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UBIQUITIN 
In 1975 , during the charac ter isa t ion of calf thymus 

peptide h o r m o n e s , G i d e o n G o l d s t e i n et a l . Identified a 
protein wh ich a p p e a r e d to induce B- lympocyte dif feren­
tiation (1). Interestingly, an t ibod ies ra ised to this pro¬
tein c r o s s reac ted with prote ins o f other o r g a n i s m s 
s u c h as yeas t and plants. H e n c e , the protein w a s ter¬
med ubiqui tous immunopo ie t i c pept ide, later to be re¬
n a m e d ubiquitin (Ub). Ubiquit in w a s first s e q u e n c e d by 
S c h l e s i n g e r et a l (2). T h e s e q u e n c e is c o m p r i s e d of 
76 amino a c i d s , s e c o n d a r y structure inc ludes a s ingle 
a l fa-he l ix , with four s t rands of B-sheet . T h e primary 
structure is highly c o n s e r v e d in nature and differing by 
only three amino a c i d s from an ima l to yeas t . Th is de¬
gree of conse rva t i on e m p h a s i s e s the fundementa l role 
p layed by Ub in c e l l s . Ub is ext remely stable to in¬
c r e a s e d temperature , c h a n g e s in pH and pro teo lys is 

(3) . 
C e l l u l a r Ub is found in both free and conjugated 

forms, greater than 5 0 % of the Ub in a part icular cel l 
may be of the free form. 

Ub c a n from both stable and unstable con jugates 
with a variety of different proteins in-vivo. The stable 
Ub-prote in con juga tes i nc lude : 

i . H i s t o n e s ; H 2 A and H 2 B , approx imate ly 11 % of 
H 2 A and 1.5% of H 2 B w a s found to be ubiquit inated 

(4) . 
ii. C e l l su r face recep to rs ; the lymphocyte homing 

receptor is ubiquit inated on its external d o m a i n . It is 
poss ib le that the Ub may modula te the affinity of the 
receptor , or may be invo lved in s i gna l t ransduc t ion 
(7.8). 

U n s t a b l e Ub-p ro te in c o n j u g a t e s are c o n j u g a t e s 
wh ich are normally s o o n d e g r a d e d after formation. In 
this c a s e , the ubiquit ination is targeting proteins for de-
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gradat ion, the Ub is act ing as a cofac tor of se lec t i ve 
protein c a t a b o l i s m . I t has b e e n s u g g e s t e d that nearly 
9 0 % of the proteo lys is of short l ived proteins in m o u s e 
m a m m a l i a n c a r c i n o m a ce l l s may p r o c e e d through the 
Ub c a t a l y z e d pathway (9-11). 

T h e e n z y m e s invo lved in conjugat ion of Ub to a 
target protein are imaginat ively termed E 1 , E2 and E 3 . 
E1 is Ub act ivat ing e n z y m e , E 2 s are Ub carr ier pro¬
te ins and E 3 s are proteins thought to r e c o g n i z e the 
target protein substrate (12-18). C o n j u g a t e d Ub to ab¬
normal proteins is then removed by e n z y m e s known 
as U b - C - t e r m i n a l h y d r o l y s e s . U b - d e p e n d e n t protein de¬
gradat ion s y s t e m with their e n z y m e s is s u m m a r i z e d in 
F i g . 1 . U s i n g D E A E co lumn ch romatog raphy and rapid 
H P L C a s s a y , three p e a k s o f activity o f Ub spec i f i c es¬
t e r a s e s were identified and s e p a r a t e d from calf thymus 
(19). I t h a s a l so been s h o w n that the abundant neuron 
s p e c i f i c protein P G P 9.5 is in fact a U b - C - t e r m i n a l 
hydro lyze (20-22). 

U b w a s impl icated i n A T P dependen t p ro teo lys is . 
I t w a s p r o p o s e d that the at tachment of Ub c a n s igna l 
degradat ion of the target protein. It h a s recently been 
s u g g e s t e d that Ub protein con juga tes may be d i rec ted 
towards the l y s o s o m e for deg rada t i on , h e n c e Ub may 
be invo lved in two major c a t a b o l i c s y s t e m . Doher ty 
and others s h o w e d that when f ibroblasts were incuba¬
ted with the thiol p r o t e a s e inhibi tor E 6 4 , w h i c h is 
known to inhibit l y s o s o m e cys te ine c a t e p h s i n s , Ub -p ro -
tein con jugates accumu la te in mul t i ves icu lar bod ies re¬
lated to l y s o s o m e s (23-25). T h e r e have a lso been re¬
cent reports of the loca l iza t ion of free Ub in l y s o s o m e s 
of h e p a t o m a ce l l s (26). It now a p p e a r s that Ub-prote in 
con juga tes are a lso en r i ched in l y s o s o m e s of normal 
ce l l s with en r i chmen ts of up to 12 fold of the c o n c e n ¬
trations s e e n in all other c y t o p l a s m i c o r g a n e l l e s . T h i s 
s h o w s that the l y s o s o m a l accumu la t i on of Ub-prote in 
con juga tes is likely to be a normal ce l lu lar event. Ub 
gene organ iza t ion s h o w s s o m e interesting features . In 
y e a s t , four different g e n e s w h i c h c o d e for Ub are 
known , termed U b i 1 , U b i 2 , Ub i3 and Ubi 4 (27,28). In 
h u m a n s , three different g e n e s c o d e for the Ub se¬
q u e n c e . T h e g e n e s are te rmed U b i A , U b i B and U b i C 
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Figure 1. Proposed sequence of events in the conjugation and 
degradation of proteins via the ubiquitin system 
1. Activation of ubiquitin by E 1 . 
2. Transfer of the high-energy ubiquitin intermediate to E2 . 
3. Recycling of E 1 . 
4. Conjugation of ubiquitin directly to the protein from E2 . 
5. Recycling of E2 . 
6. In the case of particular proteins, involvement of E 3 . 
7. Conjugation of further molecules of ubiquitin to the protein 

substrate. 
8. Recycling of an intact substrate and ubiquitin. 
9. ATP-dependent degradation of conjugates into peptides by 

the 2 6 S proteasome complex. 
10. Release of amino acids from peptides. 

(29,30). U b i B and U b i C g e n e s c o d e for p o l y U b se¬
q u e n c e s of three and nine c o p i e s of Ub respect ive ly . 

WHAT IS THE RELATION 
BETWEEN UBIQUITIN AND 
NEURODEGENERATIVE DISEASES? 
M u c h interest in the et iology and p a t h o g e n e s i s of 

A l z h e i m e r ' s d i s e a s e (AD) h a s a r i sen s i n c e the r e a l i z a -

tion that AO is r e s p o n s i b l e for approx imate ly half of 
the c a s e s of dement ia s e e n . In 1987, Ub w a s found to 
be a componen t of the pai red he l ica l f i laments (PHP 7 ) 
wh ich are intermediate s i z e d f i laments (IF) found in 
the bra ins o f pat ients with AD (31-34). P H F are the 
prenc iba l consti tuent of neurofibri l lary t ang les (NFT) (a 
type o f inc lus ion body) o f AD and a l so o c c u r as bun¬
d les in dyst roph ic neur i tes wh ich form p l a q u e s in the 
bra ins o f AD pat ients. Immunochemica l s tud ies have 
identified the microtubule a s s o c i a t e d phosphop ro te ins 
tau as a major componen t of P H F . Ub is thought to 
be con jugated to this tau protein. Ub h a s a l so b e e n 
detected in g r a n u l o v a s c u l a r bod ies in h i p p o c a m p i pyra¬
midal neu rons in AD (32-34). W h e n other n e u r o d e g e -
nerative d i s e a s e s were s tud ied , us ing po lyc lona l anti¬
bod ies with a high affinity to con jugated Ub as a tool 
to detect Ub-pro te in c o n j u g a t e s , other ce l lu la r inclu¬
s ions bod ies of man were found to be immunoreac t i ve 
(35,36). T h e s e Ub react ive i n c l u s i o n s are s h o w n in 
Tab le 1. 

E x a m p l e , L e w y b o d i e s o f P a r k i n s o n ' s d i s e a s e ; 

bra instem L e w y bod ies s ta ined in tensely for both Ub 

and phosphory la ted neurof i lament proteins at the peri¬

phery. Cor t i ca l L e w y bod ies sta in more h o m o g e n e o u s ¬

ly for Ub . Immunohis tochemist ry h a s been u s e d to de¬

monst ra te that di f fuse L e w y body d i s e a s e is more 

c o m m o n than prev ious ly thought, accoun t i ng for ap¬

proximately a third of demen t ia c a s e s (37). 

E x a m p l e , P i c k ' s b o d i e s o f P i c k ' s d i s e a s e ; t h e s e 
rounded inc lus ion bod ies stain for Ub in a punctuate 
and weak sta in ing pattern. T a u h a s a l s o been detec¬
ted in P i c k s ' s bod ies . P i c k ' s bod ies are thought to be 
a mixture of m ic ro tubu les and neuro f i l amen ts w h i c h 
poss ib ly se t s them as ide from the family of pure IF in¬
c lus ion bod ies . 

E x a m p l e , R o s e n t h a l f ib res within a s t r o c y t i c tu¬
m o r s ; these hyal ine inc lus ion bod ies have granu lar ir¬
regular c o r e s su r rounded by bund les of IF. T h e peri¬
phery of the b o d i e s s ta ins strongly for U b , the co re 
h a s been found t o conta in the H S P B-crysta l l in . G l i a l 
fibrillary ac i d i c protein ( G F A P ) h a s a l s o been detec ted 
in the R o s e n t h a l f ibre. It is thought the fibre may be 
the degene ra ted center of a ubiquit inated G F A P IF in¬
c lus ion body. 

E x a m p l e , C y t o p l a s m i c b o d i e s within m u s c l e ; t h e s e 
fibrillary i nc lus ions are found in d i s e a s e d s ta tes s u c h 
as rare congen i ta l myopathy . T h e y sta in strongly for 
Ub and are a l so immunoreac t i ve for d e s m i n . 

E x a m p l e , Mal lo ry b o d i e s o f a l cho l i c liver d i s e a s e ; 
s e v e r a l structural t y p e s o f t h e s e b o d i e s are k n o w n , 
they conta in cytokerat in with other non cytokerat in pro¬
te ins. T y p e III Ma l l o r y b o d i e s have a cent ra l amor¬
phous core wh ich d o e s not sta in for U b , and a strong 
Ub stain ing per iphery. B-crystal l ine h a s a l so been de¬
tected in Ma l lo ry bod ies . T h u s , Ub is c o m m o n to many 
IF inc lus ions charac te r i s t i c of major d i s e a s e s , and is li¬
kely to have a f undamen ta l but as yet u n e x p l a i n e d 
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Table 1. Disease with Ubiquitin immunoreactive intracellular inclusions 

Disease Type of cell Inclusion body 
intermediate 
filament type 

Alzheimer's disease Neuron Neurofibrillary tangle (Paired helical filaments) 
Parkinson's disease Brainstem neuron Brainstem lewy body Neurofilament 
Lewy body dementia Cortical neuron Cortical lewy body Neurofilament 
Pick's disease Cortical neuron Pick body Neurofilament 
Motor neurone disease Spinal anterior horn Motor neurone disease Not known 

neuron inclusion 
Cerebellar astrocytoma Astrocyte Rosenthal fibre Glial fibrillary acidic protein 
Alcholtc liver disease Hepatocyte Mallory body Cytokeratin 
Cytoplasmic body myopathy Muscle Cytoplasmic body Desmin 

role in the metabolism of the IF inclusions. It is appa­
rent that different types of IF inclusions exit which 
stain differently with the anti-Ub antibody. The rarer 
granular cytoplasmic staining of Ub in some cells sug­
gests that protein ubiquitination may actually occur be­
fore the inclusion body formation. The mechanism of 
Ub IF inclusion body formation is however unknown, 
but relevant information might be gained from studying 
metabolism of IF in virally infected cells (35-38). 

Anti-Ub immunohistochemistry has been extended 
to study other disease states. In motor neuron disease a 
novel inclusion body has been identified in spinal anterior 
horn neurons (39). The inclusion body exists as; 

i. loose tangles or skeins of Ub positive material 
in the cytoplasm 

ii. tight balls of Ub positive filaments which stain 
strongly for Ub 

iii. multiple small rounded bodies, 2-7 um in dia­
meter. 

The inclusion bodies appear closely associated 
with classical Bunina bodies of motor neuron disease 
e.g. Ub positive material sometimes surrounds the Bu­
nina body area. The Bunina bodies may be equivalent 
to the amorphous core often found in Ub filamentous 
inclusions (35). In motor neuron disease patients there 
has been shown to be a two fold increase in the ex­
pression of the poly UbiC gene in the motor cortex 
and spinal cord (40). This suggests the cells response 
is activated in this neurodegenerative disease, which 
may lead to the formation of the Ub filamentous inclu­
sion. 

CONCLUSION 
It has been shown that the formation of filamen­

tous inclusion bodies is a general cellular response in 
many chronic neurodegenerative diseases. Ub seems 
to be a common factor in these inclusion bodies. 
There are likely to be different mechanisms for inclu­
sion body formation, but the occurence of Ub may be 
the key which leads to the elucidation of a common 
pathway in inclusion body formation and an explana­
tion of the role of IF in neurodegenerative diseases. A 

through study of the human enzymes involved in Ub 
metabolism e.g. E1, E2 is a logical starting point for 
further investigations into the mechanism of Ub IF in­
clusion body formation. A thorough understanding of 
this mechanism could give insights into the initial sti­
muli for inclusion body formation, thus directing further 
research into therapeutic strategies to combat the di­
seases. 
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