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Thp1/PCID2 is a subunit of the evolutionally conserved TREX-2
complex, which is required for transcription-coupled mRNA
export from the nucleus to the cytoplasm. In fission yeast,
Schizosaccharomyces pombe, there are two orthologs of the
Thp1/PCID2 protein. In addition to pci2 (SPBC1105.07¢) gene,
SPACIB3.08 gene encodes a PCI domain-containing protein
that is predicted as a component of TREX-2 complex. Over-
expression of SPACI1B3.08 cause slight defects of both growth
and mRNA export. Yeast two-hybrid and co-immunoprecipitation
analysis exhibits that the SPAC1B3.08 protein interacted with
Sac3 and Dss1, which are another components of TREX-2
complex. These observations support the possibility that the S.
pombe SPACIB3.08 protein, as a component of TREX-2
complex, is involved in mRNA export.

Keywords: S. pombe, mRNA export, orthologs of Thp1/PCID2,
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25 mRNA Q] Sof|A] A2 2 0] HF22 mRNA 2] ZAkeh
7SS EThe] g, AEeto] A, 37 wehe] Hd wl Eejol|
3} 5) W= 1195 QAR AT 2R =, JH
0 R P olAHE T} BaH|So] Bolgiti(Kohler and
Hurt, 2007; Rodriguez-Navarro and Hurt, 2011).
Z0}a ¥ Q1 Saccharomyces cerevisiaeO| 4| #|-2
TREX-2 &3}A|(Transcription-Export complex 2)+= 3
514 2] nuclear basket G-20] QP& 0 2 A3l
(Fischer et al.,2002), mRNA 34 9] ol A ES <=1t A
Ast= Ao 2 I H tH(Gallardo et al., 2003; Kohler and
Hurt, 2007; Garcia-Oliver ef al., 2012). 0] @]of| = &0} a 1 9]
TREX-24= thebe A2 314l ofalo] fofoliz 202 o
Zth TREX-2 & Ho Aol +&= R-loop 2 &E2]+= DNA:RNA
EAA7E EA AL, o] = Qs HAF Aol A 7F A7 HA
HAAR9]EA ¢l DNA 2| Z§Ho] Z7}8tcHTous and Aguilera,
2007; Bhatia ef al., 2014). Tt TREX-2+= 8- 724 9] ¢+ A
I} DNA EA)of| = A5 o] Q)2 H(Gonzalez-Aguilera et al.,
2008; Bermejo ef al., 2011), 3| HAALE = -§HARHGALI
559 Y& Hul LA 2 0] FA|7|= gene-NPC targeting
(gene gating © 2 = =7 of| = 5= 21 2. 2 Br& F tH(Jani
et al., 2014). S. cerevisiae?] TREX-2+= Sac3, Thpl, Seml,
Susl, Cde31 5 5&=F9] thil 2 & JLA % o] Q)=1), Sac3 ¢+
2] scaffoldS & A5t U x| thil 250] Sac3 9]
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2gsta Qe FEHEA 39 BE 2R s 5 ot
(Fischer et al., 2002). N-Htt & 3-8 Sac3 2] 1~100 ofw| = Ak
Z7] F-91%= mRNA =141 Mex67-Mtr2 &} A9t 4= QL
1, M-¢J 932 Sac32] 100-551%F7] 5919} Thpl, Sem1 Tl
212 A %]o] 9).om(Ellisdon ef al., 2012), CID- 94-2- Sac3
9] 720-805%+7] #9]9} Cde31, Susl Thaf A 2 JrA wof 3
2EFH et Al Aoz ok A 9ltkJani ef al., 2009).
TREX-2= B RolA ARl7] 218 0 2 wsjo] ik, Al
O] TREX-2%= HF-E5 A} QH 4 0 2 A}t mRNA W<
o] o]} (Wickramasinghe et al., 2010; Umlauf et al., 2013),
AL B 22 AR SAGA EA|9F T/ a1 21 DNA 4=
At A 2ol = olsh= A o 2 BE Flth(Evangelista
etal.,2018). Zola R} AS-SH= L G559 TREX-2
2.2 717} GANP (F.1 Sac3 9] 0]2AFEA]), PCID2 (Thpl),
DSS1 (Sem1), ENY2 (Susl), centrin2/3 (Cdc31)0]H, ¥k
ol HE FX&= Zola ot SASIJani et al., 2012).

Thp1/PCID2 THH 22 Sac3/GANP 2] 100-5517F7] F-9]2}
TAM-FGE AL =, F oA B oA S
A= o] 7|9 TPR (tetratricopeptide)-like LE|HEZ o]
F0 7 =H| Q17 winged helix =H] Q1 0.2 o] F6] X PCI 3l
25 7FX] a1 QJtiEllisdon et al., 2012). = g 21 0] PCT 4
7 2 Uehel 9141510], DNAS}RNAZ} 23t 4= 9l
e A3 Wok ofujel AA} AR HeH(Mediator
complex) 2} 4 & A-g-51o] AL 2 3} 3l mRNA H-Eof 3
o gtch(Schneider ef al., 2015; Schubert and Kohler, 2016;
Gordon et al., 2017). Sem1/Dss1 T 22 Thp1/PCID29]| A
olo] M-cjelo] 728 g7l AoR AA Stk
(Faza et al., 2009).

Su|EA = Y 8 W 9l Schizosaccharomyces pombe 2] -3-7
A glo]E]Ho] A2l PomBase (Sanger Center)o]l:= TREX-22]
=8 T ] Thpl/PCID2 9] o]F3-5A|(ortholog) = F74 =]
= S e sl AR F27) EAEHSPBC1105.07¢
2} SPACIB3.08). =, S. cerevisiae®] Thpli}= T2 4] S.
pombe®l = 27112] 5EA5A|(paralog) 7} A gt} Systematic
ID7} SPBC1105.07¢Q] pei2 G2 ARYo] W=z o],
TREX-2 E3H| 0] 74 2 2491 Sac39} Dssl Z361o] mRNA
HlZof Zhod$lo| 815 & thPark and Yoon, 2018). T T2 &
AAF]] SPACIB3.08-2 pei2€h= HEA| 7ol Hap2{o]4]
031, 4237) ofu| e AkO 2 LA oA} Bx}eF 48.04 kDa, 5
274 pH 9.97%1 TS 9Fs 3lskal ¢lrt. NCBI (National
Center for Biotechnology Information)©]| 4] A|-&-3}= Global

Alignment ¥ T4 974 & (multiple sequence alignment) &=

791 COBALT Z 213 ARg-5fo] 5 thal 2l of ofu] At
AL BT B e 42.4%2] V] E W2 A
& WOl ARk §AF AR 57 QJolo] BakE]x) ok vhyl
Aol M A 9131, Thpl/PCID2 Tha A o] 22 B3¢l PCI
A3l F2(Proteasome lid, CSN, elF3 E3}A]| 5o 4] WA=
= @4 scaffold %)= F T Hof| 5 2 BEE o] 9]
91tHGordon ez al., 2017). COBALT 3 & 1818 A}8-3}0]
gF O] T thul Al ZolF o] Thpl, ThE X SAY =9
PCID2 Tl -5 9] Al E4~(neighbor-joining tree) & 214313
THFig. ). YA R0 F T2 Zola W o] Thpl X} 1L
SayEo| PCID2 B AT} o SAI O, F i %
SPACIB3.087} Pei2 it} 543 E0] PCID2 Thil A =7} ¢
7¥7FATh 2 Aol A= SPACIB3.08 = 414 H| o] H]|o]
29] of| kA 7 TREX-29] 41/ 2. 4~ & mRNA =0 98-
Bh=x] erobi 4 Stict.

1] G20 $]2]8F SPACIB3.08 -5- A= Z Al(deletion)
Al7]Ef2te AT mRNA BHEo] 472 o] 2 2(Yoon, 2006),
SPAC1B3.08-2 @} (over-expression) A A & 2 &rotH
A3} o] & 3f pREP3X ¥l E| of] SPAC1B3.08 2] ORF
(Open reading frame) & 2 243t pREP3X-1B3.08 HE| & A
Z5to] AY217d5(W leul-32 ura4-d18)°l & A3H5}14 Tt
pREP3X W E| o] oA & nmt] L2 5L E = E|olRI(H|E}RI B1)
off oJsff A== ZERE = Elofylo] gloH Az} o5
7481 3] U ojdti(Maundrell, 1993). SPAC1B3.08 T&HS 5=
(3X-1B3.08)+= E]oFRlo] §li= v A| ol A= AHA4l &) L2 HLE| o]
O3} Wl == A O] F-7HA} 0] @] of| pREP3X-1B3.08 H]E|
of| A thFe] T o] A H ) Elopilo] gl 7 (over-
expression) |4+ H1 pREP3X HE] 7} 27481 t 22(control)

H. sapiens PCID2 (399 aa)

M. musculus PCID2 (399 aa)

X laevis PCID2 (399 aa)
—— D. melanogaster PCID2 (395 aa)
S. pombe SPAC1B3.08 (423 aa)
S. pombe Pci2 (442 aa)
S. cerevisiae Thpl (455 aa)

0.2

Fig. 1. Phylogenetic tree of PCID2/Thpl proteins. Neighbor-joining
phylogenetic tree is constructed by COBALT program on NCBI, based on
amino acid sequences of PCID2/Thpl from selected organisms, such as
human (Homo sapiens, NP_001307585.1), mouse (Mus musculus, NP _
848823.2), fruit fly (Drosophila melanogaster, NP_648486.1), amphibian
(Xenopus laevis, NP_001089237.1), budding yeast (Saccharomyces cerevisiae,
KZV07809.1), fission yeast (Schizosaccharomyces pombe) Pci2 (NP_596463.1),
and SPAC1B3.08 (NP_594792).
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of| 1] 3| SPAC1B3.08 7} Z}uha )= 7 25(3X-1B3.08) 2] A%+
o] 2] HthFig. 2A). 12|} EJopylo] A8}k (repression)
SPAC1B3.082] 7haFal o] oA =], SPACIB3.08 F52] Al
2 21 AR ol gt A A 1k= SPACIB3.08
o] ke o] A44A Q1 Aol YA © 7 2hE3RS- o n| it

5 0 & SPACIB3.082] TH3Fa 0] mRNA 2] Br&of ke
| 2] =X] dolR 7] 3, fluorescence in situ hybridization
(FISH) H}* 8- AF8-3}0](Yoon ef al., 2000) poly(A)” RNA 2]
Az f 325 A H Stk SPACIB3.08 2] kg o] oA x|
£ 20 H =t 222 vp7 bR 2 poly(A) RNAZFA| 22 2
Aol A2 o &2 54 Q) 3IA|Nt SPACIB3.080] IPd ==
270 A o] Aol A A4 A 3o] 8] poly(A) RNA
7} 3 Qbol| o7 ZA = Zlo] K THFig. 2B). o] 3 A F
A= pei2 A dpE AL 5-AFSH SPACIB3.08 13-4
A}2] I = A3 mRNA W&ol 78491 J 3k | ot
= A& YJu]3tt] SPACIB3.08 - HAHS A A A = A7t
mRNA ®-Z0] /421 A 0 & 719161, Pei2 Thiff dat=th 2
A SPACIB3.08 T8-S W 22 9] A3 HifshA L /44
Q1 2ol A Aol kS vl A A] 9= £ mRNA ] W&o
TS 7e /g e vl A 4= §lok SFA|RESPACIB3.08 T
Zlo] IpirE = AT mRNA 2ol 44 S F+=
o] = o] th o] YukH Q] TREX-2 EFA|E /st
L P29} AASAL, B =77 0 2 ZA)51= SPACIB3.08
ThlZ o] TREX-2 B34 ¢t 4 S 41-§-5H= T}2 mRNA H&

A

=

Repression

control . . -& Ky
3x-1B3.08 [ JC JE- 3R

Over-expression

(A)

Repression Over-expression

B

Poly(A)" DAPI Poly(A)" DAPI
RNA  (DNA) RNA  (DNA)

Fig. 2. Over-expression of SPAC1B3.08 cause slight growth retardation
and the defects in mRNA export. (A) Growth of wild type strain (AY217)
harboring pREP3X plasmid without an insert (control) or with SPAC1B3.08
gene (3X-1B3.08) whose expression is under the control of wild-type
nmt] promoter. Strains were monitored by spot assay after incubation on
EMM plates for 4 days with thiamine (repression) or without thiamine
(over-expression). (B) Poly(A)" RNA localization in cells expressing
SPACI1B3.08 from 3X-1B3.08 on EMM medium without (over-expression)
or with thiamine (repression) was assessed by in situ hybridization. Their
coincident DAPI-stained nuclei are shown in the right panels.

u] =32l A Alssd Al2E

tlo

Q1A 5} A0 2H mRNA &S Aale 4= 9l
2 3290,

SPACIB3.08 -F-2H= Y& Al 7] H A7} mRNA W=
o] 9J&ke m| | =&, SPACIB3.08 Thil & &= TREX-2 E-3H|
O FYJNAE 2Hgeh = A=A dolE Tk S pombeo] =
Sac3, Pci2, Susl, Cdc31, Rpnl5 (Dss1) 5 TREX-2 B-3}HA4] -
deago] B EAEL, AR Ao Ag-gho] dE A vt
(Thakurta et al., 2005; Kang and Yoon, 2006; Koh and Yoon,
2016; Bae and Yoon, 2017; Park and Yoon, 2018). SPAC1B3.08
chalZ o] thE TREX-2 534 o] 1+ @ 453 Aok ot
A| dotH 7] Y3, Yeast two-hybrid (Y2H) system2- ©]-8-3]
Atk Y2HEA ofl = lexA 25 AH2] DNA A% 9 9(BD)= 7t
% pTLexA4 H¥|, 12|11 GAL4 /3 ¢ 4(AD)S 71
pGAD424 W E] & o]|-8-3}%] 31(Clontech Laboratories, Inc.),
AL AES ERIsH] fI7t Bl 28 AR His39t LacZ
AAE 712 L40 d=H(MATa his3 4200 trp1-901 leu2-3112
ade2 LYS::4lexAop-HIS3 URA3.::8lexAop-LacZ GAL4)E At
|35}t HA |zt 2 SPACIB3.087F GAL4 EA13) o
oJ(AD)¥} §-3HEl AD-1B3.087} BD-X (8 pTLexA4 #E]) &
= lexA 2522 DNA 23 9 9(BD) g% BD-1B3.08
T} AD-X (¥ pGAD424 ¥ E]) 9] 232 2|3 E| Q] His39} LacZ
GRAS WA 7)7) 51 AL BelakgIT) TREX-2 )
A o] G L AETSPACIB3.089] Y2H Z 3= Table 19] &
25}tk 224 0 2 BD-1B3.082} AD-Dss1 Ato] o] AF5 2k
£-3 31015}tk AD-1B3.082] 7-9+=BD-Dss1 F+=BD-Susl
I T 2AESFAA, ol 52 S UEH RHAD-X}
BD-Dssl 71|31 AD-X&} BD-Sus1)o]| A = 2] ZE GAR=
WA 7| 22 SPACIB3.087}2] AFE 280 2 sfjAlek 4= ¢l
itk Y2H A3 of| A= ol Atat= th2 A Sac3 2 SPACIB3.08

e

Table 1. Yeast two-hybrid analysis

AD- BD- Intfar- AD- BD- lnt.er-

action action
X 1B3.08 - 1B3.08 X -
Sac3 1B3.08 - 1B3.08 Sac3 -
Dssl 1B3.08 + 1B3.08 Dssl +
Cdc31 1B3.08 - 1B3.08 Cdc31 -
Susl 1B3.08 - 1B3.08 Susl +
Mex67 1B3.08 - 1B3.08 Mex67 -
Rael 1B3.08 - 1B3.08 Rael +
Dss1 X + X Rael +
X Dssl + X Susl +

*X indicates the empty vector.
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313tk S pombe ] Sac3 ThW 2
H, S. cerevisiae Sac32] N-9 <
(1-100 ofw| At k7)) o] EA6FA] ¢h=rh 12f == Y2H 4
3 o] 4] Sac3 2] M- 1} v} 2 1A% AD E= BD ¢ o]
SPACIB3.087}9] Al 2-8-9 WIS 2l 0@ 22xT),

Y2H 40| 411> SPACIB3.087} Sac3 Ao] €] AFE2hg-o
ISR 3 o =2 &2 SPACIB3.081} TREX-2 &34 9] E&]
] AgFS 3helslr| Ydll, 252 A (co-immunopreciptation,
Co-IP) A3-2 4~393} 31t} SPACIB3.08 2] N Utto] HA tag
< 20]7] ¢J3l SPAC1B3.082] ORF= pSLF273 ¥lE|(Forsburg
and Sherman, 1997)9]] 224 3}o] HA-1B3.08 H €] 2 A|2l5
%131, Sac3 | C ko TAP tago] ZgHel B o] wra s
Sac3-TAP 7o) A|AE WEl 2 5273519 chBae and
Yoon, 2017). T 220 2= TAPHF 0H ] = F22 AL8-3]
9T} 16G beads S AL-34] Tap Sl S WA 2L 1, of
Z o]l Sac3-Tap whuj @ o] ¢17] wj&of] HA-1B3.08 wh
A o] oAb 2 35 2| eFokrh(Fig. 3, lanes 4~6). “L2|Lt
Sac3-Tap Tl d S A 2 S whi= HA-1B3.08 T A I of
7 28] 5] QIch(Fig. 3, lanes 1~3). 0] A1H A7H= Y2H 2o}
Al SPAC1B3.08 T 2l &= Pei2 Tl 2l 7} mpzh7}2] & Sac3,
Dssl EhI A} 4524518 o3, gjof e el
52 S. pombe?] Thpl/PCID29] ETHE o] FAEA| 2l
SPACIB3.08 THI = 1] 2 A3k mRNA 0] o]
A| QFAIRE, Pei2 @F mpRE7EA| & TREX-2 A o] -4 942
A/ mRNA W] ghofal ALt 149 o2He e 714
= AT

S. cerevisiae®) TREX-2 E8H4|1= Sac3 ©] N-THth-S: E 5| A
Zho]| W4=2 9]l mRNA HH22121¢] Mex673+ Z3FSICHEllisdon

Sac3-TAP TAP

S 20 0 g of

2 & B@ 2 a D@
(aProt) | = |
A 12205 [ | [
! ] ]

1 2 3 4 5 6

Fig. 3. Physical interaction of SPAC1B3.08 with Sac3 in S. pombe
extracts. The cells expressing Sac3-TAP (lanes 1~3) and TAP as a control
(lanes 4~6) were transformed with HA-1B3.08 or HA-Rael plasmids.
Western hybridizations were performed using antibodies against HA or
protein A (TAP). Input whole cell extracts (WCE), supernatants (Sup),
and eluents from IgG bead (IgG Elute) are shown as indicated.

etal.,2012). 12|} S. pombe 2] TREX-2 E313]|+= Co-IP A3
ofl 4 Mex67} g5+ 4] 1ok T4 1A A), EECHE mRNA
W= Q1AFQ] Rael 2 AR}l chFig. 3). o] Hg 2ob=F &
519 Sac3 T} A O] ofm| e AbS H| WSS ff, M- &1}
CID-9 -8 RZ5]o] QIA|7k Mex673} AF5H=Sac3 2] 1-100
ot i At k7] Q)7L S. pombe ] Sac3 Tl A of = HEE] o
UA g A} o] §lo] HRItk mRNA W& 7|22+ &
Lof| x| 7] 0 & FAFSEA|HE Ao F e EA i) ol & =

S. cerevisiae©]| A] mMRNA H}-Z212}0] Mex67-2 A| 3 2] Ak}
mRNA -Zof H4=2] 0] 2|9k S. pombe 2] Mex67+= B2 0]
| OFr}. BHH S, cerevisiaeo)| A 42 0] x| -2 ETE mRNA
HFZ0] 2191 Rael (S. cerevisiae2) Gle2 o]FAN5A)) Thall 2 o]
S. pombe®|| X|= B2 o]ti(Yoon et al., 2000). = a7 =3
e, A4 B Gol A& TR AL AR 30% 7 A &2 ¢
3] o fak oy 2 A O FF2(EA 714, JIES-E
AR = 5= Zpo|7t 917 wiiZofl, oof] BhEmof XI}%t
mRNA & 7|2 & g oA B o g 2ol 7} QL& A
o Z2g} Tejoe AEAEe] HA20) mRNA WE
7143 ol 337 9, T B m A ] AT AL B eka o
g3 Aol

H 2

Thp1/PCID2 TH 22 ZAke} A7 =]o] mRNAE: o] A
AEZA 2 WEsh=t Bagh 13t2 o2 HEE TREX-2 2
A 9] LA e Aolt) BE W Q1 Schizosaccharomyces pombe
of|&=Thp1/PCID2 tha} 2 o] o] ZAREA| 7} 27 A3tk pei2
(SPBC1105.07¢) %12} o] £]of|, SPACIB3.08 -§- %A= PCI
3L 7kl 9l on TREX-2 B4 9] LA AR 24 E =
chil -8 9} 5 3)5}ar QT SPACIB3.08-S TP 5, Ay
o] oF7F =& X 11 mRNA 4o 23S H ) Yeast two-
hybrid9} 3524 E24 A3 o4 SPACIB3.08 T 2o
TREX-2 23] ] th2 144 @ 491 Sac3, Dssl TH A S} A}

Sh 8 = TREX-2 2314
o8 7H5 42 A3k,

N

ZAtel ot

o] =E-22017d = Al A skl Sk At/ w] A1
ofl &Jste] A= =
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