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W& #A 0 A% A RR T = B 2 éﬁi’s‘ £H ABCC10 EH Y

M M AT RARL B
(L AR B AR AT KA EZ R SR RS, WAL iU 430072; 2. AR BT SRR, it 100049)

. WIS IR S BER 45 O fr s 1 11 (ATP-binding cassette transporter, ABCT) ] i i3 i] A8 B 47) 4= %
i, Horh ST 4 125151 (premature terminal codon, PTC) IR sASit i) 58 XA mRNA [ %
(nonsense-mediated MRNA decay, NMD){E ISk 85 8 [ A S Th g, (HIX LT % i R AEAREE AL 010 ABCT WF5
&fjr&o %S LA B AR B —— R FA DU R 0 5, R sk AR R IL ABCCL0 FEBRIAEAE R A8 8], FEr=k

WS FE SRR (SVL AN SV2), Jorp SV2 758 AN W& FAURAE N & FAR B Si4F, X B 49 bp IFHIME SV2 KA
153577 2E PTC. 7EAEE NMD 3 2% H OB PR 1 UPFL K& PR P g S DU R e i B PR Bt R T S22 5 & PCR
T7ET I SV2 RGOl SR BIR: & PTC MYHERA SV2 18 UPFL R R 1K) SR /KA T8 AR B bl 2%
B, iR SV2 I NMD 3B B Bl . 1X 5 a5 h 5ee ABCC Ht g W AR BY Y] 5 N5 PTC #3K, IRk
NMD PR 77 238, HEIZTT N e AR A o0 ORsF, JRE LB ) L [F]#HL 56 (the last eukaryotic common
ancestor) gl L .
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Abstract: ATP-binding cassette transporters (ABCT) could generate multiple transcripts through alternative splicing
(AS) in mammalian. Some AS introduced PTC (premature terminal codon)-containing isoforms of ABCT couple with
NMD (nonsense-mediated mMRNA decay) to regulate relevant functions. However, there are no similar reports in lower
organisms. This paper focuses on the unicellular protozoa Tetrahymena thermophila, based on the RNA-seq data of
Tetrahymena thermophila, identified two alternative splicing variants of gene ABCC10 (SV1 and SV2). The SV2
contained an intron retention event at the fifth intron, and this 49 bp intron resulted in shift-frame and introduced PTC.
Then, a knock-down Tetrahymena strain of gene UPF1 which is a key factor of NMD was constructed, and the
expression levels of SV2 were performed using a real-time quantitative PCR. The results showed the expression levels of
SV2 were up-regulated significantly in knock-down strain, indicating that S\V2 was targeted by NMD, which is consistent
to the mechanism which the AS introduced PTC-containing isoforms of ABCC proteins can be targeted by NMD in
mammalian. Thus, we infer that this mechanism is highly evolutionary conserved in eukaryotes and was already
functional in the last eukaryotic common ancestor.
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)5 55 45 44y 328 (transmembrane domain, TMD) 14>
¥ 4 A g5 #4358 (nucleotide binding domain, NBD).
TEAT AT D RET I, TMD — ¥ Rt Jisi i L iS4
oy ik, AN S5 RS 1 NBD W 4
TTEE G IPKARE ATP K424 fE & (Hollenstein et al,
2007). XEEAT AL T HAMEZAED T,
AR S M AE BT RE, g, S EAt
HECL LA I (185 [ 4412 (Higgins, 1992). X A2
ABCT AW, HEEI gL AN 2
AL MR RE, SR IR o 1) 5 Bz, b
Ao ABCT SEME A LIZ S ihe s, 4
5B A Ok, WM VLT 4EqL . PR 2
LA REIE 122 29T 241 (Dean & Allikmets, 2001).

BET a5 M2 LR A [, B A
ABCT HEHBRES AN 7 ANFKKE, N ABCA |
ABCG(Dean et al, 2001). 1, ABCC FKEHE 2
—REE IS, BRSWULE FH PRI E
H, R4 A5 e L A i s AR .
LRI UK IR, —28 ABCC K& &k AEn 48
BYY), 7AW R LA b % % A (Aherrahrou et al,
2008; Bera et al, 2002; Grant et al, 1997; Lamba et al,
2003; Stojic et al, 2007; Yabuuchi et al, 2001). I+,
A e RV R EAE FL 3K ABCCA tEE#AA
AIARBIY), PSR T S AR AT & R T
(premature terminal codon, PTC)ifi #% 75 X 4
mRNA [#f##HL ] (nonsense-mediated MRNA decay,
NMD)&AR, HFI & PTC MR ASIEA %
VI ZR o JUH RN B R A ) AR B ) () e 41 v i
AL, $RORIX R A AR B )G I N PTC HYFEsAS, Jf
REA NMD Bt (1) 77 2Xn] REAE I L3P & A oA i
O™ T (Lamba et al, 2003). B4 7EAR &4
ABCC H It thAAAERX RIS, BARCH KEH
K ABCT S H B 7T 1w 4l Az B s
AWy T, AR AR X LE B 5T R 3ok LA Ok
ABCT 1] 2 B D) R 4RIE

JR A= B g B Y JiE 1 (Tetrahymena thermophila)
ST MR A AR AR AR, R A TR T RS
EEXS s RGUKE 73 br UL & AL E RS 20T
FEVE SO i e rf 5 165 A ABCT FRFEN, 1L
H1, 60 ME T ABCC KK, #0154 $ifr) 36% (Xiong
etal, 2010). fizilr, FATHHIER A 5 4 s 21 )
JP RSB T W8 B R 22 A A B R IS 3 1)
SKALAT, RILT L 1 200 N EERAEAE R AR B )

FifF(Xiong et al, 2011), HAH M4~ ABCC Kkl
A, 234 ABCCL0(ZE A ID: TTHERM_ 00320020)
F1 ABCC49(E [ ID:TTHERM_ 00630560), ASHff 57
fifith 7 ABCC10 JE BRI ] e mf AR B U] 7 A I 4% AN [R] 1)
oA, Hoh—48&1 PTC. fEUbdEat b, i@k
BT PTC [ S AALE BT A 1 55 UPFL SE A i bk
WG SEAR DL, UEPH T PTC MIHESRA T 4 NMD
W B, b T I R I e AR B D) N PTC
AR, JRREwE NMD FEf#16 J7 XAE BLA% B -1
SRS, fEEAZAEYRISLRF S (the last eukaryotic
common ancestor) gt & 1.

1 #MR57%

11 MRHBYES

&4k I fi5 Ht (Tetrahmena thermophila) CU428 Fk
Z e B R K2 Martin A, Gorovsky #% i
W, U B SR EL UL 4y . 2% Proteose Peptone
(Difco). 0.1% yeast extract (Oxide). 0.2% %] % ¥ (|H
Z4E ). 0.003% Ferric citrate (Sigma), ¥ T WK,
28 103 kPa. 120 ‘C’K1# 15 min AR =i, B
K R IO BRI DB, 2 2% i 3 125
cells/mL 74T 100 mL ¥ =%, BT 30 CHiFF
#6135 r/min 1555,
12 S RNAIZELS cDNA &5

B 1.1 PR A B K3 X 10° cells/mL) 1)
MEHPURE R 3 mL % RNA B K% AL B EP &5,
F 4 500 r/min .05 min, &40 )5 R % F
i D_ln 1 mL Trizol (Invitrogen, USA)ZA# 41 i,
JEWAT; P%3% 30 s JaEkE 10 min; Ji 200 pL &A%,
=% 40 s J5iH & 15 min; 12 000 g, 4 °C&.0» 20 min;
W F¥E R Sy — EP &, IIAAHRN AR S R,
ARG T-20 CUKMA; W5, T 12 000
g, 4 CE.L 15 min J52 Big, H 75% 4l (H
DEPC /KHECLE) 5% RNA JUEM X, THE,
50 pL DEPC /K ¥#ifiit 2t RNA; 5t RNA K5 R4
JEERE T (Malcom,  Japan) il .

¥ 5 RNA | Dnase (Promega)iidfbabBE, Bt o
F M-MLV reverse transcriptase RNase H* (TOYOBO)
WS A il cDNA, 50 b S W AR & AL 45 100 U i,
5 pmol/L Random Primers (Promega), [ 25 B4k [
RN A
1.3 ABCCI10 A S P-4 B A E SR AL TE

DU 6% 2 s 20 T 43 31 1) reads 487 H] Tophat
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A1 Mummer 3.0 FF LE X 22 g I R R RS S R 4
J 51 (A DY JEE 55 PR AT 204 R 4, httpe/iwww,
ciliate.org). T4 M7 H mRNA Frififs %
i) cDNA BEATII P, DAk, Witk—%% read Lbx} 43
R 4LE AT gap, I HIL gap W2 A GT Fl
AG(Z BN 1 BY4AT), 5 gap DX K %
To MR LEXT IS IR, 45 e 13 2 g A Y s e B BRI 1
e DS S R AN S P BIUIA A . 2 JE R
B AT Y, LCRBYU)AT mi DL R s Xk, %
SERFESN T BRER . NS TOREE . B'BY AL IR AN
SBYFLAT RUIEFEAE A IR DY 3k $- 7 35 ) 28 2 (Xiong
etal, 2011).

WA ABCC10 HE DA ) sk X I, I HT AR
X ABCC10 Jit PRI 45 BY 7 AR IR W 2% e AR 7 41
AT P . P I B s AR P A, A
MAFFT 752 L A0 EAT LUX, € A AR ik 4%

FHVE, Wi PTC L& o IERRIEBY )™ R I AR
= Kk B Fancy Gene 1.4(http://host13.bioinfo3.
ifom-ieo-campus. it/fancygene/)%: il .

1.4 UPF1 £ RE &g PERavkattaE (NMD i@ i a)

HPHI)

AWFFE, ABCCL0 I8 ] AR By 1) = A I e ¢
A —4A % PTC, IXFEM mRNA T fgd: NMD
I e PR AR o 254 Bruns 25 A\ IR DY A K k%
YL ta AT R 5% 7772 (Bruns & Cassidy-Hanley, 2000)
L5 GJ-1000 & s A SE RIS (G 2 BH A7 B2 ) A
FHUEEA S, B NMD 3 % SCHE Rl 1 UPFL £ [ #4)
bR . B, 4K UPFL JEP(ZED ID:
TTHERM_00726300)5'F1 3" 554 [X /i B (% 800 bp)
T XU IE R N pNeod A4 (B IR BL 2 e 2y
T H ARSI Mochizuki £ 4% 1 8 ) (Mochizuki,
2008) ' Neod FE A (115 i (UPFLC AT UPFIN J7 [r] £
FF—20), MECGHIE A pNeo4-UPFIN-UPFIC. %X
Joi s FHRUEE D) ) 70 I A8 A 5500 X B
Neod, LA 1 pg/ul PRI P AR RO SE DRI T 4 5 o0) U fie
1 CUA428 FREF A= RUGEAT 3 PR A G o a3 5 0 X )
WREM, AEEHRIREB AT, Neod It
DRI 2 L TR 4 b () UPFL JEIR e &g ss
FIPUNE d UPFL R i B4l bk . 43 )R FH 4 40 e
PCR DL SEI 9852 5 PCR IESE F B 46 A LA
S UPFL JERIRIA KT R (B 1)

% UPFI \
Pst 14 I~ Not [ Xho I+ >< Hindlll
E .}
923 bp 871 bp
UPFIC UPFIN
Pt 1\ / /. HindIIl
Chotl 2k xno1
pNeod

5kb

PU1 gAY UPFL B DR B by s 2 1
Fig.1 Schematic drawing of knock-down cell line of UPF1
gene in Tetrahymena thermophila

15 KR EE PCR # UPF1 LLE ABCC10
HRAMRIEKTE

PCR [ %7 BIORAD Opticon 2 #I52I 5% 6 5&
i PCR A FREAT o F s AR I ARDN Ak 7K 40 1
H Relative Expression Software Tool (REST) #ff4:
18S K IEJG AT 08T AR F I B 2 A DR
-5 6 HELAHL ) PCR 4™ 3% (39 {5 7 #4144 threshold cycle
(Ct) 122 50 8 & Btk B H (1 5 DR A 0 Rk AR
AL, PR ANOVA KT 25 A 1% i 21k, P<0.05
A 4127 = X (Pfaffl et al, 2002).

9 TUER ABCC10 &4 PTC [5x4 SV2 &
1752 NMD i 25 R, 23l DA 3R 1.2 vh & s )
A R R AR A DY i L ) cDNA A g sidi, )
SEI 962 B PCR 7RI SV2 [R5 5% /K -
WATEFEE DU R 18S bk RNA ZEH1E A A
ZHEH, JLIEM 59754 5'-CCTGGGAAGG
TACGGGTAAT-3', X 5I#F5 A4 5-AAGGTT
CACCAGACCATTCG-3's £ 4 sk A LA 140 8
T B ER5IY F, FFHh: 5-TTCTGG
TTTCATTATTAAGTTGCT-3', 7 ABCC10 _SV2 55 1L
AMANE T RAEN S FORE AL SR I 1Y)
SV2_R, A T ks> PCR L 1) 5 A= Ffh O 1 A 11
SEA, BYPIEESRAL s A A 13 ANBREE A 3
12 Mk, %) 4: 5'-AAAATAAGCATACCC
TATAGCATAA-3'. 534k, k1 K IE Pl B R BT 7 A
iz, AR DI G 7 B4k m 5]
Y Total-R, /7% %: 5'-AAAGGAAGATCATCATC
AATAGAAT-3', Ml ABCCL0 K FTf5 mRNA
(1218 & (K] 2A,B) (A 5 197 51448 F Primer5 X 44
#it). Q-PCR XMAAZ: 10 pL FastStart Universal
SYBR Green Master mix (Roche), 0.4 umol/L 5|4,
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A

] 1 ! ! 1 ] ! ! ! !
574000 57700 58K 58300 38600 58900 59200 39500 59800 60100 60400 60700 61 K 61300 61600 61900 62200 62500 62800

. Total Re» <=F;

ancco_svi _ [ ifm—— e — B
TGA SV2R =  <F! ' ’ ATG

B e e — - 1] [— | - p
iPTC ATG

111170 | TR
utr L—————
exon l:l
nvpp N
tvp
_500bp

TCIGGTTTCATIATTMGTTGCT CAGACTTTITAATAAACTAAATAGCTCAATAA
TCIGGTTTCATT.RTTMGTTGCT CAGACTTTITAATAAACTAAATAGCTCAATAR
e e e R e e R e R o e R R R R
F ==
ABCC10 SV1 TGICAAGCARAATGGICTITITITGATAAARATCCTGITGGAAGRATTATGAATAGACTCT
RECCID_SVE TEICAAGCARAATGGICTTITITGATAAARAAT CCTGTTGEAAGAATTATGAATAGACTCT

o e o oo o o o o o o

ABCC10_SV1
ABCC10_sV2

ABCC10_5V1 CTGATGATAT TTCTATTGATGATGATCTTCCTTT] TATTGAAGTCACATTAGAAC
ABCC10 5V2 CTGATGATAT TTCTATTGATGATGATCTTCCTTT] TATTGAAGTCACATTAGRAC
- e e e ok ok e e e e e e ok e e e ol ok e e e o i R o ke ol ok e e e o i e ol ok e ol e e ok e o e e ok e e ke kR e

<+ Total_R

ABCC10_SV1 TTATGACTTATGCTATAGG-———============= === = mmmm e e o mm e
ABCC10_SV2 TTATGA TATGCTTATTTITATTCTTTAATTAATAATTTTCAATATT

e
« SV2_R
ABCC10 SV1 ---—----, ATATCCTGTTGGCATTTCAATTTAGTTTCCTTGAATGAGTGCTTTTITTITGTT
RECCID:SVE ATAARTAGATATCCIGITGGCATITCAATTITAGTITICCITGEATGAGTGCITITITIGIT

e e e o o e

ABCC10_SV1 4 B%360bp

ABCC10_sV2

ABCC10_SV1 ATCATTACAATTGARTTITICTGTAGATATTAATGITATCGTITTITATGCTITATCATATGGA
ABCC10_SV2 ATCATTACAATTGAATTITICTGTAGATATTAATGITATCGITITATGCTTATCATATGGA

e e e e e e e e ki e e e i o e R o e e

K2 ABCCI0 nJ 22 BT A AN [F) B sA (R 4
Fig.2 Identification of ABCC10 splice variants

A: Fancy Gene 1.4 £:ifiH) ABCCL0 Sk n] A8y Y17 A R F AR E I o AT DLR ARSIl AR B [ AHERR, SR O E & PCR
IR E A # i, B2 EE ST PTC (AL E M R Ar . B: P44 ABCC10_SV1 Fil ABCC10_SV2 J&AIKLEXT 45 0L
SEIN SO E & PCR 515 Sbsth, ARXT R IR 5149 7 50 F 5 HEAE H
A) Sketch map of ABCC10 splice variants drawed by Fancy Gene 1.4. Exons and domains of the ABCC10 gene are shown as different color solid
boxes, the primers used to Q-PCR are indicated by arrows, the locations of start and stop codon and PTC are indicated by vertical line. B)
sequence alignment of ABCC10_SV1 and ABCC10_SV2. The primers used to Q-PCR are indicated by arrows, the sequences of primers are
indicated by box.

TR ZEAKBC % 20 plo SN 45 F: 94 C iR 1k 5 min,
A 40 MEHA 94 °C 205,55 'C 305,72 'C 20,
75 CiEtR 1s, #3572 “CHEH 10 min, o HIMEw
fiftthk 70~90°C, LL 0.5 Cls iRl s . &4
cDNA Ff i HE = AFATHE

2 # R

2.1 ABCCI10 ERE A L% AR KA
Ly
R 4 g DY B R SR 2 BoHE % e 19 #
ABCC10 AEPI KA mI A2 B Y44, JF4H4E th M 4% 58
B s AR e 8, 4 i & ABCC10_SV1 Al
ABCC10_SV2. f#i [l MAFFT {E4; Lb 4 A L ix

PRI AP, R A SV2 B — Bk 49
bp A& T #41. (& 2B)

BAIFIH ORF Finder T HAEZFHPRIX W4
SEARITH, RIVEE A SV2 T IE PR DR B —
BN T PTC, AT dea — AN FIR A s
2 & 14 (exon-junction complex, EJC) i 786 bp. 1H
ik NCBI BLASTP # A, &F AR NEAT
HU PR DR ST G M. HesrAs SV2 Bl A E
H TR A28, EE SV sk C ) —> NBD, M
HAIR T3 A TMD (56380 ffm, KH Fancy
Gene 1.4 (http://hostl3.bioinfo3.ifom-ieo-campus.it/
fancygene/) Z: e FEVEBY V) A I s R B
RIAESE A WG TR AENE TIRE (5 2A).
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2.2 #3EA ABCCL0 SV2 # NMD i@ &[4 iR

KRB mRNA WA Hodw 5 —ANoh i 7 e 4
#_F3iF 50~55 bp F A7 £E 2% 1285 1 )% RNA B IA
AFAEPTC, W AES 1 NMD J8 % 1) < K1 UPFL
H BB AR, SR )5 KA PO % (Hentze
& Kulozik, 1999). 4 2.1 /) ORF 45 5, #% 34 SV2
R PTC B g — AN 1A B I

(exon-exon junction) 5 786 fiftt. Pk, FAIHE

%Sk A 29 NMD Gl iR . N T %52 R
ABCC10 1554 SV2 52 NMD FEfi, TeAi TR FL
s KPAE NMD Bl & 15 R AR B2 AR AL

UPF1 & [ /& NMD 1 % 1) 8k R 7, it i b
HRIEKCE AT L] NMD 38 5 045, g
B HHEAR 5 A (Mendell et al, 2002). 4% f L%
1.4 [RJ790m 45 3 UPFL JE DR (10 il P RR U JiE e
Fu B IR 1.2 10 75 1R U A 7ROR o B 1) cDNA
FECD IR 1.5 KL UPFL ARk, At
TEFAER, RRPE cDNA HH i UPFL ZRIE KT BRI
F] 20.7%, UEWITEE] T UPFL [ BF#kR (& 3).

S 1400
2 oW1
¥ & 1200 |gkp
S looot
2 E 0800f
i - 2
X & 0600F
= & 0400}
Z £ 0200} =
2 0.000 :
B UPFI ABCC10_SV?2
JL[H Gene
B3 UPFL FIEE A SV2 1 DUt HURF A R g
R4 B i b ) 2Rk A8 £k

Fig.3 Gene expression levels of UPF1 and transcript SV2 in
wild-type and knock-down cell lines of Tetrahymena
thermophila

Wl AR R AL X 3 B 2 7R v A R () R IE AR A B B B (B 5B 0K, BT
AETIRIKTBER 100%., BEAMIERI B =APATHE. **:P<0.01,

The expression values for each gene in wild-type cell line are indicated by
green bars and are given relative to the expression in knock-down cell line
which was set to 100%. Three replicates were performed for each gene. **:
P<0.01.

T UPFL JEPRIRE/K R AT, NMD #L
M= A D Re R R 2 9859, TRk IRP IR 1.5
R A ABCCL0_SV2 AR 1k 7K, A
ST B AR R Y B CU428 KR, UPFL il B Bk 1
CDNA 1, 3R SV2 [RIAK VTR T 22.7%,
VEHZ AT PTC kA SV2 J& NMD i i 4
Fr(El 3).

3 W it

AR BT — H WA N e A 2 A R A
FEHLH], AHUT ARk 2 R I, e AT RE
WEABBEA SRR, AREA DO A
BY )R 2 5 At B A AR T OR S ok o B
G Thfe, A1 o ny AR Y ) 5 80 S AE A
AR, P74 PTC JE# NMD S BEAR, A m B0
Sof 23 i Y (Lareau et al, 2004). 7 25 5hW)
ABCC HHZEMHFH, e RILAA ] AZ 811
AR N ABCCL A, H A =i
A HR AR BE J5L AT (1) ORF(Grant et al, 1997). 2 &, fEA
PRRFIER cDNA 77532 ) ABCC11 #il ABCC12
WAFLE AR BT Y], AT = E I AL PTC,
Jo 7 A ) S AR b AR A 22 RO HA AL
PTC, #EMIA AR 1) 4EY) % D he (Bera et al, 2002;
Yabuuchi et al, 2001). 7& A 240 B9 5 A 4 16
ABCC5 41 AT = (] AR BY U] 7 A= ) 3 s AR,
H PR &4 PTC (Stojic et al, 2007). it ABCC
HAREREY G, AR E A PTC A,
TP IE S 5 NMD 38 B AH ¢ U AR R, A
) ABCC4 BAT I T HIV 299)M ThRE, =
G- - R A PUW B TR, AP Y
WIARIE RS, SLRTARBY ) =R 2 & PTC M A,
H—UKIESE ABCC 8 LAWY B & Dhae LG,
HINAZHUHI N BN ES IR, Pzl
Nl BE 75 3L 3 P 43 ATk O 8 (Lamba et al,
2003).

ZA YT, REHFROCERKIAZEY] S
NMD & % < [1] % P] (1) X & (Lareau et al, 2007;
Lewis et al, 2003) . {H 540 B A=) (1) AH ST ST 21 4R
A JEH MR A I ABCT Al 28 BI) AT 9T 436 .
PR i A AR A e A DU i e B AR A () st A%
50 SER IR R s A e, I nl Y —
AU BB E TSR, D TF AR
AL TP

TEATRFTH, FRATVR] IR Hh DY 4 s 4 1 4
PRI T —A ABCT J:[A(ABCCL0)i@E it nfAZ B5 1)
AP PR SRR, o, sk AR ABCC10_SV2 f
MTHEENNET, H59IANT PTC. BT PTC (5]
N, GHSEART R AR IR A T R
ABCC10 f##5 I8 i (TMD X 80) & 4= T osZe, 3 H.
PR T 8By 4E4 ATP (4540 (NBD [X3k) o 4 T
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W— T fif ABCCL0 J:A n] A2 87 P & 75 15 NMD il
PRI, AR S 28 6 i 5 PCRAS I ¥ 7 1%,
RIS AR ABCC10_SV2 7E NMD 3 #% 11 D) GE 4l
IR OLT, Hesk K PFTbE T 22.7%, X 3] NMD
ZRFNHE & PTC ) SV2 sk AR AR FE 1 25 B4
I, UESE TR & RSN PTC ) SV2 i SE 1]
B NMD i % B, X5 2 mr s shyt ABCC K
TR () R G B IR OE 45 R — 5, e o AR
BIPIGINE PTC I A, 4 NMD FEAR (1) 77 21X
TEEAZ Y T3 ORsF, HAE AL DI IE R4 5%
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