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Supplementary Figure 1. Schematic representation of
the HIV genome. The 3 polyproteins (Gag, Pol and Env
(Gp160)), processed proteins (MA, CA, NC, p6, PR, RT,
IN, Gp120 and Gp41), and accessory proteins (Vif, Vpr,
Vpu, Nef, Tat and Rev) were cloned and affinity tagged
(2xStrepTagll-3xFLAG (SF)) on their C-terminal ends.
PR was mutated to be catalytically inactive (PR(-)), and
the influenza HA signal peptide sequence was fused to
gp41. Sources and amino acid sequences of all factors,
many of which are codon-optimized, are in Supplemen-
tary Table 1 and Supplementary Methods.
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Supplementary Figure 2: Western blot analysis of all 18 HIV proteins. Anti-FLAG western blot
analysis of cell lysates of all 18 HIV-SF proteins after being transiently transfected into HEK293 cells
(a) or induced via tetracycline in Jurkat cells stably expressing each tagged factor (b).
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Supplementary Figure 3: Silver stained SDS-PAGE of HIV affinity purifications. Eluates of
FLAG affinity purifications from both HEK293 (a) and Jurkat (b) cells were subjected to SDS-PAGE
and stained with silver. The tagged HIV protein in each lane is marked by a black arrow.
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Supplementary Figure 4: Average correlation coefficients for replicate experiments for each
HIV protein. For a given bait, we calculated cross-correlations between experiment vectors
derived from all combinations of affinity tags and purification protocols, and then determined the
average values (bar height) and standard deviations (error bars) of these correlations. The average
correlation coefficient across all baits (0.68) is shown with black dashed line.
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Supplementary Figure 5: Reproducibility and abundance of the well-characterized human-HIV protein pairs.
All 39 well-characterized human-HIV protein pairs are shown clustered by their abundances (node size) and repro-
ducibility (node color) for each combination of affinity tag and isolation protocol.
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Supplementary Figure 6: Comparison of MiST, CompPASS and SAlnt scoring systems to the HIV-human
PPI dataset. Using the recall plots, MiST performs better than CompPASS and SAInt when counting (a) the
number of 39 well-characterized human-HIV pairs (true positives) and (b) a set of 1596 interactions involving
ribosomal proteins (false positives). The black lines correspond to the MiST score cut-off of 0.75. (¢), Using the
set of true and false positives (see above), an ROC assessment of the false-positive rates (FPR) and true-positive
rates (TPR) reveals that MiST behaves superior when compared to COMPass and SAlnt. The MiST score cut-off

(0.75, marked) falls just before the plateau of the line.

6 | WWW.NATURE.COM/NATURE



Overlap with the Final Set o
© o o o o o
w IN » 5 o o2}
(4] o (3] o (&)1 o

o
w
o

Isolafion:
Tag:

(9]
o o =
o © o

Overlap with the Final Set
o
3

o
w

g?—§§

gel
all

elution beads all
flag flag all

beads elution all all
all all strep flag

o
)

o
&)

o©
»

4 6 8 10 12 14
number of replicas

Known Interaction Recall ©

SUPPLEMENTARY INFORMATION gHaVZH,

28

26

24

22

20} w——m

18

16

Isolation: gel

Known Interaction Recall &

Tag: all

35

elution beads all
flag flag all

beads elution all all
all all strep flag

3

o

25

20

10

. gRREETEE:
?*iT

4 6 8 10 12 14
number of replicas

Supplementary Figure 7: Analysis of different experimental protocols and number of replicates. Sets of
the bait-prey pairs obtained by resampling of different experimental protocols were compared to the final set
of 387 HEK293-derived PPIs (a) and to the 39 well-characterized HIV-human PPIs (b). Similar analysis was
carried out to study the overlap between sets obtained by sampling different number of replicas (¢ and d). Box
plots identify the middle 50% of the data (box), the median (horizontal red line), median confidence interval
(notch), and the extreme points (data points greater than 1<IQR shown with red circles).
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Supplementary Figure 8: Comparison of the MiST, CompPASS and SAlInt scoring systems using the
DUB (a) and TIP49 (b) datasets. Using two different datasets (DUB and TIP49) and two sets of well-

characterized interactions, recall plots were generated to compare the three different scoring systems. The
black lines correspond to the cut-offs used in the original studies*".
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Supplementary Figure 9: Distribution of the gene expression scores (measured by the difference in z
scores of HEK293 and Jurkat cells) for each protein in HEK293 and Jurkat specific interactions. Note
that proteins in HEK293 specific interactions (HEK293 only) tend to have shifted expression to the left
indicative of higher expression in HEK293 cells, and similarly host proteins in Jurkat specific interactions
(Jurkat only) have an expression distribution shifted towards right indicating a higher expression in Jurkat
cells. The difference between the distributions was highly significant (p = 8.16 * 107; Mann-Whitney U
test).
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Supplementary Figure 10: Co-immunoprecipita-
tions of interaction candidates using antibodies
against the endogenous proteins. SF-tagged HIV
proteins or GFP were expressed in 293T cells and
pulled down with StrepTactin beads. Cell lysates and
eluates were analyzed by western blotting using
antibodies against interaction candidates of Gag (a),
MA (b), and NC (¢) indicated on the left. MiST scores
determined by AP-MS analyses from HEK293 and
Jurkat cells are given below each candidate for the
respective HIV bait. Bands indicating specific interac-
tions are highlighted with a star. Anti-FLAG antibody
was used to detect GFP and the HIV proteins (d). 17 of
the 26 tested interactors were found to be specific.

Supplementary Figure 10
page 2 of 2
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Supplementary Figure 11: Co-immunoprecipitations of interaction candidates using co-expres-
sion of tagged human and viral proteins. FLAG-tagged human interaction candidates of PR (a), IN
(b), Vif (¢), Vpr (d), Nef (e), Tat (f), and Rev (g) were coexpressed with StrepTagll-tagged HIV pro-
teins or GFP in 293T cells , and a StrepTactin pulldown was performed. Eluates were analyzed by
SDS-PAGE and anti-FLAG (upper panels), as well as anti-Strep-tagll (lower panels) western blotting,
Cell lysates were probed against FLAG (middle panels). The MiST scores determined from HEK293
and Jurkat AP-MS analyses are given below each candidate. Interactions that are considered specific
are marked with a star. Note that 79% (80/ 101) of the tested host proteins coimmunoprecipitated spe-
cifically with its respective HIV bait, while the confirmation rate among previously characterized inter-

actions (underlined) is only 63% (10/16).
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Supplementary Figure 12: A heat-map representing enriched domains (x-axis) that are present in human proteins
that were pulled-down with HIV proteins (y-axis). The domain titles include domain name, domain type (C=Clan;
D=domain; F=Family), and the number of domain occurrences in the human proteome (in square brackets). Coordinates
are colored according to corresponding statistical significance (-log of p-value) of the domain's over-representation. Each
square consists also of the count of human proteins that include the relevant domain. Only domains for which the enrich-
ment has a p-value below 0.005 are displayed.
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Supplementary Figure 13: Overlap of HIV-1 host factors identified by RNAi screens and AP-MS. Proteins
identified both in one of the four published RNAi/HIV-1 infections screens’*“! (Supplementary Data 7) and the
HIV-human protein-protein interactions identified in this study are highlighted (for a list of overlapping proteins

see Supplementary Table 6).
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Supplementary Figure 14: Control experiments for infection experiment shown in Fig. 4e, f. a, Knockdown
of elF3 subunits following siRNA treatment of HeLa P4.R5 cells was verified by determining mRNA expression
levels using quantitative real-time PCR. Data represents averages and standard deviations of triplicates. b, sSiRNAs
targeting elF3 subunits exhibit comparable cytotoxicity. The viability of siRNA-transfected HeLa P4.R5 cells was
determined 72 hours after transfection by measuring intracellular ATP levels using a luminescent substrate. Values
were normalized to a panel of control siRNAs specifically designed not to target any gene transcripts and represent
averages and standard deviations of triplicates.
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Supplementary Figure 15: Control infection experiment for HIV-1 late RT assay. Human 293T cells
were transfected with either of two independent siRNAs targeting elF3d mRNA or with scrambled control
siRNAs for 48 hours. The cells were then challenged with an HIV-1 vector encoding luciferase and infection
level was quantified based upon luciferase expression. These experiments were performed in triplicate and
the values shown represent the mean averages with the standard deviation of the data shown by error bars.
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Supplementary Figure 16: Model of the role of elF3d in the HIV life cycle. One model consistent with the
data suggests elF3d, via its RNA binding domain (RRM), binds to the viral genome, inhibiting the reverse tran-
scription of the HIV RNA. Cleavage of elF3d by HIV PR could alleviate this inhibition.
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Supplementary Figure 17. Infection experiments for inhibitory factors. Human 293T cells were transfected
with either of two independent siRNAs targeting 17 different factors that we found in our AP-MS studies (10
inhibitory factors, 4 previously described host factors®** and 3 factors that have no effect on HIV infection) as
well as scrambled control siRNAs for 48 hours. The cells were then challenged with an HIV-1 vector encoding

luciferase and infection level was quantified based upon luciferase expression.

These experiments were

performed 2 to 6 times and the data presented represents the mean with standard deviation shown by error bars.
Data from the host factors were normalized as previously described®. For the inhibitory factors, both siRNAs for

all genes provide a two-fold increase (or greater) in the luciferase assay.

Supplementary Figure 17
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Supplementary Figure 18. Toxicity control experiments for infection assays shown in Supplementary
Figure 17. The viability of the siRNA-transfected cells was determined 72 hours after infection by measuring

intracellular ATP levels using a luminescent substrate. Values are derived from 2 to 6 experiments and were
normalized to scrambled siRNAs (NC) specifically designed not to target any genes.
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Supplementary Figure 20: Integration assay after knock-down of two inhibitory factors.
Two factors (DESP and HEAT1) that have inhibitory effects on HIV infection (Supplementary
Figure 17) and found to be physically associated with Integrase (Figure 3) were also found to
have inhibitory effects on integration. Two different siRNAs for each gene were used in a
previously published HIV integration assay* and scrambled siRNAs were used as a negative

control. The experiments were done in triplicate.
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Supplementary Table 2: Number of affinity purifications performed and samples analyzed
by MS. The columns “HEK APs” and “Jurkat APs” report on how many independent affinity
purifications were performed per bait and cell type (biological replicates). Columns “Beads”,
“Elution”, and “Gel” indicate the type of samples that were analyzed by MS for each replicate.
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Supplementary Table 3: Benchmark of 39 well-characterized HIV-human protein pairs.

HIV protein Human protein (UniProt ID) Protein name
MA P49590 SYHM
MA Q15046 SYK
NC Q8IUX4 ABC3F
Vif Q15370 ELOB
Vif Q15369 ELOC
Vif Q93034 CULS
Vif QI9UBF6 RBX2
Vif Q13617 CUL2
Vpr Q9Y4B6 VPRBP
Vpr Q16531 DDBI
Vpr Q8IWZ3 ANKHI1
Vpr QI9BW61 DDAI1
Vpu QI9UKBI1 FBWI1B
Vpu Q9Y297 FBWI1A
Vpu P63208 SKP1
Vpu Q13616 CUL1
Tat 060563 CCNTI
Tat P50750 CDK9
Tat Q9UHB7 AFF4
Tat Q03111 ENL
Tat Q96EB6 SIRT1
Nef 014734 ACOTS
Nef P30419 NMT1
Gpl160 P07237 PDIA1
Gpl160 P27797 CALR
Gpl160 P27824 CALX
Gpl160 Q14697 GANAB
Gpl160 P49257 LMANI
Gpl160 P01892 HLA-A
Gpl20 P07237 PDIA1
Gpl20 P27797 CALR
Gpl20 P27824 CALX
Gpl20 Q14697 GANAB
Gpl20 P01892 HLA-A
Gp41 P07237 PDIA1
Gp41 P27797 CALR
Gp41 P49257 LMANI
Gp41 Q12907 LMAN2
Gp41 Q14697 GANAB
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Supplementary Table 4: Human proteins that include over-represented domains. HIV-1
proteins (Column 1) are followed by human proteins that were purified along with these viral
proteins (Column 2). The corresponding Pfam domain accession/name (3" and 4™ columns) are
also listed, and, when possible, with their clan membership (5™ and 6™ columns). Note that a
single protein may increase the counts of several domains (in case of multi-domain proteins) (see
remarks 2 and 3 below). In addition, in cases where several HIV proteins were pulled down with
a single human protein, the domains of the human protein are counted more than once (see
remarks 1, 4 and 5 below).

HIV Human Pfam domain Pfam domain name Pfam Clan Pfam Clan
protein | protein accession accession name
1433B
1433E PF00244 14-3-3 domain (N.A) (N.A)
1433G
IN 14337
CAND2
IPO4 PF02985 Heat repeat CL0020 TPR
RNBP6
IPO9 PF03810 Importin-beta N-
XPO1 terminal domain
Vpu PRKDC PF02259 FAT domain CL0020 TPR
RBP2 PF00515 Tetratricopeptide repeat
LPPRC PF01535 PPR repeat
XPOS5 PF08389 Exportin 1-like
BAT3 Ubiquitin
PF0024 iquitin famil L
Vif ELOB 00240 Ubiquitin family CL0027 superfamily
UBL4A
SQSTM PF00564 PB1 domain (N.A) (N.A)
TMEDA4 emp24/gp25L/p24
R PF01105 N.A. N.A.
v TMED9 family/GOLD (NA) (N-A)
TMEDA
CAFIB" | pF00400 WD domain
SEH1 Beta 11
propeller
Gpl60  FIpLR™ [ PF00058 Low-density CLOI8G clan
PON2 " PF01731 Arylesterase
ITAL PF01839 FG-GAP repeat
AIMP1 PF01588 Putative tRNA binding
Sypc® OB-fold nucleic acid | CL0021 OB fold
) PF01336 . .
MA SYK binding domain
SYNM @
SYEP Anticodon bindin
g
PF0312 A A
SYHM @ 03129 domain (N.A) (N.A)
SYTC?
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SYIC PF00133 tRNA synthetases class Class |
SYLC I(I,L, M, V) aminoacyl-
SYMC PF09334 {RNA synthetases class | C-0038 RNA
SYQ PF00749 tRNA synthetases class synthetase,
SYRC PF00750 tRNA synthetases class catalytic
EIF3A®
EIF3CY | PF01399 PCI domain Helix-turn-
EIF3E @ CLO0123 helix
EIF3M

PR EIF3K“® | PF10075 COP9 signalosome,
DIAPI PF06367 Diaphanous FH3
DOHH PF03130 PBS lyase HEAT-like
EIF3L PF10255 RNA polymerase I- CL0020 TPR
FKBP4 PF00515 Tetratricopeptide repeat
PUM2 PF00806 Pumilio-family RNA

Pol RECQI PF09382 RQC domain CLO0123 Helix-turn-
DCII2
DCAIl1 PF00400 WD domain Beta propeller
DCAFS CLO186 o prop
RBBP7

Vpr DDBI1 PF03178 CPSF A subunit region
conl COP9 signalosome
g:gi PFO1399 subunit CSN8 CL0123 E;lif'mm'
CSN4
CSNS8 PF10075 PCI domain
ITA4 PF01839 FG-GAP repeat CLO0186 Beta propeller
ERP44 ) ) ) )
PDIAS PF00085 Thioredoxin CLOIT2 Thloredox1n-
TXND5® like

Gp120 MAGT1 PF04756 OST3/0ST6 family
HS105 o
HSP13 Actin-like
HSP76 PF00012 HSP70 CLO0108 ATPase
HSP77 Superfamily
HYOU1
TIM13 i i
TIMEA PF02953 :ifglf? r/l ZSP family (N.A.) (N.A)
TIM8B

Gpal | FLOTI SPFH domain/ Band 7 SPFH
PHB2 PF01145 farm CL0433 .
PHB amily superfamily
STML2
TOM40 PF01459 Eukaryotic porin (N.A) (N.A)
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VDACI1

VDAC2

VDAC3

PDIA3 PF00085 Thioredoxin Thioredoxin-
PRDX4 PF00578 AhpC/TSA family CLot72 like

(1) These proteins were also purified with Gp120.

(2) In addition to the OB-fold nucleic acid binding domain or the Anticodon binding domain,
these proteins include domains that belong to the Class II aminoacyl-tRNA and Biotin
synthetases Clan (CL0040). Hence, they also contribute to the over-representation of this
clan.

(3) In addition to the Anticodon binding domain, this protein includes also a domain that
belongs to the Class I aminoacyl-tRNA synthetase, catalytic domain (CL0038). Hence, it
also contributes to the over-representation of this clan.

(4) These proteins were also purified with the HIV-1 Pol.

(5) This protein was also purified with Gp41.
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Supplementary Table 5: Overlap between our IP-MS data and the HIV-human
interactions in VirusMint database. We found 19 overlapping interactions from our study and
those in VirusMint’’ and the significance of this overlap is 8 - 10" calculated by hypergeometric
distribution. Number of background interactions was defined as the number of unique human
proteins detected in our AP-MS experiments (n = 4,219) multiplied by the number of HIV
proteins (n = 18).

BAIT PREY HEK?293 JURKAT GENE ID SYMBOL
score score

Gpl120 A0AB91 0 0.813 3106 HLA-B
Gpl120 Q14554 0 0.847 10954 PDIAS
Gpl120 Q14697 0.909 0.732 23193 GANAB
Gpl60 A0ZUT1 0 0.813 3105 HLA-A
Gpl60 P27797 0.915 0.819 811 CALR
Gpl60 P27824 0.861 0.667 821 CANX/CALX
IN 075475 0 0.797 11168 PSIP1
MA P49590 0.856 0.774 23438 HARS2/SYHM
Nef 014734 0.956 0.832 10005 ACOTS
Nef P30419 0.874 0.891 4836 NMTI1
Tat 060563 0.909 0.867 904 CCNT1
Tat P50750 0.851 0.908 1025 CDK9
Vif Q15369 0.956 0.972 6921 TCEBI/ELOC
Vif Q15370 0.96 0.928 6923 TCEB2/ELOB
Vif Q93034 0.855 0.889 8065 CULS
Vpr P13051 0 0.766 7374 UNG
Vpr Q7L5N1 0 0.838 10980 COPS6/CSN6
Vpr Q9Y4B6 0.958 0.884 9730 VPRBP
Vpu Q9Y297 0.9 0.7 8945 BTRC/FBWIA
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