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ABSTRACEukaryotic cells, when faced with unfavorable environmentalrzo | doi: 10.15698/mic2018.08.641
ditions, mount either pro-survival or predeath programs. The conserved/c | Receivedriginally:02.032018;
clin GCdk8 kinase plays a key role in this decision. Both are members of | N revised form29.05201s,
Cdk8 kinase module that, along with Med12 and Med13, associate with t Accepted)4.06. 2018,
. ! ! o Published25.06.2018
core Mediator complex of RNA polymerase Il. 8accharomyceserevisiae,
oxidative stress triggers Med13estruction, which releases cyclin C into th
cytoplasm to promote mitochondrial fission and programmed cell death. Tt| Keywordscyclin C, Cdk8, Med13,
SCE™ ubiquitin ligase mediates Med13 degradation dependent on the ce| SCF". AMPKSnfl, ubiquitin
wall integrity pathway, MAPK SIt2. Here we show that the AMPnkise SnfL | Mediated destructionsignal
. . . . transduction, H202 stresBIAPK
activates a second SEE responsive degron in Med13. Deletion of Snfé-r
sulted in nuclear retention of cyclin C and failure to indeianitochondrial
fragmentation. This degron was able to confer oxidativaressinduced ce- Abbreviations:
struction when fused toa heterologous protein in a Snfl dependent manne | AMPK-5" adenosine
Although snflk mutants failed to destroy Med13, deleting the degron did no| Menophosphatectivated protein
preyent destruction. These rgsults indicatt_a that the contr_ol of Med13 dagr 'é';?jfcycnn C/Cdk8 kinase module
dation following HO, stress is complexbeing contrdled simultaneouslyby CWIc cell wall integrity,
CWI and MAPK pathways. IDR intrinsic disordered region,
MAPK- MAP lnase
PCD Programmed cédeath
ROS; reactive oxygen species,
Y2Hg yeast two hybrid.

INTRODUCTION gen species (ROf)-9]. Cyclin C, together with its kinase
All eukaryotic cells are continually exposed to changing partner Cdk8, Med12 and Med13, form tt@lk8 Kinase
environmental conditions. Consequently, they have Module (CKM) of thenulti-subunit Mediator complex. This
evolved elaborate mechanisms to both sense damage and complex acts as an interface between DNA bound-tra
transmit this signal to the nucleus. The resujt response scription factors and RNA polymeradeg(RNARI [10-12]).
varies dependent upon the stress encountered but in gross When the CKM module is bound, predominantly neg-
terms cells have to decide whether to activate fmarvival tively regulates expression of a subset of stress response
or pro-death programs. Despite this being a critical idec ~ genes[1, 1316]. Following an increase in environmental
sion point, what remains understudied are the molecular ROS (induced b¥,L,0O, treatment), this repression iser
details of low cells decide their fate upon encountering lieved by the nuclear release of dypcC to the cytoplasri#,
unfavorable environments. Previous studies revealed that 7, 8] Intriguingly, here cyclin C plays a second role tlirec
the conserved cyclin C protein plays a key role in this-dec ing stressnduced mitochondrial fission as well as pramo
sion in response to increased environmentahctive oy- ing programmed cell death (PC[), 8] Consistent with
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this function, cells lacking cyclin C are less ablexecute In S. cerevisiadvled13 destruction is required for cyclin
stressinduced mitochondria fission and are more resistant C nuclear releasi7]. Consistent with this, cyclin C isayt
to oxidative stres$3, 7] Taken together, these results-a plasmic in unstressedned1X and the mitochondria are
gue that cyclin C nuclear release must be carefully-co  predominantly fragmented27]. More recently we ident
trolled as it signals a commitment to PCD. fied SCE™ as the E3 ligase that mediatesehitl3 destrg-
Our previous studies have revealed that a complex m tion [9]. Like other SCF targef{28], recognition of this
lecular mechanism controls cyclin C nuclear reledse. phosphaedegron requires it first to be primed by oné-k

response to environmental ROS, cyclin C is directhspho nase (cyclin €dk8) and then activated by another (SIt2).
phorylatedby Slt2, the MAP kinase of the Cell Wall Integr ~ These studies also revealed that phosphorylation of cyclin
ty (CWI) signal transduction pathwdg](and Fig. 1A). This C by Slt2 isequired for the SCF'to recognize Med13[9]

canonical pathway is characterized by a family ceft and Fig. 1A)Like the Sltlegron, thisdomain lies within
surface sensors (Wscl, Mid2 and MHT]) that transmit the large intrinsic disordered region (IDR) of Med13 (Fig.
the stress to a small G proteRhol,which thereafter aat H! 0 ® L Sefi@d by laN@htinuous stretch of diso

vates protein kinase C (PKB, 19). Once activated, Pkcl dered promoting residues whicban easily transition into
transmits he intracellular signal to the MAPK SIt2/Mpkl more ordered states. These structural transitions afford
[20] as well as to thepseudokinase Kdx1/Mlpl via the L5wQa 3INBIG FtSEAOoOAtAGE YR I &

MAPKmodule[21]. In addition to cyclin (5], Slt2 diretly to play key roles in macrmolecular decisiongspecially
phosphorylates two other transcription factors (RIml1, those that influence signaling pathwajz9, 30]
Swi4/Swi6) that stimulate the expression of other stress mMeRRAGAZ2Y G2 {fdnI aiekBineKA IKE

response genef21-24]. More recently, Slt2 has also been  monophosphateactivated protein kinase (AMPK), which
shown to regulate gene expression by phosphorylating plays a major role in thatilization of alternative carbon

tyrosinel of the RNAP II daoxyterminal domain[25]. sources after glucose depletiof32], is also activatedn
This event isassociated with pause/termination processes response to various environmentatresses including @x

in mammalg26]. Intriguingly, it isequired for the loss of dative stresq33]. In S. cerevisiaethe catalytic subunit of
cyclin C and Cdk8 from target genes following stress in the heterotrimeric AMPK compleis encoded bySNF1
yeast[25]. Other members of the complex (outlined in Fig. 1B) include

62 NBIdzE | §2NB &dzodzyAlasz GKS
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dressesafter activation of Snfl, with the Sn{ial83 is- N N c

form being enriched in the nucleU84-36]. The catalytic ! 300 PIee] 9°7Y2H o imer;:fign

activity of Snfl is regulatl by phosphorylation at T10, '(\2921537'??558? A = (Med13-degron, a.a. 742-844)

whichis located in the activation loop of its kinase domain
[37]. This is executed bgne of three upstream kinases,
Sak1, Tos3yr EIm1[33, 38, 39. Thesein turn, are activad-
ed by an unknown mechanism in response toagiety of
stresseswhich lends specificity to the systef3ad].

In this report we show that Snfl, Sakl and at least one
I isoform are required for the }D, induced degradation of
Med13. Using yeast twédybrid analysis the Snft
interacting domain on Med13 was identifiedlhis domain
lies in the large IDR of Med13 and is recognize®6§#™
after Snfl directed phosphorylatiorConsistent with this,
Snfl is required for efficient cyclin C nuclear releaseviallo
ing HO, stress. Taken togethethis reveals that Med13
degradation is regulated by two SCGFdegrons that are
regulated by three different classes of kinases, a Cdk, a
MAPK and an AMPK. As all three kinases are required for
Med13 degradation, this complex molecular mechanism
ensuresthat cyclin C nucleareleaseis tightly controlled
and prevents its untimely release into the cytoplasm.

RESULTS

Med13 contains two SCE'phosphodegrons

We have previously shown that StHs the E3 ligaseer
sponsible for mediating Med13 degradatifmilowing HO,
stress[9]. This degron (amino acids 7824, Fig. 2A,) is
primed by cyclin €dk8 and activated by Sltt these
studies we also observed that another Med13 domain
(amino acids 57650) can also bind to Grrl using the Gal4
yeast two hybrd (Y2H) assajg0]. These results wereer
peated using two baits, wiltype Grrl and & NNBL ke
tant, which can neither bind to the SCF or recognize- su
strates[41, 4. As anticipated, the Gal4 activating domain
Med13"*%° fusion protein (hereon out referred to as
degrorr™*9 can associate with wiltype Grrl as an inte
action is detected selecting for the dubllIS3and ADE2
reporter genes (Fig. 2B). The vector control and mutant
bait were unable to grow on this media suggesting that the
interaction is specific.

To confirm that degroi***is responsive to SEE we
examined its degradation, via Western blot analysis; fo
lowing 0.4 mM HO, treatment in wildtype andgrrik cells.
This concentration of #@, induces mitochondrial outer
membrane pemeabilization (MOMP) dependent regulated
cell death response in yeapt3-45] and triggers cyclin C
nuclear releas4, 6, 7, 27] The results show that although
less degrof *** is present in unstressedrrik cells, the
protein is more stable following &, stress (Fig. 2C and
quantified in 2D). Taken together with the Y2H data, these
results argue that degrof®*®is a SC¥® responsive
degron. They are also consistent with our previou®-pu
lished work demastrating that Grrl is required for B,
induced degradation of Med1[3].
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FIGURE 2: Med13 contains twe® stress responsive degrons
(A) Cartoon of the results from ProteinPredicf@9] analysis of
yeast Med13. The amino and carboxyl terminal domains are-st
tured and separated by a large intrinsic disordered region. T
positions of the two degrons are indicate(B) Yeast two hybrid
analysis of degrali*®*°and Grrl derivatives. YeaBJ6%4a cells
harboring Med13activating domain plasmid (pDS15) and eitr
pAS2, pASITl or pPASDNNMK Ck [ O0AYRAY 3 |
grown on-LEU-TRRdrop out medium to selecior both plasmids
(left panel) and-TRP,-LEU,-HISCADE (right panel) b test for

Med13-Grrl interaction. (C) Wild-type (RSY10) ogrrlk cells

(RSY1770) harboring degP6tf*°(pDS15) were treated with 0.
mM HO; for the timepoints indicated and Med23**"HA levels
analyzed by Western blot. Tubl levels were used as rigacin-

trols. (D) Degradation kinetics of the degrdfi®®® constructs
shown in CValues represent averagessb from a total of at leas
two Western blots fromtwo independent experiments.

Snfl is required for stresinduced degradation of Med13
We nextaddressed if the D, mediated destruction of
degror™**°required Cdk8 kinase activity. To execute this,
the degradation of degro™®° was monitored as e+
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scribed abovein cells deleted for cyclin C harboring either
functional myetagged cyclin C or a vector control. The
results revealed that degréf®®is degraded with the
same kinetics in the presence or absence of cyclin C (Fig.
SJA and quantified in Fig. S1Bhese results suggest that
another kinase phosphorylates degréf*°. One cand
date is the PAS kinas€his kinase is required for glucose
homeostasisand is encoded by two orthologs Pskl and
Psk2[46]. Intriguingly, previous Y2H studies have revealed
that a domain of Med13 (amino acids 5@83), that &-
compasses degrof®® interacts with Psk{47]. The Y2H
assay was repeated using Pskl as bait and the smaller
degrorr***as prey and again an interaction was observed
(Fig. S2A). We next tested if tRAS kinase plays a role in
the degradation of full length Med13. Witgipe andpskXk
pskX cells harboring a functional H&dgged Med13 pls:

mid [9] were treated with HO,and Med13 degradation
wasmonitored by Western blot analysis. The reésushow

that Med13 is degraded with similar kinetics in the mutant
and wildtype cells (Fig. S2B and quantified in Fig. S2C).

A.

Snfl mediated degradation of Med13

These results indicate that although the PAS kinase can
interact with degroi’*®®, it is not required for Med13
degradation folbwing HO, stress.

PAS kinase activation by carbon sources is dependent
on the Snfl complefd8, 49. Since Snfl has many targets
[50], we next tested if Snfl mediates Med13 degradation
following HO, stress as just described. The results show
that Med13 is significantly more stable amflk cells (Fig.
3A and quantified in Fig. 3C). Similar results were obtained
when the Snfl kinase dead mutant (K84&l]) was the
only source of Snfl (Fig. 3B and gtifeed in Fig. 3D). ka
en together, these results indicate that Snfl activityes r
quired for Med13 degradation following,6, stress.

Sakl has been identified as the AMPK kinase that-is a
tivated in response to oxidative stre§33]. Therefore, we
nextaddressed if Sakl is required foydinduced Med13
degradation. The degradation assays described above were
repeated insakXk cells and results revealed that Med13
was again significantly more stablesakXk than wild-type
cells(Fig.3A and quantified in Fig. 3A)his result supports

WT snf1A sak1A ga/83A sip 1 Asip2A
0O 1 2 3 1 h + H202
—— “-' _ --.- Med13-HA
————— e S— R . e e e Tub1
B. Snf1 vector Snf1K84R plasmid
0O 1 2 3 0 1 2 3 h+H20:2
- _ e Med13-HA
D, s s . ———® T 1>
snfi1A
C. D.
—- Wild type strain plasmid
- SNf1A snfiA | =*= Snf1
i B 251 snft |- SnftkeR
% 2.04 - galgdA 2 204 SNf1A | === vector
2 3 107 c\_° T 104
8= o5 - Pl
0.0 T T T 0.3( : = .

h + H202

2
h + H202

FIGURE 3: Snfl, Sakl and at least bne & dz@rdzyeduired for degradation of Med13 following 4 stress. (A\Wild-type (RSY10)
snflk (RSY2080kakk (YPDahl17) andal83 sipIk sipZ (MSY557) cells harboring full lengtfled13-HA (pKC80Iyere treated with
0.4 mM HO; for the timepoints indicated and Med1HAlevels analyzed by Western blot. Tubl levels were used as a loading c@r
snflk cells harboring MedZ3{A (pKC803) and either wiltype Snfl (JG1193), a vector control (pPRS316nHE**R(IG1338) were tia-
ed and analyzed as described in(8.and DPDegradation kinetics of the Med13A shown in A and B/alues represent averages = ¢
from a total of at least two Western blots from independent experiments.
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the previously proposed model that Sakl is the AMPKK A.

that activates Snfl in response to oxidative stri33. We
next addressed if the nuclear enriched isoform, SGHI83,
[34-36, 53, is required for Md13 degradation under sim
lar circumstances Unexpectedly, the results show that
Med13 is still degraded igal83% cells (Fig. S3A). Likewise,
similar results were obtained when Med13 degradation
was monitored in a&iplk sipX strain (Fig. S3AHowever,
deletion of all threel adzo dzy A G &
degradation of Med13 to a similar extend as observed in

snflk (Fig. 3A and quantified in Fig. 3C). Taken together,
2y S

GKAa &adza3sSada 4 tSEad
complex is required foMed13 degradation following @,
stress.

Snfl activation alone is not sufficre to mediate Med13
degradation

We next addressed if Snfl activation was sufficient & m
diate Med13 degradation in the absence ofhistress. To
execute this Med13 levels were examined in vijige cells

AAIYATA

Snfl mediated degradation of Med13

B.

0.05% glucose 0.05% glucose
01 2 h

e \ed13-HA

BESS—— Tub1

wsc1A A
mid2A .S
WT sak1A mtl1A

0 30 0 30 0 30 min.+H202

Bl o

after they had been switched from 2% to 0.05% glucose rigyRE 4: Snf1 activation does not mediate Med13 degradati

which, is sufficient to activate Snfl (Fig. 4A §88). No
differences in Med13 levels were observed following-gl
cose deprivatia (Fig. 4B). Taken with the results presented

(A) Mid-log -type cells (RSY10) growing in 2% glucose (T=0)
switched to media containing 0.05% glucose. Snfl phospol
tion and Snfl itself were detected as described in materald

in Fig. 3, this suggests that Snfl activation is necessary but methods for the timepoint indicate(B) Wild-type cells harboring

not sufficient to mediate the degradation of Med13 falle
ing HO, treatment.

The CWI pathway sensors proteins are notqréred for
Snfl activation

It is known that both the CWI and AMPK pathways are a
tivated in response to oxidative stredsut how these two
pathways communicate is not well understo¢s3]. Im-
portantly, although it is known how the signal is transmi
ted to the CWI pathway, it is unclear how the AMPKhpat
way is activated (Fig. 1B). One possibility is that thdpat
ways crosstalkthrough the cell wall sensor proteins. To

Med13HA (pKC801) were switched to media containing 0.C
glucose. Med13HA levels were detected by Western blot analy
for the timepoints indicated. Tubl was used as a loading coni
(C)As in (A) except that Snfl phosphatydbn was monitored
after 0.4 mM HO; treatment in the strains indicated.

The Snfl degmo lies within the IDR of Med13

Snfl has previously been shown to phosphorylate £8CF
phosphedegron in Ptk27, a key regulator of glycolySH.
Taking this into account, we asked if the Gal4 activating
domain Med13™***fusion protein(degror”***") is a Snf1
responsive degron by monitoring its® mediated dega-

test this, we examined Snfl phosphorylation status in a dation snflk cells. The results show that degrét*™is
strain lacking the three cell wall sensors (Wscl, Mid2 and more stable insnflk cells compared to wild type following

Mtl1, [17]). Consistent with previously published wd8&8g],
Snfl is phosphorylatefbllowing HO, treatment in a Sakl

H,O, stress (Fig. 5A and quantified in Fig. 5B). This suggests
that degron’**°is a Snfl responsidegron. To further

dependent manner (Fig. 4C). Likewise the cell wall sensor support this conclusion, we examined the degradation

triple mutant is also able to activate Snfl followingOk
treatment (Fig. 4C)These results suggest that the aetiv
tion of the CWI pathway is not required to transntlite
stress signal to the AMPK pathwa@thers have denmo
strated that Snfl is not required for activation of S¥52].
Consistent with this, we observed that the Med13
degrorr”**is still degraded following @, stress when a
mutant of cyclin C, thatannot be phosphorylated by Slt2

kinetics of a degron mutated for eigh of the potential
Snfl phosphorylation sites previously identified in pte
mic screens (S58J66] and S636[57], Fig.6A) although
none of these sites perfectly fit the Snfl consensas s
quence[58, 59. The studies revealed that both mutants
were degraded following D, treatment with kinetics
similar to wild type (Fig. S3B). We also noted that serine
634 could potentially be phosphorylated by Snfl (see Fig.

(S266A[6)), is used as the sole source of cyclin C (Fig. S1C 6A). As it lies very close to serine 636, we made a double

and D) Taken together, these results argue that the AMPK
and MAPK signaling pathwayst aedependently of each
other. The extension of this conclusion is thHadth path-
ways contribute independently to regulating Med1®-d
struction followingH,O, stress.

OPEN ACCES$svww.microbialcell.com 361

mutant (S634A, S636A) and repedtthe assay. Again this
mutant degrorwas degraded following J@,treatment (Fig.
S3B). Howeverthe triple mutant (S587A,S634A,S636A)
exhibited enhanced stability following,8, stress (Fig. 5C
and quantitated in Fig. 5B). Taken together, these results
suggest that Snfl phosphorylates Med13 followingdH
stress targeting S587, S634 and S636. Consistent with this

Microbial CeNUJGUST 201&/ol. 5 No. 8
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58 Snf1A |- Med13571650 PP — < Snf1-myc
g; o WT | == Med13571-650.5-A
E g iy s e < Cdk8-HA
£ g 1.6 pa— pr—
g3 N SR
' e T T 1 IP Ab. o(HA [] o(HA []
hrreo 1°Ab.  o(Myc oHA
E.
571 KRKYLDIPID EMTLPTSPLY Greeen |Potential Snfl sites
591 MDPGAPLPVE TPRDRRKSVF Blue PKA site
611 APLNFNPIIE NNVDNKYKSG Red Potential Cdk and MAPK consensus site
631 GKFSFSPLQK EEALNFDISM Purple |Shared potential site between Snfl and Cdk/MAPK
F. o © @
N N s\'\ \\’
KDa. 6& Qé I & %° %° [ Kinase
37— <4 GST-Med1 3571—650.8608A
Kinase assay “ degraded products
25—
37—R
<_ GST- Med13571 -650,S608A
Coomassie
degraded products
25—
+ + + - + + + Substrate
wild type cdk8A

FIGURE 5: Snfl phosphorylates degfdf®. (A)Mid-log wildtype (RSY10) @nflk cultures (RSY202) harboring degtdfi* (pDS15) were
subjected to an kD, timecourse experiment and protein extracts analyzed by Western blot. Tubl levels were used as loading ¢Bht
Degradation kinetics of degraft®®*°shown in A and G/alues represent averages + SD from a total of at three Western blots from irtie|
ent experiments(C)As in A except that degroff®50:S5874 S634A S S56) was analyzed in wiighe cells.(D) Coimmunoprecipitation
analysis of Snfinyc and Cdk&A. Mid log wildype cells harboring Snithyc and Cdk&lA on single copy plasmideere treated with 0.4
mM HO; for the timepoints shown. Protein extracts were immunoprecipitated with &, separaed by SD®AGE Western analysiad

the membrane probed with the antibodies shown. [] represents no IP antibody and the asterisk reépréfeheavy chain. See Fig. S3C
vector control.(E) Potential phosphesites in Med13™*%. (F) Upper panels: Kinase assays using Snfl and®hiiyc (kinase dead)ri-

munoprecipitated from yeast protein extracts prepared from either wild type @ieftel) orcdkek cells (right panel) and Medidegror?’*¢%°

(GSMMed137+9%S%4rified from E. colias the substrate. The reactions were separated by SDS PAGE and subject to autoradic
Lower panels: Coomassie stained gels showing the input used in the kinase assays.

model, we (Fig. 5D and S3C) and otHé have shown
that Snfl carco-immunoprecipitate with Cdk8 both before
and after HO, stress. As cyclin C directly binds to the adja
centdegron*?®**(Fig. 2A and9)), this places Snfin close
proximity to degrorr’**®°, In addition, these data also jgu
port the notion suggested by otherthat a subpopulation
of Snfl is nuclear in unstressed c§84, 52 60].

To address if Snfl directly phosphorylates Medii3
nase assays were performed with wilghe and kinase

OPEN ACCEgsvww.microbialcell.com 362

dead Snfl (K84R). The activated kinase was immungpreci
itated from yeast extracts and incubated with GST
Med13°+650 S898% yrified from E. coli. Serine 608 was m
tated to alanine as ipotentially is contaminatind®?AS k
nase site (Fig. 5E arjd9]). In addition, although this site
has also been identified as target of PKA mediatedspho
phorylation [61], we have previously shown that this site
does not play a role in Med13 degradation in response to
oxidative stres$9]. Lastly, it is documentethat Snfl does

Microbial CeNUJGUST 201&/ol. 5 No. 8



S.D. Willist al.(2018

not phosphorylate GSTo this control was not included
here [62]. The results (Fig. 5F) show that Snfl is able to
directly phosphorylatedegrorr’**°. However, despite ta

ing the precautions listed above, kinase activity was also
observedusing the kinase dead version. This suggests that
another kinase that immunoprecipitates with Snfl iseabl
to phosphorylate this degronOne strong possibility is
Cdk8, which is a proline directed kinase that phospha-
ylate the minimal consensus sequencS/FP [63].
Degrori™***contains one such sitéFig. 5E). Therefore the
kinase assays were repeated using Snfl extracts isolated
from acdk& strain. The resuitshow that degron**°was
phosphorylated by Snfl and this activity was reduced in
the kinase dead control (Fig. 5F). Taken together, these
results are suggestive that Snfl directly phosphorylates
Med13"**° However, as some phosphorylation of
degrorr™®°was observed when SAff® was used, we
cannot rule out the possibility that antermediary kinase
may be playing a role

Other potential Snfl sites on Med13 are not needed for
its degradation following HO, stress

The Snfl proteomic screen mentioned above atsenti-
fied five additional potential Snfl sites in Med]37]. Intri-
guingly, these sites all lie within the large IDR of Med13 (Fig
6A). As IDR dprovide ideal environments for post
translational modificationswhich effect signaling events
[64], we askedf these additional sites also play a role in
Med13 degradation. To address this question, Met/8
fragments were fused to the SV40 nuclear localizatien s
quence (NLS) and assayed fgOpHmediated destruction.
The results revealed that the construct theontains both
degrons as well as all the potential Snfl sites (amino acids
306-906) is degraded. However, the Med1%3"° construct,
that contains the remaining potential Snfl sitest not the

two SCE™ responsive degrons, was significantly mora-st
ble (Fig. 6B) This suggests that these other potential Snfl
sites do not play a role in the,8,-stress mediated degr
dation of Med13. To address if the head and tail regions of
Med13 contain unidentified Snfl sites, Med13 constructs
spanning these region@mino acids 806 and 9071420)
were also testedas described abovéor stability following
H,O, stress. The results (Fig. 6C) demonstrate that these
constructs are not destroyed under these conditions. This
supports our conclusion that the Snfl degrbes within
amino acids 57-650. Degrofi****also contains a potential
Snfl target site (Fig. 6A). However, this degmaimen fused

to the Gal4 activating domairs destroyed following 30,
stress in wiletype andsnflk cells alike (Fig. 6D). Taken
together, these results support the above conclusions that
the Snfl phosphorylation sites lie within degP6if*.

Snfl is necessary for cyclin C nuclear release and stress
induced mitochondrial fision

As Med13 degradatiois required for cyclin C nucleae-
lease[9, 27] we next tested if Snfl was also required for
this event. To addresthis, the location of a functonalgy-

clin GYFP reporter proteifj5] before and after stress in
wild-type andsnflk cells was examine(Fig. 7A and qua
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FIGURE 6: Other potential Snfl sites in Med13 are not requil
for its degradation following HO;stress. (AMap of Med13 ot+
lying the positions of the two Med13 degrons, the consensus £
target site[57] and potential Snfl sites, identified by publishe
proteomic screens(B)and (C)Wild-type (RSY10) cultures harbo
ing the NLSMed13-HA constructs shown were grown to vty
phase (0 h) then treated with 0.4 mM.® for the indicated
times. Med13HA levet were determined by Western blot ayal
sis. Tubl levels were used as a loading con{f).Mid-log wild
type or snflk cultures (RSY202) harboring HA tagged Me«
degron742844 (pDS32) were subjected to anChl timecourse
experiment and protein extracts analyzed by Western blot. Tt
levels were used as loading controls.

tified in 7B). The results show that a majority of cyclin C
YFP is cytoplasmic in wilgpe cells whereas it remains
significantly more nuclear isnfIk cells(Fig. 7A and quant
fied in 7B) These data indicate that Snfl is required foe t
oxidative stress induced nuclear release of cyclid<y-
clin C nuclear release initiates strésduced mitochondrial
fission [4, 7, 8], mitochondrial morphology smflk cells
was examinedAs previously reported, unstressed wild
type cells exhibited mainly reticular mitochondrial mor-
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FIGURE 7: Cyclin C remains predominantly nuclear followis@ btress insnflk. (A) Fluorescence microscopy of oy phase wildype
andsnfIk cells harboring a cyclin-CFP expression plasmid (pBK32lls were stained with Dapi to visualize the nucléBsQuantifia-
tion of the results obtained in (A). At least 200 cells were counted per timepoint from 3 individual isolates. The peoetist (oiean +
SEM) within the population displaying cytogmaic cyclin C is given. * p<0.05 difference from wild ty@Right panel: epresentative
images of the two mitochondrial morphologies scorkdft panel: as in (Bexcept that percent of cells displaying fragmented mitochonc
was scoredRepresentative images of the mitochondrial morphologies scored are shown in the left hand panel. The percent of cel
+ s.e.m.) within the population displaying fragmented mitochondria is given. * p<0.05 difference from wild type. ** p$fehd? from

wild type. Bar =13 pM.

phology (Fig. 7C) that switched to a predominantlygfra
mented phenotype after 3 hours of 0.4 mM,® treat-
ment. In snflk cells, significantly less fragmented onit
chondria are seen after JA, treatment. Taken together,
theseresults indicate that activation of Snfl is required for
stressinduced mitochondrial fragmentation througtyclin

C nuclear release.

Med13-degrorr*** s not required for the degradation of
Med13 following HO, stress

We next addressed if Snfl mediated phosphorylation of
Med13 isrequired for Med13 degradationDegrort’***°
was deleted from full length Med13 and the degradation
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kinetics of this construct (Med £ ¥ “®9"was examined in
med1% cells. The results shothat Med13'>3*%° yas
degraded with kinetics similar to wild type (Fig. 8A upper
two panels, quantified in Fig. 8B). We also observed that
this construct retained cyclin C in the nucleus in unstressed
cells and released it into the cytoplasm followikgO,
stress (Fig. S5). These results were unexpected as deletion
or inactivation of Snfl results in Med13 stabilizatior+ fo
lowing HO, stress (Fig. 3). Similarly, deletion of the SIt2
responsive degron (amino acids 7824) only partially
rescued the delon (Fig. 8A, bottom two panels) whereas
Med13 is significantly stabilized islt2k cells following
H,O, stress[9]. These results suggest a complex model in
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