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General objectives: Our laboratory focuses on understanding
the DNA replication and cell cycle regulation of two medically
Important human pathogens; Helicobacter pylori that infects
more than 50% of human population and causes gastric ulcer
and gastric adenocarconoma And Plasmodium falciparum
that causes human malaria.

*There is no effective vaccine against either of these pathogens
*Drug resistance is a serious problem for both of them
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Helicobacter pylori
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Warren and Marshall revolutionised the concept of
gastroduodenal diseases

The Nobel Prize in Physiology or Medicine for 2005

Marshall later
Initiated a study
With 100 patients &
Confirmed the
Presence of the
Bacteriain the

Robin observed the
presence of small
Curved bacteria
Colonizing lower part
Of the stomach
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Marshall succeeded in cultivating the bacteria from the biopsies.
Together, they found that the organism was present in almost all
patients with gastric inflammation, duodenal and gastric ulcer

(1982).



The Bacterium
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Places of Infection in the stomach

Corpus

H. pylori

Duodenum

Pylorus Antrum

H. pylori infects the lower part of the stomach, antrum



Ulcer (schematic)

Bleeding ulcer
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Gastric inflammation may lead to duodenal ulcer followed by
bleeding ulcer



Diagnosis
Bacterial survival and urea breath test for detection

13C Urea Solution Ingested CO, detected
Noninvasive

Exhaled®CO,

- i'.' Lungs

o ;‘ w“ I I
rl’nll A ~ - ! l ‘_:i:".:’h q'l
' “"CO,+ NH, —/ » °CO, absorbec
| { I . in blood
E:-_‘g.' N y
W g
*-._1 - Ammonia
e Neutralizes
Acidic

_ _ Surroundings
Invasive: Endoscopy _, Biopsy ___, Culture



Treatment

Antibiotics

Amoxycillin, Clarithromycin, Tetracycline and metronidazole.

Acid lowering drugs

Ranitidine, Cimetidine, Famotidine, Omprazole,
Pantoprazole and Lansoprazole

Combination of the above two for two weeks is the best strategy

However, there are incidences of drug resistant strains

Vaccination: Not available yet



Malignancies associated with Helicobacter pylori infection

H. pylori infection in the stomach

|

Prolonged and widespread inflammation and gastritis

CagA protein J #a

Malignant change leads to stomach cancer

Uncontrolled growth of cells

l

Number two in cancer deaths



Why to study H. pylori DNA replication
and cell division?

« Several virulence factors including CagA, VacA
have been reported

 Not much is known regarding the basic biology of
a slow growing pathogenic bacteria

 Analysis of H. pylori genomic database reveals
some interesting features of the DNA replication
Initiation machinery and cell division cycle.

« oriCis not characterized and DnaC which is a
helicase loader and essential in other
prokaryotes is absent in Hp

|t will help us to understand the basic biology of
the pathogenic bacteria as well as finding new
target(s) for therapy




Unique features of human pathogenic bacteria Helicobacter
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DNA replication and cell division cycle

Replication Initiation at oriC of H. pylori

Important findings:

DnaA
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Identified a unique DnaB Helicase that
can work in the absence of Helicase
loader DnaC, essential in E. coli.

sldentified and characterized an
ORF0897 that interacts and modulates
the activity of HpDnaB and is linked
With Its growth

*Replication foci is formed at the pole
instead of at the middle of the
bacteria normally found in other
bacteria

Publications: Nucleic Acid Research, 2003, 2007, 2016; Biochem J., 2005; FEBS
Lett., 2011, 2017; FEBS J., 2009, 2012; PLoS One, 2009; Journal of Bacteriology,

2013, 2014




Blocking interaction between HpDnaB and Hp0897 may lead
to inhibition of bacterial replication and growth
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Polar replication foci formation and progression of
replication foci in H. pylori
E. coli
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Sharma Aetal.,
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2014




MALARIA

1. Plasmodium falciparum causes more than one million deaths in each year

2. No effective vaccine (100%b) is available so far due to antigenic variability

3. High prevalence of conventional drug resistance. Urgent need to identify
New targets and novel drugs.

4. Lack of knowledge regarding the fundamental biology and biochemical
Processes

5. Understanding DNA replication and related processes could be useful in
this reqgard.

6. DNA replication initiation is the most important rate determining step

7. DNA replication takes place at five distinct points in the parasite life cycle

Including the hepatocytic and erythocytic stages.




Life Cycle of Plasmodium falciparum

Human Liver Stages
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A Simple Model For Nuclear Division, Organelle division
and Cytokinesis in P. falciparum

Nucleus (N)
Apicoplast

Mitochondria

Van Dooren, GG, Mol. Microbiology; 2005



Questions?

What triggers DNA replication
How is It regulated
Where does it happen in the genome

Can we block DNA replication



Eukaryotic DNA Replication Initiation and Elongation

Yeast

Origin Recognition
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Replication Initiation

Replication Elongation

Is ORC function and cell cycle regulation is conserved in
Plasmodium falciparum?




Plasmodium falciparum Replication Proteins Identified So Far
From The Database:

Chromosomal DNA Replication

2. ORC2 like protein

4. ORCA4 like protein

5. MCM2 (PF14_0177)
6. MCM3 (PFE1345c)

7. MCM4 (PF13 _0095)
8. MCMS5 (PFL0580w)
9. MCMY (PFO/_0023)
9. PCNA (PFL1285c¢)
Other Members?

Either there are functional homologs or they are absent.
Other replication proteins identified so far in Plasmodium falciparum:
Proliferating cell nuclear antigen (PCNA), DNA polymerase alpha, delta,
Replication protein A (RPA)...




DNA replication occurs in discrete foci in P. falciparum
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Gupta A et al., Mol. Microbiol. 2008



Regulation.....

Sub-cellular localization of ORC1 through erythrocytic developmental stages
ORC1 shuttles between nucleus and cytoplasm

Trophozoite Schizont
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PfORC1 is degraded at the late schizont stage
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DNA Replication and cell division cycle in P. falciparum
Hydroxyurea  ORCS5 Depletion
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Where Does DNA Replication take place in
P. falciparum genome?



Autonomous replicating sequences (ARS)

. Autonomously replicating sequence (ARS) are specific origin
sequences in budding yeast Saccharomyces cerevisiae.

. ARS contains four regions A, B1, B2 and B3 named in order of their
effect on plasmid stability.

. Aelements are called ACS (ARS consensus sequence) has
conserved 11bp (A/T)AAA(C/T)ATAAA(A/T).

. A element with B1 recruits ORC, B2 is required for efficient loading
of Mcm2-7 proteins and B3 is binding site for Abfl transcription
factor.

P. falciparum genome analysis shows the
presence of several ARS like sequences



Genetic coordinates of PTARS like sequences

1) PfARS Regionl- Length of amplified region — 458 bp

>Pf3D7_10 | | 1555756 to 1556214
TATGTATGTACGTATGTATGTATGAATAAAGTAATTTATGTGTATGTAGAAATGAAATAATTAAATT
ATAACTTTCTATAAAATTTTGATGATTAAAAACATCACAGAAAAAAAAAAAAAAAAAAAAAAAAAC
ATATATTGAATAAAATATAGGTAATAATTATTTCAAATTTTTTATAATTTAAATGACATAATTAAAAA
GGATACAATAAAATAAATCAAAAAAGAAACAATGTTATATATTTTTTTGTTTATTTATTTATTTATTT
ATATTTAAAATTTATTTTATATTTTTAATTAAATAAAGATTTATATATCCTATAAATTTTGTAATATAT
AAAAATTTCAATTGATTCATTGTTATTTTAAAATATGTATTCTTCTCACCAAATATAAAAAAAAAAA
AATTAAAATTAACTTAATGTGAATATGATTTGAGAATTTAAGTCACTACATATA

2) PfARS3 Region - Length of amplified region — 499 bp

>Pf3D7_10 | | 1517716 to 1518215
ATACCTAATAATTCAGACAAAATATAGATATGAATAATATTTATAATTTTTATGTGTTTTTA

TATTTTTTTTATATTTTATTCATTTCATTAATATATATACTATTGTTTTTATTTATTAATAGA
AATAAAAGAAAAATAGGTATAATAAAAAATTTGGTATTTTAATATTTCTCATTATAAATAA
ATAAATGTATATATATATATATATATATATGTATATTTCTTTATATTATTTTGAAAAATTAAT
ATCTTTCTTTTTGAATGACTTATATTACATAATACATGATGTTATATACATAATATAGGAT
ATTGATATATGTAGATGTGTTTTGTATATATGAGACAAATCTTATATTTTCTTTAATTTTTT
TTTTCTTTTTTCTTTTTTCTTTITTTTTITTTTTTTTTITTTATATATCTTATAAGTTATTTCTAATA
TATTAGAAAAATAATTGACATTTTTTTTGAATTATATATAGAAAGTTATATTGTTTCATTAT
G

Controls: AT-Rich, GC-Rich sequences and Delta ARS3 sequences

FEBS Journal, 2017



Yeast transformation assay to confirm ARS like elements

PfARS1 —» «— PfARSS3
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Transformation Assay Plasmid Stability Assay
Transforme | Transfo | Transfo | Transfo
d plasmid | rmation | rmation | rmation Trans. % cells % loss
Plasmid Freque having per
SCARS 488 ncy plasmid Gen.
PfARS1 277 125~ 366%
PFARS3 370 SuARS 0| %0109 [n=6d)
PfAT rich
= 19.1-26%
PFGC rich 5 DS m 0% (161
PfARS3A 0.66
23.25-263 %
PAARS3 ) 5 £ 25% (n=6-12)
ARS(-)ve 3.33




Endogenous PfORC1 binds to PfARS sequences in
Plasmodium falciparum and the binding is maximum during
replicating trophozoite stage
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ORC binding and nascent strand abundance is found

specifically around ARS elements

Relative abundance of
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Autocorrelation method shows the presence of dip region with the
presence of ARS elements as potential origins
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Application.....
PfARS3 sequence provides more stability to plasmid DNA compared

A. to non-ARS sequence.
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Application.....
Can we target DNA replication in the parasites?

To study the potential of ACF as an anti-malarial

HzN~ ™ N ™% TNHp

Proflavine (PRF)

HaN— NH2
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Ha Cl

Trypaflavine (TRF)

Acriflavine (ACF) is a mixture of Proflavine and Trypaflavine

Rationale to use ACF as anti-malarial:

ACF has been shown to have potential anti-cancer activity in mice

(Lee K et al., 2009) and it is FDA approved drug with no or minimal toxicity
ACF is an anti-bacterial acridine and it has been used widely as antiseptic

(Browning, 1922)
ACF was used as antiparasitic agent during World War Il



ACF shows potent anti-plasmodial activity in vitro
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ACF shows potent anti-plasmodial activity in vivo

Parasitemia
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ACF Is accumulated in the parasite infected RBC only
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Future Plans

0 PfFORCL1 is the key molecule for the regulation of DNA replication in
the parasites.

0 The presence of ARS like sequences in Plasmodium genome is
Intriguing. We are investigating the presence of ARS like sequences in
other Plasmodium chromosomes.

0 ORC binding is a characteristic feature of origin so we would check
Plasmodium ORC binding on all PFARS sequences.

O We will perform ChlP-seq experiments to find out global ORC1
binding sites in the Plasmodium genome.

O ACF is a potent anti-malarial both in vitro and in vivo

QIt is possible to design Plasmodium specific molecules for anti-
parasitic activities
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