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Fig. 1 Schematic diagram of the 
pathophysiology of glaucoma. 
Adapted from "Primary open-angle 
glaucoma," by R.N. Weinreb and C.K. 
Leung, 2016, Nature Reviews Disease 
Primers, 2(1), 1-19. Copyright 2016 by 
Macmillan Publishers Limited. 
Adapted with permission. 

Fig. 5 Western blot image showed the expression of PDZD2 and β-actin in 293 
and NT2 cell lines.
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Latest work in the lab found that the PDZD2+/- heterozygous (het) mice displayed POAG phenotypes, including decreased number 
of RGCs in the ganglion cell layer, increased vertical cup-disc ratio, and increased IOP. Hence, it is suggested that the deficiency in 
PDZD2 is associated with the development of POAG. As sPDZD2 is derived from PDZD2 and functions as an extracellular signaling 
molecule8, the plasma level of sPDZD2 might be a diagnostic or screening marker for POAG. 

This SRF scheme provided control evidence to support the silencing role of the ~900-bp region. SNPs within the region would thus 
up-regulate PDZD2 expression, protecting the RGCs. With the strong association between POAG and the SNP, it is therefore 
proposed that the SNP might reduce endophenotypes of POAG in patients. With tools for tissue-specific site-directed 
mutagenesis now available14,15, the SNP at rs72759609 might be a one-time treatment or even a cure for POAG patients 
deficient in PDZD2, however, further studies are required. 

Moreover, it is known that the up-regulation of PDZD2 is strongly associated with the early development of prostate cancer16. This 
research hence revealed the possibility of combining the SNPs within the silencer with the existing genetic markers to increase 
the predictive value for prostate cancer by DNA genotyping. 

INTRODUCTION

Fig. 2 PDZD2. (A) Schematic diagram showing the position of human PDZD2 gene (red line) on 
chromosome 5. (B) Schematic diagram showing the distribution of introns (thin line) and exons (bold line) 
on the PDZD2 gene (Adapted from NCBI). (C) Conservation analysis of human PDZD2 gene in comparison 
with 100 vertebrate genomes by phyloP (blue) phastCons (green) with the SNP associated with POAG 
indicated in red box (Adapted from UCSC Genome Browser).
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Conserved sequences usually have important functional 
roles13. Latest work in the lab also found that the deletion of 
the ~900-bp region up-regulated the expression of PDZD2. It 
was, therefore, suggested that the ~900-bp region is a 
silencer element. To serve as a control, this SRF scheme 
aimed to study the regulatory effects of the two ~900-bp 
regions flanking the silencer on the expression of PDZD2. It 
was hence expected that no regulatory effects on the 
expression of PDZD2 would be observed. 

It was identified that mutation in multiple genes, like 
myocilin and optineurin, induces POAG10,11. Recently, 
genome-wide association meta-analysis uncovered that 
POAG endophenotypes are strongly associated with a single 
nucleotide polymorphism (SNP) at rs72759609 located 
within a ~900-bp conserved region in the PDZD2 locus12, 
implying a potential correlation between PDZD2 and POAG. 

PDZD2 SNPs

RESULTS & DISCUSSION
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METHODOLOGY

Remove sequences flanking the silencer by CRISPR-Cas9 and;

Measure PDZD2 expression by dual-luciferase reporter assay

Transform plasmid into DH5α E.coli → Set culture → 
Miniprep for plasmid extraction → Digest some of the 
plasmids → DNA electrophoresis on EB gel to confirm 
the correct insert size

Follow protocol of FuGENE® HD Transfection 
Reagent by Promega → Screening → Run 
sequencing on cells

Transfect vectors into 293 cells → Follow protocol of 
Dual-Luciferase® Reporter Assay System by Promega (Harvest 293 
cells → Add LAR II for luc2 → Measure luminescence → Add Stop & 
Glo® Reagent for hRluc → Measure luminescence)
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Harvest 293 cells → Gel electrophoresis → Gel transfer → Tag 1° 
antibody (PDZD2: α-PDZD2; β-actin: α-β-actin) → Tag 2° antibody 
(PDZD2: α-rabbit; β-actin: α-goat) → Develop x-ray film

Western blotting to identify PDZD2 expression in 293 cell line

Dual-luciferase reporter assay

Plasmid amplification

Subclone sgRNA into Cas9 plasmid

Transfect plasmid into 293 cell line

Fig. 3 Schematic diagram of the Cas9 
plasmid (PX459).

Fig. 4 Schematic diagram of the pGL4 luciferase reporter vectors.

VCDR (1.5-Year)

VCDR (1-Year)

IOP(1.5-Year)

IOP(1-Year)

WT Het

WT Het

WT Het

WT Het

VC
DR

VC
DR

IO
P 

(m
m

H
g)

IO
P 

(m
m

H
g)

Fig. 6 Abnormal optic nerve head and IOP in het PDZD2 mice eyes. (A) Fundus 
imaging of 1-year and 1.5-year old mice revealed larger optic cup (red arrow 
heads) in het PDZD2 mice than the WT littermates. (B) Average vertical cup disc 
ratio (VCDR) and IOP were higher in both 1-year and 1.5-year old het mice than 
the WT littermates. (Results produced by Dr. Yao).
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Fig. 7 Reduced number of RGCs in 2-month old het PDZD2 mice. (A) H&E staining 
revealed fewer RGCs (black arrowheads) at the peripheral retina in het PDZD2 
mice when compared to WT littermates. Scale bar, 100mm. (B) Cell counting of 
RGCs at the peripheral retina (within 200mm starting from the ora serrata) in 6 
sections from 2 pairs of het and WT mice. (Results produced by Dr. Yao).
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Design and order sgRNA → Digest plasmid 
→ DNA electrophoresis on EB gel to confirm 
only one band → Extract and purify plasmid 
from gel → Measure plasmid conc. using 
NanoDrop → Ligate sgRNA into plasmid

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is the pathogen that caused the COVID-19 
pandemic1 and has led to over 4.5 million deaths worldwide2. 
SARS-CoV-2 carries a single-stranded, positive-sense, and 
non-segmented RNA genome3. 

Rapid IP
Rapid immunopurification (IP) is a subcellular fractionation method originally designed to 
identify mitochondrial metabolomes in vitro7 and in vivo8. However, it is also an alternative 
for proteomics to isolate mitochondria swiftly in 12 min while maintaining decent 
organelle integrity and purity9,10,11,12. With a shorter isolation time, more precise dynamic 
proteomes and metabolomes can be captured. Another major advantage of rapid IP is that 
subsequent proteomics and metabolomics by LC-MS/MS are possible. An obstacle suffered 
by traditional subcellular fractionation methods, like differential centrifugation and density 
gradient centrifugation, is that a high concentration of solutes in isolation buffers such as 
sucrose and HEPES is applied. This renders the isolated fractions not suitable to be 
subjected to LC-MS/MS due to its high sensitivity to small contaminants13,14,15. Yet, this 
problem is eliminated in rapid IP due to the absence of small contaminants in buffers, 
which allows more accurate measurements to be taken by LC-MS/MS. The principle of 
rapid IP is that the expression of epitopes on OMP renders the whole mitochondria to be 
captured by magnetic beads and isolated by magnets16.

Fig. 6. Confocal microscopy (Airyscan) images of HEK 293T cells expressing OMP25-eGFP-3xHA transfected by ORF9b or 
vector for 24h. 1°Ab: mouse anti-myc (1:100); rabbit anti-COXIV (1:100). 2°Ab: 555nm anti-mouse (1:200); 633nm 

anti-rabbit (1:200); DAPI (1:1000). 

Why study 9b? Cuz only SARS-CoV-2 mito protein.
Also has NSP6 but data are contradictory. Only 9b is consistent,

 Confocal:
1. Morphology of mito is normal
2. Is OMP25-HA on mito (yes, cuz colocalize with TOM20 and ORF9b)

Cell Seeding
Seed 10mL of HEK 293T cells on each 10-cm plate at 4×10^5/mL
Transfection
Transfect cells with DNA3.1+ ORF9b using GeneJuice for 24hr
Rapid IP
Refer to suggested protocol5

Amendment: 
Homogenise cells with 10 strokes using a 25-gauge needle

Optimisation of Rapid IP

Optimisation of Rapid IP

Fig. 3. Western blot images for comparing the purity of mitochondrial fraction using different 
lysis buffers.

Triton X-100 is preferred over RIPA due to greater mitochondrial 
enrichment (see ①), less ER enrichment (see ②), and effective 
removal of nuclear and cytosolic fraction (see ③).

Fig. 2. Schematic diagram to illustrate the principle of rapid IP. Mitochondria can be 
isolated in 12 min with high organelle integrity and purity6,7,8,9. Isolated fractions are also 

suitable for LC-MS/MS analysis due to low salt concentration in isolation buffer10,11,12.

Here may I express my gratitude towards my supervisor Prof JIN, Dong-Yan and my 
mentor Dr. CHEUNG, Pak-Hin Hinson for their guidance and support with kindness and 
patience throughout the project. 
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Fig. 5. Western blot images for comparing the purity of mitochondrial 
fraction obtained from rapid IP and differential centrifugation.

Rapid IP is a more superior method due to greater 
mitochondrial enrichment (see ①&②) and effective 
removal of nuclear and cytosolic fraction (see ③).

Fig. 1. SARS-CoV-2 genome (29.9 kbp). 
Adapted from "Genetic and pathogenic characterization of SARS-CoV-2: a review," by A. Bahrami and G.A. Ferns, 2020, Future 

Virology, 15(8), 533-549.

SARS-CoV-2 infection can trigger mitochondrial 
dysfunction through the expression of accessory viral 
protein ORF9b, which is encoded by the second open reading 
frame of the nucleocapsid gene4, thus impairing host antiviral 
innate immunity. Studies have also shown that SARS-CoV-2 
ORF9b perturbs mitochondrial function through binding to 
and inhibiting TOM704. However, the complete molecular 
mechanism underlying SARS-CoV-2 ORF9b mediated 
mitochondrial dysfunction is yet to be deciphered. 
Through unveiling the overall mitochondrial proteome 
changes during SARS-CoV-2 ORF9b expression, not only can 
we gain a better understanding of the intricate molecular 
virus-host interaction at mitochondria during SARS-CoV-2 
infection, potential therapeutic drug targets for COVID-19 or 
related infectious diseases can also be identified.

(1) Mitochondria remain intact during expression of OMP25-eGFP-3xHA 
(2) ORF9b did not distort OMP25 localization on OMM
⇒ Rapid IP can be applied on HEK 293T cells expressing both OMP25-eGFP-3xHA 
and ORF9b.
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Screening Criteria
1. At least 2 unique peptides
2. Final fold change >1.5 or <0.667
3. Target group (OMP25-HA) has a greater fold change than the 

control group (OMP25-myc)
4. Detected in both trials

LC-MS/MS (Bruker timsTOF Pro)

Cell Seeding
Seed 1mL of HEK 293T cells on each 12-well plate at 1×10^5/mL
MitoProbe JC-1 Assay
Refer to suggested protocol13

Amendment: 
Monomer Ex/Em: 485/535nm; Aggregate Ex/Em: 550/600nm

MitoProbe JC-1 Assay

Fig. 4. Western blot images for comparing the purity of mitochondrial fraction using 
different no. of times of beads washing by KPBS after the binding of mitochondria to beads.

Washing beads more increases mitochondrial enrichment (see 
①). Expression of TOM20 is enriched upon ORF9b expression 
(see ②). May be triggered to counterbalance the reduction in 
TOM70 during ORF9b expression to maintain mitochondrial 
import efficiency.

LC-MS/MS

Fig. 7. Venn diagrams of number of differentially expressed mitochondrial 
proteins in HEK 293T cells after 24-hr transfection with ORF9b.

Table 1. List of differentially expressed mitochondrial proteins detected in 
both LC-MS/MS trials. Proteins that regulate the TCA cycle and ETC are 

shown in red colour.

Five proteins that involve in the citric acid cycle 
and respiratory electron transport were enriched 
during ORF9b expression.
Proposed mechanism: ORF9b dysregulates 
mitochondria by promoting the production of 
mitochondrial reactive oxygen species (mtROS)

MitoProbe JC-1 Assay

Fig. 8. Mitochondrial membrane 
potential of HEK 293T cells upon 

ORF9b transfection

ORF9b increased mitochondrial membrane potential by 4.9%
⇒ ORF9b increased mtROS production14.

Fig. 9. Western blot image of a LC-MS/MS target in rapid 
IP-isolated mitochondria of ORF9b-transfected HEK 293T cells.

CONCLUSION
ORF9b may induce mitochondrial 
dysfunction by the production of 
mtROS. This provides insights into 
the treatment of COVID-19 and 
related diseases using therapeutic 
drugs that target mtROS.

Known that ROS simulates mitochondrial 
translocation of Parkin proteins15. 
Matches with WB results.


