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In eukaryotic cells, histone modification is an important
mechanism to regulate the chromatin structure. The methy-
lation of the fourth lysine on histone H3 (H3K4) by Setl

complex is one of the various well-known histone modifica-
tions. Setl complex has seven subunits including Swd2, which
is known to be important for H2B ubiquitination dependent on
H3K4 methylation. Swd2 was reported to regulate Setl’s
methyltransferase activity by binding to near RNA recognition
motif (RRM) domain of Set1 and to act as a component of CPF
(Cleavage and Polyadenylation Factors) complex involved in
RNA 3’ end processing. According to the recent reports, two
functions of Swd2 work independently of each other and the
lethality of Swd2 knockout strain was known to be caused by
its function as a component of CPF complex. In this study, we
found that Swd2 could influence the Set!1’s stability as well as
histone methyltransferase activity through the association with
RRM domain of Setl. Also, we found that Aswd2 mutant
bearing truncated-Set1, which cannot interact with Swd2, lost
its lethality and grew normally. These results suggest that the
dual functions of Swd2 in H3K4 methylation and RNA 3’ end
processing are not independent in Saccharomyces cerevisiae.
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Z3H N += F 2 olE(Chromatin) 0| 2f= A1 A Q] L2 &
O]FHA| H| 1.4 Zo]7} 71 DNAE 37|71 22 &) ¢tof] B3t
skt gltk 247} st SlsAl AAE I SHRNA
FEEAE0| DNAG] A8 4 Qlofobshu o] e U
1931 9l Aznbe P27k Bel A4 37102
QUES A uolof fith. AmutE P25 2ATH AL
A7 AU S S 2= 8| AFE MY (E+= histone Y &
%, histone post-translational modification)} RNA 7+4]
(RNA interference), DNA W€ SHDNA methylatlon) b
=, & AN FHA LR hFe HAUSS S| AE W
& o|tiKornberg and Lorch, 1999; Shilatifard, 2006) B AEL
H2A-H2B o254 2 7] @} H3-H4 AR 7} A%3t 6] AE sk
A& o] FaL Qlem, DNAZ} o] T & 1.78H 2 F e o
29 2=(nucleosome)-S T Z0}E Q] 7| EHQE I t‘j_}
CHArents et al., 1991). T2 29 125 B, 3|
nelEo] wEEleF Hro = e} Q17 mizoll, EF’O“?J e
E9] 93t o] Aofr}7] £thSmith and Shilatifard, 2010).
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2 U A = 8] AE MY O 2= obA P (acetylation), Q14FS}
(phosphorylation), ™| & 3K methylation), 52| 7 € SHubiqui-
tination), ADP-ribosylation 5-¢] 91 0.1, B ] Lo Ax]= 3]~
EH39] ] ¥lA) 2o Al 7|(H3KA)E Eo] 2.0 vels A
7] B42Q1 Setl 2 Set] T} 3HA| A E B /J5HAL = 4
9 e 2 5ol Swd2 7} o2 A Setl 9] EA1S

U Al disto] HAES =yt Miller er al., 2001;
Shilatifard, 2006; Lee et al., 2007).

Set1-2 77 9] Bre2, Sppl, Swdl, Swd2, Swd3, Sdcl, Shgl
o2 o]o}7] 4gke] P S} bl B S FAISITL 9]
o} o] 4:cke] Bl A S-S 1,0807)2] ofn]ALo 2 o] 20f7]
Set1 o] 574 = Qlo] Agtsto] Setl o] B 24T 4= Q)
(Fig. 1A) (Miller et al., 2001; Shilatifard, 2006; Lee et al.,
2007; Kim et al., 2013). "HA#], Swdl, Swd3, Bre2, 1231 Sdcl
o] FA ] 7] o] A-eh] TS Setl o] C-HHRE 9o $1|7H
SET =913} post-SET =t Qlof A3}l 232 S 2 Setl
9] 3|~ & |9 A 2 (Histone methyltransferase) E4] of]
B v A7) o] S ERA 2k AL e A QltHDehe and
Geli, 2006). 12|32 Sppl & n-SET = w|2lo]] 235}0] SET &=
H|Ql /dof dFE & 4 Aokl 2 A A AekKim et al.,
2013). Swd2+= o] & AgHg] vl EE= o2 7|, Setl &) N-
Tt Qo] 912]5FRRM (RNA Recognition Motif) T=H| Q1
A of| AgFstal, H2B 8| # €1 SHH2Bub)of] 2]&2] 2.2 o
U= H3K4 v 3}of| Qloj A S a3t Athe] vl e 2 2 o
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579 762 938

#] QUtH(Fig. 1A) (Dehe and Geli, 2006; Tresaugues et al., 2006;
Kim et al., 2013). &Y% (Saccharomyces cerevisiae) || A1=H3K4
W El$H= monomethylation, dimethyltion, trimethylation©| 3}
Lol 2ol efato] sexpao 2 olojubig], H3K42| dime-
thylation ¥} trimethylation-> W= A H2B 2] 1237 2fo]Al Zk
7|(H2BK123)7} S| 7]E18l7} Alsye]ojobal Sici(Shilatifard,
2006). EH 3], trimethylation-2 ZA}7| &shA| A 8) &)1 Q)
+ FAARe] 2= EE|(promoter) @t T1 A o A £S5kl
e, HArd o] miA = 2 A A QlekLiet al., 2007). ©] 2]
3 U FEI3HE H2B (H2Bub)ol| o402 Qlof U H3K4
o) W 5ke] BT} 0] €1 0 7] Setl B e A
G7tA] & HZx|o] 9)tiSchneider ef al., 2005; Shilatifard,
2006; Li et al., 2007). -4 A 0.2, Swd2=H2B2] §-H|HA=
37} 2ol 5 ghis ARl A L ZLR0}EIT) Setl Bt} A
a4 1] o, H2Bubol Sl 219l H3K4 v Lsh2 9t
2935 AT Tl 2 o] AX] 31 Qi Lee et al., 2007). S}A
9k A1 A 0 2 Swd27} o B A Setl o] EAJE 24 8= A0
oAbz o) 2wl A Q1A eich. 212 g vof n2 e,
Setl &) N-uek329] 2 |71, obu] Al 4 & 76213 E] 1080
H O 21} o] £0] 7] truncated-Setl (762-1080)-2 western blot
Aol A= AAF2] Q1 H3K4 trimethylation & #-& 2 ¢ 37, 230-
1080, 356-1080, 560-1080 .2 o] 507 truncated-Set1-2 2+
7+ %= H3K4 e 3}of] & Zglo] WAt Kim et al., 2013).
whka] o7 B 15T} g, ofu| Al 2305E] 762714 2] 2
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Fig. 1. (A) A schematic diagram of full-length Setl and truncated Setl modified from Thomton ez al. (2014) to understand structure of Setl complex. (B) We
performed Tandem Affinity Purification (TAP) against Bre2-TAP in WT and 4swd?2 (C) SDS-PAGE gel shows double band patterns of Setl in WT and

Aswd2. And both strains are bearing Senl overexpression plasmid.
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-5 H3K4 w2 }o]| thgtinhibitory 2] & 0 & Y78k 4=
], full-length ©] Set1-2 1 E] 230H 2| & H5F 7}x] 3L
I QA4 Q1 H3K4 HE3hE Hol= 215 Edl=, ofvfie
1-230 ] 92 anti-inhibitory ] .0 2 X Z}& 4= Q) A THKim
et al.,2013; Thornton et al., 2014). 3}FA]Q, 762-1080 Setl |
9)3}o] ¥HAISH= H3K4 trimethylation-2 promoter-proximal
region©f| /32| & & & peakS FAJSHA] HS}AL, gene body
o] Zixto] 3 A It Thornton et al., 2014). ©]+= Swd22] 23}
Holo] N-ahct 2] & o] ¢l2= truncated-Set1 (762-1080)0] A4}
Q1 H3K4o] tifgt o g i e S48 7 91K odth
AE wolzry

) Aot St o) e o o e
2 B1317] Slste] Setl BAAS) 259 B 5 5
Bre2o]| TAP tag2- £¢] 5231, 0] & 0]|-835}9] TAP purification
= g 5, Setl &) C-Iretof| gt A& ©]-8-5Fo] western blot
o 2=8J5}5IthFig. 1B). 1 27}, ) Setl-& SDS-PAGE 4]
4] double band 5 & AJ3}F3L Ql+=1)], ©] double band 2] pattern
o] Swd27} g mutantoll A= wild type 2] 212 Afo] =
o] W=7} o] W o 2 e s Ao] BhakElirkFig. 10), 92
= o] A1}= E3) A, o] 2|3t Setl 2] double band 7} Setl 2] N-
ek ol A o] Aekad Aol &gt Ao]a, Swd27} gl 7+
o= Swd29] Zgtskar 9l Setl o] N-=th o] RRM = ¢l
LA 7F o ZepA 7] gl § 2R Alo]=o] HETE Pk
AUE & 4 AUATHFig. 10).

Swd2+= Set1 o] N-eh Fio]| Qli=RRM =131 o] 4
1z Ql=tll, o] RRM w12 AR Fof RNA S3ta
258 A= o] 2= nascent RNAZ} Aotsh= = Q)
, Set1 2] RRM E=H|Q10] §1-2 wfj+= H3K4 trimethylation
Agro] A7IcKFig. 2A). E3L Setl of| 4| RNA ZA3tof &

2 30 o
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o-H3K4me2 | «— _— = ———
a-H3K4me3 | quum -— -
a-H3 — ., a— e — P e

831 295-297H 0] A/ 0] oAl 27|15 Uehd(Alanine)
o)L} o2 X H(Arginine) 0 &2 X|EHA|F2 w0l '= H3K4 trime-
thylationoj| & ZA3g}to] AJ71tk(Schlichter and Cairns, 2005). ©]
A Setl o] B/l Q3 =1 I RRM =1 1o]] Swd27}
ol oJaFe 1= %) B15k7] SI5kol, Aswd ARRMI, Aswd
ARRM2, Aswd ARRMI/2 o|ZZAAEAHo 2] H3K4 HE
5} Bl BIBHgICE 71 23 o] A E AMo] S-S H3K4
trimethylation ¥-9F o} 2} H3K4 dimethylationo| X = & 7
25 R GItKFig. 2B). o] 2|gt 215& A 2|stH, Swd27}
RRM =v| Q1 4] of Agtsto] Setl 9 M-S 2Hdt= 5
Alo]l, RRM T=w| ¢13} 317 Setl o) w2 E a4 S0 J3F
= U 4= okar A|oke 4= Sl

Swd2+= Setl o] &S 2 AT = QL& ¥k o2}, CPF
(Cleavage and Polyadenylation Factors) 313 9] 3 Ath¢]
RhIE 2 24l 01549 7158 1A T e, BRI
o] 7)%5-2Setl ©] B4 & 2 Aol AThs SYH 0.2 443
o} 5.7 %9 thDichtl et al., 2004). CPF 2314 = mRNA 2}
snORNA 9] 3” T8 3 A of| Thof s}, MARE Aol mi-¢- 58
Shtk CPF 53]l = Swd2 & 22371 77 9] 4] ehi A 50]
TA3}A1 Q)= APT (associated with Ptal) 2} core-CPF 2-&}H]|
7} holo-CPF 2341 S &) A 5lo] 21-8-3ttH(Nedea ef al., 2003).
o| 83t o] B 153} Swd27} Setl 2] nascent RNA 2] A31X]
Q1 RRM =] 13} 9HA| 2H-8-3hth= AMd & A &= 5od, ¢
2] Swd2 9] RNA 3° et g4 7]-5-0] 2b1 8] Setl of| == 5
of WAIsHz 0] ofd 4= Itk 714 slic.

CPF E3Hi|= ZdAre] S0 S 837 98-S 8] 2o,

o] BEFAE ¥/ o= A fHAE2 w44 o] L,
o] fFAAREO] e A AlxEe o] & Ak Belot
(Steinmetz et al., 2001). 7L Zo|| A & Glc7 o] 2fi= Atk thal

Aswd2
B) ~ =
S NN N )
$E555F 9
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Fig. 2. The bulk level of H3K4 di- and trimethylation in the mutants bearing truncated Set1 (562-1080, 762-1080, 938-1080, ARRM1, ARRM2, ARRM1/2)

in WT (A) and in Aswd2 (B).
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Truncated-Set1 Aswd2

Full-length Setl1Aswd2

Fig. 3. The growth of Aswd2 mutant without Senl-overexpression vector
in 5’-FOA media. There is an only one colony in full-length Setl Aswd?2.
Truncated-Set] Aswd2 mutant shows normal growth.

o] gl= 7 ¢olli=, CPF B3 & o] 731 Q1= APT 5314
/ol A7 A 4= Ql=l, oldf Swd27}Gle70] APT =3
Aol A R = A] Q= sk AT gtk webA] o]/ AL
o] AT ZA7HA717] dlizell, Swd2 A=A o=
AAEF 4= ¢lth Gle7L serine/threonine B Q1ANS 4R
snoRNA ZZ¢f o5}l Q)= Nrdl-Nab3-Senl &34
Senl 8] QIAF71 & A AR o] A5 F3l Swd27} §l= &
Aol 7} A A o &2 AsHA 617] 9l A= Senl o] 2P
o] & @3}t ey A QIthNedea et al., 2008). wehA], S|
71 Swd27} gli= Edulol o] A4 AL, Setl 47} 7l
o] 131 CPF 214 9] &2} 432k of Stk S, 2ol
Swd2 ZAERIole] e Setl & Ao et
HI]|l 11, Swd2E £3F Setl 25142} APT2}F2] cross-talk
o] 7] WAE Aol HeeiA Aojitr] 918 LR s
Atd o] H I BT A Swd2 2] = 712] 7]-5-2] Ad ol iRk 7}
54 0] A A= i Soares and Buratowski, 2012). 0|23} 7]
29| AFELS B4, $-2li= Swd27}F CPF BgA 24 75
231 Z10] Ak Setl ] 7153k B M2l Flofebw, Swd2 7k A
S5 4= @1 Al 9] truncated-Setl (762-1080)2 714 1L Q=
Aswd EArH 0] 0] Aol Agto] Q& A olefar ke 4= 3l
t}. wheba] 9-2]= Senl o] TP E o Q1= w2 truncated-
Set1 (762-1080)-2 endogenousd} 7] TH=11, 5°-FOA selection
255 URAS w718 74031 9Ji=Senl ] ahakdl e} 2 174
Sh= A& Mayskiek 2L A3, full-length Set1-& 7FA] 1L 91
= Aswd2 EAWol= Aol & A B AT truncated-
Set] (762-1080)2 71| 1 Q)= Aswd2 B #o] = A 0.
2 ek 218 BastrkFig. 3). $-2l o] AukE 5
Swd27} 714131 9l Setl HgH|e] LA Ao 2ae] oot
3} CPF =gk 4] efato] Al s S 2o ofd
= Algrer o= Qlek o]= ok Setl o] AL 2 Fof| RRM

@
@

e
H3K36 Me

Fig. 4. Setl binds to nascent RNA through the RRM domain. Remaining
with nascent RNA, Setl complex can involve in 3’end formation of
mRNA, because Swd2 is one of the component of APT complex and binds
to domain close to RRM of Set1. We suggest that Swd2 could have a role
as a “recruiter” for gathering components of APT complex and then form
APT complex after Swd2’s disassociation from Setl complex. Taken
together, we suggest that the dual functions of Swd2 are not independent in
Setl complex or APT complex.

E5}o] nascent RNA 2} 231613, RRM =w| Q114
12l Q= Swd27FRNA 3° it A ubgof) I o
E B E0)+= B A recruiter) 24 Z-8-5}111, o] 25t
of] Swd2+= Setl © 2 ¥ HolA L2} CPF EA|1&
te 7P RS Al o QA TH(Fig. 4). 12]al 92
19 Swd2 9] 7|52 &3l Setl A7} HALS] 2/t
ofv et FATH M E FR37 T2 T 5 = ARl
2 2= o)tk & 92 Swd2 7} 2 e8] 9= truncated-Set1 S
7HA AL Q= w7 F A o= AdAe o Sl oluf HA
Z A7 o A polyadenylation factor5- Swd2 §lo] H3K4
H el 3} 2pA| = RNA F3a o] JaFe vk
3 ABZFeE 4= Q) SIT. s, H3K4 |28t
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A dS A= MAUS 28 24= duA QL
+= Iswl ©]2}+= chromatin remodeling ATPase S H'E G-z}
2 ggfes Aol JlojA Zasirtar defA Q7] diizott

(Santos-Rosa et al., 2003). 18] 31 CPF E-3}4|+= Cft1 T} Pefl
ofeh 4ke] Tl A & o] RNA 3Hi40] -2k o]
¢lof| Aol 7F&5hH, RNA St A 4 C-0 e mH Rl &
3l AR I RNA processing = AZAAIZ 4= l5o] & 4
A 917] wj&Zo]tH(Licatalosi ef al., 2002; Nordick et al., 2008;
Hsin and Manley, 2012).
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R3] M| azof A 3] 2E 0 ME-S A=t 25 2 H k=
glofl SlojA S8zt WA SO |t Setl HA of &J3t 5]
E H32 ] §iA 2ol Al 27 |(H3K4) o ' o= w2 8h= ot
FoHA & LA Q= 3| E MY F sho|t Setl complex
+ H2BE| | e a}o] o2 o 7 WA 5H= H3K4 w23t
of| ZQlrhal Xl Swd2 & 223F5}0] 77 9] A-che] Tl A
< 7FA) A )t} Swd2+= Set1 2] RNA recognition motif (RRM)
TRl FAfof Ageto] Setl o] B/d-S 245kl ERNAY
3’ Tt & A o] o] 3)= CPF (Cleavage and Polyadenylation
Factors) =314 &] S0/ wolekar HalE| Qi) 2| Hils
of k=, o]71 Swd2 9] o]F2A %l 7] 5o A& EH A o= 2
85, Swd2 ZAFAR o] FF7F AHA| H8h= o] -7 CPF
EA O] AR 2N O 75 wmoletarl e A Sl 2
Aol 4] 2]t Swd27} Setl o] RRM wrjslo] Z3sto]
Setl o] S 24T 4= Q15 #9F ofu] 2l Setl 9] ¢H Aol
& AT E 9-2l= Swd27}F Zgtet
2 ¢l = truncated-Set] S 7R A1 Q)= Aswd2 = Ho |7} AL
1 9 A4 0 2 Ahehs 218 BHelsic. ol el 2}
Saccharomyces cerevisiae©l| 4] H3K4 W€l 5}9} RNA 3°
BT ol A 8] Swd29] o]F2 2l 7]5o] A= EH A
o] opd & Al¢tsitt.
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U=t
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ALl &

o] =22 2015\ = 7t k&2 AIH|(D1000307-
01-01)2} 3(u] e 2 TH51) o) A elo @ AT AR
A A(NRF-2013R1A1A3008065, NRF2015R1A4A1041105)
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