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1.1. Structure of Ubiquitin (PDB:1UBQ). Five anti-parallel B-sheets
are shown in blue color, brown color displays the presence of
a-helix and a 3¢ helix.
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1.8. A) Comparison of ubiquitin activating enzyme (UBA1) with
bacterial ancestor MoeB and ThiF proteins, B) Schematic
diagram of sequence relationships between MoeB and UBA1,
with conserved sequence motifs indicated by colored blocks. E.
coli MoeB and residues 1-250 and 400-660 of human Ubal are
17% and 22% identical, respectively.

1.9. Structure of MoeB-MoaD complex (PDB: 1JWA). The N-
terminal subdomain of MoeB adopts a variation of the
Rossmann fold and is involved in ATP (in Green) binding and
catalyzes the adenylation reaction. The C-terminal subdomain
contains an antiparallel, four-stranded B- sheet, which makes

direct contact with the globular domain of MoaD.

Fig. 1.10. Structure of conserved UBC domain of E2 (PDB: 2ESK)

Fig. 1.11. HECT and RING E3 ubiquitin ligases.
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Fig. 1.12. Domain architecture of yeast Rsp5 protein. N-terminus
contains a C2 domain followed by several WW domains. The
HECT domain is situated on C-terminus, which has catalytic
cysteine to form a bond with ubiquitin.

Fig. 1.13. A) RING domain, B) U-Box domain.

Fig. 1.14. Structure of 26S proteasome.
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CHAPTER 2: Cloning, Purification and Structural

Characterization of Four Domains of Ubiquitin

Activating Enzyme E1

Fig. 2.1. Linear representation of yeast ubiquitin activating enzyme E1
and its domains namely, AAD (Active Adenylation Domain),
FCCH (First Catalytic Cysteine Half-domain), 4HB (Four Helix
Bundle), AAD (Active Adenylation domain), SCCH (Second
Catalytic Cysteine Half-domain) and UFD (Ubiquitin Fold
Domain).

Fig. 2.2. Cartoon diagram of the E1-Ub complex (PDB ID: 3CMM). E1
contains 39% helical (46 helices; 403 residues) 16% B-sheet (47
strands; 170 residues) structure. Domain IAD is in cyan, AAD is
in purple, FCCH is in green, SCCH is in blue, UFD is in red and
4HB domain is in pale cyan. Ubiquitin is displayed in yellow
and the catalytic cysteine of E1 is in pink.

Fig. 2.3. Schematic diagram of the work plan; A) cloning of all four
fragments namely; FCCH, 4HB, SCCH and UFD, B) protein
purification C) structural analysis of all four peptides by
Fluorescence and Circular Dichroism (CD) spectroscopic
techniques.

Fig. 2.4. Vector map of pET28a.

Fig. 2.5. Diagrammatic representation of the cloning strategy. PCR
amplified desired fragments encoding domains were double

digested with Nhel and Xhol enzymes. Vector pET28a was also
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double digested with the same enzymes to form

complementary sticky ends for ligation of amplicons to

construct the desired clone. 52
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Fig. 2.14. Far-UV CD spectra of domains of ubiquitin activating
enzyme E1 namely, A) FCCH, B) 4HB, C) SCCH and D) UFD
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Fig. 2. 15. Guanidine Hydrochloride denaturation spectra of A) FCCH,

B) 4HB, C) SCCH, D) UFD. 71

Fig. 2.16. Anax values of all four peptides FCCH, 4HB, SCCH and UFD
plotted against guanidine hydrochloride concentrations. 72

Fig. 2.17. Fluorescence emission spectra of extrinsic fluorophore ANS
bound to the domains of E1 namely; A) FCCH, B) 4HB, C) SCCH,
and D) UFD domains in the presence of different

concentrations of the denaturant guanidine hydrochloride. 74

CHAPTER 3: Cloning and Functional Characterization

of Four Domains of Ubiquitin Activating Enzyme E1

Fig. 3. 1. Schematic diagram of the work plan. A) subcloning of all four
DNA fragments encoding FCCH, 4HB, SCCH and UFD into yeast
vector, B) Transformation of recombinant plasmids into yeast
C) Functional studies of all four peptides by heat stress and
antibiotic stress. 80

Fig. 3. 2. Vector map of Yep96 carring wild type-yeast ubiquitin gene. 82



Fig. 3.3. Gel picture showing YRPB1 clone in Yep96 backbone.

Fig. 3.4. Gel picture showing YRPB2 clone in Yep96 backbbone.

Fig. 3.5. Gel picture showing YRPB3 clone in Yep96 backbone.

Fig. 3. 6. Gel picture showing YRPB4 clone in Yep96 backbone.

Fig. 3.7. Growth curves of MHY501 cells expressing domains FCCH,
4HB, SCCH, UFD of ubiquitin activating enzyme E1, A) without
inducer B) with CuSO, inducer. Untransformed MHY501 cells
were used as negative control.

Fig. 3. 8. Survival of MHY501 strain expressing the domains of
ubiquitin activating enzyme E1 under heat stress: A) without
inducer B) with CuSO, inducer.

Fig. 3.9. Effect of overexpression of domains on cell growth under

antibiotic stress.
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Chapter 4: Structural and Functional Studies on B-bulge

Mutants of Ubiquitin

Fig. 4.1. Schematic diagram of work plan A) Purification B-bulge
mutants Q2N, E64G and S65D, B) Purification ubiquitin
activating enzyme E1, C) Incubation of mutant ubiquitin and E1
proteins, D) western blot analysis.

Fig. 4.2. Expression and purification of ubiquitin wild type and B-bulge
mutants.

Fig. 4.3. Expression of E1 protein.

Fig. 4. 4. Western blot analysis of ubiquitin activation by E1.

Fig. 4.5. CD spectra of Ubiquitin (F45W) and B-bulge mutants. A)
Ubiquitin F45W, B) Ubiquitin Q2N, C) Ubiquitin E64G, D)
Ubiquitin S65D with each mutant showing effect of different
pH point.

Fig. 4.6. CD spectra showing effect of different pH range on Ubiquitin
(FA5W) and B-bulge mutants. A) pH 2.0, B) pH 4.0, C) pH 6.0, D)
pH 8.0.
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