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Figure 2.6

Vector Confirmation (A) (a). 1% agarose gel showing 8.3 kb size
pRC2312 vector. (b) Restriction digestion of pRC2312 plasmid
with Hind III and Bam HI. The Lanes L1 to L4 contain: L(1):1kb
ladder L(2) pRC2312undigested plasmid, L(3) pRC2312 plasmid
digested with HindIIl and L(4) pRC2312 plasmid digested with
BamHI for cloning purpose. (B) Site-directed mutagenesis PCR
products run on 3% Agarose gel. Here, FR is denoted as =
Forward and Reverse non mutagenic primer in combination, F*R=
Forward mutagenic& reverse non mutagenic, FR*=Forward non

mutagenic and Reverse mutagenic

36

Figure 2.7

Site Directed mutagenesis (A) Transformants of wild type and
mutated CTG codon ubiquitin mutants. (B) (a) 1% agarose gel
showing results of restriction digestion of pRC2312 plasmid
containing ubiquitin mutant genes is double digested with Hind 111
and Bam HI. The Lanes 1 contains: 100 bp ladder; Lanes 2 to 8
Hind IIl and Bam HI digestion of cloned Prc2312, PrcUbWT
TTG, PrcS20F TTG, PrcUbEP42 TTG, PrcA46S TTG, PrcL50P
TTG, Prcl6lT TTG respectively. (b) 1% agarose gel showing
results of PCR amplification for further clarification. (C) Ubiquitin
CTG to TTG mutant confirmation by DNA sequencing

37

Figure 2.8

Cloning (A) Prc2312 plasmid carrying ubiquitin mutant gene
isolated from transformed DHS5a cells and runned on 1% agarose
gel. The Lanel contain 100 bp ladder, Lane 2 to 7 showing
pRC2312 UbWT TTG, UbS20F TTG, UbEP42 TTG,
UbA46STTG, UbLSOP TTG, Ubl61T TTG respectively. (B) 2%
agarose gel showing PCR products of ubiquitin mutant genes. (C)
1% agarose gel is showing result of restriction digestion of cloned
vector pTET25M-NC with TTG ubiquitin mutant genes. The
Lanes L (1):100 bp ladder, Lanes 2 showing undigested vector.
Lane 3-8 contains Aatll and Stul digestion of cloned pTET25M-
NC UbWT, UDbS20F, UbEP42, UbA46S, UbLLS50P, UbI6IT
respectively. (D) Transformation in BWP 17 Strain.
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Figure 2.9

(A) Impact of overexpression of UbEP42 and its single mutant

40




derivatives on C. albicans. BWP17 transformants with wild type
and mutant forms of ubiquitin whose expression was driven by
doxycycline-inducible TET1 promoter were grown in the presence
of doxycycline inducer concentration 45ug/ml. BWP17 and it’s
transformed with the UbWt used as a positive control. (B) Growth
was checked on SD minimal media through the streak plate

method.

Figure 2.10

The impact of ubiquitin protein mutants on the growth profile and
thermotolerance of C. albicans cells. (A) BWP17 cells were
genetically modified to express wild type and mutant forms of
ubiquitin under the control of the doxycycline-inducible TET1
promoter. These cells were cultivated in the presence of a
sublethal concentration of inducer, and their growth profile was
monitored by measuring OD at 600nm at 2-hour intervals. Results
revealed that strains expressing UbEP42, UbL50P, and UbI61T
exhibited slower growth compared to wild type. (B) The
transformants were standardized and plated in the presence of the
inducer (45 pg/ml doxycycline). Plates were then incubated at
30°C for varying durations (2, 4, 8, 12, and 16 hours), followed by
3-4 days of incubation. % Survival was determined by counting
colonies formed. (C) Similarly, the transformants were plated in
the presence of the inducer and exposed to 40°C for 2, 4, and 8
hours, followed by return to 30°C and incubation for 3-4 days.
Percent % survival was calculated by counting colonies formed.
(D) Additionally, BWP17 strain containing mutant ubiquitin was
cultured to log phase and subjected to heat stress at 55°C for 0.5,
1.0, and 1.5 hours. This assay aimed to assess the tolerance of the

strains to elevated temperatures.

42

Figure 2.11

Impact of mutant ubiquitin proteins on the survival of C. albicans
under antibiotic stress. Overall, the findings indicate that strains
expressing UbEP42, UbLS50P, and UbI6IT were unable to

withstand antibiotic stress. The concentrations of antibiotics

43




utilized in this study were cycloheximide (75 pg/ml), tunicamycin
(1 pg/ml), and canavanine (1 pg/ml). Plates were then incubated
for 5-6 days at 30°C. Notably, UbS20F showed a slight decrease
in viability, while tunicamycin exhibited a potent inhibitory effect
on survival. The results are presented as Mean + SE, with n = 3
replicates. Statistical significance was denoted as P*** = <0.001,

while NS indicates non-significance.

Figure 2.12

Effect of expression of UbWT, UbEP42 derived single mutants of
ubiquitin on the yeast to hyphal transition monitored using
fluorescence microscopy. (A) BWP17 cells and BWP17 UbWT as
a control and the cells expressing wildtype and derived single
mutant forms of ubiquitin were observed under GFP filter.
Transformants were plated on YPD pates 10% serum condition at
37° C to study filamentous growth. (B) Confocal image of UBI61T
resolved at higher magnification for better confirmation of

morphology switching.
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Figure 2.13

Impact of ubiquitin mutant expression on cell cycle progression.
(A) FACS analysis was conducted on the BWP17 strain and its
transformants. Cells expressing UbEP42, UbL50P, and UbI61T
exhibited a delayed GO/G1 phase, while those expressing UbS20F
and UbA46S progressed through the GO/G1 phase similar to cells
expressing wild type ubiquitin. The results are presented as Mean
+ SE, with n = 3 replicates. Statistical significance was denoted as

P*** = <(0.001, while NS indicates non-significance
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Figure 2.14

Examines the influence of ubiquitin mutant expression on cell
cycle progression following hyphal induction. FACS analysis
revealed a higher percentage of cells in the G1 phase specifically
in BWP17/UbEP42, whereas BWP17/UbL50P and
BWPI17/UbI6IT expressing cells did not exhibit significant
changes compared to the wild type. The results are presented as
Mean £+ SE, with n = 3 replicates. Statistical significance was

indicated as P*** = <(.001, while NS denotes non-significance.
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Figure 2.15

[ustrates the levels of Cdc28 protein kinase in BWP17 cells
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expressing both wild type and mutant forms of ubiquitin. The
results indicate a significant reduction in Cdc28 protein kinase

levels in cells expressing UbEP42, UbL50P, and UbI61T.

Figure 2.16

Western blot analysis reveals the polyubiquitination profile of K63
and K48 linkages in C. albicans cells expressing mutant forms of
ubiquitin. It was observed that UbEP42, UbLS50P, and UbI61T
mutants exhibited impaired polyubiquitination with both K63 and
K48 linkages. Conversely, the polyubiquitination profile of
UbS20F and UbA46S mutants did not exhibit significant changes
with respect to K63 and K48 linkages.
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Figure 2.17

SEM image of C. albicans cells under ubiquitin mutant
overexpression in the presence of doxycycline inducer
concentration 45ug/ml. The minimum scale bar set 10um and max

30 um
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Figure 2.18

Chitin deposition accumulation and aggregates of C. albicans cells
under ubiquitin mutant’s overexpression condition (A control B-F
ubiquitin mutants) after the staining with Calcofluor white

staining. The scale bar represents 20 um
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Figure 2.19

C. albicans cell surface -glucan exposure under ubiquitin mutant
overexpression condition after the Congo red staining (A control,
(B-F mutants expressing cells). The scale bar represents 20 pm.
yellow arrow indicates the higher intensity of dye fluorescence due

to binding to B-glucan

52

Figure 2.20

(A) Extraction of protease visualize and folin lowry method
standard curve obtain. (B The secretion of aspartyl protease
concentration acetone precipitated samples under different
morphology form of candida albicans at different pH under
influence of ubiquitin mutants’ expression measured by using
Folin Lowry method. Results represented in Mean + SE. (n = 3),
(Y= yeast, Y+D= logphase yeast incubated with doxycycline,
H+D = After hyphal induction doxycycline inducer added
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Figure 2.21

The secretion of aspartyl protease concentration acetone

precipitated samples represented in chrt form.Under different

55




morphology forms of candida albicans at different pH under the
influence of ubiquitin mutants’ expression was measured by using
the Folin Lowry method. Results represented in Mean = SE. (n =
3), (Y= yeast, Y+D= logphase yeast incubated with doxycycline,
H+D = After hyphal induction doxycycline inducer added

Figure 2.22

12% Zymography gel using gelatin (0.1%) as a substrate. Results
showing the difference in secretory aspartyl protease secretion
under pH5.9 and pH6.8 in presence of overexpression of Ubiquitin

mutants.
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Figure 2.23

Morphology of cells under different pH of YPD media with 10%
bovine calf serum for 0 — 6hr at 37°C exhibited defects in hyphal
growth. produced both pseudohyphae and true hyphal filaments.
(A, C) Yeast to hyphal transition in presence of 10% serum
without inducer conditions in respect to pHS5.9, pH6.8. (B, D)
Yeast to hyphal transition status in presence of 10% serum with

inducer conditions in respect to pH 5.9, 6.8.
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Figure 3.1

Effect of ubiquitin mutant on cyclins level in Candida albicans.

N=3 All values are presented as Meant SEM *P<0.05; **P<0.01

and***P<0.001 as compared to control.
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Figure 4.1

Transcription factor m-RNA levels in C. albicans under ubiquitin
mutants expression. N=3 All values are presented as Meant+ SEM

*P<0.05; **P<0.01 and***P<0.001 as compared to control.
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Figure 4.2

Results from DIA quantitation of ubiquitin mutants. Plots (a), (b)
and (c) represent the protein profile of upregulated vs
downregulated in UbEP42, UbL50P, and UbI61T respectively.
Proteins showing an increase which is greater than 1.3-fold
(log2 fold change) and a decrease less than 1.3-fold (log2 fold
change) were considered and were represented by circular blue
dots. Proteins showing (—logl0 P value values were represented
by red dots (—loglO P value,increase0.05) or decrease
(—log10 P value less than —0.05). Protein abundances in increasing
order on the X-axis. Plot (d) represents no. of total proteins that

were up and down-regulated in characterized and uncharacterized
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forms

Figure 4.3

STRING analysis of differentially regulated proteins involved in
the biological processes of C. albicans due to the expression of
ubiquitin mutants. Protein-protein functional interaction prediction
map of downregulated proteins of C. albicans obtained using

STRING v.11 database (confidence score 0.700).
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Figure 4.4

STRING analysis of differentially regulated proteins involved in
the metabolic processes of C. albicans due to the expression of
ubiquitin mutants. Protein-protein functional interaction prediction
map of downregulated proteins of C. albicans obtained using
STRING v.11 database (confidence score 0.700). Filled protein
nodes that signify the availability of protein 3D structural

information either known or predicted.
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Figure 4.5

KEGG pathway map of glycolysis/ gluconeogenesis. Mappable
enzymes within the pathway are highlighted in green and teal
denoted as the pathways identified with the aid of the following
database: https://www.kegg.jp/entry/cal00010 through

http://www.cytoscape

83

Figure 4.6

Gene ontology and STRING analysis of differentially regulated
proteins involved in the metabolic processes of C. albicans due to
the expression of ubiquitin mutants. Protein-protein functional
interaction prediction map of upregulated proteins of C.
albicans obtained using STRING v.11 database (confidence score

0.700). Red color indicates the interaction of MET3 with MET10.
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Figure 4.7

KEGG pathway map of cysteine methionine pathway. Mappable
enzymes within the pathway are highlighted in green and were
identified with the aid of the following database
https://www.kegg.jp/pathway/map=cal00270&keyword= through

http://www.cytoscape
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Figure 5.1

Hypothetical illustration for possibility of polyubiquitin chain
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formation

Figure 5.2

Vector map of P-TET25MC-H for ubiquitin Di- glycine mutants

cloning and screening.
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Figure 5.3

Plasmid PTET25M-CH isolation and PCR for amplification of
mutants. (A) 1% agarose gel showing (A) PTET25M-CH 7.5 kb
plasmid isolation. lane 1 shows lambda HindIIl DNA marker,
Lane 2-5 is the plasmid PTET25M-CH containing UbWT,
UbEP42, UbLS0P, UbI61IT respectively (B 1% agarose gel
showing shows PCR amplicon 228 bp of ubiquitin mutants, lane 1
contains lambda HindIIl 1 kb DNA marker, Lane 2-5 showing
PCR amplified ubiquitin mutants UbWT, UbEP42, UbLS50P,

UbI61T using forward and reverse primers listed in Table5.1
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Figure 5.4

PTET25M-CH Di glycine ubiquitin mutants cloning. 3% agarose
gel showing Plasmid PTET25M-CH double digested (Lane 3,5)
with Bgl/ll and Xmal restriction enzyme. Lane 6 shows UbWT
amplified without Di glycine deletion at the C- terminal and lane 7
shows di glycine deletion from UbWT. The difference in their
migration pattern is visualized. Similarly, lanes 8, and 9 for
UDBEP42, lanes 10 and 11 for UbL50P, and lanes 12 and 13 for
UbI61T show migration difference. (B) The electropherogram
obtained through sequence analysis showed the deletion of Di-

glycine in all ubiquitin mutants
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Figure 5.5

Ubiquitination and K48 and K63 linkage under Diglycine
ubiquitin mutants. (A) Coomassie-stained SDS-PAGE gel (12%)
of yeast stage lysate. Lane 1, SDS-PAGE marker; lane 2-5 total
yeast extract proteome profile after induction of UbWtGG-,
UbEP42GG-, UbL50PGG- and UbI61TGG- respectively. (B)
Coomassie-stained 12% SDS-PAGE gel of hyphal stage lysate.
Lane 1, SDS-PAGE marker; lane 2-5 total C. albicans hyphal
stage extract proteome profile after induction of UbWt, UbEP42,
UbL50P, and ubl61T respectively. (C) Western blot showing
ubiquitination profile. Candida albicans strains harbouring the

ubiquitin mutants with Di-glycine (+) and without Di-glycine (-)
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constructions were grown in YPD media doxycycline inducer for 3
h. Whole cell extract was separated by SDS-PAGE and probed
with an anti ub antibody, allowing the detection of the ubiquitin
protein. Lane 2,3 UbWT, Lane 4,5 UbL50P, and Lane 6,7 Ubl61T
representing ubiquitination profile with or without Di-glycine (-/+)
(D) UbEP42 comparative ubiquitination profile under di-glycine
deletion condition. Indicating nondegradative substrate with
polyubiquitin chain accumulation decline. (E) K48 and K63
linkage in UbEP42GG- showing a decline in polyubiquitination

chain aggregation.

Figure 5.6

Prediction of Di- glycine Ubiquitin mutants inter-residue 3D
geometries by trRosetta and align the structure with ubiquitin
mutants having Di-glycine motifs at C-terminal using Mol* 3D
viewer from protein data bank (RCSB PDB). The predicted
structure models With Di-glycine shown in color cartoons
(Orange) and without Di-glycine (Green). TM- scores 0.1 for all
the constraints model. (B) Representing combine all Di-glycine
deleted ubiquitin mutants structures align model using RPSB PDB

Mol* 3D viewer.
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Figure 5.7

Prediction of Di- glycine Ubiquitin mutants inter-residue 2D
geometries by trRosetta The predicted secondary structure
showing that all ubiquitin mutants have the same no. Helix,
Strand, and Coil.
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