Resch, M., High-Performance Computing Center (HLRS) Stuttgart,
University of Stuttgart, Springer Berlin-Heidelberg-New York, ISBN 3- 540-40850-9, 421-440, 2003.

Wachsmuth, M., Weidemann, T., Miiller, G., Urs W. Hoffmann-Rohrer, Knoch, T. A., Waldeck, W. &
Langowski, J. Analyzing intracellular binding and diffusion with continuous fluorescence photobleaching.
Biophys. J. 84(5), 3353-3363, 2003.

Weidemann, T., Wachsmuth, M., Knoch, T. A., Miiller, G., Waldeck, W. & Langowski, J. Counting
nucleosomes in living cells with a combination of fluorescence correlation spectroscopy and confocal
imaging. J. Mol. Biol. 334(2), 229-240, 2003.

Fejes Toth, K., Knoch, T. A., Wachsmuth, M., Frank-Stohr, M., Stohr, M., Bacher, C. P., Miiller, G. & Rippe,
K. Trichostatin A induced histone acetylation causes decondensation of interphase chromatin. J. Cell
Science 177, 4277-4287, 2004.

Ermler, S., Krunic, D., Knoch, T. A., Moshir, S., Mai, S., Greulich-Bode, K. M. & Boukamp, P. Cell cycle-
dependent 3D distribution of telomeres and telomere repeat-binding factor 2 (TRF2) in HaCaT and HaCaT-
myc cells. Europ. J. Cell Biol. 83(11-12), 681-690, 2004.



