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Effects of Tho2, a component of THO complex, on growth and mRNA

export in fission yeast
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ABSTRACT: Tho2/THOC? is a subunit of the THO complex that plays important roles in mRNP biogenesis connecting transcription with
mRNA maturation and export. A fission yeast, Schizosaccharomyces pombe, ortholog of Tho2/THOC2 was identified from the genome
database. Tetrad analysis showed that the 5. pombe thoZis essential for growth. Repression or overexpression of the #h02 gene caused
growth defect with elongated cells, abnormal DNA distribution, and accumulation of poly[Al" RNA in the nucleus. And the functional
GFP-Tho2 protein is localized mainly in the nucleus. Yeast two-hybrid analysis showed that Tho2 interacted with Tex1, another subunit of THO
complex. These results suggest that S. pormbe Tho2 is also involved in mRNA export from the nucleus and is a component of THO complex.
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RSBl 92} S 98] o Slo 4] HAME 2
7] mRNAZ} 71845 7473, 22E&2to] 4], 3 At 4 Eejoid|d
3h o] A <3 mRNP (messenger ribonucleoparticle) & 3Z7
(packaging)®l ¥, &l ulof] Z2o}= -5-E-FA(nuclear pore
complex)E 53l HEH OB N Z oA TR sl 5
t}. o] 23k X AYES] mRNA M4, 71, 24 2 = 74
& A= YA AtE o] Jled, AARY Eet fAR
TP = Hoj50] 27| mRNAR $A 7= B2 T v chal
A B3 A 5ol o3l uf 7= a1 2 Flth(Perales and Bentley,
2000; Stewart, 2010). o] 23t 21| = shtol THOX ZA}
AIAFS mRNA 4% 1 W 713} Q7s} 22| 8)gko.ma
A4 mRNP A4l 19 Fa% o8 gst oot
(Luna et al., 2012).
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of| a3t AT 31 A0 = S oFe] 7 THO B3t =57
9] A+9)(Tho2, Hprl, Mftl, Thp2, Tex1) 2 LA =] o] 9l .o
(Chavez et al., 2000; Pena et al., 2012), RNA Z3ta A 112] 7}
7 AeH2] Q1 Rbpl &f )14k} C-eh Y H(CTD) 213 4
S5ho 20 AP ASHE 977} 59]0] 5ol EThMeinel
etal.,2013). =3 THO=mRNA <2141 Yral (RNA-Z
3} okl 2 9} Sub2 (DEAD box RNA helicase), 2] 37 SR-&
ARRIAFQl Gbp22} Hrbl9} $17 TREX (transcription and
export)2} E2|= Attt S35 & AdeHcK(Strasser ef al.,
2002; Hurt ez al., 2004). A== mRNA”7} 243t mRNPZ
EAE L 501 TREX=mRNA R o]535fo] ZAjlsl= Ao g
o] A A tH Abruzzi et al., 2004). nRNAo]| 235 TREX 14
Q491 Yral¥} Hprl2 =219l mRNA ®&-2HHA(export
receptor) 21 Mex675 mRNP 2 E2| 5 0 24 A< mRNA
9] vFZof ojsttKStrasser ef al., 2002; Zenklusen et al.,
2002). #7Fofu 2l TREX+= A& wto] A at AR Al7of| ofs)
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= Prpl19 E3A|QME AT A8-5H= Zlo] B8] 5] S ™(Chanarat
etal.,2011), Pef11 3} A} S 2HE-2 =5 mRNA 9] 3/ Wit 714
A ol = o gke(Rougemaille ef al., 2008; Johnson et al.,
2011). T3 AAFE mRNA 7} A48 mRNP & 45 2] 0k
H % DNAL} 252 grobx] RNA/DNA &/ F3Z(R-
loop)E @/d5t=tl, TREX+= ©|A 9] A& Ao =H
A 2] oS o] AL, AR ¢ A DNA 4=4l(transcription-
coupled DNA repair) 7|20l = #ojst= Aoz LA T
(Aguillera, 2002; Gaillard et al., 2007).

o] 2} Zro] mRNA A/ B W&t {4 QP A 5ol okt
2 A& Hol= THO/TREX EA| 2] 7]5-& Tt Zoka
QI S. cerevisiaeo| Al AFE| QAT THO E3A= thokst
218 Ay Aof| 215hA o 2 & W EE o] Qltk. 5}A|F THO ++
d 84 FolA =2 2T9IQ1 Hprl (Z2F-5&0l 4= THOCI),
Tho2 (THOC2)2} Tex1 (THOC3)= 915 tfj 5 o] 21804
Eol|A Z HEE o] QIA|TEMft1 f Thp2 = Fola it &
o]FQl Ao Helrh BhH 15 Y59 THO HA= 2 &
Z% THOCI1, THOC2, THOC3 ©o]2]o] THOC5, THOCS,
THOC7 5-9] & 6719 A9 2 FLA &) o] Q)thRehwinkel ef
al.,2004; Masuda et al., 2005). T3}, A AR-2]E£ % © & mRNA
o A3tot= Sotar b= th2 4, AFhe] THO/TREX £t
A|+= exon junction complex (EJC) ~12] 11 78-A%H cap-binding)
THH A Q1 CBP80 I} 4} 2 24H-8-5F 2 24 mRNA 9] 57 'tk 0]
AZTto)Al-d -0l = A 6 7 AslStcH(Masuda et al., 2005;
Cheng et al., 2006). o] = TJELE 0] Zol &1 A= o ERE
o] T TEAES] FHA oL TR QlERo] EAjshe
Aol o] 71Q15He 202 o AT}, 5 AEe| THO 24
A ]S 47 mRNAS] A ksl uH4lo] Zolame} o
20k, ZolFa e} n7FA 2 UAPS6 (Sub29] AHEA),
ALY/REF (Yral o] A4)9} 37 TREX 53142 & 4f51o],
mRNA A1} HlZo] Thojsl= Ao & H¢ltiKatahira ef
al., 2009; Guria et al., 2011).

Tho2/THOC2 Thl &} S AR S § W Schizosaccharomyces
pombe?] THMZ-S 0} % 515]= open reading frame (ORF) <l
SPACI1D4.14-& S. pombe 371 ]| database Q] Pombase (www.
pombase.org) oA} ZQITE o] ORF&= QIEZo| 17 glom,
1,6287} ofm|t=Ab O & o] Fo 7] ol A EA}5F 188.8 kDa, 541
Zo] pH 8.2Q1 TS oF5slslal Qlrk & AtolA=
Tho2/THOC22] £Ha R °|F/-5A|(ortholog)7} 487 2
mRNAYZo] Tojsh=A], 12]il FEF 0| t}2 THO +
AN AT AR sh=AlE AT 2 AR ol A= o]

Aol 71 F AR 8] W ) v o 1 & ARg-8)

=

Ol
i
BN

1

1o
ok
iy

Z

&3l Al Als1d Al2E

A thMoreno et al., 1991; Alfa et al., 1993). AEGHA =2
Kan'S A1g3t0] Atho2 AA S| F5-8 757
4] double-joint PCR ¥ ©. 2 Atho2:: Kan' DNA EHZ *
25t 5 o|ulj | o T 521 SP286 (h'/h leul-32/leul-32
ura4-d18/ura4-d18 ade6-210/ade6-216)°) &2 2315}= one-
step gene disruption HF¥- ARE-3HACE 17412 G4180]
A7 v Aol A Abeh= FAARAIE 25, Atho2 A=
Aol = AHsL7] 9lall P A EA ] DNAE &3t PCR
& asiolch Qo2 ALg T ol BRI A 69
kb2o] DNARIo] SZ &= Flof H|3}| 3.4 kbE SEZH = A S
Aol S MHeIY o, kan'of EAJsk= ko] W} tho2”
SR e] 5% e 3% mefo| o g Zk2} ALg Bl opal ol
Az OFRAE SR A FAIqk A A S Qoo A= 217 LI
kb}0.9 kb DNA7} 2Z 5= A& 21olal9ithFig. 1A). o] 2
Al -8 o|ulj A SP286 (Atho2) TF=2702] tho2” GHALZ
ST kan” FAANR 2| 3HE O] QLo TR ho2” AL A
A5 A 97 919 o] ole) A4 E AhdER )
48 tetrad) B 5519k, R 107)2] ARRAE 7
T ARGl =470 AL F 27N E R Y 2 Sk 27 =
oA o1 22 Bl obS HolTh BRUS W43
A= B tho2” RAA7E oY & Q) kA 2 G4180] Eof
Ui R| of A 22| ZSFREHAL= Bl A A]). o] 23t Ak &
AR tho2” F-HA= T TH2 THO B3| 9] 74844
prl” SR} a7 A 2 Aol 44 9l & ol Rk Lee
and Yoon, 2012). o]&} Z+-2 Ayl= 2 & 1] 7}FA)(temperature-
sensitivity)-2 Ho| gk FH YR o] A "=Ho] %] &
LS Zolan S cerevisiae?] THOQM= =274, Rdag o]
THO E3HA= Aol 20l f-aA= 9] W of| 2.5}t
AL ek,

O

i/

=

]_

e N

tho2" A7 Aol W20 2 mRNA W&ol 9
P& FEAE dotr] 3l tho2” FAA ] Wado] A
=

(repression) T A Y IPEFE (over-expression) H = #-5E A
2rskeiet. WA gotrl(H]eryl Bl)oj| &jsf o] oA ==
nmt] L2 EE} ARE A 9] ALo] o]l tho2” {71 AH2] ORF
2 Z243}o] 81X-Tho2¢} 3X-Tho2 HEZS AZFsl5ich
(Maundrell, 1993). o] #E]= o] 8l %] SP286 (Atho2) 20|
PAASAZ] 5, o] FFEFE 81X-Tho2 HE| S 7} vk
Al Atho2 AAEAHO| FF5 AHsIITh o gk vket 2
o], o] FF= Elobylo] gli= i R|(-B1)ol| A= tho2” 53417}
W e o] th2atel ol FA " AR L S A
uk, glotulo] H7be uj K| (+B1)ol| A= tho2  -G-HAe] dE o]
oA =] o] AAFo] WA= ThFig. 1B). A% U] 2] poly(A) RNA
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Fig. 1. S. pombe tho2 is essential for growth and mRNA export. (A) A
schematic representing the Atho2 deletion allele in S. pombe. The entire
tho2 ORF region was replaced by kan'. The tho2 (SPAC1D4.14) ORF is
shown by an open box and one intron is denoted by vertical line in the open
box. The direction of transcription is indicated by arrow under the ORF. The
positions of PCR primers for confirmation of wild type and deletion allele
are indicated by arrowheads. The size of PCR products is denoted under the
arrows. B, BamHI; E, EcoRI; Xb, Xbal. (B) Growth of haploid wild-type
tho2" (WT) cells and Atho2 deletion mutant cells harboring 81X-Tho2
plasmid were monitored by spot assay on appropriately supplemented
EMM medium in the presence (+B1) and the absence (-B1) of thiamine.
Cells were incubated for 3 and 4 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.

O BZE o] =Ftof A3 fluorescence in situ hybridization
(FISH) "'H-& Alg-31o] TSt Yoon et al., 2000). Fig.
1Co| A HZo] oA (WT) w320 4l+= poly(A) RNAZ}
A o2 Az Ao Aol LA wE225HGI ek B, 81X-
Tho2 HE| || A] tho2' 7} BFH B = Atho2/81X-Tho2 d-F=

oblo] §li= WiAI(-BI)ol At o @t 1Sk AAFAQ]
poly(A) RNA HEZ R AT tho2" 0] Wgo] ojA| =)= ¥
obrle] H7HEl wiz|(+B1)e] A= & ¢tofl poly(A) RNAZL &
A &)= o] THE Gl o] Y3t AME2 £ 8 8 5 2] Tho2/

Fig. 2. Localization of Tho2 protein fused to GFP. Tho2 was tagged with
GFP at its amino-terminal (GFP-Tho2). An integrated version of the
gfp-tho2 fusion was constructed at the 7702 locus, and the localization of
the fusion protein was determined. Green fluorescent image (GFP) and
coincident differential interference contrast image (DIC) are shown. And
the merged image of both is also presented in the right panel.

THOC2 AHEA| = mRNA W&ol a3 o3t e Stk A8
ojujgte}. E3F tho2] Wido] o)A A 9ol HlE I

o|7} A o] R 11, 4/, 6’-diamidino-2’-phenylindole (DAPI) 2
AR DNA 232 e v e 2 3 A Hltk(Fig. 10).
0] A2 Tho27} A F & 3 O] FAHE H(mitosis)of] o]/Fo] A4
A RBF7] T G277 dofAl= A AR B3, Tho2
chijdo] s "l go] Hpd(over-expression) =
ol = H = & oFskA|N Tho2 7} AHE wfe} AR 3
Aol T UTHAR T]A|A).

52 5 Tho2 Tl 2 o] Al W 9|2 & Lol 7] 915}
GFP 3 XS tho22] ORF Q] 57 ol &<l gfp-tho2::kan’
DNA A H-& A|2Feto] op i E WheAl| o =1 AY217 (i leul-
32 ura4-d18)°l FABIA tho2 12 91 AFdskad
c}. oA A2kt 5= AT poly(A) RNA K37} oK)
@ 7L A Aol 7} glie A S & Holu g GFP-Tho2 %
Tzl o] ARl 7155 sk Ao & A AZITHAL R ] A
A]). o] wt=ol| 4| GFP-Tho2 o] A|i2 Wf 9|2 & FF&n|H 2
B st Aaf, Al ol A= o A SR o -2 3
Qo 4] I E| I ck(Fig. 2). 3 Qbof] EA|3k= Tho2 T2l o]
A= 9 QoA 7]5-& Sz THO H3A o & Fatgttt.

Zo0la W S cerevisiae2] THO E3HA|= 52579 thalz]
(Hprl, Tho2, Mftl, Thp2, Tex1)Z o] F o X HiH, T SA&
oA 6272] whl2(Hprl/THOCI, Tho2/THOC2, Tex1/
THOC3, THOCS5, THOC6, THOC7) & LA =] o] 9t} Su|&
Az LA E S pombe?] THO B3| = Zolam ket 15
AET ] vl Bl 5414 ARl 2J51H S. pombedlli=
2 ) 2¥) 3%50] thl Z(Hprl/THOC 1, Tho2/THOC2, Tex1/
THOC3) o] 2]o] 5 ECTHOC52} THOCT 2] A5 7}
ZA5}=HEH, S. cerevisiae 2] Thp2 2 Mft1 2] A= 1%L
o} 98 1 O THOCT -5 A= Mt 9F -AR= 7} - Wk
THKoh and Yoon, 2014). 18| 22 AA| 2 Zo}a 1 2] Tho2/
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AD-Tho2

Fig. 3. Yeast two-hybrid interactions between Tho2 and Texl. The
plasmids transformed into 140 strain are indicated at the left of the
pictures. In the upper panels, Tho2 is fused to DNA binding domain
(BD-Tho2) and another components of THO/TREX complex are fused to
activator domain of GAL4, respectively (AD-X). In the lower panels, Tho2
is fused to activator domain of GAL4 (AD-Tho2). C represents empty
vectors. Transformants were streaked onto SC plates plus histidine (+His)
or minus histidine (-His), followed by incubation for 3-5 days at 30°C.

THOC29] 4547k th& THO 444 8 229} 45 A7 SH=A]
£ ool 7] 9]&] yeast two-hybrid 2418 3}3i T} 0] = 93]
lexA A+5A} DNA A% 998 714 pTLexA4 M E| 2} GAL4
A3l 9 oS 712 pGAD424 HE|(Clontec Laboratories,
Inc.)ol| S. pombe THO/TREX ] Hpr1/THOC1, Tho2/THOC?2,
Tex1/THOC3, THOC5, THOC7, Uap56 (Z°Fa % Sub2 2] AF
SA)), Mlo3 (F0Fa R Yra®| 54l & 22 S2d3}L, ol &
2] 97] 4 €S DNA sequencing-2 E3f EH¢15}+3c) o] 2 A A
Z15E W] 53} th 2wl W1 B S LA0 wt55(MATa his3 4200
trpl-901 leu2-3112 ade2 LYS::4lexAop-HIS3 URA3::8lexAop-
LacZ GAL4)°|| A AEs}th HA] pTLexA4 HE] 2] DNA
2% Y353 Tho2 (BD-Tho2)7} 22 A = 2
SEE QI HIS3 RS EAA 7] 4] b 2le &l ¢
3fl, BD-Tho2 2} 2/ 3} & & 71 ®l pGAD424 HE|(AD-C)
= 7 ARSI 7] e BRe} o] BD-Tho2 9t AD-C
= A 71 FEARA = 5| 2B d o] gl Faxul Aol A A
Z51R] 9 TH(Fig. 3). BD-Tho22} pGAD424 W g o] 221
¥l THO/TREX -840 PEAALA] =3t FollAl, BD-
Tho2¢} AD-Tex12 &7 7H &gk |gko] 5] 2B Ho]
Q= 2 v\ Agatct. 1l pTLexA4 HE|(BD-C)2}
AD-Tex1 £ 317 712 § A AT 2 40) 2ol 4 34517
SRR (A} B A|A)), o] 23 two-hybrid A9 A 3= Tho2
9} Tex1 Afo]of] &2 2191 43 2-8-0] 5= &fn|gtrh Tho2
o} Tex1 9] 45288 S1elal7] glaf, o)A@} w2

&3l Al Als1d Al2E

pGAD424 HE| o] 23} Aol g9 Tho2 (AD-Tho2)<}
pTLexA4 WE] o] 2 %H THO/TREX 144840 2o &
two-hybrid #4418 3l¢chFig. 3). 34 iz 2go=
AD-Tho28} 1l #E]2] BD-C-& 712 A A8 = 5] 2 e/d)
o] gl iAol A BgshA] R o]H o) &= AD-Tho2
€} BD-Tex 1 97| 7131 @A A SkA| = 2] axul 2] of| 4 Y73t
S} g2o] o] Ag oA+ AD-Tho22} BD-Thoc4, AD-
Tho29} BD-Thoc7-2 7} & A ABIA = 3] AE|Ho| §l= F]
Zefj 2] ol A A5G e SFA R BD-Thoed T+= BD-Thoe72&
S 7R AR = F au) Ao A A S AT AR A
AD. AHEZ o]3t A¥}= Thocd E+= Thoc77}F Tho2 &F AF
52851 71 o] o}y a1, Thoc4 2} Thoc70] ZHZF =0 2 2|32

RS T 5 e B A e it

= fu

R4 E o A7} e olop 3 Ao Ak

ABAE ojelolA] & MEE THOTREX B4 §7
A E o] Fagh J8-S gt oA R THO 4 a4
£ 1% o) W0l ] gk, o) FHAEe] B
Ol B HIS R Y-S Ho| B2 THO HA= oo
7152 @92 2835= Z o &2 BoltiLunaet al., 2012). 3}
A9t S. pombe]| A= Hprl/THOCI1, Tho2/THOC2 A-gH|+=
Ao 20| 1 Lo 2] QIAHE-S Aol B0 4] 94,
ol P AR A=THO 584 44 8459] 7]50] &°t
awell ol AEsisol 9ee Ak, djna s
pombe®] THO/TREX 9] 7]-5-5 A+5h= A2 A 29 o
9] 183 5 S0l M9l THO Hahe] ojare olalehs

o) g0l § Aow Aru,

M o
- L

Tho2/THOC2&= AL M5 mRNAA <5 2 W&k 4
© 22 mRNP 2| /o] 53+ A& Fdsh=THO E3HA|
O] FAIQIAo |t} B & W Schizosaccharomyces pombe 2] -
A glo]E o] A Tho2/THOC2 9] o] F/F-5AHIE 2ot 7| 5=
BT 425 24 23} o] f A= o] Bo| ol
o} 5. pombe tho2 347 0] MRS o A5} L 2 A) 7]
Aol AsfjEl=d, A3 o] Lo 7} Ao X AL H] 7 /2| Q1 DNA
230} poly(A)’ RNA} 3 olol] 24 5)= 92 maich
5} o
3

(e}

=
3+ HAFA 9] 7]15-2 712 GFP-Tho2 T g o =2
ZA5+ k. Yeast two-hybrid 4] of| 4] Tho2= THO 2-§}%
o] I T} 1A 91A}Q] Tex1 7 AF S 222 319t o|9f 7o

H
3,

-
0,_1"]
=R
=

=
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AIEL-S. pombe ] Tho2 35| = THO HHA| 2] 5-/d 1=}
= mRNA =0 Tofshal Q25 AARITE

o] ==-22013d e Al oAbl skl Sk At/ W] A
of &Jste] A= U=

References

Abruzzi, K.C., Lacadie, S., and Rosbash, M. 2004. Biochemical
analysis of TREX complex recruitment to intronless and intron-
containing yeast genes. EMBO J. 23, 2620-2631.

Aguilera, A. 2002. The connection between transcription and genomic
instability. EMBO J. 21, 195-201.

Alfa, C., Fantes, P., Hyams, J., Mcleod, M., and Warbrick, E. 1993.
Experiments with Fission Yeast. Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY, USA.

Chanarat, S., Seizl, M., and Striisser, K. 2011. The Prp19 complex is a
novel transcription elongation factor required for TREX
occupancy at transcribed genes. Genes Dev. 25, 1147-1158.

Chavez, S., Beilharz, T., Rondon, A.G., Erdjument-Bromage, H.,
Tempst, P., Svejstrup, J.Q., Lithgow, T., and Aguilera, A. 2000.
A protein complex containing Tho2, Hprl, Mftl and a novel
protein, Thp2, connects transcription elongation with mitotic
recombination in Saccharomyces cerevisiae. EMBO J. 19, 5824~
5834.

Cheng, H., Dufu, K., Lee, C.S., Hsu, J.L., Dias, A., and Reed, R. 2006.
Human mRNA export machinery recruited to the 5' end of
mRNA. Cell. 127, 1389-1400.

Gaillard, H., Wellinger, R.E., and Aguilera, A. 2007. A new connection
of mRNP biogenesis and export with transcription-coupled
repair. Nucleic Acids Res. 35, 3893-3906.

Guria A., Tran, D.D., Ramachandran, S., Koch, A., El Bounkari, O.,
Dutta, P., Hauser, H., and Tamura, T. 2011. Identification of
mRNAs that are spliced but not exported to the cytoplasm in the
absence of THOCS in mouse embryo fibroblasts. RNA 17, 1048~
1056

Hurt, E., Luo, M.J., Rother, S., Reed, R., and Striisser, K. 2004.
Cotranscriptional recruitment of the serine-arginine-rich (SR)-
like proteins Gbp2 and Hrbl to nascent mRNA via the TREX
complex. Proc. Natl. Acad. Sci. US4 101, 1858-1862.

Johnson, S.A., Kim, H., Erickson, B., and Bentley, D.L. 2011. The
export factor Yral modulates mRNA 3' end processing. Nat.
Struct. Mol. Biol. 18, 1164-1171.

Katahira, J., Inoue, H., Hurt, E., and Yoneda, Y. 2009. Adaptor Aly and
co-adaptor Thoc5 function in the Tap-pl5-mediated nuclear
export of HSP70 mRNA. EMBO J. 28, 556-567.

Koh, E. and Yoon, J.H. 2014. Effects of spThoc7 deletion on growth and
mRNA export in fission yeast. Korean J. Microbiol. 50,249-253.

Lee, H. and Yoon, J.H. 2012. Effects of the repression of sphprl
expression on growth and mRNA export in fission yeast. Korean
J. Microbiol. 48, 171-174.

Luna, R., Rondén, A.G., and Aguilera, A. 2012. New clues to
understand the role of THO and other functionally related factors
in mRNP biogenesis. Biochim. Biophys. Acta. 1819, 514-520.

Masuda, S., Das, R., Cheng, H., Hurt, E., Dorman, N., and Reed, R.
2005. Recruitment of the human TREX complex to mRNA
during splicing. Genes Dev. 19, 1512-1517.

Maundrell, K. 1993. Thiamine-repressible expression vectors pREP
and pRIP for fission yeast. Gene 123, 127-130.

Meinel, D.M., Burkert-Kautzsch, C., Kieser, A., O'Duibhir, E.,
Siebert, M., Mayer, A., Cramer, P., Soding, J., Holstege, F.C.,
and Striifler, K. 2013. Recruitment of TREX to the transcription
machinery by its direct binding to the phospho-CTD of RNA
polymerase I1. PLoS Genet. 9, €1003914.

Moreno, S., Klar, A., and Nurse, P. 1991. Molecular genetic analysis of
fission yeast Schizosaccharomyces pombe. Methods Enzymol.
194, 795-823.

Peiia, A., Gewartowski, K., Mroczek, S., Cuéllar, J., Szykowska, A.,
Prokop, A., Czamocki-Cieciura, M., Piwowarski, J., Tous, C.,
Aguilera, A., ef al. 2012. Architecture and nucleic acids recogni-
tion mechanism of the THO complex, an mRNP assembly
factor. EMBO J. 31, 1605-1616.

Perales, R. and Bentley, D. 2009. “Cotranscriptionality”: the tran-
scription elongation complex as a nexus for nuclear transactions.
Mol. Cell 36, 178-191.

Rehwinkel, J., Herold, A., Gari, K., Kocher, T., Rode, M., Ciccarelli,
F.L., Wilm, M., and Izaurralde, E. 2004. Genome-wide analysis
of mRNAs regulated by the THO complex in Drosophila
melanogaster. Nat. Struct. Mol. Biol. 11, 558-566.

Rougemaille, M., Dieppois, G., Kisseleva-Romanova, E., Gudipati,
R.K., Lemoine, S., Blugeon, C., Boulay, J., Jensen, T.H., Stutz,
F., Devaux, F., et al. 2008. THO/Sub2p functions to coordinate
3'-end processing with gene-nuclear pore association. Cell 135,
308-321.

Stewart, M. 2010. Nuclear export of mRNA. Trends Biochem. Sci. 35,
609-617.

Strasser, K., Masuda, S., Mason, P., Pfannstiel, J., Oppizzi, M.,
Rodriguez-Navano, S., Rondon, A.G., Aguilera, A., Struhl, K.,
Reed, R., ef al. 2002. TREX is a conserved complex coupling
transcription with messenger RNA export. Nature 417, 304-308.

Yoon, J.H., Love, D., Guhathakurta, A., Hanover, J.A., and Dhar, R.
2000. Mex67p of Schizosaccharomyces pombe interacts with
Raelp in mediating mRNA export. Mol. Cell. Biol. 20, 8767-8782.

Zenklusen, D., Vinciguemma, P., Wyss, J.C., and Stutz, F. 2002. Stable
mRNP formation and export require cotranscriptional recruitment
of the mRNA export factors Yralp and Sub2p by Hprlp. Mol.
Cell. Biol. 22, 8241-8253.

Korean Journal of Microbiology, Vol. 51, No. 2





