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reduced (Fig. 2). The inhibition of proteolysis by ATP depletion
in these cells is not secondary to a requirement for protein
synthesis, because the rate of degradation of ClAbu-containing
protein was not affected by addition of 0.5 mM cyclohexi-
mide.
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FIiG. 3. Cell-free degradation of proteins containing ClAbu (@)
or valine (m). Prior to lysis, reticulocytes were incubated in the
presence of [14C]leucine and either valine or ClAbu. ATP (1 mM) was 6
present in these incubations. Similar results were obtained with five
independent preparations.



In™

TR

=
=4

HBERENLIFHIE

LCETRE »
NELE PR

PEKING UNIVERSITY

16
hydrolysis of ClAbu-containing protein in cell-free oxtracts 01 ME e 7 = ATPAYAEBE(E
Experiment Nucleotide (1 mM) % Stimulation . 2l N
. e - BT BB RAMER. B g' ATP (4ME) Bn
ADP 21 . . . E 0
AMP : B IEATPARIACIE =45k | AN, TR R
cAMP + ATP 195 \ 2
: amw w  BAMYSIERARRE i & HE G REFER.
a,f-methylene ATP 57 ab
B,y-methylene ATP 13 ﬁgi’g?{ HH % .
35 2
% 5 w0 s 2 2 30
i (5MF) (RHBREHRBER -
g 25k ATP s E-Li H Table 2. Relative susceptibility of different polypeptides
2 to degradation in reticulocytes and in cell-free extracts J
: | FERR, EBRMES TRERE e S AR
& Reticulocytes extracts
ol (PH=7.8) . - ;jg;g;:;fﬁ *E::?gp;‘?r“l;ﬁf K& B bR
a ubstrate min min ar,
¥ o1 .\/ ATPIE I%HZKﬁEPH 274 Puromycyl-polypeptides 81 19 ,I‘%}R"SIE '% gm
Protein containing ClAbu 70 18
il .\/ 5%' m%%{i 7J<ﬁg %14:' g % 55 @,I‘E ::;?;?Q%?;:;gfe?n-?- 12 f Hﬂ % HH .ﬂE.IL % E"
o - . , otein containing valine
5.0 60 70 80 9.0

pH

Proc Natl Acad Sci USA, 1977, 74(3): 54-58.
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TABLE 1: Resolution of the ATP-Dependent Cell-Free Proteolytic System

I ————— Vv SEEIRY, IAATP, % EBEMEEIEm.
tnayme Fraction Pegradation of [’Hlglobin V' Fraction | TIRATPEESEEHIEHFEER.
A T vV Fraction Il B0 fEfEER A, ATPIIANG, B
Iysate L3 10.0 fRsE S1EE N
fraction I 0 0 vV Fraction | & Il ZEIMAATP/G, BEFREENIRF
o 2 et 2 y ve  ESEBELFERE—KT.
Fraction | RIZHIBH P
Fraction Il Xi#kig, ARHEHEBS b "
OH  CF  m#sklial Fraction | ZIRMISIER
SO, )\ﬁj 0® Fraction Il Z¥E/Kf%EE{ER o

Biochem. Biophys. Res. Commun. 1978, 81, 1100-1105. 9
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= q
< 3
51 o 1 i L = ol — .
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4 FRACTION I CONC. (ug/mi) @ ELUTION VOLUME (ml)

©

V Fraction | {23 1| BB EFEMREES.

6.2%Z/hr. Insert: Estimation of molecular weight. The Sephadex-G-75 column

was calibrated with the following marker proteins (open circles): a-chymotrypsin-
ogen (mol. wt. 25,000); myoglobin (mol. wt. 17,800); and cytochrome C (mol. wt.
12,100). The closed circle indicates the elution position of heat~-stable poly~-
peptide activity.

VR 88 F 5 B 57 A0 35 Bt B 8] S 35 BB Fraction | R BB
V Fraction | #8349 FE=9.0 kDa, 8.0kDald TFIAAEZIL.

Biochem. Biophys. Res. Commun. 1978, 81, 1100-1105.
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TABLE 2: Properties of Fraction I

Increase of ATP-dependent

proteolysis
Treatment of fraction I [3H]globin degraded % of control
(percent /h) ¢
Experiment 1
Control 6.6 100
Heated 96°C, 15 min 6.3 95
Heated 96°C, 60 min 4,6 70
Dialyzed (20 h) 6.7 102
Pronase~treated 0 0
Chymotrypsin-treated 0 0
Eggeriment'z
Control 4.7 100
(NH;), SO4 precipitate 4.1 87
(NH4)2 SO, supernatant 0 0

vV Fraction | #i5EME (RISFRAIMER)

V Fraction | 2B (FHBEIFEE. BEQES
o REIRELEME . ERATIUE)

VvV Fraction Il TREMEZE (42°CHI T %7F)

10
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Fraction Il B92E 437 | .
Table 1. Separation of fraction II into complementing activities Fraction | %Eﬁ%%ﬁ%ﬂéiﬂ"] E%}ﬁ EI °

Degradation of < . > - .
Fraction added 125]_albumin, % Egg—éﬁ&' EI%H%%U*?]”AATPEILX y *%/EFractlon i .
IIA, ul IIB, ul APF-1 -ATP +ATP
10 — + 0.3 0.7 BD TG F  BSA ,..m 5
— 10 + 1.3 0.7 20+ | | | | @
2 10 + — 11.7 13 o201
10 5 + — 13.0 x
10 10 + Q.2 21.1 _ ‘::
10 10 - _ 1.4 z E 4
2 15} J
1A 1B E ﬂ Q 10} l
[=]
) - o)
3"9\0\’9 .g 2. 3 L
tATP ; E
® - 10 2 ] 1 i
g 5 < 02 04 086
s Kav
3 < | _
£ = . "+ Fraction Il A 9 FRE
< p )
~45kDa, Fraction | =9kDa
. V Fraction 1 . 1A, lIB[E
10 20 40 60 20 2060 10 15 20 25 30 35

Time at 42°C, min Fraction ﬁ*ﬁ{lﬁm
Proc Natl Acad Sci USA. 1979, 76, 3107-3110. 11
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Table 2. Nucleotide specificity of the stabilization of APF-2 20~ A
Relative activity Complete A AE-O-B 8
Stimulation 15} |
of protein Stabilization 5 _Q_5k m s
Addition breakdown of APF-2 oL ' A 48 -6-51 8 # &) i
ATP 1.00 1.00 X ks Gic ADP*“" . swm ATP
ATP, —Mg?* 0 0.98 5| W
ADP 0 0.56
ADP + creatine-P + kinase 1.57 — ®
AMP 0 0 ERL sale A :
AdoPP[NH]P 0 0.53 3 V JRFEATP, RfEEBRKE
o (CHaIP ; 054 ‘ REERE T,
CTP 0 0
Creatine-P 0 0 " v APF-1. APF-2. APF-1IB
V ADP, AdoPP[NH]P. AdoPP[CH2IPHTRE HERIFEEEH.
APF-2091EH, ERTEFRAZHKBENINE. vV ATPEEFREAPF-2891EH,
5
APE-1 + Hi+ Gle X o] R # & H RFERE .
Proc Natl Acad Sci USA. 1979, 76, 3107-3110. —————— — 12
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TABLE |

Purification of heat-stable polypeptide of the ATP-dependent

proteolytic system from {abbit reticulocytes

Spe-
Fraction Total Total cific

protein  activity activity cation

T mg units units/mg —fold %
1. Fraction I° 43,100 33,900 0.78 1 100
2. First heat treatment 174 28,600 164 210 84
3. (NH.)2S0, precipita- 353 20,500 582 746 60

tion, dialysis and sec-

ond heat treatment
4. Sephadex G-75 8.1 8,000 990 1,270 24
5. CM-Sephadex 41 6500 1590 2040 19

vV APF-14ti4¢ 7 20004%.

V Western blot R M EXIMNRULLE R, I8IF
APF-1H94iE, thit—FHIFTAPF-12EH.

Proc Natl Acad Sci USA. 1980, 25, 7525-7528.
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1 1 X 1

250 275 300 325
Wavelength ( nm )

to us by Drs. Ciechanover and Hershko prior to publication,
it was apparent that APF-1 was very similar to another small,
heat-stable polypeptide termed ubiquitin.

V APF-15ZgiiRiEEIZ RIS
PRI .
MEE)

(BFE. [ERFE

13
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Ubiquitin was first isolated in the search for thymic poly-
peptide hormones. Such hormones were thought to exist since _
thymus extracts (12) were able to restore immunological com-  Proc Natl Acad Sci USA. 1966, 66, 1010-1017.

petence to athymic animals. Several polypeptides have been
V ZERVERRPIRR, RASREINEHEX.

ZLAPF-111EH

L=

yeasts, and bactena (15, 19-22). Recent work demonstrates
that the chromosomal protein A-24 consists of ubiquitin co-

valently bound through its COOH terminus to an e-amino Proc Natl Acad Sci USA. 1977, 74, 864-868.
group of histone H2A (19, 20). This isopeptide linkage is

V ZEMA-24ZARHEMES (-CO-NH-)
(WAPF-1EENARBE BT .

Proc Natl Acad Sci USA. 1980, 77, 1365-1368. 14
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A B
E%JI %APF'].E@{’E/EH % 60
e vV ZEEIAATPEIER T, APF-1H  f.
H €
I WY EEBEERFEEMNENR. E 20
10+ <
! i al vV EMAATPEE, APF-1XEHTH 0 | | | .
5 10 15 20 0.5 1.0
EEE T{E\Eﬁizo Fraction t1, ul ATP, mM
A V APF-15Z8RINES, FARNSE
= .
€ - ATPFiFraction Il ,
© 5 / Table 1. Effects of nucleotides and inhibitors on the
binding of APF-1
APF-15BE THERNES
(%’gﬁ&ﬁi&ﬁ) ATp Experiment 1 o
GTP 17.8
uTp 17.4
! i ) i Experiment 2
i 10 20 F '40 %0 °0 *:';g lus hexoki nd glucose ’:iflj
Proc Natl Acad Sci USA, 1980, 77, 1365-1368. ATP plus EDTA (5 mM) 66 15

ATP plus N-ethylmaleimide (5 mM) 18.3
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TaBLE I

?:'tAP F - 1 E{] 1?% o Amino acid_anaiysis of APF-1 and ubiquit{n

Residues per molecule

A4

L=

Ratio APF-1/Ubi-

Table 1. Effects of nucleotides and inhibitors on the APF-1 Ubiquitin quitin
binding of APF-1 ~ Literature® Found” Literature’ Found"
T T R
- % T i. { A

Addition Ser 3 3.50 3 3.29 106

Experiment 1 O Glu 12,13 13.77 12 1366 Lol

Pru 3 i 3 __.-.r‘ _‘_n"

ATP 4.7 Gly 6 6.20 4 5.83 1.06
GTP 17.8 HS OH Ala 2 2.60 2 9,53 103
uTpP 17.4 1% Cys 0 _d 0 _d _d
. X NH, Val 4 3.71 4 4.08 0.91

o Experiment 86 Met ] 0.47 ] 0.56 0.84
. Mz A AR Ile 7 6:91 T 7.37 0.94

ATP plus hexokinase and glucose 14.1 :I:E)IE‘ £ Eﬁl Leu 9 9.74 9 9.68 1.01
ATP minus Mg2+ 14.0 TYT 1 .92 1 0.98 0.94
. 5 mM) 6.6 Phe 2 1.83 2 2.01 0.91

5 V- i imi M 18.3 Lys 7 6.77 7 7.13 0.95
Wb lmaleimide (GmM) I His 1 1.10 1 1.02 1.08
Arg 4 3.69 4 4.35 0.85

Trp 0 — 0 — —

0971 + 076

/N\/;SH + Dﬁf‘j — 0 VvV APF- 15§E,nn_fﬁb'5§ﬁg7ﬁ9@ (REEBHRE)
o B NV EERLNSESAPF-1ILSETRE (R EE)

Proc Natl Acad Sci USA, 1980, 77, 1365-1368. 16
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APF-1 bound, %

A 0]
121~ + ATP, untreated i
80 10—
60 8 ll
a0} T
+ ATP, NaOH-treated
4
° 4l
20 x ’ ' ‘
10—
1 1 1 | 1 » 1 8
10 20 30 40 120 8l - s w
Time, min
61— = -
V EEEETHAIEE, &4 T ’
<-——Contaminant
2+
~ H = =
t1/2~1m|n! ﬁﬁfiﬂgﬁgﬁm o
~— APF-1

APF-15ZMERLES.
Vv ﬂiﬁ?x%%éﬂ&:.:.. AV 100°CHn#RG, APF-1{NAELMEAQL
RIS RNER. &. (BRAENBERERANES

17

Proc Natl Acad Sci USA, 1980, 77, 1365-1368.
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Molecular weight X 10~*
N
T T

Table 2. Estimation of relative radioactivities and molecular

weights of APF-1-lysozyme compounds

-t

1 ] 1 1 1
20 40 60 80 100 120
Migration, mm

vV HEAMNZERER,
HERAER L.

V EC1~-59F=.

Radioactivity
relative to C3* Molecular
125]. 125]. weight
Com-  APF-1 lysozyme Ratio Ob- Calcu-
pound (A) (B) (A/B)  served! lated?
Cy 21,000 22,500
Ce 34,000 30,500
Cs 1.00 1.00 1.00 38,000 38,500
Cy 1.11 0.87 1.28 47,000 46,500
Cs 1.11 0.63 1.76 50,000 54,500

V RIBESFENZE=R (APF-1=8000)
NS EETANLE, RET —5

FELUTUEZNAPF-14 5.
APF-12 0] DUMELTEIAI? B =

MEEL?

Proc Natl Acad Sci USA, 1980, 77, 1783-1786.

—X

M
T

N w o
T

cpm X 107

-
1

5 10 15 20
Fraction

vV ELE BB —KEAPF-1, {BRA

JUHKESEBER.

V Z&&8E, RAFENLEN.
20
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Table 3. Covalent APF-1 adducts with polylysine 2
1°I-APF-1 Protein m
Additi O selivionn. % f. 7 (APFlp-Protein
itions -cellulose, n APF
- n ATP .

None 1.0 3

ATP (2 mM) 2.4 4

Polylysine (1 mg/ml) 3.2 RV _ ,

ATP + polylysine 10.0 n APF-X + Amino acids

V XEIRE TAPF-1{EANRAYER, B4

V EPHO.OMEMHT, ILBE20hAARTRE, it
SISt —HE A T RIS S M

EBINARTER T BRRR .

V ZEHMEREARY, R TESH l

K. EEANAREBRTFIBERSSHRT

R e APF-15ZBB% SN, EFRRETHANFERE?

HATRTIRIA N EEARNAES 5 TR, &
SR TAHER T HREES5T RE?

21

Proc Natl Acad Sci USA, 1980, 77, 1783-1786.
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APF-155HEMEANEEESE, B4 HEHAFraction | BFLHHELZRERE, APF-1

HESAPF- 1R ? RIENZRE, BLARENRE? (REERorH
| — - . /
_ S & RKRIHCOOH)

A O
: : HzN\)kOH
g g‘ R
: ;

. HZN\/\OH

10

FRACTION NUMBER

V ST SR, AU, SILHR TR l dimedonsE e

TR E R V EEHEHERNRES SANGS

The Journal of Biological Chemistry, 1981, 25, 1525-1528. 22
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o Dimedon phase o o
Treatment -
Supernatant Precipitate
cpm N
. ¢TI )
With periodate 97 1535 /)
N
Without periodate 1768 19 0

- v H

) T /NQJ\ +
V S E LR HER AN S . "

A. Chromatography

Arg-0OH E thanolomine
10— " 0—111——4

0 i -
10

CPM x 10~2

i B. Electrophoresis

Arg-0H Ethanolamine
—_—y L

[
T

O p— [ ey | I

5 10 1]

20
CENTIMETERS MIGRATED ,

The Journal of Biological Chemistry, 1981, 25, 1525-1528.
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Activity remaining, %
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¢ f I RCH(NH:)COOH + ATP =2 AMP—OOC—CH(NH,)R + PP
0 O o0 o o NN H © O (Ia)
N + HO—I%—O—I%—O—I%\O/\Q — /N%O/F,’—Oé' AMP—OOC—CH(NH,)R + SRNA =
o OH OH OH ./ “on OH SRNA—O00C—CH(NH,)R + AMP
25| A BD Fe Cat ADH H‘b (Ib)
A ]3]
9‘9\9\_‘9 201 N .
LATP |,V APF-1E[U{EHATP-PPi, ATP-
16
1.l {3 AMPRIZHe, fKiFraction Il B,
O
= Tz
2 1)
= —
& . 1, & V ATP-PPi, ATP-AMPXiYTE
=y T
L
I i B : ol ER-EH, BUTEIHE—F
Time at 42°C, min i %
. 12 EgfEf.
VvV APF-1, Fraction IIA&B 3
¥
=EFHEBLRFEER . Z

Proc Natl Acad Sci USA, 1981, 78, 761-765. 24
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Protein, ug

Fig. 2. Stimulation of ATP-PP, exchange by ATP. (A) **PP.-ATP
exchange with crude fraction II. (B) Exchange with the partially pu-
rified enzyme after Sepharose-6B step (see Fig. 14). o, Without APF-
1; ®, with 24 ug of partially purified APF-1 (final CM-Sephadex step

omitted).
vV APF-1{Z#ATP-PPiflyzH.
V' Fraction |l BfHIRBUE NIE{R#HATP-
PPiFY Az H IR .

Proc Natl Acad Sci USA, 1981, 78, 761-765.

Vv ATP-PPi, AMPHIX#MEESELQREMREEEIEHEX.

)

H
N + H —P— -
N, 0-P-0

O

OH

N

<
N

(I? O O
ﬁ—o—P\o/\g
OH OH

HO OH,

>N
>
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VvV APF-15Fraction || B&
SR A B A T BT
(B4 18 7 MEE A RI%)

| L L

10 210 30 40
Fraction

Proc Natl Acad Sci USA, 1981, 78, 761-765.
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Table 2. Stability of bond between APF-1 and enzyme

Treatment % APF-1 bound
None 47
Hydroxylamine (1 M), pH 6.1 10
Sodium borohydride (10 mM) 11
‘Mercuric acetate (3%) 8

APF-1 + ATP = APF-1~AMP + PP,
APF-1~AMP + E-SH = E-S~APF-1 + AMP

26
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APF-119{EFEAREFFESE, Fraction Il AFIB ?

A

s » . V 53 ERaanBmTMERESRa
- | bidfE., EEREELESHE AR

# | aidig.

Protein (mg/mi)
AMP:ATP exchange ()

BB AWM XAEE?
;
0.2 0.4 0.6 08
Fraction number PPi: ATP axchange {munits)
vV 2% (APF-1) T )&4& RCH(NH,)COOH + ATP =2 AMP—OOC—CH(NH,)R + PP
FEE-SH, (Ia)

AMP—OOC—CH(NH:)R + SRNA =
SRNA—OOC—CH(NH:)R + AMP
(1)

The Journal of Biological Chemistry, 1982, 257, 2537-2542. 27



IME RGN ZIFHIE

Hid

ZHE—E

ez XY

PEKING UNIVERSITY
R S — 21 ml of fraction Il were chromatographed on a 6-ml column of A B -0
EE ?/ﬁmm{ign?;ﬁ IE-I ’ Eﬁ-l-ﬁg ubiquitin-Sepharose, as described under “Materials and Methods.” —
. - Total pro-  Total Specific  Purifi- . 200000 —
EMMNENRER, WELEM. Fraction tein___activity _activity _cation  Y'e\ R
mg mz'lliuni!sm'”:::g”s/ fold % s 22? T - -
A 1. Fraction II 455.7 669.4 1.5 1 100
12} L AT, untrested 2. AMP-PP, eluate 095 2451 2580 172 36.6 g
|
or RCH(NH,)COOH + ATP &2 AMP—OOC—CH(NH,)R + PP 45 000
o F‘.ﬁ (Ia)
]
6 4 AMP—OOC—CH(NH:)R + SRNA = & o =i
lr + ATP, NaOH-treated SRNA_OOC—CH {NH;)R + AMP
4 =
° : (16)
-2 o - . ) *PP, incorporated into = =
- Addition A RESBHHNEAZEHES
a — - %,
10— Vd S,
; None 01 1 1 2 SR B R B it
gl U;nq_um?l lgﬁ ,ug;}] D- ;
Glycine mM . .
ok Glycyl-glycine (10 mm) 03 PPIFIATPEIRZ R, KX E
Mixture of 20 amino acids (1 mM each) 04
Bovine serum albumin (30 pg) 09
‘T Lysozyme (30 ug) 0.1 —MEMETheeEs, mMAS
Reticulocyte fraction II, heated (20 ug of pro- 59
2= tein) R S
Reticulocyte fraction II, heated (20 pg), plus 0.5 IE% E{Jyjﬁg*ﬁgé °
o anti-ubiquitin serum (5 pl) o -

Fraction
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Product
A.TP -+ Ub + ESH — E,;_-;?fMP-Uh + PPl —Pnzyme +Enzyme A
pmol 15
ESMP-UP = B + A Experiment 1
SH §-Ub MP ::2Pi extractable as Mo®* complex  0.51 1.17 0.66
) ! H acid precipitated 0.03 0.39 0.36
Esun+ ATP+ Ub= ES‘?‘[%P Ub 4 PP, Experiment 2
H acid precipitated, 0 min 0.06 0.33 0.27
30 min 0.30 0.24 iy
: : o 10
A -
2 10 X
5]
E Vo Ub ATP =
b t oot g
g =l
> 3 > 5
3 / o o
E-. 2 > 5+
o 3
L I i 2 | I
0 5 10 0 5 10 0 '
MINUTES 0 1 . | 10 20 3(? 40 50
10 20 30 40 50 Fraction
2 A Fraction
vV FEMREBIIAN, S{RIEATPKRE.
Mg2+

vV ZWRAEEA, hS{RHEATPKE.

2 ATP + 2 Ub + Esy —=» 2 PP, + AMP + EFUP
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Neo
NA
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Native en- Modified

M 2+
9 ATP + 2 Ub + Esy —>— 2 PP, + AMP + EANE _ e
Experiment 1
ATP:PP; exchange (pmol/min) 49 42
ATP:AMP exchange (pmol/min) 7.4 04
Experiment 2
H acid precipitated (pmol) 0.34 0.32
= > AN ) Experiment 3
EEd ﬁw l 1%,“51'!"‘5‘ ) Enzyme-bound '*I-ubiquitin (pmol) 0.31
£ 1.5 Enzyme-bound [*"H]JAMP (pmol) 0.29
_\E. %\’\ A 1.0 — —
o AY AY
E V BZERREAREZE, AMPRIEEIHIH.
* 1.0
8 1.0
N
2 i V HZBRIET R
e | £ N
J?_: § 'g 05 IEI ’ 72?-55%@91‘]
Q. B o & .
< o : oo ; : ; S REM, HIAMEEN
50 100 10 20 30 < %
w © - -,
)";Emﬁglﬁﬁ{i/n\ N\ — I o = ﬁ@ I:F Iﬂjwﬁ%,ﬁﬂg °
01 1 1 1 1
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SV IRGAREREARES
REEEAMNS5 (182) . ATP . Ub 3 Ec

Protein

V OS2 EAME, BT
1.5pmolis EHRESH Es-w A

-

l 0.04pmolZ KRR EREERE 5 e
’ 7 0.16pmol YRk E (1% AMP N [ AMP-Ub

-

SH

IRiZ RS =& A R B ECHY PP

f#x) . X
V HOERE, WEMHSEE 1
BERNES.
125T-Ubiquitin
SCHEME 1
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3R EOME RGN L TFHE NI
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'SOI—— A. - B. {
° KCl eluate Applied~ATP AMP -Ub
g ATP «Ub S Ub
> Prot
_8 20k rotein
£
§ pH9 eluate E
2 S Ub
i
H
@ Y Protein-Ub
* | AMP AMP Ub
Applied+ATP
L L | i PP
0 5 10 15 0 100 200 '
Column eluate ( pg) Breakthrough fraction ( ug)

V BEXRBRAR, RUEEEMEES (38F45)
TR, E1. E2 (ZER7-FEEEERL) . E3
(SR oHEZPH) .

E2RIZ TR T B -
E3RZiZ AT R

Z BT RIRER Z B AR 1
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') Albumin Degraded, Percent (c—o)

Additions 135} Albumin degraded
: _ = .
Experiment 1 A. Fe Cat ADH Hb Mb
KCl eluate 5.4 I T B t

KCl eluate + £, 4.7 .\/ 1%&%%@%7’_;
C 5 -
:;{g 199;}13;53"‘ DTT eluate 23? ﬁ o 15 V ﬁ—-%l;ﬁEz E{]ﬁ
p 9 eluate + F, 11.0 ﬁsﬁ fﬂ%ﬂ
ROl tante + B, i BX4 THEEM

KCl eluate + E, 58 o
— - — " (35kDa—250kDa)
—
J e s (R EEMER
eV ERTERBESE :
g e HE R
;: ?\-ﬁi? 1ﬁ~’nno E | % 1ﬁrl:|l:|7 1
| N R P RETEM)
r % (ﬁﬁ}ﬁgﬁﬁd‘r I PR 108
2% 28 30 12 g A E = g §
i Ewtion Volume (mi) ’ : ﬁE H ’ ﬁﬁ'/TE.EZHﬁT'ZE ; | _5;- ﬁﬁ}ﬁﬁﬁgﬁ
v ' § E1)
b 5 % & & &5 & B e ¢S

Fraction Number
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) Additions o '[_Ubiquitin conjugated
100 T o pmol o
80— Experiment 1
E, 0.7
60—{ E2 0.7
v Y E1l. E, 1.3
- iil‘l?ﬂéﬁ,g ’ E,+ E, 2.4
= 40— 3 £ ¥ E,+ E,s 4.3
® E2;E M TFE (&% §+% ) 53
c \ N a2z 1 X .
s Hl) o MZBEATH mmets
o E,, iodoacetamide-treated 0.3
{+ o ~ s ~ RY)
- 20 ﬁﬁ?ﬁAj‘J EZ'&—E }2§ E,, iodoacetamide-treated + E, 1.0
3 E,, iodoacetamide-treated + £, 1.2
§ ﬁ?ﬁﬁ?#&mﬁ% y ?Efjn\lj “ _F:_;, iodoacetamide-tgte_d + E, + K, __ H,
E2R MMt ERE.

Vv EERS5ZREMES, E1. E2. E3SBIFTE.

V BEHABHRENEANMIZIZENENESR
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AMP+PP; E- S~Ub E,- SH
} Protein
\ Protein- Ub

Ub +ATP ErSH E,-S~Ub” E, - Conjugate

Fi1G. 7. Proposed sequence of events in the ubiquitin-protein
ligase system. See the text. Ub, ubiquitin.

l Nobel Prize in Chemistry 2004

V ZFKMEL, %iEFE2, 5EATPLX.

V ATPREEIFZRESME, ZIFEH. | o [{h it
V 253 &EL4E, TEE3EAT, BxXERRIEH. Aaron Ciechanover Avram Hershko Irwin Ros.e” ,.
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UBIQUITIN CONJUGATION TO PROTEIN SUBSTRATES

4

L Ub o

| E1-SH | + ATP

AMP - PP,

| Ub Sl

E2-SH |

E3

ol

EERENAIHIE

Ub-activating Enzyme (E1)

one/cell
(homologs exist
for activating
Ub-like proteins)

Ub-carrier proteins (E2s)
20-40 in mammals
(homologs exist for

Ub-like proteins)

Ub- Ligases (E3s)
(500-1000 in mammals,

specific for substrates
and E2s,

many monomeric,

many large complexes)

[ substrate 3
Sorting,

D D

Lysosome
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Substrate \ d 4
Degradation
( YS
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