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THOC7/Mftl is a member of the THO complex that is an evolutionally conserved assembly connecting transcription
elongation with mRNP packaging and mRNA export. In fission yeast Schizosaccharomyces pombe, an ortholog
(spThoc7) of THOC7/Mftl was isolated by partial complementation of the lethality in synthetic lethal mutant,
SLRsml. A deletion mutant in a diploid strain was constructed by replacing one of spThoc7-coding region with an
ura4’ gene using one-step gene disruption method. Tetrad analysis showed that the spthoc” is nonessential for
growth. But the Athoc7 null mutant showed slight defects of both growth and mRNA export. And the functional
spThoc7-GFP protein is localized mainly in the nucleus. These results suggest that spThoc7 is also involved in
mRNA export from the nucleus to cytoplasm.
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Aol sho] Mo FAlo] Loluhs Azl 2
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A st o2 & nEsoel gom, BB FaAe] A Al
ATHAo] 505 93-S B Buk ofuieh, mRNAS) 3wk,

ou= 5T A, 3 o2 BajEo] gt gt A A
ALE]E pre-mRNAE 7H5-abgQl 57 4%, AZatolA, 3" Ag
9 E)ote| D35 A A mature mRNAZ} Erk. o]Z A SHE
mature mRNATFO] A ZA 2 B2 5]7] 253t mRNP (messenger
ribonucleoprotein) BEHAIE B4ste] Sate] EAfah WTH
FAlnuclear pore complex)& £ AEAR W}, o]z
ABAZ) mRNA AL ol$ BAe 3oz thul-chay
2, A SAL ALo] 9] =uk2 AR Q] AT AR oJg 24
=3 glom, At M EE WETHA BE GA S| A= a2
AsHA d#=]o] thKohler and Hurt, 2007; Kelly and Corbett,
2009). E3 mRNA BAAZA Fol EA7F A7|H mRNA
surveillance system©] 4] 5% 0] Z-E 2 mRNP E3A &= 3o
A EE R Fah, A exosomeo] 23] E3E tH(Houseley
et al., 2006; Schmid and Jensen, 2010).

mRNA A3t e] F23F THO A= a2oA A7t
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mRNPQ] 4 9 A| 322 2 O] W-&-F 80514 Tth(Luna et al.,
2012). Eola X8l Saccharomyces cerevisiaed| X & W& 7
THO E3HAl= RNA 2324 [19] 7P 2 212191 Rbpl 9]
4tEkE C-Ed FA(CTD) L A1 AFFo =R HAE 24
31E G AR B E recruit= thMeinel et al., 2013). E3F THO
EA= AAPE oju= 5<¢F mRNA HE21A12] Yral (RNA-
A% ThalA), Sub2 (DEAD box RNA helicase)9} Z3tste]
TREX (transcription and export)2} E8]= #oigh EJA|1E §
/Jste] mRNPo]| ZA3tsitt. THO/TREX E3H4= mRNA W&
o 429l mRNA H&E-2HEA|(export receptor)Q] Mex672}
AT 20 ol ek SR-GARRIAH) Ghp2o} Hibl, 1251 A%
ehol Y3t A} Aol Telshs Prplo BAASIE HEAG3
= Ao| v&F ch(Strasser et al., 2002; Zenklusen et al., 2002;
Hurt et al., 2004; Chanarat et al., 2011). THO A%¢] = o=
AL AASFE ek THO B34l ohshEju], THO/TREX 4%
o] ZAEARO|ES ZF mRNA BT} W&o 23S B
o™, exosomeZ} TEEH mRNAS] ESHYAY 571 59 8
& HQItK(Chavez and Aguilera, 1997, Chavez et al., 2000,
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Jimeno et al., 2002; Libri et al., 2002; Strasser et al., 2002; Kohler
and Hurt, 2007). H]& o]g§ SdRol50] Aol B5Ho|A]
B0 AAAQ] FHAAEY] LE Sl ol ZA P v
A A= GAT, £3] do7h 23 GC H&o] & A2
71 4 5HA @& W=rh(Chavez et al., 2001). #9F o]z}
THO &34 9] EAH ol &0l 4= ZAHE RNAZ} DNAC|A| &2
% X] 9531 RNA/DNA &7 loop (R-loop)7} B == 2oz &
A glon, o]2 Q8| S-AA| 9] 2 Al(genomic instability)
o] 73| Elo] A4S F DNA hyper-recombination & &2
R eItk (Aguillera, 2002).

Z£0}8 2 9] THO E%}HA)|+= Tho2p (184 kDa), Hprlp (88 kDa),
Tex1p (47 kDa), Mftlp (45kDa), Thp2p (33 kDa) 59 571 &
w2 A= o] Itk (Chavez et al., 2000; Pefia et al., 2012),
o] Fol A F8 4TH¢]¢l Hprl (E7-520]4% THOC1), Tho2
(THOC2)¢} Tex1 (THOC3)= AFE thHE9] AAAYE A
2 nzwlo] g}, Zuke, Al 22 DEAES] THO B
ZF HZ% THOC1, THOC2, THOC3 ¢]2]¢]] THOC5, THOCS,
THOC7 59] & 6719 A¢Q2 FA = o] 9Jth(Rehwinkel et
al., 2004; Masuda et al., 2005). 0|2} Zro] 1EAEo|A THO
EdAlE o] tha tiEA|RE Eotam e} npxykR| 2 UAPS6
(Sub29] A5A)), ALY/REF (Yral9] A4&A)¢t €7 TREX &
TAE Bdsto], mRNA A1} W&ol Wojst= Aoz B
o} SERITE HAL F2t recruitE = Eola R o= ThE2A|, ZH5E
oAl THO/TREX E3}A|= HARH|2]&2 92 spliced mRNA
ogt Boly oz Aysitt F, T35 THO/TREX £
= AEgbo]A] 3 AT = exon junction complex (EIC) 18]
11 74-ZAgH(cap-binding) T QI CBP80} A& 283t 0 24
spliced mRNASQ] 5" ek Fo| AFefo]d] W -0 oz
recruittH(Masuda et al., 2005; Cheng et al., 2006).

2 A772 o] Hof EEAERL S. pombe] 4] mRNA ¥
AE AT Gl rsml AA(deletion) EHAHO] HH-F-A
2o} /g 2| AHsynthetic lethal) & R ol= EAHO] #5532 A
W3l tHMoon ef al., 2010). FAX| AL 3 Ao S0l
AR} shRE 22 25 2ol EA7F gIAIRE, 2702 A
2 o Eddo] ARl SAlo A5t S A& U9t
ot AdE XA EAHIEL rsml AAEARO9 oF
(unknown) EAR O] FARE FAlol 7HA L glof AAsHA] X
g} SRAIRE AE-E 918 XA EAHO]E2 p81X-Rsml
W E o] E]o}al-2]A|(thiamine-repressible) nmtl T ZHE]o] 9]
3 Wdo] 2AEE rsml FRAAE 7HAIL §17] g2, Elopdl
o] gl= MA(-BD A= Rsmlo] W= o] S 4= ¢, g
otglo] o]l M (+B) ol M=/ AF 27| Al+=) Rsml
o] W o] A E]o] F=THFig. 1A). XA EAH] #52
SLRsm1¢]| genomic DNA libraryS & & A &5}, glopqlo] &
A= HIRI(+BD A FAXANE 3] B HEZ oz 4
Btz 22852 €4t DNA sequencing #4& 53 €2 &
E2E9] H7|A LS S. pombe?] %A database (Sanger Center,
UK)ollA ZotE it AAATS SAs| Jrste 8252
rsml FRAAE 7HA 2L QlQom, FEAH O 2 ARl S5

oln] &7 mex67 (mRNA export receptor), sac3 (mRNA export
factor), mlo3 (Yral2] S. pombe ©|ZAEA)), 18]12 THOCT7 3}
AR ES ¢FF5lsH= open reading frame (ORF)Ql
SPCC24B10.11c FAAE 71X QIRith(Fig. 1B). E24YdH
SRREo| roml AAGAAL FHAAE Hol SRR
2 31215}7] 919), SLRsm1 SARIAL B Mo] FoA Zi2}e]
FHAHEE PCR 5Z3}o] DNA sequencing2 3T} mex67,
sac3, mlo3, SPCC24B10.11¢c §ZA} 5= oA 1} 2}o| 7} Q=
A0 8 HolAgw u|AE), o] EE2ES &5 SLRsml FAJ2|AL
Elo] o] AHATE AR multi-copy suppressorE 2+
Ao F Kelt)

(A) -B1 +B1

No Rsm1p
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Fig. 1. Isolation of thoc7 (SPCC24B10.11c) that complements the
growth defect of synthetic lethal mutant, SLRsml. (A) Schematic
diagram represents the synthetic lethality in SLRsml mutants.
Wild-type rsm! ORF is denoted by shaded boxes and expressed under
the control of the nmt/ promoter (Pum) in pREP81X plasmid. The A
rsml null allele and unknown mutated genes are shown by open boxes
with a cross. Synthetic lethal mutants are kept viable by expression of
rsml from the pREP81X plasmid in the absence of thiamine (-B1). In
the presence of thiamine (+B1), the expression of rsm/ is repressed,
resulting in the inhibition of growth. (B) Suppression of the growth
defect in synthetic lethal mutant, SLRsml by rsml and thoc7
(SPCC24B10.11c). SLRsml cells carrying pDW232 (empty vector),
pRsml (rsml), and pTHOC7 (SPCC24B10.11c) were streaked onto EMM
agar in the absence (-B1) and presence (+B1) of thiamine. Cells were
incubated for 4 days at 28°C. (C) Neighbor-joining phylogenetic tree
based on amino acid sequences of THOC7 from selected organisms,
such as human (Homo sapiens, NP_ 079351.2), mouse (M. musculus,
NP_079711.1), fruit fly (D. melanogaster, CAF04325.1), nematode
(C. elegans, CAB54184.1), amphibian (X. /aevis, NP_001080651.1),
budding yeast (S. cerevisiae, P33441.1), and fission yeast (S. pombe,
CAB76220.1) by MEGA program.



SPCC24B10.11c ORFoJ:= QlE 20| 37] l.om 2027} ofu]
LLALO 2 0|20 oA} Bx}eF 23.28 kDa, =& A (isoelectric
point, pI)©] pH4.48Q1 Tl A& QF5 315}l Qi) o] A2 20474
9] opu|ieAbo 2 o] RojX] Abgta} A5 e] THOCT Tl Ay} of
u)ieAb 4 E9] FA=(homology)= 61%, &2 x(identity)+=
21% Ao, FA At £ FGol H3tE]x] g whalz
A A BATE A (Homo sapiens), AF(Mus musculus), Z
w}2](Drosophila melanogaster), 7§72|(Xenopus laevis), X0}
X Z(Caenorhabditis elegans), Z°tE 5 (S. cerevisiae), 18|11
B AGH(S. pombe)?] THOCT/Mftl Tz MEGA T&271
WL AMESFo](Tamura et al., 2013), AlS53(neighbor-joining
tree) S 1R IcHFig. 1C). SPCC24B10.11c T A & 21}
9] THOC7¢} 71 fAFR o™, Sota R o] Mftl ) AL,
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Fig. 2. S. pombe thoc7 deletion mutants showed the slight defects of
both growth and mRNA export. (A) A schematic representing the
construct of Athoc7 null allele in S. pombe. The thoc7 ORF region
was replaced by the marker gene, ura4” by one-step gene disruption
method. The thoc7 (SPCC24B10.11c) ORF is represented by open
boxes and three introns are shown by vertical thick line in the open
box. The direction of transcription is denoted by arrow under the
ORF. The positions of PCR primers for confirmation of wild type
and null allele are indicated by arrowheads. The size of PCR
products is denoted under the arrows. B, BamHI; H, Hpal; P, Pvull.
(B) Growth of haploid wild-type thoc7" (WT) cells and Athoc7
deletion mutant cells were monitored by spot assay on YES medium
and incubated for 5 days at 22°C, 3 days at 28°C, and 2 days at 34°C,
respectively. (C) Poly(A)” RNA localization. Cells were grown to
the mid-log phase in appropriately supplemented EMM medium at
28°C. Coincident DAPI staining is shown in the right panels.
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AH, 2542]9) THOCT7Z} ¥ fASH L 12| B8 REa w9
SPCC24B10.11¢c §HR}Z spthoc72 5T

B IF 29 spThoc70] AAE mRNA W&o Todsl=x|2
Yot uz} skt 2 AFoAE o]Hd 7eH EEaRY
8k v wj ok S ANS-SETHMoreno, 19915 Alfa
et al., 1993). ura4” APSAAZ 2|E5 Athoc7 AAEAHo|
#FE 57| 9314 double-joint PCR HIHH O 2 DNA AHE
AZFet 3, opAE 50 A A ZFS|= one-step gene disruption
HH& AHESHATh Athoc7:: ura4” DNA HB-E o]ujA] #52
SP286 (h'[h" leul-32/leul-32 urad-d18lurad-d18 ade6-210/ade6-216)
I} BbpA #5791 AY217 (B leul-32 urad4-d18)o) 2z H&AA
XA FEtalo] gl wiR oA Ak FAATAE LU A
thoc7 AAEAH|E AHslr] fla FAZXTA| 2 DNAE 5=
&3t PCRE =851 ct. th2t 02 A3 o )1 5ol
A& 2.7 kb DNARE| FE 5= Aof H]3)) 3.7 kb FE ==
ZaENolg AEstgon, Rz ofE S35
A h wra#' o) EASHE Zejoluie} 5% EL 3% Zajo|n]
£ AMgelo] ZAEAWOI A= 217 10 kbe] DNAZ} 525
= A= ZASHTh(Fig. 2A). o|FA @2 o[ujA] SP286(A
thoc7) FFRFE ZAFHL & 5= Qe h'/h” oA A
3t ThE 42 A (tetrad) 412 =35t 24T 10709 AREA]
A BE ZAE0] FRUE FAsHA F2YE BT 471
o 22 F 2/le -9 aT REF S Ho|B= opdy
spthoc7 FRAAE 7HA BhpA|o] 2, YR 27]9] 2A}= Rt
o] gl= viRo A= BRBIER sprhoc7 FAA7H ZAE(A
thoc7::ura4” FRAARE 2He) AoIAek Mk Athoc7 B4
Seduo] FHE ZHT BE LE(22,28, 340)olH opIF 2
FET =9 A S5 BYri(Fig. 2B). B3 vheA] AY217
TN A spthoc7 FRAAE HIE ZAANT A= 22 29 o
et ol2f3t A= Sota o] THO EJAIE A& slsta 9l
= ARSI 2 B 8R Y sprhoc7 FARE A7
Aol FAT, ST BE 2= HY oA FAdHQd A
el g sih= AL Yulgith

spthoc7 A7} Aol 3 v]A 2 E mRNA #&ol=
FFE FEAES gotr7] A3 AZE 2] poly(A)" RNAS] £
EE fluorescence in situ hybridization (FISH)-& 53f &olR 3t}
FISH:= o4 =8¢ g3 S ARS-SIETH Yoon et al., 2000).
£33 F 2= 3" £ a-digoxygenin©] A oligo-(dT)so
& AFE31 oW, FITC-antidigoxygenin Fab 3] (Roche, Germany)
£ A3 poly(A) "9 EASHE oligo-(dT)seS FFE T Fol
A A ETE #Ho] A= 4, 6'-diamidino-2-phenylindole
(DAPD)Z DNAE g4 sto] 2513t} Fig. 2Col| A Bxo] of
Y WT) FFo 4% poly(A)” RNAS] EE7} Al 2A7} & <F
off F1F HAYAT, Athoc7 ZAEARC] FFoA= & ¢t
of ¢zt o A= o] Gli= Aol TRE G o9t A2 A= &
FA Y spThoc7 TElZo] JLHolx= PNt HFH<
bulk mRNA 2] o] H|ZA 2 2] H-Zof Easitt= A3 9n|
gt

spThoc7 T Zlo] Ao E|H AAFA 1 AT mRNA HH&o 4

“

P
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& 7] wiZol, Wit spThoc7 TafEo] 7 (over-expression)
= FFE AlRel 28-S FH| 2 Stk WA sprhoc7
ORFRHE: 7323t oA & nmrl T2 RE S B A, spthoc72] A
A7} Eobglel ofs) 2AEE 3X-Thoe? WElS Alkaiic,
3X-Thoc7 HE]E o E Ht-A| #5910 AY2173} Athoc7 BA
Saolo] 2tz FUABIAYL ol 9A AT BREWTX-
Thoc7)= A oA W= spthoc7 A o] o] Eloprl
o] 1= iRl A= 3X-Thoc7 HEZRE spthoc77} B H
Ho| WAEIT) SHAIT, sprhoc7 $-8A7} FarAE| T ek 4%
o] ob7- gFo] glglom, FISHE 53 poly(A) RNAS| =
ZAOINE opiE Fsh 2 Aol HE WAT 4 YATFHHR
HA|E). Elopdlo] E0i = viA| o4 % 3X-Thoc7 HE|7} Athoc7
AAEo] F0) AT AHREN: 202 Hof, 3X-Tho?
W E] 2 2E| basal level 2 spthoc77} W= E2te A Z 2] A7
ol $3The AL & 4 Yk
22 2 spThoc7 T O] A2 W 9IA]E Lot 7| #)ste]
GFP (Green Fluorescence Protein)E o] &3}t o]& 93} GFP
S AAE spthoc7 ORF2] 3" Zeto]] £-21 thoc7-gfp::kan” DNA
YHE DIPCRE AR} sprhoc7 §82 A1) H3lste]
spThoc7-GFP Tl 2 o] endogenous 5.2 HHAEHEE 314
o} o]gA AZRt #3= PCRI} DNA sequencings 53f
genomic spthoc7 FAR7} thoc7-gfp 2 A& A& ERIs4ch
o|FA spthoc7 A419] 2 RES] s HAYA oA spThoc7-
GFP Shalato] Wl sl 7R Ago] JAHOI R R (42 1)
A1), A4 spThoc7-GFP T o] BA4AQl 7|55 7HA| 1L
e & UK o w04 spThoc7-GFPE| A E 1 913
2 Yango R R A ARYIAE ot ZASHIA
T o2 8 Qtoll A wHEkE QiTh(Fig. 3).
ot 2 A2 B9 a2 0] Thoc7 ©]F4 5 (ortholog)
&= mRNA gZo] #ofsty S. pombe] THO A= frARSE
52 PRI 22 lulae). SAT RARE 5. pombes)
SAA| datao| A= in silco AL B3 SOla K S. cerevisiae
9] THO A2 EF AT = gl & 2 & A=

GFP

Thoc7-GFP

Fig. 3. Localization of Thoc7 protein fused to GFP. Thoc7 was tagged
with GFP at its carboxyl-terminal (Thoc7-GFP). An integrated version
of the thoc7-gfp fusion was constructed at the thoc7 locus, and the
localization of the fusion protein was determined. Cells were grown to
the mid-log phase in appropriately supplemented EMM medium in the
presence of thiamine at 28°C. 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.

oAl & ¥EH Hprl, Tho2, Texl= REEo] |9k, Fig. 1C
oA BZo] MftleH= FAREZ} ui-¢- & Thoc7 o] FAEA7F
EASHAL Thp2 o|F/4EA= 32 & JSlth L3]8 1 5E
9] THOCS o|ZAAS A7} A5ttt T3 Z0lF 1 S. cerevisiae
o] THO F4elAH50] B o] Basolx] YL ol5e] &
dAWolEL 25 vt RHF S Ho|X|TH(Luna ef al., 2012),
BAF® S, pombed| A= Hprl/THOCI, Tho2/THOC2 O] EAHE
A AR BEH ol 3 Lol SLAHE-E Aol BaolA] g
t}. o]} Zo] 8. pombed] THO EA = SotaRHT} 1154
ST ¢ H|3 Bo|B 2, S. pombe] THO BEZAIE AsH=
AL 15AENAY THO 9&S olgfjst=r] B2 =] 2
Aolekm Az g
He

THOC7/Mftl= mRNA7} AALE = 59 mRNPO] Z2bat
mRNA H-&o] #ofst= 25HH o2 & HEEH THO E3A|9
TAeIRto|tt. BB G W Schizosaccharontyces pombe©|| 4] THOCT/
Mft1 9] ©]F/d-EA(spThoc7)7} /32 AL EAHO| A SLRsml
o) A AghE R EH o2 Rk Ao R AEE . ofuiA|
8. pombe w5 42 spthoc7 AT AAA L] F 484
NG 28T A, o] SRS Y] BoHolX) it 3
A5k, AthocT BAEAMO|E 44t mRNAS] oA 42
20] o] o7he] A& BT, 7] SHe spThocT-GFPEH
uhe F2 9 olo] ZAJBIch oleh 2 ABEL spThocT
T mRNA W&o #ojsta 93-S AAFIT

ZAte) o

o] =2 2012 Al S SEATFEH 4]
ofstel A7H9NE.
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