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Supplementary Figure 1 related to Figure 1: (A) Analysis of CRISPR knockout clones.
Chromatograms and alignments for sequencing of CRISPR/Cas9 knockout clones of IPMK.
Indels were identified using the program outlined in Dehairs, J. et al.(Dehairs et al., 2016), as
well as manual decoding. (B) PAGE and toluidine blue staining of standard cell extracts
including standard controls to demonstrate migration of IPs, IPs, ATP and GTP. Standards
were run in the presence of cell extract to allow equivalent migration. (C) Western blot for
Gag expression levels in transfected IPMK KO clones. Gag precursor Pr55Gag (Pr55), p41 and
mature capsid protein (p24) are indicated. Lower panel shows loading control COX-IV. (D)
Graph showing pg RT per ng p24 in virions from viral supernatants obtained from transfection
of IPMK KO clones. Error bars depict mean + SD of three independent experiments with no
statistical difference to WT. (E) Western blots showing overexpression of IPMK in CRISPR
knockout clones. Clones were blotted for IPMK and lower panel shows Cox-IV loading control.
(F) TiO,-PAGE and toluidine blue staining of cell extracts from IPMK KO clones stably
transduced with empty vector control (EV) or a CMV-driven IPMK gene. Synthetic polyP was
used for gel orientation. Gels show knockout clones are successfully reconstituted and IPs
levels restored. (G) Western blot for Gag expression levels in IPMK KO parental clones and
cells stably transduced with either EV or IPMK. Gag precursor Pr55Gag (Pr55), p41 and mature

capsid protein (p24) are indicated. Lower panel shows loading control COX-IV.

Supplementary Figure 2 related to Figure 2: (A) Analysis of CRISPR knockout clones.
Chromatograms and alignments for sequencing of CRISPR/Cas9 knockout clones of IPPK.
Indels were identified using the program outlined in Dehairs, J. et al.(Dehairs et al., 2016), as
well as manual decoding. (B) Comparison of total IPs and IPs incorporation in virions from IPPK
KO clones shown in Figure 2C. (C) Western blot for Gag expression levels in transfected IPPK
KO clones. Gag precursor Pr55Gag (pr55), p41 and mature capsid protein (p24) are indicated.

Lower panel shows loading control COX-IV.

Supplementary Figure 3 related to Figure 4: Alignment of lentiviral gag sequences. Residues

are highlighted by conservation, with the mature and immature charged ring residues boxed.

Supplementary Figure 4 related to Figure 5: (A) Western blot showing Gag expression levels

of lysine mutants in producer cells. Gag precursor Pr55Gag (pr55), p41 and mature capsid



protein (p24) are indicated. (B) Quantification of viral production from 293T, IPMK KO and
IPPK KO cells as determined by RT levels in viral supernatants. Error bars depict mean £ SD of
two independent experiments. Values are expressed as fold change from levels of RT
produced in WT virus. (C) Western blot for Gag expression levels in cell lysates from WT and
IPMK and IPPK KO cells during WT and K227I virus production. Gag precursor Pr55Gag (pr55),
p41 and mature capsid protein (p24) are indicated. (D) Western blots of cell extracts showing
cell extracts from stably transduced cells, showing depletion of TNPO3 or NUP153 by

expression of short hairpin RNAs.

Supplementary Table 1 related to Figure 3: Data collection and refinement statistics.

Crystallographic statistics for the HIV-1 hexamer structure complexed with IPs.



Supplementary Figure 1 related to Figure 1
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IPMK 1_14
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IPMK 2_19
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2 19(2) GGCTGCGTGCCCCTCTCG---TCAGGTGGCCGGGCACAT
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Supplementary Figure 2 related to Figure 2
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Supplementary Figure 3 related to Figure 4
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SIVmac 81 MVCVIWCIHAEEKVKHBEEAKQIVQRHLVVETGTAETMPKTSRPTAP SSGRGGN
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HIV-1_M 162 KAFSPEV I PMESELEBEGATEQBLNTMENTVGGHQAAMQMLK ETINEEA

HIV-1_0 160 KAFNPIE | | PMEMALS EGA IPlYBTNTMLNA I GGHQGALQVLKEV/IINEEA

HIV-2 164 KK FGAEVVP GIEQA LS EGCTRYB | NQMLNCVGDHQAAMQ I IREIINEEA

SIVmac 164 KK FGAJEV VP GIEQAILS EGCTPRYB | NQMLNCVGDHQAAMQ | IRDI/INEEA

FIvV 164 GLGGEEVQ LWETAFSANLTRITEMAT L IMAAPGCAADKE I LDESLKQLT

HIV-1_M 245 E@1 GWMTN-NPP IBIVGE I YKRIM 1 1 LGEINKI | VRMY SPTS- I LDIR

HIV-1_0 243 EQVHWTTRPNNP IBVGD I YRKW I VLGENKVVKMY SPVS-1LDIR

HIV-2 246 EQ 1 QWMFRPQNPVBIVGN I YRR I Q | GIHQKICVRMYNPTN- I LDIK

SIVmac 245 EQ 1 QWMYRQQNP IPIVGN I YRRW I QLRIEQKICVRMY NP I N- | LDVK

IV 243 QQAEARFA- - - - - ARMQCRAWY LEABGKILAA I KAKSPRAVQLR

HIV-1_M 328 TiLKkAlGPAA MMT GVEGPIGHRARV L

HIV-1_0 327 QI LKSEGPGA MM | GVGGPTHKIARV L

HIV-2 330 LVLKGEGMNP MLT GVEGPRIGQKAR LM

SIVmac 329 LVLKGEGVNP MLT GVEGPIGQKAR LM

FIv 323 KAMSHIEKPES KLR EIGSBGYRMQLL

HIV-1_M 409 RKKG
HIV-1_0 412 RKKG
HIV-2 408 RRQG

FIV 394 KK~ -|@N KPGHLAAKEWQGNRKNSGN- - - -~ WKAGRAAAPVNQMQQAVM
HIV-1_M 493 KELYPLTSB-----------------~ RSLFGNDPSSQ

HIV-1_0 481 NELYPFASH------------------ KSLFGTDQ- - -

HIV-2 488 EVTEDLLHBEQGETPYREPPTEDLLHLNSLFGKD----

SIVmac 490 EVTEDLLH

FIV 445 - - - EKLLD|

TsEGCRQILGQ
TAEGNEQLLQQ
SKEGCQK I LTV
NKEGCQK LSV
TLDQLRLVICD,

- YKLKHIV SRELERFAVNPG——“L

RTLNAWVKVVE
RTLNAWVKAVE
RTLNAWVKLVE
RTLNAWVKLIE
KMVS | FMEKAR

IAPGQMREPR[GSD- -
LPPGQIREPTGSD- -

DAPRPLPYFTAAE--

MSQVTNT----AT IMMQRGNFRNQRKMVK
MAAAQDLKGGYTAVFMQRGQNP SRKGP I K
LKEVIGP----APIPFAAAQQ---RKAFK
LKEALRP----VPTPFAAAQQRGPRKP IK

~AO000
Ommmm
—uwvunr- -
OO0 z=zZ

KEGHQMKDET- ERQANFLGKIWPSYKGRPGNFLQSRPEPTAP
Q EGHQMKDERNGKQANFLGKYWPPGGTRPGNYAQRQVSPSAP
KPGHIMTNEP -DRQAGFLG--LGPWGKKPRNFPVAQVPQGLT
SIVmac 410 RRQR KMDHVMAKIEP -DRQAGFLG--LGPWGKKPRNFPMAQVHQGLT

FLQSRPEPTAPPEESFRSGVETTTPPQKQEPID
GQEN----QEQKEDQ
TAPPVDPAVDLLEKYMQQGKRQRE--QRERPYK
TAPPEDPAVDLLKNYMQLGKQQRE--SREKPYK

80
80
80
80
85

161
159
163
163
163

244
242
245
244
242

327
326
329
328
322

408
411
407
409
393

492
480
487
489
444

512
497
521
506
450



Supplementary Figure 4 related to Figure 5
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Supplementary Table 1 related to Figure 3: Data collection and refinement statistics

Data collection

Space group

Cell dimensions
a,b,c(A)

o B,y (%)
Resolution (A)
Rmeas
CCi2 (%)

1/l
Completeness (%)
Redundancy

Resolution (A)

No. reflections

Rwork / Rfree

No. atoms
Protein
Ligand/ion
Water

B-factors
Protein
Ligand/ion
Water

R.m.s. deviations
Bond lengths (A)
Bond angles (°)

6R8C
P6

90.66, 90.66, 57.00
90.0, 90.0, 120.0
78.52-1.91 (1.98-1.91)
6.6 (73.0)

99.8 (83.3)

17.7 (2.6)

99.3 (90.0)

6.5 (6.0)

1.91
20758
0.19/0.23
1855
1612

64

179

35.2
85.6
42.3

0.02
1.90

*Values in parentheses are for highest-resolution shell.
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