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cryo-EM analysis of the spliceosomal U5 snRNP biogenesis

Takizawa, Yoshimasa

3,400,000
re-mRNA
U5 RNA- 5 snRNPg
U5 snRNP
RNA- (SNRNP) pre-mRNA
U5 RNA- (U5 snRNP)

The spliceosome is a dynamic macromolecular machine that catalyzes the
excision of introns from pre-mRNA to mature mRNA. Although we know the composition of the
spliceosome, we still lack a mechanistic understanding of how this dynamic machine assemble and
recycle. To elucidate the snRNP biogenesis, | attempted to determine the three-dimensional structure

of pre-U5 snRNP, which is known as a catalytic snRNP of the spliceosome, from fission yeast using
cryo-electron microscopy. First, | purified the pre-U5 snRNP using a pre-U5 snRNP specific protein,
Aar2 by Tandem affinity purification. | then successfully obtained the pre-U5 snRNP containing the
Aar2, and observed the oval shape complex of the pre-U5 snRNP by the negative stain EM. I next tried
to prepare the sample for cryo-electron microscopy. Unfortunately, | haven’ t obtained the suitable
sample for cryo-EM yet. | need further experiments for cryo-EM to analyze the structure of pre-U5
SNRNP.



¥ X C—19,. F—-19—1, 7Z—19, CK—19 ()

1. WFERMEL PO

RN TEI S BER DL DS, X U T ERBBPE T > T8 TEAIR L LT, kE o723k
R LD LIk, AREZESEICHEL WS, 2754V VY —AF, T_XTOEEAEY
E%ﬁéhk%ﬁ%@é@@lofkb\mwwmib4y%my%ﬁﬁmﬁfb\I%yy
oREXEHbE, B LT mRNA 2R T D AT T4 2 v P RS A filiid 5 RNA-% o X 7 B
BIE(snRNP) TH 5, L REZ LT, AT T4 Y Y —A0%, 100 FEUL B O 37 8
& 5 SO snRNA D IEREICS A, fRBEZ B0 I3 Z L1 &D%%LTvéoLﬂL\%@Ek
SBLOEARMEENBEEREL 720 | B EA RO ESREFRAEE L < &AW FEHIFEN
BTN\, TDEH, ATTAY I —LILDATTA 2 TR, Xt?%&%\#
CANN EE Nagai HD 7 )L—7"1 %iU&uB@7W%7”ﬁ\%ﬁ%ﬁx774// VY
v, ZOES R E % 7 7 4 4B IEsEE R D?Ltobﬂb R AT A Y
— A0, %@éAmﬂ&%)ﬁ4&wﬁ&® WoTHEEZAIZ BT DREREMIIIZ 1T E > T\ 72
A

BYTEAEATTA ) —2DHThH, AT 0 T a2 EhLTHY . &b
P BN K E S FZRS5F73 U5 snRNP T3H 5, U5 snRNP (L, U5 snRNA & 10 FE¥ELL Eod & o
JERETHER SN D, BUEETIT, Weber® HIC X A AE(LZRUMITIC LV . T DESIEE T,
BEBHEEOREREBALZEY ZEDRENTWS, E£72, Makarov! B2k, A 7T A4
1%, U5 snRNP (XA T4 YV V=LV igH &, V¥ A 7 VS 5HiBRT, AR EN
KELSLBATDZEDWRBENTND, ZTDTD, A TS T4V —L%EHRET % U5 snRNP D4
ARGEBFEC Y A 7 VEFEOREEE L O BTV D
ZEHK - 1. Nguyen et al. Nature (2015), 2. Yan et al. Science (2015), 3. Weber et al.
Genes Dev (2011) 4. Makarov et al. Science (2002)

2. WO EB

U5 snRNP 1%, £D T A 7% A 7 /v (RiBE, A, U A 7L U5 snRNP) (ZFWT, FER Y >
NRIENEL U SEEORENSE L TRELSIBEEZ THRIEL TWD Z LIS TWV DA,
ZTOEMRBLIOY A 7 LOBERET, RNA X R0 EZ2ED L ) ITHEEL S, BEKD
DAMRBER L ONEHALIZBE G L TW D ORI TH 5, ABFFETIL, U5 snRNP DA K
BEHEONNIT LD, 7 74 ABFIMEEE W ot ERE R LY, (kAT T4 Y
— DIER D 5y FHE O RERIHI D A H = X LA LN THZ EZHAE LTW5D,

3. WDk
(1) U5 snRNP BifEE {4 ook 5l

%9, U5 snRNP RiBR{IRZ4>Z40EREL W . TAP (Tandem Affinity Purification) # 7 & T
T T 4 =T 4 — kAT S SEEERED U snRNP BIERAR A K844 7=, U5 snRNP RiERIAIC
RS THZENMbLNTWA Aar2 Z /87 B2 TAP & 7 CHE# 5 = L2 L v il %
179, F7-. [FEEIZ US snRNP O HFLA X X7 B Tdh % Sppd2 |2 TAP % 7 %8 A URE#L 23R
%, kER% OFEHE, SDS-PAGE, % v X7 EH'BE&/HWIT 21TV, %aﬁwwfmfwﬁﬁ&/
INITBINEENTWD Z E2MERT D, M2 T, BEAREMNIELY ., ik, KA LIOY 4
A 277V US snRNP Z @i B2 I A0 BERS B C & 2 Bl Sk b G 5,

(2) X H T ¢ 7 Yt B BAISEEIEIZ K D US snRNP O #%2

RIS 72 Us snRNP %, BEEE ™Y 0 TYLa+ 5 Z LIC kY, X BT 1 7Yt B THisesEmEi s
119, XHT 4 TYEFTMEEIET., V70 TRETAHAZLICED, VW T ART
BETHLENARETH D, £72. 7 74 ATEFHEMERE LV &, @%G:f’ﬁ@éfé Z ]
fE/nl=, REIOLRHRFHZ LA TH 5,

(3) U5 snRNP D7 T A A& - BAMSSEAE & fRtT

BRIINT-EAERE, WRT O EEEHEREF L FBERT 5720, b= % > 2Tk
G5, 7T A A EFTAEEBIZ2E., Thermo Fisher fk Talos Arctica |2 X V417V, HR/
FEATI0E U7 3MS B VKRER . KEBEGRIRE 21T,

(4) B fRAE Y T A A& 1 BASEE BURL 7T O & AL

AWFSEIL, Us snRNP RiBRIRD 7 7 A A8 BAMEEAE SN 217 5 L2, 7 7 A A &E B
AT DS AL AT O 120012, AT T4 VY — L LRI T 5 7 u~F o O AN
ﬁ@ﬂf@éxavﬁ/ L OREEREAT & AT L TIT S 2 & T, U5 snRNP FiBRIAAS S #LC & )k
H. REICEELINTZT T A B FBEMEMITHAITZ 5 L D IZEHE LT,

. HWFZERL R
(1) U5 snRNP o



AWFFEIE. £, premRNA A7 T A L T hRflT A ATT (Y

V= LDFEMEFLTH D, Us RNA-Z 737 AR (U5 snRNP) D, g%
BOBFEZ B 5202 572012, U5 snRNP RifERADREHRL 2 kA 72, 4y 23
HFERED U5 snRNP BRI 2 K559~ 5 728, US snRNP HiflRIAIZ Ky FLHY %3
ST D2 DM BNTVD aar2 B+ % TAP Z JI3fFHin&Ens FER
KEFI ALY X —pREP1 (22 @ —=>7 L7=, pREP1-aar2 75 & 2281

2 RESGERHCE AT D Z & T, Aar2 X 30 B % TAP X Ve =

2N EE LTRSS E T, ZOERNZ 7 G 2V, U5 snRNP 1. 4R

AIERIRD 2 BERE DT 7 4 =7 4 W& T o7, 1 BEfEH % 16 B 7 7 1
n—A TEV a7 7 —BIZL M E, 2BEELE L THILEY 2 _;'
Vo7 7u—RA&2HAWTKERZITV, Us snRNP FiBRIKDFEH %2 52 o q!
L7z (K1), 774 =7 ¢ fEH S 37z U5 snRNP FiBRIR 2 & £ AT »-_ 3
WS E 0, RS 2 BOREETT - T4, U5 soRVP AIBRGKIC |7

GENDZENTHEEN TS Aar2, Sppd2, . Cwfl0 & L 37 BTNz, -
EOMDATZA4 Y Y —NIBAGT X NI EBRETDHI &N -
T& 7=, MZT. U5 snRNP OHULAIRERL & > 7327 8 Sppd2 & TAP % | Aar2-TAPIE& D
SRS 2 LT R0, SERERNTEME DB A RO 4,17 5 7=,  Tae IeUS snRNP

() AT 4 7 Yt B {-BAMBEIEIC K D U5 snRNP D152

Aar2-TAP |2 X 0 ks X 4u7= U5 snRNP RiBR{KZ 7 5 A A B TEISES
REXERRIT ORI & LC, R AT 4 7Y E BEMEE 2 F\V ¢, U5
snRNP HIBRIRDIIR ZBILE LT, 34T ¢ 7 Yt BT B OBl 235
. BEERK 20 nm ORI ESEBIETHZ LICEE L (X 24),
F 72, Sppd2-TAP IC L AR CE LN THEAKRE X T T « 7Y E+
PEEEIEIC K 0 BIE2 L, Aar2-TAP ORI THOLNTEHERLID b,
KRERGFPBIEINTZ (X 2B),

2. A. Aar2-TAP, B. Spp42-
TAPIC & DFERE /U5 snRNP

(3) U5 snRNP 7 7 A A& 1 BAMEEAEEMENT B FAT 1 TREBT RHRER

TN TS BT/ 2404 EE US snRNP JiBRIAZ 7 T A A B TAMEEIC
FVBIEZIT-T-, L L, GG LICEERHEE T, FL
SEER R FABIZET LN TE RN, B DGR
VETIHDZ LRy,
SppA2-TAP 1%, 7 7 A AEFHMEE U, KTABET DD mr o r b maRets
TE (W 3), 7y —MELRENELARNZD, ZHHLHAR Sppd2-TAP L& Ok
HAREHERSGIEORF D LETH S = & NYh -T2, BERORR

(4) B FREE Y T A A B BIREE HORL - f#AT O & AL

EREE D T A A BB BRI T-FRAT O B AL A AT O 72912, 7 o~ T o O FEARERR AL T
HHXT VA Y — DB RSN 21T o 72, X 7 LA Y — KNI BRE N FRERRIZ L 0 |
BRI W B2 AW T, 7 94 AETBHBEEAZ Y v RELQUEEECI D IER L=, 77
A A EFBEMBEICEI D, REEBIRE 21T, B O ER % AW CRRL T 21T, ~
4R DERRE C R EE D Z LI LT GeX 1, 2), Fiz, H—MEoKWEk s o
~ F U FARNEE O BRI TFRANT AT 5 72 GRST 3), T ONLARFEESRNT OIBFE T O A7 J I,
U5 snRNP RiBAD 7 T A A 8B BRISEREERNT ~DISH N FRETH D,

5. ERREImILE

UdEssamse) GGt 3 )
(D Kobayashi W, Takizawa Y, Aihara M, Negishi L, Ishii H, Kurumizaka H; Structural and
biochemical analyses of the nuclear pore complex component ELYS interacting with the
nucleosome, Commun Biol, A, May, 163,2019, doi: 10.1038/s42003-019-0385-7.
@ Takizawa Y%, Tanaka H¥, Machida S, Koyama M, Maehara K, Ohkawa Y, Wade W, Wolf W,
Kurumizaka H, Cryo—EM structure of the nucleosome containing the ALBI enhancer DNA
sequence, Open Biol, #iif, Mar, 8, 2018, pii: 170255, doi: 10.1098/rsob. 170255.
(kCo—first author: contributed equally to this work)
3 Machida S*, Takizawa Y#¥, Ishimaru M, Sekine S, Nakayama J, Wolf M, Kurumizaka H;
Structural basis of heterochromatin formation by human heterochromatin protein 1.
Molecular Cell, # #iH ,Feb, 69, 385-397, 2018, doi: 10.1016/j.molcel.2017.12.011.
(kCo—first author: contributed equally to this work)

(FR¥ER) Gt 710

(D Takizawa Y, Challenges for the chromatin structure determination by single particle
cryo-EM, Cryo-Electron Microscopy Course at OIST, 201942 H, 7Hd.
@ Takizawa Y, Dynamic chromatin conformation of heterochromatin revealed by cryo—EM,



Advanced Genome Science International Symposium “Frontiers of Genome Science” , 2019
F1AH, FOL

3 Takizawa Y, Ho C, Kobayashi W, Tachiwana H, Wolf M, Kurumizaka H, Structure of
higher—order chromatin containing CENP-A nucleosome, %5 41 [0 H A45FAMWFaa44, 2018
11 H, Bk

@ Takizawa Y, Machida S, Ishimaru M, Sekine S, Sugita Y, Nakayama J, Wolf M, Kurumizaka
H; Cryo—EM structure of heterochromatin unit by human HP1, 11" Kuo Symposium on 3D-EM
of Macromolecules and Cells, 2018 4£ 8 H, Hangzhou, China.

(® Takizawa Y, Machida S, IshimaruM, Sekine S, Sugita Y, Nakayama J, Kurumizaka H, Wolf
M, Architecture of the heterochromatin unit revealed by cryo—EM, Biophysical Society 62th
Annual Meeting, 2018 42 H, SanFrancisco, USA.

6 Takizawa Y, Cryo—EM structure of heterochromatin unit by HP1, ZEFEWMFZES EM U—
Jaw 7, 2017411 A, .

(@ Takizawa Y, Machida S, IshimaruM, Sekine S, Nakayama J, Kurumizaka H, Wolf M, Cryo—EM
structure of heterochromatin unit by human HP1, & 17 [Fl A AT BAEAFSHES, 201746
H.

6. HWFITHAR

(D) W9 sy
WFges s R4
0 —< R4
PrE IR R 4,
R4

4
WEEE S (8 #71) :
2) Wzt i

W I1ERS - AT =— FHA
o —<FK4 : Melanie D. Ohi

MM ERL : ~T 4T A x>
o —<FK4 . Matthias Wolf

WFE B R4 - SRR 38
17—~ FR4 : KURIMIZAKA, Hitoshi

KB & 2 WFFEIE, MFREF OB L BIRICBWTERT 25D TY, £070, HIFED IR IERIR D AR
DNTE, EOEEEFEICES O TR, £ ORI T 2 RAFLTILIE, MFEEEARE S ET,



