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)e#inin -unctions in the re3ulation and 6ossi7l& coordination o- re6lication and e#7r&onic 

de8elo6#ent9 :t interacts ;ith the licensin3 -actor <dt(= ;ith se8eral ho#eodo#ain 6roteins 

and ;ith #e#7ers o- chro#atin #odi-&in3 co#6le>es= in 6articular the 6ol&co#7 and the 

!?:@!AB co#6le>es9 :n a t;oCh&7rid screen a so -ar undescri7ed 6rotein DE:FEG HEIFJ( 

:nteractin3 FroteinK ;as identi-ied9 E:FE is ;idel& e>6ressed in e#7r&onic and adult tissues= 

and as ;ell in nor#al and cancer cell lines9 Ehe 6rotein is enriched in the c&to6las#= the 

centroso#e and the nucleolus9 Ehe nucleolar localiLation su33ests that E:FE is either in8ol8ed 

in Fol : transcri6tion or is onl& stored there9 E:FE interacts stron3l& not onl& ;ith 3e#inin= 

7ut also ;ith the Fol&co#7 3rou6 #e#7ers= the transcri6tion -actor MB(N= nucleolar and 

centroso#al 6roteins Hnucleolin= nucleo6hos#inK= and co#6onents o- the 7asic transcri6tion 

#achiner& HEIF and EIFCliOe -actorK9  

Eransient o8ere>6ression o- E:FE in culture cells elon3ates ! 6hase and shortens )P@M 6hase 

durin3 one cell c&cle= su33estin3 an acti8ation o- an intraC! 6hase checO6oint9 Ro;e8er= 

6roli-eration in 3eneral is not a--ected 7& E:FE as Sud3ed in sta7l& o8ere>6ressin3 cells9 

:nhi7ition o- Fol : transcri6tion 7& actino#&cin D= or UAM de6letion 7& UAase M in tissue 

culture cells a7olished the nucleolar localiLation o- E:FE9 V8ere>6ression o- E:FE acti8ates 

7oth endo3enous and re6orter Fol : transcri6tion in a dose de6endent #anner9 Ro;e8er= E:FE 

;as not -ound associated in vivo neither ;ith the Fol : 6reinitiation co#6le>= nor ;ith the 

ri7osos#al DAM 6ro#oter= there-ore its direct role on Fol : transcri6tion needs -urther 

clari-ications9  

E:FE 7inds in vitro the adeno8irus #aSor late 6ro#oter on its u6strea# IUW HEB::I 7indin3 

siteK ele#ent -or#in3 a ternar& co#6le> ;ith EIF9 :t -or#s a si#ilar co#6le> 7& 7indin3 to 

the )@< rich re3ion o- the neuro-i7ro#in 6ro#oter and EIFJ(9 Ue6orter 3ene assa&s indicate 

a 6ositi8e in-luence o- E:FE on EMEM 7o>Ccontainin3 and EMEMCless Fol :: de6endent 

transcri6tion= ;hich is si3ni-icantl& enhanced 7& the coCe>6ression o- 3e#inin9 Ro;e8er= the 

7indin3 o- E:FE to DAM see#s not to 7e necessar& in order to 6roduce this e--ect9 )e#ininXs 

acti8ator& role re8eals a no8el -unction o- this #ulti-aceted 6rotein= di--erent -ro# its 

6re8iousl& descri7ed re6ressi8e role9 In vitro, 3e#inin #ostl& inhi7its the 7indin3 o- EIF or 

EIFJ( to DAM= and its interaction ;ith E:FE reduces the e--ect9  

:n conclusion= this stud& 6resents E:FE as a u7iYuitous= hi3hl& e>6ressed -actor interactin3 

;ith the 7asic transcri6tion #achiner& and ;ith chro#atin associated -actors9
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!ntroduction  

+, -.e 0eneral -ranscription 5ac.iner6 in 7ukar6otes 

,n- o. t/- c-ntr0l 2-c/0ni323 o. li.- i3 /o4 to t'rn t/- 5-n-3 6on7 0n& 6o..7. 9r-ci3- 3:0ti0l 

0n& t-2:or0l control o. 5-n- -;:r-33ion i3 -33-nti0l .or t/- nor20l 5ro4t/ 0n& &-v-lo:2-nt 

o. 0ll or50ni323. =/- :r-&o2in0nt 2-c/0ni32 .or controllin5 t/- co2:l-; :roc-33 o. 5-n- 

-;:r-33ion i3 0t t/- l-v-l o. >?@ 3Ant/-3i3. =r0n3cri:tion occ'r3 in t/- c-ll n'cl-'3B 0llo4in5 

t/- tr0n3l0tion o. 5-n-tic in.or20tion /-l& in t/- C?@ into >?@B 2-&i0t-& DA >?@ 

:olA2-r03- E9olFB t/- .ir3t ti2- :o3t'l0t-& DA GricH in t/- c-ntr0l &o520 o. 2ol-c'l0r Diolo5A 

IJK. =/- D03ic tr0n3cri:tion r-0ction i3 3i2il0r in 0ll or50ni323. In :roH0rAot-3B on- -nLA2- 

c0t0lAL-3 t/- 3Ant/-3i3 o. t/r-- tA:-3 o. >?@B 2-33-n5-r >?@ E2>?@FB riDo3o20l >?@ 

Er>?@F 0n& tr0n3.-r >?@ Et>?@FB 4/-r-03 t/r-- &i3tinct >?@ :olA2-r03-3 IB II 0n& III -;i3t 

in -'H0rAot-3 I+K. >?@ 9ol I 3Ant/-3iL-3 r>?@ :r-c'r3or3B >?@ 9ol II c0t0lAL-3 t/- 

3Ant/-3i3 o. 2>?@3B 2icro>?@3 E2i>3FB 0n& 2o3t 320ll n'cl-0r E3n>?@FB 0n& t/- >?@ 9ol 

III 3Ant/-3iL-3 t>?@3B MN r>?@ 0n& ot/-r 320ll >?@3 .o'n& in t/- n'cl-'3 0n& cAto3ol. 

E'H0rAotic 5-n- tr0n3cri:tion i3 0 :roc-33 ti5/tlA r-5'l0t-& 0t 20nA l-v-l3B 4/ic/ r-P'ir-3 t/- 

033-2DlA o. 0 co2:l-; 2ol-c'l0r 20c/in-rA t/0t incl'&-3 5-n-r0l tr0n3cri:tion .0ctor3B 5-n- 

3:-ci.ic tr0n3cri:tion .0ctor3B co.0ctor co2:l-;-3 0n& c/ro20tin r-2o&-lin5 .0ctor3 IQK.  

@ .ir3t &-ci3ion i3 t0H-n 0t t/- c/ro20tin l-v-lB DA cov0l-nt 2o&i.ic0tion3 o. /i3ton- t0il 0n& 

C?@. @n 0cc-33iDl- C?@ t-2:l0t- i3 :r-:0r-& .ro2 n'cl-o3o2-3 DA c/ro20tin r-2o&-lin5 

co2:l-;-3. ?-;tB r-5'l0torA .0ctor3 Din& C?@ to r-5'l0t- t/- .or20tion or .'nction o. t/- 

:r-initi0tion co2:l-; IRK. 

@3 t/- or50ni323 -volv-&B 0n incr-03in5 co2:l-;itA o. t/- 2-c/0ni323 r-5'l0tin5 5-n- 

-;:r-33ion 403 n-c-330rA to 3'3t0in 0n incr-03-& .l-;iDilitA 0n& c0:0citA to 0&0:t to 0nA 

c/0n5-.  

 

9, R;A =ol6merase !?@ependent -ranscription  

?'cl-ol'3 i3 t/- :l0c- 4/-r- rC?@ tr0n3cri:tionB :r-Sr>?@ :roc-33in5 0n& 2o&i.ic0tion3B 

0n& initi0l 3t-:3 o. :r-SriDo3o2- 033-2DlA occ'r IMK. @ll c-ll'l0r or50ni323 3Ant/-3iL- l0r5- 

02o'nt o. r>?@ n-c-330rA to :ro&'c- 3-v-r0l 2illion3 o. riDo3o2-3 :-r c-ll. @ c-ll nor20llA 

cont0in3 /'n&r-&3 o. rRNA 5-n-3 or50niL-& in t0n&-2 /-0&StoSt0il r-:-0t3 t/0t cl'3t-r 
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#%,-#.-r /012 3%4-5-r6 %"7y a :ma77 :u<:-# %= #.- #%#a7 r>?@ ): a(#)5-6 #.- r-:# <-)", :)7-"(-&2 

A.- r"#$ ,-"- Br%m%#-r (%"#a)": a" -::-"#)a7 (%r- -7-m-"# -::-"#)a7 =%r Br%B-r #ra":(r)B#)%" 

)")#)a#)%"6 a"& a" uB:#r-am (%"#r%7 -7-m-"# CDEFG /H12 A.- m%u:- A!IJ!K (%mB7-L6 

(%"#a)")", #.- A@A@ <%L <)"&)", Br%#-)" CAKMG #%,-#.-r 4)#. #.- uB:#r-am <)"&)", =a(#%r 

CDKIG a"& A!IJ!@6 r-(ru)# M%7 ! a"& a::-m<7- %" #.- r"#$ ,-"- Br%m%#-r )"#% #.- 

Br-)")#)a#)%" (%mB7-L #% :#ar# #.- rN?@ :y"#.-:): /O12 

A.- Br)mary PQRPHS rN?@ #ra":(r)B# :y"#.-:)T-& <y M%7 ! ): Br%(-::-& )"#% #.- ma#ur- UOS6 

Q2OS a"& VOS rN?@:6 4.)(. #%,-#.-r 4)#. #.- QS rN?@ #ra":(r)<-& <y #.- M%7 !!! maW- Bar# 

%= #.- r)<%:%m- /O12 rN?@ Br%(-::)",6 VXJ%Jr)<%:- m-#.y7a#)%" a"& B:-u&%ur)&y7a#)%" %= #.- 

Br-(ur:%r rN?@ #aW- B7a(- 4)#. #.- .-7B %= "um-r%u: :ma77 "u(7-ar r)<%"u(7-%Br%#-)" 

Bar#)(7-: C:"%N?M:G 4.)(. (%"#a)" :ma77 "u(7-%7ar N?@: C:"%N?@:G /Y12 N-(-"#7y6 )# 4a: 

(%"=)rm-& #.a# "%# %"7y )" y-a:# a"& B7a"#:6 <u# a7:% )" mamma7: rN?@ :y"#.-:): ): 

(%%r&)"a#-& 4)#. rN?@ Br%(-::)", /UZ6 UU12 A.- a::-m<7y %= r)<%:%ma7 Br%#-)": <-,)": )" #.- 

"u(7-%7u: %" #.- Br)mary Br-JrN?@ #ra":(r)B#6 7-a&)", #% #.- =%rma#)%" %= a YZS Br-J

r)<%:%ma7 Bar#)(7- /Y12 A.): u"&-r,%-: a :-r)-: %= Br%(-::)", :#-B: r-:u7#)", a Br-J0ZS 7ar,- 

:u<u")#6 4.)(. (%"#a)": VOS a"& Q2OS rN?@:6 a"& a P+S :ma77 :u<u")# Br-(ur:%r6 4)#. VZS 

rN?@ )"(7u&-&2 K%#. :u<u")#: ar- :-Bara#-7y -LB%r#-& #% #.- (y#%:%7 4.-r- %#.-r Br%(-::)", 

:#-B: ar- "-(-::ary #% =%rm #.- ma#ur- r)<%:%ma7 :u<u")#:2 
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3. RNA Polymerase II-Dependent Transcription  

3.1. RNA Polymerase II-Dependent Transcriptional Initiation 
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upstream o1 the transcription start site3 the initiator element 5INR8 located at -: to ;< around 

the transcription start site3 and the do=nstream promoter element 5DPE8 located at ;1B to ;:< 

do=nstream 1rom the transcription start site C1+D. Fore promoters present a structural and 

1unctional diGersity Gery important 1or the comIinatorial reJulation o1 Jene eKpression3 each 

core promoter seLuence element IeinJ 1ound only in a suIset o1 Jenes C1<D. Mo 1ar3 only the 

TATA IoK and the INR element haGe Ieen sho=n to Ie capaIle o1 directinJ accurate Pol II 

transcription initiation independent o1 other core promoter elements.  

The Iasal transcription machinery =as de1ined as the sum o1 1actors3 includinJ RNA 

polymerase II itsel13 =hich is minimally reLuired to direct the transcription !"#$!%r' 1rom an 

isolated core promoter. The 1ormation o1 the preinitiation compleK containinJ the Iasal 

transcription 1actors 5TPIIA3 TPIIQ3 TPIID3 TPIIE3 TPIIP3 TPIIR8 and RNA polymerase II3 at 

the riJht time and at the riJht promoter is the 1irst step o1 transcription. This process =as 

intensiGely studied and t=o di11erent assemIly path=ays are in deIateS the seLuential 

path=ay3 and the holoenTyme path=ay C1UD. It is IelieGed that Ioth path=ays assemIle !"#

$!$'3 dependinJ on the promoter. In the seLuential assemIly path=ay TPIID3 containinJ TQP 

and TQP-associated 1actors 5TAPs83 nucleates the compleK throuJh IindinJ to the TATA 

element3 1ollo=ed Iy TPIIA and TPIIQ that staIiliTe the IindinJ o1 TPIID3 and TPIIP that 

associates =ith unphosphorylated Pol II 5PiJure 1A8. A1ter=ards3 TPIIE is recruited3 and 

1inally TPIIR Iinds. TPIIR phosphorylates the F-terminal domain 5FTD8 o1 Pol II and has a 

helicase actiGity3 un=indinJ the DNA around the transcription initiation site. The Pol II 

holoenTyme path=ay =as descriIed !"# $!%r' Iy puri1ication o1 a Pol II compleK containinJ 

TPIIQ3 TPIIE3 TPIIP3 TPIIR3 GFN< acetyltrans1erase3 MWIXMNP chromatin remodelinJ 

compleK and MRQs3 ho=eGer lackinJ TPIID and TPIIA. Many class II promoters do not haGe 

a TATA IoK3 there1ore the initiation o1 transcription must inGolGe alternatiGe path=ays 

eKcludinJ the presence o1 TQP C1UD.  

 

!.2. The TATA Element 

The TATA IoK3 an AXT rich seLuence3 is the 1irst core promoter element identi1ied in the 

eukaryotic Jenome and the most studied. Recent dataIase analysis sho=ed that the preGalence 

o1 the TATA IoK =as oGerestimated3 and in humans only :2\ 1rom the analyTed promoters 

contain a TATA element C1]D. A TATA IoK associates =ith TQP3 the suIunit o1 TPIID C1^3 

1_D. Its consensus seLuence =as determined 1rom the aliJnment o1 di11erent promoters to Ie 
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T-A-T-A-A/T-A-A/T-A/0 (http4//www.epd.isb-sib.ch/promoter;elements) [20]. The TATA 

element is highly conserved, being found in ancient eukaryotes and even in archaea. The 

upstream sequences are not as well conserved as the TATA box, and play frequently 

important roles in determining the efficiency of transcription initiation [21]. Lolner and 

0ralla showed that the sequences flanking the core TATA box influence the basal level of 

transcription and the response to activators [15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!"#$r&' () Schematic view of Pol II-dependent transcription initiation and crystal structure of TBP-DNA 

complex. (A)'Simplified view of the preinitiation complex on the TATA-containing promoter. TFIID, containing 

TBP protein that recognizes the TATA box and TAFs, nucleates the formation of the preinitiation complex. 

TFIIA and TFIIB stabilize the binding of TFIID complex on DNA, and allow the recruitment of the other 

transcription factors together with RNA Pol II, which initiates transcription. (+) Crystal structure of TBP 

complexed with the TATA element of the adenovirus major late promoter (AdWXP). TBP is depicted as ribbon 

drawing and colored in light blue for TBP N-terminus and first repeat, and dark blue color for TBP second 

repeat. DNA is shown as a stick figure with hypothetical, linear, B-form extensions at both ends. The 

transcription start site of the AdWXP is labeled with Y1 (adapted from Nikolov and Burley, 1997). (,)'Simplified 

view of transcription initiation from a TATA-less promoter which uses TBPX1 as nucleating factor of the PIC. 

TBPX1, the TBP-like factor has a saddle-like shape similar to TPB. It binds a TATA-less promoter and contacts 

TFIIA and TFIIB probably in a similar way as TBP does.  
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3.3. The TATA ()n+)n, -./te)n  

,-!!. i/ 0 1'2ti3rot4in (o13245 (o13o/4& o6 ,78 0n& 9: or 9; ,<-/ =>>? >:@A ,-!!. 

0//41B2C on tD4 ,<,<E(ont0ininF 3ro1ot4r/ /t0rt/ GitD tD4 Bin&inF o6 ,78 to tD4 ,<,< 

42414nt =>;? >H@A !n 0&&ition to it/ (4ntr02 ro24 in 8o2 !! tr0n/(ri3tion? ,78 G0/ 6o'n& in 

1'2ti3rot4in (o132454/ o6 8o2 ! 0n& 8o2 !!!? 02/o 6'n(tioninF in 3ro1ot4r r4(oFnitionA  

<22 orF0ni/1/ 45(43t 4'B0(t4ri0 3o//4// ,78A !n tD4 20/t 6i6t44n C40r/ 10nC /tr'(t'r02 /t'&i4/ 

o6 &i664r4nt ,78 /34(i4/ G4r4 34r6or14& BC (rC/t022iIinF ,78 02on4 or .J<K(oE60(tor/ 

0//o(i0t4&A ,78 D0/ 0 Bi30rtit4 /tr'(t'r4 GitD 0 LEt4r1in02 (or4 &o10in DiFD2C (on/4rv4& 0n& 

033ro5i10t42C NOP i&4nti(02 in C40/t 0n& 101102/A ,D4 JEt4r1in02 ,78 r4Fion i/ v0ri0B24 

B4tG44n 022 tD4 4'Q0rCot4/? B't i/ G422 (on/4rv4& 01onF/t v4rt4Br0t4/ =>+? >R@A ,D4 tDr44E

&i14n/ion02 /tr'(t'r4 o6 tD4 LEt4r1in02 3ortion o6 ,78 (o13o/4& o6 9NO 01ino 0(i&/ D0/ 0 

/0&&24 /D034 =>NE:O@A ,78 (on/i/t/ o6 tGo 021o/tEi&4nti(02 &o10in/ &'4 to tD4 3r4/4n(4 o6 

tGo &ir4(t i134r64(t r4340t/ 6o'n& in tD4 (or4 &o10in S(0224& JE 0n& LEt4r1in02 r4340t/T 

S-iF'r4 97TA ,D4r46or4? it G0/ /'FF4/t4& tD0t ,78 4vo2v4& 6ro1 0 tr'4 &i14r o6 tGo i&4nti(02 

(D0in/ o6 033ro5i10t42C UO 01ino 0(i& r4/i&'4/ =:9@A ,D4 (or4 &o10in i/ r4/3on/iB24 6or tD4 

.J<EBin&inF tDro'FD tD4 (on(0v4 'n&4r/i&4 o6 tD4 /0&&24? 0n& 6or tD4 tr0n/(ri3tion 

10(Din4rC (o13on4nt/ 0n& otD4r r4F'20torC 3rot4in/ int4r0(tion tDro'FD tD4 (onv45 '334r 

/'r60(4 o6 tD4 /0&&24A !n or&4r to 3r4v4nt 'nG0nt4& tr0n/(ri3tion? ,78 6or1/ 0 Do1o&i14r 

tD0t i/ in0(tiv4 6or tD4 .J< Bin&inF =>N? :O? :>@A  

V4v4r02 (o(rC/t02 /tr'(t'r02 0n02CI4/ o6 .J<E,78 6ro1 &i664r4nt /34(i4/ /'FF4/t 0n in&'(4&E

6it 14(D0ni/1 o6 3rot4inE.J< r4(oFnition =::@A ,78 1o&i6i4/ tD4 ,<,< Bo5 .J< BC 

Bin&inF to tD4 1inor Froov4 GDi(D r42i4/ on DC&ro3DoBi( int4r0(tion/? 'nGin&inF 30rti022C tD4 

.J< &'3245 &'4 to tD4 in/4rtion o6 3D4nC2020nin4 r4/i&'4/? 0n& B4n&inF tD4 7E.J< 0t BotD 

HW 0n& :W 4n&/ o6 tD4 ,<,< Bo5 S-iF'r4 97? =:;@TA ,D4 JEt4r1in02 &o10in o6 tD4 (on/4rv4& 

3ortion o6 ,78 (ont0(t/ tD4 :W D026 o6 0 (on/4n/'/ ,<,< Bo5? 0n& tD4 LEt4r1in02 &o10in 

(ont0(t/ tD4 HW D026A XoG4v4r? tD4 ori4nt0tion o6 tD4 tr0n/(ri3tion 10(Din4rC i/ Fiv4n BC tD4 

,<,< Bo5 in (o1Bin0tion GitD otD4r 3ro1ot4r 42414nt/ /'(D 0/ 7YZ? tD4 ,-!!7 r4(oFnition 

42414nt =:HE:R@A ,D4 (rC/t02 /tr'(t'r4 o6 ,78E(,-!!7E,<,< t4rn0rC (o13245 r4v4024& tD0t 

,-!!7 Bin&/ tD4 10[or Froov4 '3/tr401 o6 tD4 ,<,< Bo5 0n& tD4 1inor Froov4 &oGn/tr401 

o6 tD4 ,<,< Bo5 in tD4 <&\] 3ro1ot4r =:+@A ,-!!7 '3/tr401 Bin&inF /it4 G0/ (0224& 7YZ
'
 

0n& tD4 /4^'4n(4 _KLE_KLE_K<ELE_ELEL i/ 3r464rr4& 6or tD4 int4r0(tion GitD ,-!!7 =:N@A 

,Di/ ,-!!7E7YZ
'
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Introduction 

 7

preinitiation complex [34, 39]. The consensus for downstream BR@ (BR@
d
) was found to be 

G/A-T-T/G/A-T/G-G/T-T/G-T/G, and the TFIIB binding seems to require prior TBP binding 

[L0]. These BR@ elements were found in the TATA-containing promoters, as well as in the 

TATA-less promoters. It was suggested that TFIIB probably enhances TFIID binding to the 

core promoter region by stabilizing this interaction through additional DNA contacts [L0]. 

@xcept for TFIIB, TFIIA is necessary to stabilize the TBP binding to the TATA box [1S].  

In !e#$%u' and zebrafish TBP is expressed already at the onset of zygotic transcription and 

during all the stages of embryonic development [L1, L2]. Moreover, the (B*+,+ murine 

embryos arrest in development at embryonic blastocyst stage [L3]. Wowever, TBP depletion 

produced a loss of Pol I and Pol III transcription, but not Pol II, suggesting that Pol II 

transcription can run through different mechanisms independent of TBP.  

 

!"#" T&' TATA B*+,*+- P/o1'*+2L*4' F671o/  

Since TBP was found assembled in different complexes required for the transcriptional 

activation, it was considered the Yuniversal transcription factorZ. Recent studies, however, led 

to the discovery and analysis of TBP-related factors (TRF1, TRF2 and TRF3), showing that 

TBP is indeed not the universal transcription factor, and that Pol II transcription still present 

in TBP null embryos might be due to one of these factors. 

TRF1 found only in -r$'$%/i12, and TRF3 found in most vertebrates except -r$'$%/i12 and 

C.e1eg2#', resemble TBP in the facts that bind the TATA box, TFIIA and TFIIB, but seem to 

activate only a specific set of genes transcription [LL-L9]. 

 

!"#"1" T&' 9ol' o; TBPL1 *+ T/6+s7/*=1*o+ 

TRF2/TRP/TLP/TLF is a TBP-related factor and will be further called in this work as TBPL1, 

based on the Mouse Genome Database nomenclature committee annotation. TBPL1 has been 

described in many metazoans and in the unicellular dinoflagellate Cr6%7/e8$9i#iu: 8$/#ii, 

but not in plants, yeast or archaea [L2, 50-S0]. Like TBP, TBPL1 factor has a bipartite 

structure with a variable N-terminal domain and a highly conserved C-terminal core domain 

containing two direct repeats [50]. The murine TBPL1 core-domain presents 7S_ similarity 

and 39_ identity with the corresponding domain of mouse TBP, and the binding sites for 

TFIIA and TFIIB are conserved. Indeed, studies showed that TBPL1 binds TFIIA and TFIIB 

transcription factors, but not the TATA box (Figure 1C, [5L-57]). -r$'$%/i12 TBPL1 co-
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p'$ifie& in / l/$1e m'ltis'4'nit (omple5 'nlike T8PL; o<e$e5p$esse& in ='m/n (ells, ?=i(= 

?/s fo'n& in / sm/ll (omple5 ?it= ne/$ly stoi(=iomet$i( /mo'nts of TA!!A /n& ?it=o't TAAs 

CDD, DE, DF, E;GH  

T8PL; /(ti</tes t$/ns($iption f$om &iffe$ent TATA-less p$omote$s, /n& $ep$ess t$/ns($iption 

f$om t=e TATA 4o5-(ont/inin1 p$omote$s, p$o4/4ly 4e(/'se it =/s / =i1=e$ /ffinity fo$ TA!!A 

t=/n T8P =/s (Ai1'$e ;C, CDD-DL, E2-ENG)H 

T8PL; s'4(ell'l/$ lo(/liP/tion is 'ne5pe(te& fo$ / 4/si( t$/ns($iption f/(to$H T8PL; is 

n'(leol/$ in QeL/ /n& CosL (ells, (ytopl/smi( in RTNS (=i(k (ells, /n& eit=e$ n'(le/$ o$ 

(ytopl/smi( in mo'se m/le 1e$m (ells CN3, ES, ED, EEGH 

 

3.#.2. The Role of TBPL1 in Animal Development  

Ueq'en(e (omp/$ison of t=e (o$e &om/ins in t=e T8PL; f/mily $e<e/ls t=/t t=ey /$e less 

(onse$<e& in e<ol'tion (NS to NDW i&entity /mon1 t=e met/Po/n spe(ies) t=/n t=e T8P (o$e 

&om/ins (/4o't +SW i&entity 4et?een ye/st /n& ='m/ns) CDSGH T='s, ?=ile t=e $ole of T8P is 

simil/$ in &iffe$ent spe(ies, t=e f'n(tion of T8PL; m/y =/<e e<ol<e& into &iffe$ent $e1'l/to$y 

p/t=?/ys in e<ol'tion/$ily &ist/nt spe(iesH 

T=e &iffe$en(e in t=e 4iolo1i(/l f'n(tions of T8PL; in </$io's spe(ies is e<i&entH T=e 

&epletion st'&ies in C.e$eg&'(, )e'*+u(, Pe4$/fis= /n& Dr*(*+/i$& 'sin1 XYA inte$fe$en(e, 

/ntisense oli1on'(leoti&es, =omoPy1o's 1ene in/(ti</tion o$ &omin/nt ne1/ti<e /pp$o/(=es 

$es'lte& in e/$ly em4$yoni( /$$ests /n& / loss of e5p$ession of some 1enes $eq'i$e& fo$ 

&iffe$enti/tion CN2, D;, D2, DF, E;GH T=e$efo$e, it ?/s s'11este& t=/t T8PL; is &i$e(tly 

$eq'i$e& fo$ t=e e5p$ession of / spe(ifi( set of 1enes ne(ess/$y fo$ e/$ly &e<elopment, o$ 

in&i$e(tly $eq'i$e& fo$ t=e e5p$ession of ot=e$ ne(ess/$y 1enes, s'(= /s t$/ns($iption f/(to$s 

CD2GH T=e loss of T8PL; (/'se& t=e e5p$ession of se<e$/l 1enes no$m/lly not e5p$esse& /t 

e/$ly st/1es of C. e$eg&'( em4$yo1enesis, s'11estin1 t=/t T8PL; m/y 4e / $ep$esso$ of 

t$/ns($iption in e/$ly em4$yo CD;GH T=e &epletion of T8P o$ T8PL; in )e'*+u( /n& Pe4$/fis= 

$e<e/le& t=/t t=e$e is /n in&epen&ent /s ?ell / (omplement/$y $eq'i$ement fo$ T8P /n& 

T8PL; fo$ some 1enes, st$en1t=enin1 t=e i&e/ t=/t T8PL; is ne(ess/$y fo$ t$/ns($iption of / 

(e$t/in set of 1enes CN;, N2GH 

An/lysis of 2B451 e5p$ession $e<e/le& t=/t 2B451 ?/s e5p$esse& in most ='m/n /n& mo'se 

tiss'es, ?it= t=e =i1=est le<el in testis CD3, DDGH T=e tot/l in/(ti</tion of 2B451 mo'se 1ene 

4y =omolo1o's $e(om4in/tion $e<e/le& t=/t t=e mi(e ?e$e <i/4le, ?=i(= (/me 'ne5pe(te& 
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4. Chromatin Remodeling Activities 

4.1. 7permatogenesis  
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A6#er @e)%,),7 ,2er@)%ge"e,), ,#1r#, A)#/ 1 @1,,)5e A15e %6 #r1",(r)2#)%"10 1(#)5)#37 A/e" 
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-an/ essen#ial pos#-eio#ic 4enes are ac#i5a#e& 6789. Transcrip#ion is #e-porall/ res#ric#e& in 

4er- cells< bu# #>e >i4> le5els o? basic #ranscrip#ion ?ac#ors @TAP< TCIIA< Pol IID an& #>e 

presence o? #es#isEspeci?ic #ranscrip#ion ?ac#ors @TCIIF!< TFCIIGGD co-pensa#e #>is ?ac#. 

Horeo5er< -an/ #es#isEspeci?ic 4enes lacI a TFTF box< an& TAPErela#e& pro#eins are liIel/ #o 

be u#iliKe& in #ranscrip#ion ini#ia#ion ?ro- #>e TFTFEless pro-o#ers &urin4 sper-a#o4enesis 

6789. T>us< 4er- cells presen# cellEspeci?ic #ranscrip#ion ini#ia#ion co-plexes #o accura#el/ 

ac#i5a#e -an/ &i??eren# 4ene ne#LorIs reMuire& ?or proper e-br/onic &e5elop-en#.  

 

 

 

 

 

 

 

 

 

Figure 2. N>ro-a#in re-o&elin4 in -ale 4er- cells &e5elop-en#. T>e sper-a#o4onia &i5i&e -i#o#icall/ an& 

4enera#e #>e pri-ar/ sper-a#oc/#es L>ic> en#er -eiosis. Oex#< #>e roun& sper-a#i&s en#er #>e sper-io4enic 

p>ase. Purin4 #>e las# p>ase o? sper-io4enesis< #>e c>ro-a#in is >i4>l/ co-pac#e&. T>e sper- >ea& is #o#all/ 

res>ape&< a process L>ic> inclu&es a replace-en# o? -os# >is#ones Li#> #ransi#ion pro#eins< subseMuen#l/ 

replace& b/ pro#a-ines @F&ap#e& ?ro- Qi--ins an& SassoneENorsi< 8,,GD.  

 

*.2. Polycomb Group Proteins 

Sne -ec>anis- #o -ain#ain #>e repression o? 4enes ?unc#ions #>rou4> #>e pro&uc#s o? #>e 

Pol/co-b 4roup @PcTD o? 4enes L>ic> -o&i?/ #>e >is#one pro#eins aroun& L>ic> #>e POF is 

Lrappe&< blocIin4 #>e access o? #>e #ranscrip#ion ?ac#ors. 

Pol/co-b 4roup pro#eins are InoLn ?or #>eir role in -ain#enance o? #>e !"#e"%i' 4ene 

repression 673< 7V9. I) +i%r"< puri?ie& pol/co-b co-plexes in>ibi# #>e ac#ion o? #>e SWIXSOC 

co-plex on a nucleoso-e arra/< su44es#in4 #>a# pol/co-bs silencin4 -i4># blocI #>e access 

o? #ranscrip#ion ?ac#ors b/ pre5en#in4 #>e nucleoso-e re-o&elin4 67V< 7G9. Aioc>e-ical an& 

4ene#ic c>arac#eriKa#ion o? Pol/co-b 4roup pro#eins re5eale& 1G pro#eins #>a# exis# in &is#inc# 

co-plexes. T>e Pol/co-b Yepressi5e No-plex 1 @PYN1D con#ains ?our core pro#eins in 

Dr"."/!i01< na-el/ pol/co-b @PND< pol/>o-eo#ic @PZD< pos#erior sex co-bs @PSND< an& 

&YIOT1 67V< 7G9. T>e PYN8 co-plex is a >is#one -e#>/l#rans?erase co-plex< L>ic> a&&s a 
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met.yl .istone 23 mark necessary 6or t.e subse8uent recruitment o6 t.e P:;1 comple= >?@-

?BC. T.e .uman P:;1-like comple= FP:;1LH establis.es a neI coJalent modi6icationK mono-

ubi8uitination o6 .istone 22A necessary 6or t.e gene silencing >?OC.  

:ecent studies s.oI t.at not only !o# genes e=pression is regulated by PcGK but many ot.er 

mammalian genes are repressed to maintain pluripotency in t.e embryonic stem cells by PcG 

>BQK B1C. Anot.er study s.oIs t.at genes repressed during cell di66erentiation are already 

bound by t.e PcG proteins in non-di66erentiated cellsK despite being actiJely transcribed >B2C. 

T.e mec.anisms 6or gene silencing promoted by PcG proteins are comple=K and may inter6ere 

Iit. speci6ic 6unctions o6 t.e transcriptional mac.inery ot.er t.an generally preJenting t.e 

access o6 transcription 6actors by coJalently modi6ying t.e .istone c.romatin. T.usK PcG 

comple=es interact Iit. t.e promoter 6actors suc. as TBP and TAFs on repressed gene 

promoters >B3K BTC. Along t.e same line o6 eJidenceK polycombs does not preJent t.e binding 

o6 TBPK :UA polymeraseK or 2VF to t.e $%&'( promoterK but inter6ere in some early steps o6 

transcriptional initiationK a66ecting directly and speci6ically t.e ability o6 :UA polymerase to 

6orm t.e initiation comple= >BWC. 

 

4.3. Geminin 

Luo et al. identi6ied geminin protein as a neI member o6 t.e P:;1 comple=K its transient 

association Iit. PcG comple= being dependent on t.e cell cycle p.ases FFigure 3AK >B@K B?CH. 

T.usK geminin Ias 6ound to repress 2o= proteins 6unction during embryogenesis by direct 

association Iit. Polycomb members on !o# regulatory c.romatin elements and by impairing 

!o# gene action on t.eir target genes t.roug. a direct binding to t.e .omeodomain o6 2o= 

proteins >B?C. !n a similar IayK geminin directly interacts and antagoniXes t.e role o6 anot.er 

.omeobo= proteinK Vi=3 >BBC.  

Geminin plays an important role in t.e cell cycle preJenting YUA re-replication a6ter t.e 

YUA replication Ias initiated by se8uestering ;dt1K one o6 t.e key licensing 6actors >BOK OQC. 

T.e interaction o6 geminin Iit. 2o= and Vi= proteins directly competes Iit. geminin-;dt1 

interaction FFigure 3BK >B@CH. T.is 6inding presents geminin as a protein Iit. dual 6unctionsK 

I.ic. connects embryonic deJelopment and cell diJision. 

Z=cept 6or its role on preJenting YUA replication during t.e same cell cycleK geminin Ias 

6ound to preJent centrosome duplicationK regulating multiple steps o6 t.e c.romosome 

in.eritance cycle >O1C.  
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Figure (- ./0inin 1'nction2- 3A4 ./0inin a22ociat/2 tran2i/ntl7 8it9 :ol7co0; <rot/in2 an& 1'nction2 a2 

<ol7co0;=li>/ 1actor ?@AB- 3B4 Cc9/0atic r/<r/2/ntation o1 t9/ /D'ili;ri'0 ;/t8//n E/0inin in <roli1/ration an& 

in &i11/r/ntiation- F9/ G&t+=E/0inin co0<l/H can ;/ conv/rt/& into a JoHKCiHLME/0inin co0<l/H &/</n&inE on 

t9/ availa;ilit7 o1 1r// liEan&2 3a&a<t/& 1ro0 :it'l/2c' /t alN ,OOPN ?@AN @@B4- 3C4 CQIKCRS 0/&iat/2 t9/ 

tran2activation o1 <ron/'ral tarE/t E/n/2 REn an& R/'roT- ./0inin r/cr'it2 UrE+ catal7tic 'nit o1 CQIKCRS 

co0<l/H an& 2'<<r/22/2 n/'ronal &i11/r/ntiation ;7 <r/v/ntinE <ron/'ral E/n/ tran2cri<tion ?V,B-  

 

./0inin i2 0'lti1'nctionalN ;/inE a <rot/in initiall7 i2olat/& in !"#$%&'( in an /H<r/22ion= 

cloninE 2cr//n 89/r/ 8a2 <ro<o2/& to <la7 a rol/ in n/'ral &o0ain 2</ci1ication &'rinE /arl7 

/0;r7oE/n/2i2 ?VLB- W/c/ntl7N t9/ 2a0/ Ero'< 29o8/& t9at 'nli>/ t9/ n/'ral in&'cinE 

1'nction in /arl7 &/v/lo<0/ntN E/0inin <r/v/nt2 n/'ronal &i11/r/ntiation lat/r in 

&/v/lo<0/nt- F9i2 occ'r2 ;7 2/D'/2t/rinE UrE+N t9/ catal7tic 2';'nit o1 CQIKCRS co0<l/HN 

an& t9'2 <ro9i;itinE a tran2cri<tional activator /11/ct o1 <ro=n/'ral ;a2ic 9/liH=loo<=9/liH 

3;JXJ4 tran2cri<tion 1actor2 n/'roE/nin , 3REn,4 an& R/'roT on t9/ir n/'ron=2</ci1ic tarE/t 

E/n/2 3SiE'r/ LGN ?V,B4- ./0inin 9a2 an a&&itional rol/ in n/'roE/n/2i2N t9ro'E9 it2 

a22ociation 8it9 Y:Z r/<r/22inE t9/ /H<r/22ion o1 n/'ron=2</ci1ic E/n/2 in non=n/'ronal 

c/ll2N t9'2 <r/v/ntinE <r/cocio'2 /H<r/22ion o1 tarE/t E/n/ in 1/tal ;rain ?VZB- F9'2N E/0inin 
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functions on multi1le le3els4 connectin5 cell 1roliferation 7it8 embr:onic &e3elo1ment;  

<eminin is a multifunctional 1rotein 7it8 &ifferent bioc8emical roles in transcri1tion 5ene 

re5ulation4 =N? re1lication4 centrosome &u1lication an& c8romosome se5re5ation; T8erefore4 

is 1ossible to un&erstan& t8e &ual life of 5eminin as re5ulator of cell 1roliferation an& 

&ifferentiation; Ao7e3er4 it 7as alrea&: foun& t8at its acti3ities are stron5l: relate& to t8e cell 

t:1e4 cell c:cle 18ases4 its cellular &osa5e an& bin&in5 1roteins; T8erefore4 as man: &etails 7e 

Bno7 concernin5 its interaction 7it8 ot8er 1la:ers4 t8e com1leCes to 78ic8 it taBes 1art4 an& 

t8e 1rocesses in 78ic8 it is in3ol3e&4 t8e more 7e can un&erstan& 8o7 it can connect an& 

balance &ifferent 1at87a:s;  

 

5. Aim of the Thesis 

? 1re3iousl: uni&entifie& mouse 1rotein4 TIPT4 7as &efine& as 5eminin interactin5 1artner in 

a :east t7oE8:bri& screen; T8erefore4 t8e aim of t8is 7orB 7as t8e bioc8emical 

c8aracteriFation of t8is com1letel: no3el 1rotein; T8is im1lies t8e stu&: of cellular an& 

subcellular localiFation of t8e 1rotein4 t8e i&entification of interactin5 1artners4 an& t8e 

in3esti5ation of TIPT functional role in relation to multifacete& re5ulator 5eminin an& to t8e 

bin&in5 1artners ne7l: i&entifie&; 
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Results 

1. TIPT DNA, RNA and Protein 

1.1. TIPT Identification in a 9east Two-<ybrid ?creen  

*+e ,u%%-%en/t+ *I1* c34A 6as iso%ate: ;y =in/,ei =uo in a yeast t6o-+y;ri: screen o, a :ay 

?.A mouse em;ryo c34A %i;rary ,or i:enti,yin/ /eminin interactin/ partners DEi/ure )F G?HIJ. 

Ki/+t yeast c%ones 6ere positiLes an: enco:e: parts o, t+e +omeo:omain proteins MoN:(O 

an: MoNa((F t+e po%ycom; ,actor Pcm+( protein D+omo%o/ous to t+e QPeN com; on mi:%e/R 

!roso%&ila proteinJF an: a comp%ete%y unc+aracteriSe: proteinF :esi/nate: *I1* Dsee ;e%o6J 

DEi/ure )J. 

 
 

 

 

 

 

 

 

 

 

Figure 4. *I1* i:enti,ication in a yeast t6o-+y;ri: screen. !-/a%actosi:ase actiLity 6as assaye: ,or t+e a%% ei/+t 

c34A c%ones ,oun: as positiLes ,or /eminin ;in:in/ in t+e ,irst roun: o, screen G?HI. 

 

1.2. TIPT is Conserved in Mammalian Vertebrates 

*+e noLe% c%one i:enti,ie: in t+e t6o-+y;ri: screen 6as seTuence:F an: a po%yDAJ
U
 tai%e: 

c34A o, H(A ;ase pairs D;pJ %en/t+ 6as o;taine:. *+e c34A c%one 6as ana%ySe: usin/ t+e 

4CWI W%ast p%at,orm ,or seTuence +omo%o/y. *+e c%one containe: a ,u%%-%en/t+ !iXen c34A 

i:enti,ie: in t+e 4CWI :ata;ase un:er 4YZO2\)?A accession num;er. Initia%%y t+e c34A 

enco:e: an unXno6n pro:uctF an: on%y recent%yF a :ata ;ase entry i:enti,ie: it as co:in/ ,or 

*I1* iso,orm 2 protein D*A*A ;in:in/ protein-%iXe ,actor-interactin/ proteinJ D]I^A_AA3A(2F 

su;mitte: ;y WrancorsiniF P.F an: Passone-CorsiF 1.J DEi/ure AAJ. *+e murine /ene ,oun: 

un:er t+e A(33)OO]O)!iX name 6it+ a::itiona% a%iases AaO(_22OF 2HOOO(2bO?!iXF an: 

)\3OA?3K((!iX is %oca%iSe: on mouse c+romosome (?F cyto/enetic ;an: W3. 

*+e ,u%% open rea:in/ ,rame Dc!EJ o, mouse *I1* iso,orm 2 contains _(? ;p an: spans A)\H 

;p in t+e /enome DEi/ure AAJ. Wy comparison o, its c34A an: mouse /enomic seTuences 

S"#$% 

TI)T 

*+,D%. 

*+,D%. 

*+,A%% 

*+,A%% *+,D%. 

*+,A%% 
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&/"'B"."'C*#'3"&"1D,."3'4E,B$1"')7>F' 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

'
!i#ure (F'G8HG'0I5J'*.3'B".2D,0'#"K$".0"#F'4)>'5$0%"2&,3"'#"K$".0"'2A'D2$#"'G8HG',#2A21D'L'A$%%@%".B&/'

0I5J' 4J00"##,2.' .$D-"1' 5<MNLOPQ)9' 5678' 3*&*-*#">F' G/"' R!E9' -"&C"".' &/"' #&*1&' *.3' #&2S' 0232.9' ,#'

/,B/%,B/&"3' ,.' -%$"F' 4*>' ;0/"D*&,0' 1"S1"#".&*&,2.' 2A' &/"' "?2.@,.&12.' #&1$0&$1"' 2A' D2$#"' TIPT B"."F' 72?"#'

,.3,0*&"'&/"'S2#,&,2.#'2A'&/"'"?2.#',.'&/"'B"."F'7%$"'.$D-"1#'*-2+"'&/"'-2?"#',.3,0*&"'&/"'"?2.'.$D-"19'*.3'&/"'

2."#' -"%2C' 1"S1"#".&' &/"' #,T"' 2A' &/"' "?2.#' ,.' -SF' G/"' 1"3' %,."' 1"S1"#".&#' &/"' ,.&12.,0' #"K$".0"' *.3' &/"' 1"3'

.$D-"1#',.3,0*&"'&/"'#,T"'2A'&/"',.&12.#F'G/"'#&*1&'0232.'4JGU>',#'S2#,&,2."3',.'&/"'A,1#&'"?2.9'*.3'&/"'#&2S'0232.'

4GJJ>',.'&/"'%*#&'"?2.F''
'

G2' A,.3' *%%' &/"' G8HG' 21&/2%2B#' 7=J;GH' A$.0&,2.' A12D' &/"' 5678' 3*&*-*#"' C*#' $#"3F' G/"'

*%,B.D".&' 2A' D2$#"' *.3' /$D*.' G8HG' ,#2A21D' #"K$".0"#' ,#' S1"#".&"3' ,.' A,B$1"' V' *.3' C*#'

1"*%,T"3'$#,.B'&/"'6=6'S12&",.'W21X-".0/'#2A&C*1"F'G/"'*D,.2'*0,3'#"K$".0"'02DS*1,#2.'2A'

D2$#"' G8HG' *.3' ,&#' 21&/2%2B#' 1"+"*%"3' *' /,B/' 3"B1""' 2A' 02.#"1+*&,2.' *012##' D*DD*%,*.'

#S"0,"#F' 52' 21&/2%2B#' C"1"' A2$.3' ,.' 2&/"1' "$X*1Y2&"#9' C,&/' 2."' "?0"S&,2.' A21'

%tron*ylocentro/s p/rp/rat/s C/"1"'&/"'S"10".&',3".&,&Y'C*#'A*,1%Y'%2C'4G*-%"'(>F''

A 

! 

!!# 

$%&' 

1 2 3 4 5 6 

#& !() ') !)* !*& 

!!$$ *!+ &! (*(* !)$ 

ATG 

+ 
TAA 
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 1)

*+,* protein does not h4ve hi6h si7i%4rities 8ith 4n9 other :no8n protein; 4nd no <onserved 

do74in 84s =o$nd> ?sin6 di==erent predi<tion so=t84res =ro7 @x,BS9 d4t4D4se 

EhttpF//888>exp4s9><hH three <oi%edI<oi% do74ins E47ino 4<ids 1JIKJL MNI112L 1KNI1)1H 

:no8n to De proteinIprotein inter4<tion do74ins 8ere dete<ted =or the 7$rine *+,* iso=or7 2 

protein>  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!i#$re (. SeP$en<e <o7p4rison o= 7o$se 4nd h$74n *+,* iso=or7s> *he 47ino 4<ids 4re presented on 4 

D4<:6ro$nd <o%o$r; 8hi<h v4ries in 4 6r4dient =ro7 red Ethe 7ost <onserved resid$esH to %i6ht D%$e E%ess 

<onserved resid$esH 4nd d4r: D%$e E$n<onserved resid$esH> +n the %e=t side 4re indi<4ted the spe<ies 4nd the 

4<<ession n$7Ders 4nd on the ri6ht side; the 47ino 4<ids n$7Der> *he <onsens$s seP$en<e is depi<ted De%o8 the 

4%i6n7ent> 
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!"#l% '* TIPT o/&holo1s* The 23ASTP sea/ch 8o/ ho9olo1s in o&he/ species =as done usin1 TIPT 9ouse 

p/o&ein as ?ue/@* In &he 8i/s& colu9n a/e indica&ed &he species in =hich TIPT p/o&eins =e/e iden&i8ied* All &he 

AC2I accession nu9be/s 8o/ di88e/en& p/o&ein iso8o/9 iden&i8ied a/e sho=n in &he second colu9nD as =ell as &hei/ 

na9es 8ound in &he da&abase in &he &hi/d colu9n* In bold is indica&ed &he accession nu9be/ o8 TIPT iso8o/9 2* 

The las& colu9n p/esen&s &he len1&h in a9ino acids o8 each p/o&ein iden&i8ied*  

 

'.). !*+! ,-. "nd +1o3%in E671%88ion 

'.).'. !*+! ,-. E671%88ion 

In o/de/ &o cha/ac&e/iFe TIPT eGp/essionD seHe/al 9e&hods =e/e usedI RT-PCRD Ao/&he/n blo&D 

=hole-9oun& in si&u anal@sisD i99unoanal@sis on cells and &issue sec&ions* 

The &e9po/al eGp/ession pa&&e/n o8 TIPT =as anal@Fed b@ a &=o-s&ep RT-PCR &echni?ue in 

co9pa/ison =i&h &he eGp/ession o8 GAPLH houseNeepin1 1ene OPi1u/e 7AQ* R9b/@onic RAA 

=as eG&/ac&ed 8/o9 da@ 7*S &o 11*S 9ouse e9b/@osD dissec&in1 &he e9b/@os in &h/ee pa/&sD 

an&e/io/ OaboHe 8i/s& &he b/anchial a/chQD 9edial Obe&=een &he 8i/s& b/anchial a/ch and &he 

hindli9bsQD and pos&e/io/ O&he /es&Q* TIPT =as 8ound in all &he e9b/@onic s&a1es anal@Fed and 

i& sho=ed an&e/io/D 9edial and pos&e/io/ dis&/ibu&ion* 

!"#$%# 'CB* "+,-#%. ./0# 
'CB* /$$#11%,. 

.203#+ 
',4 ,5 AA +#1%72# 

TIPT iso8o/9 2 ..9:;<=; 20S 

TIPT iso8o/9 1  AAU97890 18S Mus musculus 

unna9ed p/o&ein 2A2X0197 1S9 

TIPT iso8o/9 2 iso8o/9 1 YPZ1144X0 20S 

h@po&he&ical p/o&ein 3\C2020S1 AAHS0S6X 188 

TIPT iso8o/9 1 iso8o/9 2 YPZ9X906S 188 
Homo sapiens 

unna9ed p/o&ein 2AC0S400 29X 

Rattus norvegicus si9ila/ &o TIPT YPZ214S84 X62 

Macaca fascicularis unna9ed p/o&ein 2AR009X8 20S 

TIPT iso8o/9 2 iso8o/9 1 YPZ00108X280 20S 
Macaca mulatta 

TIPT iso8o/9 1 iso8o/9 2 YPZ00108X410 188 

TIPT iso8o/9 2 iso8o/9 2 YPZ848X10 20S 
Canis familiaris 

TIPT iso8o/9 1 iso8o/9 X YPZ8SS7X2 188 

TIPT iso8o/9 2 iso8o/9 1 YPZS82494 20S 

TIPT iso8o/9 2 iso8o/9 2 YPZ874082 261 

TIPT iso8o/9 1 iso8o/9 S YPZ887261 218 

TIPT iso8o/9 1 iso8o/9 4 YPZ887249 188 

Bos taurus 

TIPT iso8o/9 1 iso8o/9 X YPZ8872X7 1S4 

Strongylocentrotus 

purpuratus 
si9ila/ &o TIPT YPZ782021 1S9 
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To ass"ss TIPT /"n" "12r"ssion a5ross tissu"s6 an a7ult mous" North"rn blot <as h=bri7i>"7 

<ith a TIPT 2rob"? Th" r"sult 5on@irm"7 th" "12"5t"7 si>" o@ TIPT iso@orm 2 trans5ri2t an7 

th" unr"stri5t"7 "12r"ssion 2att"rn BCi/ur" 7EF? TIPT "12r"ssion <as 2r"s"nt in a7ult all 

tissu"s6 l"ss abun7ant in liG"r an7 hi/hl= "12r"ss"7 in t"stis?  

 

 

"#$%&' () TIPT "12r"ssion in mous"? BAF 

T"m2oral 5urG" o@ TIPT "12r"ssion? aH

ant"rior r"/ion6 mHmi77l" r"/ion6 2H

2ost"rior r"/ion? BBF TIPT a7ult tissu"s 

an7 I14H"mbr=o "12r"ssion? B,-.F TIPT 

"12r"ssion in mous" "mbr=os on 7a= 9?L 

an7 11?L? B/-"F G"minin "12r"ssion in 

mous" "mbr=os on 7a= 9?L an7 11?L? R"7 

arro<h"a7sH@rontonasal 2romin"n5"N 

bla5O arro<h"a7Hbran5hial ar5hN <hit" 

arro<h"a7sH@or"H an7 hin7limbsN  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phol"Hmount in situ anal=sis <as 2"r@orm"7 on 7i@@"r"nt "mbr=oni5 mous" sta/"s? In 7a= 8?L 
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score higher than 0.9 for eight of them (Ser 28, 49, 106, 107, 116, 117, 197, 201), and one 

with a score above 0.5 (Ser 110) (Figure 9A). Fsing another Phospho.ELM database 

(httpL//phospho.elm.eu.org), the kinase phosphorylation recognition sites were predictedL 

casein kinase II (CRII) phosphorylation sites- amino acids 28-31; casein kinase I (CRI) 

phosphorylation sites- residues 107-110; glycogen synthase kinase 3 (GSR3) phosphorylation 

sites- amino acids 6-12 and 195-201; protein kinase B (PRB) phosphorylation sites- residues 

196-202. 

In order to identify if TIPT is phosphorylated !"# $!$%, an immunoprecipitation assay was 

performed, aiming for the MALDI peptide mass fingerprint analysis of precipitated TIPT. The 

anti-TIPT rabbit polyclonal antibodies could not immunoprecipitate TIPT from HeLa, F2OS 

and 3T3 total cell extracts or fractionated nuclear and cytoplasmic extracts. Therefore, the 

immunoprecipitation was performed from total cell extract overexpressing HA tagged TIPT 

using tag antibodies. In parallel with a Western blot analysis reali^ed in order to check 

whether the immunoprecipitation was successful, a gel was silver stained and analy^ed by 

mass spectrometry. The analysis re-confirmed that TIPT was successfully precipitated by HA 

antibodies, and led to the identification of a peptide phosphorylated at Ser 28L 

D_IES`EELIH`LR (data not shown). This site is predicted to be a casein-kinase II target. 

To confirm that CRII phosphorylates TIPT an !"# $!&'% CRII phosphorylation assay was 

performed. The gel stained with Coomassie blue to confirm the equal loading of product 

reactions was further exposed to a film. CRII transfers !-ATP-!32
P" in a dose dependent 

manner to GST-TIPT, but not to GST alone (Figure 9B).  

In order to find in which cellular compartment the phosphorylated form of TIPT predominates 

a more !"# $!$% assay was performed, treating the cells with phosphatase or phospho-kinase 

inhibitors. Okadaic acid, a Ser/Thr phosphatase inhibitor, was used to inhibit de-

phosphorylation. After a short treatment (6 hours) F2OS cells were almost normal (Figure 

9C), but upon a longer treatment (24 hours) the TIPT subcellular locali^ation was changedL 

the protein disappeared almost completely from nucleoli and was redistributed in cytoplasm, 

and accumulated in dot-like structures (Figure 9D). 

DRB, 5,6-dichloro-1-beta-D-ribofuranosylben^imida^ole, is an adenosine analogue that 

inhibits casein kinase II b95c. Human F2OS and HeLa cells were treated with 50 #g/ml DRB 

during a period of 15 min or 1h, but almost no change was observed in comparison with the 

control (data not shown, Figure 9E). Increasing the level by a factor of 100 for 15 min 

changed drastically TIPT locali^ation, increasing the amount of nucleolar fraction with a 
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+e$-,+#; al#, 6+ 3699,7a@9al -a& +e$-,+# T*5T 2a# B,$+. 6+ &3e +e$-,+al 7ell b,.0. O,2eCe-; 

T*5T 6# +,& e+-673e. 6+ +$7le,l6; 6# -a&3e- B,$+. .6BB$#e 6+ &3e +$7le,9la#@ a+. a& &3e 

+$7le,la- 9e-693e-0 DE6F$-e <<QJ. T*5T a+&6b,.6e# al#, #&a6+ Ce-0 #&-,+Fl0 &3e +e$-,+al 

9-,7e##e# DE6F$-e <<QR*J. W3e+ 7,@9a-e. &, &3e #0+a9&67 Ce#67le 9a&&e-+; T*5T a99ea-# &, 

B,ll,2 &3e a8,+# 6+ a B6la@e+&,$# 9a&&e-+; a+. .,e# +,& e+-673 #$b#&a+&6all0 6+ #0+a9&67 

b$&&,+#.  

T3e#e .a&a 6+.67a&e &3a& T*5T e89-e##6,+ 6# 7,+B6+e. &, 9-,l6Be-a&6+F 9-e7$-#,- 7ell 

9,9$la&6,+# a+. 6+ -eF6,+# 23e-e +e$-,+# a-e @a&$-6+F. H& &3e 7ell$la- leCel; a+al0#6# ,B 
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Figure 11. TIPT expression in mouse differentiated neurons and rat hippocampal neuronal culture. :*+,; 

Immunohistochemistr< of => cell derived neurons. TIPT and Tuj1 expression. :-+I; Immunohistochemistr< of 

rat hippocampal neuronal culture. :-+F; TIPT coBlocaliCation Dith ><naptotaEmin I. :/; TIPT expression in 

neuronal cell bod<. :0+I; TIPT expression in neuronal processes. =nlarEed vieD presented in I. AbbreviationsH 

Tuj1I tubulinJ ><t II s<naptotaEmin IJ merEeI coBlocaliCation. 

 

1.1.5. TIPT 567ression in Testis 

TIPT expression in adult testis relative to other tissues is explicitl< hiEhI therefore a detailed 

anal<sis of TIPT durinE male Eerm cell development Das performed. 

Kor this stud< testes derived from DildBt<pe mice in different developmental staEesI and from 

mutant mice Dith DellBdefined arrest in Eerm cell differentiation Dere used. Total testicular 

!LAs from mice of different postnatal developmental staEesI namel< MI 11I 15I 1NI 21I 2OI 25I 

OP da<s old and adult Dere prepared. =xcept for TIPT isoform 1 and 2I also EemininI AK1P 

and TBPL1 Dere included in anal<sis. The latter are expressed in hiEh levels durinE testes 

developmentI and Dere further included in the biochemical characteriCation of TIPT function 

:see beloD;.  

TIPTB1 isoform folloDs an expression d<namics Dith a start at da< 21 ppI increases at da< 2O 

pp and then decreasesI but does not disappear completel< in da< 25 and OP ppI to be also 

hiEhl< expressed in adult :KiEure 12A;. This correlates Dith the appearance of the first 
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#*"+m-&.d# -nd .nd.1-&"# &2" *+"#"n1" 34 TIPT-1 .#343+m .n -%% 2-*%3.d #*"+m-&.d#: TIPT-2 

!;A .# -%m3#& $nd"&"1&-b%" -& d-> 21 **? b"13m"# 2.g2"+ -& d-> 23 **? -nd d.#-**"-+# -& d-> 

25 ** &3 b" *+"#"n& -g-.n .n -d$%& &"#&.#: T2.# *-&&"+n #$gg"#&# &2-& TIPT-2 &+-n#1+.*& .# 

"C*+"##"d .n "-+%> 2-*%3.d #*"+m-&.d#? b$& n3& .n %-&" #*"+m-&.d# DE.g$+" 12AF: A #.m.%-+ !;A 

"C*+"##.3n *-&&"+n G-# 3b&-.n"d 43+ g"m.n.n? AE10 -nd TBPJ1 DE.g$+" 12AF:  

E3+ -n -n-%>#.# 34 TIPT *+3&".n "C*+"##.3n d$+.ng d"K"%3*m"n&? &3&-% &"#&.1$%-+ *+3&".n 

"C&+-1&# 4+3m d.44"+"n& *3#&n-&-% m3$#" #&-g"#? n-m"%> 15? 19? 21? 23? 25 d-># 3%d -nd -d$%& 

G"+" *+"*-+"d: T2" M"#&"+n b%3& G-# *"+43+m"d $#.ng TIPT -nd N.m"n&.n -n&.b3d."# -# 

%3-d.ng 13n&+3% DE.g$+" 12BF: A *+3&".n b-nd? G2.12 +$n# -& 25 OP-? 13++"#*3nd.ng *+3b-b%> 

&3 TIPT-1 D*+"d.1&"d #.Q" 20:8 OP-F? G-# d"&"1&"d .n m3$#" &"#&.# 23? 25 d-># ** -nd -d$%& 

DE.g$+" 12BF: T2" *+3&".n b-nd 13++"#*3nd.ng &3 TIPT-2 G-# d"&"1&-b%" 3n%> -4&"+ - m$12 

%3ng"+ "C*3#$+"? -nd 43%%3G"d &2" TIPT-1 *+34.%": T2"#" d-&- #$gg"#& &2-& TIPT-1 .# &2" 

*+"d3m.n-&.ng .#343+m .n &"#&.#? -nd &2" &+-n#%-&.3n #&-+&# 2 d-># %-&"+ &2-n .&# &+-n#1+.*&.3n:  

 

 

 

 

 

 

 

 

 

 

 

 

 

"#$%&' ()* EC*+"##.3n 34 TIPT 1 -nd 2 .#343+m#? g"m.n.n? AE10 -nd TBPJ1 .n m-%" g"+m 1"%%#: D+F !;A 4+3m 

d.44"+"n& m3$#" &"#&.# d"K"%3*m"n&-% #&-g"# G-# +"K"+#"-&+-n#1+.b"d -nd TIPT-1? TIPT-2? g"m.n.n? AE10 -nd 

TBPJ1 "C*+"##.3n G-# d"&"+m.n"d: D,F TIPT *+3&".n "C*+"##.3n d$+.ng d"K"%3*m"n&: D-F !;A 4+3m m3$#" 

m$&-n&# -++"#&"d -& d.44"+"n& d"K"%3*m"n&-% #&-g"# G-# +"K"+#"-&+-n#1+.b"d &3 -m*%.4> TIPT .#343+m#? g"m.n.n? 

AE10 -nd TBPJ1: D.F TIPT *+3&".n "C*+"##.3n .n &"#&.# "C&+-1&# 4+3m m3$#" m$&-n&#: Abb+"K.-&.3n#T A? -d$%&U 

J">! #$%&'(' m$&-n&#U 3%&? )&*()&* m.1" m$&-n&#U VO? +,(+, m.1"U T4m! -./(% m.1" m$&-n&#U TP2? -012'(' n$%% m.1"U 

TP2&? -012 WAT &+-n#g"n.1 m.1"U GXG? 3(3
4 

m$&-n&#U -? n"g-&.K" 13n&+3%? ddY2Z: 

 

!T-PW!# G"+" *"+43+m"d $#.ng &"#&.# 4+3m d.44"+"n& m3$#" m$&-n&# G.&2 G"%%-On3Gn -++"#& 

34 g"+m 1"%% d.44"+"n&.-&.3n [96\: T2" m$&-n& m.1" $#"d G"+"T 3(3
4
! -./(%! #$%&'('! )&*()&*! 

!"! $%&  '()  * +    ,-.   /$     0 
A C 

B 

$12$03 

45&(6.56 

7    33  38  39   :3  :;  :8   ;<  =    0 

D 

38    39     :3    :;     :8      =   !"! $%&  '()   *+   ,-.    /$  $2: $2:. 

>=2?@ 

$12$0:!

$12$03!

>&66 

=A3< 

$B2'3 
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!"#!", TPn2)#) and Tpn2 transgene. +#+
V 

mice are characteri4ed by only a few primary 

spermatogonia ;97=. In Tfm#y (testicular femini4ation) mutants germ cells arrest as primary 

spermatocytes ;98, 99=. 1eyl)#)4insl38 deficient mice have arrest at secondary spermatocytes 

stage ;100=. olt#olt (oligotriche) mutants arrest in spermatogenesis at round spermatids. !"#!" 

(Fuaking) mutants arrest at elongating spermatids ;98, 99=. Both TIPT isoform transcripts are 

present in mutants with germ cells arrest at spermatids level, which correlates with the 

developmental expression data (Figure 12C). These results suggest that TIPT-1 and 2 are 

expressed in secondary spermatocytes and haploid spermatids.  

RT-PCR analysis for TBPL1 transcript follows TIPT expression profile (Figure 12C). This 

finding more or less goes along with a very detailed report on TBPL1 stage-specific 

expression during spermatogenesis where high levels of TBPL1 transcript were found in 

pachytene spermatocytes and lower levels in spermatids ;43=. Geminin transcript was detected 

in every mutant, with a lower expression in +#+
V
 mutants (Figure 12C). This observation is 

partially consistent with a previous work where geminin was found expressed in primary 

spermatocytes and some spermatogonia cells ;101=. AF10 transcript, like geminin, was 

present in all the mutants, with higher expression in !"#!" and olt#olt (Figure 12C). In a 

previous study AF10 was found expressed in postmeiotic germ cells, especially in spermatids 

from around stage TI to TIII ;102=.  

To compare TIPT developmental pattern with information obtained from mutants analysis, it 

was necessary to check also TIPT protein levels in mutants. Except for the mutants 

characteri4ed above, two other mice mutants for transition protein 2 gene (Tnp2) were 

examinedV Tnp2)#) and Tnp2);AT transgenic. Tnp2-null mice present abnormal focal 

condensations in step 11 spermatids, while in Tnp2 transgenic mice a CAT reporter gene is 

driven by Tnp2 rat promoter in postmeiotic male germ cells ;103=. As in the developmental 

blot, a protein band with 25 kDa mobility in !"#!" and olt#olt mutants was observed, doubled 

by TIPT-2 protein band after a long exposure, confirming transcriptional profile obtained 

from mutants RNA (Figure 12D). In addition, TIPT is increased if TP2 is absent or 

overproduced in haploid spermatids.  

Taken together, these data indicate that TIPT-1 and 2 constitute a coexpression group together 

with TBPL1, AF10 and geminin. In testis, transcriptional start happens 2 days before TIPT 

proteins are produced, which is characteri4ed by late spermatocytes and postmeiotic germcells 

expression. 
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Figure 13. *++$,-#&./,/,0 -1 2*32 -, +-$#" &"#&/# 456-#"4&/-,#7 4"%% #$#8",#/-, .,9 #8"5+.&-:-. #+".5; <A-F= 

2*32 /++$,-#&./,/,0 -, .9$%& +-$#" &"#&/# 456-#"4&/-,#; <A, D= 2*32 ">85"##/-, /, #8"5+.&-46&"#7 5-$,9 

#8"5+.&/9# .,9 "%-,0.&/,0 #8"5+.&/9#7 ?$& ,-& /, #8"5+.&-0-,/.; <B, E= @AA #&./,/,0 -1 #"+/,/1"5-$# &$?$%"# 

C/&D @A3*; <1, F= 2*32 4-E%-4.%/:.&/-, C/&D @A3* #&./,/,0; <G-I= 2*32 /++$,-#&./,/,0 -, .9$%& &"#&/# 4"%% 

#$#8",#/-,; <G= 2*32 ">85"##/-, /, #8"5+.&/9# .,9 #-+" #8"5+.&-46&"#; <H= @AA #&./,/,0 C/&D @A3*; <I= 2*32 

/++$,-#&./,/,0 .,9 @A3* -F"5%.6; <5-L= G-E%-4.%/:.&/-, -1 3HI3> .,9 2*32 /, &D" +/98/"4" -1 +-$#" 

#8"5+.&-:-.; <5= 2*32 #&./,/,0 -1 +/98/"4" &./% .,9 D".9 #8"5+; <7= 3IH3> #&./,# +/98/"4" &./% #8"5+; <L= 

2*32 .,9 3IH3> /++$,-#&./,/,0# -F"5%.6; J6+?-%#K CD/&" .55-C7 ,- 2*32 #&./,/,0L CD/&" .55-CD".97 5-$,9 

#8"5+.&/9# #&./,/,0L 6"%%-C .55-C7 2*32 #8"5+.&-46&"# #&./,/,0L 5"9 .55-C7 2*32 &./%’# +/98/"4" #&./,/,0 -1 

"%-,0.&/,0 #8"5+.&/9#; 

 

*++$,-#&./,/,0 -, 456-#"4&/-,# -5 4"%%$%.5 #$#8",#/-,# 15-+ .9$%& &"#&/# 9"&"4&"9 2*32 ,-& /, 

.%% 4"%% &68"#; A- 2*32 ">85"##/-, -44$55"9 /, #8"5+.&-0-,/. <N/0$5" OPAEG=; @/11"5",& 

#&.0"# -1 #"+/,/1"5-$# &$?$%"# C"5" #&./,"97 .,9 2*32 C.# 9"&"4&"9 /, 46&-8%.#+ -1 5-$,9 

#8"5+.&/9# .,9 /, #-+" #8"5+.&-46&"# <N/0$5" OPAE*=; *, .99/&/-, 2*32 C.# 1-$,9 /, &D" 

TIPT P%&Px (erge 

! " # 

TIPT DAPI (erge 

$ % & 

' ( ) 

* + , 
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*+,-+"." /0 "%/123&", #-"4*3&+,# 56+2$4" 789:; </ ./10+4* &=+# 0+1,+12> 3 #-"4*3&/?/3 #*"34 

@3# -4"-34", 04/* "-+,+,A*3% */$#" #-"4*> 0/%%/@", BA ./C#&3+1+12 @+&= -=/#-=/%+-+, 

=A,4/-"4/D+," 2%$&3&=+/1" -"4/D+,3#" 5EFGED:> 3 #-"4*3&/?/3 *+,-+"." *34H"4 56+2$4" 78IC

J:; K=+%" &=" ./C%/.3%+?3&+/1 @+&= &=+# *34H"4 4"-/4&# <LE< -4"#"1." +1 *+,-+"."> 3 @""H 

#&3+1+12 @3# 3%#/ /B#"4M", +1 #-"4*3&/?/3 ="3,;  

<="#" 0+1,+12# 4"M"3% <LE< %/.3%+?3&+/1 +1 %3&" *"+/&+. 31, -/#&*"+/&+. 2"4* ."%%#> 3# @"%% +1 

&=" *+,-+"." /0 "%/123&+12 #-"4*3&+,# 31, #-"4*3&/?/3;  

 

1#3#%# T'PT )*+,-..*./r 123r-ss5o7  

</ 313%A?" #A#&"*3&+.3%%A &=" #$B."%%$%34 %/.3%+?3&+/1 /0 <LE< ,+00"4"1& ."%% %+1"# @"4" $#",N 

*/$#" "*B4A/1+. #&"* ."%%#> OPJ 31, PLF 8<8 */$#" 0+B4/B%3#&# ."%%#> Q/#CR */1H"A ."%%#> 

!9 43B,/*A/#34./*3 43& ."%%#> F"J3 ."4M+.3% .31."4 =$*31 ."%%# 31, S(TO =$*31 

/#&"/#34./*3 ."%%#; L1 3%% /0 &="#" <LE< @3# %/.3%+?", +1 .A&/-%3#*> 31, 3,,+&+/13%%A +1 #/*" 

1$.%"34 #&4$.&$4"# #$22"#&+12 1$.%"/%34 %/.3%+?3&+/1 56+2$4" 7UV> 9> G> I 31, ,3&3 1/& #=/@1:; 

</ ./10+4* &=" 1$.%"/%34 #&3+1+12> ./C%/.3%+?3&+/1 @+&= <WEJ7 @3# +1M"#&+23&",> 3 -4/&"+1 

-4"M+/$#%A +,"1&+0+", +1 &=" 1$.%"/%$# XYZ[; W/&= /0 <LE< 31, <WEJ7 31&+B/,+"# .%"34%A %3B"% 

&=" #3*" #$B."%%$%34 #&4$.&$4"#> ,"*/1#&43&+12 &=3& &="A ./44"#-/1, &/ 1$.%"/%+ 56+2$4" 7UW> 

\> F:; 

<LE< "D-4"##+/1 ,/"# 1/& .=312" ,$4+12 &=" ."%% .A.%"> B"+12 ,"&".&", +1 3%% &=" ."%%# /0 31 

3#A1.=4/1/$# -/-$%3&+/1; V */4" .34"0$% %//H /1 &=" ."%%$%34 ,+#&4+B$&+/1> 4"M"3%", 3 ,/&C%+H" 

#&4$.&$4" %/.3%+?", +1 &=" .A&/-%3#*> +1 =$*31 31, */$#" ."%% %+1"#; <=" 1$*B"4 /0 &="#" 

#&4$.&$4"# M34+", 04/* 7C( +1 &=" *3]/4+&A /0 */$#" 31, =$*31 ."%%# 313%A?",> &/ 3 =+2="4 

1$*B"4 /0 #&4$.&$4"# +1 3 #*3%% -"4."1& /0 =$*31 *3%+2131& ."%%#; O$.= #&4$.&$4"# *3A 

./44"#-/1, &/ ."1&4/#/*"#> .A&/-%3#*+. #&4$.&$4"# @=/#" ,+#&4+B$&+/1 31, 1$*B"4 +# 4"%3&", &/ 

&=" ."%% .A.%" -=3#"#N 3 #+12%" ."1&4/#/*" +1 G7 -=3#"> 3 ,/$B%"& ,$4+12 O 31, G( -=3#"> 31, 

3# @"%% ,/$B%"&> B$& #"-343&", &/ &=" #-+1,%" -/%"# ,$4+12 #$B#"^$"1& *+&/&+. #&32"#> 

-4/*"&=3-=3#"> *"&=3-=3#"> 31, 313-=3#"; </ &"#& &=+#> &=" ."%%# @"4" ,/$B%"C%3B"%", @+&= 

31&+C<LE< 31, 31&+C!C&$B$%+1 31&+B/,+"# 56+2$4" 7UICT:; !C&$B$%+1 B+1,# *+.4/&$B$%" *+1$# 

"1,# 31, +# 4"#-/1#+B%" 0/4 *",+3&+12 &=" %+1H B"&@""1 *+.4/&$B$%"# 31, &=" ."1&4/#/*"> 

0$1.&+/1+12 3# &=" *+.4/&$B$%" /4231+?+12 ."1&4" X7_U> 7_Z[; <=" ."%%# +1 &=" ."%% .A.%" -=3#"# 

@"4" "D3*+1",> 31, <LE< @3# 0/$1, -4"#"1& +1 ."1&4/#/*"# 1/& /1%A +1 +1&"4-=3#" ."%%#> B$& 

3%#/ +1 3%% &=" *+&/&+. ."%%$%34 -=3#"#; V# 31 "D3*-%"> +1 0+2$4" 7U`CT <LE< +# -4"#"1&", &=" 
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*ro-"t./*./#" 0"ntro#o-/% %o0/%i3/tion4 5or"ov"r7 89:8 i# not on%; %o0/%i3"< to t." #*in<%" 

*o%"#7 =$t /%#o on t." -itoti0 #*in<%"# >?i@$r" AB5C4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. D;to*%/#-i07 n$0%"o%/r /n< 0"ntro#o-/% %o0/%i3/tion oE 89:8 in <iEE"r"nt 0"%% %in"#4 >A-GC 89:8 

n$0%"o%/r 0oF%o0/%i3/tion Git. 8H:IA in .$-/n o#t"o#/r0o-/ 0"%%# >A-CC7 .$-/n J"I/ 0"%%# >D-FC7 /n< -onK"; 

Do#FL 0"%%# >G-IC4 >1-2C 89:8 0oF#t/inin@ Git. !Mt$=$%in in 0"ntro#o-"# oE (8( -o$#" Ei=ro=%/#t 0"%%#4 >1-LC 

89:8 0oF%o0/%i3"# Git. !Mt$=$%in in 0"ntro#o-"# oE int"r*./#" 0"%%#4 >M-2C 89:8 /n< !Mt$=$%in 0oF%o0/%i3/tion 

on 0"ntro#o-"# oE *roF-"t/*./#" 0"%%#4 9n /<<ition7 89:8 %o0/%i3"# on -itoti0 #*in<%" in *roF-"t/*./#" 0"%%# in 

M4 N;-=o%#O G.it" /rroG7 n$0%"o%iP ;"%%oG /rroG7 0"ntro#o-"4  
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2. The TIPT Interactome 

*+ ,-."- &, /0+. 0+&"-12&0+3 41-&+"-# /,- 5*657 #"8"-1% 9"&:,.# 1+. #&-1&"30"# ;"-" $#". 

0+2%$.0+3 4$%%<.,;+ 1##1=7 ="1#& &;,<:=>-0. #2-""+ 1+. 2,<099$+,4-"2040&1&0,+?  

 

2.1. Candidates Testing Approach 

2.1.1. Geminin  

5, "+#$-" &:1& 5*65 -"1%%= 0+&"-12&# .0-"2&%= ;0&: 3"90+0+7 1+ in vitro >0+.0+3 1##1= ;1# 

"94%,=".? 5:" /$%% %"+3&: 3"90+0+ #"@$"+2" ;1# 0+#"-&". 0+&, 4A6BC 8"2&,- ;:02: 2,+&10+# 

1+ A6B 4-,9,&"- 1+. 1 4,%=DEF
G
&10%? H"90+0+ 4-,&"0+ ;1# #=+&:"#0I". >= in vitro 

&-1+#2-04&0,+<&-1+#%1&0,+ 1+. &"#&". /,- >0+.0+3 &, &:" 4$-" -"2,9>0+1+& HA5<5*65 4-,&"0+7 

1+. 4$-" HA5 1# 2,+&-,%? 5:" 0+&"-12&0,+ ,/ 3"90+0+ ;0&: 5*65 ;1# 2,+/0-9". 0+ &:0# 1##1= 

DJ03$-" )KEF?  

5, >"&&"- 2:1-12&"-0I" &:0# 0+&"-12&0,+7 &:" >0+.0+3 #0&" ,/ 3"90+0+ ,+ 5*65 4-,&"0+ ;1# 

."%0+"1&".? 5:" /$%%<%"+3&: 190+, 120. #"@$"+2" ,/ 5*65 ;1# #$>.080.". 0+&, #0L&=<&:-"" 

4"4&0."# &;"+&= 190+, 120.<%"+3&: "12:7 #&1-&0+3 ;0&: &:" M<&"-90+$#7 ;0&: )N 190+, 120.# 

,8"-%1440+3 >"&;""+ 1.O12"+& 4"4&0."#? 5:" 4"4&0."# ;"-" #=+&:"#0I". 1+. #4,&&". ,+&, 1 

2"%%$%,#" 9"9>-1+" >= P"-0+0 2,941+=? Q0+.0+3 ,/ R0#<3"90+0+ &, 5*65 -"8"1%". 1 >1#02 

190+, 120. -02: .,910+7 2%,#" &, &:" S<&"-90+$# ,/ 4-,&"0+ DT!TT7 190+, 120.# )UK<)UVF 

DJ03$-" VE7 )K QF? *+ ,-."- &, 2:"2W &:1& &:0# 0# &:" -"1% >0+.0+3 #0&" /,- 3"90+0+7 &;, %=#0+"# 

;"-" #$>#&0&$&". ;0&: 1#41-&1&"# DT!TT ;1# 9$&1&". &, X!XTF? 5:" HA5<5*65 9$&1&". 

4-,&"0+ ;1# ,8"-"L4-"##". 0+ (.coli QYZ)X[(!*Y >12&"-01% #&-10+7 4$-0/0".7 1+. &:" 

0+&"-12&0,+ ;0&: in vitro &-1+#%1&". 3"90+0+ ;1# 2,+&-,%%". DJ03$-" )KEF? *+."".7 +, 

0+&"-12&0,+ ;1# ."&"2&". $4,+ 9$&1&0,+ ,/ 3"90+0+ >0+.0+3 #0&"?  

In vivo 3"90+0+<5*65 .0-"2& 0+&"-12&0,+ ;1# 2:"2W". >= 099$+,4-"2040&1&0,+? 5:" "L4"-09"+& 

;1# 4"-/,-9". $#0+3 3"90+0+ 4,%=2%,+1% 1+&0>,.0"# 1+. &,&1% 2"%% "L&-12& /-,9 .1= U?K 9,$#" 

"9>-=,# ,- :$91+ R"Y1 1+. \Z]A 2"%%#? R,;"8"-7 5*65 4-,&"0+ 2,$%. +,& >" ."&"2&". 0+ &:" 

099$+,4-"2040&1&". #194%" D.1&1 +,& #:,;+F? 5:" +"L& @$"#&0,+ 1#W". ;1# ;:"&:"- 3"90+0+ 

21+ >" 4-"2040&1&". &,3"&:"- ;0&: RE<5*65 /-,9 RE &133". 5*65 &-1+#/"2&". 2"%%#? ]+2" 

9,-"7 &:" -"#$%& ;1# +"31&08" D.1&1 +,& #:,;+F? 5:"#" -"#$%&# #$33"#& &:1& $+."- &:"#" 

"L4"-09"+&1% 2,+.0&0,+# &"#&". 3"90+0+ 1+. 5*65 ., +,& 0+&"-12& in vivo?  
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!"#"!" %&'()&*+ ,-&./ %-&01234  

*+" ,-./.01% &2,3+45-.6 #7-""0.0/ 8,- .6"0&.8.71&.,0 ,8 /"9.0.0 5.06.0/ :1-&0"-# -1.#"6 &+" 

.6"1 &+1& *;<* 9./+& 5" 1 7,9:,0"0& ,8 &+" <,%47,95 /-,$: 7,9:%"=> %.?" /"9.0.0 .#@ *+$#> 

#,9" 9"95"-# ,8 &+.# 7,9:%"= 2"-" &"#&"6 8,- *;<* 5.06.0/> $#.0/ !" $!%&' :$%% 6,20 5.06.0/ 

1##14 AB./$-" 15EF@ *+" GHIJG<I 6,91.0 ,8 G79+1> &+" 8$%%3%"0/&+ I:+2> !.0/1K 106 

I"%1L 2"-" 7%,0"6 .0&, :G<M4 O"7&,-@ ;0 &+"#" !" $!%&' 5.06.0/ 1##14#> G79+1> !.0/1K 106 

I:+2 5,$06 #./0.8.710&%4 &, PG*3*;<* .0 7,9:1-.#,0 &, PG* 1%,0"@ ;0 7,0&-1-4> I"%1L 

7100,& 5" -"7,-6"6 1# *;<* :1-&0"- 5"71$#" &+" %"O"% ,8 .0&"-17&.,0 21# 1%9,#& &+" #19" 1# 8,- 

PG* 1%,0"@ *+" 8.06.0/ &+1& *;<* .0&"-17&# 6.-"7&%4 2.&+ /"9.0.0> G79+1> !.0/1K 106 I:+2 

-1.#" &+" :,##.5.%.&4 &+1& *;<* 5"%,0/# &, &+" <,%47,95 /-,$: 7,9:%"=> 1& %"1#& &-10#."0&%4@ 

B$-&+"- .0O"#&./1&.,0# 2.%% 5" 0"7"##1-4 .0 ,-6"- &, "%$7.61&" &+" #./0.8.7107" ,8 &+.# 8.06.0/@  

 

!"#"5" 6767 823923: %-&0123 ;39 6767 823923: %-&0123<=2>1 ?;)0&- 

*+" #&-.?.0/%4 #.9.%1- #$57"%%$%1- %,71%.Q1&.,0 ,8 *;<* 106 *K<R1> 106 &+" .0&"-17&.,0 ,8 

*;<* 2.&+ :-,&".0# .0O,%O"6 .0 7,3&-10#7-.:&.,01% -"/$%1&.,0> /"9.0.0 106 HB10 A#"" #"7&.,0 

2@2F :-,9:&"6 &+" .0O"#&./1&.,0 ,8 1 6.-"7& .0&"-17&.,0@ ;0 166.&.,0> 1 61&1 51#" "0&-4 -"7"0&%4 

1::"1-"6 .06.71&"6 &+1& 51((400/04 !.?"0 7%,0" 7,--"#:,06# &, *;<* .#,8,-9 2 A*H*H 

5.06.0/ :-,&".03%.?" 817&,-3.0&"-17&.0/ :-,&".0F A#"" #"7&.,0 1@2F@ B$%%3%"0/&+ *K<R1 !" $!%&' 

&-10#7-.5"6 106 &-10#%1&"6 8-,9 :G<M43*K<R1 :%1#9.6 .0&"-17&"6 #&-,0/%4 2.&+ -"7,95.010& 

PG*3*;<*> 5$& 0,& 2.&+ :$-" PG* AB./$-" 15EF@ *K<R1 5"%,0/# &, &+" *K< 819.%4> &+"-"8,-" 

&+" *;<* .0&"-17&.,0 2.&+ *K< 21# 1%#, .0O"#&./1&"6@ *+" #19" -"#$%& 21# ,5&1.0"6> .06.71&.0/ 

&+1& *;<* .0&"-17&# !" $!%&' 2.&+ 5,&+ *K<R1 106 *K< :-,&".0#> 9,#& :-,515%4 ,0 1 #.9.%1- 

6,91.0 AB./$-" 15EF@  

;0 166.&.,0> &+" .0&"-17&.,0 5"&2""0 *;<* 106 51#.7 &-10#7-.:&.,0 817&,-# 21# &"#&"6 !" $!$'@ 

;99$0,:-"7.:.&1&.,0 21# :"-8,-9"6 $#.0/ TH 10&.5,6."# 106 1 &,&1% 7"%% "=&-17& :-":1-"6 

8-,9 TH3*;<* #&15%" 7"%% %.0" A#"" #"7&.,0 (@2F@ H0 !" $!$' .0&"-17&.,0 21# .9:,##.5%" &, 

6"&"7&> ".&+"- 7+"7?.0/ "06,/"0,$# *K<R1 ,- ,O"-"=:-"##"6 PB<3*K<R1 .0 &+"#" 7"%%#@ *+.# 

81.%$-" 9./+& 5" "=:%1.0"6 54 &+" 817& &+1& *K<R1 10&.5,6."# $#"6 7,$%6 0,& 6"&"7& &+" :-,&".0 

.0 &+" "=&-17& 54 U"#&"-0 5%,&@ ;0 7,0&-1-4> *K< 21# 8,$06 1# *;<* .0&"-17&,- !" $!$' A61&1 0,& 

#+,20F@ *B;;H 21# 1%#, &"#&"6> 5$& 7,$%6 0,& 5" :-,O"6 104 .0&"-17&.,0 2.&+ *;<* A61&1 0,& 

#+,20F@  
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)oreover, because geminin is a binding partner of TIPT, its relation with TBP and TBPL1 

was explored. Surprisingly, GST-geminin appeared to interact i" $i%r' with both TBP family 

members (Figure 15D).  

In conclusion, TIPT and geminin interact directly with each other and with basic transcription 

factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15* The interaction partners of TIPT and geminin (Gmnn). (+) (" $i%r' translated geminin interacts with 

GST-TIPT, but not with TIPT mutated for geminin binding site or GST. (B) Binding of Kis-geminin to a TIPT 

peptide array. Below, Kis-geminin bound peptides are listed (number 5L-63). Amino acids 185-18P of TIPT 

comprise the geminin-binding site (QRQQ). (-) Pull-down assays. The interactions of i" $i%r' transcribed and 

translated Scmh1, )ph2, Ring1B, )el18, TBPL1, TBP, and AF10 with GST-TIPT and GST were tested (.) 

The interactions of i" $i%r' transcribed and translated TBPL1 and TBP with GST-geminin and GST were tested. 

(/) Teast two-hybrid screen. The induction of the )*+, (blue in U-Gal assay) reporter gene was analyzed for the 

control strains A-E, in the self-activation test and for the AF10 clone. The AF10 clone is indicated by 4 different 

colonies and each control clone - by 2 different colonies. Control strains C, D, E are moderate, strong and very 

strong interactors as revealed by LacZ activity. AF10 clone was found positive, as visualized by U-gal staining in 

the second round of screen.  
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2.2. $east Two-Hybrid Screen 

* +",#t t-o/0+1ri4 #5r""nin7 ,88ro,50 -,# t,9"n to #",r50 :or t0" 8$t,tiv" <I><?# int"r,5tion 

8,rtn"r# 4$rin7 "@1r+o7"n"#i#A <0" :$%%/%"n7t0 <I>< 5%on"4 in :r,@" -it0 t0" B,%) CD* 

1in4in7 4o@,in in t0" 8CEF"$ v"5torG -,# $#"4 ,# 1,it ,n4 tr,n#:or@"4 into +",#t #tr,in 

H,IJK( 5ont,inin7 !"#$% ,n4 la() r"8ort"r 7"n"#A LK @H (*< -,# "#t,1%i#0"4 ,# 

5on5"ntr,tion #$::i5i"nt to 4"t"r@in" !"#$%7"n" "M8r"##ion 1+ "v"n -",9 int"r,5tin7 8rot"in# 

,n4 -,# "no$70 to in0i1it ,%#o 1,it #"%:/,5tiv,tionA <0" 4,+ NAL @o$#" "@1r+o 5CD* %i1r,r+ 

5ont,inin7 t0" 8r"+#G 5%on"4 in :r,@" -it0 B,%) CD* ,5tiv,tion 4o@,in in 8>ONP v"5tor -,# 

$#"4 :or #5r""nin7A <0i# 5CD* %i1r,r+ -,# 0",t #0o59"4 in t0" 8r"/tr,n#:or@"4 8CEF"$/

<I>< H,IJK( +",#t #tr,in ,n4 )JN in4"8"n4"nt 5o%oni"# -"r" #"%"5t"4 o$t :ro@ t0" :ir#t 

ro$n4 o: #5r""n on 8%,t"# %,59in7 %"$5in"G tr+8to80,n ,n4 0i#ti4in"G ,n4 #$88%"@"nt"4 -it0 LK 

@H (*<A D"MtG ,%% t0"#" 5%on"# -"r" ,88%i"4 to t0" #"5on4 ro$n4 o: #5r""n in -0i50 !/

7,%,5to#i4,#" ,5tivit+ -,# ,##,+"4 :or "v"r+ 5%on"A Qro@ t0i# #t"8G NN 5,n4i4,t" 5%on"# -"r" 

i4"nti:i"4 ,n4 #ort"4 ,55or4in7 to t0" R/B,% #t,inin7S LT #tron7 int"r,5tor#G JU @o4"r,t"G ,n4 

TK -",9 int"r,5tor#A  

 

!umber of 

clones 
TIPT interactors 

T @*QTK VH%%tTKW  

J CXt8r8 V4"5i4$,%X tro80o1%,#t 8ro%,5tin r"%,t"4 8rot"inW  

T TPKKKT)YJK!i9 V,4$%t :"@,%" 8%,5"nt,W  

T Er8))% V1r,in 8rot"in ))/%i9"W 

T Ot%,/J, V5+totoMi5 < %+@80o5+t"/,##o5i,t"4 8rot"in J ,%80, 8r"5$r#orW  

T C,8/T V4",t0/,##o5i,t"4 8rot"inW 

T Eo9XHt4 VE5%/J/r"%,t"4 ov,ri,n 9i%%"r 8rot"inX,8o8to#i# ,5tiv,tor @,t,4orW 

 

Table 2A Z$t5o@" o: t0" t-o/0+1ri4 #5r""nin7 $#in7 t0" :$%% %"n7t0 <I>< :$#"4 to t0" B,%) CD* 1in4in7 

4o@,inA <0" :ir#t 5o%$@n in4i5,t"# t0" n$@1"r o: i4"nti:i"4 5%on"# :or ",50 7"n"A <0" #"5on4 5o%$@n in4i5,t"# 

t0" int"r"#tin7 5%on"# r"#$%t"4 :ro@ t0" #"5on4 #5r""nA  

 

<o ,n,%+[" ,%% t0" #"\$"n5" 4,t, t0" DOEI E%,#t 8%,t:or@ :or #"\$"n5" 0o@o%o7+ -,# $#"4A 

)N 5%on"# 5o4in7 :or 4"#@in -"r" i4"nti:i"4 ,n4 @,n+ ot0"r# "n5o4in7 8rot"in# r"%,t"4 to 

5+to#9"%"tonG 8rot"in# invo%v"4 in tr,n#8ort :$n5tionG @ito50on4ri,%G ri1o#o@,% ,n4 

8rot",#o@,% 8rot"in#A <0"#" 5%on"# ,r" 8ro1,1%+ :,%#" 8o#itiv" r",4o$t# ,# #$77"#t"4 1+ 

8r"vio$# #t$4i"# V0tt8SXX:555A"4$Xr"#",r50X%,1#X7o%"@i#X<,1%"TA0t@%G ]TKP^WA <0" 
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retran#-or/ation #te1 nece##ar3 to con-ir/ the interaction# wa# #6i11ed 8eca$#e on%3 one 

intere#tin9 candidate -ro/ the ei9ht 1o#iti:e c%one# wa# -$rther in:e#ti9ated.  

The c%one that wa# ta6en into con#ideration encode# /o$#e AF10 A/%%t10B 1rotein AFi9$re 

1)CB. AF10 wa# 1re:io$#%3 identi-ied a# a -reD$ent -$#ion 1artner o- ELL and GALE in 

h$/an ac$te %e$6e/ia# H10IJ 10KL. Fro/ the #creen a 1artia% cCMA wa# o8tained which #tart# 

at n$c%eotide 1NII and code# -or the %a#t two third# o- the 1roteinJ -ro/ a/ino acid ))O to 

10NK. Thi# G ter/ina% 1art i# the 3P end o- cCMA and carr3 a 1o%3AAB
Q
 tai% . The GRter/ina% 

1art o- AF10 wa# detected in two other two h38ridR#creen# 1er-or/ed in order to identi-3 

-$nctiona% 1artner# -or hCST1L and TUT H10OJ 110L.  

In order to con-ir/ the 1roteinR1rotein interactionJ the -$%% %en9th AF10 c%one 1$rcha#ed -ro/ 

S1enR8io#cience wa# c%oned into 1TPN4 :ector. !adioacti:e%3 /ar6ed in vitro tran#%ated 

AF10 1rotein wa# te#ted -or 8indin9 to the 1$re reco/8inant YTTRTIPT 1roteinJ and 1$re 

YTT a# contro% AFi9$re 1)GB. The re#$%t con-ir/ed the interaction indicated 83 the 3ea#t twoR

h38rid #creen #3#te/.  

 

2.#. %o'Immunoprecipitation 3ssay 

To -ind /ore 8indin9 1artner# -or TIPT that co$%d #er:e a# indication# -or it# -$nctionJ in vivo 

1$%%Rdown a##a3 wa# 1er-or/ed. I//$no1reci1itation wa# done $#in9 ZA anti8odie# -ro/ 

ce%%# either tran#ient%3 or #ta8%e tran#-ected with ZA ta99edRTIPT 1%a#/id. In Ta8%e 3 #e:era% 

candidate# which were o8tained -ro/ /a## #1ectro/etr3 ana%3#i# are %i#ted. The o$t1$t i# 

con#tit$ted /ain%3 -ro/ n$c%eo%ar and centro#o/a% 1rotein#J which i# in a9ree/ent with the 

#$8ce%%$%ar %oca%i[ation o- TIPT. M$c%eo%in and n$c%eo1ho#/in are /$%ti-$nctiona% 1rotein#J 

:er3 a8$ndant in n$c%eo%iJ with /a\or ro%e in r!MA 1roce##in9 H111L. M$c%ear CMA he%ica#e 

II i# a 1rotein %oca%i[ed in n$c%eo%$#J with /$%ti1%e -$nction# in tran#cri1tion and !MA 

tran#1ort H112J 113L. M$c%eo1ho#/in and ^9) are 1rotein# with ro%e in centro#o/a% 

d$1%ication H114L. A%% the#e -indin9# /a3 con#tit$te #tartin9 1oint# -or TIPT -$nctiona% 

ana%3#i#.  

In conc%$#ionJ $#in9 #e:era% a11roache# /an3 TIPT interactor# were o8tained. The3 can 8e 

c%a##i-ied into di--erent cate9orie#_ tran#cri1tiona% re9$%ator#J chro/atin re/ode%%er#J 

n$c%eo%ar and centro#o/a% 1rotein#. There-oreJ #e:era% e`1eri/ent# were #$99e#ted and a##a3# 

-or the identi-ication o- TIPT -$nction in ce%% c3c%e re9$%ationJ tran#cri1tion and r!MA 

1roce##in9 were 1er-or/ed. 
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Protein name 
Number of 

peptides 
2ocalization 

*+ne#+n-.ela&ed 1.2&e+n 34567 *+899: 6 Cen&.2#2<e 

!=> ?el+ca#e > 3=$clea. A=> ?el+ca#e II: C =$cle2l$#D n$cle21la#< 

=$cle2l+n 3CC3: 3 =$cle2l$#D cy&2#2l 

=PG9 3n$cle21?2#<+n 97 HC3: 9 =$cle2l$#D cen&.2#2#<e 

I=HCJ9 3I 1.2&e+n Ke&a 12ly1e1&+de C l+Le 97 

!>C*97 .ece1&2. 28 ac&+Ma&ed L+na#e 9: 
N 

=$cle$#D n$clea. enMel21eD a##2c+a&ed O+&? 

12ly#2<e#D cy&21la#< 

P+<+la. &2 ?e&e.25en2$# n$clea. .+K2n$cle21.2&e+n Q 

+#282.< K +#282.< 6 
3 In 12ly#2<e# 

 

"a$l& '. Ga##-#1ec&.2<e&.y .e#$l&# 28 S>-TIPT c2-+<<$n21.ec+1+&a&+2n#. T?e 8+.#& c2l$<n 1.e#en&# &?e 1.2&e+n 

c2..e#12nd+n5 &2 1e1&+de# 82$nd +n &?e +<<$n21.ec+1+&a&ed #a<1le#. T?e #ec2nd c2l$<n +nd+ca&e# &?e n$<Ke. 28 

+den&+8+ed 1e1&+de# 82. eac? 1.2&e+n. T?e la#& c2l$<n .e8e.# &2 &?e .e12.&ed cell$la. l2cal+Ua&+2n 28 &?e#e 1.2&e+n#.  
 

'( ")*" a+, -&ll -./l&  

T?e <2d$la&+2n 28 5e<+n+nD THP and THPJ9 1.2&e+n leMel# +n cell# c?an5ed &?e len5&? 28 cell 

cycle 1?a#e# and a88ec&ed cell 1.2l+8e.a&+2n V)WD 996D 99)X. Y.2< 1.eM+2$# a11.2ac?e# TIPT 

Oa# +den&+8+ed a# K+nd+n5 1a.&ne. 28 5e<+n+nD THP and THPJ9D &?e.e82.e +&# .2le 2n &?e cell 

cycle .e5$la&+2n Oa# +nMe#&+5a&ed. In 2.de. &2 &e#& &?+#D &?e 1.2&e+n leMel Oa# <2d+8+edD e+&?e. 

&.an#+en&ly 2. #&aKly 2Me.eZ1.e##+n5 S>-TIPT c2n#&.$c& +n ?$<an 2#&e2#a.c2<a cell#.  

 

'(0( "ra+si&+4 56&r&7pr&ssio+ o: ;<=")*" <::&/4s -&ll -./l& *has&s 

T?e cell# Oe.e &.an#+en&ly &.an#8ec&ed O+&? S>-TIPT 2Me.eZ1.e##+2n 1la#<+dD 2. O+&? e<1&y 

S> Mec&2.D a# c2n&.2l. >8&e.Oa.d#D &?e cell# Oe.e #ync?.2n+Ued O+&? a1?+d+c2l+n 3an +n?+K+&2. 

28 A=> 12ly<e.a#e al1?a O?+c? Kl2cL# .e1l+ca&+2n a..e#&+n5 &?e cell# a& I97P K2.de.: 82. a 

1e.+2d 28 9[ ?2$.#D &?en .elea#ed 8.2< &?e Kl2cL and c2llec&ed eMe.y C ?2$.# 82. a 1e.+2d 28 9C 

?2$.# 3Y+5$.e 9)>:. T?e cell# Oe.e #$K\ec&ed &2 8l$2.e#cen& ac&+Ma&ed cell #2.&+n5 3Y>CP: 

analy#+# and &?e .e#$l&# a.e #?2On +n TaKle N. T?e n2.<al d+#&.+K$&+2n 28 ?$<an 2#&e2#a.c2<a 
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Oe.e c$<$la&ed and &?.ee d+88e.en& 5.a1?# 82. cell d+#&.+K$&+2n +n d+88e.en& cell cycle 1?a#e# 

Oe.e c2n#&.$c&ed. C2n&.2l and 2Me.Ze1.e##+n5 TIPT cell# O?en .elea#ed 8.2< a1?+d+c2l+n 

Kl2cL ?ad a #+<+la. c2n&en& +n I9 121$la&+2n d$.+n5 all 9C ?2$.# .ec2.ded 3Y+5$.e 9)HD le8&:. 
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The nucleolar locali2ation of TIPT and the interactions observed with several nucleolar 

proteins (nucleolin, nucleophosmin and RNA helicase I) suggested that TIPT might play a 

role in Pol I dependent transcription or in rRNA processing. First, to reveal the functional 

significance of TIPT nucleolar locali2ation, the effect of actinomycin D (ActD) on TIPT 

locali2ation was tested. Actinomycin D is an adenosine analogue that intercalates between G-

C base pairs and blocks the progression of RNA polymerase. When used at low 

concentrations, 0.04 !g/ml, and for a short period of time it blocks specifically the synthesis 

of rRNA [117]. When used for longer time or at higher concentration, 1 !g/ml, ActD blocks 

total RNA synthesis. In human osteosarcoma and mouse 3T3 cells treated to inhibit rRNA 

synthesis, TIPT lost its nucleolar locali2ation almost completely (Figure 18B, S) in 

comparison to the control cells grew in a medium with DTSV (Figure 18A, D). If in human 

cells TIPT relocali2ed to cytoplasm, in mouse fibroblasts TIPT was redistributed to the 

nucleoplasm almost completely and a small amount could still be detected at the nucleolar 

periphery. A more drastic effect was obtained when total RNA synthesis was impaired (Figure 

18C, F). However, in mouse treated cells TIPT was found in nucleoplasm, in dot-like 

structures. Altogether, these findings indicate a possible role of TIPT in Pol I-dependent 

transcription.  
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In order to investigate whether TIPT has a role in Pol I-dependent transcription, a 

collaboration with Dr. Christine Tayer and Prof. Ingrid Grummt from Division of Tolecular 

Biology of the Cell II, German Cancer Research Center from Heidelberg, was started 

(experiments from section 4.2 and 4.3 were performed by Dr. Christine Tayer). To check if 

TIPT activates RNA polymerase I transcription, Northern blots for endogenous and reporter 

transcription were performed. To analy2e the effect of TIPT on endogenous transcription, 

human 293T embryonic kidney cells were transfected with increasing amounts of HA-TIPT 

plasmid. For Northern blot analysis of human pre-rRNA, pGem3-Hr was used as a template 

for riboprobe synthesis (Figure 18G). The TIPT overexpression was controlled at the protein 



!"#$%&# 

 41

%"*"%+ T-" #&./$%0&.12 13 45"65!7A 45"9$5#15 #:2&-"#.# #$;;"#&"< &-" 41##.=.%.&: &-0& T>?T 

09&.*0&"# "2<1;"21$# !7A 41%:/"50#" > &502#95.4&.12+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"#$%&' 18* T>?T 51%" .2 ?1% > &502#95.4&.12+ @+,"A A9&.21/:9.2 B "33"9& 12 T>?T 2$9%"1%05 %190%.C0&.12+ @+- .A 

BDEF <1"# 21& 9-02;" &-" 2$9%"1%05 %190%.C0&.12 13 T>?T .2 G2FEI 5"#4"9&.*"%: 3T3 9"%%#+ @/- 0A K+K4 !;L/% 

A9&B 315 3K /.2 <"4%"&"# T>?T 351/ 2$9%"1$# .2 G2FEI 5"#4"9&.*"%: 3T3 9"%%#+ @1- "A T1&0% !7A #:2&-"#.# 

.2-.=.&.12 =: K+K4 !;L/% A9&B 315 1M -1$5 45"*"2&# 2$9%"1%05 %190%.C0&.12 13 T>?T+ @2A A9&.*0&.12 13 

"2<1;"21$# !7A 41%:/"50#" > &502#95.4&.12+ 715&-"52 =%1& @2 !; 13 !7A N0# %10<"< 12 &-" ;"%AI 912&51% 

O"#&"52 =%1& @25 !% 13 9"%% %:#0&"# N"5" %10<"< 12 &-" 12Q ;"%+ R02"16 2S3T /19TI %02"2 62S3T 9"%%# &502#3"9&"< 

N.&- 1!; 13 UA6&0;;"< T>?TI %02"36 2S3T &502#3"9&"< N.&- 3 !; 13 UA6&0;;"< T>?TA+ @3A T>?T .23%$"29"# 

5"415&"5 &502#95.4&.12+ 2 !; 13 !7A N0# %10<"< 12 &-" 1Q ;"% @5"415&"5 &502#95.4&.12I 2S3T 9"%%# &502#3"9&"< N.&-V 

%02" 1W /19T &502#3"9&"<I 26 KI25 !; 13 T>X6>AI 36 KI5 !; 13 T>X6>AI 46 KI25 !; 13 UA6&0;;"< T>?TI 56 KI5 !; 13 

UA6&0;;"< T>?TI 66 KI25 !; 13 X%0;6&0;;"< TB?R1I M6 KI5 !; 13 X%0;6&0;;"< TB?R1I [6 KI25 !; 351/ UA6

&0;;"< T>?T 02< X%0;6TB?R1I S6 KI5 !; 351/ UA6&0;;"< T>?T 02< X%0;6&0;;"< TB?R1A+ T-" /"/=502" N0# 

=%1&&"< N.&- ?1% > 5"415&"5 451=" 02< 315 &-" .2&"520% 912&51% N.&- !609&.2 451="+ \33"9& 13 T>X6>AI T>?T 02< 

TB?R1 12 ?1% > &502#95.4&.12 N0# 90%9$%0&"< $#.2; A.<0 #13&N05" .2 91/405.#12 &1 .2&"520% 912&51%+ 

  

7"]&I &-" 9"%%# N"5" &502#3"9&"< N.&- 5"415&"5 315 ?1% > &502#95.4&.12 02< ;50<$0%%: .295"0#.2; 

0/1$2&# 13 UA6T>?T+ X15 715&-"52 =%1& 020%:#.# <"&"9&.12 13 5"415&"5 &502#95.4&# 4T!G^ 

!ntre&ted Act+no-.c+n / 30 -+n Act+no-.c+n / 174 
!

2
6

7
 

3
T

3
 

TI:;IA   TIPT1   TBPL1  TIPT1?TBPL1 
 

          !;&ct+n 

 

Pol I reporter 

 

H # 

B57 pre;rREA 

TIPT prote+n 

!g GMI;TIPT J          1           3 

 

A

D 

& 

' 

(

)

1          2           3  

1   2   3   B   5   K   7   L   M  

1   2    3   B   5   K   7   L   M  



!"#$%&# 

 ()

*+,-" ./# $#"01 /20 3,+ 42&"+2/% %,/0425 6,2&+,% / +4-,*+,-" /5/42#& !7/6&428 9:" "33"6& ,3 

9;<9 ,2 &+/2#6+4*&4,2 ./# 6/%6$%/&"0 $#425 =40/ #,3&./+" 42 6,>*/+4#,2 &, 42&"+2/% 6,2&+,%8 

?,."+ />,$2&# ,3 9;<9 *+,0$6"0 /6&4@/&4,21 .:"+"/# :45:"+ />,$2&# %"0 &, / 0"6+"/#" ,3 

+"*,+&"+ /6&4@4&A B0/&/ 2,& #:,.2C8 9:4# 3420425 #$55"#&"0 / 6,>>,2 *:"2,>"2,2 3,$20 42 

&+/2#6+4*&4,21 #D$"%6:425 EFFGH8 

;2 ,+0"+ &, 42&"+*+"& &:" #4524346/26" ,3 &:" "33"6& *+,0$6"0 -A 9;<9 ,@"+"I*+"##4,2 ,2 <,% ; / 

6,>*/+4#,2 .4&: 9;J7;= ./# >/0"8 9;J7;= 4# / 6,>*,2"2& ,3 &:" <,% ; *+"424&4/&4,2 6,>*%"I 

.:46: *:,#*:,+A%/&"# <,% ; /20 /6&4@/&"# &+/2#6+4*&4,2 424&4/&4,2 EGH8 = #4>4%/+ "I*"+4>"2& /# 

&:" ,2" 0"#6+4-"0 /-,@" ./# *"+3,+>"01 &+/2#3"6&425 &:" 6"%%# .4&: <,% ; +"*,+&"+ /20 

"I*+"##4,2 *%/#>40# 3,+ 9;J7;=1 K=79;<91 J%/579L<?F1 J%/579L<?F *%$# K=79;<9 BJ45$+" 

FGKC8 9:" +"/#,2 &, 42&+,0$6" 9L<?F /# / 2". *%/A"+ 42 &:4# "I*"+4>"2& 4# &:/& 4& 4# / -/#46 

&+/2#6+4*&4,2 3/6&,+ 42&"+/6&425 .4&: 9;<91 %,6/%4M"0 &, &:" 2$6%",%41 /20 *,##4-%" :/@425 / 

3$26&4,2 42 <,% ; &+/2#6+4*&4,2 ENOH8 9;<9 /20 9L<?F :/@" / #4>4%/+ "33"6& &, 9;J7;= ,2 <,% ; 

+"*,+&"+ &+/2#6+4*&4,21 /20 &:" "33"6& 4# #%45:&%A #A2"+546 .:"2 /+" 6,7"I*+"##"0 BJ45$+" FGKC8  

 

!"#" TIPT Interacts ne/t0er 1/t0 Pol I an4 TI56I7 Prote/ns8 nor 1/t0 r9:7 

Pro;oter an4 <o4/ng >eg/ons 

P426" &:"#" "I*"+4>"2&# #$55"#&"0 /2 /6&4@/&,+A +,%" ,3 9;<9 ,2 <,% ; &+/2#6+4*&4,21 &, 5/42 

>,+" 42#45:&#1 *+,&"427*+,&"42 /20 *+,&"427QR= 42&"+/6&4,2# ."+" @"+434"08 L"6/$#" *+,&"42# 

42&"+/6&425 .4&: !R= *,%A>"+/#" ; 6,>*%"I @"+A ,3&"2 >/A -" 0"&"6&"0 .4&: 9;J7;=1 3,+ 6,7

4>>$2,*+"64*4&/&4,2 "I*"+4>"2&# /2&4-,04"# /5/42#& <,% ; /20 9;J7;= ."+" $#"08 R$6%"/+ 

"I&+/6&# 3+,> )ST9 6"%%# &+/2#3"6&"0 .4&: K=7&/55"0 9;<9 /20 2,27&+/2#3"6&"0 6"%%# ."+" 

$#"08 K,."@"+1 2, 42&"+/6&4,2 -"&.""2 9;<9 /20 !R= <,%A>"+/#" ; ,+ .4&: 9;J7;= ./# 

0"&"6&"0 B0/&/ 2,& #:,.2C8 9:" 42&"+/6&4,2 .4&: P?; 6,>*%"I 6,2&/42425 9L< -/#46 

&+/2#6+4*&4,2 3/6&,+ 2""0# &, -" 3$+&:"+ 42@"#&45/&"08 U:+,>/&42 4>>$2,*+"64*4&/&4,2 BU:;<C 

"I*"+4>"2&# ."+" $#"0 &, 6:"6V 43 9;<9 42&"+/6&# 04+"6&%A .4&: +QR= :$>/2 *+,>,&,+ /20 

:$>/2 6,0425 +"54,28 U:;< /2/%A#4# ./# 0,2" $#425 )ST9 6"%%# &+/2#3"6&"0 .4&: K=79;<9 ,+ 

K=7UPL *%/#>40 /# 6,2&+,%8 9;<9 6,$%0 2,& -" 0"&"6&"0 ,2 &:"#" QR= +"54,2#1 #$55"#&425 

&:/& 4& >/A -" 4204+"6&%A 42@,%@"0 42 <,% ; &+/2#6+4*&4,28 9/V"2 &,5"&:"+1 &:"#" 0/&/ 42046/&" 

&:/& &:" 2$6%",%/+ 9;<9 4# 42@,%@"0 42 <,% ;70"*"20"2& &+/2#6+4*&4,2/% /6&4@/&4,21 -$& &:"A 

0,2W& #$55"#& / 04+"6& "33"6&8 

 



Res$lts 

 (3

!.!. $I&$ 'as no ,o-e in ,ibosoma- ,NA &rocessin6 

In se,eral st$dies it 1as reported t4at n$5leop4os6in and n$5leolin 4a,e a role in rRNA 

pro5essin9. ;in5e t4ese proteins 1ere <o$nd as TIPT bindin9 partners d$rin9 an 

i66$nopre5ipitation experi6ent Asee se5tion B.3CD it 1as interestin9 to in,esti9ate i< TIPT 4as 

a role in rRNA pro5essin9. T4e intera5tion o< NPE 1it4 HAGTIPT 1as 5on<ir6ed bH 5oG

i66$nopre5ipitation <ro6 a stablH HAGTIPT expressin9 IBJ; 5ells A5lone KC ALi9$re 19AC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7i6ure 9:. TIPT 4as no role in rRNA pro5essin9. AAC HAGTIPT intera5ts in vivo 1it4 n$5leop4os6in in HAG

TIPT stable 5ell line. I66$nopre5ipitation $sin9 HA antibodies 1as per<or6ed <ro6 HAGTIPT stable trans<e5ted 

and 1ildGtHpe IBJ; 5ell extra5ts. T4e el$ates 1ere trans<erred bH Oestern blottin9 and 6e6branes 1ere probed 

1it4 antiGNPE antibodHD and antiGHA antibodH. AB<=C Pot4 TIPT and NPE reQ$ire RNA <or t4eir n$5leolar 

lo5aliRation in IBJ; 5ells. AB> ?C NPE and TIPT lo5aliRe in n$5leoli o< IBJ; 5ells per6eabiliRed 1it4 saponin. 

AC> =C NPE and TIPT redistrib$te into t4e 14ole n$5leoplas6 a<ter 169S6l RNase A treat6ent. A7C &n vivo 

6etaboli5 labelin9 o< 5ells. IBJ; 5ells 1ere trans<e5ted 1it4 TLPGTPPU1 or TLPD 6etaboli5allH labeled <or 1.5 

4o$rs 1it4 !3B
P"Gort4op4osp4ateD and 54ased <or indi5ated ti6es. RNA 1as isolated and loaded on a 

<or6alde4HdeSa9arose 9el. T4e eQ$al loadin9 1as ,eri<ied bH stainin9 t4e 9el 1it4 et4idi$6 bro6ide Alo1er 

panelC. T4e trans<er 1as per<or6ed on a HHbond NW 6e6braneD and t4e radioa5ti,itH 1as deter6ined 1it4 a 

P4osp4ori6a9er A$pper panelC. Abbre,iationsX YoD 5ontrol 1ild tHpe 5ellsZ ExD inp$t extra5tsZ IPD 5oG

i66$nopre5ipitation el$ates. 
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Next, it was checked if TIPT nucleolar localization requires RN<. Immunostaining on human 

@2BC cells treated with 1 mgEml RNase < revealed that TIPT redistributes in the entire cell 

(Figure 19E). In addition, TBPN1 followed exactly the same distribution pattern like TIPT 

(data not shown), and NPQ was confined to the entire nucleoplasm (Figure 19R). These 

results suggest that all three proteins require the presence of certain RN< species for their 

nucleolar localization.  

TIPT is localized to the nucleolus, requires RN< for its nucleolar localization, and interacts 

with proteins involved in rRN< processing. Therefore, was checked if indeed it has a role on 

rRN< processing. Because the knocking-down of TIPT protein proved impossible, a 

dominant-negative like experiment was designed to investigate its role in processing. TBPN1 

interacts with TIPT and theoretically, more TIPT would be bound by overexpressed TBPN1 

and less TIPT would be available to perform its functions. For this purpose, GFP-TBPN1 and 

GFP transfected human @2BC cells, were labeled for 1.5 hours with !V2
P"-orthophosphate 

containing medium and were chased for 2 and 4 hours with growth medium. <n equal amount 

of RN< was loaded on formaldehydeE agarose gel and stained with ethidium bromide to check 

the loading (Figure 19F lower panel). The gel was blotted and radioactive membrane was 

exposed to Phosphoimager, followed by interpretation of rRN< band densities obtained after 

background substraction in comparison to the control, using the software Wuantity Bne (Table 

5). The results indicate that TBPN1 overexpression has no effect on rRN< processing, it 

rather produced a global decrease of processed rRN<s (X VYZ in comparison to the control) 

from 45E47C precursor to 18 C and 5 C rRN< (Figure 19F upper panel). This result suggests 

that TIPT affects rRN< transcription on another level, other than the processing.  

 

!"#A C'()* +,-* . D*0!*()* 

2h V7 
47C 

4h 25 

2h 11 
V2C 

4h V8 

2h 15 
28C 

4h V1 

2h 1V 
18C 

4h V5 

 

Table 5. In vivo metabolic labeling of rRN<. The densities of radioactive 47C, V2C, 28C and 18C rRN< bands 

were calculated after background subtraction, and the decrease in comparison to the control is shown in the last 

column. 
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(Figure 20). The internal pseudo-symmetry specific for TBP was maintained due to the 

similar disposition of the structural elements (!-sheets strands and "-helices). The DNA-

binding C-terminal region of TBP has two identically folded domains, each with five-strand 

!-sheets, a long and short "-helix [31]. The twisted !-sheet of TBP forms the saddle surface 

that is the key to DNA binding. For TBPL1 each folded domain contained five !-sheets (from 

which one was very reduced in siPe) and shorter "-helices (Figure 20). Moreover, the N- and 

C-terminus were not close together located like in the case of TBP, the N-terminus being 

placed in the middle of the TBPL1 structure. Altogether, these findings suggest that TBPL1 

may have a similar function to TBP, and indicate that the apparent structural differences may 

be the reason for a differential affinity to the TATA box DNA sequence.  

 

"#$# T&'T A)*+,-*./ '01 && T2-3/)2+4*+03 5206 TATA 708 '2060*.2/ 

"#$#9# T&'T B+3d/ *<. Ad.30,+2u/ >-?02 @-*. '2060*.2  

TIPT interacts with TBP and TBPL1 basic transcription factors. Therefore, to characteriPe a 

possible role of TIPT in Pol II transcription first, it was necessary to investigate if TIPT forms 

a complex with TBP and DNA. For that purpose, a very well investigated piece of promoter 

that belongs to the adenovirus maTor late promoter (-40 to -15) was used as DNA 

oligonucleotide containing a TATA box. It turned out that TIPT bound strongly to the labeled 

oligonucleotide (Figure 21A). To check if the binding was specific, this interaction was 

competed with increasing amounts of competitors like poly(dG-dC) (Figure 21A lanes 2, 3), 

poly(dI-dC) (lanes 4, 5), Pax6 binding oligonucleotides (lanes 6, 7) and cold adMLP 

oligonucleotides (lanes 8, Y). The result showed that the TIPT-DNA interaction could be 

competed only by cold AdMLP oligo, which proves that the binding is specific. It is worth 

noting that multiple bands were detected in the gel shift assay suggesting that a TIPT 

multimer interacts with DNA (Figure 21A). In a pull down assay using !n $!%&' translated 

radioactively labeled TIPT and recombinant GST-TIPT was found that TIPT interacts 

strongly with itself, but not with GST alone used as control (data not shown). Altogether, 

these data promote the idea that TIPT binds DNA both as monomer and multimer. 
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Figure 2). TIPT binds to the adenovirus ma7or late promoter, but not to the adenovirus E4 (AdE4). (A) Analysis 

of TIPT binding to AdMLP. GST-TIPT was assayed for DNA-binding activity using labeled AdMLP 

oligonucleotide. The specificity of the DNA-binding activity was analyzed by competition with increasing 

amounts of competitors as indicated. The arrow indicates retarded TIPT-AdMLP DNA complex. (B) Alignment 

of three different double stranded oligonucleotidesM AdMLP, AdMLPmut containing mutated TATA box, and 

DNA oligonucleotide containing the repeated TATA motif from AdE4 promoter. In bold red is depicted the 

TATA motif, and with bold blue is indicated the mutation performed. (-) DNA-binding assay using TBP and 

TIPT as described for panel A. Human TBP, or GST-TIPT were incubated with radioactively labeled AdMLP, 

AdMLPmut, and AdE4 oligonucleotides. 
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Downstream of the TATA sequence is a region also highly rich in Gs, a < downstream G 

trac>?, which contains six/seven match to the consensus BRE
d
 sequence (5G-G/A-T-T/G/A-

T/G-G/T-T/G-T/G-3G), considered to be a secondary binding site for TFIIB, only after TBP 

binds O3P, 4QR. To reveal the location of TIPT binding site, sequential mutations in TATA 

flan>ing sequences were done (Figure 22A). A gel shift retardation assay was performed 

using the same amount of DNA and TIPT protein in each binding reaction. The binding was 

obviously impaired only when substitutions were performed in the middle of the Gs from the 

BRE
u
 element (AdMLP M2) (Figure 22B). This indicates that TIPT binds the BRE

u
 sequence. 

It cannot be excluded that a shift decrease is also observed for MY, an oligonucleotide with a 

mutation in BRE
d
. 

This experiment proves that TIPT is a DNA binding protein, which interacts with the BRE
u
 

element of the adenovirus maZor late promoter.  

 

!.#.$.#. &'(&) &*( +n- .-/0( 1o34 + &53n+36 7o4895: 

The formation of a ternary complex between TIPT, TBP and the AdMLP oligonucleotides 

was studied by gel shift assay. Indeed, the presence of both proteins revealed a new DNA 

binding pattern. The shift produced by TBP-DNA (Figure 23A band 1) was missing in TBP-

TIPT-DNA reaction. In addition, was observed that the more retarded band of TBP\TIPT-

DNA reaction (band 3) was more intense and migrated differently than the one from the 

TIPT\DNA complex. This observation suggests that the two interacting proteins TIPT and 

TBP may bind adZacently on the AdMLP, contacting the BRE
u
 and the TATA box, 

respectively.  

 

!.#.$.;. &'(&) &*( +n- <54inin .>?iv+?5 A6n53BiC?i>+996 ?D5 .-/0 83o4o?53  

To follow the significance of the protein-DNA interaction i" $i$% reporter assays were 

performed using the AdML promoter (-5P to ]11) cloned into pGL3 firefly luciferase reporter 

vector. Human _2`S cells were transfected, and the total amount of DNA was equalized 

using a CMV-GFP plasmid. All the transfections were performed on the basis of significant 

endogenous levels of TIPT, TBP and geminin, which cannot be depleted for technical and/or 

biological reasons. Therefore, a careful transfection titration was performed in order to 

optimize conditions for a good ratio reportere expression plasmid. A squelching effect was 

avoided by using 1e 1Q ratio of TBP expression plasmide reporter construct.  



!"#$l&#'

' ()

*+,-./,'01o3$c"3'o5l6'7'#87ll'7c&i:7&io5'o;'&<"'1"0o1&"1'=+i>$1"'?@/A.'.175#;"c&io5'o;'CD-

&7>>"3' .E,.' 01o3$c"3' 7'8$c<' #&1o5>"1F' 3o#"-3"0"53"5&' 7c&i:7&io5.' Go-"H01"##io5' o;'*+,-

./,' i5c1"7#"3' &<i#' 7c&i:7&io5' =7Io$&' &<1""' ;ol3A' #$>>"#&i5>' &<7&' .E,.' 753' ./,' 7c&'

#65"1>i#&ic7ll6'&o'7c&i:7&"'.D.D-co5&7i5i5>'D3JK'01o8o&"1.' 

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

"ig%re (3.'./,'753'.E,.'Ii53'#i8$l&75"o$#l6'&o'&<"'D3JK,'753'7c&i:7&"'#65"1>i#&ic7ll6'&<"'D3JK'01o8o&"1'i5'

1"0o1&"1' 7##76.'=+A'/i53i5>'o;'.E,.' &o'./,-LMD'co80l"H.'C$875'./,'o1'*N.-.E,.'O7#'7##76"3';o1'LMD'

Ii53i5>'7c&i:i&6'I6'$#i5>'l7I"l"3'D3JK,'oli>o5$cl"o&i3".'.<"'#0"ci;ici&6'o;'./,-LMD'co80l"H'O7#'757l6P"3'

I6' co80"&i&io5F' $#i5>' 3o$Il"-#&1753' col3' oli>o5$cl"o&i3"#.' =,A' .E,.' 7c&i:7&"#' 3o#"' 3"0"53"5&' 7lo5"' o1'

#65"1>i#&ic'Oi&<'./,'&<"'D3JK,'1"0o1&"1.'D'1"0o1&"1'l$ci;"17#"'7##76'O7#'0"1;o18"3'i5'Q?RN'c"ll#'i5'?S'O"ll'

;o187&F' $#i5>' D3JK' 01o8o&"1' =-(T' &o' UVVA' ;$#"3' &o' ;i1";l6' l$ci;"17#"' >"5".' .o&7l' LMD' &175#;"c&"3' i5' "7c<'

co53i&io5'O7#'"W$7liP"3'&o'VV?('5>'I6'&<"'733i&io5'o;'0E*+,-G@.' 

 

Ni5c"'>"8i5i5'O7#';o$53'&o'i5&"17c&'Oi&<'Io&<'.E,.'753'./,F'i&'O7#'i5cl$3"3'i5&o'1"0o1&"1'

7##76#.'L$"' &o' &<"' ;7c&' &<7&' &<i#' &i8"' &<"'c"ll#' 1"c"i:"3'7'<i><"1'78o$5&'o;'LMDF'753'8o1"'

0l7#8i3#' O"1"' co-&175#;"c&"3F' &<"' 7c&i:7&io5' 01o3$c"3' I6' ./,' 753' .E,.' O7#' 8$c<' 8o1"'

1"3$c"3' =+i>$1"' ?SDA.' Go-&175#;"c&io5' o;' ./,' 753' >"8i5i5' 01o3$c"3' 7l8o#&' &<"' #78"'
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:"16'#&1o5>'i5c1"7#"'i5'D3JK,'l$ci;"17#"'7c&i:i&6.'.o'&"#&'i;'&<i#'7c&i:7&io5'O7#'3"0"53"5&'o5'
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*+,#&-$*& +. /01/ 2$&3&"4 .+- 5"26,6, 76,46,5 #6&" 8/01/2$&9: ;# "<="*&"4> &?" 3*&6@3&6+, 

A3# -"4$*"4 37+$& 3 ?3%.> A?6*? 4"2+,#&-3&"# &?3& &?" ".."*& =-+4$*"4 4"=",4# +, &?" 46-"*& 

/01/B5"26,6, =-+&"6, 6,&"-3*&6+, !" $!$%&  

C"<&> &+ .6,4 A?"&?"- 5"26,6, ?3# 3, 3*&6@3&+- +- -"=-"##6@" -+%" +, &?" ".."*& =-+4$*"4 7D 

/E1 3,4 /01/ +, ;4FG1> 3%% &?-"" "<=-"##6+, *+,#&-$*&# A"-" *+B&-3,#."*&"4: /?" -"#$%& A3# 

3, "@", #&-+,5"- 3*&6@3&6+, &?3, =-+4$*"4 7D 5"26,6, 3,4 /01/: ;%#+> &?" *+B"<=-"##6+, +. 

/01/2$& A6&? 5"26,6, 3,4 /E1 4"*-"3#"4 &?" 3*&6@3&6+, %"@"% 37+$& +," &?6-4: 0, *+,&-3#& &+ 

/E1> /E1G1 4+"# ,+& 3*&6@3&" ;4FG1: ; *+B&-3,#."*&6+, ="-.+-2"4 -"=%3*6,5 HI1B/E1 

=%3#264 7D HI1B/E1G1 *+,#&-$*& -"@"3%"4 &?3& &?" ".."*& =-+4$*"4 7D /E1> /01/ 3,4 

5"26,6, A3# /E1B#="*6.6* 8I65$-" JK;9: 

/?"#" -"#$%&# #$55"#& &?3& /01/ #D,"-56L" A6&? 5"26,6, 3,4 /E1 6, +-4"- &+ 3*&6@3&" 3 /;/;B

*+,&36,6,5 =-+2+&"-: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"#$%&' ()* /E1> /01/ 3,4 5"26,6, 3*&6@3&" #D,"-56#&6*3%%D ;4FG 3,4 MNO /P =-+2+&"- 6, -"=+-&"- %$*6."-3#" 

3##3D: 8+9 /01/> /E1 3,4 5"26,6, 3*&6@3&" #D,"-56#&6*3%%D &?" ;4FG =-+2+&"-: /+&3% QC; &-3,#."*&"4 RJK A"%% 

A3# "S$3%6L"4 &+ 1KJ( ,5 7D &?" 3446&6+, +. =THI1BUV: /?" .+%4 %$*6."-3#" 3*&6@6&6"# A"-" *3%*$%3&"4 3# 7".+-": 

8,9 /01/> /E1 3,4 5"26,6, 3*&6@3&" #D,"-56#&6*3%%D &?" /P =-+2+&"-: /P =-+2+&"- A3# .$#"4 &+ .6-".%D 

%$*6."-3#" 5",": 

! ! ! ! ! ! 

 !   ! ! 

  #$ %&& #$ %&& 

 

!"#ort"r      ()* n,       

-./       () n,                
-./01       () n, 
-2/-     3** n, 

-2/-45t     3** n, 
64nn     3** n, 
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# 

!"#ort"r    ()* n, 
-./      () n, 
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64nn    3** n, 
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!"#"#"$ %&'%($ %)'$ *+,$ -./0+0+$ 12304*3.$ 56+.7809302*::6$ 3;.$ <.7=.9$ >07?9$ %;6/0,0+.$

@0+*9.$'7A/A3.7$

*o ,in/ 01"t1"r *34*5 *64 7n/ 8"9inin 7:tiv7t" 7not1"r *<*<=:ont7inin8 >ro9ot"r5 t1" 

1"r>"# vir$# t1?9i/in" @in7#" %$:i,"r7#" r">ort"r 07# 7##7?"/A *1" >ro9ot"r $#"/ i# 7 %7r8" 

>i":" o, 7Bo$t C(D n$:%"oti/"# 7n/ :ont7in# B"#i/"# 7 *<*< BoE=%i@" "%"9"nt5 #"v"r7% ot1"r 

FG< Bin/in8 "%"9"nt# %i@" HH<<* BoE 7n/ H>I# "%"9"nt#A *1" 6!J "%"9"nt :7nnot B" 

,o$n/ $>#tr"79 o, t1" *<*< BoEA K#in8 t1" #79" "E>"ri9"nt7% :on/ition# 7# B",or"5 it 07# 

,o$n/ t17t *34* to8"t1"r 0it1 8"9inin 7n/ *64 7:tiv7t" v"r? #tron8%? 7n/ #?n"r8i#ti:7%%? t1" 

*L >ro9ot"r MNi8$r" )O6PA *1i# ",,":t 07# >rov"n to B" *64=#>":i,i:5 B":7$#" r">%7:"9"nt 

o, *64 B? *64QR 97ni,"#t"/ 7 /":r"7#" in t1" %"v"% o, 7:tiv7tion M/7t7 not #1o0nPA  

$

!"#"B"$-./0+0+$C.27.*9.9$3;.$)0+,0+8$AD$%)'$3A$3;.$1,.+A407?9$EF$'7A/A3.7$

3n or/"r to B"tt"r /",in" on 01i:1 t?>" o, *<*<=:ont7inin8 >ro9ot"r# *34* 7:t# to8"t1"r 

0it1 *64 7n/ 8"9inin to >ro/$:" 7:tiv7tion5 7/"novir7% JO >ro9ot"r 07# $#"/ 7# 9o/"%A 

*34* /o"# not ,or9 7 :o9>%"E 0it1 </JO o%i8o >rov"/ in 7 8"% #1i,t 7##7? MNi8$r" )R65 )( 

%7n" SPA *o /"t"r9in" 01"t1"r it ,or9# 7 :o9>%"E 0it1 *64 7n/ FG<5 in:r"7#in8 79o$nt# o, 

*34* 0"r" 7//"/ on *64=FG< :o9>%"E M%7n"# (5 TPA Go t"rn7r? :o9>%"E 07# oB#"rv"/ 

#$88"#tin8 t17t t1" *<*< BoE i# not #$,,i:i"nt to n$:%"7t" t1" ,or97tion o, 7 *64=*34*=FG< 

:o9>%"EA Uo0"v"r5 8"9inin /":r"7#"/ #i8ni,i:7nt%? t1" ,or97tion o, *64=FG< :o9>%"E 

M%7n" CPA *34* or 7nti=8"9inin 7ntiBo/i"# :o$%/ r"#:$" >7rti7%%? t1i# /":r"7#" B":7$#" 8"9inin 

07# titr7t"/ o$t ,ro9 t1" #?#t"9 in 7 :"rt7in >ro>ortion M%7n"# V5 W5 RDPA  

$

$

$

$

$

$
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$
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AdE4 

TBP                        ) ng 
TIPT              )--10- ng 
Gmnn          10--04- ng 
Ab-gmnn             0-- ng 
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Figure 25. *eminin in.ibi&s TBP34dE4 promo&er comp%ex =orma&ion. @uman TBPA *BT3TIPTA or @is3Deminin 

Eas assayed =or GN43bindinD ac&iIi&y usinD %abe%ed GN4 =raDmen&s con&aininD &.e 4dE4 T4T4 repea&ed mo&i=. 

IncreasinD amoun&s o= *BT3TIPT Eere incuba&ed Ei&. TBP3GN4 comp%ex &o assess E.e&.er a &ernary comp%ex 

Eas =ormed. @is3Deminin Eas added &o TBP3GN4 comp%ex. IncreasinD amoun&s o= *BT3TIPTA or an&i3Deminin 

an&ibody Eere added &o &.e preIious reac&ion as indica&ed in &.e =iDure.  

 

TaJen &oDe&.erA &.ese resu%&s suDDes& &.a& Deminin represses TBP bindinD &o 4dE4 promo&er 

&.rouD. a direc& in&erac&ion Ei&. TBPA and TIPT can oIercome &.is neDa&iIe e==ec&.  

 

5.3. TIPT Activates Pol II Transcription from TATA-less Promoter 

TBPK1 ac&iIa&es some o= &.e T4T43%ess promo&ers and represses &ranscrip&ion =rom T4T4 

box3con&ainD promo&ers. TIPT in&erac&ion Ei&. TBPK1 &ranscrip&ion =ac&or Eas demons&ra&ed 

i" $i%r' Msee sec&ion N.1.3.O and since suc. an impor&an& e==ec& o= TIPT on T4T4 box3

con&aininD promo&er ac&iIa&ion Eas obserIed Msee sec&ion (.NOA promp&ed &.e inIes&iDa&ion o= 

TIPT e==ec& on &.e T4T43%ess promo&er ac&iIi&y. 

 

5.3.1. TIPT, TBP?1 and Neurofibromin Promoter DNA Form a Ternary Complex 

Pne o= &.e T4T43%ess promo&ers on E.ic. TBPK1 Eas s.oEn &o .aIe an ac&iIa&ory e==ec& is 

&.e neuro=ibromin promo&er QR3S. !ecen&%y i& Eas demons&ra&ed i" $i%r' and i" $i$' bindinD o= 

TBPK1 &o a piece o= 1T3 bp =rom NU1 promo&er. To de%inea&e more precise%y &.e bindinD si&eA 

i& Eas proIen &.a& &.e in&erac&ion be&Eeen TBPK1 and GN4 cou%d be compe&ed by &Eo 

sma%%er pieces =rom &.is promo&er reDion.  

In order &o demons&ra&e &.a& TIPT .as a ro%e on TBPK13dependen& &ranscrip&ionA seIera% 

assays Eere per=ormed. To =ind ou& i= TIPT =orms a &ernary comp%ex &oDe&.er Ei&. TBPK1 

and GN4A &.e in=%uence o= TIPT on TBPK13GN4 comp%ex mobi%i&y Eas ana%yVed on a De% 

s.i=& assay. Because TBPK1 s.i=&s &.e GN4 on%y in comp%ex Ei&. TUII4A &.is comp%ex Eas 

puri=ied =rom bo&. cy&op%asmic and nuc%ear ex&rac&s o= @eKa ce%% %ine s&ab%e oIerexpressinD 

U%aD3TBPK1 Q(RS. T.e seWuence &o E.ic. TBPK1 Eas s.oEn &o bind Eas =ur&.er used in &.e 

De% s.i=& assays Ei&. &.e remarJ &.a& Eas ex&ended R bp ups&ream and doEns&ream M3NXR &o 3

N(TO. TBPK1 Eas comp%exed siDni=ican&%y Ei&. GN4 MUiDure NR4 %ane 3O. Urom &.e ana%ysis 

o= s.i=&ed band mobi%i&y can be obserIed &.a& Eas no& &oo re&arded =rom &.e =ree o%iDoA 

suDDes&inD &.a& TBPK1 a%one MNT JGa siVeO =ormed a comp%ex Ei&. &.e NU1 o%iDo Ei&.ou& &.e 

inIo%Iemen& o= TUII4 comp%exA E.ic. probab%y .e%ped on%y =or &.e s&abi%iVa&ion o= &.e 

comp%ex. Ynexpec&ed%yA TIPT bound &.is GN4 o%iDonuc%eo&ide producinD a doub%e s.i=& M%ane 
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)* l+ke t-e one o0t1+ne2 3+t- 425L7 ol+8on$9leot+2e: ;n9<e1#+n8 1mo$nt# of T;7T <e#$lte2 +n 

1 q$1nt+t1t+Ae 9-1#e of t-e TB7LC-EF4 9ompleH to one t-1t m+8<1te2 mo<e #lo3ly, 

#$88e#t+n8 t-1t T;7T 1n2 TB7LC fo<m 1 te<n1<y 9ompleH 3+t- t-e FKC p<omote< Ll1ne# (, M*: 

;n 122+t+on, 91n 0e o0#e<Ae2 t-1t TB7LC 0+n2+n8 mo#tly 10ol+#-e2 T;7T 0+n2+n8 to EF4:  

Nem+n+n 2oe# not fo<m 1 9ompleH to8et-e< 3+t- TB7LC 1n2 EF4, on t-e 9ont<1<y +t 

2e9<e1#e# t-e 9ompleH fo<m1t+on Ll1ne O*: T-+# effe9t +# #+m+l1< to 3-1t 31# o0#e<Ae2 fo< 

TB7-42P) 9ompleH fo<m1t+on, #$88e#t+n8 t-1t 8em+n+n 9ompete# 3+t- EF4 fo< 0+n2+n8 to 

TB7LC: FeHt, +t 31# 1n1lyQe2 3-et-e< 8em+n+n 1ffe9t# T;7T-TB7LC-EF4 te<n1<y 9ompleH 

fo<m1t+on: ;n9<e1#+n8 1mo$nt# of 8em+n+n p<o2$9e2 1 2e9<e1#e of TB7LC-EF4 01n2, on t-e 

eHtent of mo<e FKC ol+8on$9leot+2e# #-+fte2 +n 9ompleH 3+t- TB7LC 1n2 T;7T Ll1ne# R, CS*: 

Nem+n+n 2oe# not #$pe<#-+ft T;7T-TB7LC-EF4 te<n1<y 9ompleH, 0$t +n9<e1#e# +t p<o010ly 0y 

#t10+l+Q+n8 +t, #$88e#t+n8 1 po##+0le T-+t 1n2 <$nU me9-1n+#m fo< 8em+n+n:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi$%&e 2)* TB7LC 1n2 T;7T fo<m 1 te<n1<y 9ompleH 3+t- ne$<of+0<om+n LFKC* ol+8on$9elot+2e# !" $!%&'( LA* 

B+n2+n8 of T;7T 1n2 8em+n+n to TB7LC-EF4 9ompleH: V$m1n TB7LC-TK;;4 9ompleH o< NWT-T;7T 3e<e 

1##1ye2 fo< EF4-0+n2+n8 19t+A+ty $#+n8 l10ele2 EF4 f<18ment# 9ont1+n+n8 t-e FKC p<omote< eHten2+n8 f<om -

2OM to -2(S: ;n9<e1#+n8 1mo$nt# of T;7T 3e<e +n9$01te2 3+t- TB7LC-TK;;4-EF4 9ompleH: V+#-8em+n+n 31# 

+n9$01te2 3+t- T;7T o< TB7LC-EF4 9ompleHe# to 9-e9k t-e effe9t: ;n9<e1#+n8 1mo$nt# of 8em+n+n 3e<e 122e2 

to T;7T-TB7LC-EF4 9ompleH: LB* 4l+8nment of t-e 425L7 1n2 FKC ol+8on$9leot+2e#: ;n <e2 0ol2 +# 2ep+9te2 

t-e T4T4 mot+f 1n2 +n 0l$e 0ol2 t-e N/Z <+9- <e8+on#: FKC #-o<t ol+8on$9leot+2e -1# 1 2elet+on of t-e Z-

te<m+n1l <e8+on: 

 

 "         #     $       %        &      '        (       )       *     "+ 

,-"    

./01"                 #+ 23 

.40.           "#+5#%+ 23 
6722         "#+5#%+ 23  

! ! ! ! ! ! ! ! ! ! 

  !  ! !  ! ! ! 

   120 120 2&0 120  120 2&0 

 120     120 120 120 2&0 

 

A"#$%                          '8 AAGGGGGGCTATAAAAGGGGG*GGG +8 

                                +8 **CCCCCCGATATTTTCCCCCACCC '8 

,F.  '! AGAGC**AAGC*GAGAGCACAGCC*CCCCAGGAGA* +8 

  +8 *C*CGAA**CGAC*C*CG*G*CGGAGGGG*CC*C*A '8 

,F. /0123 '9 AGAGC**AAGC*GAGAGCACAGCC* +8  

  +8 *C*CGAA**CGAC*C*CG*G*CGGA '8   

B 

A 

./01" 
.40. 

.40.:./01" 
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In order to find t0e reason 20y 4IP4 binds to bot0 N81 and AdMLP oligonucleotides? t0eir 

se@uences 2ere aligned A8igure 2CDE. 40e only common similarity 2as a HIG ric0 region? 

20ic0 for N81 represents a stretc0 of siL HIGs located at its HMterminal part? interrupted by 

one 4IA nucleotide. In order to test if t0is finding 0as significance a ne2 N81 s0orter 

oligonucleotide? containing a deletion of t0e last HMterminal 11 nucleotides Aincluding t0e 

stretc0 of N HIGsE? 2as labeled and used in a gel s0ift assay A8igure 2CDE. Neit0er 4DPL1 nor 

4IP4 2as found in a compleL 2it0 N81 s0ort oligonucleotide? suggesting t0at t0is GIH stretc0 

is important for t0eir binding Adata not s0o2nE. 

In conclusion? t0ese eLperiments suggest t0at 4IP4 DNA binding site may represent a GIH 

nucleotide stretc0. 

!

"#$#%#!&'(&)!*+,-.-.!/.0!&1(23!456-7/6+!89.+:;-<6-5/==9!6>+!?@3!(:A,A6+:!

4o find if 4IP4 0as !"#$!$% role on 0uman N81 promoter? a luciferase reporter assay 2as done. 

8or t0is purpose? 3(Q bp from t0e N81 promoter AM33N to R1CE 2as cloned into pGL3 

luciferase reporter vector TC3? 12QU. In order to improve t0e effect of 4DPL1 on N81? 

upstream of t0is piece of promoter 2ere cloned fourfoldMreiterated 4DPL1 binding site AM2VQ 

to M2(CE A8igure 2WA TC3UE. X2OS cells 2ere transfected? and t0e total amount of DNA 2as 

e@uali[ed using a HM\MG8P plasmid.  

8irst? 2ere performed transfections 2it0 increasing amounts of 4IP4? varying 4DPL1]4IP4 

ratio. 40is eLperiment revealed t0at 4DPL1 and 4IP4 activate synergistically N81 promoter 

in a doseMdependent manner? and 1]N ratio produced t0e best N81 activation A3W fold 

activationE A8igure 2WAE. 8urt0er eLperiments 2ere performed using 4DPL1] 4IP4 ratio t0at 

produced t0e 0ig0est N81 reporter activation. 

Geminin 2as introduced in t0is assay in order to prove t0at 0as !"#$!$% t0e same role as 2as 

observed !"#$!&'%. 40e activation produced by 4DPL1 and 4IP4 2as muc0 more reduced Ato ( 

foldE? probably due to t0e fact t0at cells received a 0ig0er amount of DNA t0an before? and 

more plasmids 2ere coMtransfected A8igure 2WDE. \ery similar to AdMLP reporter assay 

A8igure 2NAE 4IP4 and geminin produced a very strong increase of N81 luciferase activity 

A1C foldE A8igure 2WDE. Also? it 2as determined t0at geminin? 4IP4 and 4DPL1 activate 

synergistically N81 promoter? producing CW fold increase in t0e luciferase activity. A coM

transfection performed replacing G8PM4DPL1 plasmid by G8PM4DP? revealed t0at N81 

activation 2as 4DPL1Mspecific Adata not s0o2nE. 
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*+ese results suggest t+.t */P* .cti3.tes *4*45less 6F8 promoter tr.nscription synergi>ing 

?it+ *@PA8B .nC geminin boost t+is .cti3.tion Cue most prob.bly to protein5protein 

inter.ctions ?it+ bot+ */P* .nC *@PA8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!i#$re ()* *@PA8B */P* .nC geminin .cti3.te synergistic.lly +um.n 6F8 promoter in reporter luciFer.se .ss.y. 

G+H */P* .cti3.tes synergistic.lly in Cose5CepenCent m.nner toget+er ?it+ *@PA8 t+e 6F8promoter. pGAJ56F8 

reporter construct ?.s CesigneC by cloning 4L oligoJ binCing site G52NO to 52()H upstre.m oF J(O bp +um.n 6F8 

promoter G5JJ4 to P8)H FuseC to FireFly luciFer.se gene. *+e reporter luciFer.se .ss.y ?.s perFormeC in Q2RS 

cells in 24 ?ell pl.tes. *ot.l T64 tr.nsFecteC in e.c+ conCition ?.s eUu.li>eC to 8(OO ng by t+e .CCition oF 

pVGFP5WJ. G,H */P*B *@PA8 .nC geminin .cti3.te synergistic.lly t+e +um.n 6F8 promoter. 4 reporter 

luciFer.se .ss.y ?.s perFormeC .s inCic.teC in p.nel 4. *ot.l T64 tr.nsFecteC in e.c+ conCition ?.s eUu.li>eC 

to 842( ng by t+e .CCition oF pVGFP5WJ.  

 

 

 

pGL3-&x(F1oligo-human (F1 promoter 

8eporter   750 ng 
TBPL1        75 ng 
TIPT         300 ng 
Gmnn       300 ng 

8eporter   1000 ng 

TBPL1        100 ng  
TIPT                  ng  

B 

# 

  
Luciferase (F1 promoter  

TBPL1 

 

TBPL1 

&x (F1oligo 

! ! ! ! ! ! 

 ! ! ! ! ! 

 2$ $% 1%% 2%% 4%% 

 

! ! ! ! ! ! ! ! 

 !   ! !  ! 

  !  !  ! ! 

   !  ! ! ! 

 

pGL3-&x(F1oligo-human (F1 promoter 

pGL3-&x(F1oligo-human (F1 promoter 
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Murine TIPT was identified as geminin binding partner in a yeast two-hybrid screen. Several 

TIPT homologs were identified in all mammalian genomes sequenced till present, which show 

a high identity between species, indicating that there are no important evolutionary 

differences, and the same TIPT isoform may have similar function in different organisms. 

However, among the same specie even if TIPT isoforms have a high degree of identity, there 

are significant differences which indicating different functions.  

 

1*1*(+32(.4516&'"$(7'8(-&#9'797:(+,-+(./012##"&'((

TIPT is widely expressed in embryos and different animal tissues analyzed, which suggests 

that it may have a general role. In brain day 16.5 mouse embryo TIPT is expressed restrictedly 

in some proliferative and differentiated areas. The expression of TIPT in proliferative areas of 

mouse embryonic brain suggests that it may be linked to neurogenesis as known to be the case 

for other genes also expressed in the cortical VZ and SVZ, such as Pax6 and nestin K121-124N. 

The fact that TIPT expression is also evident in zones of neuronal maturation indicates 

possible function for this gene in the neuronal differentiation.  

TIPT interacts with TBP, TBPL1 and geminin, all proteins abundant in male germ cells. Many 

genes are expressed in male germ cells, which encode factors required for DNA replication 

and transcription initiation of testis specific genes K43, 61, 101, 125-131N. The facts that TIPT 

is expressed in late spermatocytes and haploid spermatids in a similar temporal window with 

TBPL1, and activates transcription synergistically with TBPL1 and TBP suggest that TIPT 

may play a similar role in regulating the differentiation program for spermiogenesis, by 

activating transcription of round-spermatids downstream targets. 

Thus, TIPT is mainly localized in differentiated cells, suggesting that may have a role in 

activation of genes specifics for differentiated brain and testis cells. 

 

1*2*(+32(<%5$2::%:71(./012##"&'(!&47"'#(&=(+,-+((

TIPT interacts with TBPL1 and their expression was confined to nucleoli, a localization 

unexpected for transcription factors. Neither TIPT nor TBPL1 were detected in one of the 
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three proteomic screens of the human nucleolus 4132-13)9. The findings that TI?T interacts 

with nucleolin, nucleophosmin and RCD helicase D, and that may have a role on rDCD 

transcriptional activation suggest that TI?T is not only stored in nucleolus, Gut plays a specific 

role. However, the nucleolus was reported in several cases to act as a storage place for a 

numGer of factors that have no role in rRCD metaGolism and eIert regulatory functions, such 

as HoI and ?olycomG group proteins and transcription factors like testis specific !"#$#%&'() 

TDKs 46, 127, 1369.  

The TI?T nucleolar and cytoplasmic distriGution is regulated Gy phosphorylation, and NOII is 

shown to Ge at least one of the kinases that phosphorylate TI?T. In the nucleolus are found 

many phosphoproteins, however the unphosphorylated TI?T is confined to the nucleoli and 

the phosphorylated form to the cytoplasm. 

TI?T is localized also in the centrosomes of human and mouse cells, not only in the nucleoli 

and the cytoplasm, despite the fact that TI?T was not identified in centrosomal proteomic 

approach 41379. TI?T interacts with nucleophosmin and geminin, Goth factors involved in 

centrosomal duplication. During a cell cycle, the centrosome can duplicate only once, and is 

prevented from re-duplication during late S and R2 phases Gy an intrinsic Glock 41389. Studies 

suggested that C?S may Ge a positive licensing factor which allows the centrosome 

duplication, and geminin may act as an anti-licensing factor prohiGiting centrosome over-

duplication in the same cell cycle 4T1, 114, 13T9. Because geminin is not localized to the 

centrosomes, it cannot Ge considered as a centrosome-intrinsic inhiGitor 413T9. Thus, a 

geminin interacting protein present in R1 phase in centrosome could Ge potentially 

sequestered Gy geminin in S and R2 and thereGy preventing centrosome over-duplication 

within one cell cycle. TI?T fulfills this criteria Geing present in R1 phase. However, its 

centrosome association is not cell cycle dependent, TI?T Geing present during the entire 

interphase and also in all the mitotic phases. TI?T could Ge considered as potential factor 

necessary for licensing only if one imagines that would Ge so tightly regulated and geminin 

would sequester a TI?T form different than TI?T remained in centrosome. TI?T interacts 

with Eg), and its association with the mitotic spindle during the entire mitosis raises the 

possiGility that it may have a similar function to Eg) in spindle assemGly and dynamics 4140, 

1419.  
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G,-"'"' "'.,/0$.# 1"/,$.23 4".5 6$-57 &' 0 80#"$ 0-"'& 0$"1 /"$5 1&-0"' 23"'9 &%.#"1, .5, 

6A;<6=; 1&-0"'> ?@=? "'.,/0$.# 4".5 6A;<6=; 1&-0"' &A 6$-57 "'1"$0."'9 .50. ". 1&,# 

'&. $&-B,., 4".5 9,-"'"'> ?@=? 1&,# '&. $&2&$02"C, 4".5 .5, =&23$&-8# "' .5, '%$2,%#D 

#%99,#."'9 .50. ". "# '&. 0 -,-8,/ &A .5, =EC7 $&-B2,G> H&4,I,/D "' Drosophila 0'1 "' 0 

5%-0' '%$2,&20/ B/&.,&-"$ 0BB/&0$5 =&23$&-8 -,-8,/# 4,/, "1,'."A",1 "' .5, '%$2,&2%# 

J7KLD 7MNO> @' Drosophila 1"AA,/,'."0."'9 B/"-0/3 #B,/-0.&$3.,# .4& 1"#."'$. B&B%20."&'# &A 

=$G B/&.,"'# 4,/, A&%'1P &', .50. #.03# &' $5/&-&#&-,# 0'1 .5, &.5,/ .50. 9&,# .& .5, 

'%$2,&2%# .&9,.5,/ 4".5 .?AF#> @. 40# #%99,#.,1 .50. =$G -03 /,B/,## .?AF# .0/9,.#D 0'1 0. 

.5, -&-,'. 45,' #B,/-0.&$3.,# 0/, 1"AA,/,'."0."'9 .5,#, 9,',# -%#. 8, 0$."I0.,1 45"2, 

.?AF# -03 $50#, .5, =$G B/&.,"'# 0403 .& .5, '%$2,&2%# .& #.&/, .5,- 0'1 .& B/,I,'. 08,//0'. 

"'0$."I0."&' J7KLO> ?5,/,A&/,D ". "# B&##"82, .50. .5, "'.,/0$."&' &A ?@=? 4".5 =&23$&-8 9/&%B 

A0$.&/# &$$%/# &%.#"1, .5, =EC7D -038, "' .5, '%$2,&2%#D 45,/, $&%21 ,I,' "'5"8". .5, '%$2,0/ 

=EC7 A&/-0."&'> 
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?5, ./0'#$/"B."&' A0$.&/ AF7* 40# 1,.,$.,1 0# 0 #./&'9 ?@=? "'.,/0$.&/ "' 0 3,0#. .4&R538/"1 

#$/,,'> ?5, $DSA $2&', &8.0"',1 A/&- .5, #$/,,' ,'$&1,# .5, CR.,/-"'02 /,9"&' &A .5, 

B/&.,"'D 45"$5 $&'.0"'# .5, 2,%$"',RC"BB,/ 1&-0"' &A .5, B/&.,"'> ?4& &.5,/ B/&.,"'#D 6T? 

0'1 GA6N7D 8"'1 .5, #0-, 2,%$"',RC"BB,/ /,9"&' &A AF7* J77*D 7NKO> B&.5 B/&.,"'# "'.,/0$. 

4".5 -,-8,/# &A .5, 6V@<6SF $&-B2,GD 0'1 AF7* ".#,2A 40# A&%'1 .& $&"--%'&B/,$"B".0., 

4".5 @'.,9/0#, @'.,/0$.&/ 7 W@S@7XD .5, 5%-0' 5&-&2&9%, &A .5, 3,0#. 6SFY J7NKD 7NMO> 

E,$,'.23D ". 40# #5&4' .50. 9,-"'"' "'5"8".# 6V@<6SF 0$."I0.&/3 A%'$."&' 83 /,-&I"'9 B/97D 

.5, A?=0#, &A .5"# $&-B2,G JZKO> ?@=? "'.,/0$.# 4".5 9,-"'"'D 45"$5 "'5"8".# 6V@<6SF 

A%'$."&'D 0'1 4".5 AF7*D 45"$5 40# #%99,#.,1 .& 0$."I0., ./0'#$/"B."&' 83 /,$/%"."'9 

6V@<6SF $&-B2,G &' .5, $5/&-0."'> ?5%#D 4&%21 8, "'.,/,#."'9 .& A"'1 &%. 45,.5,/ ?@=? 50# 

0 -&/, 1"/,$. /,20."&' .& .5, 6V@<6SF $&-B2,G> 
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4".5 $&-B&','.# &A .5, ./0'#$/"B."&' -0$5"',/3 .& /,B/,## .5,"/ 0$."I".3> =$G B/&.,"'# "'.,/0$. 

4".5 ?AF B/&.,"'# &A .5, ?F@@D $&-B2,G J[MO> G,',/02 ./0'#$/"B."&' A0$.&/# ?F@@BD ?F@@FD 

0'1 ?B= 0/, B/,#,'. &' =$GR/,B/,##,1 9,',# "' $%2.%/,1 $,22# J[NO> ?5%#D .5, #"-%2.0',&%# 
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+,-#-'c- .'/ +01#ic.l i'3-,.c3io' o4 5c6 .'/ 7-'-,.l 3,.'#c,i+3io' 4.c3o,# o' 30- #.8- 

+,o8o3-,# 9.# %'-:+-c3-/ .'/ l-/ 3o 30- 01+o30-#i# 30.3 5c6 +,o3-i'# 8.i'3.i' #il-'ci'7 ;1 

i'0i;i3i'7 6<=>8-/i.3-/ .c3i?.3io' o4 3,.'#c,i+3io' i'3-,4-,i'7 9i30 30- 4o,8.3io' o4 30- 

+,-i'i3i.3io' co8+l-: @ABC *BBD. Fo,-o?-,C 30-i, co>-:i#3-'c- #--8-/ '-c-##.,1 i' o,/-, 3o 

.llo9 . ,-l.3i?-l1 4.#3 ,->.c3i?.3io' o4 5c6 3.,7-3 7-'-#.  

<G5< i'3-,.c3# /i,-c3l1 i"# $i%&o 9i30 30- ;.#ic 3,.'#c,i+3io' 4.c3o,# <H5 .'/ <H5I* .'/ 

.c3i?.3-# #1'-,7i#3ic.ll1 <J<J>co'3.i'i'7 o, <J<J>l-## +,o8o3-,#. <0%#C <G5< i'3-,.c3# 

9i30 ;o30 5ol1co8; 7,o%+ co8+l-: .'/ ;.#ic 3,.'#c,i+3io' 4.c3o,#C 8-.'i'7 9i30 ;o30 

,-+,-##i'7 .'/ .c3i?.3i'7 4.c3o,#. 

K01 <G5< co'3.c3# ;o30 <H5 .'/ <H5I*L Jl30o%70 30- #i8il.,i31 ;-39--' 30- +,i8.,1 

#3,%c3%,-# i# lo9 .'/ 30- #-co'/.,1 #3,%c3%,-# +,-/ic3 30.3 30- co,- /o8.i' i# 30- co'#-,?-/ 

/o8.i'C 9i30 .' i'3,.8ol-c%l., i/-'3i31 o4 30- M>.'/ N>3-,8i'.l ,-+-.3# lo9-, 4o, <H5I* 

30.' 4o, <H5C 30- 3-,3i.,1 #3,%c3%,-# .,- ?-,1 #i8il.,C i'/ic.3i'7 . #.//l->liO- #3,%c3%,-. 

<0-,-4o,-C 8.1;- 30- ;i'/i'7 #i3- 4o, <G5< i# co'#-,?-/ ;-39--' <H5 .'/ <H5I*. G3 i# 

0i70l1 +,o;.;l- 30.3 <G5< i'3-,.c3# .l#o 9i30 <P=Q ;-c.%#- o4 i3# 0i70 i/-'3i31 9i30 30- co,- 

/o8.i' o4 <H5. <0%#C <G5< 8.1 .c3i?.3- 7-'- 3,.'#c,i+3io' 4,o8 .ll 30,-- 8.88.li.' <H5 

4.8il1 4.c3o,#. 
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X%/7-/ i' #3.;l1 o?-,-:+,-##i'7 c-ll#. <0- -lo'7.3io' o4 U +0.#- #%77-#3# 30.3 .' U +0.#- 
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;locO o4 !MJ #1'30-#i#C 30- ,->,-+lic.3io'C o, 30- !MJ /.8.7- c.' .c3i?.3- U +0.#- 

c0-cO+oi'3#. E?-' i4 30-#- 8-c0.'i#8# .,- #-+.,.3-/C 30-1 .c3 30,o%70 . co88o' +.309.1 

.'/ .c3i?.3- .3.:i. 3-l.'7-c3.#i. 8%3.3-/ ZJ<F[ .'/ J<F .'/ P./Q ,-l.3-/ ZJ<P[ +,o3-i' 

Oi'.#-#. N0O* .'/ N0OS +,o3-i' Oi'.#-# .c3 /o9'#3,-.8 4,o8 .'/ .,- #%;#3,.3-# o4 30- 

J<FVJ<P Oi'.#-# @*B\D. <0-,-4o,-C 30- -44-c3 o4 <G5< o' 30-#- +.309.1# '--/# 3o ;- 

i'?-#3i7.3-/ i' 30- 4%3%,-. Fo/%l.3io' o4 <H5C <H5I*C o, 7-8i'i' .44-c3# 30- l-'730 o4 c-ll 

c1cl- +0.#-# .'/ c-ll +,oli4-,.3io' @)]C )\C **\C **)D. <0-,-4o,-C l-'730-'i'7 o4 U +0.#- ;1 

<G5< o?-,-:+,-##io' 8.1 0.?- o'- o4 30- 4ollo9i'7 i'3-,+,-3.3io'#^ <G5< i'3-,.c3io' 9i30 
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geminin may induce DNA re4replication and activation of intra4: phase chec<point= TIPT 

activates TBP or TBPL14dependent transcription of : phase chec<point genes.  

TIPT protein has not a long turnover, however TIPT protein level could not be reduced by 

HNA interference, despite the strong silencing effect produced at the HNA level. The real 

impact of TIPT on cell cycle, which could be informative from its down4regulation, is 

missing. Therefore, overeIpression data are not sufficient to indicate a direct role of TIPT on 

cell cycle regulation.  

 

4. TIPT and Pol I Transcription 

Pol I4dependent transcription of ri#osomal DNA genes results in the synthesis of rHNA, which 

ta<es place in nucleoli. TIPT co4localiJes with TBPL1 in the nucleoli during the entire 

interphase. A role for TIPT in Pol I4dependent transcription was suggested by its release from 

the nucleoli when rHNA synthesis was inhibited with actinomycin D. A similar redistribution 

pattern was observed for TBPL1 K6LM. However, some components of the rHNA transcription 

machinery are localiJed to the nucleolar periphery at the inactive rDNA sites when rHNA 

synthesis is inhibited K1O641OPM. The assembly of the preinitiation compleI at the rDNA 

promoter does not represent a maQor mechanism for regulating rHNA synthesis K1ORM. 

Therefore, TIPT may play a role in regulating rHNA synthesis despite the fact that does not 

localiJe with the preinitiation compleI when rHNA synthesis is bloc<ed. 

The need of rHNA synthesis and of HNA presence for TIPT nucleolar localiJation correlates 

well with the fact that TIPT activates significantly endogenous and reporter Pol I transcription 

at a similar level obtained with TIS4IA. However, the biochemical mechanism behind these 

effects could not be eIplained yet. TIPT does not associate in .i.o neither with Pol I 

preinitiation compleI, nor with ribosomal DNA promoter or coding region. :everal reasons 

could be found for these failures. TIPT association with transcription machinery was 

investigated for Pol I and TIS4IA, but not for :LITTIS4IB compleI, to which is a high chance 

to interact because of TBP interaction with TIPT in .itro and in .i.o. TIPT may be situated 

too far away from DNA and as a result it may be not cross4lin<ed in a UhIP assay. Another 

eIplanation may be that the maQority of TIPT amount involved in a compleI with DNA is too 

low and cannot be detected during this assay. No role in rHNA processing was detected for 

TIPT, despite its interaction with nucleolin, nucleophosmin, and HNA helicase A, proteins 

with role in rHNA processing K1O941L1M.  
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9I;9 <o/# not 5in< to 9J9J 2oti8= 9./ 65%n<6nt QR 56#/ 16irinB 3.i$. 846nC t./ 9J9J 

5o0 o8 t./ 6</novir%# 26For 46t/ 1ro2ot/r 36# 1o#t%46t/< to </4i2it t./ 9J9J /4/2/nt 6# 6 

tr61 8or tr6n#$ri1tion 26$.in/r7 6##/2547 L@M*O= J$t%6447H r/$/nt47 it 36# r/1ort/< t.6t t.i# 

tr6$C o8 Q# 4o$6t/< %1#tr/62 i# 6 >ST
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$on#/n#%# >ST
<
 #/G%/n$/ $on#i</r/< 6 #/$on<6r7 9+II> 5in<inB #it/H 68t/r 9>; 5in<# L*UH 

VWO= 9./ /88/$t# o8 n%$4/oti</# #%5#tit%tion# in t./ #/G%/n$/# o8 J<P? 1ro2ot/r 846nCinB t./ 

9J9J 5o0 3/r/ inv/#tiB6t/<= In t.i# #t%<7 it 36# 8o%n< t.6t 2%t6tion# o8 t./ %1#tr/62 >ST 

/4/2/nt in84%/n$/ t./ <i##o$i6tion o8 9I;9 8ro2 t./ J<P?;= In 6<<itionH t./ >ST
< 

/4/2/nt 

611/6r/< 6# 6 3/6C #/$on<6r7 5in<inB #it/ 8or 9I;9= 9./r/8or/H t./ J<P?; #/G%/n$/ 2%#t 5/ 

t6C/n 6# 6n /n#/254/H in 3.i$. t./ QXR ri$. 846nCinB #/G%/n$/# o8 t./ J<P?; 9J9J 5o0 

$r/6t/ 6 #.61/ o8 <o%54/D#tr6n</< !IJ r/$oBniY/< 57 9I;9=  
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The experiments performed revealed that TIPT, TBP, and DNA form a ternary complex in 

vitro. Probably, a heterodimer constituted between TIPT and TBP contacts the DNA. The 

following model arisesC TIPT binds the TATA box adDacent sequences probably on both sides, 

bending the DNA in the same way as TFIIB does, and in addition contacts TBP which binds 

the TATA DNA sequence of the AdMLP. Wolner and Gralla showed that sequences flanking 

the core TATA box influence the basal level of transcription as well as the response to 

activators [1N]. The synergistic transcriptional activation of the AdMLP by TIPT and TBP is a 

novel example for this previous finding. The fact that geminin can act on top of this must 

occur through protein-protein interactions. However, TIPT and geminin are enough to activate 

strongly AdMLP promoter. Thus, the following model derives from the experiment of the 

present study (Figure 28A). TIPT and TBP contact each other and the DNA, and interact with 

geminin constituting a complex which activates TATA-containing promoter genes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi#$re (). Model for effect of TIPT and geminin on TBP/TBPL1 Pol II driven transcription. (A) TIPT, geminin, 

and TBP activate synergistically the AdML promoter transcription. Geminin interacts with both TBP and TIPT, 

the later contacting the DNA on BRE
u 

element of AdML promoter. (B) TIPT, geminin and TBP activate 

synergically HSZT[ promoter. The binding of TIPT to DNA seems not to be required. (C) TIPT, geminin and 

TBPL1 activate synergistically the TATA-less NF1 promoter. Geminin contacts TBPL1 and TIPT, both 

contacting the NF1 promoter. 

 

\nexpectedly, the same synergistic effect was obtained on the TATA box-containing herpes 

virus thymidine kinase reporter, even if no BRE
u 

element was found adDacent to TATA box. It 

means that TIPT-DNA interaction most probably is not necessary, and the strong stimulation 
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+,&-%$.- /0 $&1.2+,.##"&' &3 TIPT 7'- 8.9"'"' "# ,.7:";.- <=,&%8= 7'&<=., 9.$=7'"#9> 

%'"-.'<"3".- 0.< ?F"8%,. ABBDE  

T=. 7-.'&F",%# EH +,&9&<.,> &++&#"<. <& ILP> "# 7 K.7L /7#7: TATA /&2 +,&9&<.,> /%< "# 

="8=:0 ,.#+&'#"F. <& 7$<"F7<&,# N1*PE H&K.F.,> TIPT =7# '& .33.$< &' TBP /"'-"'8 <& <=. 

A-EH +,&9&<., #+.$"3"$ TATA #.R%.'$.E G.9"'"' -&.# '&< /"'- -",.$<:0 <& DTA> /%< 

,.+,.##.# <=. /"'-"'8 &3 TBP <& A-EH TATA /&2> +,&/7/:0 -%. <& "<# #<,&'8 "'<.,7$<"&' <& 

TBPE T="# .33.$< "# ,.F.,#.- +7,<"7::0 /0 TIPT &, 7'<"18.9"'"' 7'<"/&-".#E G.9"'"' 970 

,.+,.## TBP1TATA /&2 /"'-"'8 "' 7 #"9":7, K70 <& &<=., TBP "'="/"<&,#E TCA /"'-# TBP 

<=%# +,.F.'<"'8 TFIIB 7##&$"7<"&' 7'- <=.,.3&,. +,."'"<"7<"&' $&9+:.2 3&,97<"&' N1*HPE I&<1 

/"'-# TBP 7'- ,.:.7#.# "< 3,&9 DTA "' 7' ATP1-.+.'-.'< 97''., N1**PE TAFIIAVW $&9+.<.# 

K"<= TFIIA /"'-"'8 3&, TBP> 7# K.:: "'="/"<# TBP /"'-"'8 <& DTA N1*)PE T=. #<,%$<%,. &3 

TAFIIAVW ,.#.9/:.# <=. -"#<&,<.- TBP1/&%'- DTA> K="$= /"'-# -",.$<:0 <& <=. DTA /"'-"'8 

#%,37$. &3 TBP "' 7 $&9+.<"<"F. 97''., N1*XPE  

 

"#$# TIPT and Geminin Effect on TATA-less Promoter 

Y=/707#=" .< 7:E #=&K.- <=. 7:"8'9.'< #$&,.# /.<K..' TBPL1 7'- TBP 3&, 3&%, -&97"'# "' 

<=. DTA1/"'-"'8 ,.8"&' K.,. R%"<. :&K N*HPE A'&<=., #<%-0 #%88.#<.- <=7< /&<= <=. T1 7'- C1

<.,9"'7: ,.+.7<# &3 TBPL1 $&'<7$< DTA "' 7 -"33.,.'< K70 3,&9 TBP> #%88.#<"'8 <=7< TBPL1 

970 '&< ,.$&8'";. <=. $&'#.,F.- TATA /&2 N*WPE T=.,.3&,.> TBPL1 "# '&< .2+.$<.- <& /"'- 

<=. TATA /&2 #.R%.'$.E I7997:"7' TBPL1 -&.# '&< #<"9%:7<. <,7'#$,"+<"&' !" $!%&' 3&, 

TATA /&21$&'<7"'"'8 EH> A-IL 7'- H#+XW +,&9&<.,# N*V> *H> *)PE TBPL1 #..9# <& ,.+,.## 

TBP1-.+.'-.'< <,7'#$,"+<"&' /0 #.R%.#<.,"'8 TFIIA 37$<&,# N*)> *X> )VPE Z.$.'<:0> "< K7# 

#=&K' <=7< TBPL11TFIIA $&9+:.2 /"'-# !" $!%&' <& <=. '.%,&3"/,&9"' +,&9&<., 7'- TBPL1 

$&%:- /. 3&%'- !" $!$' &' <=. +,&9&<., N)VPE T=. ,.#%:<# 3,&9 <=. +,.#.'< #<%-0 ,.F.7:.- <=7< 

TIPT /"'-# <=. TF1 #.R%.'$. 7# 9&'&9.,> 7'- +,&/7/:0 7:#& 7# -"9.,E T=. -.:.<"&' &3 1A /+ 

$&'<7"'"'8 7 C[G <.<,79., 7/&:"#=.- <=. "'-.+.'-.'< /"'-"'8 &3 /&<= TIPT 7'- TBPL1 <& 

DTA> K="$= #%88.#<# <=7< #"9":7, <& A-IL +,&9&<.,> TF1 +,&9&<., "# /&%'- /0 TIPT &' 7 

G[C ,"$= DTA ,.8"&'E  

(" $!%&'> TIPT> TBPL1 7'- TF1 +,&9&<., 3&,9 7 <.,'7,0 $&9+:.2E G.9"'"' #..9# <& .'=7'$. 

<=. ,7<. &3 #<7/:. TIPT1TBPL11DTA <.,'7,0 $&9+:.2 3&,97<"&'> K"<=&%< 733.$<"'8 <=. 

9&/":"<0 &3 <=. #="3<> #%88.#<"'8 7 +&##"/:. \="< 7'- ,%'] 9.$=7'"#9> +,.F"&%#:0 #=&K' "' 

-"33.,.'< $&'<.2<# N1*B11)WPE T=. #0'.,8"#<"$ <,7'#$,"+<"&'7: 7$<"F7<"&' &3 <=. TF1 +,&9&<., 
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by TBPL1 and TIPT is similar to what was observed for the TATA box-containing promoters 

of maBor late and thymidine kinase viruses. Geminin enhances this effect strongly, most 

probably through protein-protein interactions. However, TIPT and geminin are enough to 

activate significantly the TATA-less NF1 promoter. From the present study the following 

model was derived for TATA-less promoters (Figure 28C). The model suggests that TBPL1 

binds TIPT, both contacting DNA and geminin, together forming a complex, which activates 

TATA-less promoter genes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!i#$re 2). Transcriptional roles of geminin. (A) Geminin activates AdML promoter by interaction with TIPT 

and TBP (gene reporter assay). (,) Geminin activates HPQ TR promoter by interaction with TIPT and TBP 

(gene reporter assay). (-) Geminin activates NF1 promoter by interaction with TIPT and TBPL1 (gene reporter 

assay). (.) Geminin represses TBP-AdE4 complex formation (gel shift assay). (E) Geminin represses TBPL1-

NF1 complex formation (gel shift assay). (!) Geminin binds Hox/Pix3 proteins repressing their target gene 

activation [87, 88]. (G) Geminin represses Hox genes activation by interaction with Polycomb group complex 

[87]. (1) Geminin represses neuronal genes activation in non-neuronal cells by interaction with AP4 repressor, 

PMRT and HDAC3 [[4]. (I) Geminin sequesters Brg1 from P]I/PNF complex and inhibits neuronal genes 

activation [[2].  

 

Geminin seems to be involved in different transcription related complexes. From this study 
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$+,e u. #e/er+1 e2+,.1e# 3e,&'#4r+4i'g +' +$4i/+4&r6 r&1e. Fr&, ge'e re.&r4er +##+6# 9+# 

&:#er/e3 4;+4 ge,i'i' i# + $&<+$4i/+4&r +'3 ,&3u1+4e# 4r+'#$ri.4i&' =r&, >A>A :&2<

$&'4+i'i'g +'3 >A>A<1e## .r&,&4er# 4&ge4;er 9i4; >@A> +'3 >BAC re#.e$4i/e16 >BADE 

FFigure 2HA<CJ. >;ere +re ,u14i.1e e/i3e'$e# =&r + re.re##i/e r&1e &= ge,i'i'. @' 4;i# #4u36 

ge,i'i' re.re##e# !" $!%&' 4;e =&r,+4i&' &= >BA<A3KL $&,.1e2 +'3 >BADE<MFE $&,.1e2 

FFigure 2H!C KJ. >;e =+$4 4;+4 ge,i'i' :i'3# 4r+'#$ri.4i&' =+$4&r# .re/e'4i'g 4;eir +$4i/i4ie# i# 

'&4 'e9. Ne,i'i' :i'3# O&2 +'3 Pi2Q .r&4ei'# +'3 i,.+ire# +$4i/+4i&' &= 4;eir 4+rge4 ge'e# 

FFigure 2HFC R8*C 88TJ. @' +33i4i&'C ge,i'i' re.re##e# ge'e 4r+'#$ri.4i&' :6 +##&$i+4i'g 9i4; 

'eg+4i/e $;r&,+4i' re,&3e1i'g =+$4&r# &r :1&$Ui'g 4;e re$rui4,e'4 &= .&#i4i/e $;r&,+4i' 

re,&3e1er# 4& 4+rge4 ge'e#. >;u#C ge,i'i' .re/e'4# 4r+'#$ri.4i&' &= (') ge'e# :6 3ire$416 

:i'3i'g 4& A&16$&,: gr&u. $&,.1e2 FFigure 2HNC R8*TJ. Ne,i'i' +##&$i+4e# 9i4; AAL 

4r+'#$ri.4i&'+1 re.re##&r 4& re#4ri$4 'eur&'<#.e$i=i$ 4+rge4 ge'e e2.re##i&' i' '&'<'eur&'+1 

$e11# :6 re$rui4i'g PVW> +'3 ;i#4&'e 3e+$e461+#e Q FO!ACQJ +4 4;e 4r+'#$ri.4i&'+1 1e/e1 

FFigure 2HOC RHLTJ. Ne,i'i' re.re##e# 4r+'#$ri.4i&' &= 'eur&'<#.e$i=i$ 4+rge4 ge'e# :6 

i'4er+$4i'g 9i4; +'3 #eXue#4eri'g BrgEC 4;e $+4+164i$ #u:u'i4 &= PY@ZPMF $&,.1e2 FFigure 

2H@C RH2TJ. 

>;u#C ge,i'i' =u'$4i&' +# 4r+'#$ri.4i&'+1 +$4i/+4&r i# 'e9 +'3 u'e2.e$4e3C +33i'g 4& i4# 

=u'$4i&' +# re.re##&r. >;i# =i'3i'g #ugge#4# 4;+4 ge,i'i' i# i'/&1/e3 i' ,+'6 .r&4ei' 

$&,.1e2e# 9i4; 3i==ere'4 =u'$4i&'#C $e11<46.e< &r ge'e<#.e$i=i$#. P4u3ie# 3e#$ri:e +'&4;er 

$;r&,+4i' re,&3e11erC 4;e PY@ZPMF $&,.1e2 +$4i'g :&4; +# +$4i/+4&r &r re.re##&rC 3e.e'3i'g 

&' 4;e ge'e RE)EC E)2T. 

 

!"#" TIPT ()* +e ) -ommo0 1)23o4 5o4 TBP7 )08 TBPL17;e<e08e03 

T4)0=24><3>o0)l @23>A)3>o0 

>BADE +$4i/+4e# 4r+'#$ri.4i&' =r&, MFE .r&,&4er +'3 re.re##e# 4r+'#$ri.4i&' =r&, >A>A 

:&2<$&'4+i'i'g $<=&# .r&,&4er :6 $&,.e4i'g 9i4; >BA =&r >F@@A =+$4&r# R)QT. >;i# i';i:i4i&' 

i# re#$ue3 :6 >F@@A. >BA re.re##e# MFE 4r+'#$ri.4i&' ;&9e/erC +33i4i&' &= e2$e## >F@@A 

$&u13 '&4 &/er$&,e 4;i# e==e$4C #ugge#4i'g 4;+4 >BA +'3 >BADE $&,.e4e +1#& =&r +'&4;er 

u'U'&9' +$4i/+4&r6 =+$4&r. >@A> :i'3# >BA +'3 >BADE 4r+'#$ri.4i&' =+$4&r#C $&'4+$4# >A>A 

:&2 +'3 MFE >A>A<1e## .r&,&4er#C +'3 +$4i/+4e# 4r+'#$ri.4i&' =r&, :&4; .r&,&4er 46.e#. 

>;ere=&reC >@A> ,+6 .1+6 4;e r&1e &= 4;i# +$4i/+4&r 4r+'#$ri.4i&' =+$4&rC 9;i$; i# $&,,&' =&r 

:&4; >A>A :&2<$&'4+i'i'g +'3 >A>A<1e## .r&,&4er# FFigure Q[J. 
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"ig%re (). Model for TIPT-TBP/TBPL1 interaction on DNA. TBP and TBPL1 bind to the TATA @AdMLA 

respectively TATA-less @NF1A promoters. TIPT binds DNA and contacts both TBP and TBPL1. In the model, 

TBPL1 competes with TBP for TFIIA, thus inhibiting TBP-responsive promoters [56, 5L, 63]. TBP competes 

with TBPL1 for an undetermined general transcription factor/co-activator/activator to inhibit TBPL1-responsive 

promoters [63]. This factor can well be TIPT @adapted from Chong et al., 2005A.  

 

+. ,oncl%sion 

In this work a previously unidentified protein, named TIPT, which was found to interact with 

geminin in a two hybrid-screen, was characterized. TIPT is ubiquitous and highly expressed in 

embryonic and postnatal tissues, as well as in normal and cancer cell culture lines. It is 

enriched at the subcellular level in the nucleous, the cytoplasm and the centrosomes. Except 

for geminin, TIPT interaction with other chromatin-associated factors @Polycomb group 

complex and AF10A, and with the basic transcription machinery @TBP and TBPL1A was 

observed. TIPT activated endogenous and reporter Pol I transcription. !n vitro, TIPT was 

bound to the G/C rich DNA promoter regions and it formed complexes with TBPL1 or TBP, 

and DNA. It activated reporter Pol II-dependent transcription from both TATA-less and 

TATA box-containing promoters, and the binding to DNA seemed not to be necessary. 
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!"#$%&"'()"*+)!$#,-+()

 

./)0(-'"#&-*)-1)234'$&4)54&+()

././)6'"(7&+)825)0(-'"#&-*)1%-7)E. coli)

The plasmid DNA from E.coli was extracted using the QIAprep spin miniprep or maxiprep 

kits (Qiagen), according to the instructions of the manufacturer. Then, the plasmid DNA 

concentration was measured using a BioPhotometer (Eppendorf). 

For cell transfection the maxiprep DNA was further extracted with 1 volume of 

phenol/chloroform/isoamylalcohol (PCIA) (25:24:1), followed by 13,500 rpm centrifugation 

using Centrifuge C5417 (Eppendorf) for 2 minutes. The supernatant was carefully collected 

and subRected to 1 volume of chloroform extraction once, followed again by centrifugation 

and supernatant collection. Then, the DNA was precipitated with 0.7 volume of isopropanol, 

0.1 volumes of 3 M natrium acetate (NaAc), pH 5.2 and 1!l 10 mg/ml glycogen at T20 °C for 

15 minutes. Afterwards, the DNA was pelleted by centrifugation at 13,500 rpm for 15 

minutes, washed with 300 !l 70U ethanol, centrifuged at 13,500 rpm for another 5 minutes, 

air dried, and dissolved in a proper volume of Millipore H2O. 

 

./9/):$*-7&4)825);<#%"4#&-*)1%-7)!"77"'&"*)=$''())

The mammalian cells cultured in 24 wells were washed with PBW twice. Then, on the cells 

was applied 1 ml of lysis buffer (100 mM Tris, pH 8.0, 200 mM NaCl, 5 mM EDTA, 0.2U 

WDW) containing freshly added 10 !l of 100 !g/ml Proteinase K, and incubated in the 37 °C 

room for at least 8 hours. The lysis product was spun down at 13,000 rpm for 5 minutes and 

the supernatant was precipitated with 750 !l of isopropanol. The mixture was spun down 

again at 13,000 rpm for 15 minutes and the supernatant was discarded. The precipitated pellet 

was washed with 750 !l 70U ethanol, air dried, dissolved in 50 !l TE buffer, and incubated in 

a shaker at 55 ZC for 30 minutes to allow the time to redissolve the DNA.)

 

./>/)825);'$4#%-?,-%$(&()"*+)63%&1&4"#&-*)1%-7)5@"%-($):$')

0.5-2U agarose gel was prepared by melting agarose (Invitrogen) in 1!TBE Buffer (90 mM 

Tris-borate, 2 mM EDTA, pH 8.0) and subsequently adding ethidium bromide to a final 

concentration of 0.3 !g/ml. DNA sample was mixed with 5!DNA ^oading Buffer (25U 
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Ficoll2 100 mM EDTA2 0.05% Bromophenol Blue)2 and electrophoresis @as performed under 

1-7 V/cm in 1!TBE buffer. For fragment purification2 the band cut do@n @as transferred into 

a small dialyse membrane pocket @ith 500 !l 0.5!TBE buffer. Then2 the gel in the sealed 

pocket under@ent electro-elution in 0.5!TBE buffer under 7.5 V/cm for 20 minutes2 follo@ed 

by 20 seconds @ith opposite polarity of electricity. After that2 the eluted DNA solution from 

the pocket @as collected and 500 !l 0.5!TBE buffer @ere used to @ash the pocket and 

merged @ith 500 !l elution. This 1 ml solution @as extracted by PCIA (25P24P1) once2 

precipitated @ith isopropanol plus 3 M NaAc and 1 !l 10 mg/ml glycogen for 20 minutes at -

20 SC2 follo@ed by spinning at maximum speed in a microcentrifuge for 20 minutes. The 

pellet @as @ashed @ith 70% ethanol and centrifuged at maximum speed for 5 minutes. The 

dried pellet @as finally dissolved in 15 !l H2O. 

 

!"#"$%&'()$*+,$-.&)('/&0$12&3$456(27&'/8$9:)).;$43<27&.;$&2$=&5.:$%:.'/.$

Total RNA from cultured cells or mouse embryos @as isolated using RNeasy Mini Kit 

(Yiagen) as described by the manufacturer. In addition2 total RNA from testis @as isolated 

using TriZol reagent (Invitrogen)2 @hich contains guanidine isothiocyanate and phenol. The 

testes @ere homogeniZed using the Polytron Po@er HomogeniZer in 1 ml TriZol per 100 mg of 

tissue. The homogenate @as incubated for 5 minutes at room temperature (RT) and then the 

phases @ere extracted using 0.2 ml chloroform per 1 ml TriZol used2 shacked vigorously to 

mix everything @ell and then incubated at RT for 2-3 minutes. The mixture @as centrifuged at 

122000 g for 15 minutes2 at 4 SC. The upper a[ueous phase including RNA @as transferred 

into a fresh tube and the RNA @as precipitated @ith 500 !l isopropyl alcohol per 1 ml TriZol 

used together @ith 1 !l of 10 mg/ml glycogen. The sample @as incubated at RT for 10 

minutes follo@ed by spinning (10 min2 122000 g2 4 SC). The supernatant @as discarded and 

the residual RNA pellet @as @ashed @ith 1 ml 75% ethanol/@ater before spinning again (5 

min2 72000 g2 4 SC). The ethanol @as removed2 the pellet got air-dried and the RNA @as 

dissolved in 30 !l RNase-free @ater by pipetting2 follo@ed by 10 minutes incubation at 55 SC.  

 

!">"$?52/1/8('/&0$&1$@/0:(2/A:B$C+,$&2$?9*$?2&B58'.$

LineariZed DNA by enZymatic digestion or PCR products @ere purified using YIA[uick PCR 

Purification Kit (Yiagen) according to the instructions of the manufacturer.  

 



Materials and Methods 

 .2

!. $odi(i)ations and $ani./lations o( 1/)lei) 3)ids 

!.1. 567 8abeled :13 Probe Pre.aration 

5 !g plasmid DNA was linearized by incubating with 4 !l restriction enzyme at 3. "C for 2.5 

hoursB purified using CIAEuicF PCR purification Fit and eluted in 25 !l H2J. For linearization 

must be avoided restriction enzymes which leave 3M overhangs. 1 !l elution was loaded on an 

agarose gel to checF the linearization efficiency. The transcription reaction was assembled at 

RT because spermidine present in the transcription buffer can co-precipitate the template 

DNA if the reaction is assembled on ice. DIG labeled antisense RNA probes were synthesized 

by incubating 1 !g linearized DNAB 2 !l 10!Transcription Buffer (Roche)B 2 !l 10V DIG 

RNA labelling MiV (Roche)B 1 !l RNasin (40UX!l) (Promega)B 1 !l RNA polymerase (T3B T. 

or SPZ) (Roche)B and 13 !l D[PC-H2J in a total volume of 20 !l at 3. "C for 2 hours. ThenB 

the transcription product was supplemented with 30 !l H2J and purified with a G-50 

SephadeV Micro Column (Amersham). 5 !l purified probe was checFed on 1\ agarose gel 

run for 30 minutes at .0 ]. 

 

!.!. :andom :adioa)ti>elly 8abeled :13 Probe Pre.aration 

The probe prepared in this way was used for the hybridization of the pre-made Northern blot 

(Ambion) in order to analyse TIPT eVpression. 1 !g linearized DNA template was incubated 

with 2 !l 10V transcription buffer (Roche)B 10 mM of rATPB rGTPB rUTPB 0.25 mM rCTPB 5 

!l of #"-
32

P$ rCTP (10 mCiX!l) (Amersham)B 1 !l RNasin (40UXul)B 1 !l T3 RNA polymerase 

(Roche) and D[PC-H2J to a total amount of 20 !l at 3. ^C for 2.5 hours. The template DNA 

was removed by treating with 1.5 !l DNase (1 UX!l) (Promega). ThenB the transcription 

product was supplemented with 30 !l H2J and purified with a G-50 SephadeV Micro Column.  

  

!.3. P/ri(i)ation o( 8abeled 1/)lei) 3)ids and 5o/ble Atranded 513 BliCos 

The DIGB respectively #"-
32

P$ labeled nucleic acids were purified using ProbeCuant G-50 

SephadeV Micro Column (Amersham). FirstB the resin was resuspended by vorteVing the 

columnB then the bottom closure of the column was snapped off and the cap loosen one-fourth 

turn. The column was placed in a 1.5 ml microcentrifuge tube for supportB and spun at ..0! g 

for 1 minute to generate the sample-loading surface. The tube was discardedB the column 
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pla1e+ in a ne2 tu4e an+ 56 !l of la4ele+ (ample 9:6 !l la4eling rea1tion plu( 36 !l <:=> 

2ere (lo2l? applie+ on t,e mi++le of t,e re(in@( loa+ing (urfa1e. T,e 1olumn 2a( (pun at 

..6! g for : minute(C an+ t,e purifie+ (ample 2a( 1olle1te+ in t,e (upport tu4e. T,e total 

amount 2a( ,ig,er t,an 56 !l 9approDimatel? E6 !l>.  

 
!"#"$%&'$%()*+,(-.$/(,0$1*+,2(3,(-.$4.567*+$

F6 !g GNI 2a( in1u4ate+ 2it, :6-46 L re(tri1tion enM?me( at 3. °C for 3 ,our(. T,e 

rea1tion 2a( in1u4ate+ al(o =ON 2,en enM?me 2a( not reporte+ to giPe a (tar a1tiPit?. Q,en 

t,e pre(en1e of t,e in(ert 2a( 1,e1Re+C :66-566 ng GNI 2a( +ige(te+ 2it, :-3 L re(tri1tion 

enM?me( 4? treating it 2it, S66 Q mi1ro2aPe for F: (e1on+( t2i1eC t,en in1u4ating at 3. °C 

for :6 minute(. Tor en+ 1utting of t,e PCV pro+u1tC it 2a( purifie+ eit,er 2it, WXIYui1R PCV 

Purifi1ation 9Wiagen> or from t,e gel 2it, WXIYui1R Zel [Dtra1tion \it 9Wiagen> an+ t,en 

in1u4ate+ 2it, 36-E6 L re(tri1tion enM?me( at 3. °C oPernig,t. 

 

!"8"$%*90-+90-26:;,(-.$-<$%&'$=2;)7*.,$

Il2a?( t,e +ige(te+ pla(mi+ furt,er u(e+ in t,e ligation rea1tion 2a( +ep,o(p,or?late+. 5@-

en+( pla(mi+ GNI +ep,o(p,or?lation 2a( performe+ 4? +ire1tl? a++ing F !l IlRaline 

P,op,ata(e 9FLO!lC Vo1,e> an+ F !l IlRaline P,op,ata(e 4uffer into t,e re(tri1tion enM?me 

+ige(tion miDtureC follo2e+ 4? in1u4ation at 3. °C for F ,our. 

 

!">"$'..*;:(.)$-<$?-79:*7*.,;26$@(.):*A@,2;.B*B$%&'+$

Xn a 6.5 ml PCV tu4e 2a( prepare+ t,e annealing miDture 2,i1, 1ontain( 5 !l ea1, of t,e 

1omplementar? GNI (ingle (tran+ 96.F nmolO!lC X]I>C : !l F6!Tran(1ription ]uffer 9Vo1,e>C 

an+ S !l <:= in a total Polume of :6 !l. T,i( annealing miDture 2a( ,eate+ at ^5 °C for 5 

minute( an+ (lo2l? 1oole+ +o2n to :5 °C in an in1u4ator 9[ppen+orf>. T,enC t,e anneale+ 

+ou4le-(tran+e+ GNI fragment 2a( +ire1tl? u(e+ for ligation after a (erie( of +ilution( 9F_FC 

F_F66C F_F666>. 
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!.#. %i'a)ion 

0,$ 'i1"tion r$"2tion( 3$r$ 4$r5or6$+ in " 789 t:;$ ;< 6i=in1 > µ' >?!0/ @AB 'i1"($ 

;:55$r C!DE F$r6$nt"(GH IJK>?? n1 4:ri5i$+ v$2tor 5r"16$ntH MK>? 5o'+ C6o'$2:'"r r"tioG o5 

4:ri5i$+ in($rt 5r"16$ntH > µ' >?!0/ @AB 'i1"($ ;:55$r C!DE F$r6$nt"(GH "n+ > µ' 0/ @AB 

'i1"($ CM NOµ'H !DE F$r6$nt"(G in " tot"' vo':6$ o5 >? µ'P 0,i( 'i1"tion 6i=t:r$ 3"( 

in2:;"t$+ "t 90 5or M? 6in:t$(K> ,o:rH or "t >Q R8 ov$rni1,tP 

 

3. Pol/0erase 45ain 6eac)ion 8P469 

3.1. S)an<ar< an< =eno0ic P46s 

0,$ 0"S"9" TB 0"U (<(t$6 C0"S"9"G 3"( :($+ 5or (t"n+"r+ "n+ 1$no6i2 789P En t,i( 

(<(t$6H 4ri6$r( (,o:'+ ;$ IIKIQ n:2'$oti+$( 3it, 06 ,i1,$r t,"n QV °8P 0,$ r$"2tion 6i=t:r$ 

2ont"in$+ > µ' t$64'"t$ @AB C>? 41K> n1 4'"(6i+ @ABH or I?? n1 1$no6i2 @ABGH > µ' >? 

46o'Oµ' 5or3"r+ 4ri6$rH > µ' >? 46o'Oµ' r$v$r($ 4ri6$rH J µ' >?!TB 789 D:55$rH J µ' IJ 

6! !18'IH /KV µ' IPJ 6! +A07(H "n+ ?PJ µ' TB 0"U 7o'<6$r"($ CJNOµ'G in " tot"' vo':6$ 

o5 J? µ'P 0,$ t,$r6o2<2'in1 4ro1r"6 C0";'$ QG 3"( 2"rri$+ o:t :(in1 !"(t$r2<2'$r Wr"+i$nt 

CX44$n+or5GP E5 t,$ 789 4ro+:2t 3"( +ir$2t'< in($rt$+ into 4WX!K0 X"(< 0OB v$2tor 

C7ro6$1"G or 4@riv$ CYi"1$nGH > µ' 0"U 4o'<6$r"($ CW$n$ 8r"5tG 3"( "++$+ into t,$ r$"2tion 

6i=t:r$ i66$+i"t$'< "5t$r t,$ Zt$4 J 5in"' $'on1"tion "n+ in2:;"t$+ "t .I °8 5or M? 6in:t$(P 

 

!"#$% &#'$#()"*(#% +*()",-.%

>P Eniti"' @$n"t:r"tion [/ °8 > 6in:t$ 

IP @$n"t:r"tion [V °8 >? ($2on+( 

MP Bnn$"'in1 "n+ X'on1"tion QV °8 >K>? 6in:t$( C";o:t > 6in:t$O\;G 

/P Wo to Zt$4 IH 9$4$"t I[ to M[ ti6$( CM?K/? 2<2'$(G 

JP Fin"' X'on1"tion .I °8 MK>J 6in:t$( 

 

Table 6. 0,$ t,$r6o2<2'in1 4ro1r"6 5or 1$no6i2 789 :(in1 TB 0"U (<(t$6P 

 

3.!. 6TAP46 

0,$ r$"2tion 3"( 4$r5or6$+ in t3o +i55$r$nt 3"<(H $it,$r :(in1 t,$ ]n$KZt$4 90K789 Sit 

CYi"1$nG "22or+in1 to t,$ 6"n:5"2t:r$r in(tr:2tion( or :(in1 " t3oK(t$4 90K789 6$t,o+P For 

t,$ '"tt$rH " 5ir(t (tr"n+ 2@AB 3"( 4ro+:2$+H 3,i2, 3"( 5:rt,$r "64'i5i$+ in " 789 r$"2tionP 



Materials and Methods 

 75

The first strand cD4A was synthesized using the First-Strand cD4A Synthesis Kit 

(Amersham). The R4A was heated for 10 minutes at 65 °C to denature, and then chilled on 

ice. A master mix containing 11 !l of Bulk first-strand reaction mix, 1 !l of hexarandom 

primer pd(4)6, 1 !l of DTT was freshly prepared. 20 !l of R4A representing an amount of 5 

!g were added to the mixture pipetting everything up and down several times and further 

followed by 1 hour incubation at 37 °C to allow the reverse-transcription reaction.  

 

!"#$%&'()*%+&,-*'#*)#E. coli 

!"."#/%01&%&,-*'#*)#2304,%*4*+10,0',#5033(#

The electrocompetent cells, which were used for plasmid D4A transformation, were prepared 

from an E. coli DH5! strain (Invitrogen). Briefly, two single colonies of DH5! strain were 

inoculated in 2x10 ml Luria-Bertani medium (LB, autoclaved prior usage at 121 °C for 20 

min, containing 10 g tryptone, 5 g yeast extract, 10 g 4aCl and ddH20 up to 1 liter) and grown 

overnight at 37 UC. with shaking 250 rpm. These overnight precultures were inoculated into 

2"1 liter prewarmed LB medium and cultured then at 37 "C shaking to mid-log phase till 

O.D.600 reached 0.6-0.8 (about 3 hours). The cells were chilled on ice for 10-30 minutes, and 

then spun at 5,000 rpm at 4 "C for 20 minutes. The supernatant was discarded and each pellet 

coming from 1 liter culture was washed with 1 liter prechilled water (1:1 wash) and then 

centrifuged at 5,000 rpm at 4 "C for 20 minutes. The supernatant was removed and each pellet 

was washed with 100 ml prechilled 10% glycerol (1:10 wash), and then centrifuged at 6,000 

rpm (Sorvall HS-4 rotor) at 4 "C for 10 minutes. Again, the supernatant was discarded and 

each pellet was washed with 20 ml prechilled 10% glycerol (1:50 wash) and centrifuged at 

6,000 rpm at 4 "C for 10 minutes. 4ext, each pellet remained after discarding supernatant was 

washed with 2 ml prechilled 10% glycerol (1:500 wash), and then centrifuged at 6,000 rpm at 

4 "C for 5 minutes. The supernatant was carefully removed and each pellet was resuspended 

in 2-3 ml 10% glycerol. 50 !l or 100 !l resuspension was aliquoted into each tube on ice, 

frozen in liquid nitrogen, and stored at \80 "C. 

 

!"6"#/%01&%&,-*'#*)#5*+10,0',#5033(#)*%#70&,#89*4:#$%&'()*%+&,-*'#

These cells were prepared from an E. coli DH5! or HB101 strain (Invitrogen) by calcium 

chloride treatment. Briefly, one colony was inoculated in 5 ml LB medium and grown 
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overnight at 37 3C. This pre-culture was inoculated in 50 ml LB medium. Cells were grown to 

mid-log phase (OD600 of 0.7). Next, they were harvested for 10 min at 2,000 rpm and 

resuspended in 25 ml of ice-cold 50 mM CaCl2 After centrifugation for 10 min at 2,000 rpm, 

cells were treated with 3 ml of ice-cold 50 mM CaCl2 supplemented with 10% glycerol, 

aliquoted (50 and 100 !l), shock-frozen in liquid nitrogen and stored at –80 °C. 

 

!"#" %r'n)*or,'tion o* E. coli /0 1234tro5or'tion 

50 µl competent cells were thawed on ice and transferred into a prechilled 0.1 cm electrode 

Sene Pulser Cuvette (Bio-Rad). 1 µl DNA solution (1 ng/µl) or 1.5 µl ligation product was 

added directly into the competent cells and mixed well by gently flicking. Then, the surface of 

the cuvette was completely dried and the electroporation was performed using Sene Pulser 

(Bio-Rad) under the condition of 1.8 kV for voltage, 200 ! for resistance, 25 µY for 

capacitance. Afterwards, 950 µl prewarmed LB medium was immediately supplied to the 

electroporated !"# $%&' for recovery. The cells were recovered at 37 °C rotating for 1 hour, 

followed by plating 100 µl and 900 µl (the 900 µl are centrifuged for 2 minutes at 3000 rpm, 

and the pellet is resuspended in 100 µl LB) on separate plates. 

 

!"!" %r'n)*or,'tion o* E. coli /0 63't 78o49 

50-100 µl competent cells were thawed on ice and transferred into a Yalcon 2059 

polypropylene tube (BD Yalcon). 10 ng pure DNA or 10 µl ligation product were directly 

added into the competent cells and mixed well by gently flicking. The mixture was incubated 

on ice for 30 minutes, heat shocked at 42 °C for 1 minute, and incubated on ice for 1.5-2 

minutes. Then, 900 µl prewarmed LB or SOC medium (]nvitrogen) were supplied to the heat 

shocked cells, and incubated at 37 °C rotating for 1 hour. The recovered cells were 

subsequently spun down at 3,000 rpm for 2 minutes, resuspended in 200 µl medium and 

plated. 

 

 



Materials and Methods 

 77

!"#$%&'()*#$+%),)-.')&*#.*/#0*.123)3#

!"4"#$%&'()*#$+%),)-.')&*#

!"4"4"#56789+3(/#:(-&;<)*.*'#$%&'()*#=>?%(33)&*#.*/#$+%),)-.')&*#

For expression purpose, E. coli chimiocompetent cells were prepared from BL21DE3-RIL, 

BL21DE3 C41, XL-1Blue strains, and electrocompetent cells from Rosetta (DE3) strain. Full-

length TIPT was inserted into pGEX-KT vector (Amersham) which containins a Thrombin 

cleavage site, between (hoI and HindIII sites in frame with GST. The mutated TIPT for 

geminin binding site was obtained by mutagenesis of this initial pGEX-KT-TIPT plasmid 

with the adeSuate primers. pGEX-KT-TIPT or pGEX-KT-TIPT mutated constructs were 

either heat shocT transformed into BL21DE3-RIL, or transformed by electroporation into 

Rosetta (DE3) E.coli bacterial strains. Following transformation, the cells were used to 

inoculate a starter culture of 50 ml LB supplemented with the appropriate antibiotics for 

selectionW ampicilin and chloramphenicol for Rosetta strain, and ampicillin for BL21DER-

RIL. The antibiotics used in this study had the following concentrationsW 25 !gXml 

chloramphenicol (Boehringer) and 100 !gXml ampicillin (Sigma). The culture was grown for 

3-4 hours at 37 YC with shaTing at 250 rpm. From the starter culture were inoculated 10 !l in 

100 ml LB medium with reSuired antibiotics and were grown overnight at 37 !C, with shaTing 

at 150 rpm. Zext, 150 !l from the overnight culture were inoculated in 1.5 l fresh LB medium 

supplemented with the reSuired antibiotics. Cells were grown in 5 l shaTing culture flasTs at 

37 !C and 150 rpm to reach [D600 of 0.4. Then, the culture was transferred to 17 YC 

incubator, cultured to mid-log phase ([D600 of 0.6-0.7), and induced by addition of 0.2 mM 

isopropyl-"-D-thiogalactopyranoside (Sigma). The cells were grown at 17 YC, with 140 rpm 

shaTing overnight (15-16 hours) and harvested in 1l plastic flasTs at 5,000 rpm at 4 !C for 25 

minutes. The supernatant was discarded slowly, and the pellet with the remaining medium 

was resuspended and transferred into 50 ml Falcon tubes. The resuspension was centrifuged at 

4,000 rpm, 4 !C, for 30 minutes and the supernatant obtained was discarded. The cell pellet 

was frozen at ^80 !C overnight. The pellet from 1.5 l culture was resuspended in 40 ml 

protein lysis buffer (50 mM Tris, pH 7.5, 500 mM ZaCl, 2 mM EDTA, 5 mM DTT, 10` 

glycerol, freshly added 1 mM PMSF and Complete-EDTA protease inhibitor tablet (Roche)) 

on ice. To the resuspension was added lysosyme 10 mgX10 ml resuspension solution and was 

incubated on ice for 30 minutes. This step was especially important for lysis of Rosetta strain 
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cells. The resuspension was then sonicated on ice for 6 x 20 pulses with 1-2 minutes break 

between each round of 20 pulses, with 1 cm tip using Cell Disruptor B15 (Branson Sonifier) 

under the condition of Output Option 5 and 50 % Duty Cycle. The lysate was centrifuged at 4 

°C for 1 hour at 15,300 rpm. The supernatant was immediately removed after centrifugation 

has finished and incubated with 1.2 ml prewashed Glutathione Sepharose 4B (Amersham) at 4 

!C on the rotating wheel for 2-5 hours. The mixture was centrifuged at 800 rpm at 4 !C for 5 

minute and the supernatant was discarded. A 10 ml column (Pierce) was equilibrated with 

washing buffer 1 (50 mM Tris, pH 7.5, 200 mM NaCl, 2 mM EDTA, 5 mM DTT, 2% 

glycerol and freshly added protease inhibitors), in the 4 °C room. The beads were applied to 

the column and washed with 15 ml of wash buffer 1. Then the washing continued with 40 ml 

of wash buffer 2 containing 1 M NaCl without protease inhibitors. The elution was done 3 

times, each time with 2 ml elution buffer (50 mM Tris, pH 8.0, 20 mM Glutathione 140 mM 

NaCl, 2 mM EDTA, 5 mM DTT, 2% glycerol supplemented with protease inhibitors) rotating 

end-over-end for 20 minutes at RT. The elutions were collected and the protein concentrations 

were measured by Bradford Assay (Bio-Rad), in which 10 "l of protein elution were mixed 

with 7X0 "l H2O and 200 "l Bradford Reagent. For the blank were considered 10 "l of elution 

buffer. O.D.5X5 of the sample was measured and the concentration of protein was determined 

according to the standard curve. The proteins were dialyzed in Slide-A-Lyzer dialysis 

cassettes (Pierce), in buffer without glutathione at 4 °C. The purified protein was aliquoted, 

shock-frozen in liquid nitrogen and stored at –80 !C. 

 
!.#.$. &h(o*+in ./00in1 o2 34&56/78d :8co*+in<n0 =(o08in  

TIPT protein was obtained by cutting on the glutathione sepharose matrix the GST-TIPT 

bound protein with 50 ^ Thrombin in 1 ml thrombin cutting buffer (50 mM Tris, pH 7.5, 200 

mM NaCl, 2 mM EDTA, 5 mM DTT, 2% glycerol) without PMSF because inhibits thrombin 

activity. The cutting was performed at 4 °C. The eluat was collected and 4 more elutions were 

performed, by washing the column with washing buffer described above. The elutions were 

passed over a column prepared with Benzamidine beads (Amersham) to remove the thrombin.  

 
!.#.>. &?=& =(o08in 2o( :<++i0 ?**/ni@<0ion 

All the protein obtained after cutting with thrombin was loaded on a preparative 15% SDS-

PAGE gel, stained with Coomassie blue. The presence of the protein was confirmed by mass 

spectrometry analysis. The appropriate band was removed from the gel, and the protein was 
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f1rther electroel1te+ from the 4el slices at .5 6 o7erni4ht 1sin4 El1trap Electroel1tion system 

;<io=>a+? an+ <TA an+ <TB filter membranes ;Schleicher an+ Sch1ell?.  

 

!.#. %&o()i+ E-(&.c(io+ 

!.#.0. 1o(.l %&o()i+ E-(&.c(io+ 3&o4 5o67) E48&9o7 

Fay G.5 p.c. mo1se embryos from 4 mice Iere +issecte+ o1t from the 1ter1s in col+ J<SK an+ 

sol1biliLe+ in MNN !l lysis b1ffer ;BN m! TrisK pH ..5K ANN m! PQlK B m! EFTRK AS 

Triton T=ANNK A m! !=mecaptoethanolK an+ freshly a++e+ protease inhibitor? on iceK 1sin4 

4lass homo4eniLer. The tiss1e Ias sonicate+ 5UG p1lses Iith A=B min1tes break betIeen each 

ro1n+ of G p1lsesK Iith A cm tip 1sin4 Qell Fisr1ptor <A5 ;<ranson Sonifier?. The lysates 

Iere centrif14e+ at A3KNNN rpm at 4 "Q for A5 min1tesK an+ the s1pernatant Ias collecte+. The 

protein concentration of the sol1ble eUtracts Ias meas1re at absorbance of BGN nm by 

<ioJhotometer ;Eppen+orf? an+ normaliLe+ by <SR stan+ar+s. The total protein eUtracts Iere 

aliX1ote+K froLen in liX1i+ nitro4enK an+ store+ at  YGN "Q. 

 

!.#.#. 1o(.l %&o()i+ E-(&.c(io+ 3&o4 5o67) 1)7(i7 

Testis from mice +ifferent post part1m +ays Iere +issecte+ o1t in col+ J<S. The testis Iere 

res1spen+e+ in 3NN !l lysis b1ffer ;5N m! TrisK pH ..5K ANN m! ZaQlK 5 m! !4QlBK BS 

Triton T=ANNK BS SFSK an+ protease inhibitors? for mice +ay . an+ AA ppK MNN !l for testis 

from mice +ay A5K A.K A/K BA pp an+ GNN !l lysis b1ffer for testis from mice +ay B3K B5K 3N pp 

an+ a+1lt. The tiss1es Iere sonicate+ 3U BN p1lses Iith A=B min1tes break betIeen each 

ro1n+ of BN p1lsesK Iith A cm tip 1sin4 Qell Fisr1ptor <A5 ;<ranson Sonifier? 1n+er the 

con+ition of [1tp1t [ption 5 an+ 5NS F1ty Qycle. The s1pernatant Ias meas1re+ to 

+etermine the protein concentrationK aliX1ote+K froLen in liX1i+ nitro4en an+ store+ at =.N \Q.  

 

!.#.:. 1o(.l %&o()i+ E-(&.c(io+ 3&o4 ;)ll7 

The cells 4roIn in B4 Iells Iere Iashe+ Iith col+ J<S an+ trypsiniLe+. The cells comin4 

from B=3 Iells Iere collecte+ in a B ml Eppen+orf t1be an+ centrif14e+ at AKNNN rpm at 4 \Q 

for 5 min1tes. The pellet Ias Iashe+ tIice Iith col+ J<SK an+ boile+ in 3N !l BUSFS=]< for 

5 min1tes an+ f1rther store+ at =BN \Q.  

Rlternati7elyK the h1man or mo1se cells 1ntransfecte+K transiently or stable transfecte+K Iere 

4roIn in AN or A5 cm +ish. The cells Iere Iashe+ tIice Iith . ml^AN cm +ish or A5 ml^A5 cm 
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dish cold PBS. The cells were scraped in ice cold PBS with a rubber policeman, collected into 

a 50 ml Falcon tube and were centrifuged at 1,500 rpm at 4 BC for 5 minutes. The supernatant 

was discarded and the pellet was resuspended in 1 ml cold PBS and transferred to 1.5 ml 

Dppendorf tube. The cells were centrifuged again at 1,500 rpm at 4 BC for 5 minutes and the 

pellet was resuspended in 1 ml lysis buffer (50 mM Tris, pG 7.4, 150 mM NaCl, 1% NP-40, 1 

mM PMSF and Complete-DDTA protease inhibitor tablet (Roche)), passaged seven times 

through 20, 23 and 27 gauge needles followed by incubation on the rotating wheel at 4 BC for 

30 minutes. The cell lysate was centrifuged at 14,000 g at 4 BC for 15 min and the supernatant 

was transferred into new Dppendorf tubes and protein concentration was measured by 

Bradford assay. The lysate must be diluted at least 1S10 in order to determine accurately the 

protein concentration. The extract was aliquoted and shock-frozen into liquid nitrogen and 

stored at -70 BC. This type of extract was further used for immunoprecipitations.  

 

".$.%. &'clear and Cytoplas5ic Protein 8xtraction fro5 Cells 

The cells grown on 10 or 15 cm dish were washed twice with 10 ml ice cold PBS, and then 

harvested with a rubber policeman in 10-15 ml ice cold PBS and collected to a 15 ml Falcon 

tube. The cells were centrifuged at 2,000 rpm without brake, for 5 minutes at 4 BC. The cell 

pellet was further resuspended in about 1 ml cold PBS, transferred to an Dppendorf tube and 

centrifuged at 2,000 rpm, at 4 BC for 5 minutes. The packed cell volume was determined 

(PCV is about 150-200 µl/ 15 cm dish). The packed cells were resuspended in 1 PCV of 

Roeder A buffer (10 mM Tris pG 7.9, 1.5 mM MgCl2, 10 mM [Cl, 0.5 mM DTT, 1 mM 

PMSF and Complete-DDTA free protease inhibitor cocktail (Roche)) and incubated on ice for 

15 minutes to allow cells swelling. The cells were lysed by rapidly pushing them 7 times 

through 1 ml syringe with a narrow gauge needle (25 g). The nuclei were collected by 

centrifugation for 1 minute at 4 BC and 13,000 rpm. The supernatant representing the 

cytoplasmic fraction was transferred to a new tube and was supplemented with 0.11x volume 

of 10x cytoplasmic extract buffer (Roeder B) buffer (300 mM GDPDS/[OG pG 7.9, 1.4 M 

[Cl, 0.03 M MgCl2 supplemented with 1 mM PMSF and protease inhibitor cocktail). This 

fraction was centrifuged at 30,000 g for 30 minutes at 4 BC and S30 supernatant extract was 

obtained. The nuclear pellet obtained in the previous step was resuspended in 2/3 of one PCV 

of Roeder C buffer (20 mM GDPDS pG 7.9, 25% (v/v) glycerol, 420 mM NaCl, 1.5 mM 

MgCl2, 0.2 mM DDTA, 0.5 mM DTT, 1 mM PMSF and Complete-DDTA free protease 

inhibitor cocktail (Roche)) and incubated for 30 minutes at 4 BC with stirring (200-300 rpm 
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%"*0$1. 3,$ l4("#$ 5"( (67* +o5* "# /89::: %6; <o% = ;i*7#$( "# > ?@ #o 6$ll$# #,$ c$ll +$B%i(. 

3,$ (76$%*"#"*# %$6%$($*#i*0 #,$ *7cl$"% $C#%"c# 5"( +i"l4D$+ "0"i*(# B7<<$% E FG: ;! 

HEJEK 6H L.M9 /:N FOPO1 0l4c$%ol9 /:: ;! Q@l9 /.= ;! !0@lG9 :.G ;! EE3R9 :.= ;! 

E339 / ;! J!KS "*+ @o;6l$#$TEE3R <%$$ 6%o#$"($ i*,iBi#o% cocU#"il FVoc,$11 <o% G ,o7%( 

"# > ?@ i* Kli+$TRTW4D$% !i*i +i"l4(i( 7*i#( FL9::: !X@Y c7#To<<1 FJi$%c$1. 3,$ 6%o#$i* 

co*c$*#%"#io* 5"( +$#$%;i*$+ B4 Z%"+<o%+ "(("4 "*+ #,$ $C#%"c#( 5$%$ (,ocUT<%oD$* i* li[7i+ 

*i#%o0$* "*+ (#o%$+ "# T.: ?@.  

 

!.#.!. %ic(o*o+,l E/0(,c0 1o( 2(o03,*3 2(o03c0io4 5**,6 

H$W" c$ll( <%o; =C/: c; +i(, 0%o5* #o M:N co*<l7$*c4 5$%$ 5"(,$+ 5i#, JZK9 #%46(i*iD$+ 

"*+ 6$ll$#$+ "# /9::: %6; <o% = ;i*7#$( "# > ?@. 3,$ c$ll 6$ll$# 5"( %$(7(6$*+$+ i* / ;l col+ 

JZK "*+ 5"( (67* +o5* "0"i*. 3,$ 6$ll$# oB#"i*$+ 5"( 5"(,$+ i* / ;l ;ic%o(o;"l B7<<$% F8 

;! \;i+"Dol$ 6H L.> "*+ G=: ;! (7c%o($ 5i#,o7# 6%o#$"($ i*,iBi#o%(19 "*+ (6i* +o5* "# 

/9::: 0 <o% = ;i*7#$( "# > ?@. 3,$ c$ll( 5$%$ +i(%76#$+ B4 6"(("0$ O$%4 (lo5l4 /:C G: 09 /:C 

G8 0 "*+ /:C GL 0 *$$+l$( i* / ;l ;ic%o(o;"l B7<<$%. 3,$ l4("#$ 5"( (67* +o5* "# 89::: 0 

<o% /= ;i*7#$( "*+ " l"%0$ 6$ll$# 5"( oB#"i*$+. 3,$ 6$ll$# 5"( %$(7(6$*+$+ i* MG: !l 

;ic%o(o;"l B7<<$%9 /GM: !l GCKEKTWZ "*+ GG: !l /! E33. 3,$ (76$%*"#"*# 5"( (6li# i*#o 

#5o =:: !l (";6l$(. Y*$ (";6l$ 5"( #%$"#$+ 5i#, 6%o#$"($ i*,iBi#o% cocU#"il9 "*+ #,$ o#,$% 

5i#, #%46(i* F3%46(i* J!9 K$%O"1. Z$<o%$ "++i*0 #%46(i*9 #,$ 6%o#$i* co*c$*#%"#io* 5"( 

;$"(7%$+ B4 Z%"+<o%+ "(("4 F/..= ;0P;l1. 3,$ (";6l$ 5"( #%$"#$+ 5i#, #%46(i* "*+ :.:L ;0 

#%46(i*P;0 6%o#$i* 5"( "++$+ F/: ;0P;l #%46(i* (#ocU (ol7#io* i* ;ic%o(o;"l B7<<$%9 6H 

"+]7(#$+ 5i#, HEJEK :./ ! #ill 6H L.>1. 3,$ (";6l$ 5"( i*c7B"#$+ <o% 8: ;i*7#$( "# V3. 3,$ 

%$"c#io* 5"( (#o66$+ B4 "++i#io* o< ^>.. !l #%46(i* i*,iBi#o% <%o; (o4"B$"* FKi0;"1 F#%46(i* 

i*,iBi#o%_ #%46(i* i( /:_/1. Zo#, (";6l$( 5$%$ 7l#%"c$*#%i<70$+ i* Z$cU;"* 7l#%"c$*#%i<70$ 

K/=: R3 %o#o% "# /::9::: 0 <o% /.= ,o7%(9 "# > ?@. 3,$ (76$%*"#"*#( co*c$*#%"#io*( 5$%$ 

;$"(7%$+ F/ !0P!l <o% (76$%*"#"*#T6%o#$i*"($ i*,iBi#o% (";6l$9 "*+ /.^ !0P!l <o% (76$%*"#"*#T

#%46(i* #%$"#$+ (";6l$1 "*+ /: !0 o< 6%o#$i* <o% $"c, (";6l$ 5$%$ #"U$* "*+ Boil$+ 5i#, 

G`KEKTWZ. 3,$ 6$ll$#( oB#"i*$+ 5$%$ %$(7(6$*+$+ i* G: !l ;ic%o(o;"l B7<<$%9 8: !l 

G`KEKTWZ 5i#, = !l /! E33. 3,$ (";6l$( F89::: 0 6$ll$#T/: !la /::9::: 0 (76$%*"#"*# 

6%o#$i*"($ i*,iBi#o% (";6l$TG: !la /::9::: 0 6$ll$# 6%o#$i*"($ i*,iBi#o% (";6l$T/= !la /::9::: 

0 (76$%*"#"*# #%46(i* (";6l$TG: !la /::9::: 0 (76$%*"#"*# #%46(i* (";6l$TG: !l1 5$%$ lo"+$+ 

o* " KEKTJRbE 0$l9 X$(#$%* Blo##$+ "*+ 3\J3 +i(#%iB7#io* i* c$ll 5"( +$#$%;i*$+ B4 7(i*0 

"*#iT3\J3 "*#iBo+i$(.  
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!"#" !n $itro T&ansc&ip-ion/T&ansla-ion  

0-%)in vitro)#%"*(1%&2#&-*3#%"*('"#&-*4)1567)8%"9:$*#);&#,)(&*9'$)7<=);"()1'-*$+)&*#-)2>?@A)

B$1#-%) C?%-:$9"D4) :"E&2%$2$+) "*+) 8F%#,$%) 2F%&8&$+) GH) 2,$*-'I1,'-%-8-%:J) <,$) "(("H) ;"()

2$%8-%:$+)F(&*9)<6<)K$#&1F'-1H#$)LH("#$)>H(#$:)C?%-:$9"DJ))

)

!"4" P&o-ein Anal5sis 

!"4"1" P&o-ein Gel 8lec-&opho&esis 

>5>I2-'H"1%H'":&+$)9$'();$%$)2%$2"%$+)F(&*9)?%-#$"*) MM)9$')2%$2"%"#&-*)(H(#$:)CN&-IK"+DJ)

<,$)>5>I?7=O)9$');"()F(F"''H)2%$2"%$+);&#,)PQR)($2"%"#&*9)9$')"*+)S)R)(#"1T&*9)9$'(J)0-%)

($2"%"#&*9) 9$') 2%$2"%"#&-*);"() F($+) AU)>$2"%"#&*9) 9$') GF88$%4) 2V).J.) CPJS)!)<%&(4) 2V).J.4)

QJAR)>5>D4)"*+)8-%)#,$)(#"1T&*9)9$');"()F($+)AU)(#"1T&*9)9$')GF88$%4)2V)@J.)CQJS)!)<%&(4)2V)

@J.4)QJAR)>5>DJ)7)2%-#$&*)(":2'$);"():&E$+);&#,)#,$)(":$)B-'F:$)-8)/E>5>)'-"+&*9)GF88$%)

CP/S):!)<%&(4)2V)@J.4)/QR)9'H1$%-'4)QJQ/R)G%-:-2,$*-')G'F$4)/R)!I:$%1"2#-$#,"*-'4)AR)

>5>D4)"*+),$"#$+)"#)WS)!X)8-%)S):&*F#$()-%) &*)G-&'&*9);"#$%) 8-%)Y):&*F#$(J)O'$1#%-2,-%$(&()

;"() 2$%8-%:$+) &*) P">5>)GF88$%) C/S):!)<%&(IG"($4) QJPR)>5>4) PW/):!)9'H1&*$4) 2V).JZSD)

F*+$%)/Q):739$'4) 8-''-;&*9)YQ):&*F#$()2%$$'$1#%-2,-%$(&()F*+$%) #,$) (":$)1-*+&#&-*J)<,$*4)

#,$)9$');"()$&#,$%) (FG[$1#$+) #-)\$(#$%*)G'-##&*9) +&%$1#'H4)-%) 8&E$+) &*) 8&E"#&-*)(-'F#&-*) CASR)

:$#,"*-'4) ZJSR) "1$#"#$D) 8-%) S) :&*F#$() "*+) (#"&*$+) ;&#,) X--:"((&$) G'F$) (#"&*&*9) (-'F#&-*)

CQJ/SR)X--:"((&$)G%&''&"*#)G'F$)K)/SQ4)ASR):$#,"*-'4)PQR)"1$#"#$])-%)QJPR)>$%B")K)/SQ4)

SQR) :$#,"*-'4) PQR) "1$#"#$D) "#) K<) 8-%) QJSIP) ,-F%J) <,$) X--:"((&$) (#"&*$+) 9$') ;"()

(FG($^F$*#'H)+$(#"&*$+);&#,)PQR)"1$#"#$)8-%)($B$%"'),-F%()-%)-B$%*&9,#J)

)

 

Table 7" >5>I?7=O)9$')2%$2"%"#&-*J  

 

!"4"2" =es-e&n >lo--in? 

Separatin- -e. /01234$o.ume 71 m.  Sta89in- -e. /:23 4$o.ume 01 m. 

AU)>$2"%"#&*9)GF88$%)2V).J.) ZJS):') ) AU)>#"1T&*9)GF88$%)2V)@J.) /JS):')

YQR)71%H'":&+$IG&("1%H'":&+$)(-'F#&-*)C77D) PQ):') ) YQR)77) PJ@@):')

+V/_) P/JY):') ) +V/_) SJ.A):')

7?>)PQR) QJP):') ) 7?>)PQR) SQ)"')

<O!O5) QJP):') ) <O!O5) /S)"')
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0$(#$%*) 1'-##&*2) "*+) (31($43$*#) &553*-(#"&*&*2)6$%$) 7$%8-%5$+)3(&*2) 7%&5"%9) "*#&1-+&$()

7%$($*#$+) &*) #"1'$) 10) <"77$*+&=) ($>#&-*?@)A3%&*2) #,$) 2$') $'$>#%-7,-%$(&()6$%$) >3#) ")B%-#%"*)

C&#%->$''3'-($) D%"*(8$%) !$51%"*$) <E>,'$&>,$%) F) E>,$'') G&-E>&$*>$?) "*+) 4) 7&$>$() -8)

0,"#5"*)7"7$%)&*#-)")(&5&'"%)(&I$)#-)#,$)2$'J)6&#,)#,$)0,"#5"*)7"7$%)('&2,#'9)'"%2$%@)0,$*)

#,$)2$')6"()(#-77$+J)#,$)5$51%"*$)"*+)#,$)7"7$%()6$%$)7%$(->K$+)&*)1'-#)1388$%)<48)5!)D%&(L

1"($J)3@9)5!)2'9>&*$J)0@037O)EAEJ)20O)5$#,"*-'?@)G$#6$$*)#6-)+-31'$L'"9$%$+)7%$(->K$+)

0,"#5"*) 7"7$%(J) #,$) EAEL7-'9">%9'"5&+$) 2$') 6"() 7'">$+) #&2,#'9) -*#-) ") 7%$(->K$+)

*&#%->$''3'-($)5$51%"*$)"Q-&+&*2)"*9)"&%)1311'$)&*)1$#6$$*J)6&#,)#,$)5$51%"*$)>'-($)#-)#,$)

"*-+$) "*+) #,$) 2$') >'-($) #-) #,$) >"#,-+$@) D,&() ("*+6&>,) &*>'3+&*2)0,"#5"*) 7"7$%J) 2$'J) "*+)

5$51%"*$)6"()#&2,#'9)7%$(($+)#-2$#,$%)&*#-)")>'"57@)0$#)$'$>#%-1'-#)#%"*(8$%)6"()7$%8-%5$+)

&*)1'-#)1388$%)3(&*2)0$(#$%*)1'-##&*2)(9(#$5)<G&-LR"+?)3*+$%)15)T)-Q$%*&2,#)-%)3*+$%)30)T)

8-%)2),-3%()6&#,)")>--'&*2)>,"51$%@)D,$)5$51%"*$)6"()%$5-Q$+)8%-5)#,$)#%"*(8$%)"77"%"#3()

&*#-) ") 7'"(#&>) #%"9) >-*#"&*&*2)0$(#$%*) 1388$%) U) <10)5!) D%&(J) 7V) 7@4J) 0@9O)C"W'J) 0@05O)

D6$$*) 20?@) D,$) #%"*(8$%) 6"() >,$>K$+) 19) (#"&*&*2) 6&#,) 0@1O) B-*>$"3) EJ) 8-''-6$+) 19)

+$(#"&*&*2)6&#,)1388$%)U@)D,$*)#,$)5$51%"*$)6"()1'->K$+)&*)1'->K&*2)(-'3#&-*)<1L5O)'-6)8"#)

5&'K)7-6+$%)&*)0$(#$%*)1388$%)U?)"#)RD)8-%)1),-3%J)%->K&*2)-*)")%->K9)5">,&*$)<G&-5$#%"?@)

D,$) 7%&5"%9) "*#&1-+&$() 6$%$) "77'&$+) &*) #,$) %&2,#) >-*>$*#%"#&-*J) +&'3#$+) &*) 1L5O) 1'->K&*2)

(-'3#&-*J)"*+)#,$)5$51%"*$)6"()83%#,$%)&*>31"#$+)"#)4)!W)6&#,)(,"K&*2)-Q$%*&2,#)<7%$8$%%$+?)

-%)"#)RD)%->K&*2)8-%)1L2),-3%(@)D,$)5$51%"*$)6"()6"(,$+)"#)RD)19)%->K&*2)6&#,)#,$)1388$%()

&*)#,$)8-''-6&*2)($43$*>$X)1388$%)UJ)1388$%)G)<0@9O)C"W'J)0@5O)D%&#-*)YL100J)0@1O)EAE?J)

1388$%)GJ)1388$%)U)<10)5&*3#$()$">,)6"(,&*2)(#$7?@)D,$)($>-*+"%9)VRBL>-*Z32"#$+)"*#&1-+&$()

6$%$)"77'&$+)&*)#,$)%$43&%$+)>-*>$*#%"#&-*(J)+&'3#$+)&*)5O)1'->K&*2)(-'3#&-*)"#)RD)%->K&*2)8-%)

40)5&*3#$(@)D,$*J)#,$)5$51%"*$)6"()6"(,$+)"2"&*)&*)#,$)("5$)6"9)"()+$(>%&1$+)1$8-%$@)D,$)

(&2*"')6"()+$#$>#$+)3(&*2)B&$%>$)[W\)0$(#$%*)G'-##&*2)E31(#%"#$)]&#)<B&$%>$?@)D,$)(31(#%"#$)

6-%K&*2) (-'3#&-*)6"() 7%$7"%$+) 19)5&=&*2) $43"''9) 500)"') -8)^=&+&I&*2)R$"2$*#) "*+) 500)"')

[*,"*>$+)\35&*-')R$"2$*#)"()#,$)>,$5&'35&*$(>$*#)(31(#%"#$)8-%)VRBJ)"*+)#,$)5&=#3%$)6"()

+&(#%&13#$+) -*#-) #,$) 5$51%"*$@) D,$) >,$5&'35&*$(>$*>$) 6"() -1($%Q$+) 19) $=7-(&*2) #,$)

5$51%"*$)8-%)10)($>-*+()#-)20)5&*3#$()#-)")\35&L_5"2$%)<G-$,%&*2$%)!"**,$&5?)-%)#-)W\L

YB-(3%$)8&'5()<B&$%>$?)8-''-6$+)19)+$Q$'-7&*2)6&#,)#,$)W3%&=)60)+$Q$'-7&*2)5">,&*$)<U28"?@))

)

5"4"3" &'()*+,-./ 0123/,-4 15 P*1t),- 

aEDLD_BD %$>-51&*"*#) 7%-#$&*)6"()CL#$%5&*"''9) >-37'$+) #-) "2"%-($)5"#%&=) "#) 4) !W) 3(&*2)

U5&*-\&*K)B'3()W-37'&*2)a$')]&#)<B&$%>$?)">>-%+&*2)#-)#,$)&*(#%3>#&-*()-8)#,$)5"*38">#3%$%@)))
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!"#"#"$%&'()*+,$-./(0(12'(*&$0/*3$4/.+5$65/.3$

The crude anti-TIPT rabbit antiserum was purified by chromatography at 4 !C using the 

affinity purification protocol described for SulfoLink Kit (Pierce). For this purpose, 5 mg of 

GST-TIPT recombinant protein were N-terminally coupled and used for antibodies 

purification from 25 ml of antiserum.  

 

!"#"!"$%&'()*+,$-./(0(12'(*&$78(&9$:;*''5+$%&'(95&$

GST-TIPT protein was loaded onto several preparative gels (single well) SDS-PAGE gels. 

The protein was electroblotted onto Nitrocellulose membranes. The blots were transferred in 

water and further stained briefly with Ponceau S in order to visualize the protein. The protein 

bands were cut out and either stored dried between Phatman papers or washed with copious 

amount of water or Pestern buffer A until the Ponceau staining was gone. The membranes 

were blocked with 5% milk powder in Pestern buffer A for 30 minutes at RT, and then 

washed for 5-10 minutes with buffer A. The anti-TIPT crude crude serum was filtered through 

a 0.45 "m diameter filter and buffered with 1/10 PBS 10X, pH 8.0. The blots were transferred 

into a plastic tray with many slots, each slot having a volume of about 5 ml and incubated 

with serum (5-10 ml) at 4 °C for at least 4 hours, or at RT for 1-2 hours, with shacking. The 

serum was collected and the strips were washed one time with Pestern buffer A for 10 

minutes. The washing continued one more time with buffer A for up to 30 minutes, and then 

with PBS, pH 8.0 for 5 minutes. An Eppendorf tube containing 40 "l of 1 M Tris HCl, pH [.5 

was prepared on ice. The PBS was soaked from the slots and all the strips were transferred 

into one slot. The bound antibodies were eluted with 500 "l 100 mM glycine, pH 2.5, for 1-2 

minutes. The elution was immediately transferred into the Tris buffer to neutralize the 

antibody, preventing their denaturation. The elution was repeated 1-2 more times. The 

antibodies concentration was measured by Bradford assay, using as blank 30 "l of glycine in 

Tris buffer solution. Next, the antibodies were dialyzed in PBS, pH 8.0, ]/N and the next day 

aliquoted and stored at -80 °C.  

 

!"!"$4285(&$<(&285$==$%882,$

2 "g GST-TIPT and GST proteins were incubated with 30 "l (80%) gluthatione beads in the 

same way as for the pull-down assay. The incubation was performed overnight, at 4 °C, end-

over-end. The beads were washed with CKII kinase buffer (20 mM Tris, pH 7.5, 350 mM 
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NaCl, 1 mM EDTA, 2 mM DTT, 0.1< Triton X-100) three times. In 50 !l reaction the beads 

were mixed with 5 !l 10x CKII reaction buffer (200 mM tris, pH 7.5, 50 mM KCl and 10 mM 

MgCl2), CKII (1-10-100 units), 2 !l !-"32
P#-dATP 10 !CiO!l and water. The reaction was 

incubated at 30 PC for 1 hour. Then, the beads were washed in association buffer (0.05< 

Triton X-100 in PBS) for three times. The proteins were eluted from the beads by boiling for 

5 minuted in 20 !l 2xSDS-LB. The samples were loaded on 10< SDS-PAGE gel. The gel 

was stained with Coomassie blue and immediately fixed in a developing cassette (wet, not 

dried), and exposed to a BioMax film (Kodak) at X80 $C overnight. The film was developed 

with Curix 60 developing machine. 

!

6#!$%&'(!)*+,-./012!340%%5!

The yeast two-hybrid screen was performed using ProZuest Two-Hybrid System (Gibco 

BRL) according to the instructions of the manufacturer. Briefly, the full-length TIPT was PCR 

out from pPC86-TIPT plasmid and cloned in frame with the Gal4 DNA binding domain in the 

pDBLeu vector, between SalI and NotI enzymatic restriction sites. Then, pDBLeu-TIPT 

construct used as bait was transformed into yeast strain MaV203 containing HIS3 and lacZ 

reporter genes. After the self-activation was checked, was determined the concentration of 3-

Amino-1, 2, 4- Triazole (3AT) re_uired to titrate basal His3 expression level. The mouse 8.5 

dpc cDNA library, cloned in frame with Gal4 DNA activation domain in pPC86 vector (Gibco 

BRL), was retransformed in E.coli bacteria due to the fact that the amount of DNA was 

insufficient for yeast transformation. Se_uentially, the cDNA library was heat shocked in the 

pre-transformed pDBLeu-TIPT MaV203 yeast strain. About 6x10
6
 clones were screened on 

plates lacking leucine, tryptophan and histidine, and supplemented with 50 mM 3AT. 428 

independent colonies were selected out from the first round of screen. Then, all these clones 

were applied to the second round of screen in which beta-galactosidase activity was assayed 

for every clone, being selected according to their ability to activate the lacZ gene. From this 

step, 88 positive cDNA clones were identified: 51 strong interactors, 27 moderate, and 10 

weak interactors. From all of them, yeast and bacterial DNA as well as glycerol stocks were 

prepared, and plasmids DNA were se_uenced.  
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7. Analysis of Protein-Protein Interactions 

7.1. GST Pull-Down Assay 

0,$)!"#$!%&'#+&%$1#)2%-#$&*32%-#$&*)&*#$%"1#&-*()4$%$)(#5+&$+)5(&*6)780)25''3+-4*)"(("9(:)50)

!')-=)7'5#"#,&-*$)8$2,"%-($)4?)@$"+()A40)!')@$+)B-'5C$D)4$%$)2%$4"(,$+)4&#,)500)!')2%-#$&*)

'9(&()@5==$%)A50)C!)0%&(E)2F)7:5E)500)C!)H"I'E)2)C!)KL0ME)5)C!)L00E)10O)6'91$%-'E)

=%$(,'9)"++$+)1)C!)P!8Q)"*+)I-C2'$#$3KL0M)2%-#$"($)&*,&@&#-%)#"@'$#)AR-1,$DD:)0,$)@$"+()

4$%$) (25*)+-4*)@9)@%&$=)1$*#%&=56"#&-*)"#) '$(() #,"*)4E000) %2C)=-%) ($B$%"') ($1-*+(E)"*+) #,$)

(52$%*"#"*#()4$%$)1"%$=5''9)%$C-B$+:)M'4"9()"@-5#)503100)!')4$%$)'$=#)"@-B$)#,$)@$"+()@$+:)

Q-%) 1-52'&*6E) #,$) 2%$4"(,$+) @$"+() 4$%$) &*15@"#$+) 4&#,) 40) !6) %$1-C@&*"*#) 78030SP0) -%)

780)2%-#$&*)&*)500)!')25''3+-4*)@&*+&*6)@5==$%)A20)C!)0%&(E)2F)7:5E)100)C!)H"I'E)1)C!)

KL0ME) 0:1O) HP340E) =%$(,'9) "++$+) 1) C!) P!8Q) "*+) 2%-#$"($) &*,&@&#-%D) "#) 4) "I) %-#"#&*6)

-B$%*&6,#:)0,$)@$"+()4$%$)(25*)+-4*)@9)@%&$=)1$*#%&=56"#&-*)"*+)4$%$)4"(,$+)#4&1$)=-%)10)

C&*5#$()$"1,)4&#,)500)!')25''3+-4*)@&*+&*6)@5==$%)"#)4)"I)%-#"#&*6E)#-)6$#)%&+)-=)#,$)5*@-5*+)

2%-#$&*(:) 0,$) @$"+() 4$%$) (25*) +-4*) "=#$%) $"1,) 4"(,&*6) (#$2) "*+) #,$) (52$%*"#"*#() 4$%$)

"(2&%"#$+:)78037$C&*&*)-%)780)1-52'$+)@$"+()4$%$)&*15@"#$+)4&#,)45)!')%$C-B$+)=%-C)100)

!') !"# $!%&') #%"*(1%&2#&-*T#%"*('"#&-*) 2%-+51#E) &*) 500) !') 25''3+-4*) @&*+&*6) @5==$%) "#) 4) "I)

%-#"#&*6) =-%) 132) ,-5%(:) 0,$) %$C"&*&*6) 10)!') 4$%$) %$C-B$+) "() 1-*#%-'E) C&U$+) 4&#,) 2!8L8)

'-"+&*6) @5==$%) "*+) ,$"#$+) "#) 95) "I) =-%) 5)C&*5#$(:)0,$) @$"+()4$%$) (25*) +-4*) "*+)4"(,$+)

#4&1$) 4&#,) 25''3+-4*) @&*+&*6) @5==$%) "#) 4"I) %-#"#&*6) =-%) 10) C&*5#$() $"1,) (#$2:) 04-)C-%$)

4"(,&*6)(#$2()4$%$)+-*$)&*)#,$)("C$)4"9)4&#,)25''3+-4*)4"(,&*6)@5==$%)A20)C!)0%&(E)2F)

7:5E)150)C!)H"I'E)1)C!)KL0ME)0:1O)HP340E)=%$(,'9)"++$+)1)C!)P!8QD:)0,$)@$"+()4$%$)

(25*) +-4*) "*+) #,$) (52$%*"#"*#)4"() "(2&%"#$+) 1-C2'$#$'9:) 0,$) 2%-#$&*) =%-C) #,$) @$"+()4"()

$'5#$+)4&#,) 20)!') 2!8L8) '-"+&*6) @5==$%) @9) ,$"#&*6) "#) 95) "I) =-%) 5)C&*5#$(:)M=#$%) (2&**&*6)

+-4*E) #,$)$'5"#$()4$%$) %$C-B$+)"*+) #,$)6$')4"() '-"+$+)4&#,)20)!') (52$%*"#"*#()"*+)10)!')

1-*#%-':)M=#$%)$'$1#%-2,-%$(&(E) #,$)6$')4"()=&U$+)=-%)3)C&*5#$()&*)20O)&(-2%-2"*-')"*+)10O)

"1$#&1)"1&+)"*+)4"(,$+)4&#,)4"#$%:)0,$)6$')4"()#%"*(=$%$+)-*)")4$#)X,"#C"*)2"2$%)"*+)+%&$+)

4&#,) ") B"155C) 6$') +%&$%) A?&-C$#%"D) "#) .0) "I) =-%) 1) ,-5%:) 0,$) +%&$+) 6$') 4"() =&U$+) &*) ")

+$B$'-2&*6) 1"(($##$E) "*+) $U2-($+) #-) ") ?&-!"U) =&'C) "#) Y.0) "I) -B$%*&6,#:) 0,$) =&'C) 4"()

+$B$'-2$+)4&#,)I5%&U)60)+$B$'-2&*6)C"1,&*$:)
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0,e in vivo 1r-#e&n21r-#e&n &n#er"c#&-ns 4ere s#5+&e+ 5s&n6 &775n-1rec&1&#"#&-ns8 0,e 

e91er&7en# 4"s 1erf-r7e+ e&#,er ;< c-51'&n6 #,e 6e7&n&n "n#&;-+&es #- #,e =r-#e&n > 

?e1,"r-se @=>?A ;e"+sB -r 5s&n6 "'re"+< c-51'e+ C> "n#&;-+&es #- 1r-#e&n se1,"r-se ;e"+s 

@C> "ff&n&#< 7"#r&9 fr-7 R-c,eA8  

EF 76 =>? GH2IJ @>7ers,"7A ;e"+s 4ere ,<+r"#e+ 4&#, KFF !' =J?B 1C .8F @";-5# LKF !' 

;e+ M-'57eAB "n+ #,e res5s1en+e+ ;e"+s 4ere 4"s,e+ 4&#, L 7' =J? #4&ce8 NFF !6 15r&f&e+ 

"n#&26e7&n&n "n#&;-+&es @?"n#"2Gr5OA @NFF !'A -r LFF !' 1re2&775ne ser57 4"s &nc5;"#e+ 

4&#, 51 #- KFF !' =J? "n+ 4"s,e+ ;e"+s "# R0 r-#"#&n6 -Mern&6,#8 0,e ;e"+s 4ere 4"s,e+ I 

#&7es 4&#, KFF !' F8N ! P"NJIQ/B 1C R8F f-r K 7&n5#es e"c,B "n+ f5r#,er res5s1en+e+ &n SFF 

!' F8N ! P"NJIQ/B 1C R8F8 > LF !' "'&T5-# 4"s s"Me+8 E8/ 76 +&7e#,<'1&7e'&7&+"#e @";-5# 

NF 7!A 4"s "++e+ &n#- #,e res5s1ens&-ns "n+ &nc5;"#e+ "# R0 r-#"#&n6 f-r EF 7&n5#es #- 

cr-ss'&nU #,e "n#&;-+< 4&#, #,e ;e"+s8 >n-#,er LF !' "'&T5-# 4"s s"Me+B "n+ #,e cr-ss'&nU&n6 

re"c#&-n 4"s s#-1e+ ;< 4"s,&n6 #,e ;e"+s 4&#, KFF !' F8N ! e#,"n-'"7&neB 1C .8F "# R0 

r-#"#&n6 f-r N ,-5rsB f-''-4e+ ;< 4"s,&n6 4&#, =J? #,ree #&7es f-r K 7&n5#es e"c,8 

F8S 7' 7-5se +"< .8K e9#r"c# @N8K 76V7'A 4"s 1rec'e"re+ ;< &nc5;"#&n6 4&#, =>? res5s1en+e+ 

;e"+s f-r EF 7&n5#es "# I WG -n #,e r-#"#&n6 4,ee'8 0,e ;e"+s 4ere s15n +-4n "n+ #,e N/K !' 

c'e"re+ s51ern"#"n# 4"s &nc5;"#e+ 4&#, #,e c-51'e+ ;e"+s "n+ 51 #- SFF !' 1r-#e&n '<s&s ;5ffer 

@NF 7! 0r&sB 1C /8KB LKF 7! XG'B L 7! YZ0>B F8L[ 0r&#-n \2LFFB L 7! !2

7erc"1#-e#,"n-'B fres,'< "++e+ 1r-#e"se &n,&;&#-rA "# I "G r-#"#&n6 f-r N ,-5rs8 0,e ;e"+s 

4ere 4"s,e+ 4&#, KFF !' ]= 4"s,&n6 ;5ffer @NF 7! 0r&sB 1C /8KB LKF 7! XG'B L 7! 

YZ0>B L 7! !27erc"1#-e#,"n-'B L 7! =!?^B F8L[ 0r&#-n \2LFFA #,ree #&7es "# I "G 

r-#"#&n6 f-r K 7&n5#es e"c,8 0,e c-21rec&1&#"#e+ 1r-#e&ns 4ere e'5#e+ &n SF !' N"?Z? '-"+&n6 

;5ffer ;< ,e"#&n6 "# RK "G f-r S 7&n5#es8 NF2EF !' e'5#e+ c-21rec&1&#"n#s 4ere '-"+e+ -n " 

LF[ ?Z?21-'<"cr<'"7&+e 6e'B "n+ _es#ern ;'-##&n6 4"s 1erf-r7e+ 5s&n6 "n#&26e7&n&n "n+ 

"n#&20]=0 "n#&;-+&es8  

 

>n-#,er #<1e -f &775n-1rec&1&#"#&-n 4"s 1erf-r7e+ 5s&n6 C> "ff&n&#< 7"#r&9 ;e"+s @R-c,eA 

@E8K 76 C> "n#&;-+&es c-51'e+ #- L 7' ;e"+sB re1resen#&n6 NK n7-' "n#&2C>V7' ;e"+s @NK 

!!A "n#&;-+&es c-ncen#r"#&-nA "n+ #-#"' -r n5c'e"r e9#r"c# fr-7 C>20]=0 #r"ns&en#'< -r s#";'e 

#r"nsfec#e+ ,57"n `NQ? ce''s8 >s c-n#r-'B #,e ;e"+s 4ere &nc5;"#e+ 4&#, n-n2#r"nsfec#e+ 

`NQ? ce''s8 0,e =>? ;e"+s 4ere res5s1en+e+ "n+ 4"s,e+ 4&#, =J? 1C .8F "s +escr&;e+ 
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before1 The extracts were precleared for 38 minutes-1 hour with PAS beads1 An ali@uot of the 

precleared extract was saved as control1 2-3 mg of cell extract were diluted in IPP158 buffer 

F28 mM HEPESIKOH pH L1M, or 28 mM Tris, pH L1M, 158 mM OaCl, 115 mM MgCl2, 815 

mM DTT, 8185R OP-48, 1mM PMSF and Complete-EDTA free proteinase inhibitorU up to 

115 ml and incubated for 4 hours with 58 !l HA beads, at 4 VC on the rotating wheel1 The 

supernatant was removed after spinning down the beads by centrifugation for several seconds 

at 4,888 rpm1 All the time the beads were let to settle for 2-3 minutes on ice before removing 

the supernatant1 5-6 washing steps with IPP158 were performed, 3 minutes each1 The beads 

were spun down and the supernatant was removed completely1 The elution was performed in 

two different ways: either by boiling the beads for 5 minutes with 58 !l 2xSDS-LB, or by 

elution with HA peptide1 The HA peptide was diluted at 1mgIml in TrisIHCl pH L15 or L1M1 

The elution with HA must be performed with 68-fold excess of peptide over the antibodies1 

Thus, 58 !l beads were incubated with L5 !l peptide solution and L5 !l 2x elution buffer F48 

mM HEPESIKOH, pH L1M, 388 mM OaCl, 811R OP-48 and 1 mM DTTU Fthe final 

concentration of HA peptide should be 348 !M in 288 !lU1 The elution was performed at 4 VC 

for 1 hour with end-over-end rotation1 After spinning down the beads, the supernatant was 

collected and boiled with 38 !l 6x SDS-LB for 5 minutes1 A 18R gel was loaded with 28-38 

!l eluted co-precipitants and \estern blotting was performed using anti-HA, anti-geminin, 

anti-TBPL1, anti-TBP, anti-TFIIA and anti-OPM antibodies1 Alternatively, 58 !l eluted co-

precipitants were loaded on a 18R SDS-polyacrylamide gel, stained by Coomassie blue and 

send to mass spectrometry analysis1  

 

!.3. Peptide Array Analysis 

Dr1 Lingfei Luo performed this experiment befor the beginning of my PhD studies1 TIPT 

peptide array membrane was blocked with 18 ml blocking solution F115R BSA in \estern 

buffer AU at RT, rocking for 1 hour1 Then, His-Geminin recombinant protein was added into 

the blocking solution to a final concentration of 1 !gIml, and incubated at 4 "C with shaking 

overnight1 Afterwards, the membrane was se@uentially washed with 18 ml \estern buffer A, 

\estern buffer B, \estern buffer B, and \estern buffer A for 18 minutes each1 The 

following steps from primary antibody staining are the same with the normal \estern 

blotting, except the blocking solution1 
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!" Analysis of Protein-Nucleic Acids Associations 

!"1" 7el Mobility Shift Assays  

The in vitro pro#ein2D45 in#era6#ions 7ere s#u+ie+ using gel re#ar+a#ion assa:. <n #his s#u+: 

7ere #es#e+ #he in#era6#ion o= hu>an TBPA hu>an TBPL1 6o>pleDe+ 7i#h TE<<5A 

re6o>Finan# GHT2T<PT an+ Iis2ge>inin pro#eins 7i#h D45. Jligonu6leo#i+es use+ 7ereK 

a+enoLirus >aMor la#e pro>o#er oligo N2OP #o 21QRA 5+!LP >u#a#e+ oligos N!12!.RA 5+!LP 

>u# NT5T5 FoD >u#a#e+RA 4E1 oligo N2S.. #o 2STSRA a+enoLirus UO oligo VTWX. The sense 

s#ran+ 7as phosphor:la#e+ F: >iDing 1 !l sense s#ran+ oligonu6leo#i+e NP.1 n>olR 7i#h P.S !l 

pol:nu6leo#i+e Yinase Fu==er NZo6heRA [ !l !2"[S
P#2+5TP N[P >CiR an+ 7a#er up #o SP !l. The 

rea6#ion 7as in6uFa#e+ a# [W ]C =or OT >inu#es. The Lolu>e 7as in6rease+ #o TP !l ISJ an+ 

#he laFeling >iD#ure 7as puri=ie+ 7i#h a G2TP sepha+eD >i6ro 6olu>n. The approDi>a#el: QP 

!l o= =lo7 #hrough 7ere >iDe+ 7i#h P.1 Lolu>e 1 ! ^Cl an+ 1 !l an#isense s#ran+ 

oligonu6leo#i+es NP.1 n>olR. The >iD#ure 7as +ena#ure+ a# /T ]C =or 1P >inu#es an+ #he 

annealing 7as per=or>e+ slo7l: F: na#urall: 6ooling +o7n =or seLeral hours. Ero> 1 !l 

laFele+ +ouFle2s#ran+e+ oligo 7as 6oun#e+ #he ra+ioa6#iLi#: 7i#h an LH1WP1 6oun#er 

NBe6Y>anR. The laFele+ +ouFle2s#ran+e+ oligo 7as al7a:s +ilu#e+ 1KSP an+ approDi>a#el: P.W 

ng o= proFe 7as use+ per Fin+ing rea6#ion.  

Di==eren# Fin+ing rea6#ions 7ere per=or>e+ =or TBP an+ TBPL1. The TBP Fin+ing rea6#ions 

7ere per=or>e+ in a Lolu>e o= 1T !l F: >iDing [ !l TD Fin+ing Fu==er NQP >! IUPUH_^JIA 

pI W.QA [PP >! ^ClA 1T >! DTTA 1 >! UDT5A 1P` PUG2.PP N7_LRA SP >! !gClSA OP` 

gl:6erolA P.1` 4P2OPA [ST !g_>l BH5R 7i#h 1PP ng_!l pol:N+G2+CRA [21T ng TBPA 1 !l ho# 

oligo an+ 7a#er. Eor TBPL1 #he Fin+ing rea6#ions 7ere per=or>e+ also in 1T !l F: >iDing T!l 

[D Fin+ing Fu==er NQP >! IUPUH_^JIA pI W.QA 1.P >! ^ClA / >! DTTA QP` gl:6erolA QP 

!g_>l BH5R 7i#h SPP ng BH5A 1PP !g pol:N+G2+CRA 1P2SP ng TBPL12TE<<5 6o>pleD 

Npuri=ie+ F: Pro=. Dr. !ar#in Tei6h>annR VTQX an+ 7a#er. The rea6#ions 7ere in6uFa#e+ a# [P 

]C =or OT >inu#es. The shi=# 7as per=or>e+ on a T` na#iLe gel. Eor ST >l o= gel 7ere >iDe+ 

[.[[ >l o= [P` a6r:la>i+e2Fisa6r:la>i+e T/K1A 1.ST >l gl:6erolA 1.ST >l 1PDTBUA ST !l 1! 

DTTA 1[[.T !l 1P` 5>>oniu> persulpha#e =reshl: prepare+A 1[.[T !l TU!UD an+ 1/ >l 

7a#er. The gel 7as allo7e+ #o pol:>eriae =or 1 hour an+ #hen 7as prerunne+ =or OT >inu#es a# 

SPP bA a# O ]C in P.TD TBU Fu==er =or TBPL1 shi=#sA respe6#iLel: P.T D TBU Fu==er 

supple>en#e+ 7i#h T` gl:6erol an+ P.PT` 4P2OP =or TBP shi=#s. The sa>ples 7ere loa+e+ 
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during running and the gels runned for 34 56/ minutes at 6// 8 9for TBP shifts=, or ?// 8 9for 

TBP@3 shifts= at ? AC. After running, one of the glass plates was removed and the gel together 

with the support glass were fixed in the cassette and exposed to a BioMax film at JK/ !C for 

6/5?/ hours. The film was developed with the Curix L/ developing machine. 

 

!.#. Chromatin Immunoprecipitation 3ChIP5 Assay 

Dr. Christine Mayer performed this experiment. To check whether TIPT interacts directly 

with rDNA promotor, ChIP experiments were performed. 6.RT cells were transfected with 

HA5TIPT or HA5CSB as positive control. Cells were cross5linked with formaldehyde at L/5

K/U of confluency. For each immunoprecipitation, pellets from two 3/ cm dishes were used. 

The beads were pepared as followingX HA5beads were washed twice in blocking buffer 93/ 

mM Tris HCl pH K./, 6 mM EDTA, 3mgZml BSA, /.4 mgZml salmon sperm=, and 4/U slurry 

was prepared and blocked in ? !C over night. AZG beads were washed twice with blocking 

buffer, R/U of slurry was prepared and the beads were blocked in ? !C for ?/ min. Pellets 

from 6 dishes were combined and cells were lysed in 4// "l of cell lysis buffer 94 mM 

HEPES pH K./, K4 mM KCl, /.4U NP5?/, protease inhibitors=. Then, nuclear lysates were 

prepared using R// "l of nuclear lysis buffer 94/ mM Tris HCl pH K./, 3/ mM EDTA, 3U 

SDS, protease inhibitors=. Sonication was performed twice for 6/ min, 34 s onZoff. For 

preclearing 34/ "l of chromatin, L// "l of IP dilution buffer 9/./3U SDS, 3.3U Triton ]53//, 

3.6 mM EDTA, 3L.^ mM Tris HCl pH K./, 3L^ mM NaCl= and L/ "l of R/U AZG beads 

slurry were used. Samples were incubated at ? !C for 3h 6/ min on the wheel. R4 "l of 

precleared chromatin was taken as input. For immunoprecipitation R4/ "l of chromatin, ?// 

"l IP dilution buffer and 345R/ "l 4/U HA5beads slurry were incubated 4.4 hours in ?!C on 

the wheel. Beads were washed twice with K// "l ofX low salt wash buffer 9/.3U SDS, 3U 

Triton ] 3//, 6 mM EDTA, 6/ mM Tris HCl pH K./, 34/ mM NaCl=, high salt wash buffer 

9/.3U SDS, 3U Triton ] 3//, 6 mM EDTA, 6/ mM Tris HCl pH K./, 4// mM NaCl=, @iCl 

wash buffer 93/ mM Tis HCl pH K./, 64// mM @iCl, 3U NP?/, 3U deoxycholic acid, 3mM 

EDTA= and TE. After low salt wash buffer beads were transferred to fresh tubes. Samples 

were decross5linked over night. After that DNA was purified on the columns using _IAE] 

PCR purification kit 9_IAGEN=. DNA was eluted with L/ "l of 3/ mM Tris HCl pH K./.  

ChIP PCR reaction was made using 6xPCR master mix, DMSO and following primersX 

5 for rDNA human promoterX forward J34/ bp, reverse b3R/ bp 
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- for human coding region: forward 89124 bp, reverse 89246 bp 

DNA template was diluted 3 times and 3 or 9 !l were used for PCR. Input DNA was diluted 

100 times. PCR program: 94"CKL minM 29 cycles O94"CK30 secM L0"CK30 secM 72"CK30 secQM 

72"CK7 minM 4 "CK!. 12 !l of each PCR product was loaded on the 2R agarose gel and 

electrophoresis was running for 20 min. 

 

!" $ell $ultu)e an, -..unoc1toc2e.ist)1 

!"5" $ell 6e7i7al 

Cells from liSuid nitrogen were revived in a 37 "C water bath as Suickly as possible O3-4 

minutesQ, then transferred gently into a 1L ml Falcon tube containing L ml proper culture 

medium, and centrifuged at 1,000 rpm for L minutes. The supernatant medium was aspirated, 

3 ml fresh medium was added to the cell pellet and pipetted up and down for about 1L times to 

break cell aggregates. Then, the cell resuspension was distributed in a 10 cm petri dish 

containing 7 ml culture medium O10 ml in totalQ. The dish was gently shaken left- right and 

backward- forward to achieve eSually distribution of cells. Then, the cells were cultured in a 

BBD 6220 incubator OHeraeusQ at 37 "C and LR CO2 concentration. 

 

!"8" $ell Passa:e an, ;)ee<e 

The cells cultured on 10 cm dish were passaged when reached 70- 9LR confluency. First, the 

growth medium was aspirated and the cells were washed with L ml prewarmed PBS, which 

was then aspirated from the dish. 2.L ml 1"Trypsin-EDTA solution OGibco BR]Q was eSually 

distributed onto the washed cells, and cells were incubated at 37 "C for about 2 minutes. The 

dish was shaken until all the cells became floating. 7.L ml culture medium was added to stop 

the trypsin digestion, pipetted up and down for several times to blow the cells, and then 

transferred into a 1L ml Falcon tube. Centrifugation was carried out at 1,000 rpm for L 

minutes to pellet the cells, followed by aspiration of the supernatant.  

For passage, the cell pellet was resuspended in 6 ml culture medium by pipetting 1L to 20 

times to break cell aggregates. 1 ml resuspension was finally eSually distributed into a 10 cm 

dish containing 9 ml medium O1:6 dilutionQ, gently shaken and incubated. 

For freeze, the cell pellet was resuspended in 2 ml culture medium, and every L00 !l cell 

resuspension was transferred into a cryotube ONuncQ containing L00 !l of freezing medium 

O63.4R growth medium already supplemented with 10R FCS, 16.6R DMSO and 20R FCSQ, 
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0&1$+ 2$'' 34 &*5$%#&*67 "*+ ($89$*#&"''4 :%-;$* "# </= !> -5$%*&6,#7 "# <?= !> :-% " 2$$@ #- 

" 0-*#,7 "*+ :&*"''4 &* '&89&+ *&#%-6$*A 

 

!.#. H&'T)PT Human /212 2ta4le 7ell 8ine  

B- 6$*$%"#$ #,$ CDEBFGB H-*(#%9H#7 BFGB 2"( "0I'&:&$+ &* :%"0$ 2&#, #,$ CD #"6 9(&*6 #,$ 

IG>?JEBFGB H-*(#%9H#7 +&6$(#$+ 2&#, !"#$$ "*+ &'($ $*;40$(7 "*+ &*($%#$+ &*#- !)*+$ "*+ 

&'($ (&#$( -: " 0-+&:&$+ IHKLD 5$H#-% MF*5&#%-6$*N H-*#"&*&*6 "* &*#%-* "*+ " CD $I&#-I$ 

M@&*+'4 I%-5&+$+ 34 OA PQ,%0"**7 RS##&*6$*ANA C90"* T/UV H$''( 2$%$ (#"3'4 #%"*(:$H#$+ 

2&#, IHKLD B"/W&EBFGB I'"(0&+ #,"# 6&5$( %$(&(#"*H$ #- *$-04H&* #,-($ H$''( #,"# ,"5$ &# 

&*#$6%"#$+ &* #,$ 6$*-0$A F* -%+$% #- :&*+ -9# #,$ %$89&%$+ "0-9*# -: *$-04H&* MRXY?N "# 

2,&H, #,$ 9*#%"*(:$H#$+ H$'' "%$ +$"+ "*+ #,$ (#"3'4 #%"*(:$H#$+ "%$ "'&5$ &# 2"( I%-H$$+$+ #- " 

#$(#A T/UV H$''( 2$%$ I"(("6$+ &*#- ($5$%"' J 2$'' I'"#$ &* +9I'&H"#$(7 "*+ +&::$%$*# "0-9*#( 

-: RXY? 2$%$ "II'&$+ -* H$''(Z Y==7 Y[=7 /==7 /[=7 \==7 X==7 X[=7 [==7 [[=7 J== "*+ ]== 

"6^0' RXY?A B,$ 0$+&90 2"( H,"*6$+ $5$%4 +"4 "*+ &# 2"( -3($%5$+ #,"# ":#$% [ +"4( #,$ 

H$''( #%"*(:$H#$+ 2&#, #,$ 0&*&090 "0-9*# -: [== "6^0' RXY? 2$%$ H-0I'$#$'4 +$"+A 

Y==7=== T/UV H$''( 2$%$ :%$(,'4 "++$+ #- X +&::$%$*# Y= H0 +&(,A B,$ H$''( 2$%$ #%"*(:$H#$+ 

2&#, " 5$%4 '-2 $::&H&$*H4 -*'4 2&#, _96$*$J MO-H,$N :-% #,$ H-*#%-'7 -% 2&#, CDEBFGBA B,$ 

*$1# +"47 [== "6^0' RXY? &* #,$ !H>-4`( 6%-2#, 0$+&90 2"( "II'&$+ :-% ($'$H#&-*7 "*+ 

$5$%4 ($H-*+ +"4 #,$ 0$+&90 2"( H,"*6$+A F* #,$ ($5$*#, +"47 #,$ H-*#%-' H$''( 2$%$ 

H-0I'$#$'4 +$"+ "*+ #,$ CDEBFGB #%"*(:$H#$+ H$''( :-%0$+ 2$''E+$:&*$+ H-'-*&$(A B,$ H'-*$( 

2$%$ 0"%@$+ 2&#, +&"0-*+ -3a$H#&5$ 9*+$% #,$ 3&*-H9'"% 0&H%-(H-I$ "*+ 2$%$ ($'$H#$+ 9*+$% 

#,$ H$'' H9'#9%$ ,--+ 2&#, #,$ ,$'I -: " (#$%$-0&H%-(H-I$A X= "' #%4I(&*^2$'' 2"( "++$+ F* .J 

2$'' I'"#$7 "*+ 6$'"#&*$ 2"( "++$+ &* /X 2$'' I'"#$A B,$ H$''( :%-0 #,$ 0"%@$+ H-'-*&$( 2$%$ 

(H%"I$+ 2&#, /= "' I&I$##$ "*+ #%"*(:$%%$+ &*#- #,$ .J 2$'' I'"#$7 "*+ (93($89$*#'4 &* /X 2$'' 

I'"#$ ":#$% /E\ 0&*9#$(A B,$ H$''( 2$%$ &*H93"#$+ "# \] b> &* 0$+&90 H-*#"&*&*6 /[= "6^0' 

RXY?A c,$* #,$ H$''( %$"H,$+ ?=d H-*:'9$*H4 2$%$ #%4I(&*&;$+ "*+ I"(("6$+ YZ\ &*#- \ *$2 

/X 2$''( :-% 6$*-0&H KLD $1#%"H#&-*7 I%-#$&* $1#%"H#&-* "*+ (#-H@ H$''(A _&*"''4 "3-9# ,"': -: 

#,$ I&H@$+ H'-*$( 2$%$ -3#"&*$+ MY] H'-*$(7 *903$%$+ :%-0 YEY]N7 #,$ %$(# 3$&*6 "%%$(#$+ &* 

6%-2#, "*+ :&*"''4 +$"+A  
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9.#. %e''s )y+c-r/+i1a3i/+ 4i3- A6-i7ic/'i+ 

T,$),12"*)345S)7$''()8$%$)9"((":$+)"#)")7-*7$*#%"#&-*)-;)<==>===)7$''(?@)8$'')9'"#$A)A;#$%)

4=),-1%()#,$)7$''()8$%$)#%"*(;$7#$+)1(&*:)C1:$*$@)8&#,)<AD)!:)97EFA)T"4G&HTIJT>)97EFA)

T")4G&)9'"(2&+(>)-%)-*'K)C1:$*$@A)A;#$%)<.H4=),-1%() #,$)7$''()8$%$)L'-7M$+)8&#,)<=)!:?2')

A9,&+&7-'&*) ;-%) -#,$%) <.) ,-1%(A) T,$) 7$''()8$%$)8"(,$+) #8&7$)8&#,) JNS>) -*7$)8&#,) :%-8#,)

2$+&12) "*+) #,$*) %$'$"($+A) T,$) 7$''()8$%$) 7-''$7#$+) "#) =>) 4>) O>) @>) P>) <=) "*+) <4) ,-1%() "*+)

("29'$()8$%$)9%$9"%$+);-%)CAQS)"*"'K(&(A))

)

9.8. 9A%) A+a'ysis /f ;u=a+ >?@) %e''s 

345S)7$''()8$%$),"%R$(#$+)LK)#%K9(&*&S"#&-*)"*+)#,$)9$''$#)8"()8"(,$+)#8&7$)8&#,)<=)2')&7$)

7-'+)JNSA)T,$)7$''()8$%$)9$''$#$+)$"7,)#&2$)LK)<>===)%92)7$*#%&;1:"#&-*)TU$%"$1()7$*#%&;1:$V)

"#)O)WQ);-%)D)2&*1#$(A)T,$)(19$%*"#"*#)8"()+&(7"%+$+)"*+)#,$)9$''$#)8"()%$(1(9$*+$+)&*)<)2')

&7$)7-'+)JNSA)T,$)CAQS)#1L$()8$%$)"'%$"+K)7--'$+)-*)&7$)"*+);&''$+)8&#,)/)2')<==X)$#,"*-')
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01A3. The program determined the 9ontrol values and the indistin9t peaks =ere lo9ated 

a99ording to the 9ontrol values. Auto>linearity =as used @or determining GBCG1 linearity.  

 

"#$# %&&'n)c+,)c-e&i0,r+ 

"#$#2# %&&'n)c+,)c-e&i0,r+3456 5i78,i)n 

The 9ells =ere passaged and 9ultured on 9overslips arranged in B4 =ell dish in 0.5>1 ml 

medium under 5G HIB at J7 !H overnight. Lhen 9ells rea9hed the desired 9on@luen9y M50>

N0G3O the medium =as aspirated and the 9ells =ere =ashed t=i9e =ith PQ1O and then @iRed 

=ith 500 "l 4G PSACPQ1 at TT @or B0 minutes. ThenO the 9ells =ere =ashed =ith 500 "l PQ1 

three times @or 5 minutes ea9hO @ollo=ed by permeabiliVation @or 15 minutes at TT =ith 0.BG 

Triton W>100 in PQ1. The 9ells =ere =ashed 4R PQ1 @or a total time o@ B0 minutes and then 

in9ubated =ith 1G 1D1 in PQ1 @or 10 minutes. A@ter 4R PQ1 =ashO the 9ells =ere blo9ked @or 

1 hour 10G SH1CPQ1 supplemented =ith 0.BG Triton W>1000 at TT. In a 10 9m petri dish 

=ere added several @ilter papers soaked in =ater and on the top o@ them =as applied a sheet o@ 

para@ilm. The 9overslips =ith the 9ells @a9ing up =ere trans@erred onto the para@ilm and B5 "l 

o@ diluted primary antibody in blo9king bu@@er =as applied on the 9ells. The dish =as @urther 

in9ubated at 4 !H overnight. The 9overslips =ere trans@erred into the B4 =ells and =ashed 4R 

PQ1. The in9ubation =ith the diluted AleRa 9onZugated se9ondary antibodies in blo9king 

solution =as realiVed in the same =ay as des9ribed @or primary antibodiesO @or 1>B hours at 

TT. A@ter the appli9ation o@ @luores9ently labeled se9ondary antibodyO all the @ollo=ing steps 

=ere done avoiding light. A@ter @our PQ1 =ashing stepsO the 9overslips =ere =ashed brie@ly in 

=ater and applied =ith the 9ells @a9ing do=n on a slide on =hi9h =as added a drop o@ !oviol 

mounting shield 9ontaining DAPI M[e9tor3. A@ter removing the eR9ess o@ !oviol by gently 

pressing =ith a tissue paperO the 9overslips =ere sealed =ith nail polish and let dry @or at least 

1 hour at TT. The sample =as applied to a QW>N0 @luores9en9e mi9ros9opy MIlympus3. 

 

"#$#9# %&&'n)c+,)c-e&i0,r+3:e,-8n)l 5i78,i)n 

The 9ells =ere gro=n on 9overslips as des9ribed above Mse9tion 9.N.13. The 9overslips =ere 

=ashed =ith PQ1 bu@@er @or B>J minutesO then the PQ1 =as aspirated and methanol @rom >B0 

\H @reeVer =as applied @or N minutes on 9ells. The 9ells =ere rehidrated several times =ith 

PQ1O @or at least 10 minutes. The primary antibodies =ere diluted in 0.5G Q1A in PQ1. The 
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co1ersli2s were a22lied on the 2arafilm and incu7ated with the 2rimary anti7odies as 

descri7ed 7efore. All the following ste2s are as already descri7ed.!

!

"#$#%#!&''()*+,-.*/+0',-.12!*)!312*-0/.,*)-!

The mouse 7rain or testis cryosections were remo1ed from =>0 @C freeBer and were allowed to 

come 7acC to the RT for a7out /=10 minutes. Around each tissue section was drawn a circle 

with the DaCo fat 2en GDaCoH. The freeBing 2rotecting medium was remo1ed 7y di22ing them 

I0 seconds in PKL and immediately 7locCing with PKL containing / M normal goat serum 

and 0.1M Triton N=100 for at least 1 hour at RT. The 2rimary anti7odies were diluted in 

7locCing solutions and a22lied on the sections followed 7y incu7ation at O @CP o1ernight. The 

slides were washed three times with PKLP 20 minutes each washing ste2. Alexa=conSugated 

secondary anti7odies were diluted in 7locCing solution and the slides were incu7ated for O0 

minutes at RT in the darC. After the a22lication of fluorescently la7eled secondary anti7odyP 

all the following ste2s were done a1oiding light. After three washing ste2s a small amount of 

!o1iol mounting shield containing DAPT was a22lied and the co1erslide was mounted on the 

slide and sealed with nail 2olish.  

 

"#$#4#!5'061!78.16/.!910:616.,*)!

The ex2eriment was realised according to U100V. 

!

"#$#;#!<0-.,-!5(-:0)-,*)!910:616.,*)!

The ex2eriment was realised according to U16IV. 

 

"#$#=#!&''()*+,-.*/+0',-.12!*>!?6.!@,::*/6':6A!30AA-!

The ex2eriment was realised with the hel2 of Dr. Lil1io RiBBolli. The rat hi22ocam2al culture 

was 2re2ared from new7orn 2u2s according to U16OV. The cells were fi1ed with methanol 

followed 7y con1entional immunostaining with anti=TTPT and anti=syna2totagmin 1 

anti7odies.  

 

"#$#B#!?C6-0!D!78:01,'0).!

Tn order to analyBe how the RNA de2letion affects 2rotein localiBationP an RNase A 

ex2eriment was 2erformed. Yuman Z2[L cells were grown on co1ersli2s in 2O well 2late. 

The medium was as2iratedP and the cells were washed twice with PKL. To 2ermea7iliBe the 
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0$''( 123 45 ("6onin in 789 :"( "66'i$+ "n+ t,$ 0$''( :$r$ tr"n(;$rr$+ "t < => ;or ? 4in@t$(2 

A;t$r :"(,in5 :it, 789 t:i0$B t,$ CD"($ A "t 3 45E4' in 789 :"( "++$+ to t,$ 0$''( ;or 31 

4in@t$( "t CF2 A( 0ontro'B 789 "'on$ :"( "66'i$+2 F,$n 0$''( :$r$ :"(,$+ :it, GH 789 "n+ 

;iH$+ :it, 4$t,"no'2 I@rt,$r :"( 6ro0$++$+ "( +$(0riJ$+ J$;or$ "n+ 0$''( :$r$ (t"in$+ :it, 

"ntiKFL7FB "ntiKD7! "n+ "ntiKF87M3 to 0,$0N t,$ 'o0"'iO"tion o; t,$($ 6rot$in( ";t$r CD"($ 

A tr$"t4$nt2  

 

!"#"!"$%&'()*+,-.-/+$01+23.+43$

Fo 0,$0N t,$ t@rnov$r o; FL7F t,$ 6rot$in (Qnt,$(i( :"( in,iJit$+ JQ 0Q0'o,$Hi4i+$ R>STU 

+r@52 F,$ ,@4"n VGW9 0$''( :$r$ 6"(("5$+ in / :$'' 6'"t$( "t " 0on0$ntr"tion o; 311B111 

0$''(E:$''2 F,$ n$Ht +"Q 31 !5 E4' >ST R>ST (to0N (o'@tion i( 311 45E4' in X!9WU :"( 

"66'i$+2 F,$ 4$+i@4 :"( "(6ir"t$+ "t 1B 3B GB GY "n+ <Z ,o@r( "n+ t,$ 0$''( :$r$ ,"rv$(t$+ JQ 

trQ6(iniO"tion2 F,$ tot"' 0$'' $Htr"0t :"( 6r$6"r$+ JQ Joi'in5 in G1 !' GH9X9KM82 G1 !' o; 

$Htr"0t :"( 'o"+$+ on 31[ 9X9K6o'Q"0rQ'"4i+$ 5$'2 FL7F "n+ !Kt@J@'in 6rot$in( :$r$ 

0,$0N$+ JQ \$(t$rn J'ottin52  

 

!"#"56"$7189$%+(($01+23.+43$

F,$ ,@4"n VGW9 "n+ 4o@($ YFY 0$''( :$r$ tr$"t$+ :it, +i;;$r$nt +r@5( R"0tino4Q0in XB 

XC8B oN"+"i0 "0i+U "00or+in5 to t"J'$ ]B t,$n ;iH$+ "n+ (t"in$+ :it, "ntiKFL7F "ntiJo+i$(2 

 

!":"$%+(($0124;<+'3-)4;$=-3*$>(2;.-/;$)1$;-?@A;$

!":"5"$%+(($0124;<+'3-)4$=-3*$>(2;.-/;$

F,$ XDA 6'"(4i+ :"( into+@0$+ in 0$''( $it,$r JQ 'i6o;$0tion @(in5 I@5$n$/RCo0,$UB or 

$'$0tro6or"tion RA4"H"U2 F,$ tr"n(;$0tion( :$r$ 6$r;or4$+ "00or+in5 to t,$ in(tr@0tion( o; 

t,$ 4"n@;"0t@r$r2 

$

!":"B"$%+(($0124;<+'3-)4$=-3*$;-?@A;$

9$v$r"' (iCDA(B or (,ort ,"ir6in v$0tor( :$r$ @($+ to (i'$n0$ FL7F 4o@($ or ,@4"n 

$H6r$((ion2 F,$ (iCDA( @($+ :$r$ 6r$K+$(i5n$+ ($^@$n0$( ;ro4 A4Jion 

R:::2"4Jion20o4UB "n+ _i"5$n R:::32^i"5$n20o4E7ro+@0t(E`$n$9i'$n0in5EUB :,i0, :$r$ 

0r$"t$+ to (i'$n0$ 4o@($ FL7F CDA2 Ln "++itionB ;o@r (,CDA v$0tor( :$r$ 0on(tr@0t$+ to 

(i'$n0$ ,@4"n FL7F CDAB @(in5 t,$ 6!"#$%&$'( G21KV/ A4Jion v$0tor2 F,$ +$(i5n o; t,$ 
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,airpin si12As te4plates 5as d-ne a66-rdin7 t- A48i-n re6-44endati-n and 9sin7 a 5e8:

8ased insert desi7n t--l ;,ttp<==555.a48i-n.6-4=te6,li8=4is6=psilen6er?6-n@erter.,t4lA. 

An-t,er appr-a6, 5as t- 9se t,e predesi7ned si12A SMART p--l Br-4 C,ar4a6-n 

;,ttp<==555.d,ar4a6-n.6-4=siDE2F!E=CeBa9lt.aspGA.  

As transBe6ti-n 4et,-ds 5ere 9sed lip-Be6ti-n 5it, Fli7-Be6ta4ine -r C,ar4aBe6tH rea7entsI 

and n96le-Be6ti-n 9sin7 A4aGa n96le-p-rat-r 4a6,ine and 89BBers. J,e eGperi4ents 5ere 

realised a66-rdin7 t- t,e instr96ti-ns -B t,e 4an9Ba6t9rer. 

 

".8. %uciferase Assay 

J,e l96iBerase assay 5as perB-r4ed 9sin7 t,e C9al:L96iBerase 1ep-rter Assay syte4 Mit 

;Pr-4e7aA. J,e eGperi4ent 5as perB-r4ed a66-rdin7 t- t,e a66-rdin7 t- t,e instr96ti-ns -B 

t,e 4an9Ba6t9rer. 
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1. Chemicals 

!"#$%&'()*+,( -,.&"/0'/#)(
1'#&2(
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3#"2/)4(

&#)&,)'"*'/#)(
5/+,(

-+ !g/ml 1h 

3R5 
Inhi7its "rotein ;inase =C?II inhi7itor@  

Pol II transcri"tion inhi7itorB 
2- mg/ml 

- mD 1- min 

E;adaic acid Inhi7its Fer/Ghr "rotein "hos"hatase 1  1+ !D 1+ nD H h/2Ih 

Inhi7its rRJ! synthesis +.+I !g/ml M+ min 

!ctinomycin 3 

Inhi7its total RJ! synthesis  

1 mg/ml 

+.+I !g/ml 1N h 

RJase ! 3egrades singleOstranded RJ!  1+ mg/ml 1+ !g/ml 1+ min 

CyclohePimide Inhi7its "rotein synthesis  1++ mg/ml 1+ !g/ml +OIN h 

!"hidicolin 5loc;s Q1/F "hase transition 1+ mg/ml 1+ !g/ml 19 h 

 

Table 8. Ghe drugs a""lied to cells.  

 

2. Cell lines 

6,77(7/),()*+,( -,.&"/0'/#)( 10,&/,( 6,77(&%7'%",(+,$/%+(89/:&#(;<=>(

S2EF Esteosarcoma cells Tuman 
DcCoyUs V1.- mD WOglutamine V 1+X 

FCF 

T!OGIPG =clones 1O1NB 
Esteosarcoma cells 

overeP"ressing mouse T!OGIPG 
Tuman 

DcCoyUs V1.- mD WOglutamine V 1+X 

FCF V 2-+ !g/ml QI1[ 

TeWa Cervical cancer cells Tuman 
3D\DV 2 mD WOglutamineV I.- mg/ml 

glucose V1+ X FCF 

T\? 29MG 
!denotrans]orned em7ryonic 

;idney cells 
Tuman 3D\DV 1+ X FCF V1X WOglutamine 

JITMGM@ FJW Fi7ro7lasts Douse 
3D\DV I mD WOglutamineV I.- mg/ml 

glucose V1+ X FCF 

CosON F^I+Otrans]ormed ]i7ro7lasts Don;ey 
3D\DV I mD WOglutamineV I.- mg/ml 

glucose V1+ X FCF 

 

Table 9. Ghe cell lines used in the study.  
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3. Primary antibodies 

!"#$% &'()%"*+%"*),-'+.%)./$%
0'12,*3%+,45),'*6

07%

0'12,*3%+,45),'*6

8&9%
9'#/"*.:('51;$%

Anti-A.*+  /ouse monoc3ona3  *56++  A7cam 

Anti-.3a8 9a77it po3yc3ona3 *56++ *5*+++ ;i8ma 

Anti-<A=> ?@A-A? /ouse monoc3ona3 *5>+++  A? Aioscience 

Anti-<A=> ?@A-A? /ouse monoc3ona3 *5>+++  A? Aioscience  

Anti-8eminin (.=-2+D) 9a77it po3yc3ona3 *56++-*5*+++  ;anta-CruH  

Anti-8eminin 9a77it po3yc3ona3 *56++-*5*+++  =in8Iei =uo 

Anti-<.P /ouse monoc3ona3 *5*+++  Chemicon 

Anti-<.P  /ouse monoc3ona3 *5*+++  /oAiLec 

Anti-<.P /ouse monoc3ona3 *5*+++  9oche 

Anti-<;L /ouse monoc3ona3 *5*++++  @oMa8en 

Anti-NA (O.*+) 9at monoc3ona3 *56++ *526+ 9oche 

Anti-@P/ /ouse monoc3ona3 *56++ *52++ A7cam 

Anti-LAP (O<O) /ouse monoc3ona3 *56+++  IrQin ?aMi%son 

Anti-LAP /ouse monoc3ona3 *56+++  /artin Leichmann 

Anti-LAP=* (2A*) /ouse monoc3ona3 *56++ *5*++ IrQin ?aMi%son 

Anti-L.IIA /ouse monoc3ona3 *5O+++  /artin Leichmann 

Anti-LIPL 9a77it po3yc3ona3 *56++-*5*+++ *5*++-*5*+++ /ara Pitu3escu 

Anti-!-tu7u3in  /ouse monoc3ona3 *5>+++  ;i8ma 

Anti-"-tu7u3in (<LR-88) /ouse monoc3ona3  *5*++-*52++ A7cam  

 

Table 10. Lhe primary anti7o%ies use% in this stu%y.  
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AA. acrylamide-bisacrylamide  

3AT. 3-amino-17 27 4-tria:ole 

ActD. actinomycin D  

AdE4. adenovirus E4 promoter 

AdMLP. adenovirus maBor late promoter 

APS. ammonium persulphate 

ATM. ataxia telangectasia mutated  

bHLH. basic helix-loop-helix 

bp. base pair 

BRE. TFIIB binding element 

BRE
d 
. BRE doLnstream 

BRE
u 
. BRE upstream  

C. cytoplasmic fraction 

ChIP. chromatin immunoprecipitation 

CHO. cycloheximide 

CKII. casein kinase II  

cpm. counts per minute 

DAPI. 476-diamidino-2-phenylindol 

DEPC. diethyl pyrocarbonate 

DIG. digoxigenin 

DMEM. DulbeccoTs modified EagleTs medium 

DMSO. dimethylsulfoxide 

DPE. doLnstream promoter element  

dpp. days post-partum  

DRB. 576-dichloro-1-beta-D-ribofuranosylben:imida:ole 

EDTA. ethylenediaminetetraacetic acid 

EGFP. enhanced green fluorescence protein 

FACS. Fluorescence-activated cell sorting  

FCS. fetal calf serum 

GFP. green fluorescent protein 

Gmnn. geminin 
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/S13: glycogen synthase kinase 3  

/ST: glutathione sulfur transferase 

HRP: horseradish peroBidase 

HSC T1: herpes simpleB virus thymidine kinase 

IFR: initiator element 

IPT/: isopropylthio-!-H-galactoside 

kHa: kilo Haltons 

LB: Luria-Bertani medium 

Mk: marker 

F: nuclear fraction 

FF1: neurofibromin 1 

Fgn.: neurogenin .  

FPM: nucleophosmin 

M.H.: optical density 

oligo: oligonucleotides 

MRF: open reading frame 

P: pellet 

PBS: phosphate buffered saline 

PC: Polycomb  

p.c.: post coitum 

Pc/: Polycomb group 

PCR: polymerase chain reaction 

PCC: packed cell volume 

PF!: paraformaldehyde 

PH/PB: phospholipids hydroperoBide glutathione peroBidase 

PMSF: phenylmethylsulfonyl fluoride 

Pol I: RF! polymerase I  

Pol II: RF! polymerase II 

Pol III: RF! polymerase III 

pp: post partum 

PRC1: polycomb repressive compleB 1 

PRC1L: polycomb repressive compleB 1-like  

Prm: protamines 



!""r$vi'tion+ 

 --.

/012 3o+t$rior +$4 co6"+ 
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02 +93$rn't'nt 

0!@A0/@2 +t$ril$ 'l3?' 6otiB ;o6'in 

0c6?-2 0$4 co6" on 6i;l$C ?o6oloC - 
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0EI2 +$l$ctivit> B'ctor I 
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