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The Thyroid hormone Receptor Interacting Protein 12 (TRIP12) protein belongs to the 28-member Homologous to the E6-

AP C-Terminus (HECT) E3 ubiquitin ligase family. First described as an interactor of the thyroid hormone receptor,

TRIP12’s biological importance was revealed by the embryonic lethality of a murine model bearing an inactivating

mutation in the TRIP12 gene. Further studies showed the participation of TRIP12 in the regulation of major biological

processes such as cell cycle progression, DNA damage repair, chromatin remodeling, and cell differentiation by an

ubiquitination-mediated degradation of key protein substrates. Moreover, alterations of TRIP12 expression have been

reported in cancers that can serve as predictive markers of therapeutic response. The TRIP12 gene is also referenced as

a causative gene associated to intellectual disorders such as Clark–Baraitser syndrome and is clearly implicated in Autism

Spectrum Disorder. The aim of the review is to provide an exhaustive and integrated overview of the different aspects of

TRIP12 ranging from its regulation, molecular functions and physio-pathological implications.
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1. Introduction

Thyroid hormone Receptor Interacting Protein 12 cDNA was cloned from the human myeloid KG-1 cell line and named the

unidentified KIAA0045 human gene. The deduced coding sequence of KIAA0045 showed partial identity to that of the S.
cerevisiae UFD4 protein (Ubiquitin Fusion Degradation 4) . Another study identified Thyroid hormone Receptor

Interacting Protein 12 (TRIP12) as a member of the structurally and functionally related E3 ubiquitin ligases based on the

identification of a domain homologous to the E6-associated protein carboxyl terminus (HECT domain), which is a protein

that induces the ubiquitin-dependent degradation of P53 in the presence of the E6 protein from the papillomavirus .

TRIP12 was later characterized as a thyroid hormone receptor-interacting protein by the trap yeast interaction system to

isolate proteins that interact with the ligand binding/dimerization/transcriptional activation domain of the rat TR-β1 (Thyroid

Receptor-β1) . Fifteen cDNAs encoding Thyroid hormone Receptor Interacting Proteins (TRIPs) were isolated. All the

TRIPs interacted with the Thyroid hormone Receptor (TR), but only when thyroid hormone T3 was present (TRIP1 to

TRIP11) or only when T3 was absent (TRIP12 to TRIP15). Protein sequences of the fifteen TRIPs are unrelated, but

sequences similarities with known proteins and functional motifs were found for nine of them based on blast alignment

analyses with no demonstration of functional significance. The TRIP12 sequence was found to show 55% identity with the

C-terminus of E6-associated protein, and more than a decade following its identification, TRIP12 was demonstrated to

function as an E3 ubiquitin ligase . Evidence of functional roles was later provided for the other TRIPs proteins

(Supplemental Table). Among them, TRIP12 is the only TRIP family member bearing an E3 ubiquitin ligase activity.

The biological importance of TRIP12 was revealed by the embryonic lethality of a murine model bearing an inactivating

mutation in the TRIP12 gene . Several molecular functions of TRIP12 in important cellular processes and signaling

pathways have been demonstrated in recent years. Accumulating evidence indicate that TRIP12 ubiquitinates key

proteins for cell homeostasis, regulates gene expression (See Section 5), and plays important roles in cancers and

neurological diseases. Up to now, more than 58 publications related to TRIP12 have been referenced in PubMed, half of

them in the last 5 years. We have recently contributed to broadening knowledge on the role of TRIP12 by discovering a

new substrate essential for pancreatic acinar cells differentiation  and by demonstrating that TRIP12 is a new chromatin-

associated protein with several implications in the cell cycle progression and in the maintenance of genome integrity .

Due to its implication in several important physiological and pathological processes, TRIP12 now emerges as a protein of

interest for molecular mechanisms researches and as a potential new therapeutic target.
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2. Functions of TRIP12 in Ubiquitin-Mediated Proteolysis

A detailed description of ubiquitination process, different ubiquitin ligase families, and functions are excellently reviewed

elsewhere . In this section, we will provide an overview of the essential information on TRIP12 actions in

ubiquitin-dependent proteolytic pathways.

2.1. Ubiquitination

Ubiquitination is an essential ATP-requiring process leading to protein modification by the covalent conjugation of

ubiquitin, which is a highly conserved 76 aa polypeptide (≈8.5 kDa) . Although best known for targeting proteins to

degradation by the 26S proteasome, ubiquitination is potentially linked to all cellular processes. Canonical ubiquitin

conjugation involves the attachment of the C-terminal glycine 76 (G76) of ubiquitin (Ub) to the ε-amino group of a lysine

on the protein substrate. Substrates can be either modified by a single ubiquitin on one (monoubiquitination) or more sites

(multi-mono-ubiquitination) or by chains of ubiquitin . In the case of poly (or multi) Ub chains, the C-terminal G76 of one

Ub molecule is linked to the ε-NH  group of one of the seven lysines (K6, K11, K27, K29, K33, K48, or K63) of the

preceding ubiquitin. The poly-Ub chains can have different lengths and topologies resulting in different consequences on

the fate of the modified protein substrate. For instance, K48-linked polyubiquitination primes proteins for proteolytic

destruction by the proteasome, whereas non-K48 linkages target proteins for various cellular functions and responses

.

Ubiquitination is ensured by a three step-concerted action of three enzymes. An Ub-activating enzyme (E1) catalyzes the

formation of a thiol-ester linkage between the C-terminal lysine G76 of Ub and the active cysteine (C) residue of E1; the

Ub molecule is transferred to the cysteine of the Ub-conjugating enzyme (E2). E3 ligases are classified into three major

classes, the RING (Really Interesting New Gene), the RBR (RING-between RING-RING), and the HECT ligases. For

HECT and RBR E3 ligases, the transfer of Ub to the substrate lysine-amino group involves a thioester intermediate with a

conserved cysteine in the catalytic site of the HECT domain or the Rcat domain, respectively . The RING E3 ligases

catalyze the direct transfer of ubiquitin from a thioester-linked E2-ubiquitin conjugate to a substrate . In some cases, the

cooperation of an additional E4 ubiquitin ligase, which may encode for independent ligase activity or enhance the

processivity of the E3, is required. To act as catalysts, E3s recruit their substrates for degradation by recognizing a

specific portion in the protein sequence or degron. Ubiquitin conjugation can be reversed by deubiquitinating enzymes

(DUBs) .

2.2. Known TRIP12 Substrates

Based on the literature, TRIP12 regulates the stability and promotes the proteolysis of nine protein substrates: ASXL1

(Additional Sex Combs Like 1) , USP7 (Ubiquitin-Specific Peptidase 7) , PTF1a (Pancreas Transcription Factor 1a) ,

SOX6 (SRY-Box Transcription Factor 6) , RNF168 (Ring Finger Protein 168) , BAF57 (BRG1-Associated Factor 57)

also known as SMARCE1 (SWI/SNF Related, Matrix Associated, Actin-Dependent Regulator Of Chromatin, Subfamily E,

Member 1) , P14/ARF (P14/Alternate Reading Frame) also known as CDKN2A (Cyclin Dependent Kinase Inhibitor 2A),

for which TRIP12 was named ULF (Ubiquitin Ligase for ARF) , APP-BP1 (Amyloid Protein-Binding Protein 1) also

known as NAE1 (NEDD8-Activating Enzyme E1 Subunit 1)  and PARP1 (Poly-(ADP ribose) polymerase 1) . These

proteins exert important functions in biological and/or pathological processes that will be outlined in Section 5.

The TRIP12 HECT domain (detailed in Section 3.4) is essential for the degradation of these proteins, but the role of

TRIP12 as direct interacting E3 ligase is still questionable for ASXL1  and RNF168  for which experimental

approaches that prove ubiquitination by TRIP12 are lacking. TRIP12 polyubiquitinates its substrates with the exception of

APP-BP1, which is monoubiquitinated . APP-BP1 polyubiquitination requires an additional E4 activity . TRIP12

mediated-K48-linked polyubiquitination was demonstrated only for USP7  and PTF1a . While the interaction between

the E3 ligase and its substrates was validated, the interaction domains of TRIP12 have been mapped only in few cases.

Although these studies used different isoforms of TRIP12, they all emphasize the role of consensus protein/protein

interaction domains of TRIP12. A region (aa 611–1259 of isoform c) that includes the WWE domain but not ARM repeats

is responsible for the interaction with APP-BP1 . A sequence of 577 aa (aa 234–810 of isoform a) preceding the WWE

domains interacts with USP7 . In addition, TRIP12 interacts with parylated PARP1 via its WWE (aa 797–911 of isoform

a) domain. TRIP12 is freshly considered as an identified PAR-targeted ubiquitin ligase (PTUbL) controlling PARP1

turnover  Finally, we demonstrated that PTF1a binds a region containing ARM repeats and the WWE domain (aa 446–

1552 of isoform c) .

Interacting domains or ubiquitinated residues were identified for certain proteins regulated by TRIP12. A sequence of 80

aa within and flanking the central coiled-coil region of BAF57 was found to be critical for BAF57 stabilization and to

contain lysine residues essential for ubiquitination . The N-terminal part of Tumor necrosis factor-receptor associated
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factor (TRAF), also known as the Meprin And TRAF-C Homology (MATH) domain of USP7, is responsible for its

interaction with TRIP12 . We found that the lysine 312 of PTF1a is essential for its TRIP12-mediated degradation . It

was previously reported that the tumor suppressor ARF is a natural lysine-less protein that undergoes N-terminal

polyubiquitination .

Intriguingly, TRIP12 targets several proteins that are unbound to their physiological binding partners. This is the case for

BAF57, which is a subunit of the SWI/SNF (SWItch/Sucrose Non-Fermentable) chromatin remodeling complex (detailed in

Section 5.4.) . Most if not all SWI/SNF subunits are assembled into a complex for which maintenance of the

stoichiometry is essential and no free subunits exist in the cell; otherwise, they are degraded. The stabilization and

protection of BAF57 from proteasome-mediated degradation operates via protein–protein interaction with the BAF155

subunit . TRIP12 was demonstrated to compete with BAF155 for BAF57 and to degrade only an unbound form of

BAF57 . The same type of interaction was found for the ubiquitination of the neddylation E1 enzyme subunit APP-

BP1 . In fact, TRIP12 does not interact with APP-BP1 in the heterodimeric form bound to Uba3 (Ubiquitin-Like Modifier-

Activating Enzyme 3), which is the specific active E1 of the NEDD8 pathway. A similar scheme is described for ARF, which

is stabilized and protected from TRIP12 ubiquitination when sequestered by nucleophosmin and TRADD (NFR1-

Associated Death Domain Protein) in the nucleolus (detailed in Section 5.2.) . Indirect evidence suggests a similar

mode of action for the degradation of RNF168 . Indeed, the destabilization of RNF168 induced by a silencing of its

binding partner HERC2 (HECT and RLD Domain Containing E3 Ubiquitin Protein Ligase 2) could be mitigated by a

depletion of TRIP12. The TRIP12-ubiquitinated lysine 312 of PTF1a is located near the domain interacting with RBP

(mammalian suppressor of Hairless) essential for the transcriptional activity of PTF1a. One may hypothesize that free

PTF1a could be ubiquitinated, while binding to RBP could prevent TRIP12-mediated PTF1a degradation. Therefore,

TRIP12 appears as a regulator of the balance between bound and unbound forms of its protein substrates to maintain

them in their complexed forms.

2.3. Role of TRIP12 in Ubiquitin Fusion Degradation and N-Degron Pathways

TRIP12 is sequelogous to the UFD4 HECT E3 ligase, which catalyzes the ubiquitination of Ubiquitin Fusion Degradation

(UFD) substrates in yeast . These substrates are artificial fusion proteins consisting of an N-terminal uncleavable

ubiquitin moiety that acts as a degron. The UFD pathway consists in the poly-ubiquitination of the uncleavable N-terminal

ubiquitin. TRIP12 was shown to mediate the degradation of the aberrant form of ubiquitin named UBB . UBB  is a

physiological human UFD substrate resulting from a dinucleotide deletion in the mRNA of the ubiquitin B gene. UBB

accumulates in the brain in neurodegenerative disorders . The HECT E3 HUWE1 (HECT, UBA, and WWE domain

containing E3 ubiquitin protein ligase 1) was reported to cooperate with TRIP12 for the degradation of UBB . Although

the conservation of the UFD pathway from yeast to human attests its importance for proteolysis in cells, except for UBB ,

no other native substrates have been identified. Most studies use artificial substrates for specific applications. In particular,

enhanced immune response after UFD ubiquitination of antigens opens up interesting perspectives in the development of

tumor vaccines .

The N-degron pathway (formerly N-end rule pathway) is another ubiquitin-dependent proteolytic pathway that regulates

the half-life of proteins according to N-terminal degradation signals or N-degrons. UBR1, UBR2, UBR4, and UBR5

(ubiquitin protein ligase E3 component N-recognin) are the four E3s (or N-recognins) encoded by the mammalian

genomes that can recognize Arg/N-degrons . Interestingly, a study demonstrated that UBR1 and UFD4 E3s interact and

cooperate to enhance substrate ubiquitination in both pathways in yeast . This mutually cooperative physical interaction

between E3s operating in parallel pathways are likely to be relevant to all eukaryotes and might apply to TRIP12 and

UBR5 control of RNF168 accumulation .

References

1. omura, N.; Nagase, T.; Miyajima, N.; Sazuka, T.; Tanaka, A.; Sato, S.; Seki, N.; Kawarabayasi, Y.; Ishikawa, K.-I.; Tabat
a, S. Prediction of the Coding Sequences of Unidentified Human Genes. II. The Coding Sequences of 40 New Genes
(KIAA0041-KIAA0080) Deduced by Analysis of cDNA Clones from Human Cell Line KG-1. DNA Res. 1994, 1, 223–229.

2. Huibregtse, J.M.; Scheffner, M.; Beaudenon, S.; Howley, P.M. A family of proteins structurally and functionally related to
the E6-AP ubiquitin-protein ligase. Proc. Natl. Acad. Sci. USA 1995, 92, 2563–2567.

3. Lee, J.W.; Choi, H.S.; Gyuris, J.; Brent, R.; Moore, D.D. Two classes of proteins dependent on either the presence or a
bsence of thyroid hormone for interaction with the thyroid hormone receptor. Mol. Endocrinol. 1995, 9, 243–254.

4. Park, Y.; Yoon, S.K.; Yoon, J.-B. TRIP12 functions as an E3 ubiquitin ligase of APP-BP1. Biochem. Biophys. Res. Com
mun. 2008, 374, 294–298.

[14] [6]

[21]

[17]

[22]

[20]

[4]

[18][23]

[16]

[24]

+1[25] +1

+1

[26]

+1[27]

+1

[28]

[29]

[30]

[16]



5. Kajiro, M.; Tsuchiya, M.; Kawabe, Y.-I.; Furumai, R.; Iwasaki, N.; Hayashi, Y.; Katano, M.; Nakajima, Y.; Goto, N.; Watan
abe, T.; et al. The E3 Ubiquitin Ligase Activity of Trip12 Is Essential for Mouse Embryogenesis. PLoS ONE 2011, 6, e25
871.

6. Hanoun, N.; Fritsch, S.; Gayet, O.; Gigoux, V.; Cordelier, P.; Dusetti, N.; Torrisani, J.; Dufresne, M. The E3 Ubiquitin Lig
ase Thyroid Hormone Receptor-interacting Protein 12 Targets Pancreas Transcription Factor 1a for Proteasomal Degra
dation. J. Biol. Chem. 2014, 289, 35593–35604.

7. Larrieu, D.; Brunet, M.; Vargas, C.; Hanoun, N.; Ligat, L.; Dagnon, L.; Lulka, H.; Pommier, R.M.; Selves, J.; Jády, B.E.;
et al. The E3 ubiquitin ligase TRIP12 participates in cell cycle progression and chromosome stability. Sci. Rep. 2020, 1
0, 1–17.

8. Zheng, N.; Shabek, N. Ubiquitin Ligases: Structure, Function, and Regulation. Annu. Rev. Biochem. 2017, 86, 129–15
7.

9. Hershko, A.; Ciechanover, A. The Ubiquitin System. Annu. Rev. Biochem. 1998, 67, 425–479.

10. McClellan, A.J.; Laugesen, S.H.; Ellgaard, L. Cellular functions and molecular mechanisms of non-lysine ubiquitination.
Open Biol. 2019, 9, 190147.

11. Swatek, K.N.; Komander, D. Ubiquitin modifications. Cell Res. 2016, 26, 399–422.

12. Wilkinson, K.D. Regulation of ubiquitin-dependent processes by deubiquitinating enzymes. FASEB J. 1997, 11, 1245–1
256.

13. Kweon, S.-M.; Chen, Y.; Moon, E.; Kvederaviciutė, K.; Klimasauskas, S.; Feldman, D.E. An Adversarial DNA N6-Methyl
adenine-Sensor Network Preserves Polycomb Silencing. Mol. Cell 2019, 74, 1138–1147.e6.

14. Liu, X.; Yang, X.; Li, Y.; Zhao, S.; Li, C.; Ma, P.; Mao, B. Trip12 is an E3 ubiquitin ligase for USP7/HAUSP involved in th
e DNA damage response. FEBS Lett. 2016, 590, 4213–4222.

15. An, C.-I.; Ganio, E.; Hagiwara, N. Trip12, a HECT domain E3 ubiquitin ligase, targets Sox6 for proteasomal degradatio
n and affects fiber type-specific gene expression in muscle cells. Skelet. Muscle 2013, 3, 11.

16. Gudjonsson, T.; Altmeyer, M.; Savic, V.; Toledo, L.; Dinant, C.; Grøfte, M.; Bartkova, J.; Poulsen, M.; Oka, Y.; Bekker-Je
nsen, S.; et al. TRIP12 and UBR5 Suppress Spreading of Chromatin Ubiquitylation at Damaged Chromosomes. Cell 20
12, 150, 697–709.

17. Keppler, B.R.; Archer, T.K. Ubiquitin-dependent and Ubiquitin-independent Control of Subunit Stoichiometry in the SWI/
SNF Complex. J. Biol. Chem. 2010, 285, 35665–35674.

18. Chen, D.; Shan, J.; Zhu, W.-G.; Qin, J.; Gu, W. Transcription-independent ARF regulation in oncogenic stress-mediated
p53 responses. Nat. Cell Biol. 2010, 464, 624–627.

19. Gatti, M.; Imhof, R.; Huang, Q.; Baudis, M.; Altmeyer, M. The Ubiquitin Ligase TRIP12 Limits PARP1 Trapping and Con
strains PARP Inhibitor Efficiency. Cell Rep. 2020, 32, 107985.

20. Hah, N.; Kolkman, A.; Ruhl, D.D.; Pijnappel, W.W.M.P.; Heck, A.J.R.; Timmers, H.T.M.; Kraus, W.L. A Role for BAF57 in
Cell Cycle–Dependent Transcriptional Regulation by the SWI/SNF Chromatin Remodeling Complex. Cancer Res. 201
0, 70, 4402–4411.

21. Kuo, M.-L.; Besten, W.D.; Sherr, C.J. N-Terminal Polyubiquitination of the ARF Tumor Suppressor, A Natural Lysine-Les
s Protein. Cell Cycle 2004, 3, 1367–1369.

22. Chen, J.; Archer, T.K. Regulating SWI/SNF Subunit Levels via Protein-Protein Interactions and Proteasomal Degradatio
n: BAF155 and BAF170 Limit Expression of BAF57. Mol. Cell. Biol. 2005, 25, 9016–9027.

23. Chio, I.I.C.; Sasaki, M.; Ghazarian, D.; Moreno, J.; Done, S.J.; Ueda, T.; Inoue, S.; Chang, Y.-L.; Chen, N.-J.; Mak, T.W.
TRADD contributes to tumour suppression by regulating ULF-dependent p19Arf ubiquitylation. Nat. Cell Biol. 2012, 14,
625–633.

24. Johnson, E.S.; Ma, P.C.M.; Ota, I.M.; Varshavsky, A. A Proteolytic Pathway That Recognizes Ubiquitin as a Degradatio
n Signal. J. Biol. Chem. 1995, 270, 17442–17456.

25. Park, Y.; Yoon, S.K.; Yoon, J.-B. The HECT Domain of TRIP12 Ubiquitinates Substrates of the Ubiquitin Fusion Degrad
ation Pathway. J. Biol. Chem. 2008, 284, 1540–1549.

26. Van Leeuwen, F.; De Kleijn, D.P.; Hurk, H.H.V.D.; Neubauer, A.; Sonnemans, M.A.; Sluijs, J.A.; Köycü, S.; Ramdjielal,
R.D.; Salehi, A.; Martens, G.J.; et al. Frameshift mutants of beta amyloid precursor protein and ubiquitin-B in Alzheime
r’s and Down patients. Science 1998, 279, 242–247.

27. Poulsen, E.G.; Steinhauer, C.; Lees, M.; Lauridsen, A.-M.; Ellgaard, L.; Hartmann-Petersen, R. HUWE1 and TRIP12 C
ollaborate in Degradation of Ubiquitin-Fusion Proteins and Misframed Ubiquitin. PLoS ONE 2012, 7, e50548.



28. Setz, C.; Friedrich, M.; Hahn, S.; Dörrie, J.; Schaft, N.; Schuler, G.; Schubert, U. Just One Position-Independent Lysine
Residue Can Direct MelanA into Proteasomal Degradation following N-Terminal Fusion of Ubiquitin. PLoS ONE 2013,
8, e55567.

29. Varshavsky, A. N-degron and C-degron pathways of protein degradation. Proc. Natl. Acad. Sci. USA 2019, 116, 358–36
6.

30. Hwang, C.-S.; Shemorry, A.; Auerbach, D.; Varshavsky, A. The N-end rule pathway is mediated by a complex of the RI
NG-type Ubr1 and HECT-type Ufd4 ubiquitin ligases. Nat. Cell Biol. 2010, 12, 1177–1185.

Retrieved from https://encyclopedia.pub/entry/history/show/9986


