
SUPPLEMENTARY METHODS

Analysis of gold cluster labeled FAS images. The first step in the analysis of the images
was to align them to projections of a reference FAS structure (we assumed that labeling
with the gold reagent would induce negligible structural changes). To keep it from
interfering with the alignment procedure, the signal from the gold-particles had to be
temporarily eliminated from the images. Because the Nanogold particles appeared as
sharp, high-intensity spots, they could be identified as pixels above a certain threshold.
Replacing information above 1.75 standard deviations above the average with random
noise was sufficient to mask the gold particles without removing additional information.
Thresholded images were aligned against 83 CTF-altered (at –1.8 µm, to match the
average defocus of the images in the data set) projections of the unlabeled FAS structure.
The resulting reference-based alignment parameters were validated by using a reference-
free alignment algorithm to check the homogeneity and alignment of the particles
assigned to each projection of the reference FAS structure. Finally, alignment parameters
for each thresholded image (no gold signal) were applied to the corresponding original
image, and 83 reference-based averages were obtained. Thresholded class averages were
subtracted from the corresponding unthresholded averages and then compared to the
reference structure projections. To better appreciate the results, a 3-D model of the gold-
labeled FAS was reconstructed by back-projection from the unthresholded class averages.
This model was Fourier normalized with respect to the CTF-altered reference and the
reference was then subtracted from the gold-labeled model. This process revealed the
location of the extra density of the gold clusters attached to the N-termini of the FAS
molecule.

Refinement of the 3-D FAS reconstruction. The initial FAS reconstruction calculated
from stained specimens was only used as an aid for classifying unstained particle images,
and the alignment parameters based on the use of the reconstruction from stained
specimens were discarded. In the next step of the analysis, the classification based on the
stain reconstruction was exhaustively tested by subjecting the particles in each initial
group to multiple (10) rounds of reference-free alignment. Groups that generated
reference-free averages with consistent, well-defined projection maps were combined by
back projection to obtain a new reference structure. A new round of classification based
on this new structure was followed by calculation of new reference-free group averages.
Finally, the relative orientation of these clean, reference-free averages was confirmed
using a common-lines algorithm. This procedure has been described in detail previously1.
A final volume was generated from the data set by refinement through iterative reference
projection matching2, and the resolution of the final reconstruction was estimated using
the Fourier Shell Correlation method3. Supplementary Figure 1 online shows that the
projections used to calculate the FAS structure sample space evenly, and also show the
Fourier Shell Correlation plot.

Calculation and refinement of DBP cross-linked FAS monomer structure.
Reference-free alignment, multivariate statistical analysis, and hierarchical ascendant
clustering revealed that zero-tilt images of the cross-linked monomers were divided into
two major groups. A fraction of the images (519, or 32%) were too large to correspond to
FAS monomers and reflected some contamination of the monomer preparation with
cross-linked dimers revealed by SDS-PAGE analysis of the cross-linked monomer
preparation. The remaining 1092 zero-tilt images were further classified, and the best-



aligned group, including a total of 459 particles, was used to calculate an initial
reconstruction using the random conical tilt method. This initial reconstruction was
subjected to seven cycles of refinement and, as before, reference-free alignment and back
projection were used to confirm the validity of the refined random conical tilt
reconstruction. The final random conical tilt reconstruction was then used as a reference
for refinement by projection matching and back projection of the 1092 tilted images
initially identified as corresponding to cross-linked FAS monomers. Reference-free
alignment of the final group averages indicated that, at least to the limited resolution of
the final DBP cross-linked FAS monomer structure (∼30 Å), the monomer particle
images represented different views of a single conformation.

References

1. Craighead, J., Chang, W. & Asturias, F. Structure of Yeast RNA Polymerase II in
Solution. Implications for Enzyme Regulation and Interaction with Promoter DNA.
Structure (Camb) 10, 1117-1125 (2002).

2. Penczek, P., Grassucci, R.A. & Frank, J. The ribosome at improved resolution:  new
techniques for merging and orientation refinement in 3D cryo-electron microscopy of
biological particles. Ultramicroscopy 53, 251-270 (1994).

3. Saxton, W.O. & Baumeister, W. The correlation averaging of a regularly arranged
bacterial cell envelope protein. J. Microsc. 127, 127-138 (1982).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


