Supplemental Methods

Chromosomal preparations were stored in Carnoy’s fixative (3:1 methanol:acetic acid) until they were used for FISH and/or immuno-fluorescence studies with CENP-B.  Cells were deposited onto pre-cleaned glass coverslips (22 mm square, No. 1 ½ thickness for FISH and 25 mm circular, No. 1 thickness for immuno-FISH [VWR]) and dried under ambient temperature and humidity.  For FISH, cells on coverslips were aged overnight at room temperature (RT).  For immuno-FISH, cells were aged for 15 min at 40°C on a slide-warmer prior to chromosomal denaturation.  D17Z1 (CEN-17) is a 2.7-kb sequence probe that we cloned into a modified ZeroBlunt vector.  It consists of 16 alphoid monomers (Waye and Willard, 1986) targeting the pericentromeric region of chromosome 17.  D17Z1was indirectly labeled with digoxigenin-11-dUTP (Roche Applied Sciences) by nick translation, denatured and hybridized to denatured chromosome preparations (70% formamide in 2× sodium chloride/sodium citrate buffer [SSC], pH 7.0) as previously described (Knoll and Lichter, 2005).  Subsequently, 3 post hybridization washes were performed (30 min each in 50% formamide/2× SSC at 37°C; 2× SSC at 37°C; 1× SSC at RT), and the hybridized probe was detected with Cy™3-conjugated IgG fraction monoclonal mouse anti-digoxin antibody (Jackson ImmunoResearch; diluted 1:200 [1.7 mg/ml] in 4× SSC with 1% bovine serum albumin at 37°C for 1 h in the dark).  Coverslips were rinsed 3 times for 15 min each in 1× SSC at RT, counterstained with DAPI (0.1 μg/ml) (Knoll and Lichter, 2005), and mounted in McIlvaine buffer (0.1 M citric acid, 0.2 M disodium phosphate, pH 7.0).

Fresh chromosome preparations for immuno-fluorescence with CENP-B or immuno-FISH were obtained from a human lymphoblastoid cell line cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum at 37°C with 5% CO2.  Actively dividing cells were arrested in metaphase and fixed using routine cytogenetic methods (Bangs and Donlon, 2005).  Fixed cell preparations on round coverslips were denatured (97°C for 10 min) on the same day in a heat induced antigen-retrieval (HIAR) buffer solution (10 mM Tris pH 7.2, 1 mM EDTA, 0.05% Tween-20) (Stoll and Blanchard, 2009), rinsed in cold 100% ethanol (1 min), and hybridized with the D17Z1 DNA probe (37°C, 16 h).  Following hybridization, the coverslips were washed according to our post-hybridization procedure (see above).  Subsequently, the coverslips were immersed in blocking buffer (1× PBS with 3% BSA and 0.25% Triton-X at RT, 20 min), incubated with CENP-B primary antibody (1/100 [0.5 mg/ml, Abcam®] in 1× PBS at 4°C for 16–18 h), and washed 3 times in 1× PBS (5 min each at RT).  The hybridized DNA probe and CENP-B protein were then detected in series.  D17Z1 was detected with Cy3 conjugated digoxin antibody (60 min incubation at RT in darkness), followed by 3 washes (1× SSC, 1× SSC with 0.1% Triton-X 100 and 1× SSC; 15 min each at RT).  The CENP-B antibody was subsequently detected with a Dylight-488-conjugated IgG secondary antibody (1/50 [0.5 mg/ml, Abcam®] in 1× PBS) for 60 min at 37°C, followed by 3 washes (1× PBS for 5 min each at RT).  The cytogenetic preparations were stained with DAPI (0.1 µg/ml, 20 min), and rinsed in McIlvaine buffer (pH 7.0) supplemented with 9 mM p-phenylenediamine.  Detection of CENP-B and D17Z1 on metaphase cells was confirmed by epifluorescence microscopy (Zeiss Metasystems) prior to AFM imaging.  For AFM, chromosomes on a 25 mm circular coverslip were secured in an O-ring with a disc shaped cross-section and imaged in supplemented McIlvaine buffer.  The specific time and reagent parameters for hybridization, detection and imaging of CENP-B alone were the same as those for simultaneous CENP-B and D17Z1 visualization. 

AFMs were equipped with a high resolution CCD camera (CoolSNAP, Photometrics, Olympus; AxioCam HRm, Zeiss).  Epifluorescent images of chromosomes 17 were collected for DAPI and D17Z1 signals, using a 100× (Olympus, NA = 1.42, Oil), or a 63× (Zeiss, NA = 1.4, Oil) objective with Semrock DAPI-5060B and Cy3-4040B filter sets.  The optical resolution was estimated by imaging 20-nm diameter dye-labeled polymer beads using the Cy3 filter set, giving values of 286 ± 36 nm and 320 ± 30 nm (full width at half maximum intensity, n = 10 beads) for the Olympus and Zeiss microscopes, respectively.  MikroMasch Ultrasharp (NSC15/AIBS) or Nanosensors (NCH-W) cantilevers, operated at resonant frequencies with a scan rate of 1 Hz, were used for tapping mode AFM.  Independent overlays of chromosome topography and fluorescent images verified that image correlation was not dependent upon differences in software or procedures between the 2 laboratories.  The X,Y offset and rotation angle of the AFM topography image were adjusted to track the overlay of topography of chromosomes to fluorescent signal obtained from the inverted DAPI image.  The Cy3 fluorescence signal transparency was adjusted for visualization of D17Z1 probe localization and distribution with respect to the chromosome 17 centromere topography.  The image overlay procedure was checked using samples of dye labeled polymer spheres (20 nm and 200 nm diameter). This procedure resulted in shifts of <1 pixel (1 pixel = 64.5 nm) between the maxima for AFM topography and fluorescence intensity for individual features.  Registration of region hybridized with D17Z1 probe to centromere topography was performed using Image J processing software and the resulting data plotted.  

In order to yield a consistent method for determining background noise and quantifying FISH probe signals, a gradient vector flow (GVF) active contour approach was used.  Given the edge map (
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 ). An extracted window from the main image was first subjected to global thresholding based on Otsu’s method (Otsu, 1979).  We empirically set a scaling factor of 1.5 times higher than the normal Otsu calculation to obtain consistent segmentation, while limiting the effects from intensity fading around the probe signal.  A gray scale image of D17Z1 fluorescence contained a diffuse signal targeting a centromere 17 homolog while the majority of the image consisted of dark (low intensity) pixels.  However, there were also slightly higher levels of intensities throughout parts of the gray-scale image (online suppl. fig. 1A).  As a pre-requisite for reducing background intensities, a histogram based approach was taken to effectively select the peak of the intensities of the background prior to running the GVF analysis.  The background pixel intensities were textured throughout these images. A different background intensity value was assigned for each digital image, while limiting its maximum range to the intensity value of 20.  The 20 value limit was based on heuristics and was empirically set. The window of the histogram that fell within the range of background intensities [0, 20] was extracted and its peak value used as the background intensity level for a given metaphase and the process repeated for the next image in our data set.  
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