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簡報者備註
簡報註解
後轉譯調控(磷酸化修飾),  泛素,  修飾,  增加特定蛋白交互作用介面,  系統 (共價結合反應  修飾後反應) 以阿拉伯芥為例  至少5~6%基因組基因為系統成員

mailto:hongyong@gate.sinica.edu.tw


泛素

- 76個胺基酸、序列高度演化保守、穩定、橢圓狀、 β grasp
(握)構型/5個β sheets (片)握住1個α helix (螺旋)

- 核心結構穩定、 C-端六個胺基酸及β1- β2連接環較具彈性
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氨基端

羧基端

異白胺酸44

纈胺酸70

白胺酸8

組胺酸68



泛素化反應 (泛素與蛋白受質共價鍵結)
ubiquitination

類胜肽鍵結

硫酯鍵

硫酯鍵傳遞反應

單一泛素化

多重泛素化

泛素鏈化
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類胜肽鍵結(Isopeptide bond)

• 泛素-受質

• 泛素-組蛋白
(Histone 2A)

• 甲硫氨酸 Met/M
• 甘氨酸 Gly/G
• 離氨酸 Lys/K
• 半胱氨酸 Cys/C

(-SH硫醇)

離氨酸

氨基 羧基

胜肽鍵結

支鏈
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Pickart 2004, Cell 116:181-190

硫酯鍵

泛素腺甘酸

酵素1 (E1): 泛素活化反應

5



Pickart 2004, Cell 116:181-190

類胜肽鍵結

硫酯鍵

E3s

硫酯鍵傳遞反應
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Pickart 2004, Cell 116:181-190

(Homologous to E6AP C-terminus)
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泛素密碼 (ubiquitin codes)
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泛素藉甲硫胺酸(Met1)及七個離胺酸(Lys)形成不同泛素鏈

氨基
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M1-
K6-
K11-
K27-
K29-
K33-
K48-
K63-甲硫胺酸1

離氨酸48

離氨酸63



Pickart and Fushman, 2004 Curr Opin Chem Biol 8, 619 10

內吞作用/運送

26S蛋白酶體分解

26S蛋白酶體分解

DNA修復/內吞作用



單一泛素化 多重泛素化

同鍵型泛素鏈化
(K48/11/63最多)

混合鍵型泛素鏈化

分叉鍵型泛素鏈化
游離泛素鏈
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泛素交互作用介面

異白胺酸44

異白胺酸36

苯丙胺酸4

12



緊密式泛素鏈構形

離胺酸48鏈
K48-chain

離胺酸6鏈
K6-chain

離胺酸11鏈
K11-chain

α螺旋介面
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甲硫胺酸1鏈
M1-chain

離胺酸63鏈
K63-chain

開放式泛素鏈構形
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撰寫(合成)泛素密碼
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離胺酸63鏈-專一E2 Ube2N (Ubc13)

接收泛素單元

供給泛素單元

Ube2V
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離胺酸11鏈-專一E2 Ube2S (AtUBC22)

TEK-box介面

穀氨酸(Glu)34
受質輔助催化反應

Threonine, 蘇胺酸

接收泛素單元
供給泛素單元
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E3 ligases 主要種類

SKP1, S phase kinase-associated; BTB, bric-a-brac-tramtrack-broad; DDB, DNA damage-binding; DWD, DDB1-binding WD40 proteins  

(Cullin RING Ligases)

轉接器
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CRLs
19



Cys CysCys

Cys CysHis/Cys

His

Cys

- RING (Really Interesting New Gene)  
finger, consists of 8 well conserved,  
spaced Cysteine and Histidine residues 
coordinating two zinc-ions in a cross-
brace configuration

- RING-H2 and RING-HC

- spacing of zinc ligands, but not primary   
sequence, is conserved 

- molecular scaffolds instead of chemical 
catalyst (for Ub-E2 binding) + E2 activation

CX2CXnCX1-3HX2-3C/HX2CXnCX2C1X22Xn3X1-34X2-3C5HX26Xn7X28

RING

Cystine :半胱胺酸; Histidine: 組胺酸 20



泛素修飾後效應

分解 抑制修飾 召募訊號因子胞內移動
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簡報者備註
簡報註解
分解  胞內移動  抑制其他修飾  召募訊號因子



1942 19871953 1955 1958 1974 1977 1978 1980 1983 1984 1986

Schoenheimer
同位素實驗

哺乳動物蛋白
分解—需能

融酶體

挑戰

細菌—
需能

泛素

非融酶體蛋白分解

泛素-組蛋白

兔子紅血球細胞
萃取液

兩個生化
組成因子

共價鍵結

APF is Ub*

20S蛋白酶
體

E1 突變細胞株

催化酵素
E1, E2, E3

26S 蛋白酶體

發現泛素修飾系統之重要里程碑

Adapted Ciechanover (2005) 
Nature Rev Mol Cell Biol, 6, 79-86

http://www.youtube.
com/watch?v=amR_3
WNBWNs

*ATP-dependent proteolysis factor

20S核心次級複體
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http://www.youtube.com/watch?v=amR_3WNBWNs


2004諾貝爾化學獎得主

"for the discovery of ubiquitin-mediated protein degradation“
http://nobelprize.org/chemistry/laureates/2004/chemadv04.pdf

Aaron Ciechanover
Israel
Technion –
Israel Institute of 
Technology 
Haifa, Israel 
b. 1947

Avram Hershko
Israel
Technion –
Israel Institute of 
Technology 
Haifa, Israel 
b. 1937

Irwin Rose
USA
University of 
California 
Irvine, CA, USA 
b. 1926
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http://nobelprize.org/chemistry/laureates/2004/chemadv04.pdf


Amerik and Hochstrasser 2004 BBA, 189

去泛素化酵素功能
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Seven DUB Classes

1. UBP/USP (27)

2. UCH (3)

3. OTU-related (12)

4. Ataxin-3/Josephin (MJD/2)

5. MPN+/JAMM (5)

Amerik and Hochstrasser 2004 BBA, 189
25

6. MINDY (3)

7. ZUP1(2)

簡報者備註
簡報註解
Like other eukaryotes, plants also have five classses of DUBs, using Arabidopsis as an example, #, seqquence similarity can only be found with class but not between classes, 
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泛素化訊號
• destruction boxes, RXALGXIXN

- short region of primary sequence
- mitotic cyclins and APC substrates

• N –端胺基酸(N 端規則N-end rule)
• 轉譯後修飾(磷酸化)
• 小分子結合
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N-end rule in Saccharomyces cerevisiae
Residue at N 

terminus
Half-life of X-ßgal

Arg 2 min
Lys 3 min
Phe 3 min
Leu 3 min
Trp 3 min
His 3 min
Asp 3 min
Asn 3 min
Tyr 10 min
Gln 10 min
Ile 30 min
Glu 30 min
Cys >20 hr
Ala >20 hr
Ser >20 hr
Thr >20 hr
Gly >20 hr
Val >20 hr
Pro ND
Met >20 hr 28



Varshavsky, 2003 Nature Cell Biol 5, 373

N-end rule

麩醯胺酸

天門冬醯胺

半胱氨酸

天門冬胺酸

穀氨酸

精氨酸
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解讀泛素密碼

- 含泛素結合結構(UBD)之蛋白係解讀密碼成特定泛素效應
之重要因子

- 泛素受體
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S5a-UIM1

DSK2-UBA
NZF

Schreiner et al. 2008 Nature 453, 548; Hurley et al. 2006 Biochem J 399, 361 

主要泛素結合結構

UIM

UBA NZF

PRU
Rpn13-Pru 
(pleckstrin-like receptor for ubiquitin)
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26S 蛋白酶體
(Proteasome)

20S 核心酶體
(CP)
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簡報者備註
簡報註解
 targeted to the 26S proteasome for degradation 2.5 MDa complex unfolding, translocating the substrateNucleophilic mechanism to produce small peptides ubiquitin is spared from substrate



CP

WT

rpn10∆

Glickman et al., Cell, 1998, 94, 615-623

基座

核心酶體

核心酶體
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22Å

22Å

13Å

13Å

20S 核心酶體結晶結構

Yeast (酵母菌)Archaebacteria (古細菌)

蛋白分解
活性位點
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簡報者備註
簡報註解
- Biochmical mechanism for substrate breakdown



20S Core Particle (CP)
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N11 N10

N13

UBP6

UB
N13

N1

N2
N10
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http://www.nature.com/nature/journal/v482/
n7384/abs/nature10774.html#supplementary-
information

26S Proteasome
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Supplementary Movie 1

http://www.nature.com/nature/journal/v482/n7384/abs/nature10774.html#supplementary-information
https://static-content.springer.com/esm/art:10.1038/nature10774/MediaObjects/41586_2012_BFnature10774_MOESM520_ESM.mov


阿拉伯芥泛素蛋白酶體系統
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auxin binding to TIR1

22

23/29

AFB, auxin signaling F-box protein; ARF, auxin response transcription factor; AUX/IAA, 
auxin indole-3 acetic acid repressors; TIR1, TRANSPORT INHIBITOR RESPONSE 1

LRR

SCFTIR1/AFB1-5
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Auxin enhances TIR1-IAA7 interaction
TIR1 and AUX/IAA form an auxin coreceptor

- Dharmasiri et al., 2005 Nature 435, 441
- Kepinski and Leyser, 2005 Nature 435, 446
- Villalobos et al., 2012, Nature Chem Biol, 9, 477

SCFTIR

a tryptophan-derivative (色氨酸)
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Degradation of JA response repressor by UPS

- SCFCOI1 (COI1, CORONATINE INSENSITIVE 1)
- target: JAZ repressor (JA-ZIM domain repressor 

proteins)
- both LRR of COI1 and JA-Ile is required to  

recognize JAZ

JAZ complex

SCFCOI1
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CONSTITUTIVE PHOTOMORPHOGENIC/DE-ETIOLATED/FUSCA (COP/DET/FUS) loci and 
derived complexes

(SPA, SUPPRESSOR OF PHYA-105)

(DDB1, DAMAGED DNA BINDING PROTEIN 1)
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COP1 COP1

Stomatal opening and development, shade avoidance response,
Plant defense, cold acclimation etc … 
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HY5, ELONGATED HYPOCOTYL 5; LAF1, LONG AFTER FAR-RED LIGHT, HFR1, LONG HYPOCOTYL IN FAR RED;
BBXs, B-box Zinc Finger proteins; GATA2, a brassinosteroid (BR)-regulated GATA transcription factor

COP1 targets various transcription factors critical for phoromorphogenesis
in the dark for ubiquitylation
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Cope and Deshaies 2003, 
Cell 114: 663-671

Rub1/Nedd8N

CAND1, CULLIN-ASSOCIATED AND NEDDYLATION-DISSOCIATED 1

CRL assembly and disassembly is driven by neddylation/deneddylation

RBX

RBX

RBX

RBX

RBX
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http://images.cell.com/images/journal_images/0092-8674/PIIS0092867403007220.GR1.lrg.gif
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