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ZNF598 enhances FAT10-mediated non-covalent stabilization of Tat to promote HIV-1 transcription and replication
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Fig. S1 Quantification of immunoblot signals related to Figs. 1–3. A Quantification of Tat-HA protein levels in Fig. 1D. Tat-HA signals were normalized to Tubulin. B Quantification of Tat K48-linked ubiquitination in Fig. 1E. Ub K48-Flag signals in Tat immunoprecipitates were normalized to immunoprecipitated Tat-HA. C Quantification of global Ub K48-Flag signals in the input samples of Fig. 1E. Ub K48-Flag signals were normalized to Tubulin. D Quantification of FAT10 protein levels in Fig. 1I. FAT10 signals were normalized to Tubulin. E Quantification of Tat ubiquitination in Fig. 2A. Ub-Flag signals in Tat immunoprecipitates were normalized to immunoprecipitated Tat-HA. F Quantification of global Ub-Flag signals in the input samples of Fig. 2A. Ub-Flag signals were normalized to Tubulin. G Quantification of Tat ubiquitination in Fig. 2B. Ub-Flag signals in Tat immunoprecipitates were normalized to immunoprecipitated Tat-HA. H Quantification of Tat-HA protein levels in Fig. 2D. Tat-HA signals were normalized to Tubulin. I Quantification of ZNF598 protein levels in Fig. 3C. ZNF598 signals were normalized to Tubulin. J Quantification of FAT10-V5 protein levels in Fig. 3G. FAT10-V5 signals were normalized to Tubulin. All experiments were performed in triplicate, and data are presented as mean ± SD. Statistical comparisons were performed using two-tailed t test (A, B, D, E, H-J) or one-way ANOVA (C, F, G), with **P<0.01, ***P<0.001, and ****P<0.0001, and ns indicating no significant difference.
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Fig. S2 Additional analyses related to the ZNF598-FAT10-Tat axis and endogenous ZNF598/FAT10 expression. A HEK293T cells were treated with TNF-α and IFN-γ to induce endogenous FAT10 expression, followed by IB analysis of endogenous ZNF598 and FAT10 protein levels. B Jurkat cells were infected with HIV-1 NL4-3, and endogenous ZNF598 and FAT10 protein levels were analyzed by IB. Gag-p55 was detected to confirm HIV-1 infection, and Tubulin was used as a loading control. C HEK293T cells were transfected with Tat-Myc, Ub K48-Flag, FAT10-V5, and OTUB1-HA as indicated. Tat-associated K48-linked ubiquitination was examined by immunoprecipitation with an anti-Myc antibody followed by IB detection of Ub K48-Flag. Whole-cell lysates were analyzed for Ub K48-Flag, FAT10-V5, OTUB1-HA, Tat-Myc, and Tubulin.
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Fig. S3 Confidence analysis of the AlphaFold3-predicted ZNF598-FAT10-Tat model. The AlphaFold3-predicted ZNF598-FAT10-Tat model was evaluated using pLDDT coloring and PAE heatmap analysis. The structure is colored according to pLDDT confidence scores, and the corresponding PAE heatmap shows the predicted aligned error across residues and chains.
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Fig. S4 ZNF598 regulates Tat through FAT10 independently of P-TEFb complex assembly. HEK293T cells were transfected with the indicated plasmids, and cells were collected 48 h later for co-immunoprecipitation analysis. Tat-HA was immunoprecipitated with an anti-HA antibody, and the protein levels of co-precipitated CDK9, Cyclin T1, and ZNF598-Flag were detected by IB. The expression of FAT10-V5, Tat-HA, and Tubulin in the input samples was also examined by IB. 


Supplementary Table S1. Characteristics of HIV-1-infected patients in this study.
	Characteristica
	Not treated with HAARTb
	Treated with HAART

	No. of patients
	12
	12

	Sex
	Male 
	Male

	Age (yrs)
	38.6 ± 15.1
	37.1 ± 8.6

	Mode of infection
	Sexual transmission
	Sexual transmission

	Viral loads (IU/mL)
	2.10 ± 1.8E + 05
	＜50

	CD4+ T count (cells/mm³)
	410 ± 76
	899 ± 172

	Antiretroviral therapy
	No
	Yes

	Duration of antiretroviral therapy (yrs)
	No
	4.4 ± 1.4

	Treatment regimen
	No
	 Tenofovir disoproxil +
lamivudine + efavirenz


a All values are means ± SDs if not indicated otherwise.
b Patients in this group were newly diagnosed HIV-1 patients who had not received HAART.

Supplementary Table S2. Primers used for plasmid construction and RT-qPCR.
	Primer name
	Primer direction
	Sequence (5’-3’)

	FAT10-△GG-F
	Forward
	GCCTGTTACTGCATTGGCAAACCTATCC

	FAT10-△GG-R
	Reverse
	CCAATGCAGTAACAGGCCAGAAACAG

	HA-Tat-△1-F
	Forward
	CGTCGACACCATG- ACAAACTGCTACTGC

	HA-Tat-△1-R
	Reverse
	TCATGGTGTCGACGACGGTGAC

	HA-Tat-△2-F
	Forward
	CCAAAGACAGCTTGC- CACTGCCAGGTGTG

	HA-Tat-△2-R
	Reverse
	GGCAAGCTGTCTTTGGCTGGGACCC

	HA-Tat-△3-F
	Forward
	AGAAGTGCTGCTTCAAGAAGCGCCGGC

	HA-Tat-△3-R
	Reverse
	TGAAGCAGCACTTCTTGCAGTAGC

	HA-Tat-△4-F
	Forward
	GCATTTCTTACGGAAACTCTCAGACACAC

	HA-Tat-△4-R
	Reverse
	TTCCGTAAGAAATGCCCAGAGCC

	HA-Tat-△5-F
	Forward
	CGCGCTCACCAGCCTACATCTCAGTC

	HA-Tat-△5-R
	Reverse
	GCTGGTGAGCGCGTCTCCTCTGCC

	HA-Tat-△6-F
	Forward
	CCCTGTCTAAGCAGTACCCTTACGACGT

	HA-Tat-△6-R
	Reverse
	ACTGCTTAGACAGGGACGCTTGGT

	GAPDH-RT-F 
	Forward 
	TGCACCACCAACTGCTTAGC 

	GAPDH-RT-R
	Reverse 
	GGCATGGACTGTGGTCATGAG

	RIG-I-RT-F
	Forward 
	TGCGAATCAGATCCCAGTGTA

	RIG-I-RT-R
	Reverse 
	TGCCTGTAACTCTATACCCATGT

	Initial-RT-F
(Target 10-59 bp)
	Forward
	GTTAGACCAGATCTGAGCCT

	Initial-RT-R
(Target 10-59 bp)
	Reverse
	GTGGGTTCCCTAGTTAGCCA

	Proximal-RT-F
(Target 29-180 bp)
	Forward 
	TGGGAGCTCTCTGGCTAACT

	Proximal-RT-R
(Target 29-180 bp)
	Reverse 
	TGCTAGAGATTTTCCACACTGA

	Intermediate-RT-F
(Target 836-1015 bp)
	Forward 
	GTAATACCCATGTTTTCAGCATTATC

	Intermediate-RT-R
(Target 836-1015 bp)
	Reverse 
	TCTGGCCTGGTGCAATAGG

	Distal-RT-F
(Target 2341-2433 bp)
	Forward 
	GAGAACTCAAGATTTCTGGGAAG

	Distal-RT-R
(Target 2341-2433 bp)
	Reverse 
	AAAATATGCATCGCCCACAT


 

image4.tiff
FAT10-V5

ZNF598-Flag * -+
TatHA - + +
| o=
I
& —
—| 70

100(me  ww
5 20— S
Slis—| ==wm

CDK9

Cyclin T1
ZNF598-Flag
FAT10-V5

Tat-HA

1.2 3




image1.tiff
Q

I

2 S

e

o =
H

& z 5 s £

2 2 S S 3

(vH-eL/Beid-an) E

1031 UIRI01d oNEIRY =

[P

(ur %EE«&
johal UBIOL] DAEIY

of -
o
)
2
o

(uIngn./Bel4-gyX an)
[aAsl UiBjold aeErRY

(&
)
2
My g
H &
g8
H m
oo
?: _mtmmi mcx n:v
1A uilosg oElRY
1]
o
2
2 2
§ £
58
=R
‘e £

5 & & o

(ungnL/yH-leL)
< 1eA8| UBIOId BRIRY

ok

151

15

4

15-

15

& &

(UINANL/GA-0LLYH)
[oAd UiBlold aMerRY

ok

By &

(UnanugssINZ)
Jonel wtotos sy

(unan rvH-je1)
or9] uialoid SnerRY

ns

(wH-eLBe1d-an)
1oA3) uiolos ARy

(uinany/Bei3-an)
Jonal uloid shiERY

00,

00

00
FAT10.V5

00

9
K]
B

FAT10-V5

WT AGG

- WT aGe

FAT10-V5




image2.tiff
A B Jurkat
HEK293T HVA T 7
TNFa+IFNy -+ ZNF598 oo
ZNF598 | === 400 FATI0 | - - —[20
FaTIO| —[™ Gag:ps5| - | g
Tubulin P Tubulin o
12 T3

C

Tat-Myc+Ub K48-Flag

FAT10-V5 - +
OTUBI-HA - - +
ES
3 Ub K48-Flag
a
150—
70— Ub K48-Flag
53—
z
£
20— El FAT10-V5
®— - | OTUB1-HA

Tubulin

15 | | Tat-Myc
50—
12 3




image3.tiff
Very high (pIDDT > 90) Confident (90 > piDDT > 70) Low (70 > pIDDT > 50) Very low (pIDDT < 50)
——

iPTM=017 pTM=027 learnmore

£ O o

165

330 -

495

660

Aligned Residue

| 825

990

A A

1155

L

1 165 330 495 660 825 990 1155

Display Chain Borders

Scored Residue

y o 5 100 15 20 25 30
Expected Position Error (Angstroms)

.




