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SPATAZ2 — Keepingthe TNF signalshort and sweet

Rebecca Feltham, AndremwWebb& John Silke

In this issue of The EMBO Journal, a multi-layered global proteome resource,
whichrcomprehensively covers TNFnduced phosphorylation and ubiquitination
eventsfas well as receptor interactions, has led to identification of SPATA2 as a
novel player that contributes to the TNF signalling byinteracting with the
LUBAG ubiquitin ligase and the CYLD deubiquitylase. Loss of SPATAZ2
augments  transcriptional activation of NFxkB and limits TNF-induced
necroptesis. A separate screen published IEMBO Reports corroborates these
findings” by 'showing tha SPATA2 deficiency regulates CYLD activity, TNF
induced NFxB and cell death.

See alsoSA Wagner et al (June 2016) L Schlicheret al (July 2016)

The Spartans, famed for their brevity of speech, gave rise to the adjectivie,lacon
meaning of /few words, but literally, from Laconia, the kingdom of Sparta. For
example, when asked by Philip of Macedon, who was threatening the Spartans with
invasion, whether they wished that he should come as a "friend" or a "foe"; they
replied, “Neither”. While it is impossible to match Spartan wit, Wagned (2016)

have employed an impressive proteome wide quantitative mass spectrometry (MS)
approach to dissect theofecular cascade of phosphorylation and ubiquitylation
events that follow stimulation with TNF, one of the most studied signalling pathways
in biology. Surprisingly, in addition to revealing a series of unknownpasslational
modifications, whichwe discuss below,his analysis yielded identification of a novel
playerfin_thé TNF signalling pathway, Spermatogenesis Associated 2 (SHATA
which, flikewits namesake, helps maintain the brevity of TNF signalling. SPATA2
interacts=with the LUBAC amponent HOIPand the deubiquitglse (DUB) CYLD,

and isrequired for the recruitment of CYLD to the TNF signalling com38ATA2

was alsddentified as a CYLD interacting protein in a separate screen by Schdicher

al (2016) and both groups show thats$ of SPATA2augmentsTNF induced

transcriptionand limits TNFinducedcell death
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Wagneret al usedtriplex SILAC labeling(allowing simultaneouseasurement of un
liganded, 5and 15 min TNF stimulation statesin combination withTiO,-based
enrichment fophosphoylated peptides, dily immungrecipitationfor ubiquitylated
peptides~and FlagNF affinity purification Tryptically digested samples were
analyzedwith-nanoHPLC coupled to a-xactive mass spectromet&lobally, this
analysis identified almost 9000 phosphorylated peptides ardhctionally less
modified with ubiquitin.About 8% of proteins had increased phosphorylation status
upon TNF stimulation while about 1% of thbiquitylatedproteins identifiedbecame

more modified.

The authoravere also able to monitor the temporal association of proteins with the
TNF receptorsignalling complex (TNFRSC) Satisfyingly they identified many
known signalling components such as TRAF2, RIPK1, clAP1 and LUBAC (the
heterodimeric complex comprising SHARPIN, HQdnd HOIP).Theywere alsoable

to quantify.the dynamic association of proteins with the ‘R8T together with
specifieyphosphorylation and ubiquitylati@vents.Like presents on Christmas day
many of the findings will bear mordetailedstudy at a latetime, but some of the
shiny newsfindings arencharacterized phosphorylation sjtesthe context of TNF
signalling,such asNFxB2 (S870, S23)HOIP (S3&), Sharpin (S165), TBK1 (S172)
andCYLD (S418) Some of these phosphorylatiements,and the facthat TBK1was
recruited to the TNFRSC, suggest that TNF can activate the fwamonical NF«B
pathway.To date this has only been shownTNF stimulatedcells using dominant
negative NIK mutanteand RIPK1 knoclout cells butnot as a normal physiological
response(Kim et al 2011; Gentleet al 2011; Malininet al 1997) Likewise, there are
uncharacterizedibiquitylation sitesincluding HOIP (K330), Sharpin (K189, K154)
NEMO=(K285), TNFR1 (K34y and MLKL (K95). Interestingly, in contrast to the
rapid ubiquitylation of most other TN\RSC components, modification of TNFR1 at
K347 peaked after 15 mines of stimulation.This delayed modificatiorsuggestshat

this siteisimportant for the regulation of thignallingcomplex at later stages, and it
is anenticingspeculatiorthat this site may be the undetermined signal that transitions

complex-I to complext.
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Leaving thesetantalising insights aside for future work, the authors focused on
decipheringhe function ofSPATA2.cDNA from Spermatogenesissociated protein

2 (SPATA2 wasoriginally isolatedfrom human testis in 1999. It was shown to be
expressedat the protein levein teses and to a lesser extent in spleen, thymus and
prostateand“may play a role ispermatogenesi&raztto et al 1999; Onisteet al
2000).The 60 kDaproteincontains an Nerminal PUB (PNGasUBA) domain akin

to that found in HOIPand a Gterminal PHD fingerBy performing a second round of
MS using SPATA2 as the bait proteilyagneret al (2016) demonstrated that
SPATAZ interacted with CYLD as well as all three componentd WBAC, in
unstimulated conditionsAnd as already mentioned Schlichetral (2016) identified
SPATA2 /as a CYLD interactingpartner. Cammungrecipitation experiments
verified that these interactions occur in steady state conditions similar to the
interaction between OTULIN and HOIP and CYLD and HOBdth HOIP and
SPATA2werecapable oto-immunarecipitatingCYLD whereas OTULIN was only
detected in HOIP pull downs, indicatirigat CYLD and OTULIN interact mutually
exclusively.with HOIP.The Nterminal PUB domain-containingportion of SPATA2

is sufficientfor the interaction with CYLDwhereas the Cterminal PHD finger
containing portioninteracts with HOIP. The PUB domaircontaining portion of
SPATAZ interactswith the catalytic USP domain of CYLDnaking it possiblethat
SPATA2 influencesthe DUB activity of CYLD. Indeed, Schlichert al (2016)
showed using/n wvitro ubiquitin cleavageassays that purified CYLDOhad more
deubiquitylase activity against K63 and M1, but not K48, linked ubiquitin chains when
co-expressed with SPATAZ.he connection with CYLD is interesting because CYLD
has previously been associated with the regulation of spermatogenesis. Genetic
deficiency of CYLDresults inreduced testes size, attenuated germ cell apoptosis and
impaired.spermatogenedeading tosterility in male micgWright et al 2007) thus a
SPATA2CYLD complex may regulate spermatogenesis.

Both_greups showed th&PATAZ2 is recruitedto the TNFRSC within 5 minues of
TNF stimulationalong with other components such asFR4, TRADD, RIPK1 and
CYLD. While SPATAZ2 is required for the recruitment of CYLD to th&lF-RSC
surprisingly,in the absence of SPATAXVagneret al (2016) detected lesRIPK1
ubiquitylation Consistent withthe expected effects of loss of a DUBhias been

shownthat @lls lacking CYLDshowa marked increase in the amountbfquitylated
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RIPK1 upon TNRreatmen{Moquinet al 2013; Drabeet al 2015) Hence, there ia
significant differencéetween removing CYLD compar&dth impairing its abilityto
be recruited to the TNRSC.Because the clAPs and LUBAC are welllaracterised
E3ligases for RIPK1 tiwill be interesting tdind outwhethertheyare recruited to the
TNF-RSCrin‘the absence of SPATA®Ith regard to LUBAC, silencing of SPATA2
limited/the recruitment of Sharpin to the TRRSC although, surprisingly given the
trimeric nature of the complex, HOIP recruitment was seemingly unaffected. Mutation
of Sharpin affects LUBAC activitfGerlachet al 2011)so it is unclear how this
agyymmetric recruitment might affect LUBAC activityit is also possible that the
apparentreductionin the RIPKZ1ubiquitylation smear in the absence of SPATA2
actuallyrepresents qualitative difference in thabiquitin chain linkagesather than a

reduction.

Given thatSPATAZ2 isrequired to linkCYLD to the TNFRSCand that CYLD is an
importantnegativereguator of TNRinducedNF-«xB, it wasunremarkableéhat loss of
SPATAZzincreasedhe TNRinducedNF-xB response. However, Wagneiral (2016)
did not.ebserve any changeslkBa degradation or the phosphorylatiorstatusof p65
or p88 uponloss dBPATAZ2 This contrasts with Schlichet al (2016) who showed
dramatic_aeceleration of TNF induced IkBa degradation, p65, p38, JNK and ERK
phosphorylatiorand prolongation of these evemtstwo differentSPATA2 depleted
cell lineswhen compared with thenormal counterpartd.ike Wagneret al (2016)
Schlicheret al (2016) showed that depletion of SPATARIpedprotectcells from
TNF-inducedcell death Surprisingly this protection occurred even in TAK1 deficient
cells(Schlicheret al (2016)).Becausdoss of TAK1 prevergactivation of NF«B this
clearly'shows that loss of SPATA2 can protegits in an NF«kB independent manner.
Consistent. with this they showed that RIPK1 recruitment into complexas2
determinedby FADD pull downyas reduced in celldoubly deficient in TAK1 and
SPATA2=This needs to be explored furthmcausethey were unableto analyse
caspas@recruitment into complex 2, howeyeobmbined with the lack of cell death
the result'suggests that loss of SPATA2 impairs the formafioagpase8 containing

complex 2.

Thesenew resultsmake a significantcontribution tothe TNF signalling fieldand

because LUBAC is involved in other NdB activating signalling pathways, such as
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NOD and TLR, it is likely these too will be regulated A A2. Furthermore the
study by Wagner and colleagues provate importantand richresourcefor future
studiesto investigate the function g@osttranslationamodifications in TNF signalling
and diseaséProtein phosphorylation and ubiquitylation are integral to TNF signalling
and thissstudy highlights how little we know abaite-specificmodification ofmany

of the weltcharacterisg TNF-RSC conponents. Wiile the identification of SPATA2

is exciting,it'is clear that much remains to completely defiseole. It will therefore

be interesting to extend these observatiomsvivo and to other death receptor

signalling pathways, or situations where LUBAC and CYLDesgential

A picture is worth ahousand words, but even otwo complexfigure capturesnly a
fraction of "the information generated byWagner and colleaguesNew ways of
visualising such intricate data are therefdesarly neededIt seems fitting to bear the
Spartan ideah mindwhen thinking about such new approacl&sce their responses
were clearlyintended to be the final word is alsofitting to leave the last word to
them: follewifg a long windedambassadorial addreghe Spartas respondedhat

since they could no longr remember the first hatif the speechhey could make
nothing ‘of the secah The arbassadors came back the next day with a tiverel
requestwhich was granted. It would have been amusing to see how the Spartans could
have described the wealth of data generatedVagneret al: TNF signalling needs

more work?

Figure 1 A complex schematic overview of the TNF signalling pathway.he left

hand side indicates many (but not all) of the known interactions, modifications and
outcomes.following binding of TNF to its receptor and includes the new player
identified"by:Wagneet al. (2016) SPATAZ2 (red). On the right hand side are novel, in
the context:bTNF signalling, modifications resulting from TNF signallidggcovered

by the.same group. In addition taodificationshighlighted in the paper, we have
selectedsome additional ones based on the fact that they are high at 5 & 15 minutes, in

both repeat experiments and low in the crapome database (Mellacheruvu et al, 2013).
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