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Summary 
The aim of this study was to design a simple method for 

detecting the ubiquitin protein in serum samples from AMI pa
tients and evaluate its diagnostic and prognostic value. For 
this aim, sandwich type ELISA assay was used. 

Serum concentration of ubiquitin was found to be in
creased in acute myocardial infarction (AMI) patients follow
ing severe chest pain at 6th, IOth, 17th and 30th hours com
pared to healthy subjects. Therefore, detection of serum ubiq
uitin level may have diagnostic and prognostic value in AMI, 
together with enzymes that are specific for heart muscle. 
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Özet 
Çalışmanın amacı akut miyokard enfarktüstü hastaların 

serumlarında ubiquitin proteinini tesbit etmek için basit bir 
yöntem geliştirmekti. Sandwich-ELISA yöntemi, ubiquitine 
karşı üretilmiş monoklonal ve poliklonal antikorları kulla
narak ubiquitini serumda ölçmek için uyarlandı. 

Çalışmamızın sonucunda kontrollerle kıyaslandığında 
göğüs ağrısını takip eden 6, 10, ¡7 ve 30. saatlerde ubiquitin 
seviyesinin yüksek olduğu bulundu. Sonuç olarak serum ubiq-
uitin seviyesinin diğer kalp kasına spesifik enzimlerle beraber 
kullanıldığında diagnostik ve prognostik bir değerinin olabile
ceği düşünüldü. 
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Ubiquitin, a 76 amino acid protein, is present 
in the cytoplasm and nucleus of eucaryotic cells 
and can be covalently conjugated to cellular pro
teins by the enzymes of the ubiquitin conjugating 
system (1,2). In this process, several ubiquitin 
monomers are usually ligated sequentially to an
other ubiquitin moiety already linked to the protein, 
forming multiubiquitin chains (3). The multi-ubiq-
uitin chain acts as a signal to induce degradation of 
the target proteins by 26S proteasome (2,3). The 
ubiquitin mediated proteolysis, a major pathway for 
selective protein degradation, plays a variety of 
regulatory roles in cellular processes, including 
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stress response (4,5),cell cycle (6,7), gene expres
sion (8) and apoptosis (9). Ubiquitin may addition
ally be involved in the pathogenesis of various dis
eases. Intracellular accumulation of ubiquitin has 
been detected in patients with neurodegenerative 
diseases (10), muscular diseases (11), brain is
chemia (12), cancer (13), rheumatoid arthritis and 
hemodialysis (14). Extracellular ubiquitin has been 
suggested to be involved in amyloid formation (15) 
and growth of hematopoietic cells (16). Several 
studies have revealed that ubiquitin concentration 
in body fluids are increased in patients with various 
diseases: serum ubiquitin in parasitic and allergic 
disease (17), plasma ubiquitin in chronic renal fail
ure, especially in cases undergoing hemodialysis 
treatment (14,17), and cerebrospinal fluid ubiquitin 
in Creutzfeld-Jacop disease (18) and Alzheimer's 
disease (19,20). However, origin and metabolism 
of ubiquitin in the body fluid have not been clari
fied yet. 
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The aim of this study was to design a simple 
method for detecting the ubiquitin protein in serum 
samples from A M I patients and evaluate its diag
nostic and prognostic value. For this aim, sandwich 
type ELISA assay was used. 

Materials and Methods 
Serum Collection 

Blood was obtained from patients (11 male 42 
17; 8 female 54 11) who were admitted to 
Cardiology Department of University hospital and 
General State hospital. Serum collection was per
formed according to onset of severe chest pain. 
Since the patients' arrival to the hospital varied with 
regard to onset of severe chest pain, time of blood 
collection from patients was adjusted. Protocol for 
blood collection from patients is given in Table 1. 
We also collected blood from 39 healthy volunteers 
for assessment of ubiquitin quantitation. 

Commercially available anti-ubiquitin anti
body, purified ubiquitin protein and peroxidase 
conjugated rabbit immunoglobulins to mouse im
munoglobulins (PRAM) were purchased from sig-
ma (U5379, U6253 and A9044 respectively). 
Monoclonal anti-ubiquitin antibody was kindly 
provided by R. Layfield (Noitingham Univ., Q M C , 
UK). 

Assay Procedure 
We have designed sandwich-type ELISA assay 

for ubiquitin 96-well Maxisorp plates, (Cat. No 
469949; Nunc Roskilde, Denmark) were passively 

coated at 37°C for 24 h with polyclonal anti-ubiq
uitin antibody (200ml/well). After washing with 
washing buffer (distilled water containing 0,5 ml/1 
Tween 20), 100ml of purified ubiquitin protein in 
different concentrations (concentration range 1 
ng/ml-30 ng/ml), and 100ml serum sample of con
trol group and patients with A M I (neat) were added 
to the wells. Later 100 ml monoclonal anti-ubiqui
tin antibody (1:750 dilution) was added to each 
well. We then added to each well 100 ml of perox
idase labeled anti mouse immunoglobulin antibody 
(1:500 dilution). After 4 h incubation and washing 
10 times with 300 ml of washing buffer, we added 
to each well 200 ml of substrate solution (0.1% 
w/w ABTS (2,2 azino-bis, 3-ethylbenzthiazoline-6-
sulphonic acid), 0.003% v/v H202 (100 vol) in cit
rate/phosphate buffer pH 4). After incubation for 
15 min, the absorbance of the plates was read at 
405 nm with a spectrophotometer. The color 
change was proportional to the amount of antigen 
in the test solution. 

A sequential multiple automated analyzer 
(Hitachi 717) determined the following analytes in 
the serum specimens from A M I patients depending 
on the times (see Table 1): total creatine kinase 
(CK), creatine kinase isoenzyme (CK-MB) and to
tal lactate dehidrogenase (LDH). 

Results 
Passively coated plates with polyclonal anti-

ubiquitin antibody were used for patients with A M I 
and for healthy controls to establish reference range 
of serum ubiquitin concentration. In order to draw 

Table 1. Mean SD values of serum ubiquitin CK, C K - M B and L D H in patients with Acute Myocardial 
Infraction at different time points after the onset of severe chest pain (n:19). 

UBIQUITIN C K C K - M B L D H 
TIME (9.4 3 ng/ml)* a (0-190 U/L)* (0-25 U/L)* (225-450U/L)* 

3rd h 9.8 2.41 96 56 16 13 229 40 
4th h 10.53 1.93 156 46 23 15 271 57 
6th h 12.94 2.09 # 274 123 67 38 345 38 
10th h 19.0 3.76 # 722 237 167 86 572 221 
17th h 26.7 4.66 # 1176 305 413 226 879 317 
30th h 21.8 3.92 # 1489 370 598 176 1397 630 

* Reference range 
3 Reference value for ubiquitin was obtained from 39 healthy volunteer subjects 
# Compared with reference value (p<0.05) 
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standard curve, ubiquitin (U6253, Sigma) in differ
ent concentrations (30ng/ml, 20ng/ml, 15ng/ml, 
lOng/ml, 5ng/ml and 1 ng/ml) and monoclonal anti-
ubiquitin antibody (1:750) was used. Absorbance 
versus amount of antigen graph was drawn (see 
Figure 1). 

In order to establish reference range of ubiqui
tin by using sandwich-type ELISA assay, we ana
lyzed the serum concentration of ubiquitin in 39 
healthy volunteers (mean age 31±18). There was no 
significant correlation between age and ubiquitin 
concentration (data not shown). Reference range of 
ubiquitin concentration for our assay was compared 
to standard ubiquitin dilution curve. Concentration 
of ubiquitin and cardiac enzymes in serums taken 
according to the time intervals of 19 A M I patients 
showed significant increase. Specially while CK 
and C K - M B has started to increase at the 3th and 
4th hour of A M I , ubiquitin concentration appeared 
to be in the normal range of established ubiquitin 
reference values. L D H was also in the normal lev
el. However, ubiquitin has started to elevate at 6th 
hour and stayed at higher concentrations at 10th 
,17th and 30th hour of A M I . Although ubiquitin 
concentration has seemed to be declining at 30th 

hour of A M I , it was, however significantly higher 
than control value (see Table 1 and Figure 2). 

The normal ubiquitin values obtained from 39 
healthy control were statistically compared with 19 
A M I patients' 6th, 10th , 17th and 30th hour ubiq-
uitine values. Statistical analysis were performed 
by student's t-test. P values were less than 0.05 and 
considered to be statistically significant. 

Discussion 
At least two distinct types of antibody against 

ubiquitin are sold commercially. One is available 
from D A K O , Denmark has been produced using 
SDS-denatured ubiquitin linked to chicken gamma
globulins with glutaraldehyde according to Haas 
and Bright (21). The other which is available from 
Sigma has been raised against ubiquitin conjugated 
to keyhole limpet haemocyanin and readily react 
with free ubiquitin as well as with conjugates. In 
raising antibodies against ubiquitin, conjugation is 
important because it is not very antigenic in its free 
state due to the compact structure and highly con
served sequence. When conjugated, it is thought 
that it undergoes a conformational change and the 
structure opens up exposing particular epitopes 
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Time of Blood Collection 

Figure 2. Serum concentrations of total ubiquitin and cardiac enzymes (CK, C K - M B , LDH) in patients with A M I . Graph values are 
from Table 1. 

(22). This proposal is supported by the existence of 
antibodies that preferentially bind to free or to con
jugated forms of the protein (21). Here purified 
ubiquitin protein has been used to identify ubiqui
tin concentration for standard curve graph. The an
tibody recognizes either free or conjugated ubiqui
tin. Structure of ubiquitin within the control and 
A M I samples could not be established. In this 
sandwich-type ELISA assay for ubiquitin, antibody 
is labeled with classical peroxidase (DAKO, 
Denmark, PRAM). The peroxidase labeled Fab' 
fragment of antibody is directed against monoclon
al antibody which is against ubiquitin and the im
mobilized polyclonal antibody coated onto the sur
face of the wells of 96-well plates directed against 
ubiquitin protein. The assay is quite sensitive, de
tecting lng ubiquitin Per well. The interassay re
producibility tests carried out with 39 control sam
ples were in range of values which we obtained. 

This study of 39 control subjects of both sexes 
between ages 12 and 57 has allowed as to deter
mine the reference value of ubiquitin. Obtained 
ubiquitin serum values was total ubiquitin, includ-

4 

ing both free and conjugated form of it. However in 
recent work, free and conjugated ubiquitin refer
ence values within the normal serum has been de
termined (14). In the ubiquitin mediated proteolyt
ic pathway, free ubiquitin and multiubiquitin chains 
have distinct cellular roles: the former is a pool for 
future conjugation to cellular proteins and the latter 
is an active form that induces their degradation (3). 
Thus the measurement of both ubiquitin forms are 
informative for deducing the cellular state of the 
ubiquitin system. We could have, however, deter
mined only total ubiquitin by sandwich type 
ELISA. The method was quick, sensitive and spe
cific. Takada et al. measured and quantified both 
ubiquitin forms in the cells (14). Okada et al. re
ported increased plasma ubiquitin in hemodialysis 
patients (23). The other works have also reported 
that serum concentration of multiubiquitin chains 
increases in acute viral hepatitic patients (14),in 
acute stress i.e. heat shock (4) and in ischemia (12). 
In our study, we aimed to follow ubiquitin levels in 
A M I according to time intervals of the disease on
set. A M I occurs in case of coronary artery occlu-
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sion. The heart muscle in turn exposes to acute is
chemia and other pathological conditions. The time 
is an important factor for the disease to recover the 
tissue. Therefore we obtained ubiquitin values at 
different times after the onset of the disease. 
Ubiquitin or multiubiquitin chains might be in
ducible by cardiocellular damage in A M I and they 
are probably released into the blood by car-
dionecrotic injury. On the basis of this assumption, 
serum miltiubiquitin chain concentration reflects 
not only cardiocellular damage but also cytoprotec-
tive response to cell injury. Total ubiquitin concen
tration has almost started to elevate with CK and 
C K - M B enzymes at 6th hour of A M I . Interestingly 
increased ubiquitin concentration stayed higher 
even at 30th hour of the disease (Fig.2). We could 
not take blood from all A M I patients involved in 
our study after 30th hour, so we could not obtained 
when ubiquitin returns to normal level. 

In conclusion, by the Sandwich-type ELISA 
method described in this study, it is possible to 
measure the serum ubiquitin level, and it may have 
a diagnostic and prognostic value with the other 
cardiac enzymes in A M I patients. 
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