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In eukaryote, THO/TREX complex plays a critical role in
transcriptional elongation, pre-mRNA processing, and nuclear
mRNA export. This complex is evolutionally well- conserved,
but there are some differences in composition and function
according to organisms. Here we showed that spTexl, a
component of THO/TREX complex, is not essential for growth
and mRNA export in a fission yeast, Schizosaccharomyces
pombe, which is more similar to higher eukaryote than budding
yeast. Deletion and overexpression of the spTex! gene do not
lead to any detectable growth phenotype and accumulation of
poly(A)+ RNA in the nucleus. And the spTex1-GFP protein is
localized mainly in the nucleus. Yeast two-hybrid and Co-
immunoprecipitation analysis showed that the spTex1 protein
interacted with spHpr1 (THOC1) and spTho2 (THOC2), main
subunits of THO complex. We conclude that the S. pombe Tex1
is a component of THO/TREX complex, but does not plays
important roles in growth and bulk mRNA export from the
nucleus.
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Boll 4 TS hEaksn gl A= RNA
G 4> 119]] 2]} pre-mRNA 2 A A 372 mRNA 713(5° 78
Zojol4),3 Wk Eejoldsh S 7K 5 o
A(nuclear pore complex)S E3| MHof| A Al ZZ = 1}
. mRNA = & Qbof| 4] A= =1HRE H2 cha
o] A3%lslo] mRNP (messenger ribonucleoprotein) 234
49510), 23 TS S mRNAS] A4, 44, W 5o
Q(Stewart, 2010). +-RR} & O 2} THA| 7} X3 =
A A W 2} 3 mRNAof| Ajtsl= 5ol 4 o
%4 23 geb e, mRNPE T4E Ao] ofzt
Xﬁ 2 W= A U L2 E 7Pt Rodriguez-Navarro
2011; Katahira, 2015). o] Z 7] B35t dH 2] -4 A}
ng:ﬂ_ﬂrxo 50 2980 215 Eo] AR YT T W,
TREX (Transcription and Export):=mRNA o] Ag}s}= t}=
£hu ) B2 A R ol W49 ofake B
CH(Heath, 2016).
Zo}a Y (Saccharomyces cerevisiae), 232 (Drosophila),
oW 71 &N (Arabidopsis), 7} (Xenopus), A 5 oo
R Eof| HE% o] 9li=TREX = THO HobA| 9F =712 Q1
I EE Us 4= It THO E3HA| = Sota H Q1 S, cerevisiae
ofl A AL Al o] St AT Hohe Ao® A5
U F=tll, RNA S a4 119 14k C-wet ¢ <J(CTD)
213 ARt = A2 Sk A R9]of Bo=
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Fig. 1. S. pombe Tex1/THOC3 (sptexI) is not essential for growth and
mRNA export. (A) A schematic diagram shows the wild-type sptex! allele
and the knockout allele (Asptex!) in S. pombe. The entire sptex!
(SPCC18B5.10¢) coding region was substituted with the marker genes,
ura4"” or kan', using one-step gene disruption method. The coding region
is represented by an open box and six introns are indicated by vertical thick
line in the open box. The arrow above the sprex! allele shows the direction
of transcription. (B) Asptex! deletion did not lead to any detectable
growth defects. Wild type sprexI” (WT) cells and Asprex] null mutant
cells were monitored by spot assay. Cells were serially diluted and spotted
on YES plates, and incubated for 5 days at 22°C, 3 days at 30°C, and 37°C,
respectively. (C) The Asptex! null mutant cells showed no defect of
mRNA export. Cells were grown to the mid-log phase in appropriately
supplemented EMM medium at 30°C and fixed. FISH for poly(A)" RNA
were performed using Oligo-(dT)so labelled with an Z5-digoxygenin at the
3’ end as the hybridization probe, and using FITC-anti-digoxygenin Fab
antibody for detecting the hybridization probe. DAPI staining are used to
identify the nucleus in the right panels.

tHChavez et al., 2000; Meinel et al., 2013). -1 3 THO=
mRNA ®&214}2] Yral (RNA-Z 3} i 2]) 2 Sub2 (DEAD
box RNA helicase)2} 317 TREX £ & & 45t mRNA
of 2%5}al, mRNA ®&-2HHA(export receptor) @] Mex67-
Mtr2 & mRNPo|| £E2 50] <8 mRNA Q] #HZof ofglo]
& # tH(Strasser ef al., 2002; Zenklusen et al., 2002). TREX
A= o] 2]oll = mRNA O] 7k of] hof 8= of 2 T
At e g5k Zlo] &3 o Z 4 (Rougemaille et al., 2008;
Chanarat et al.,2011), TREX7} G-AA 91 0] =8 A= &
FABHEE mRNA A, 7He, & 5 A4 dAlEs s =

A Qe ol AFgahs Ao 2y

Tex1-GFP DIC

Fig. 2. Localization of spTex1 protein fused to GFP. spTex1 was tagged
with GFP at its carboxyl-terminus (spTex1-GFP). The sptexI-gfp::kan"
DNA fragment was integrated at the spfex/ gene locus, and the localization
of the fusion protein was determined by confocal microscope. Green
fluorescent image (GFP) and coincident differential interference contrast
image (DIC), and the merged image of both are shown.

ZHEAE FetA o7 B2 TREX A= A4E A
Aol Al B AL o] Fa gt A ehE FdshAleh Eot
Amol TEARA L] TREXE 247} 71504 2ol 2 Hal
Tk THO 74 8.4 Foll A 314 4xeh9] 9] 0]8/d=5A|(ortholog)
ol Hprl(Zo}. 1)/ THOC 1 (1154 "4 )2} Tho2/THOC2, 1
23l Tex1/THOC3+= th 29 RIS Fof| A 2 K o] ¢
A9k, Mftl 2} Thp2+= Eola Rof|gk 5o 2 o]l 15 &
= g4l THOCS, THOC6, THOC77} Eo]& o g Zx st}
(Strasser et al., 2002; Rehwinkel ef al., 2004). THO ©]2]o]
TREXES 45} 91A% Yral/ALY (REF, THOC4), Sub2/
UAP56 (DDX39B), Thol/SARNP 52 FE=Zo|x|ut, 1%
M Eo]| A WA %= CHTOP, POLDIP32} ZC3HIIA 5& &
o} R of| A= uHA E] 7] 9H=TH(Heath, 2016). TEaF RNA 23}
R4 122G 9 AL o mRNAR Aol Zolan
o} thE 7, TEAYES] THO/TREX:= RNA Z3}& 4 119}
=5 zrgo] gl Al AEeto] 47} 3 Exon junction
complex @} 78-Z gt thal 2 (CBC20}+ CBC80)2H2] AL 5 A8
2 53] pre-mRNA || AgtcMasuda et al., 2005; Cheng et
al., 2006).

B8 W2l Schizosaccharomyces pombe 2] G714 g o] €
H|o]A 2] PomBase (www.pombase.org) ol A THO £-¢}17]| 9
TAUAE Zotid, ZstA oz HEF Hprl/THOC 1,
Tho2/THOC2, Tex1/THOC3 52 & A] ZA)| 5} 2|4t Zola it
So] %9l Mftl 3} Thp2©] o] S4HEAE EA5HA e 15
HE o] HIITHOCS 2} THOCTO| S5 A7+ ZAfstsict
(Koh and Yoon, 2015). ¥ ¢1-tof| A]+= THO E3A 2] 144 <1
A5 o] AEeEA] 982 Tex1/THOC3 ] - E A W o] F/d-5
Al(spTex1 2.2 FH)E 25 3}5}= SPCC18B5.10¢c -3-AA7}
A7 L mRNA JfZof| n] X = ok otk Bt spTex]
THH 7 A2 of ol f1A|5H=A], ZL2]al A A 2 THO/TREX
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Fig. 3. Association of spTex1 with spHprl in S. pombe extracts. The
spHrp1-Tap and spHrp1 (control) cells were transformed with HA-spTex 1
plasmid. Whole cell extracts from the strains expressing spHrpl-Tap
fusion (lane 1) or spHrp1 (lane 4) are denoted. The spHpr1-Tap associated
proteins were captured on IgG-Sepharose beads and separated on
SDS-PAGE, transferred onto PVDF membrane. Western blot were
performed using antibodies against HA or protein A. Input whole cell
extracts (WCE), supernatants (Sup), and eluents from IgG bead (IgG
Elute) are shown as indicated.

B3R TANRIA] ZAFLE S, pombe] 38 A4
o] 2A5H= SPCCI8BS.10¢c - AF= QIEE] 67 §lom
(Fig. 1A), oA} Bx}5F35.04 kDa, 57 3 o] pH5.21 <1 Thal =]
= Y2 skaL Qlek 30970 o] =ik 2 o] foi 7] of thal
= it G o] of | T A 7o] Adtof Hofsh= Ao m &
HZ WD40 =] elS A3}l )}k NCBI (National Center
for Biotechnology Information)o|| 4] A|-&3h= thA g9 H
(multiple sequence alignment) ==+-91 COBALTE Al&-3}4]
HASHH, spTex 1= &ota W o] Tex1 H o} 115 &2 THOC3
chal gt o gAfal,

A SPCC18B5.10c 3127} 474 9 mRNA HfZof| v]2|
= Ve Golr] f1al, Asprex] AAEAH ] oE AAS)
Ak ¥l=A)| oA E w22 AY217 (I leul-32 urad-d18)ol A
HO A2 yrad” E=kan -FAAE A1) Asprex]:-urad”
Bi= Asptex::kan” BAEAHO|E A8t Aot
(Fig. 1A). o] Z A 7| O] ¥bpA| Asprex] A& E &
T A2 M, sptex] AR YA o BpA 0| 2] gtk A
= SISHRATE TRt 2ol A Asprex] A& Moo A
A2 spot assay &= EHQISH A1}, 243 HE 2%(22, 34,37°C)
of| Al Q1 o R (WT) 2t H|S5HA] A4 B S5
HItHFig. 1B). T3-S & fluorescence in situ hybridization
(FISH) ®I*H-& A18-3}o](Yoon ef al., 2000), spTex 1 THl 2l o]
mRNA ©] o A] A| 322 & 0] Hf-Zof| o] S1=A] Yol it
OPF(WT) #7-2] poly(A)’ RNAS] F3Li= A3 2 A of) 7
O - AsHAl A U=Hl, Asprex] AHEAHO] T A =
H]S2eh o] WEE UTKFig. 1C). 5, Asprex] AAEAH
o] 3+5-%= bulk mRNA 9] WrEofl= o]/fe] glrk= A& ojn]

2

&3l A A|S3d Al4%

Table 1. Yeast two-hybrid analysis

AD- BD- eXpI-rI;zion AD- BD- eXpI-rI;Ziion
X Texl1 - Texl1 X -
Hprl Tex1 + Texl Hprl +
Tho2 Texl + Tex1 Tho2 +
THOCS Texl - Texl THOCS -
THOC7 Texl - Tex1 THOC7 +
Uap56 Tex1 - Tex1 Uap56 -
Mlo3 Tex1 - Tex1 Mlo3 -
Mex67 Texl - Texl Mex67 -
Rael Texl - Texl Rael +
Sac3 Texl - Texl Sac3 -
Pci2 Texl - Texl Pci2 -
Dssl Texl - Tex1 Dssl +
Cdc31 Texl - Tex1 Cdc31 -
Susl Texl - Texl Susl +

*X indicates the empty vector.

she. o)1 Q1o 4] S, pombe THO 251|9] T4 224 % 7
st o7 & BHEE hpri2}tho? AR = A1} bulk mRNA
9] Hl-Zof "2 o|al(Lee and Yoon, 2012; Koh and Yoon,
2015), thoc5 9k thoc7+= B2 o] A] AW A4 & A7t
mRNA®] 80| 3L 5] Achs 28 T2} sickKoh and
Yoon, 2014). ]2t AIE5-L S. pombe THO 234 9] T}
TR A5 = thEA Tex1/THOC3 A-5-A|= 2373t bulk
MRNAS] W] WOhE JaRS v 44 ohe A4S Kol
EIF EEA RO THO 53A= Be A as0] 34 o)
L] HhHl 2 2514 okt BT ol A elato] ot
= A SPAITHC sprex] §792}9] 7 410] A} mRNA
Zol| YIS FA| GForon g HHhE sprex] S TP (over-
expression)A| 7| A of] ojw gt FFE v A =A] Lol
Utk 73t oY nmel 22 RE]S 717 pREP3X HIE| S
]850, spTex THl A& /32 Q1 A= et DAl wol 2t
TSt o5 A2 s A sprex] G247 F bl
| ete A% 9 mRNA 52 o g o9} HH-E po]
7k Qo] /A o eH(Ak= wIA|A)).

spTex] T A O] A2 ] Y% & Lol 7] $15ke] GFP
HAAVE sptex] 2] ORF 2] 3° Wikol| -2l sprex!-gfp: :kan” DNA
ARG AT T kA1) PR 91 AV2170] A
S} sprex § 44 91210] 4191E FHE ek B2
Hu|Fg o2 spTex|-GFP7} W&
spTex1-GFP T 2o ofj HE 3l
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AL mRNA 75 9 W&o 3o sk= THO/TREX 5314 9]
k2 ) Qtofl g Eth= AS LeShH, spTex1 7} THO/
TREX Hg]9] 742 2-2h 7142 4454 Zatolct.
Tex]/THOC39] Zolax AM=A7} AAMA el A&t
mRNA W&o ) F2A 0 2 7ofslR| oF= Ao g Ho|u g
AA| 2 of2 THO/TREX @ TREX-2 Gt4 @ A2 AFS A3l 5}
LR 5 ol 7] Q]3] yeast two-hybrid (Y2H) ¥-4-& 3} 3T
o|& fI8l| o] FHAZ=2] cDNAE 717} lexd 2H5AH2] DNA
23 FABD)S 711 pTLexA4 WlE|, 121l GAL4 23}
o o(AD)S 714 pGAD424 H E|(Clontech Laboratories, Inc.)
o 221519l o7 A4 HEIE-2 DNA 91714 2
4 gl ool §leL ShR1stoTk AR HE S-S L40
TFFH(MATa his34200 trpl1-901 leu2-3112 ade? LYS: :4lexAop-
HIS3 URA3::SlexAop-LacZ GAL4)ol| @A A%s1ic). W]
GAL4 843} o &7} g3 spTex] (AD-Tex1) Fi= fexd 2+
EA+e] DNA 23 4 9(BD)1} 52t spTex] (BD-Tex1)]
2 EAfet ), @2 e ol His3 $HAE SAN7|A) Zoj
A& 2Rlskqlet AD-Tex11} BD-X (DNA 23 G 92 71l
11l pTLexA4 HE) S 7 7111 A EHA|, 12|31 AD-X (&
A5} o2 7H41 ¥l pGADA24 ¥]E)9} BD-Tex| 27 714
75 7]oigt vle} o] B His3 §A AR skt
(Table 1). Y2H 4] A7} Tex] 0] THO/TREX 14917} 3
Hprl/THOC13} Tho2/THOC2¢f| Z}2; A5 2 8-31= A 0 & 1}
Bl O n, Th2 THO/TREX @ TREX-2 LA Q1A S 7= AL S
2h2.5}4] Ol 1S Bol51l T} AD-Tex12HBD-THOCT,
BD-Rael, BD-Dssl, BD-Sus12] Z3toj| A Z+2)F His3 G- A}
7} 2 =] @I X9 THOC7, Rael, Dssl, Sus1-2 DNA 23 4
of| 5= S, AD-Tex! §lo|®= 2 His3 XS
FA]Z 4= 219 © = 2 (Bae and Yoon, 2017), Tex11}2] A} 5 2+
29o] A2 A8 4= 1%tk Tex1 2} Hprl/THOC1 £F2] AF
S A5 ¢ Fl3l7] Y3, 352 Z(co-immunopreciptation,
Co-IP) A58 =315}tk 0|2 93} spHprl cDNA 2] 3° Ttk
ol TAP tag=- 221 spHprI-tap.: :kan’ DNA AHo] sphprl 47
A} 9x]of 4% Hprl-TAP #5355 ARE-3}tHKoh and
Yoon, 2015). $+H spTex] TR O] N’ Uttof=HAtagS &
o]7] 913 pSLE273 e o] o] £712-9] cDNAS Z1d 5}
CHForsburg and Sherman, 1997). ©] WE| S Hprl-TAP
Z1e]al spHprl-Tap Thflo] WA ] b2 et 5
(Hpr1)ol| 17+ @ A 2ks} Qi) A - ehel & ool A Al 22
FE2ES FE3519] spHprl-Tap TS [gG-Sepharose
beads 2 &3} T}. th=toll= spHprl-Tap T o] el
E|z] oro @ HAR FA|H spTex] Thilj Zlo] AA}=] o = uf

¥ =]t 2} = (Fig. 3, Lane 4), IgG-Sepharose beads 2 3£ 2] & X

OFQItHFig. 3, Lane 6). HFH, spHpr1-Tap 421 0] IgG beads
of 323 % 79, HA-spTex1-2 o] 3 & It Fig. 3, Lanes
1~3). o] A1}= B d a2 9] spTex] THl A o] spHprl T2l
3} 73 ARHGTRS 218 Julateh Y2HSColP ATHE-S
235151 spTex1 &= £ 6 H oj| Al THO/TREX 314 2] 714
22908 e A,

I

718y B0l A THO/TREX k3= A} 414, pre-mRNA
718 % mRNA 9| Hof A WhEof a3t ek Figit. o]
A= ek o ® & HER O QAT Ao w4
A& 715l Aol 7F AT, o] s=moll A= Eota R e
th= ISAEY o §ARE BEA Y Schizosaccharomyces

pombe©|| Al THO/TREX E&HA|9] 3t 14 @42l spTex17}
AT} mMRNAS] el BaolA] Qi A8 M,
ARl AT TFE oj- A% Aol Astu}
poly(A)' RNAZ} ) QFol] 245} @4RS 7e] Bol 2] egk
t}. 5t spTex1-GFP Thil 2.0 2= 2 3l otof| QX[ 5}3I T} Yeast
two-hybrid 2} Co-immunoprecipitation -4 0]| 4 S. pombe Tex 1
© THO/TREX ¥ 9] 9 49142l spHprl (THOCI),
spTho2 (THOCZ)El]— ArS 28-S 51t oot e Al E2
S. pombe ] Tex1 = THO/TREX E5}| 2] 143 21 2}o] 2]k, A3
&3 mRNA &0l = F83 8-S 514 o= 9n|gith

spTexl

ZAtel ot

o] =E-22015d = Al oA e skl Sk At/ w] A1
of &fste] A= U=
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