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Effects of Cdc31, a component of TREX-2 complex, on growth and
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ABSTRACT: In fission yeast, Schizosaccharomyces pombe, the cac37 gene encodes a member of the conserved Ca2+—binding centrin/
CDC31 family, which is a component of spindle pole body. Here, we demonstrate that the S. pombe cdc31p is also a component of TREX-2
complex, which influences mRNA export from the nucleus to the cytoplasm. Repression of the cdc37 gene expression caused growth
defect with accumulation of poly(A" RNAin the nucleus. On the other hand, over-expression of cdc37 exhibited no defects of both growth
and bulk mRNA export, but showed somewhat longer cell morphology. Yeast two-hybrid analysis showed that Cdc31 interacted with Sac3
and Pci2, the subunits of TREX-2 complex. These results suggest that S. pombe Cdc31 is also involved in mRNA export as a component of
TREX-2 complex.
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QBN BAS LBl Qs FHAGO| W EROARE I AshHom 3 o) glon, W
HE] 7] Qo) Al= 3l erof| A] HALE 27] mRNAZE71H84(5" 7) H 54| 2] basket 20| A§F5}ar ¢l th(Fischer et al., 2002).
w, AZeto|A, 3 Aok 1l Zajobd| D 3hE o] 423k mRNP TREX-2 E314)| = A AKtranscription) 2} mRNA 2] Fo]| A A
(messenger ribonucleoparticle) 2 3%} (packaging) ¥l -, &} o 3R 2 9] ’HE(mRNA export) IS AZAsH=d 421
of] ZA)5l= sF-E-gHA|(nuclear pore complex) S F3f| A3 kg Tdslal Q-2 kol 2l Gallardo et al., 2003; Lei et
A g2 W25 = 914 5o T Q SFci(Kohler and Hurt, 2007). ©] al., 2003; Garcia-Oliver et al., 2012), DNA E-A)|, 5724 2] o

3 A ES A ALY H9oF 2 7] mRNAo]| Z23Hste] mRNP Aol = T E] o] 9] © m(Gonzalez-Aguilera et al., 2008;
B2 g el wre chil Aof| ofa i E T 2 A Zu Bermejo ef al., 2011), ZohE RO A= GALI SR 2} 7Fo]
(Perales and Bentley, 2009; Stewart, 2010), TREX £33 9} 3] AALE = S AR EL A2 LA 2 o] 53] 9] %]3%=
TREX-2 B34 = mRNA HAA} 2 712 7452 mRNA 1= E 3}+= gene-targeting2 Wl 7] 5}= S5<(Cabal et al., 2006), &
BT QAT 2SI S A RS AT AT AT AT o chopet o] Bolshs Ao LA
(Rodriguez-Navarro and Hurt, 2011). 11 Qlth(Ibarra and Hetzer, 2015). Z0}a % S. cerevisiae2]
TREX-2 &3HA]|(TRanscription and EXport complex-2)+ TREX-2 &34+ Sac3, Thpl, Sem1, Cdc31, Susl TH A=
2 FAE o] 9)=4), Sac3 thl A o] scaffold 2 AF-8-5}31 o 7|
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Lo

o] thFet 9 3hE Hol=TREX-2 B34 9] 7| 52 = &
FE R QLS. cerevisiae | A A% AT, TREX-2 B3A+=
cobet SR Msi 0w 2 o] gk

TREX-2 2349|714 2 4:¢1 Cde31 wh a2 Ca™'- A%
ol g 213514 0 2 2 B2 centrin/CDC31 Al G ol 43k
. CDC312 Yl MlsZELE 7] (cell division cycle) & H
o] AHEdt= AR SEYEHULL, nAlaT FAESA
(microtubule organizing centers, MTOCs) ¢l & & 0] ZA1 =LA
(spindle pole body, SPB)¢] B 40| T gt 5102 of A7}
(Baum ef al., 1986). 71 & Cdc31 @22 2414 9] half-
bridge 50| $12|51e] SHFA| o] FAIE -7 = Zlo] Bt
& FHtHSeybold et al., 2015). -G & X Q1 Schizosaccharomyces
pombe?] Cdc31/Centrin3 2] o|FA1%5A|(ortholog) = JA| &
4141 9] half-bridge /g $1 At H, SA=A419] B4 =4
3= Ao 2 A A Qlti(Paoletti ef al., 2003; Bouhlel ef al.,
2015). & Ao A= BLE W Cde3lo] TREX-2 E-3H4| 2]
T LA A mRNA ®&of ofsh=AF ZAleI3)

2 AP A= oAl 7 H S E AR o] fH g4 W)
Hlj ok -2 ARE-3A tHMoreno et al., 1991; Alfa et al., 1993).
S. pombeQ) cdc3l" 2 Aol B=Ro|B2(Paoletti et al.,
2003), cde31” G- 2] W o] oA|(repression) =] AL} 2Ht
@ (over-expression) == w75 A|2boto] £H P S TSkl
2} 51 chFig. 1A). WA cde31” 570 A12] Thi 4.8 9k 35}
= ORFYHE nmt] 2 RE o] £, cde3]™ 2] FA7L EJoql
of| oJalf 2 A ¥= e 55 A2 nmt] T2 RE=H 4]
o glotqlo] glom(-Bl) A} -5 AL, Elofrlo] EA st
H(+B1) AA7F SA| == Z 2 HE o]thMaundrell, 1993).
PREP3X #lE|of| Q= o nmt] ZEWE =gt 22w
H & glofrlo] gli= v x| of| A & A =7} vf-9- =THForsburg,
1993). ¥k pREP41X W E]ofli= EAMO] nmtl” TR E S
7HA AL =T, E o] TR EE = ol o) o] 3]
AR = At opYT nmeol WSl ZmRE] A|7]7}F oFsitt
(weaker nmt1"). 0|2 A A|2F8F3X-Cde31, 41X-Cde31 ZafA
n| =2 oRAIE(WT) k] 2291 AY217 (i leul-32 urad-
dis)ol| FARLSITE tha oz, o|gA 2 FAHLA
(AY217/41X- Cdc3)2] GMA o EABH= cde3l” FAAE
AAA AL AEHAAE Kan' S 0 §5te] Acde3] 24
EdHo] #3535 5 7] 984 double-joint PCR HH o &
Acdce31:: Kan” DNA ZHH-E A|Z3t 3., one-step gene disruption
WP S ARg Bl ik A2 GA180] 271 iAol A] At
L PAsAE 92 7, YAATH | DNAS F2d}o]
PCR S 5 Acde3] AAIS AI0] S BHlahoteh(<} vl ).
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]9} o] 41X-Cde31 W E & 7121 WA Acde31 A4
ol =5 AZFSF A th(Fig. 1A). o7t upel ghol, o
i goprlo] gl M (-Bl)oll A& ede3l §H4H7
e o] 2wl o E dFAH AL S 2
gk, Eloprle] H7hE wiR(+B1)o) A= ede3 1™ 71249
do] A= o] Aol WU th(Fig. 1B). o] 2|7t A9
Tz cde3l §AATE Aol DA )& ghela) 91
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Fig. 1. Repression of cdc31 expression caused the defects of both growth
and mRNA export. (A) A schematic representing the repression of cdc31
expression in S. pombe. Wild-type cde31 ORF is denoted by shaded boxes
and expressed under the control of the weaker nmt/ promoter (Pnm) in
pREP41X plasmid. The Acdc31 null allele in chromosome is shown by
open boxes with a cross. This strain is kept viable when cdc31 is expressed
from the pREP41X plasmid on the thiamine-free medium (-B1). In the
presence of thiamine (+B1), the expression of cdc3 1 is repressed, resulting
in the inhibition of growth. (B) Growth of haploid wild-type cdc31" (WT)
cells and cdc31 deletion mutant cells harboring 41X-Cdc31 plasmid were
monitored by spot assay on appropriately supplemented EMM (Edinburgh
minimal medium) in the presence (+B1) and the absence (-B1) of thiamine.
Cells were incubated for 3 days at 30°C, respectively. (C) Poly(A)" RNA
localization. Cells were grown to the mid-log phase and then shifted to
EMM medium without (-B1) or with (+B1) thiamine, and were grown for
18 h at 30°C. Coincident DAPI staining is shown in the right panels.
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et al., 2000). Figure 1coﬂA1 HZo] oRIF(WT) 5ol A=
poly(A) RNAZ} AFA o & Az AA o] 7 o] Fa}7] &
szahglch Bk, 41X-Cde3 1 W E o A cde3l 7 E= A
cde31(41X-Cde31) #3= Elopglo] gl i z|(-B1)of A=
opA g 7} v 5231 A] 412 9 poly(A) RNA E-Z2 WAL
cde31” ) ¥@o] A== Elotylo] H7hE wiR|(+B1)ofA &=
& ¢tofl poly(A) RNAZ} %2 5| Zo] |l 011?%5?
AIEL HAF WO Cde31 = mRNA &0 24381
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2 o] T w5
sl 2 o}OﬂE} ol Al A2ket <
WT/3X- Cde31)= EoFrlo] gii= v Aol Al a4 2] cde3 1"
X} 0] ¢]o] 3X-Cde31 WE] 2R E] Cde310] FA T wo]
ch. S}A]9E, W1 pREP3X WE| 7} A 8ke op g3 of
7} 8| 35ko] cde3 ] HAAR7E TP E| vl ks Ao of
o] g1912-M(Fig. 2A), FISHE 3 poly(A) RNA
ZAIA = 2t 3} 2 2fe] S AT 4 (gl
ig. 2B). T4 Cde31 T F o] Iprd = A|aL o] Zol 7} 2
o= 2P S BAT, RIa R Alavt doj)= A
H|3zZ7] 0] A] 3 2] G- AFELS(Mitotic phase)©] 0] 2] = A
AT FARRE A A ol SAl T A2 #el7F ol
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Fig. 2. Over-expression of cdc31 caused the increase in cell length. (A)
Haploid wild-type (AY217) cells carrying the pREP3X plasmid (empty
vector) or pREP3X-Cdc31 (3X-Cdc31) were monitored by spot assay for
3 days at 30°C in repressed or over-expressed conditions. (B) Poly(A)"
RNA localization showed no apparent mRNA export defect.

Q3 A= Cdk (cde29]) €13 9F 587 Cde3 1] 1597 ofn]
AR ZE71Q1 Al 14K 7] Al o] B 2. 3td|(Bouhlel e
al.,2015), Cdc317prd o] o] 5k A 257 28NS gt
She Aoz 2,

PR O] Cde31 0] A|223=7] 24 0] 9o mRNA W&o
Trojst g2, o] Tl o] TREX-29] G4 Q1AL 2H-8-61=4
= ol 7] 93) yeast two-hybrid £4]-2 519t o] = 3l
Cdc31 o] 2]o] TREX-2 -/ IAFH=2] S. pombe ©] 5 454 =
2 -7 A database 21 Pombase (www.pombase.org) o] 4] Z-3F
th =, Sac3 (SPCC576.05), Pci2 (SPBC1105.07¢, &ola X
Thpl @] AFEA]), Dssl (SPAC3G6.02, 20} 1 Sem] ©] AFE
A)), Susl (SPBC6B1.12¢)E 22}t lexA ZFg-AL2] DNA 2% 9o
(BD)= 71 pTLexA4 HE| 2} GAL4 2/ 3} 9 %(AD)= 717l
pGAD424 I E](Clontec Laboratories, Inc.)ol| 243}, o] &
o] 917] 4218 DNA scquencing & 53] 23181t o127 4]
215 wlE S th2atel Wl WS L40 w55(MATa his3 4200
trpl-901 leu2-3112 ade2 LYS::4lexAop-HIS3 URA3::8lexAop-
LacZ GAL4)ol| B ARSIt WA pGAD424 WE] ©] GAL4
A3 F 97 g5 Cde31 (AD-Cde31) o] &2 24 ufj=
2 3LEQl LacZ FAAE WA 74 Fohe A gelsh|
)&, AD-Cdc311} DNA A%} & 912 7121 ¥l pTLexA4 H g
(BD-X)E & A &8ttt 7| g gt upel Zo] AD-Cde3 1
I BD-XE | 7H2 @A A ol A = LacZ A7
) A] QFQFTK Table 1). Table 10} A 2|8k vk} Zo], AD-Cdc31
I} pTLexA4 WlE o] 2 Y% TREX-2 A Q40 23l 1t
T LacZ RS HEA T SHAIT pTLexA4 B El o] 22
W= BD-Sus| 7} BD-Dss1 & &8 LacZ QAAE WFEi A7) 2=
Qom g AD-Cdc313) BD-Susl 23}, 18|31 AD-Cdc313}
BD-Dssl 23| A 9] LacZ G2} -2 Cde31 Tl 2wt
o] TS o] 4w atgo] ofa) ekt A2 s)4ja] of
HHo)h 28y gj 2ot A g o 4] BD-Sac31} BD-Pei2 = & &2
LacZ FAAE HEA D 4= Lo B2 two-hybrid A3 A}
L Cdc313} Sac3, Pci2 THa 2l Ato]of ZkzF E2] & ol A& 2f

Table 1. Yeast two-hybrid analysis

AD- BD- ex}iiifion AD- BD- ex;r?:(;fion
Cdc31 xX* X Cdc31 +
Cdc31 Sac3 + X Sac3 -
Cdc31 Pci2 + X Pci2 -
Cdc31 Susl + X Susl
Cdc31 Dssl + X Dssl +

* X indicates the empty vector
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o] Sl3= ougteh o] A9} Bt = pTLexA4 #E 9]
DNA A3} o Hof g3zl Cde31 (BD-Cde31)3 pGAD424 W)
glo] 224 ¥ TREX-2 48 40] 2310 2 two-hybrid £
4.8 3303 51 0Lk, 84 vl 2t 21 BD-Cde3 1 7441 v
QI AD-XZ& 7H FAXHSHA = LacZ {44 HAAIZ 7]
ufjiZel]l BD-Cdc310] th2 Tl A =3t A3 2H8-51=4] 2}l
o IR A2 A9E F o, SOoFA R TREX-2+= Sac3 &
22 o] scaffold = 2H-g-5kaL of7]of| th& T Ho] Agtsiar
Utk Ao] WE ). Sac3 F7F F-91+= Thpl, Sem1 3} 317
M-subcomplexZ 3 A5t} DNA, RNA2} A3Fal Wl o}
2H(Ellisdon ef al., 2012), 1 7 AH Mediator) 3142} 214 A
&sto] AARE E/d3HA]7]+= A o] 5] Atk Schneider et al.,
2015). T35}t Sac3 C-Eot 9= 519] Cde3 13} = B9
Susl Tl A 3} 37| CID-subcomplexE & A 5}o], MH-2E23}
A ] o ¢F& G252l basketof] AFsh= A o2 Rt
(Jani et al.,2009). 122 A G ¥ o 4] Two-hybrid A3 S
2 1l Cde313}Sac3 9] 5 2hg Aab= Fotan o L2 2
e} Ax| ey, g, Cde3 13} Pei2 (Thpl o] A5 2] A%
g2 AHAA oh Wl AU E o 4= gk B

Cdc31, Susl, Dss1 9] two-hybrid 34 o]| Al DNA A%l & 91}

o 1
S 42 U0 2 o wE SAAS WAL S AUE
g, o} 8 o] 5] HALE B 4 YA B AT

7} ReE|ofof 3 Fow Azke,
A& G ol Al & HEF TREX-2 B3| = F-d4 2
A - vhFEt 2 of] HoRik shA|uE
& Behs SoHu TREX29) A4S A0S
ARAFZA(ZE, HiA S0l = oo 2= 2
| &= WA, S. pombe 2] TREX2 = A #of| B4=%
olc}. o]t & BEE TREX-29] 7]%-2 7|84 0 2 § 4344
B, 2ol o) ZolEm o4 2ol Y-S Lhepd 5
2o Slae AARRIEE ERE TREX-29] 484 5
Susl, Dssl, Cdc31 52 TREX-2 o|Q]of Z}z} th2 BahA|

o
g
_]>~
i)
=)

B2 S pombe?] TREX-29] 7|51} A Q4SS A sl
2 AMA ] UvAel T1e] 31 % So| 59 TREX-2 B

Ao AeE olsshet] £go] B Aoz AzHL

8 2

BAE W Schizosaccharomyces pombe2) cdc3] A A=
31208 2 H2E Ca’'- 23} centrin/CDC31 A Qo] &5}

2

=32l A Als2d Al3E

o BF5==A|(spindle pole body) 2] g+ AJ <] Tl 2l-& oF 5 5}
kAL QUek o] &2 ol A= S. pombe ] Cde31 Tl A o] B 5=
A ¥t ofy 2 TREX-2 E3HA] 2] 414 A2 A mRNA 2] &)
of| A A2 2 0] WhEof YRS u] x| =R] Lot H QT cde3l
FRke] IS AAIEE A A R, poly(A) RNA
= & otof| 2R = FARS B ) $HH cde3] SRS TPt
HAA7|H, BT mRNA F-Eof 23S Ho|7l erokx|ut A
xzZo] do|7t dojal= FHE E Tk Yeast two-hybrid £4
ol A Cde31 Tha) A2 TREX-2 B3| 9] I k2 F14d 1Akl
Sac3 712|311 Pci2 @} 5 2H8- B9 o] b 2 AE2S.
pombe?] Cde31 ThfAE= o A] TREX-2 E3ta)| o] F24J¢1#;
2 mRNA W&of Toalal 93-S AlAFSITE

Ujel 2

o] =E-22014d &= Al ol ahal sha 4R 2w Al
ofl &Jste] A= =
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