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Supplementary Figure 1. Clone proliferation and cell cycle. a) Colorimetric method CellTiter 96®
AQueous One Solution Cell Proliferation Assay has been used for determining the number of viable
clones in proliferation. b) Clone cycling was assessed by propidium iodide labelling analysed by flow

cytometry (propidium iodide in x axes and cell counts in y axes).
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Supplementary Figure 2. Ratio between RNA cytoplasmic and nuclear fractions. Cytoplasmic and
nuclear RNA were quantified with a Nanodrop ND-1000, loaded on 1% agarose-formaldehyde gel and
quantified by ImageJ as shown in the histogram of the mean ratio of cytoplasmic/nuclear RNA +/— SD.

Stable clones, Nup214 HeLa bulk and Tpr KD HeLa PACCRS5 bulk are respectively shown.
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Supplementary Figure 3. Profile of expression of specific genes. RT PCR, relative mRNA quantity of
Actin, GAPDH, Trim24 and SNX27 in Tpr depleted vs control HeLa and Jurkat cells. RT PCR without

RT enzyme has been used as control in all reactions. Standard deviations are shown of duplicate

experiments.
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Supplementary Figure 4. HIV-1 integration sites and genomic feature. a) Histograms show the
distribution of absolute genomic distances to DNasel hypersensitive of HIV-1 integration sites, with bin

size of 200. b) Frequency of ISs from DNasel hypersensitive as in figure 5c,d.
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Supplementary Figure 5. Dual colors STORM of two nucleoporins. To verify the imaging procedure,
we simultaneously imaged Nupl53 labelled with A568 (green) and Nup214 labelled with Cy5 (red).
Multicolor fluorescent beads were used to computationally correct sample drift and chromatic shifts. The
two colors channels show a degree of overlap, as expected. a) The distance (d) between Nup214 and
Nup153 has been processed from scatter plots image. Boxes (n=19) were manually selected in opposite
sites along the nuclear membrane. Zooms (8 pmx8um) around the main image and the corresponding
boxes are represented. For each box, histograms and their gaussian fit are plotted for each coloured
histograms. The distance is calculated from maximum of the gaussian fits. b) Boxplot of the distance

Nup214-Nup153.
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Supplementary Figure 6. Nuclear localization of LEDGF/p75 in cells that overexpress GFP-Nup98,
GFP-Tpr, GFP-Nup153. 293T cells were transfected with @) LEDGF/p75-HA alone and b) co-
transfected with LEDGF-HA and GFP-Nup98 c) co-transfected with LEDGF-HA and GFP-Tpr (d) co-
transfected with LEDGF-HA and GFP-Nupl53, €) co-transfected with LEDGF-HA, GFP-Nup153 and
IN-Flag. As control g) GFP-Tpr and h) GFP-Nup153 were co-transfected with a plasmid coding for
another protein fused to HA tag, the integrase of HIV-1 (IN-HA). LEDGF-HA and IN-HA were labelled
with a primary antibody against HA and a secondary antibody conjugated with Cy3. In panel e LEDGF-
HA was labelled with an antibody against LEDGF (Bethyl) and the IN-Flag with an antibody anti-Flag
(Sigma), secondary antibody were conjugated with Cy3 and Cy35. f) We quantified the intensity in the
nuclear periphery and the nuclear center in the 2 channels (green for the GFP fused proteins and red for
LEDGF/p75) in~20 cells per condition (see Materials & Methods). The nuclear periphery is defined
manually by drawing a polygonal shape based on the Hoechst staining (blue channel). The mean GFP
intensity of GFP (green channel) computed inside this shape. The nuclear periphery is defined as a 2 um
wide band from the polygonal outline. The mean intensity of LEDGF/Cy3 (red channel) is computed
separately in the peripheral and central region. The bar charts in (b,c,d) show the average ratio of
LEDGF/p75 intensity of the nuclear periphery to the nuclear center, with respective standard deviations.
i) Enhancement of LEDGF/p75 by overexpression of GFP-Tpr. 293T cells were co-transfected
respectively with LEDGF/p75-Flag and GFP (lane 1), LEDGF/p75-Flag and GFP-Tpr (lane 2),
LEDGF/p75-Flag and GFP-Nup153 (lane 3), LEDGF/p75-HA and GFP-Tpr, as internal control for the
second gel (lane 4), LEDGF/p75-HA and GFP-Nup98 (lane 5). All lanes were normalized by actin. Bar
charts show the intensity ratio of LEDGF/p75 to actin quantified using MylmageAnalysis software
(ThermoFisher).
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Supplementary Figure 7. Gel scans of most important western blots with indicated number of figure and

areas of selection.
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Supplementary Figure 7 continued



Fig 2a Fig 2c

(kDa) (kDa)

— 260
— 140
— 100

260 —
140 —
100 —

70 —

—50
— 40
50 —
40 —

Fig 3a
(kDa)

WB: Tpr

WB: Actin

Supplementary Figure 7 continued

Supplementary Table 1. HIV-1 integration sites distribution

% Intragenic integrations (+50Kb) B ~ | 720 | 380
% Intergenic integrations (+50Kb) ; 23.5 59.0
% TSS-proximal integrations (+50Kb) 3.3 3.6 3.0

WB: Tpr

WB: Actin



Supplementary Discussion
HIV-NPC-chromatin complex.

The first evidence for the role of LEDGF/p75 in HIV-1 target site selection comes from LEDGF/p75
knockdown (KD) cells that showed reduced frequencies of HIV-1 integration into active genes'. Our Tpr
KD system shares some similarity with LEDGF/p75 KD cells, especially in driving proviral integrations
in unusual chromatin sites (Fig.5). Previous studies suggested that LEDGF/p75 helps the virus to
integrate in the body of actively transcribed genes, while nuclear basket Nups are involved in directing

HIV-1 to accessible chromatin sites underneath the NPC****

. We determined integration sites by high
throughput pyrosequencing and found less integrations in intragenic and more in intergenic regions, in
Tpr depleted Jurkat cells with respect to control cells (Supplementary Tablel). Additionally, we
observed a reduction of H3K36me3 near integration sites in Tpr depleted cells with respect to control
cells, while H3K4me3 was excluded in both cases (Fig.5). The histone post-translational modification,
H3K36me3, is highly represented near HIV-1 integration sites, while H3K4me3, an epigenetic mark of
regulatory regions (enhancers and promoters), is under-represented at integration sites in HIV-1 infected
cells’. We also know from previous reports that LEDGF/p75 directly binds H3K36me3 through the
PWWP domain®’. Furthermore, chimeric constructs of LEDGF/p75, in which the PWWP domain is
replaced by domains interacting with heterochromatin, like CBX1, are able to address the viral genome
towards heterochromatin sites®. This suggests the ability of HIV-1 to integrate in less accessible
chromatin regions. Other studies are in agreement with the possibility to retarget HIV integration away

from active genes®”'*!".

Experiments on LEDGF/p75 knockout cells supported these findings and
revealed a significant percentage of HIV-1 proviruses aberrantly located near TSSs in the absence of the
host factor LEDGF/p75'". Therefore, one of the most appealing opinion suggests the presence of
alternative factor/s that could help the virus to integrate in absence of LEDGF/p75, as suggested by
results obtained in LEDGF/p75 and HRP2 double KD cells, which show more than expected proviral
integrations in active genes'*. Based on previous notions and on our results we think that the nuclear
basket components, in particular Tpr, could have a critical role in HIV integration sites selection, forming
a link between viral nuclear translocation and integration. The role of Tpr in LEDGF/p75 and HRP2
double KD cells could explain the portion of proviruses integrated in active genes. This model is
supported by the critical role of the nuclear basket in chromatin organization'®, which according to our
data is essential for efficient viral replication. Importantly, previous studies reported that the absence of
Tpr induces the presence of heterochromatin near the nuclear basket'”. In Tpr depleted cells we observed

a reduction of H3K36me3 underneath NPCs (Fig.6). Since LEDGF/p75 is directly associated with
H3K36me3*’, Tpr depletion could provoke a displacement of LEDGF/p75, which could in turn explain



the loss of the usual viral chromatin targets. We and others previously showed that HIV-1 integration sites
change when the integrity of the nuclear basket is perturbed by knocking down Nup153*°. However, the
depletion of Nup153 causes the concomitant loss of Tpr. In our study we were able to distinguish between
the role of two nuclear basket Nups, Nup153 and Tpr, attributing a specific role to each one in the early
steps of HIV life cycle (Fig.1) and showing that the main component of the nuclear basket, Tpr, has a

critical role in HIV-1lintegration in active chromatin regions near the NPC.

These results corroborated the importance of the link between viral nuclear translocation and integration,
showing that the disruption of this link promotes viral change in integration sites, even though the virus

efficiently integrates in the host chromatin.

Supplementary Methods
Cell proliferation and Cell cycle

CellTiter 96® AQueous One Solution Cell Proliferation Assay which is a colorimetric method has been
used for determining the number of viable cells in proliferation (Supplementary Fig.1a). Samples were
analyzed at 490nm using a 96-well plate reader. Propidium lodide Labelling and Flow Cytometry were
performed on clones fixed in cold 1:1 ethanol (80%)/Acetone for 1 hr at -20°C. After clones were washed
and resuspended in propidium iodide (10 mg/mL) and RNase (50 mg/ml) for 30 min at 37°C . Flow
cytometry data was analysed using FlowJo (Supplementary Fig.1b)

RNA fractionation

To test the RNA export in clones and in Tpr KD bulk, RNA Nuclear and cytoplasmic were fractionated
and extracted using the PARIS kit (Ambion) according the manufacturer’s instructions. Nup214 KD bulk
has been introduced as control. Cytoplasmic and nuclear RNA were quantified with a Nanodrop ND-

1000, loaded on 1% agarose-formaldehyde gel and quantified by ImageJ (Supplementary Fig.2).
Image analysis

Image analysis was carried out using ImageJ and custom-made Matlab tools to quantify intranuclear
intensities in almost 20 nuclei per condition (Supplementary Fig.6b,c,d;). Our MatLab tools allowed to
outline the nuclear envelope based on the Hoechst image. The nuclear periphery was then defined as the
inner region within 2 pm from this polygon. The fluorescence in the red channel was then integrated

separately in the peripheral and central regions, and divided by the corresponding area.
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