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BCP1 is an essential gene in Saccharomyces cerevisiae. According to the
previous research, Bcpl is involved in the export of Mss4. Furthermore, when Bcpl
has defects, 60S subunits can't be exported from the nucleus. It implies that Bcpl is
also involved in 60S biogenesis.

First, we mutated or deleted the function domains of Bcpl and made mutant
constructs: bcpl4n40 ~bepidc ~bepianls ~beplnes.  All these mutants showed 60S
ribosomal biogenesis defects. Except bepl4nls all other mutatnts can’t complement
the growth of bcplts at nonpermissive temperature. .

Then we analyzed the genetic interaction between BCP1 and 60S export factors
( NMD3, ECM1, ARX1, MEX67, MTR2 ). We found the double mutants grew much
sicker than those single mutants, which means Bcpl has tight functional connection
with these export factors. However, overexpression of any of the export factors can’t
rescue bcplts and vice versa. Therefore, Bcpl may involve in another pathway. The
accumulation of 60S might be from the secondary effects of the block of primary
pathway.

We tried to test if Bcpl showed any functional connection with Rpl23, which
shows physical interaction with Bcpl. Interesting, we found overexpression of Rpl23
could rescue bcplts growth at nonpermissive temperature. Rpl23 protein levels were
also highly elevated when Bcpl function was inactivated.

To futher dissect the mechanism about why Rpl23 could rescue bcplts, we tested
Tif6. Tif6 is a 60S transacting factor which binds at Rpl23 at joining face. It escorts
with 60S subunits to the cytoplasm and needs to be released before ribosome
maturation. Failure of Tif6 release blocks 40S association with 60S and results in cell

lethality. Interesting, Tif6é was mislocalized when bcpl was inactivatded. However,



mutations of Bcpl does not impact Tif6 release but stability.
According to our studies, Bcpl plays an important role in 60S ribosome
biogenesis. Its function is tightly connect to Tif6 and Rpl23. However, the mechanism

is still unclear and futher studies are required.

Keywords: Bcpl, ribosome biogenesis, export factor, Rpl23, high copy suppressor,

Tif6.
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glucose ~ maltose ~ frtrehalose % ¥ pE > 5 % F/wT™ % 5 § (e ivh g 4 5
B RLF FRREFFEREEY A2 NI AFL L o PR Y- BRA
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B %4 # ¢ small subunit = 40S Ribosome - large subunit 3= 60S Ribosome - #& ¥
Pl ixd tH 8+ F 22 80S Ribosome ; Btz 4 # ¢ Bl E_d small subunit 30S
Ribosome 4= large subunit 50S Ribosome - ##& :#p¥ %= = 70S Ribosome(Lafontaine
and Tollervey, 2001) -+:pE%4 1 & & d rRNA 12 2 ribosomal proteins (Rps) =t = »
YipERE i & cnrt iy B AR 5 AL F1 %48 (7 DNA #& &+(Transcription) &) s mRNA
i& 7 g (Translation) & 2 £ 4 # it chd-v Foi&a B #pimre 4 £ & 3H(Korostelev,

2011)

= ~ it 4 £ & (Ribosome biogenesis)

PEERM A & 2 BB RGE gt AR e io ¢ SIRNA &L BRFLET >

Rit™

i3 4% (Henras et al., 2008) ~ 2 &% pEd8 3o 2 & > R 54 @ﬁg?] R EER S8l I EES
¥ ¢ (Tschochner and Hurt, 2003) » # 157 = & 5 3%+ i chz 4 (Fromont-Racine
etal.,, 2003) - i& 1B & = {EAR P > ",ﬁ% 7 rRNA 2 2 Ribosomal Proteins » » % & 3 ¥
e B R RES Bt s BN R SR RN S

£ F-9 F 5 425 3= (non-ribosomal factors or transacting factors) (Nissan et al.,

2002)-t7pEtE 4 & 427 4 5 pre-rRNA i &~ pre-rRNA =14c 1 (processing)

|

2384 (folding) ~ = F¥ pre-rRNA ¢ £ Ribosomal Proteins & {7.% & (assembly)
(Venema and Tollervey, 1999)~ Ribosomal subunits ! %m & 4% :& ﬁ;f](Nuclear export of
ribosomal subunits) 2 % pE 48 & dm e B¢ = & & ¥ o= 3 (Kressler et al., 2010)
(Krokowski et al., 2006) (Lo et al., 2009) - 40S £ 60S subunits % & = FFf 3 7 Fo e
1% pE48 3-5 -~ non-ribosomal factors 4-22 » & @ iE 4z~ 7 4p e (Nissan et al., 2002)
(Schafer et al., 2003) - - Tandem affinity purification (TAP) Method # 4 * % 4 47 +%
PEREE & AR B e g mEgl ’%%’E’ Bl BRAER AR &b A d
k> & 47 H ¢ pre-rRNA - Ribosomal Proteins ~ non-ribosomal factors 4= snoRNPs
AL NN E - B R R R A RARETEE R A & S 3

2



(Grandi et al., 2002b) -

1. pre-rRNA ik éx

B+ me IRNA g4k & %’jﬁr} RNApolymerase | & & = > 424= ¢ & & )
35S pre-rRNA(Krokowski et al., 2006; Mayer and Grummt, 2006; Moss et al., 2007;
Rudra and Warner, 2004) > &% 5 Ao~ A1~ Ay~ Az B2 iz B9 A~ A~ A =
7 =5gte € 4.5 75 B small nucleolar ribonucle protein particles (SnoRNPs)= =
e11SNORNP complexes *» B 25 = 20S pre-rRNA % 27S pre-rRNA(Appendix Fig. 1) °
SNORNPs &_— #&+ 1 ¥} ribosomal RNAs ~ transfer RNAs % small nuclear RNAs &
7 12 4% e RNA (Fromont-Racine et al., 2003; Henras et al., 2004; Henras et al., 2008;
Venema and Tollervey, 1999) - SNnORNPS ¥ 12 & = & 37 : %c} methylation & {7 i
4 e C/D box SnoRNAs % ,f*gr) pseudouridylation it = i% 4F 57 H/ACA box
snORNAs - 20S pre-rRNA ‘5d 3t = {5 > ¢ 2 2 18SrRNA > 2;= 40S % pEkE ; 27S
pre-rRNA ~ 58S ~ 2 RNA polymeraselll # 4% ! e 5S pre-rRNA P25 = 60S +% p&

2 (Granneman and Baserga, 2004; Henras et al., 2008) -

2.40S ¥ pErE 2 & = (Assembly of 40S subunits):

% — 1 40S precursor ¥4 UTP-A ~ UTP-B ~ UTP-C subcomplexes ¥ 35S
pre-rRNA — 4227 = 553 90S particle * £ = small subunit processome (SSU) (Krogan
et al., 2004; Osheim et al., 2004; Perez-Fernandez et al., 2007) o & 4% v 3 Kk en
pre-40S &_d Az :F 20 & non-ribosomal factors~U3 snoRNP~ - # Rps f= 35S rRNA
#1 % = (Dragon et al., 2002; Grandi et al., 2002a; Perez-Fernandez et al., 2007) - % ¥
U3 snoRNP *» %1 35S rRNA F e Ag~ Ar ~ Ay = 7 == & 4 20S pre-rRNA » &4
PR it 19 pre-40S ‘e =g 4 g o FFF S chnon-ribosomal factors &R pre-40S
{ % < biogenesis factors f=Rps £ pre-40S & & (Schafer et al., 2003)- iz FF pre-40S

3
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£ 5 P A ehHead %7 2 platform v body 4 ¢ Hi¢ > 4 % pre-40S 44 i & e
Boo i e B (S 0 pre-40S B P A5 = 40S £ A 0 beak E 3 A G
Enpl-Ltvl-Rps3 complex 1z % protein kinase Hrr25 % & # - 4= (Schafer et al.,
2006)> 4% ¥ n72 ¢ e1Nobl *» #- 20S pre-rRNA } 7D site 7} = 18S rRNA (Fatica
et al., 2003; Gelperin et al., 2001; Granneman et al., 2005; Vanrobays et al., 2003) » =

3 5 = & 1 40S Ribosome (Fatica et al., 2004; Lamanna and Karbstein, 2009) -

3.60S ¥pEt 2 & = (Assembly of 60S subunits):

% - 1 pre-60S B A 4+ L jgd Ssfl iz Fd FA1¥% TAP Mit = 2 it e
¥ (Fatica et al., 2002; Harnpicharnchai et al., 2001) » == ¢ 4£5 27SA > 27SB
pre-rRNAr % ribosomal proteins > % 30 i non-ribosomal factors (H ¢ & 3= early
factors Nocl % Rrp5) > e figFffen pre-60S » i3 4 33| SnORNPs 75 &
(Kressler et al., 2008a) - % = i pre-60S Z_d Npal # it B~ > 22 & 355 27SA;
pre-rRNA > ribosomal proteins-> ¥ 40 i non-ribosomal factors-8 & RNA helicase -
— & snoRNPs 12 2 90S 5 B crofactorse = - B¢ FF & 4~ —E:L;*ggi Nsal :i& B 3-v %
itk s e 53 55 rRNA - 27SA;z pre-rRNA - 27SB pre-rRNA( & =
Nocl-Noc2 % = Noc2-Noc3) (Kressler et al., 2008b; Milkereit et al., 2001) » *} *» fix
(exonuclease)Ratl f= Xrnl > 55 RNP complex(¢ z 7 Rpf - Rrsl ~ Rpl5)r %
Rplll(Zhang et al., 2007) -

BFT-oMBERY LS ERIXLE B 30 F o st FFpre-60S @ S ALE % T
Nucleoplasm » i& B FF £ 5 37 7 F-9 © 53 pre-60S > & Spbl- Erbl- Nop2 -
Puf6 ~ Ebp2 ~ Ytm1 ~ Noc2—Noc3 subcomplex ~ DExXD/H-ATPases Dbp10 ~ Drsl ~
Spb4 ~ Dbp9 ~ 122 Hasl1(Kressler et al., 2008b) - 7 i IF FF» 5 ATend-v 582 %0
= » & #£Real ~ the Rix1-Ipi3—Ipil subcomplex ~ Rsa4 ~ the Arx1-Albl subcomplex -
Sdal ~ %2 Nug2 » ¢t *bizFg Fepre-rRNA e = ¢ 5 e s 5 2584r75/5.8S » & 5 = it

4



1k (tadpole-like) =% (Harnpicharnchai et al., 2001; Nissan et al., 2004) » & =
P 22 Real AAA-ATPase* Rsa4 and the Rix1-Ipi3—Ipil subcomplex’s & r2 I e+

pre-60S:i& #5 ! 4w %z +% (Harnpicharnchai et al., 2001) -
|

A ¥ pERE ié’ﬁ] (Nuclear export of ribosome subuints)

¥ PR ens B = H 48 pre-60S subunit {e pre-40S subunit & m e fE p 4 2 (8
FEUE T PO TP R RS hd HiEAR > ¥ e S % e 80S P pE
#a L &= F-0 Fehw i 0 i B K- pre-ribosome iZ ¥ Nuclear pore complexes
(NPC)i& % i1 e % cnilf AR AL 2 5 P2 pEal cn ) iﬁ@?](Ribbeck and Gorlich, 2002)
Fet 60S & Frend-v B e 45 ¢ Arxl (Yao etal., 2007) ~ Nmd3/Crm1 ~ Mex67-Mtr2
heterodimer 3 Ecml - NPC & 5@ty ﬂi%’?@ﬁ?}“ - B fx€ & h& ¢ (Chook and
Blobel, 2001; Fried and Kutay, 2003) » Nucleoporins # fm®z $% 3 F 252 — B E *
A E P > Ay mre PN v Endd g o %’?ﬁ%&&ﬁﬂﬂzﬁiﬁ%@ﬁi% & export receptors
B & Fer gl 8 NPC ehgn -k 43 i - #-pre-ribosome particles i » im ¥z

¢ s & pre-ribosomes & im¥e B¢ = 3 5 60S {= 40S Ribosomes -

Pre-60S % A48 i #§ 3¢
(1) Crm1(Xpol)

Nmd3 £ & 5 nuclear export sequence (NES)3t5.:h adapter > 4 Nmd3 fr
pre-60S & & t5 » NES ¢ BRI k3 Xpol {75802 % & > & F ¢ & RanGTP
& > Fes Pre-60S i i 12 % (Hedges et al., 2006; Thomas and Kutay, 2003; Trotta
etal., 2003) -

(2) Mex67/Mtr2

EFAF e 60S ¥ pEsy *eiéfﬂi%l*p i = receptor proteins _ Mex67-Mtr2

heterodimer 3-v (Kadowaki et al., 1994a; Kadowaki et al., 1994b; Rout et al., 2000;

5

o



Segref et al., 1997) > Mex67-Mtr2 heterodimer 3F-v = 5487 7 & mMRNA 0 4238
31,?]75 B> @ A 60S %’?ﬁ%ﬂ:ﬁ@ﬁ%l ¥ % Mex67-Mtr2 heterodimer 2 4 4 % p¥ ¢ % 5%
60S < Fresk > 102 5 A1 3 dp 41 Mex67-Mtr2 heterodimer £ nucleoporins % 5S
rRNA 7 E 44 (Strasser et al., 2000; Yao et al., 2007) -
(3) Arx1
% = BT F RS 60S fpEaY By e g-d AL o Arxd ARE g

T & 60S PrpEREAE S eni- 8 AT pERE 39 Rpl25 (Bradatsch et al., 2007;
Hung and Johnson, 2006) » # ® Arxl ¢ 3= - i ?H@Iiﬁfsﬁ#%ﬂ%&ﬁ Pre-60S
F R IV LR Es Pre-60S &2 NPC &2 7% £ B> {5477 4p
arxl4 & B i export fators nmd3, mex67 12 2 mtr2 fe pFg 4 R B fRT 0 Fl A
Arxl #2izat export factors z_ B # iv 4p i 0 F]m E IR Fde £ U R b 4= 0
synthetic lethality . % -
(4) Ecml

Ecml £ d £ mtr2-33 mutant 3 synthetic lethality 3 % @ 3 e ¥ - &
Pre-60S + pE 48 o) + @ﬁ%ﬁ B e 3-v (Bassleretal., 2001) » @ ¥ Ecml » A EF &
Nmd3 - Arxl 2 Mex67 & < 3 i®* > | pF 25 Pre-60S i@ ﬁ%] VimRg B dn e T
¥ i {7 1% pE A8 chr * (Bradatsch et al., 2007; Yao et al., 2010) -

% pre-60S ﬁi%]g $ nre 4 33 e B2 1 0 AAA-ATPase Drgl ¢ #-Nogl ~
RIp24 (Pertschy et al., 2007b)%_pre-60S # ! ; phosphatase Yvhl p| &_i2_i& Mrt4 %
# = PO (Kemmler et al., 2009; Zhang et al., 2007); # % Reil 2 Jjj1 & Arx1 # 1) ;
Efl1 2 Sdol #-Tif6 w4z » £ - B ¢ £ Rpl23 ﬁ%’%ﬁ,.‘éﬁ#}w e - B
Fe sz > "] 60S ¥ pERE & 40S 1% pEtE % & chstalk protein ; Lsgl ~ Sqtl % Rpl10
#-Nmd3 % 4% ™ % - 60S Ribosome 4 = = = 3 i 42 o @ i s v € L v I
mre e o F et T - BiipERE e & = (Appendix Fig. 2)(Gabel and Ruvkun, 2008;
Thomson and Tollervey, 2010; Yao et al., 2007) -
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S5 @EMHE &3¢ it pE % (Energy-consuming enzymes in ribosome
biogenesis)

PR LA ha BT TR LGB ESSRS REALLBFR
BT o PIpERE Y & 2 hiffe? L f¥ 4 7 2 4 47 2 DexD/DexH ATPase
kinase ~ GTPase ~ AAA-ATPase ~ 11 2 ABC proteins (Kressler et al., 2010; Kressler

et al., 2008a; Mayer and Grummt, 2006; Strunk and Karbstein, 2009) -

DEXD/H-ATPase

Pre-ribosome ¢ £ < & RNPs ~ IRNA{rsnoRNAZ = 4F se e & 4 » @ ) =

TR E P i £ k2 & § DEXD/IDEXH ATPase iz — #f 3] e 4= i iz %

(Gorbalenya and Koonin, 1993) - #+*+pre-40Se = 55 -~ & DEXD/DEXH ATPase :
Dbp4 ~ Dbp8 ~ Dhrl ~ Dhr2 ~ Fall ~ Rok1 ~ Rrp3; pre-60S#| 5 ¥ - i : Dbp2 ~ Dbp3 -
Dbp6 ~ Dbp7 ~ Dbp9 ~ Dbp10 ~ Drsl ~ Mak5 ~ Mtyr4/Dobl % £2 ; ¥ ¢t Has1£2Prp43
it i DEXD/DEXH ATPase R %_f F# %22 pre-40S % pre-60S -

DEXD/DEXH ATPase &-t? il 2 & & b e gt i L enst v § B> A
5 RNP=h g 2 2 RNAZ RNAG: Protein¥2 Protein2. FF 4% cnfdd » £ & £ %
pre-rRNA =exonuclease ¥2 endonuclease » % 5 B* SNnORNP £ pre-rRNA % 3 - % 32
DExD/DExH ATPase:sis * 31 & ‘{%ﬁ' d 4= ATP i & 14 52 4F pre-ribosomal
particles e £11 2 F et 4 g Fov & 2 pE F)3 (0% # (Bleichert and Baserga,

2007; Cordin et al., 2006; Jankowsky and Fairman, 2007; Linder, 2006) -

Kinases

s}n;y%\,g:rw 3 A

p i - tkinases § 42 PipER ch2 £ 2 AR 0 H ¢ Kinases ¥t
pre-40S:h2 & &5 F £ & R o Hr25 F-¢ # casein kinase |73 T#- |pE% o

7



Hrr25 %2 fmve b % 5 (R #HE A2 0K & & Kinetochore attachment » DNA repair >
cell cycle » Ca?* signalingz NPCe=wifis i 12 45 (Lusk et al., 2007; Petronczki et al.,
2006) o Hrr25%+40S7¢ * 3 & % late pre-40S particles Fgfx > Hrr25 ¢ mapk i 2 2
Arps it Ltvl-Enpl-Rps3 subcomplex (Schafer et al., 2006; Schafer et al., 2003) - @

T 540S  beak HpA) = B¢ F i 4%k 4% 0 Hir25 kinase » 40S#-i 72 2 7

2}

¥ e, % # ic (Schafer et al., 2006) - 60S+” p& 48 e & = i F242 Hrr25 ¢ Ak i
Tif6 %7 e260S+ 2 i+ ¥ ¢4 £ = (Basu et al., 2003) -

Riol{-Rio2&_ Homologous- & 24 4] v serine protein kinase » Riol protein
EPEEMA SR G/ EAE TR > S hd R Bt
Cell cycle enig {712 %2 § 24 chromosome 72 48 (Angermayr et al., 2002) - Riol{w
Rio2 & i F-vi 73027 1AL R 32 P 0 Pe % 4 G e % AL 3 3] e ve TP e
fE &4 (shuttling proteins) - 194547 % 4p 1 » Riol{rRi02¥+>+ 405+ pE g e £ =
T g g% 0 55 B Rv F 42 pre-40Stiwmrz ¢ 20S pre-rRNA 2 & = i

#2(Geerlings et al., 2003; Vanrobays et al., 2003; Vanrobays et al., 2001)> ¥ 5 # % 4p

=k

N TAP #iteng % ¢ #IRRI02:077 £ % > g2 TR0l 25 A A2
T Ri02 %A40SPipERE 4 & & ¢ ¥ HoV A R ehfgE > B F40Sehd & o
Fap7f_- % 7 P-loop ¢ kinase (Leipe etal., 2003)>Fap7 3-v it 4 § 3
20S pre-rRNA=2 & i R4 4 > | PFFap7d- B 2 227 {5548 3-9 Rpsld
B L ead-9 o Fap7 v swalker Az walker B domains (Granneman et al., 2005) 5
kA g ;‘E%‘;&gfg&Fap?ﬂ [ s L
KlnaSES%ﬁ dOBRRL Y R FBREL AR E - L PP Y iR o R R

SRRl Rl S LY EAME LR E ool i A R RE U s A

AAA-ATPase:
ATPases associated with various cellular activities (AAA-type ATPases) & _— #&

8
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FRTF AP AR ORI R RSB R FEFF S p A0 E o

S REPIPER A £ - B R BB o AAA-ATPases i d T 1 chATPase
domain > walker A (P-loop) » walker B (DExx-box) (Erzberger and Berger, 2006) 14 %
R A Bl ey - BEF A RMAESEDTS T 2B SHF k2
ATPZ # ey Lﬂmb R B gk *t&é % fg‘mjk 2+ $# 2 (Hanson and
Whiteheart, 2005; Vale, 2000) - 4295 = # 3 B A B ¥ B-AAA-ATPase~ = typel
type Il 2 6 AAA domains= 848 3| ATPase - & y:pEtE 4 & < chife? 5 = B
AAA-ATPase ¥t >+ 60S ribosome e & = §_ F &> & w §_Drgl/Afg2, Rix7,
Reall/Mdnl - Drgl & % 3 & i# AAA domainssitypel AAA-ATPase » & lw¥z F ¢
Drgli & # i £ #-RIp242 Nogl &im?z 5 ¢ j£60S+ pE 48 + 8 1 (Zakalskiy et al.,
2002) - Rix7 & - f#type I AAA-ATPase » v ¢ #-Nsalj&_ nucleolar pre-60S
ribosome_t f#x ™ % (Gadal et al., 2001) - Real & six AAA domains:=nAAA-ATPase »
v ¢ #Rsadz Rix1-1pi3- Ipil=t ke = icomplexi€60S ribosome t 822> i m 4 B4 %
& %825 = (Garbarino and Gibbons, 2002; Ulbrich et al., 2009) -
ATP-binding cassette (ABC) superfamily :

* % 4cABC proteins £_f 9 b 25 #-4 Jo MORR LA kR A B ERend ¢
R AppER A &2 eniBAed 3 4 B ABC proteins¥l 24 ribosome assembly (Dong
et al., 2005; Yarunin et al., 2005) » » %] £ Arb1% RIlil (Dong et al., 2005; Dong et al.,
2004) - Arbl:hak 4 ¢ 3¢ = 40S ribosome 2 & = chdk fiH(Dong et al., 2005) - & RIil
sk 4 P E_¢ 54052 60S 1} 1 18 @i e724x he(Kiispal et al., 2005) » o+ ¢+ > Rlil#
translation initiation factor 3(elF3) % Herl(elF 32t F i F-0 H 48) 5 4p B 25

M (Yarunin et al., 2005) -

GTPases :
GTPase proteins + £ 3 7 @i~ {25 7] > H 7 ¢ JEp-loop#rie = & # a |2eh

9
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G-domain » iZag 4] d-v 2 B 5 % R¥twe N 4 1Y F e 72 3 (Leipe et al.,
2002): = E G & B R0 SRy pER A & 2 aiff 4~ W £Bmsl Efll/Rial
Lsg1/Kre35 ~ Nogl -~ Nugl » Nug2: %2 Nog2 - Bms1#240S# & = 4ph » Bmsle®
Rcllr 2 GTPA = complex3! # U3 snoRNA 290S particle’s & & 7 4 & F i 5
fs Bmsl-k f2GTP90S particle + &z ¥ (Gelperin et al., 2001; Karbstein et al., 2005;

Wegierski et al., 2001) - # = 51 GTPasesyr £ 60St: prd 2 & = 4p b > Efl1/Rial %]

{mg

4 & tmre BN pre-60S_t ATif63L - Nogl %-£ pre-60S s m #z #@?Jg IR

%43
&

£ > v . & &RIp24 protein * (Saveanu et al., 2003) » & 3|pre-60S4s i* $| 1 *2 B
? > 4 d Drglf#2xNogl{-RIp24 - Lsgl ¥l 2> Nmd3:r#f# (Pertschy et al., 2007a) -
Nuglfr Nug2/Nog24-£& R 2 & & b gra A # > A s it o & L§[ s pip

s H oz % (Karbstein, 2007; Leipe et al., 2002) -

B PEEY £ 2 R R A M
idid B E AR g S F G E SRR R

CHEA TR M o B RS I F R AN A R 3k

=k

SRR AR R e 1o ¢ v TSP A & B AR 2 AT AR
Diamond-blackfan anemia (DBA) -~ dyskeratosis congenital (DC) -
Shwachman-Diamond syndrome (SDS) -~ crtilage-hair hypoplasia (CHH) -

1. Blackfan-Diamond= # s (Blackfan-Diamond Anemia):

Blackfan-Diamond % ¢ s 3¢ il &P BT A > nmeF T BE N
AAXRFFM oG A e A% B F 5ldes o § 30-50% > pipEAR S &
0 R4 )f;\‘i 30-40% - RPL5 ~ RPL11 ~ RPS17 ~ RPS19% RPS27:1% éz‘,?fi
goldetp LR RFAPPEHL S RELY -

2. £ X 4iv2 2 (Dyskeratosis Congenita):

LA Qﬁ?ﬁa]{x{ﬂ}%’ﬁ ¢ FIUHK ARG 9 B a;}ﬁ?%ﬁé?z Lo B4

10



g EnJR FIAUF] S protein dyskeringn ik #0234 f a8 H/ACA snoRNPs 04 it
MRS R o
3. Swachman-Diamond syndrome(SDS):
Swachman-Diamond syndrome (SDS) i 8 i f 4 "8 1 > SRR 4T g Y
Egde m b R 4o 2B oA A R RISBDSHY k%G Moo ot Fv HpEH
15dol 5 ik 3¢ o Sdold-v ¢ 2Efll3-v — A=#-Tif6j£60S+ f#3x™ % » :E60S
= = = 3% 2 (Menne et al., 2007) -
4. Cartilage-hair hypoplasia (CHH):
Cartilage-hair hypoplasia 1 & s e 8% 48 5 7 200 2 G fg - 1 & &4
MRP RNase % % % 5 rRNA processing? & # #7314 e 5

PRt s R ReeFh > RN 0 s WL SREE ¢
A2 - faw gagia F P cell cycle » ¥ 3<cell cyclei® b & £ im¥e jp= > § L4
pERE -0 © A 7 ¢ B Fcell cyclee frf st & 47 ¢ SRPL1LF 1 FrF|MYCehrt ap >
RPL23 - RPL11 RPL5% RPS7# 14 38 MDM2:j 5t € pS3{ % f&2 2o wilplm
el FAREIRPPEN A & S Al T PR SR B A e

e ht i 2 G A 2 MBI -

I ~FiHe

PipER A £ A fcimie N o FenE AR T A T TS e BT
LAy e fr iz 2 I RE PRy A E R 2 R
FeHERIY F2axmen fRwed LRRA I 7= FL PPN E S
Wl me  § ot £ 4pF £ 8 gt o BCPL & T pE* ch- B g AT
(essential gene) > % BCPl % 2 # ai pr ¢ ERAEA 7= - V2 HF TR 7L
F7 it en & A om 0Bepl 3¢ & 5§24 2145 <9 NES (Nuclear export signal) i %
§e4 ~ 257 NLS (Nuclear localization sequence)ie = &A@ U 5L A 7] £ 7 7 4p

11



41> Bepl 43 45 pa v ps ks e fis Mss4 (Phosphatidylinositol-4-phosphate 5-kinase)
i 0 F Bopl # 4 PFE R Mssd BAEY o @ A i Pl it i e
phosphoinositol egifs i o e A& d_> § Bopl 44 4 Py § I {2 pER
e %P 0@ 2 Bepl - 60S % pEAE 3-v Rpl23 (large subunit ribosomal protein 23)
H

2B T F s F o g fmAT Bepl APipEREZ £ AR B F oA e B
AR

£d AFro Flgt > By Bepl v APiERA &Y iFahdk & R F

WY AR HHTL S o

12



AR R

-~ PR

(-) FAtREe M rdmi- ~ &2 o

(Z)RELHRY IG5 EREAZ -

(=) *F 3 o7t * a2 % 4L - YPD = & ¥_20g peptone, 10g yeast extract 4 H,0O
I 950mL it 7= Ffs £ 7 4 50mL 40% Glucose # # @ = (B 7= 35 % X 7 #p °
7 4v 20g argar) » YPGal = 4 &_20g peptone, 10g yeast extract 4« H20 I 900mL
i 7% 16 £ 7 4 100mL 20% Galactose B @ = 50t H g Fap A Y R o
ERPREE RN A AH S dropout media > i & = 4 % yeast nitrogen base fr
dropout powder (% = & % adenine 800mg, uracil 800mg, tryphan 800mg, histidin
800mg, arginine 800mg, methionine 800mg, tyrosine 1200mg, lysine 1200mg,
phenylalanine 2000mg, leucine 2400mg ) &7 % ¢ ¢ {¥p@ A T|pE* A Tt
S R E A TR Y - R A A g R TR R g R
S &AL ®E > 5 6.7g yeast nitrogen base ™2 % 0.6g dropout powder “4c-k %
950ml & {7 2 {5 4r » 50ml glucose( =2 & A 5 % ° bi 4 20g argar) > £
%_6.79 yeast nitrogen base /2 2 0.6g dropout powder 4c-k T 900ml i {7 ;= g2 {5

4~ 100ml galactose 7% = -

- BRHRDZ
(-) ip M 2 2(Kit)i *

M E w2

\\\Xr
=
=
w
i
A

s
Téq‘\
=
pult™

(=) Bixwme @i
EA R Y AP sl E.coli DH5a % % (e ix fm e > 141 2 i ;Lz,_r%‘rgg@_ 7
< o e pFL A% kT stock it o AR IFEEIE e hi AR LA LR e

FDHSo v %dl2i2 4 6 LB 4dr P 2ARAA $- A PE - BF
13



e DHSa 22 % & 5mL ¢ SOB (10g Tryptone (2%), 2.5g Yeast extract (0.5%), 0.29¢g
NaCl, 0.091g or 1.25ml 1M KClI, 0.602g or 5ml 1M MgSO4, 0.467g MgCl, or 5ml
1M MgCl,, adjust to 500 ml with water and autoclave);‘f]t 4v 40% Glucose # 1778 %
%2 %73 1% Glucose 7 SOC 35 &% ? * 3TCEFIERILH  $ = 2 APk
S5mL ehpFi% >384 3] 500mL SOB @ *+ 20°C3 % fa:& (7% 32 £ 2 ] ODeoo ']
05-0.6 & & 4CiE T wicFM > &£ F 4 » 9.5ml TB (10mM PIPES, 15mM
CaCl,-2H,0, 250mM KCI, 55mM MnCl,, pH 6.7 )7k 22 & 10 » 4578 (s 8w 2

B F L 4e ~ 186 ml TB 4= 1.4 ml DMSO(7%) 7 3 *c % * 7k + 4% 10 4
& 0 MEi8 00 100 | A F - B L5mI R E P oM R L F BR 4 E 18 5 2-80C

oo

(2) Al
1. E.coli Heat shock transformation
- 100l 2% i fn e 22 2-20ul F AR oo rkip 30 A 48042°C T i 7 4 R R F s (Heat
shock) 90 #) » “§ 8 B>tk 2 2 48 o v » LB 100ul > >+ 37°C % 30 ~ 45 - % ¢
FRELEIRAAL > ENITCHRAAB AR -
2. Quick Yeast transformation

2 30Ce %4 > @ * YPD & ﬁ Drop-out Media f§ % 3 % 3 ml yeast - #-pFi% 7
» 15 ml g g @ > 8000 rpm A o EA4FS =0 F A G 18 LIME
(100mM LiOAC/10mM Tris, ImM EDTA)® i3 » 4% % 3. i) d1 + 5% » 12 50-200
pl 18 LITE i3 221 A % 5k - 1501 31— % 15mlge & 5 - B F i » 4 »
5 «1ssDNA(1Omg/ml) » 4c » 5 48 DNA » 4c » 300 ul PEG/LI/TE » ;2 fr325 » &
30CT™ » 4% 30 4> 2 {8 42°CT 74 ks & J&(Heat shock)15 4 4& » 4¢c »
Iml & F ki 3 > 2 8000rpm s > g bR FIT 9 100 1 i E R

EAEALY 2B A30CE AR 23X -

14



= -~ Bepl R Rz

Apqlr PCR & AT E BRI AR HRDEFFAR 0 7 L4 BY4T41 2

#7157 DNA 1% 5 i » 2 KLO14 ~ KLO15 primer #if i 95°C 5 # 45 > 95C 30
#50C 3045 72°C 1 ~48*x 30 i Cycles> 122 B i & B 72°C 10 ~ 48T > E 7
) BCPL A %] » £ * '34|f% Eagl 2 Pacl {5 » # » 1l " UHIpr s 3 T = b
PAJ1025 77 %8 # - 2= 4 BCP1-GFP (LEU2 CEN):=f 48 - # t 5 PKL101 F#en
1% e $E LR R T2 59 PAJ1026 R Y 0 22 4§ BCP1-MYC (LEU2 CEN):h
f > & &5 PKL105 - 2 2457 e e Bepl R %45 0 # 45 4n40 ~ 4nls ~ nes ~ Ac
mutants o # An40 7% %%%L’f*f#ﬂ v & - > A A * KLO87 ~ KLO15 4 tg !
DNA # £ > £ % *Uf|f¥ EcoRl 2 Pacl ¥ % {5 » 3 » 1 I $ ' Uf|pe i 3 3 = o0
PAJ755 § 48 ¢ > 22 # bcpland0-GFP (URA3 CEN)sh/ir &l » & % PKL112 - {1 %

Eagl 2 Pacl *34|p#f % 3 *» PKL112 ¥ 3% » PAJ1025 ¢ PAJ1026 Fag ¢ - & #
bcplan40-myc (LEU2 CEN):n i 48 - & & 5 PKL118 - Anls ehR #rE4p? - &
-4 o A A * KLO14 ~ KLO26 2 2 KLO27 ~ KLO15 4 w3ty di 5 4% 3 =3
IDNA # BEooizd HEaDNA S 7 R knlsiug 14 B % %fﬁé‘h42ﬁﬁ"ﬁ§}$ 7]

A glr 513 b4 4 oBamHI LI EE T 2 & 4] % 42 & e (Ligase) -3 B R BR S
- 4= > AR5 % *L4IpF Eagl 2 Pacl 7 {5 0 4~ PAJ1025 FRE ¥ 24 bepl
Anls-GFP (LEU2 CEN)« 8 %8 » & & 5 PKL103 > & 3% » PAJ1026 5 &8¢ > = 1‘#
BCPIAnls-myc (LEU2 CEN)h 48 » & % 5 PKL107  nes ehR & 49 - % -

# > AL * KLO14 ~ KLO16 2 2 KLO15 ~ KLO117 4 %3 tg 4} 5z 2 3 28 eh
DNA % & T A3l 9 X3+ 2% > #¥F it enNES B 7|¢ ¢85~ L88~L91+192 ~

L93 :z = Alar #8181 i&s B DNA ¥ E % #icdr *KLO1 2 KLO2 % 513 » 12 Fusion
PCR 7= ;% » 2245 ) nes R F Fth » Rt * "Ulps Eagl 2 PacT ¥ 0 &
» 10k 4RI EE S 4 T 60 PAJL025 FAR Y > 22 45 bepl(nes)-GFP (LEU2 CEN)

15



FF ARG ¢ ¢ 5 PKL104 2 3~ PAJ1026 F 48 @ -2 4f bepl(nes)-myc (LEU2 CEN)
E R 0 ¢ & 5 PKL108 - % AC ek ﬁ%q‘%ﬁ‘*};v‘ v g AL KLO14 ~ KLO26
Hotg DNA *f» £ % 'U4|pF Eag 1 % BamH 1 ¥ 7 {8 > 3~ 1 e '3 o iz
% 927 chPAJLI025 Frag P o2 T? bcplac-GFP (LEU2 CEN)«hF 88> & & 5 PKL102

# PAJL026 J4f ¥ - 4 bopldc -myc(LEU2 CEN): i 48 » & % 5 PKL106 -

=~ PEERR B A T
1 AR FIFFE A £ 2 el A VPR A AT DR TRAE (7 P PR R 0 A
17 (Polysome gradient analysis) o 2% i 3 2ml P fess & jp 100+ & 2 — BEFf 4o 3
150mL Aplr s &R Y 78R 41 0OD~0.3 % {84 750uL cycloheximinde
(10mg/mi) 332 % % * gz % 10 ~ 48> B ACHE v ICFR » FAMEL FE>
-80°C ° Mffs H-w frenF A FALEF o 7 £ 4e » Lysis buffer (20 mM Tris-HCI (pH
7.4), 8 mM MgClz, 100 mM NaCl, and 50 ug/mL) 200pL ¥ 7% FR8 > #-% 73 F 8
SIEFRB[EROBFRE Y RGAF U E AT 0B AIFEE LA
ST 4 BT R R DIATE LOmL s 0 £ 4e ~ 200ul Lysis buffer
I g e Jaocell lysis» £ 4cFl4p ke ih 1L5mL 24 - & FE 2 4C
13000rpm &~ 10 A 48 F b e Bede DIATH 1OmML g £ AR e i 2 3
s RS (8 iRk BB (7 ODggo B 20 #-2 BBl Tl SR TIRR TR B0
Ageo #r 3|4 Sucrose B = et & g # (7%-47% , 20 mM Tris-HCI (pH 7.4), 8 mM
MgCl,, 100 mM KCl, and 12mM BME) > 2 4,0000 rpm &< 2 -] f¥ 30 4 4 > 1 *

% b SRR R ODgsq 38 17 1 pE AR W1 3H ~ 47 ©

I~ ¥R 17
()5 7@ bepl & B RS> w2 % hA 47 A PERE GFP & % v
(Bcpl-GFP » An40-GFP - Anls-GFP » nes-GFP > Ac-GFP) i ¥ b chix %  f 4

16
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PR R % e (Leu + Glucose) ™ 33 % e & » #38 % ShER BN £ &
MR R 2 ) BERYLST R AR AR YR 0 B 5L 7

Fogb v I ¥ RRARERE L RE R L ) il

(2)5 7 L% 60S $:pEH 30 Rpl25 >t R kY e B e 0 A Rpl25
3-v #+ GFP #liv & PKL201 (CEN RPL25-GFP)#X {& ¢ i - R 1% » g & 7 ¢h
Fthe 2o g AN PR ARBR AR AR RABR R BB B DFHREAR R
AR s R 2 ] PF o MR T AN RS AR TR 0 B SuL

FIFg s 2 I ¥R MMB R L R R e p Dz -

A~ R Bepl e chig £ 2§
(1) Sucrose Cushion
#-2ml g R 2 & R N £ 1) 100ml s & K P 032 & T ODge=0.4-0.6 2. ¥ »
2 5000rpm & 4°C s ok 88 0 2 lysis buffer (20mM Tris pH7.5 , 100mM NaCl,
6Mm MgCl2,10% glycerol)® ;3 » £ g4+ iF% (FHV ik 530-80C) - &%
* 500ul lysis buffer w7 I #-7% i e 3] £ 5 gL3g sk (glass beads)plsg ¢ ¢ @ &
FRFA RIS #Fgaw kt 1447 N7 53] 6 ki p o 2 18 #3R
P R e B 1.oml sndges g ¢ 13000rpm e s o B ik FIATEOR
£l g A f5 0 ODogoi (TR R BIFF-#7 P ERBRSAFI IR IERL
Big— A {75 230 %9 (WCE: whole cell extracts){f & > 4 18 (742 B & dpow o
F % 1M sucrose ¥ & & ik S-c0 4 B iR (7 3o > B~ 400ul 1M sucrose ¥ *t gt
FRRE 4o~ 300-500ul gk &3t F 25 12 80000rpm des 1] BF oo Bl R oA fS Rk
Bt R %8 003 17 G iR (supernatant) $ &0 12 100ul lysis buffer w7 & #% i
B ¥ 575 175 (pellet)$ & > 4c ~ 5XSDS dye 95°C 4r#1 5 A 4515 %35 >0-20°C 7k

3

18 °
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(2)Western blot

A g * 10% SDS-PAGE % 5 7 & ekl » 12 150V & (7 % 88 T ;4 50-55 4~ 45 -
% Lz (semi-dry)ig e Bie (T e > B iR S BOMA -~ 60 4 4EF - F R
o o J& EP o2 {8 38 7 Western blot > @ * # & 9 a-GFP ~ a-myc ~ a-HA F#88 1F 5
- w7 & & HRP-Conjugated a-rabbit~HRP-Conjugated a-mouse 48 iF 5 = Fw o
- B4 5%ehi7g 2 i (7 30 4 4a P block #X {8 12 TBS 5% » 12 1+ 5000 £
Wb RPRER e TBST P 0 AR R TiE R s 2hro 2 {512 TBST F£ 3 & =
544k 4o r 24F Jis 30-60 4 480 2 1512 TBST % 3+ = 5 4 48 e 1ml

ECL 25 8/ % B

= ~ 35 g4 beplts 2 & 4 4 énfk F](High copy suppressors)

(1) High Efficiency Yeast Transformation from Liquid Culture (The LiAc TRAFO
Method )

beplts Fth+ 2-3ml YPD @ » %t 30°C#2 % Ff k32 % » #1833 % 7] 50ml 5 YPD
Joo @ Azdeimr kA G 5X10° (1 0.D.= 3X10') > & 30°C*® B % 1 wme kA i
2X107(0.D.4 0.7) = #-Fi% ) » 50ml & gz&+ > 12 5000rpm e 5 A 48 > 5] )
Bt b~ 25mlR R A ok ®ip 0 E gt o i 9 F 0 40 1ml 100mM
LiAC: #7 $8 v 78 eh 1L5mL 384 » & i 4o 52 1 - 12 400 121 100mM LiAc
w5 (SR8 4f 4% 5500pl) o 2 95°C 4v £ sSDNADL 4 48 » ¥ 7kt - RIT v i3 7
o B0ul A & — # 0 k& 4o~ T 5 #5240 1| PEG (50%) 36 121 1.0M LiAc ~
10 pl ssDNA(10mg/mL) ~ 5uL Tiling library plasmid DNA -~ sterile ddH,O 3% %8 % 360
ul > 2 8 2F R 3 30 Cre % 30 » 48> 42°C Heat shock 15 4 45 > 2. {& 8000rpm
o 1Ag > 4 ik o 4o Iml & F-kwid o & 200pl % & Leu Glucose 32 % A
FoRRAITCT 24 AP EL LR DEE AEFL L FE o

18



(Q)#F g @ #Hh Fr- ¢ TP ok h ) o Positive (4e ~ BCPL plasmid)

Negative control (z 7§48 : pRS416) 1w % 314 2 & le - BEHE 3 & A(Lew

\

1=

+Gle)} »# B A F 8B A FenFEER4 2 37C 23X |mBpd £ 4 £
{27 vt F AT Positive control s> & 7 B ¢ R G i a4 beplts 2 &

WA Ft e AR AR RL IRt T EET - BRI

(3) W pr* Tl
Fi 72 35 & Sml i > * 5000 rpm &< ik #i% » 4 Iml (0.9M sorbitol ,0.1M EDTA)
Aol ladmd b , Ao 0.4ml4p Fe % e wia £ 4o ~ 0.1ml Zymolase solution
(0.1mg/ml Zymolase,70mM BME, 0.9M sorbitol,0.1M EDTA) 37°C 1 | & » gt.s 4
Fgik o 0.4ml - & TE w73 > 2 {8 4c » 90 ul lysing stock (1.5ml of 0.5M EDTA,
0.6ml of 2M Tris base ,0.6ml 10% SDS ) 65°C 30 4 4& > £ 4 » 80 ul 5M KOACc =
Btk 60 4 480 f 12 13000rpm Ao 15 4480 3 FiR (80 12 TOYIFp ik

FPFALE 15 0 Bos 12 50l TE w i3 -
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> RERE

Rl

& gy 4

- - AHBeplEE £ PmNS

LIS - T

% 45 41 Bepl § B I 3 4 Mssd

i

(Phosphatidylinositol-4-phosphate 5-kinase) f& »“f% £ f& e v F-v 8 m 72 1% p
FEE e B¢ o Em @ Mss4T 1w Flmre E > KPI4PRERL 1 = PI45P2
(Audhya and Emr, 2003) o gt b0 2 223 f* GFP.S & § & 39 & 2 60S+% pE
154 30 Rpl25:2 2 Rplll} > ELEGFP &heplts® k¥ twie p & F chif

255 5 g boplde % 2 3 15 > ¢ i& % Rpl25-GFP22 Rpl11-GFP % f# & ¥

|

o

PR ARy T e F ¢ ol (Audhya and Emr, 2003)° 5 1 BPEEw A TR
i % 0 AP a-F § Rpl25-GFP i #t % itheplts? L 2RpI25-GFP & % %
poA T plEA) L A R200 1 IR R R FR AR 2 R R R Y A
0C:e 7ot £2h HFE EH FI37CE £2h3 Frdlbeplaizm i+ » LR %
d ¥k A mre p & F aiR(Fig. 1A) o Rpl25-GFP .95 4 k¢ 7 % ¥_A.30°C
AR A37TCH LR AT pwe Y o @ AabeplR H o AP IR A30TC
Beplts 3-v et it 17 5 ¥ FF > ¥1%pE4E 3-v Rpl25-GFP et 4 @‘@?];;*,s -
o fe 637°C % T > bopldr £ B F e iy 0 RpI25-GFP 1 R 3 f# e
RoeEAs o Fpt s 235 (LR RpI25-GFP & Bepl®s 4 k11 2 R kY A
o AEGET W A SET Y 5L A Bepl § I F P d g
Ryp B2 %% > NP Rargbepl >t Pt s & 2 85 5 B85 &
i A 45 7 Bopl®F 4 pk2rbeplts®s 24 ke 5+ pERE B3 (Fig. 1B) - 7 2 $kih
Bl 2L AP & 225 44 i) - Baeihsh - BlE A& i
fePim S L avsi -y > BEF IRy - BE AL nf40STpER 0 &
Z Bk ) E60STpERE 0 $AB s T 80SHpER > B ¥ LS PipEay
(polysome) #72 & i L 4% » § PipEMdn cn Ay - FMRNAL 5 3 B

£ B B0SE BEREAES Bt B YA F R o — A 2 60S k4
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40S% e F A P ELERbeplR iR S PIPER B o PRSI 4 L RT
% R e60S/k % 4p#240ST 5 1 3F S 0 480S 2 f P pEsE 410 halfmerdn
B o haIfmer:}ﬁ f_§ 40S PpER e mRNAR & 18 > wre p 960S+ B 48 7F)
AAA A BB A R ST - B R 80S P PEREE 4 ) -
®A0ST~ pERE - € % AR80SIE & J1IR > Aj = — B L LMLl 8 A5k o Halfmer
% i ™ e60S 8 Tgfi% T bt dmPe ¥ 60Sen g B M A F60Se S SRt o 9
FLEDCplR %tk 5 PipE B % - AP n s Bepliv £2260S+: pEdl 4

& AR o
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=~ BeplR #frerud

PP AR ) g R s AP B aeBeplden ¢ e PpERE By 2 Mss4
SERIR SRt E@J e £ Bepliz»timrz % ¢ > Fpt o Bepli-v BiEA 7O~ MR
NLS (nuclear export signal) % !+t 5.NES (Nuclear export signal) - F]y* » 24
AL 2 TR A A A fr a0 2 kA 47Bepli-d A 7] # IBepl i
£ 4 B NES 2 NLS(Fig. 2A) « % 7 pl3#i & F % 2 7NES ~ NLS
2 HBepli-v # 5 e 5 2 -NES ¢ ehleucine (Leu85-~Leu 88~Leu 91 -
[1e92 ~ Leu 93) % % = Alanine » ¢ J {235 de £ 5 chrt av > WiFdines®k %
TR oo AP AL 2135] 227+ 5 NLSem3t & » ] # PCR@FM%‘\ » @ 1F dinls
RHth o AP RBeplEy FGFABAR ABR T AR B AL R
0 Feng s 4T 0 ABepli-d ehX-ray Y 0 B N:Z13]40v A s 2R 5
LS dEg BB S E R A DENRL-40aa s S ESEME R F e 2 o
N fou]ded TR FE LS Er 5 FP o A ] PCR#N:41-40aaie
FRIE LT NA0A T Stk o A MCHR21BvR AP 12 13 R PRI > BLIF

AR R BB R FEBCpLs it 5
AP RS BB RPRIEEL S 1 BCPL f 7 beplts*t URA3
EHOERRY - BREFSE RPHREES A2 & DR R P BR
i 3tk (BYA741) 12 % boplts F % ch &8 (DRSAL5) & &) ¥ 5 5 {4 ke
(positive control) % & {4 4+ e % (Negative control) - &2 & pl3& 7 > 30°CP* 7]
sbepltsizac i # 23R > Fpt > L FBRGZE R PRESDLE o Ra &37C
P Floepltsd-v 4 2 F 1 > Fla st LA T L bepl R FHEATE Mt L3 F1E
KA Fhmizad £ o APFIRNEST R ~ACK FR ~ 2 And0R Bt 337
CTegr= > anlsERirivid £ Rt B4 3L > FJPt > AP 5 nes »
N:340 B s fh e ~ 2Cxy ¢ % Bepls 2 B4 > EREE* FH7>~ > LNLSA 7|
RIBCples i 7 < oV P e prig it ¥ § AP E 47 B bopl R %tk
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24 732 & A5FOATE £ v + - BFOAE Uracil 2 = i2 j&end B & 4 chfp i
7> v

-‘g‘:

v e 0 & SuraCil(URA+H)EF » ¢ 2 4 3 M ER w7~ = o Fp Fip

\\"“

RERTBCplE-e % # i o beplts (URAI) IV 1 4 2 » Bl fwie %
FURA > @ it n5FOAR % A 55T ko Fpt > A 4 £ ki 7 i oo
Hom— Bhopl: $HkE F il o 91194 ABFOAF37C s £l % %
Fpnes RFHR AR FHR~ ZANA0R LT # a0 AanISREHRTE 5 7
(Fig. 2B) »

FFAPREL RoL RPEBPLI-Y AfE? Fwre P A F R
W E AP R F aaBepl i 2 v B R ¥tk (Bepl-GFP, bepldn40-GFP,
bep14c-GFP, beplnls-GFP, beplnes-GFP)4z + % ¢ & £ GFP #-v ¥ 5 {&3e »
#Fwhbepltsk kP > 1% ¥ L B s BB RGP 3-v &~ # §§2;(Fig. 2C) -
Bepl-GFP 3-v fim¥e B &2 fm iz % J'rs P oF Sk and o g GE hPIEL o
& #bcplAn40-GFP ~ beplAc-GFP % beplnls-GFPiz = i % %R ehg £ 5 5
Bimre H¥ L IR > @ boplnes-GFP e sk ML ¢ A lmi P eI g o T o
AP G % Bepli-v 4 2 NLS3u 5L > 4 3 Nx$1-40aa 14 2 C:4213-283aats ¢
@ Bopler % i& » fmre renr i o @ de 2 1 NESH 818 ¢ #xBepli-v
AR Lwme A & ;;’g"@ |imee o o

Apie- H AL REREF LGP EPPEHN L &L ERE LT
530 fr60SE & 5 20 F A P a-TF 4 K2 R k42 myctag o @ (¥ = Bepl-myc
beplAn40-myc ~ beplAc-myc ~ beplnls-myc% beplnes-mycix w beplts ® % &
PRER S PEHEBH S o AP E AL FRe L e2mlg g s E iRy
(Leu+GIc)**30CH e £ % » ARie P+ o2 - 1650 y 1%~ 1 % 7]150ml
AR R? > 330°C# & 1) ODer~0.151 #& # 3| 37°C it (7 1 & 1-2h 7
ODggo~0.374 » 4¢ » 750uL cycloheximinde (10mg/ml)*»+37°C #4535 £ 104 4575 >
BACT e RESARFEE S PP MBI~ 1T - AT KT ¥ T2
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thBY4741% beplts# 7 %48 (pRS415) 17 5 5 {2 5 e = (positive control) 2 t&
4t BB 2 (negative control)e #¢ i g %bcplan40-myc~bep 14c-myc ~beplnls-myc
% bcplnes-myc £ % %tk erpolysome =) 3% (Fig. 2D ) » % L60S/A & p? &g v 0¥
AHRePTERS > F 5 H 1L 40Sek E K T Y ip it R kB80S & 5
PpEM LR vy BE T halfmersh g 2 o Re T REE > B
bcplan40-myc ~  beplAc-myc - beplnls-myc 2 beplnes-myc & R %tk ¢ 3K

Bepli-v ftrprisd & &7 iy k£ o
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= ~ Bepl3-¥ feexport factors (Nmd3, Emcl, Arxl, Mex67, Mtr2)z_ & i 3
e )
WD AT S S F Mo 4 Bopli-y 2 4 5 i pF ¢ £ KRpIllb3v &
pES &‘ﬁtﬁﬁ%] Plmee o> @ A4 Rk e % i0m % (Audhya and Emr, 2003)
Floh 0 Bopli-d 7 A BRI PR e PIE R o & R P g e
A oo A iE Erﬁﬂ F-v (Export factors)d_ - f& 75 tlm¥e %} p B4 I ie 4% e
B i EZmRNA - rRNA: & protein » j& sn% 1% & i 3|l B¢ hjed o
Crml ¢ 705 % 3-v (Adapter) + «»NES (nuclear export signal) > ;ﬁ d B
F-v (Adapter)i? < B (4EmRNA ~ rRNA - protein).& & 2% 4f £ 4 > & 5 4%
FEREE i b aNES o ok R B ey EEFFLAT 0 A ENESH
5o i@ 5 E4 2 B B 153 -9 (Nuclear pore complex (NPC)) (Grunwald et
al., 2011)i& ¥ $lhmre Fr e o H ¢ @ ik 260SH:pEal I 1718 Eiy G Mk
v % Crm1(Nmd3£_H adapter) ~ Arx1-Mex67-Mtr2:2 % Ecml- % 7 Bl3#Bcpl
2% 21 60St: fE 4 1 7 8 @14 Moo ATV ] A ¥R 3 iF % (genetic
interaction) 7§ 2% k77 7 Beple & i 414~ i’é’ﬁ%] F-v (export factors)z_ [ ek
Tl e BR KRORILIE S B AT AR F hdd £ oA iens s & 0F
Fadplechd R EREEE PP § A PR S 84 )5 R %k (Double
mutants) > ¢ ¥t 8 - 44 4 (single mutant) { Bk & 02 £ 4 Ko f % synthetic
sick » & $ 37~ > fE2 %osynthetic lethal o F]pt » VP w 0w g * gtk kde
87 A FrFen it o
*AXF %P & bepltsk k= 60S I 4% iE Eﬂiﬂ 3¢ (export factors) % %
& : nmdts3(AAA), ecmIA, arxIA, mex67-5ts,mtr2-33ts:& {7 3.2 B3 » BB
BCP1{rH i 60S i +%:i& % F-v (export factors) 2 B £_F 7 genetic interaction-
BRI L Rbeplts & % #-fr60S Ribosome 4% iE ﬁa?] v (export factors) %
FheoruRILEINERN P 5d A4 F > 2 EF D nmd3
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(AAA)Xbeplts » ecmIAXbeplts + arxIAXbeplts -+ mex67-5tsXbcplts -
mtr2-33tsXbeplts cHEER itk o A PRI A B H - R¥B R ¥HRES
4RI APHFIRET Bk IR T g beplts ¥ nmdts3(444), ecmlA,
arxIA, mex67-5ts,mtr2-33ts; & f R ApE(Fig. 3) » H 4 £ 40t 8 - R
L L o Fle Bepli-s § ¥ it 58 605 e 18 45 6 42 -

B2 ZRbcplfr60S ) 4% 18 Eﬁ%] F-9 (export factors)s R Fk € i3 < 3% 72
Eented g4 R RAPRE- HALE B L LRNE0SEREME & 4o
i Feam 35k e F gt o A i 4 4fexport factor (hE R Rk (nmd3(AAA), ecmliA,
arxIA, mex67-5ts,mtr2-33ts) Ftk 4 2 ipdt H R R beplts#7a) & g R
#1x (nmd3ts(AAA)Xbeplts ~ecmIAXbeplts ~arxIAXbcplts ~mex67-5tsXbeplts,
mtr2-33tsXbeplts) it 7 5 {2 pE A8 Bl:% 4 47 (Fig. 4) - beplts » nmdts3(AAA) »
ecmIA ~arxIA ~mex67-5ts » mtr2-33ts H R % F ke PpE Bl E P &
HB0S & 4k % 0 v #rF SR 84k 60SH ¥ T K ez & 11 2 half-mer 805
G PpERE AR A Rt e PR R ie R RS > A PRG
BCP1e % 60S !+~ ﬁﬁi%] #-v (export factors) (NMD3, EMC1, ARX1, MEX67,
MTR2)z ¥ 2L )R B o7 R end R4k Fno Faf 260STipERlcnd & 2 5
B o

FEL e % AR (T Bopl iy cdk & s 6 B P60SH pERY e a8
ﬁe?J P AP EET KB & PlAbeplat £ AriE S w4 R oendk fE £ £V uan d

)
=

ek

7. iz export factork i3 4 @ wmie 4 R IR F 0 F o AP R F
B A Ligipe fov ch T RpKL113 (2« NMD3), pKL114 (2u CRM1), pKL115
(Qu ARX1), pKL116 (2u MEX67-HA), pK117L (CEN MTR2-HA)A %] ¥ v 3|
beplts % % t& ¥ (Fig. 5A) ; F]Mex67 ~ Mtr212 heterodimer=25 3% 35 &> ] >
2 7% p| 3R pKL70 (2u MEX67)frpKL73 (2u MTR2) 48 — 42 i wbepl % &
i ¢ £ 4 3 (Fig. 5B) » frit ¥t P& e (positive control) BY4741(pRS415) fr f ¥
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E

P& e (Negative control) bepts (pRS415):& 7 2 £ B3R - LR3I7TCend £ 2% »
NPFRRF T BB AELIRDOEFEH DR o B4 d bepléd £ #7i3
2o Kk e AL F g § £ RBCPL(pKL203)* nmdts3(AAA), ecmliA,
arxIA, mex67-5ts,mtr2-33ts % 3k ? > Bk BCP1/m 2942 3485 4 £ 42 4
(Fig. 5C) » F]pt » A iz i Beplas 4 P B2 2860S+: pe g o) iéfﬂi;—l A0

TRRPE > A PRpBepl iy v S8 H 8 gL o
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= -~ RPL23& bcpltsei® € #7411+ (high copy suppressor)

W A g 3 dp 4> Rpl23 (large subunit ribosomal protein 23) ¥ 14 {=Bcpl
v M- AsE i ko F)pt > Bepler Rpl232 B F A £ 4 B E i (Collins et
al., 2007; Gavin et al., 2002; Ho et al., 2002; Krogan et al., 2006) = & £ » 2% % 7]
RRPL23E 7 Hbcpltscng EFrdl+ o F EFrd]F HAL R ALY - AFhlwrw
BRI T Y - B AT Ak A fr“fiﬁ%fu't“ B0 oa ¥ -
Bb g BrdlS o A F S o2 #- {1 (PRSA16)pKL192 (2uRPL23A)
2 pKL193 (2 RPL23B) A %)% w beplts R %k 1 2 77 4 4RBYAT41Y > A %] &
30°C M % 37°C it 7 4 £ |3 (Fig. 6A) o %.30°C P¥ ¥ % Boplg-v &t iy & %
AT g AR L R Ra &3TCaimT o 7% 3 448 «obepts
&L am FRmwie = > 3 ABDE > RPL23ARPL23B Y &t i beplts %37
CE4 £ > peR3 EFRin it 0 ¥ %4 gk £ > 2ig 4 7 RPL23A% RPL23B
A F FiAlbepltseng E¥rdlF o 50 BREA B R 2404l AT 24T Bepl
3 A 0rid X 60STEPERE 2 = chdk i VPR - I S PpE RlE A 70
Bk K KA o A5 3] 5 P pE Bl (Fig. 6B)% M7 % 4 RPL23AR £
RPL23B 3% i i 47 Beplét 4 #7ig % 16054 & & 1m0 F14t > Rpl23rBepl 7 i

4 - B E R i M -
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I ~Bepld-v APipEtE~ RiEARY &7 AH N DAY

57 B fARPL23 % e Ebepltseng € 4#r 4]+ > 2 L p|iEBeplEE ¢ ¥
FRpI2ZF-v fimre pochAa A HE0ST M X T T 5 F A AP
pKL77(RPL23-GFP):i% 7| 1% 4 $k(BY4741)12 % beplts® k¥ &7 £ 3 - BB
%30°C 2 37°C#: % TRpI23-GFP A # % 7 fizbcplst 4 . F $+H 3 L ch 8 o
245 JURPI23-GFP (¥ 4 ph A bopl R %45 » &30°C £ 37°C ¥ » 38 41 7L B
f dwre pr i) (Fig. 7TA) » Feb > NPELE Beplive ik £ £ 7 ¢
HRpI23 timre p & F i E o

1 i - 7 j2Rpl23= 60SEE M 2 F gt S A F 3 X 3RS

(Lecompte et al., 2002; Planta and Mager, 1998) > % i f] * % % pE 48 @l 2 ~ 47

o

(polysom profile analysis) 73 Z = ;+ k i¥Rpl23£2 60S ribosome s & 4 ep|&
AP LG pERE Sk FE (7w Jo A e (7 Western blotena 47 0 FiE 0 R S
PPERERE - 7 URA P L AR - Rd Gl & PpERAE S R TR
FAERERY 4 F aRCREA) 0 57817 AR &0 A pKLT8(RPL23-HA)
Ew P4 RBYA4AT74101 2 beplts R Rt P BT 5 PER A 17T R R Y TR
o BT R B A PR A TCAT R &¢I ¥ ER 510% 0 » 387 39 Fiw
o e ded AR AL a3 g bk (s > 11 1x SDS sample buffer 50 y Ii 7
¥ % 0 ZR 15 3E 7 Western blot & 457 (Fig. 7B) o & B3V i w jzenn™ 5% 5 Sn5a7 o
8ertk 5ok 47 H60S: % J I erpE B > o1y A gk Western blotehis & & o7
feboplts R %4k ¢ PFAE AL PRPI23W G e 7 PR TEFA T B % o AP

S Bepliv ik 4 & ¥ 30ig ¥ RpI23Z60SPpEAE S & 4 h T iEa

ey

;_égr; .
BOSH:pERg e F 4 & & o

T 5 AP A f PR W02 2 western blotshf s ¢ % Bepl € B2
Rpl23£: 60St2 p i 56 & » Flut > A 8 foif Bepld-v 4 7 HRpl23en4 ;A
T g oo g AP s £ 5ml (Ura + Glo)e®F 4 k11 2 % f e
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i 1% ODeooif] Tk & I 2 #-5 & Fenjk & AR £ - & > X84 % P~500 1 |
pIomigp e &R 278 Riew30C? B A2hwic- ¢ F 52T # & i
#3237°C &30~ 48w 4c— 4~ % & Ta, Teo, Too, T120, Tas0 i€ {7 Western blot
BLERDI23hE R E o £ ¥ RpIBIT 5 30 LR gt e (Fig. 7C) - A
FIR- BAeAt 237C 0 § RRpI23 & — B 4w fafiTag, Teo, Took RE + 2
ML BTio™ "FARF hTisox b A i@ e 3 A e v R 3ERpI23
ERERY DLREFF BT ARDLINE > F] o beplts R 5§ i

RpI23 7 R Ftrimiz p <~ 2 £ 3R o
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+ ~Tif6 2 Bepl 39 2 B 24 47

Ry boenid % > A e Bopl &2 Rpl23 2 B 5 F R anbf 2> A i
RGBT R FRPEY - B4 Rpl23 (h3-v Tif6 (Si and Maitra,
1999)- Tif6 ¥~ i# ribosome transacting protein> Tif6 %1% = ¥ {= 60S % & -
&>t 60S chig £ & (joining face) t ch Rpl23 3-—v » )& - B 3 B kst
FEw® 60S {EpERE 27 40S PipERE e 78 £ 13 = 80S PipERE - § 60S % pEad i
Pk B > QI SE - K% 60S PipEE et 1 ﬁs?] v (export factors)
2 et Geo o 4 2 Rpl24 gt 3-9 eh & (Gavin etal., 2006; Horsey et
al., 2004; Wood et al., 1999) - 4 it % = 60S 1% &R e= 34 o § 60S {2548 &
fne Breng s = B4z o Tif6 ¢ 44 Sdol 2 Efl1 $# ) (Kemmler et al., 2009;
Menne et al., 2007)> & fx#s ¥ — B % & 3t % £ & (joining face) s 3-v »Nmd3 »
g a5 @ 60S = o B R iEAR o F) AP T f2 Bepl A7 &2 Tif6 j£_60S
A DG M YA R Tif6-GFP 4 42 (intergrate) ] beplts ¢ - ¥ ixagd
$ 1% i= (nucleolar) 13 (Sik1-RFP) sn B 4 » jr Tif6 4 1§ - Tif6-GFP
BRI AR 0 2 30C & ITCH AL & = hlw 7 2 1= o & Tif6-GFP
tbepl REHRY > & 37TC P TIf6-GFP flmie B ens 1 < § 3 4e 7 > F]pt >
Aqpdaplg Bopl %4 3 i s 0§ $ 3 Tif6 &L 60S ¢ IR A ¥ LER
Tif6 &2 £ = ?}tiﬁ%]? iz n e (Fig. 8A) »

dedk Tif6 JU R AL 0 4 T oA g FRT F Nmd3 IR AR o F]pt 0 o
A LRI 4 3k Nmd3-GFP 2 Nmd3(AAA)-GFP 4 # 1§25 (Ho and Johnson,
1999) - Nmd3(AAA)-GFP Z_#- Nmd3 F =7 NES ! 2 550 Leucine 7| %
%2 Alanine R % F9 > F153 Nmd3 3¢ £- B ¢ £ K& 242 shuttle
protein » #tr2 g NES 1R 38PF » ¢ i@ NMA3(AAA)-GFP 2 2 #i 3 chim e %
A E o Nmd3(AAA)-GFP % bepl 42 7 > g7 Nmd3 &~ # i F ¢ - 7
B ARG bepl 4 4 7 g R Nmd3 fimre ens % 2 (Fig. 8B) o
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F A Tif6a F g F et mre F o Fpt - BF A ek F1E Beple
Tif6/<60S A 15 B > Fld FR R AL Lo Ft > A ATif6
5 192ve i pa =8 F eV Fen¥ - il pt R % -9 TIF6(V192F) (Bussiere et
al., 2012):% F| %% 4 $k 2 2 beplts R F4a® 17 £ M > v € FRTif62
Rpl23% & 435 » @ i 7 F & f#2x kv Sdol ~ EflLen¥ ;> > 2@ p #j£60S+
W3E o T > SdolfeEfIl4k 2 pE > FTif6R 2 KM T 0 B 2 Ea
2T R R o TIF6(VI92F)4rie & Sdo1{rEfll4: £ % %
i3 iE 0 FBepls EfcTif6:ireleased B » 2N P &5 Fldp ininig % o 249
P4 LRBeng % AP F Y 3 TIF6(V192F)ehbeplts » 237°C iz 4 &
(FIG 9A) -

A g - e Tif6e 2 d-v  Sdol 2 EfllfripE e cnig & &
beplts® £ % § 2% o F & #pKL155 (SDO1-MYC)FrpKL158 (EFL1-HA) ¥
0¥ 4 tkBYAT4102 2 beplts R a7 287 5 PN BH s 17 FEITH
FeerT B oo PR 18 38 {7 Western blot 4 47 o SV F IR A Bepli-v & B iR T

7 ¢ B UCEfI122SdolA Fov 2260SH: FER e £ (Fig.9B) o Tt » 35 & 11
8

‘QH-

» L G beplad g 2 TIf6 fAlwmre Frens # b A 3 LR H B

& Tif6 & ;2 j¥60S F 7 11 #73g = e o

LB faTif6260SH % & 7 EF F it o A #pKL119 (CEN
TIF6-MYC)i¥ » T 2 $x 12 2 belts R %1k > i — H 4 45 84 3=v 3% § Pty chs
# oo g IR fbeplak 2 AT > Tif6ehE < £ 7 % (Fig 9C) » Flpt A E
Fhbepltsk kY * £ A MTif6ky » FIE ¥ i34 Bepl v 4 4 #7i3

* 4 £ 4 K{Fig. 9D) -
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2 - 3%
- ~Bepl 2 #3470 %
Bepl(nls) i &% v i&
fA i gt BCPL #1# iven s & constructs (BCP1-myc ~ BCP14n40-myc »
BCPI14nls-myc ~ BCP1nes-myc » BCPIAC-MYC):H Bk 5 % H A B ABFIR % !
BAEAL RRREAS R o APFIRT] BCPlAnls-myc & & R R I IL & 37

CAmmET» w53 fI2 & > 25 IR bepl 4 4 #rig & end L4k Ko (e FLA0

BL% BCPIANIS-GFP P » 34 i gE R 5 T beplAnls-GFP Fev Frena (i 5 &lwmre
Feom 2 % 2 ke Bepl-GFP v — A PFI I im0 2 i Y o
4ok Bepl fliwmre bR R Ll be BTV e F o R s W
BCPIAnls-myc ¢ F] 5 &% Flimrz P & £ 31 ¥ Bopl 30 tlwie 1) et it o
o FRAILSE IS o

A e pF e LT BCPIANAO-GFP  BCPIAC-GFP £ § &~ % tlm® ¥ e
HFA3TT Tt a BRFIT A beplts 2 £ > 2755 B R %4 4 Bepl
s iy o AP L% BCP1ned-GFP hff-2) » 4 - NES 1473518 i 2 & >
BCPlnes-GFP ¢ A fi w27 a @iz wIlwmi e > ¥ P R ¢ FRmee 7
RypEE A sRES > APFRG A B7 il F AL NLS s i 325 4 e
= M 0 BEFR < 384 ¢ bepl(NLS) 3t fmiz B > e 1 5 % & ¢ bepl ay i~
R P R R A e g e o 7 - L Bepl dimte Y s R
& o Bepl i Flimrepid 4 AR 0 LA 7 FEBepl e B B £
Moo HU A g R R 0 & hepl(NES)RI- B B g 3timie i ? o @ik
Tl F P @ Ha5 = o % BCPIANA0-GFP » BCPIAC-GFP » £_i= %t e 5 ¢
Bd-i 5 P AR R 0% 0 2 AL And0 Ac iBA BRI g LA

¥ E_Bepl * kB H W Fw B L E 0 F] 0 A 3T _beplAnd0 2 F_beplAc
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AR i D ¥ Bepl Fv hlwmre Fens g S g2 o 1 E DR

¥ GpFiE- P %I EP o

An40 £ § NLS 3L fe (230 4w ie 2

1245 2% i1 1. % BCP1-GFP~BCP14n40-GFP *BCP14nls-GFP -BCP1 nes-GFP -
BCPIAc —GFP s k& # % > AP f o BCPL A pr A # e 1Y
2 fmie % ;BCPlNes-GFP thsf sk 4 # R & 4o X Pigeny § 4 % Lwmiz i@ o

B B1AELE NES SR AP R 1 > 3% 3y %82 T enjilm s 17 38 i 1) lwve

B ¥ 1 BCPIAnks-GFP » BCPIAC-GFP e o % o F & lwmbe Fre E A i 3p4p
i % F] 5 i B construct ek 3 pE A e g83= NLS » S J’T‘ ARREEE
beplAnls-GFP ~ bepldc —GFP &2 i > e 5 % € & F plmbe F P o
e 8 4 AR R b 8 BCPIANAO-GFP i 2,5 AR 8 A + fiwie
B¢ o BCPIANA0 + 71 NLS 32 NES jUBL30 81 ¥ e 323 ¢ fs% i Bepl
Fov - A E flwre P imie B o Tt > AR Bepl v eha 40 'R
AF B 27 i Bepl B2~ % 3’3531%1 3-v (importer).s& & B > “,ﬁi 7 NLS ¢F > 3 &AL
e oo AU ERA A Bepl fod s Fev 4220 it A (domain) o @ g R
& f-Bepl - A2 & 154 ¢ & Bepl for % ’5% F-v (importer).& & i& » mPz %
NPL A frwl“ffe— ERE7fs » & Bepl &2 1 F z’v’ﬂ‘ﬁtﬁﬁﬁlf'ﬁi ?oo 2
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TABLE 1.Yeast strains used in this study.

Strain#  genotype Source
KLY?2 AJY1942 MATa his3A41 leu2A0 metl1 540 ura340 AJ Lab
KLY15 AJY1901 arxIA:KanMX MATa his3A leu2A ura3A Al Lab
AJY 2115 nmd3A:KanmX (pAJ112 NMD3 URA3) ura3A his3A leu2A lys2A ade3A
KLY16  trpl-1 Al Lab
KLY17 AJY 2000 mtr2A:HIS3 leu2A ura3A ade2A his3A trpIA (pRS316-MTR2 URA3) AJ Lab
KLY69 AJY 2110 plus plasmid752 (nmd3AAA-myc LEU2 CEN)
KLY90 AJY?2935 MAT a; ade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-100 2012.03.07
KLY99 AJY2988 MATa canl A MFA/pr-his3 his3A41 lypl24 met1540 ura340 leuz40 2012.03.28.KL
KLY100 AJY2989 MATa canl A MFA/pr-his3 his341 lypl24 met1540 ura340 leuz40
sdolts 2012.03.28.KL
KLY101 AJY2909 TIF6-GFP:HIS3MX MATa his341 leu240 met15A0 ura340 2012.03.28.KL
AJY1231 MATa ura3 trpl ade2 leu2 lys his3 mex674::HIS3MX
KLY103 pUN100-LEU2-mex67-5 2012.03.28.KL
KLY106 BY4741 MATa his3A41 leu2A0 met1 540 ura340 bepl:KanMX carrying pRS416

bcplts(URA CEN) spore clone 2B

2012.04.13 humor

f- s RPSkoTie 2 A FEREELT)
TABLE 1.Yeast strains used in this study.(Continued)
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Strain #

genotype

Source

KLY117
KLY112
KLY141

KLY142
KLY144

KLY147
KLY151

KLY153

mtr2A: HIS3 beplA: KanMX (mtr2-33 LEU2) (bcpl URA3) 5D
arx14:KanMX bep14:KanMX (beplts URA3) spore clone2B
arx1A4:KanMX beplA:KanMX (beplts URA3) spore 3B cross beplts and
KLY 15

arx14:KanMX spore 3C cross beplts and KLY 15

ecmlA:KanMX beplA:KanMX (beplts URA3) spore 9A cross beplts and
KLY96

ecmlA:KanMX spore 9D cross beplts and KLY 96

ecmlA:KanMX beplA:KanMX (beplts URA3) spore 11D cross beplts and
KLY96

nmd3A:KanMX beplA:KanMX (nmd3[AAA]-myc LEU2) (bcplts URA3)
spore 4B cross KLY69 and bcplts

2012.04.17 KL
2012.04.17 KL
2012.04.27 humor

2012.04.27 humor
2012.04.27 humor

2012.04.27 humor
2012.04.27 humor

2012.04.27 humor

a7
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TABLE 2.Plasmid used in this study.

Plasmid NO. Gene Origin Yeast Marker E.coli marker Source(Name)
PKL10 RPL25-GFP CEN LEUZ2 Amp Al
PKL31 SIK1-mRFP CEN LEUZ2 Amp Humor
PKL70 MEX67 2u HIS3 Amp Al
PKL72 MEX67 2u URA3 Amp Al
PKL73 MTR2 2u URA3 Amp Al
PKL74 RPL23A-YFP 2u LEUZ2 Amp Al
PKL75 RPL23A-3xHA 2u LEUZ2 Amp Al
PKL76 NMD3-GFP CEN URA3 Amp humor
PKL77 RPL23A-YFP CEN URA3 Amp Humor
PKL78 RPL23A-3xHA CEN URA3 Amp humor
PKL94 nmd3(AAA)-GFP CEN LEUZ2 Amp Al
PKL101 BCP1-GFP CEN LEUZ2 Amp S. Kumar
PKL102 BCP1(deltaC)-GFP CEN LEU2 Amp S. Kumar
PKL103 BCP1(NLS)-GFP CEN LEUZ2 Amp S. Kumar
PKL104 BCP1(NES)-GFP CEN LEUZ2 Amp S. Kumar
PKL105 BCP1-myc CEN LEU2 Amp S. Kumar
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TABLE 2.Plasmid used in this study. ( Continued )

Plasmid NO. Gene Origin Yeast Marker E.coli marker Source(Name)
PKL106 BCP1(DELTAC)-MYC CEN LEU2 Amp S. Kumar
PKL107 BCP1(NLS)-MYC CEN LEU2 Amp S. Kumar
PKL108 BCP1(NES)-MYC CEN LEU2 Amp S. Kumar
PKL112 BCP1(DELTAN40)-GFP CEN URA Amp Humor
PKL113 NMD3 2u URA Amp Al
PKL114 CRM1 2u URA Amp Al
PKL115 ARX1 2u URA Amp Al
PKL116 MEX67-HA 2u URA Amp Al
PKL117 MTR2-HA CEN URA Amp Al
PKL118 BCP1DELTAN40-MYC CEN LEU2 Amp humor
PKL119 TIF6-MYC CEN LEU2 Amp Al
PKL120 TIF6(V192F) CEN LEU2 Amp Al
PKL155 SDO1-MYC CEN LEU2 Amp Al
PKL158 EFL1-3HA CEN HIS Amp Al
PKL192 RPL23A 2.u URA3 Amp Tangent
PKL193 RPL23B 2.u URA3 Amp Tangent
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TABLE 3.Primers used in this study

Oligo# ORF  Sequence Purpose
KLO7 GFP  TATGTTGCATCACCTTCAC Sequence ORF upstream of GFP
KLO9 GFP ACAACTCCAGTGAAAAGTTC Sequence ORF upstream of GFP
KLO14 BCP1 ctgCGGCCGgcctggctagcactaata Clone BCP1 from its own promoter
Clone BCP1 inframe with GFP or
CAGTTAATTAACCAAGTGGAAATTTCTGTTT
KLO15 BCP1 myc Tag
KLO16 BCP1 TTGGGGAACCTGCGGCCGCATCTGCCGCGCTGCTTGCTTGAATCCTG Change L85 L88 L91 192 L93 to Ala
KLO17 BCP1 CAGGATTCAAgcAAGCAGCYcGGCAGATgcGgecgcAGGTTCCCCAA Change L85 L88 L91 192 L93 to Ala
NLS Deletion or C - Terminal 71
GGCTTAATTAAGGATCCACCAGAGTCGGTATCATCGT . . .
KLO26 BCP1 amino acids deletion
KLO27 BCP1 GCCggatccGCCGATGAAGTAGACTACTT NLS deletion
KLO28 BCP1 GCCggatccATGGTTCAAGCTATCAAATT Two hybrid construct
KLO29 BCP1 GGCCTGCAGTTACCAAGTGGAAATTTCTG Two hybrid construct
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TABLE 3.Primers used in this study. ( Continued )

Oligo# ORF Sequence Purpose

KLO42 BCP1 CctgCATATGGTTCAAGCTATCAAATT for pET28a pET30a overexpression
KLO43 BCP1 CAGCTCGAGCCAAGTGGAAATTTCTGTTT for pET28a pET30a overexpression
KLO86 BCP1 CAGGGATCCAGGGTGAATGACCTTTCTTG Clone BCP1 from its terminater
KLO87 BCP1 ATGGAATTCGAGCAAAATGGAGAAGAAGA Clone BCP1 deltaN40

KLO92 RPL23A CTGgagctcTATCGCTTATCCGGCTCA Clone Rpl23A from its promoter
KLO93 RPL23A CAGGGATCCCCTCCTATCACGCTCATAAT Clone Rpl23A from its terminator
KLO94 RPL23B ctggagctcCTCCAACATGCTGTGCAC Clone Rpl23B from its promoter
KLO95 RPL23B CAGGGATCCAGGCAACCGCTTCACTGA Clone Rpl23B from its terminator
KLO96 TIF6  CtgcggccgaagcTTCCGAGGGCCAAACGAA Clone TIF6 from its promoter
KLO97 TIF6 CAGGTCGACTGCAATGAATAGTCACCCA Clone TIF6 from its terminator

KLO105 RPL23A TTTATGGCCAAGAGTTGCATCTAACTCCGGTGTTGTTGTGcggatccccgggttaattaa C terminal tagging
KLO106 RPL23A ATTGAAGAATCTAAGAGTATGAGTCAAAATAATTTCCTTTgaattcgagctcgtttaaac C terminal tagging
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(A) Rpl25-G

37°C=>RT
after 10 mins

( B) WT bepits

30°C
Polysome

37°C

Fig. 1. BCP1 is essential for 60S biogenesis.

(A) The localization of Rpl25-GFP (PKL201) were visualized in bcplts (KLY106)

with fluorescence microscope. (B) BY4741 and bcplts cells were culture at 30<C till

OD 0.3 or shifted to 37°C for 2 hours. Protein extracts were prepared and fractionated

by sedimentation through 7—47% sucrose density gradients.
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Fig. 2. Constructs of bcpl mutants and functional studies.

(A) Diagram of Bcpl and various mutants.(B) Serial dilutions of BY4741 and
KLY106 (bcplts) with vector (PRS415), pKL105 (CEN BCP1-myc) pKL118 (CEN
bcpl An40-myc), pKL106 (CEN bcpl Ac-myc), pKL107 (CEN bcpl Anls-myc) and
pKL108 (CEN bcplnes-myc) were spotted onto LEU dropout medium and incubated
at 30°C and 37°C for 2 days or on 5FOA plate at 30°C for 2days (C)The localization
of Bcpl-GFP (PKL101), bcpl(nes)-GFP (PKL104), bcpl(4nls)-GFP (PKL103),
bep1(An40)-GFP (PKL112), and bcpl(Ac)-GFP (PKL102) were visualized in bcplts
(KLY106) with fluorescence microscope.(D) BY4741, KLY106 (bcplts) with vector,
pKL7 (PRS415), pKL105 (CEN Bcpl-myc) pKL118 (CEN bepldn40-myc), pKL106
(CEN bcplac-myc), pKL107 (CEN beplanls-myc) and pKL108 (CEN bcplnes-myc)
cells were culture at 30°C till OD 0.3 and shifted to 37C for 1 hour before harvesting
cells. Protein extracts were prepared and fractionated by sedimentation through

7-47% sucrose density gradients.
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(A) WT (B) WT
bcplts ecmiA

arxiA bcpits
arx1Abcpits ecm1Abcpits

©) wT ©  wr
nmd3(AAA) bepits
bcpits mtr2-33ts
nmd3(AAA)bcpits mtr2-33tsbcpits
(E) WT
bcpits
mex67-5ts
mex67-5tshcpits

Fig. 3. The growth patterns of various bcpl and export factors double mutants.

Serial dilutions of BY4741 and KLY 106 (bcplts), KLY16 (arxi4), KLY112 (bcplts
xarxIA)(A) KLY147 ( ecmld ), KLY151 (bcpltsxecmld) (B), KLY69
( nmd3(AAA) ), KLY153 (bcpltsxnmd3(AAA)) (C), KLY116 (mtr2-33ts), KLY117
(bcpltsxmtr2-33ts) (D),KLY103 ( mex67-5ts ), KLY122 (bcpltsxmex67-5ts) (E),

were spotted onto YPD medium and incubated at 30°C.
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Fig. 4. Polysome profiles of various bcpl and export factors double mutants.

BY4741 beplts (KLY106), KLY16 (arxi4), KLY112 (beplisxarxid) KLY147
(ecmi4),KLY151(bcpltsxecmiA),KLY67(nmd3(AAA)),KLY153(bcpltsxnmd3(AAA)),
KLY116(mtr2-33ts), KLY117(bcpltsxmtr2-33ts), KLY103 (mex67-5ts), KLY122
(bcpltsxmex67-5ts) cells were culture at 30<C till OD 0.3 and shifted to 37C for 1
hour before harvesting cells. Protein extracts were prepared and fractionated by

sedimentation through 7-47% sucrose density gradient.
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Fig. 5. None of the overexpression of export factors can suppress bcplts growth
defects and vice versa.

(A) Serial dilutions of BY4741 and KLY106 (bcplts) with vector, pKL113 (2u
NMD3), or pKL114 (2u CRMI), pKL115(2u ARX1), pKL116(2u MEX67-HA), and
pKL117 (CEN MTR2) were spotted onto URA dropout plate and incubated at 30°C
and 37°C for 2 days. (B) Serial dilutions of BY4741 and KLY106 (bcplts) with
vector, pKL72 (2u MEX67), pKL73 (2 MTR?2), or combinbation of these two vectors
were spotted onto URA™ HIS™ dropout plate and incubated at 30°C and 37°C for 2
days.(C) Serial dilutions of KLY15 (arx/4), KLY 147 (ecmiA), KLY17 (mtr2-33) and
KLY103 (mex67-5) with vector and pKL203 (2« BCPI) were spotted onto URA

dropout plate and incubated at 20°Cor 37°C.
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Fig. 6. RPL23 is a high copy suppressor of bcplts.

(A)BY4741 and KLY 106 (bcplts) with vector, pKL192 (2u RPL23A4), or pKL193 (2u
RPL23B) were spotted onto URA dropout plate and incubated at 30°C and 37°C for 2
days (B) or were culture at 30C till OD 0.3 and shifted to 37C for 1 hour before
harvesting cells. Protein extracts were prepared and fractionated by sedimentation

through 7-47% sucrose density gradients.
60



30°C 37°C

N . .
WT

(B)

1 2 3 4 5 6 7 8 9 10 11 12 13

Rpi23 - =~ TSRS e®
W) i adeweem=

—

bep1ts

1t 2 3 4 5 6 7 8 9 10 11 12 13
Rpl23. - - Lo - e
Rpl8 & P EEBIAPYN P - 1
P - e ..:h*&p'

60S 80S polysome

(©)
T T30 T60 T T1 20 T1 50

0 90

mut WT mut WT mut WT mut WwT mut

Rpl23i‘5- ;s . . e

Rp|8 .- e - - ™ - - - e -

61



Fig. 7. Rpl23 partially loses 60S association and shows higher expression levels in
bcplts.

(A) The localization of Rpl23 was visualized in WT and bcplts (KLY106) with
fluorescence microscope. (B) BY4741 and bcplts (KLY106) With pKL78 (CEN RPL23-HA)
cells were cpltured at 30°C till OD 0.3 and shifted to 37°C for 1 hour before harvesting cells. Protein
extracts were prepared and fractionated by sedimentation through 7-47% sucrose density gradients.
Polysome fractions were precipitated with TCA and separated by SDS-PAGE. The presence of Rpl23
and Rpl8 across the gradients was detected by Western blotting. (C) BY4741 and bcplts
(KLY106) plus pKL78 (CEN RPL23-HA) were cultured at 30°C and shifted to 37°C
for different periods. Protein samples were collected and analyzed by Western

blotting.

62



Sik1RFP OVERLAP

(A) ﬁ - -
37°C

30°C 37°C
WT bep1ts WT bepits

nmd3(AAA)-GFP

30°C

bcp1ts

(B)

Fig. 8. Tif6 and Nmd3 are mislocalized in bcplts.

(A)The localization of Tif6 was visualized in AJY2909(TIF6-GFP) and
KLY169(bcpltsXTIF6-GFP) with fluorescence microscope. (B) The localization of
Nmd3-GFP (pKL36) and nmd3(AAA)-GFP (pKL94) were visualized in BY4741 and

bcplts (KLY106) with fluorescence microscope.
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Fig. 9. The level of Tif6 is reduced in bcplts.

(A) Serial dilutions of BY4741 and KLY106 (bcplts) with vector, pKL120
TIF6(V192F), were spotted onto LEU dropout plate and incubated at 30°C and 37°C
for 2 days. (B) Polysome fractions were precipitated with TCA, separated by
SDS-PAGE, and the presence of Sdol and Efl1 across the gradients was detected by
Western blotting. (C)Polysome fractions were precipitated with TCA, separated by
SDS-PAGE, and the presence of Tif6 and Rpl8 across the gradients was detected by
Western blotting. (D) Serial dilutions of BY4741 and KLY106 (bcplts) with vector,
pKL119 (2« TIF6), were spotted onto URA dropout plate and incubated at 30°C and

37°C for 2 days.
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Appendix Fig. 1. Yeast pre-rRNA processing pathway. The major rRNA precursors
and final products are shown. Cleavage sites relevant to the present study are

indicated, as well as the approximate location of the ¥ guided by snR10 in 25S rRNA.
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Appendix Fig. 2. Proposed pathway of 60S maturation in the cytoplasm.

(A) Drgl facilitates the replacement of RIp24 by Rpl24, which then recruits Reil. The
latter, together with Jjj1 and Ssal/Ssa2, enables the release of the export receptor
Arx1, located near the polypeptide exit tunnel. In parallel, Yvh1 enables replacement
of Mrt4 with PO to construct the ribosome stalk. In turn, the stalk recruits the GTPase
Efl1 to the GTPaseassociated center to release Tif6 from the subunit joining face of
the particle. The release of Tif6 leads to activation of Lsgl to release export adapter

Nmd3, also from the joining face. It is important to note that the events indicated

represent the order of action of these factors but not necessarily their order of

association with the pre-60S particle. (B) Cartoon showing the events depicted in (A).
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