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The 26S proteasome is a highly organized protease complex that is responsible for
targeted protein degradation in both the cytosolic and nuclear compartment. In
budding yeast and several cancer cells, it is known that the 26S proteasome is mainly
localized in the nucleus. Although several studies have described the mechanism of the
nuclear translocation, it is still unclear when the proteasomes enter the nucleus upon
their assembly process. Using dual color fluorescence cross correlation spectrometry
(FCCS), we determined local concentration and dynamics of the 26S proteasome in
living yeast cells. Surprisingly, almost all the proteasome subunits were incorporated
into the 26S proteasome in both the cytosol and nucleus. Importantly, the proteasome
dynamics was not changed in the importin o (srp1-49) mutant cells in which the 26S
proteasome retains the cytosol. These results suggest that the 26S proteasome is fully
assembled in the cytoplasm prior to the nuclear translocation.

BT
(EHHAL : 1)
RS EEE & &t

2010 4 1, 600, 000 0 1, 600, 000
2011 4% 1, 400, 000 420, 000 1, 820, 000

R

R

R

=6
o

&t 3, 000, 000 420, 000 3,420, 000




WFoem By - AW

Pt o 43%L - M E - R - eEAEm L

F—U— R Mifan g T E R

1. BFZEBRAE S M) D75 5

TaTFT Y —AFI R T AR o8
I B RRICEB W TREEMZH 5 BERKT
MR Z R B fREE TH D, B
BRI e T 7 Y — MME R
FAELBRELTWAR, 7uaT 7V —AaRnE
D XD IR CRICIE SN RIT E A
EbhoTniw, 72, o757 V—AiZ
70 HOY T 2=y BB II DD
FHEAEDEDHA IV T TEICBITT DD
DRFFRTH D,

2. WtoHBY

AR F T - MR A R0 T2 B L C,
Ta T T — MO DY & KA [
EOBEEZA LT A EE2HNET D,

3. WD L
AT a7 Y — 2B BT 572
DT, FaF TV — A Ta=y NMI®EH
VRIE R TEE LIEHEEBE T e T Y
— LHOE S VR BB AR ERLL . b
MREEMaEMFEHTIECLY e T T
Y —LOBAITICER LT Z1T 9,

4. BF7EE R

O a7 7 Y —LE\my IEERROEN
A A= T DT GFP 2 RFP 72 &
DENL L IRTEHR T DRMENE N F B
Thd, LL, 7asrr7y—rbk o
AERIZBWNTIZZ ZOa I L EAERE
RS RERIB R DT —T 4 7 7 7 b
ELCDAEERDD, £Z T, Tar 7Y
— AP T = b 20 FEHICOWTHEE S 7
BRI EREERELIE A, 1 T
DY T 2=y MZHONWTE VAT L
7o MRREGERESS T 0 T 7 Y — LDy 1A
RN LT-fE 8, 7FuT 7 Y —Lo0 195 HE
KoY 7=+ k RpnT 3 X OFEEIENEA
2 20S HEIKD ad T 2= FRX TS
Wi 7 2=y hTHDL I ERNbr-o
72o % Z C.Rpn7 Tk Y # o /X7 & GFP,
a A TR X /N7 E mCherry Z TN L
7o TEAOLY TEAHR B LT,

OA vR—T 4 VERKER W7 a7 T
Y — LD oA OREHT

I B R A VR —T v a BRIK
DHIL, TuaTTY—rY T =y FOEE
T REAETT srpl—49 ks Sz, £+
ZC, srpl-49 BIRKON Y 7 ST KT

Rpn7 \ZHFEAOEH /7 E GFP, a4 IZHRE
HOE X X7 mCherry 240 L7- 2 Bt
2 JREEREEH LT,

F 9 Native EESRIKE) & d A A—T
TENTaTT Y —LEDTHEAE T L
e ZA AR L srpl-49 R TaL E
ITH NIRRT, DED ., BERBITE 014
AIXBAMR L2V ATREME DS R STz,

base lid 20S CP
RPN1E6P RPN7mcrery PRES ™y
23 (=] o
¥ b § hi
5 5§ &£%

205- gt et {5

Fluorescent pro‘te:in imagihg
B1 AV R—TAVEEREKIZEH5TOTTY
— LD FEE DEN

L2 L723 6, Native TERIKEN 2 & DA L
B IR OFAK e T —7 ¢
77 M EENBAREERH D, £ T,
EfcB s 7Ty ) —LEmeE T
fiEHT Uiz,

ERIfEA A — T T REO—DH
HAHBE Y1 (FCCS: fluorescence cross
correlation spectrometry) [XH: . % > /37
HOW/NERIZB T 206X L0, EHH
VRV EDWRRE, TR, EEREREE
RIETDHZENTE D, MATBHENF L
LAFZERTE BAE L & odL[ETFCCS &
W=7 a7 7 Y — LB 21T - 72,
ZORER, TuTT Y —hsVhT 2=y NI
FEETTeT T Y —LEARPIZED A
FNEEIFET DI EDRHL N7,
Flo, MREBSIOEDOELLDa /N —
M2V MZBWTH 7V —DH T 2=y K
LHEEIIRERALLTTH Y, 121F
100%268 Y uF 7 YV —Aht LTHMET D
ZERHBNERoT, WIZ, A AR—T
g v a BREE A OCFEREOENT 2T o7 &
A TaTr T V=AY T =y NI 26S
TaTT V= AOSTEAITEEE 5
Mmolz, ZTIHORERLEY 268 77TV
—ATHIE CERR L., ArEERE LT
L% i U AZRTET 5 2 &R & iz
G LR ) o



Cytoplasm Nucleus

X2 ERIOTF7Y—LDOHDFEELEBIT

5. ERRERLE
(BFFEAREESE . WFZE 03 M OV HERFZE 12
X THR)

(MRS ) (iF 11 1F)

[ (RTaEHRAY)]
(1) Kono, K., Saeki, Y., Yoshida, S., Tanaka, K.,
and Pellman, D. (2012) Proteasomal degradation
resolves competition between cell polarization
and cellular wound healing. Cell in press.
(2) Takagi, K., Kim, S., Yukii, H., Ueno, M.,
Morishita , R., Endo, Y., Kato, K., Tanaka, K.,
Saeki, Y. *, and Mizushima, Y. * (2012)
Structural basis for specific recognition of Rptlp,
an ATPase subunit of the 26S proteasome, by the
proteasome-dedicated chaperone Hsm3p. J Biol
Chem 287, 12172-12182. (*correspondences)
(3) Sakata, E., Bohn, S., Mihalache, O., Kiss, P.,
Beck, F., Nagy, 1., Nickell, S., Tanaka, K., Saeki,
Y., Forster, F., and Baumeister, W. (2012)
Localization of the proteasomal ubiquitin
receptors Rpn10 and Rpnl13 by electron
cryomicroscopy. Proc Natl Acad Sci USA 109,
1479-1484.
(4) Sakata, E., Stengel, F., Fukunaga, K., Zhou,
M., Saeki, Y., Forster, F., Baumeister, W.*,
Tanaka, K.*, and Robinson, CV.* (2011) The
catalytic activity of Ubp6 enhances maturation of
the proteasomal regulatory particle. Mol Cell 42,
637-649. (*correspondences)
(5) Tokunaga, F., Nakagawa, T., Nakaharal, M.,
Saeki, Y., Taniguchi, M., Sakata, S., Tanaka, K.,
Nakano, H., and Iwai, I. (2011) Sharpin is a
component of the NF-kB activating linear
ubiquitin chain assembly complex. Nature 471,
633-636.
(6) Sakata, E., Stengel, F., Fukunaga, K., Zhou,
M., Saeki, Y., Forster, F., Baumeister, W.*,
Tanaka, K.*, and Robinson, CV.* (2011) The
catalytic activity of Ubp6 enhances maturation of
the proteasomal regulatory particle. Mol Cell 42,
637-649. (*correspondences)
(7) *Kim, S., *Saeki, Y., Fukunaga, K., Suzuki,
A., Takagi, K., Yamane, T., Tanaka, K.,
Mizushima, T., and Kato, K. (2010) Crystal
structure of yeast Rpn14, a chaperone of the 19S
regulatory particles of the proteasome. *equally
contributed J Biol Chem 285, 15159-151566.
(8) Fukunaga, K., Kudo, T., Toh-e, A., Tanaka, K.,

and Saeki, Y. (2010) Dissection of the assembly
pathway of the proteasome lid in Saccharomyces
cerevisiae. Biochem Biophys Res Commun 396,
1048-1053.

(9) Arimoto, K. I., Funami, K., Saeki, Y., Tanaka,
K., Okawa, K., Takeuchi, O., Akira, S.,
Murakami, Y., and Shimotohno, K. (2010)
Polyubiquitin conjugation to NEMO by triparite
motif protein 23 (TRIM23) is critical in antiviral
defense. Proc Natl Acad Sci USA 107,
15856-15861.

[FECbiam L (RTHEBA V)]
(1) Tanaka, K., Mizushima, T., and Saeki, Y.
(2012) The proteasome: molecular machinery
and pathophysiological roles. Biol Chem 393,
217-234.
(2) Saeki, Y and Tanaka, K. (2012) Assembly
and function of the proteasome. Methods Mol
Biol 832, 315-337.

(] (G 10 74)
(1) 218 & A B BYTHESR, mHE
HZERERE 26S 7' 0 7 7 Y — AT Tk
T 5. % 44 BIH K72, 2011.12.15,
Bk
(2) #efB Z&. HOLRFRF PR A m e
RIS E YIS — [T e T 7y —
LRFFEO BeHi#E) 2011, 10,25, HUA
(3) #efl #&. Rk EME., WHAEE, Florian
Stengel . Carol V. Robinson . Wolfgang
Baumeister, A : Rad23 & Ubp6 iX 26S
TuTT Y —=LO5TEAICEET 5. 84
| A LA RS 2011.9.24, 5UAD.
(4) Haruka Yukii, Yasushi Saeki, Changi Pack,
Keisuke Fukunaga, Eri Sakata, Yasushi Sako,
Akio Toh-e, Wolfgang Baumeister, Keiji
Tanaka : The 26S proteasome completes its
assembly process in the cytoplasm prior to the
nuclear translocation. EMBO Conference,
Ubiquitin and ubiquitin-like maodifiers, 2011,
9.21-25, Cavtat, Croatia.
(5) feftt Z&. A MEJE. RITHER, M —
HZERERE 26S 7' 00 7 7 Y — A THIARE CToERk
T 5. BREEERT 7 +— T L5 44 [ERFFEHR
4, 2011.9.7, %,
(6) Zedn &, ok =Elh, Lk &, JIMNO&
H, HHREET: 26S a7 T YV —LDo 14
EHERE. SR 22 HEX —S y N E R T
Je7m 7T ARURFEFR R, 2011, 3.11, MU
(7) Yasushi Saeki: Assembly, structure, and
function of the 26S proteasome. Korea-Japan
Symposium on Protein  Metabolism, 2011,
1.27-29, Seoul, Korea.
(8) #efr &, FEE, NIIAMO & 7, BUTHER,
PR, AP 268 a7 7 Y — Al
EZTREMT 5 ? BMB2010 (5 33 [m]431-
EWya. % 83 MIH AL EREFER) |


http://www.ncbi.nlm.nih.gov/pubmed/20724660
http://www.ncbi.nlm.nih.gov/pubmed/20724660
http://www.ncbi.nlm.nih.gov/pubmed/20724660

2010.12.7-10, 7.

9) &1l R, wAKER, HPE . ZTuar 7T
Y — 25 19S HIEIK AR D o A B
Wk 22 SEEX—y NE ORI v s
T LARFEFS, 2010, 10.18-20, HUAT.

(10) #efr1 2§ 26S a7 7 YV — LDy T4
G EEERE. 8 19 SR AT Y
2, 2010, 6.24-25, HHT.

(E) Gt 24

(1) #fl R, wEkEH Az TE7- 265 7'
T TV — LD, TR N fif
RIZEDY 2 _R— 9 O FHEREICA S |
EERES: - #8975 29 % (12 5) 1868-1874,
+4f, 2011.

(2) #edh &, Wik Bl v F o vl
Ubp6 137 0T 7V — LDhy A Z i+
5., FGATHA TR TFHERLLE 2—|
(http:/ffirst.lifesciencedb.jp/archives/3121), 2011.

(ZDfth)
R bl—
http://www.igakuken.or.jp/pro-meta/

6. WFIEi

O e

%4 Z% (SAEKI YASUSHI)

o SR N AR R e A F R AT - AR IRy 1
Seuh7E Sy B - LREAFZER

&5« 80462779

(2) WFFE55 14
L

(3) EHEMFZE
L



