
Structural and Functional Characterization of Chimeric Ubiquitin Conjugating Enzyme (c-UBC1) in 

S.cerevisiae 

Varsha Raimalani and C. Ratna Prabha*  

Department of Biochemistry, Faculty of Science, The Maharaja Sayajirao University of Baroda, Vadodara – 390002, INDIA  

 

                             

 

 

 

 
                          Figure2 Growth profile of Δubc1 cells of S. cerevisiae transformed with plasmids expressing 

           YEp96/UBC1 WT and mutant YEp96/c-UBC1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction  

In eukaryotes, post-translational modification of proteins by ubiquitin 

conjugation is catalysed by ubiquitin machinery. It comprises of three en-

zymes, ubiquitin activating enzyme (E1) that binds free ubiquitin and 

transfers it to ubiquitin conjugating enzyme (E2), which further transfers 

ubiquitin to substrate with the help of ubiquitin ligase (E3). In the present 

study, we have focused on yeast UBC1 (E2) which plays important role 

in degradation of short-lived and abnormal proteins1. It is also essential 

for cell growth and viability. The yeast UBC1 homolog in humans is E2-

25K, which is one of the crucial components for regulation of key path-

ways involved in neurodegenerative disorders2 ..  

Figure1 A) Secondary structure of UBC13. B) Sequence alignment 

of UBC1 and E2-25K using clustal omega. 
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Hypothesis and Rationale 

YWO5: ubc1::HlS3 was used for in vivo studies. 

The ubc mutant strain used in this study is haploid 

MATα derivative of strain DF5 (MATα/MATα, 

Iys2-801/lys2-801, leu2-3,2-112/leu2-3, 2-112, 

ura3-52/ura3-52, his3∆200/his3∆200, trp1-1(am)/ 

trp1-1(am); Finley et al., 1987).  

 Results  

Sample Doubling time in 

hours  

∆ubc1 2.5 

UBC1 1.6 

c-UBC1 1.8 

  Survival after 5 min at 52
◦
C without induction 

  Without pre-treatment (%) After pre-treatment (%) 

∆ubc1 21.5  25.5  

Yep96/UBC1 23 30 

YEp96/c-UBC1 34 36 

Table1 Resistance to thermotolerance of YEp96/UBC1WT andYEp96/c-UBC1. For pre-

treatment cultures were shifted to 37°C for 1 hr. Prior to or after incubation cultures were 

shifted to 52°C. Appropriate aliquots were spread on minimal agar plates containing the 

selection. UBC1 and Δubc1 were used as controls. Numbers give the fraction of colonies 

formed after heat treatment. 

Figure4 Antibiotic stress complementation of Saccharomyces cerevisiae Δubc1 strain by 

variants of E2 (UBC1). The strain Δubc1 and Yep96/UBC1WT were used as controls. The 

transformants expressing Yep96/UBC1 and Yep96/c-UBC1 were tested for L-canavanine, 

hygromycin-B and cycloheximide resistance. Undiluted stock and fivefold dilutions (2), (3), 

(4),(5) and (6) were spotted on SDA plates consisting of antibiotics  

Figure 5 Gaunidinium chloride denaturation curves of Ubc1 and c-Ubc1. The denaturation of 

the proteins was followed by recording the intrinsic fluorescence spectra by exciting it at 280 

nm. The wavelength of maximum emission was plotted against concentration of guanidinium 

chloride  
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Sub Cloning into Bacterial 

Expression Vector for  purifi-

cation and structural studies 

 E2-25K interacts with UBB+1 leading to amyloid 

–β neurotoxicity 

 Able to synthesize Lys48 linked free polyubiquitin 

chains in the absence of an E3 ligase 

 Both UBC1 and E2-25k belonging to the same 

class (I) of E2s can form polyubiquitin chains 

then why there is difference in the linker region? 

Materials and method 
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Figure3 Survival of YEp96/UBC1 and YEp96/c-UBC1 under heat stress (37°C) at various 

time intervals. UBC1 and Δubc1 were used as controls.  

Conclusion  

 c-UBC1 was found to be functionally active and comparable with  

   UBC1 

 Compared  to UBC1, c-UBC1 showed increased resistance under heat 

stress  and  similar resistance under thermotolerance  

 c-UBC1 can not resist to canavanine as compared to other two transla-

tion inhibitors suggesting that it behaves as enzymatic component of the 

ubiquitin-mediated proteolysis involved in selective degradation of pro-

teins  

 With change in concentrations of GuHCL, change in fluorescence inten-

sity was observed which indicates that the protein has a compact struc-

ture 

 Thus, c-UBC1 with shorter linker behaved equally well in the yeast sys-

tem as compared to longer linker suggesting it to be non-essential.  
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Abstract  

In eukaryotes, post-translational modification of proteins by ubiquitin con-

jugation is catalyzed by a cascade of enzymes namely, ubiquitin activating 

enzyme which binds free ubiquitin and transfers it to ubiquitin conjugating 

enzyme, which further transfers ubiquitin to substrate with the help of ubiq-

uitin ligase. In the present study we are focusing on ubiquitin conjugating 

enzyme (E2) UBC4 of S. cerevisiae. UBC4 and UBC5 are α/β proteins be-

longing to the same class of E2s with ~ 92% sequence identity, differing 

only at 11 amino acid residues. The two E2s functionally complement each 

other in mediating selective degradation of short lived and abnormal pro-

teins[1]. Hence, they are essential during stress response. The reason behind 

maintenance of two identical proteins suggests specialized functions for 

these enzymes under certain selective conditions. To understand the reason 

for the residue differences between the two E2s, we have decided on 

creating single mutations in UBC4 by replacing the residue from UBC5 and 

studying the functional differences arising out of the substitutions. Here, the 

gene of UBC4 with N82S mutation was constructed and introduced in 

Δubc4ubc5 strain of S. cerevisiae and functional studies were carried out. 

We found that this mutation is functionally active. Moreover, it displays 

better resistance to various translational inhibitors and greater thermotoler-

ance compared to Ubc4 and even wild type (WT). However, it showed less 

resistance when tested for heat stress. N82 is present in β-turn of the pro-

tein. Using the set of potential given by Hutchinson and Thornton in 1994, 

the preferences of Asn and Ser were compared for (i+1) position in β-turn. 

Interestingly, Ser showed higher preference over Asn for adopting the struc-

ture. This supports our in vivo data and proves to be an important mutation 

for UBC4.  

 Introduction  
In eukaryotes, Ubiquitin Conjugating enzymes ensure protein quality con-

trol via the Ubiquitin Proteasome system. The system is highly substrate 

specific and comprises of single E1, several E2s and hundreds of E3s. E2 

family comprises of  a conserved UBC domain providing a binding plat-

form for E1, E3s and activated ubiquitin. E2s actively participate in ubiqui-

tin chain assembly reaction in the UPS. In the present study we are focusing 

on ubiquitin conjugating enzyme UBC4 of S. cerevisiae system. 

 

 

 

 

 

 

 

 

(A) 

Figure 1. (A) Functions of UBC4 & UBC5 (B) Sequence alignment of two proteins.  

(C) Comparison of β-turn propensities of residue no. 82 in Ubc4 & Ubc5 accord-

ing to Hutchinson et al.,1994 

       (B) 

 Results  

Figure 2.  Growth profile of Δubc4Δubc5 cells of S. 

cerevisiae  transformed  with  plasmids expressing  

YEp96-UBC4 and mutant YEp96-UBC4-N82S along 

with WT and Δubc4Δubc5 as controls.  
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Figure 3. a) Survival of YEp96-UBC4-N82S under heat 

stress (37°C) at various time intervals in absence of an in-

ducer (copper sulphate) and b) in presence of inducer.  

% Survival is given as fraction of colonies formed after 

heat treatment.***p<0.001, **p<0.01,*p<0.05  in com-

parison  to YEp96-UBC4 

Materials and Methods 

The S. cerevisiae strains used in the study are Wild type cells (Mat α his3-Δ200 

leu2-3,112 ura3-52, lys2-801, trp1-1,  gal 2), Δubc4Δubc5 (Mat α his3-Δ200 

leu2-3,112 ura3-52, lys2-801, trp1-1, ubc4-Δ1::HIS3 ubc5-Δ1::LEU2) is a dou-

ble knock out strain lacking  UBC4 and UBC5  

Hypothesis 

       (C) 
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Figure 4. Resistance to thermotolerance of  YEp96-

UBC4-N82S in presence & absence on an inducer. For 

pre-treatment cultures were shifted to 37°C  for 1 hr. 

Prior to or after incubation cultures were shifted to 

52°C . Appropriate aliquots were spread on minimal  

agar plates containing the selection. %Survival was 

calculated.***p<0.001, **p<0.01 in comparison to 

YEp96-UBC4   

Figure 5. Resistance to translation inhibitors of S. cerevisiae cells Δubc4Δubc5 and 
Δubc4Δubc5 transformed with UBC4  and  mutant YEp96-UBC4-N82S.  
a) Control plate with no antibiotics                          (b) In presence of  canavanine (0.5 µg/ml) 
(c) In presence of hygromycin-B (0.2 mM)              (d) In presence of  cycloheximide (1µM) 
(e) control plate with CuSO4and no antibiotics       (f) In presence of CuSO4 plus canavanine 
(g) In presence of CuSO4 plus hygromycin-B            (h) In presence of CuSO4 plus cycloheximide 

Conclusion and Significance 

1.The point mutation N82S is functionally active. 

2. In case of thermotolerance stress  and antibiotic complementation N82S  

shows 100 % resistance compared to wild type (WT)  and UBC4; while not un-

der heat stress. 

3. The experimental observations suggests that the mutation N82S provides 

greater stability to the protein structure . 
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Introduction  
In eukaryotes, Ubiquitin Conjugating enzymes assure the protein quality 

control via the Ubiquitin Proteasome system. The system is highly  sub-

strate specific in spite of presence of single E1, several E2s and thou-

sands of E3s. E2 family comprises of  a conserved UBC domain provid-

ing a binding platform for E1, E3s and activated ubiquitin. E2s have been  

classified based on the additional extensions present around this catalytic 

domain. In the present study we are focusing on ubiquitin conjugating en-

zyme UBC4 of S. cerevisiae system . 

 Results  Results  

Figure 5. Antibiotic stress complementation of S. cerevisiae cells 

Δubc4Δubc5  and Δubc4Δubc5 transformed with UBC4 WT ( YEp96-

Δubc5) and  mutant YEp96-UBC4-R133K. (A) without inducer  

(B) with inducer (copper sulphate 100µM) 

Hypothesis 

Materials and Methods 

Figure 2.  Growth profile of  Δubc4Δubc5 cells of  S. cerevisiae  

transformed  with  plasmids expressing  YEp96-Δubc5 and  mutant 

YEp96-UBC4-R133K.  

The S. cerevisiae strains used in the study are Wild type cells (Mat α his3-

Δ200 leu2-3,112 ura3-52, lys2-801, trp1-1,  gal 2)  , Δubc4Δubc5 ( Mat α 

his3-Δ200 leu2-3,112 ura3-52, lys2-801, trp1-1, ubc4-Δ1::HIS3 ubc5-

Δ1::LEU2 )  is a double knock out strain lacking  UBC4 and UBC5 .  
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Conclusion  

1.The point mutation R133K is functionally active. 

2. In case of  heat & thermotolerance stress R133k is less tolerant com-

pared to wild type and Δubc5. 

3.R133K also affects cell machinery as it is inefficient in degrading trun-

cated proteins in presence of translational inhibitors. 

4.Thus, this point mutation may be affecting the structure and hence al-

tering the E2-E3 interaction pairing and so it is detrimental to the cell 

functioning.  
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Figure 1. (A) Functions 

of UBC4 & UBC5.  

(B) Secondary structure 

of UBC4. 

(C) Sequence alignment 

of two proteins. 

Figure 3. Survival of YEp96-UBC4-R133K under heat stress (37°C) at 

various time intervals in presence and absence of inducer (copper sul-

phate) . Numbers give the fraction of colonies formed after heat treat-

ment.***p<0.001   

Figure 4. Thermotolerance of  YEp96-UBC4-R133K in presence & ab-

sence on an inducer. For pre-treatment cultures were shifted to 37°C  

for 1 hr. Prior to or after incubation cultures were shifted to 52 °C . Ap-

propriate aliquots were spread on minimal  agar plates containing the 

selection .Numbers give the fraction of colonies formed after heat 

treatment.***p<0.001   
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