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foc i  o f  DNA was observed,  but  on ly  a t  h igh 
concentration of inhibitor (153-FG, 8 M). In the 
presence of the transportin inhibitor Nup153-N', DNA 
import  was suppressed at  both high and low 
concentrations (153-N’, 2 and 8 M). (B) The number 
of nuclear DNA foci was counted for each inhibitor. 
The average number of punctate nuclear foci per 
nucleus and the standard deviation are shown, as in 
Figure 4. p-values comparing DNA foci for 153-FG 
and 153-N' inhibitors at the same concentrations (2 
and 8 M, respectively) were p<0.005, indicating a 
significant difference in their effectiveness. (C) In 
order to confirm specificity of the inhibition in this 
assay, Nup153-FG or Nup153-N’ was added at the 
final concentration of 25 M, while GFP-NP or GFP-
M9 was present at the final concentration of 3 M or 4 
M, respectively.  Images shown are single planes 
through the z-axis. Bar: 10 µm. 

Figure 6:  Nuclear accumulation of histone H2A 
increases when exogenous DNA is imported. 
Fluorescein-histone H2A was added to reconstituted 
Xenopus nuclei in the absence or presence of 1500bp 
Cy3-DNA. In the absence of exogenous DNA, H2A 
gave a diffusion-like or weak exclusion pattern (A), 
while in the presence of 1500bp DNA, histone H2A 
clearly accumulated in nuclei (B) along with Cy3-
DNA. Bars: 10 µm.

Figure 7:  Core histones mediate interaction 
between transportin and DNA in vitro.  (A)
Xenopus laevis transportin interacts with DNA-
conjugated cellulose beads and is removed by 
RanQ69L-GTP. High speed Xenopus laevis extract 
was pre-incubated with or without recombinant 
RanQ69L-GTP for 15 min on ice before the addition 
of DNA-conjugated cellulose beads and incubation at 
4C for 2 hr. After extensive washing, the DNA beads 
were treated with DNAse, and the bound proteins 
were eluted and processed for immunoblotting with 
anti-transportin or anti-Ran antibodies. In the top 
panel, lane 1 shows the amount of transportin bound 
to DNA cellulose in the absence of RanQ69L-GTP. 
Lanes 2-4 show the amount of transportin bound in 
the presence of the increasing concentrations of 
RanQ69L-GTP, and lane 5 shows the amount of 
transportin bound to cellulose beads lacking DNA.  
The bottom two panels are loading controls that show 
that equal amounts of transportin and endogenous 
Ran were present in each reaction, as determined by 
immunoblotting. (B) Drosophila melanogaster core 
histones mediate the interaction of transportin with 
DNA in a Ran-reversible manner. Recombinant GST-
transportin was incubated with or without RanQ69L-
GTP for 15 min on ice, before the addition of a 
mixture containing core histones, the histone 
chaperone NAP-1, and circular pEGFP-C2 plasmid 
DNA. Glutathione beads were then added and the 
reaction incubated overnight at 4C, followed by six 
washes.  The bound DNA was recovered (as 
described in Materials and Methods), separated on an 
agarose gel, and stained with Syber-green. For use 

as a loading control, 20% of the full reaction was 
removed before addition of the glutathione beads; half 
of this was treated with protease K to use for the DNA 
loading control (second panel; stained with Syber-
green), while the other half was treated with DNAse to 
use for the protein loading controls.  The proteins 
were separated on 10% SDS-PAGE and visualized 
with anti-GST immunoblotting (panel 3) or Coomassie 
blue (lower two panels).

Supplemental Materials and Methods

Xenopus nuclear transport assay
Xenopus cytosol, membrane, and sperm chromatin 
were combined and nuclei were reconstituted at room 
temperature as in (73).  MBP-M3, which contains the 
M9 NLS within its sequence [MBP-M3a(Y244C)] 
(100), in PBS/5% glycerol was labeled with Alexa 
Fluor 568 using Alexa Fluor 568 Monoclonal Antibody 
Labeling Kit (Invitrogen/Life Technologies) according 
to manufacturer’s protocol.  Forty µM GFP-M9 was 
added as a transport competitor 30 minutes after the 
start of a reaction. Import substrates TRITC-SV40-
NLS-HSA (73) or Alexa568-MBP-M3 were added 30 
minutes later.  The reactions were then incubated for 
an additional 30 minutes before fixation with 3% 
paraformaldehyde.  DNA was visual ized with 
Hoechst.

Permeabilized HeLa cell assay
A permeabilized HeLa import assay was performed 
as described in Materials and Methods.  Controls 
where the ATP regeneration system was omitted (“no 
energy”) or where the rabbit reticulocyte lysate was 
omitted (no lysate") were performed and compared to 
a control assay.

Supplemental Figure Legends

Supplemental Figure 1: Excess GFP-M9 inhibits 
transportin-mediated, but not importin -mediated 
transport. Excess GFP-M9 (40 µM) was added to a 
Xenopus nuclear reconstitution assay 30 minutes 
after the start of the reaction. (A) TRITC-labeled 
classical NLS import substrate SV40-NLS-HSA, or (B)
Alexa-568-labeled transportin substrate MBP-M3 was 
added 30 minutes after the addition of the excess 
GFP-M9. The nuclei were incubated for another 30 
minutes before fixation. Bar: 10 µm.

S u p p l e m e n t a l  F i g u r e  2 :  D N A  i m p o r t  i n  
permeabilized HeLa cells is dependent on energy 
and cytosolic factors. Permeabilized cell assays 
were performed and analyzed as in Figure 4 and 5, 
except the transport mixture did not contain (A) an 
energy regenerating system, or (B) rabbit reticulocyte 
lysate. GFP-A1 was added at 0.7 µM. GFP is shown 
in green, DNA staining in blue, and CX-Rhodamine-
labeled DNA import is shown in red. DNA import 
images were projected from five z-sections through 
the middle of the nuclei at 0.5 µm apart using ImageJ 
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software (http://rsb.info.nih.gov/ij/). Bar: 10 µm.
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