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Abstract:- One of the most common cellular responses
to DNA breakage is the covalent post-translational
modification of the nuclear proteins with poly ADP
ribose from the NAD+ as a precursor, which is mostly
catalyzed by the poly-ADP-ribose polymerasel(PARPL).
Recently, it has been seen, poly ADP ribose (PAR)
formation has been catalyzed by several polypeptides.
Moreover, the process of poly ADP Ribosylation
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(PARylation) is involved in physiology and pathology
phenomena. The physiological function includes the
DNA-base deletion, DNA impairment signalling, etc.
Whereas the pathological effects are mediated through
the over-activity of PARP1 which can deplete NAD+.
The latter effect undergoes the pathogenesis of a wide
range of diseases with including organs blood supply,
heart failure, liver problem, diabetes.
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I INTRODUCTION

The notable examples of how living species are
adapting and surviving in response to the variations in
nature and the environment can be studied through
evolution. The poly-ADP-ribose (PAR) discovery has
established a novel field of science in motion, the field of
poly-ADP-ribosyl  transferases (PARP), and ADP
Ribosylation. These adaptations are thus induced by the
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cascades of the molecular events that are involved such as
qualitative and quantitative variations in the basic, cellular
macromolecules such as proteins, nucleic acid and lipids.
The most common tool to induce the quick alteration in the
cellular environment is the post-transitional modification
(PTM) of proteins by the addition of chemicals. Thus,
PARYylation is a highly conserved PTM system, the addition
of ADP ribose (ADP) groups from the nicotinamide and
adenine dinucleotide (NAD+) to proteins. The process of
PARylation can not only happen on proteins but also
macromolecules like DNA or small chemical groups. Many
recent observations show that the viral genomes have been
evolved from the genetic tools that enable them to modulate
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ADP Ribosylation signaling of the infected cells. In higher
organisms PARylation seems to be particularly prominent.
The process of ADP Ribosylation is a widespread
modification that helps in controlling a vast number of
cellular processes which includes DNA-damage repair,
transcription, cell cycle progression, cell division, unfolded
protein response, aging, nitrogen fixation, microbial
pathogenicity, cell death, and many others. This field has
prolonged to include the further regulation of chromatin
structure, gene expression, and RNA processing in a wide
range of biological systems, including reproduction,
development, aging, stem cells, inflammation, metabolism,
and cancers. In the physiological process the reactions are
catalyzed by a cluster of enzymes, namely ADP ribosyl
transferases (ARTS) which transfer single and multiple
ADP ribose moieties from NAD+ to their specific targets,
includes various proteins, nucleotides, antibiotics and
number of small molecules. Thus, the process of
PARylation can be described under physiological and
pathological conditions.

1. PHYSIOLOGICAL CONDITIONS

Par Metabolism

Poly-ADP-ribosylation ~ occurs in  almost all
mammalian cells. It stimulates several cellular responses
such as DNA damage, post-transcriptional modification,
telomere maintenance, etc. DNA damage induced by
ionizing radiation [4]. PRAP-1, PARylation polymerase is
the enzyme which catalyzes the polymerization reaction.
By DNA strand breaks PRAP-1 is activated enzymatically.
PRAP-1 catalyzes the reaction from the oxidized form of
NAD+ by break the glycosidic bond between nicotinamide
and ribose and produce ADP-ribose [4]. The target protein
(acceptor) adds covalently with the ADP-ribose subunit, via
an ester bond. The protein is mostly Glutamate, aspartate,
and carboxyterminal lysin residue. Polymerization result
polymer chain of ADP-ribose subunit, each chain having
approximately 200ADP-ribose unit.

The target acceptor protein such as p53, both the
subunit of NF-kB (nuclear factor kappa B) DNA ligase,
DNA-polymerase, DNA-topoisomerase, histone, but most
prominent acceptor protein is PRAP-1 itself. Poly-ADP-
ribose glycohydrolase (PRAG) hydrolyzes the ADP-ribose
polymers to free ADP-ribose. The enzyme cleaves the
glycosidic bond by endoglycosidase activity along with
exoglycosidic activity. The breakdown produces free PAR
and ADP-ribose monomer [4].

» Poly-Adp-Ribosylation in Centromere Protein
Centromere form the primary constriction of the
mammalian metaphase chromosome. During miotic cell,
division centromere is the primary site of formation of the
microtubule, which the kinetochore and regulate cell
division [3]. Centromere provides essential functions such
as structural organization, cell division, movement,
checkpoint control. All the cellular activity the centromere-
specific proteins play a vital role. Centromere specific
protein can be two types; Constitutive and Transit protein.
Constitutive protein such as CENP-A, CENP-B, CENP-C,
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CENP-G & CENP-H. And Transit protein such as CENP-
E, CENP-F, INCENP, Survivin, MCAK, ZWINT-1, ZW10,
MAD-2, MAD-1, BUB1, BUBR1. PARP-1 is the enzyme
that catalyzes the formation of PAR units makes the
acceptor protein more negatively charge, thus altering their
structure, function, and binding property to DNA. PRAP-1
associate with several centromere-specific protein CENP-
A, CENP- and the spindle checkpoint protein BUB3 and
induce the DNA damage [6]. PTM of centromere
associated protein is regulating kinetochore assembly and
centromere activity. Phosphorylation of several protein
CENP-A (CENP-B, 3F3/2 epitope, and topoisomerase 111A
has been reported. PARylation of protein by PARP-1 is
conserved PTM implicate in DNA repair, apoptosis,
regulation of transcription, anti- recombination, scaffold
attachment, and modulation of chromatin structure. PRAP-
1 directly interact with CENP-A and BUB3 under normal
condition. Poly-ADP-ribose location of these proteins upon
DNA damage induced by V-irradiation. Poly-ADP-DNA
ribosylation of protein changes the activity or function of
centromere associated protein [7]. Change in the activity or
function of this protein suggests that PRAP-1 is likely to
involve many different functions such as kinetochore
assembly/ disassembly and spindle checkpoint control.

» Post-transcriptional regulation by PARylation of RNA
binding protein: -

When a particular RNA Transcript is synthesized
there no guarantee that it will create a functional protein in
the cell. All the RNA processing steps are intricately
controlled by RNA-binding protein (RBPs), which are
associated with pre-mRNA/mMRNA during the lifespan of a
particular RNA.RBP can be modified at the post transcript
level by phosphorylation. And PARylation to achieve
temporal post-transcriptional control of gene regulation [5].
PARylation is performed by an enzyme PARP. Poly-ADP-
ribosylation after the physical and enzymatic property of
acceptor protein which becomes highly -very charge.
PARylation involved in the regulation of many biological
processes such as chromatin modulation, transcription
control [5]
¢ Inhibition of phosphorylation of S/R protein by Poly-

ADP-ribose

e ASF/SF2, SF3BI, SF3Al, and SF3B2 are the splicing
factor which is associated with (PADPr)

e ASF/SF2 a prototypical serine- arginine-rich protein.
PADPr bind ASF/SF2 via either the RPM1 or RS main,
but not the RRM2 domain.

e Phosphorylation of the serine residue of ASF/SF2
promote the splicing, binding of pADPrtoAS/SF2
inhibited the phosphorylation of ASF/SF2.

e PDAPrbindingto SR protein modulating
phosphorylation pf SR protein and also regulate the
alternative splicing.

> Regulation of Ribosomal RNA Processing-

The functional center for ribosomal DNA
transcription and rRNA processing is nucleoli about 40% of
PRAPL is accumulate in the nucleoli. Various rRNA
associate nuclear proteins such as fibrillarin, nucleolin,

WWW.ijisrt.com 603


http://www.ijisrt.com/

Volume 5, Issue 5, May — 2020

nucleophosmin are associated with poly ADP ribose.
Disruption of polyADPr metabolism by either PARP1 and
PARG loss of the function causes mislocation of these
proteins which results in rRNA processing defect [5].

« Effect of Parylation In S100-Calcium Binding Protein B
In Muscle Cell

S100B is also known as S100 calcium binding protein
B, normally seen in the nervous cell; a macromolecule. The
intake property of insulin is carried out by glucose to
various tissues like myoblast and muscle cell [8,9].
Normally while in the respiration process, S100B [10]
affects glycolysis by up taking glucose by the ADP-
Ribosylation process. In meanwhile the Ribosylation
process effect the glycolytic metabolism [16], lactose
production as well as enzymatic activity in myoblast cell
and muscle cell. S100B has been demonstrated that on
Adipocytes, so it also observed that the serum level of fat

Glycolysis

Sorbitol
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or obese mice is less healthy than other mice. By
experiment it was stated that the S100B was disturbing
glucose uptake effect insulin concentration, while in
experiment the glycolysis, which independent of insulin
signaling process. By finding, S100B might disturb
Glyceraldehyde-3- phosphate dehydrogenase (GAPDH)
[8,17,10] in reducing glucose utilization. The impact of
S100B to PARylation of GAPDH [18] in immune response.
There is no response carried out byS100B in extracellular
as well as intracellular; which gives the NADH ratio by
PARylation. Some special types of PARP inhibiting 3-
ABA, which recovered S100B, involved in glucose
utilization. The S100B —PARP interaction may be a core
mechanism while the extracellular S100B [13,14] affects
the glucose mechanism. So the PolyADPRIibo) selection
process. RAGE; a receptor, which receives the promoting
signaling as NF-kB and Erk whereas RAGE; does not
affect S100B in the cell.
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Fig 2:- Schematic diagram of S100B which effect of glucose

In some cases S100B effect some signals like TLR,
TLR-4 which is largely affected by S100B. In such a case
S100B stimulates ERK in myoblast. Oxidative stress
enhancing PARP activity, the hydrogen peroxide (H.0,)
blocked the glycolysis. By Ribosylation the ratio of GSH-
GSSG a substitute endpoint of oxidative stress, this was not
changed by S100B treatment. Other markers like as 4-
hydroxynonenal and O, radicals were not changed by
S100B. At last, oxidative stress doesn’t affect on glycolysis
[19].

From the latest study, the extracellular S100B is
gathered by endocytic vesicles & transforming into the cell
with n little short period i.e. 3h. In conclusion, S100B may
prevent glycolysis in muscle cells by suppressing GADPH
activity in a cell, which enhanced by PARylation.
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1. PATHOLOGICAL CONDITION

» Cd38 Knockout Mice Show Unique Defense Against
Ischemic Brain Damage In Spite Of High Level
Parylation

NAD is required as the essential co-factor in the
cellular bioenergetics by several enzymes. The depletion of
the NAD following the ischemic insult results in cell
decease and is associated with the over activation of the

PARP1 as well as NAD consuming enzyme CD38 in an

increased level [20]. To regulate the CD38 activity in the

post-ischemic brain damage the CD38 knockout mice and
wild type mice both were subjected to transient forebrain
ischemia. The CD38 is expressed in various cell types and
tissue including the hematopoietic derived cells such as
monocyte, dendritic cell, lymphocytes, and microglia, also
called as the main enzyme that controls cytosolic NAD
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levels [21]. NAD as a substrate uses an enzyme CD38 to
generate cyclic ADP ribose. CD38 activity increases brain
tissue following ischemic insult and effectively depletes the
brain tissue of NAD. It was found that CD38 knockout
sham mice express a higher number of CALl neurons as
compared to the wild type group. The wild type mice have
50% of CAL neurons survived after ischemic insult [22].
But to the surprise it was seen that CD38 knockout mice
resulted in only a 26% decrease in CAL surviving neurons
when compared to CD38 knockout sham animals which
suggested that CD38 contributes to the cell death
mechanism [23]. Again, next it was examined whether the
CD38 can contribute to post-ischemic NAD degradation
and its effect on PARP development. It was seen that wild
type animals recovered in 24hrs with 40% NAD whereas
CD38 knockout mice recovered in 4hrs after ischemia.
Although CD38 is not directly involved in PAR
metabolism, the control CD38 knockout animal disclosed
140% higher PAR levels when compared to wild type
animal [24]. Since the poly ADP ribosylation levels are
determined by the activity of both PARP1 and PAR
catabolizing enzyme poly-ADP-ribose glycohydrolase
(PARG), the PARG levels were examined which showed
that control sham operates animals the PARG levels were
lesser in CD38 knockout mice when it compared to wild
type which suggests that PAR hydrolysis was less effective
leading to high cellular PARylation levels.
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Thus the present study indicates that there is a need to
work out carefully when using CD38 knockout animals as a
genetic material to study the effects and further the data
suggest that disrupting the CD38 activity and suppression
of metabolic pathway related directly, but also has a side
effect on the expression levels of enzyme take part in NAD
metabolism are affected [22]. The CD38 animals showed
high levels of PARylation of cytosolic proteins and are
more resistant to ischemic brain damage as compared to the
wild type animals. Thus, it indicates that PAR
accumulation is lethal to cells and the PAR polymer is a
decease signal.

> Activation Of PARP Contributes To Development Of
Doxorubicin-Induced Heart-Failure

PARP when activated by single-stranded DNA
disrupts and initiates an energy-consuming cycle by
transferring ADP ribose until it forms NAD to nuclear
protein. The PARP over-activation represents a significant
mechanism of tissue injury in many pathological conditions
which are related with oxidant stress which includes
myocardial reperfusion injury, stroke, circulatory shock and
the destruction of auto-immune beta cells. Further, the
activation of PARP also contributes to the development of
cardiovascular dysfunction in diabetics. Thus, doxorubicin
is an antibiotic frequently used to treat number of cancers,
which includes severe leukemias, lymphomas, and tumor
[25]. Here the test shows whether the damage of the cardiac
function in doxorubicin which induces acute heart failure is
highly dependent upon the activation of the PARP pathway
within the heart. At first when the PARP-1+/+ and PARP-1
-/- were treated with doxorubicin, the heart rate, mean
blood pressure, left ventricular systolic pressure decreased
whereas left ventricular diastolic pressure increased in case
of PARP-1 (+/+) [26]. In the case of PARP1 (-/-) there was
an unique improvement in the left ventricular performance.
Again, the experiment was done to know the effect of PJ34
on doxorubicin-induced cardiac dysfunction. It was found
that there were changes in left ventricular systolic pressure,
mean blood pressure, and left ventricular and diastolic
pressure [27]. Thus, the PARP inhibitor exerted no effect
on the hemodynamic parameter in control mice. The results
showed that the activation of PARP in the myocardium
may contribute to the damaged cardiac function because
PARP-1 (-/-) because the animals resulted in the moderate,
not remarkable reduction in their activity. Further when
treatment with PJ34 there was a significant decrease in the
doxorubicin, the overall motility was 76% and 77% [28].
Thus, PJ34 is a potent and effective bioavailable PARP
inhibitors. And the antioxidant potential of PJ34 cells were
analyzed and it was found that it doesn’t act as an
antioxidant. At last, the useful effects of pharmacology
inhibition of PARP with PJ37 in the mouse-model of
doxorubicin-induced heart failure also provides us with the
evidence that the genetic deletion of the PARP-1 is
associated with protein in opposition to doxorubicin-
induced cardiotoxicity [29].
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» PARP Inhibitor PJ34 Attenuated Hepatic Triglyceride
Accumulation in Alcoholic Fatty Liver Disease in Mice.

PARP plays a vital role in transcriptional regulation
and DNA repair and programmed cell death (apoptosis).
Alcoholic fatty acid disease (AFLD) is a sever chronic liver
disease that occurs due to excess ethanol uptake, which
results in the accumulation of lipid in the hepatic cell,
increases hepatic lipogenesis and inhibits fatty acid
oxidation. Excess uptake of alcohol decreases the hepatic
NAD* level [30]. PJ34 [N-(5,6-dihydro-6-oxo-2-
phenanthridine)-2-acetamide  hydrochloride] prevent
hepatic PARP activity to regulate the pathological effect on
AFLD in mice [31]. As PARP is an NAD* consumer,
PARP catalyzes Polymeric adenosine diphosphate ribose
(pADPr) synthesis from NAD*, thereby regulating activity
excessive hyper-activation of PARP causes the decrease
intracellular NAD* and ATP levels, results in disorder or
death [32]. For the detection of TG content in hepatic cells,
for 4 weeks mice were fed with Lieber-Decarli Alcohol. IT
has been observed that due to sever chronic alcohol
consumption, results drastic increase in hepatic TG content
and circulation of TG levels. Analysis of AFLD by staining
results shows that in AF (alcohol-fed —mice) the lobular
structure was destroyed and increased lipid found as
compared to the PF group (paired-fed mice). Hence
collected data proved that sever chronic alcohol
consumption results in hepatic lipid accumulation and
injury of liver directly [33]. When mice fed with ethanol-
containing liquid diet for 4 weeks results obtained due to
chronic alcohol feeding is elevated PRAP expression and
activity, which shows greater pADPr attachment with
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protein as compared to the PF group of mice. Further,
reduced hepatic NAD* levels and increase in gene
expression and gathering more quantity of protein in TG
anabolism such as SREBP-1c, DGAT1, and DGAT-2 as
compared to the PF group. Hence the sever-chronic alcohol
consumption results in hepatic TG accumulation which in
turn activates hepatic PARP overexpression and further
hepatic NAD* depletion [34].

Fig5

PARP inhibition PJ34 exposure to hepatocytes
decreased the pADPr synthesis but did not affect PARP. On
PJ34 inhibition of PARP activity significantly increases in
NAD+ levels and covered intracellular-TG content occur in
hepatic cell. Exposure of hepatocytes to PJ34 the result
found that due to PJ34 inhibition significantly lowered the
gene expression of DGAT-1 and DGAT-2, but a small
change in SERBP-1c is found in PJ34 inhibition of PARP
activity suppressed the gene expression in TG anabolism
[35]. For determining the PARP inhibition role in the
pathogenesis of AFLD mice fed with alcohol containing
diet mice with PJ34 injection lowers the hepatic TG
content. However, no role of PJ34 injected found in TG
content.

Fig 6

Hence the PJ34 injection attenuated hepatic-TG
gathering in AF mice. For checking the effect of PJ34 on
the pathogenesis of AFLD mice were fed with alcohol.
PJ34 injection suppressed the PARP activation by
decreasing the pADPr level as compared to the AF group.
Hence result obtained is that PJ34 injection increases TG
gathering with high NAD* content and inhibiting TG
anabolism in AF mice liver.
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» Role In Neurodegenerative Disorders

Neurodegenerative disorders eventually are caused by
the decease of the neural cells helped by various strange
signals. Among the possible  modulators  of
neurodegenerative disorders is the activation of PARylation
[45]. Neurodegenerative disease may refer to an array of
disorders that are considered as progressive degeneration or
decease of nerve cells. Research is being done on the
identification of the main effectors and inducers which lead
to neurodegeneration, with special attention to the
pathways which lead to cell death, including those which
are modulated by the accumulation of pADPr by
hyperactivity of poly-ADP-ribosylation [46]. Since
PARylation is triggered due to intracellular stress along
with formation of ROS and DNA-damage, which in turn
hyper stimulate PAR  synthesis, a typical
neurodegeneration. Now it is normally presumed that PAR
is a major contributor to the decease or degeneration of
neurons which finally causes neurodegenerative disorders.
But due to many interdependent routes involved in
apoptosis, the role of PAR in the ultimate death of the
neuron has not been fully elucidated [47].

Recently, on 18 December 2014, the innovative PARP
inhibitor called olaparib was approved for cancer treatment
which opens up new dimensions for the development of
various type of drug against neurodegeneration triggered by
PAR accumulation. However, since PARylation is involved
in several elementary processes, these drugs could have
negative side effects, thus making a drug to target just a
specific group of cells may be difficult [48].

» Preventing Poly-Adp-Ribosylation Increases Fatty Acid
Oxidation And Protect Against Fatty Liver Disease:

Non-alcoholic fatty liver disease (NAFLD) has
become a general public health concern and is the most
common liver disease in the western world [49]. There is
still no approved therapy for NAFLD [50]. PARPs
consumes NAD+ for PARylation. It was theorized that over
activation of PARPs might lead to the depletion of NAD*.
Therefore, the inhibition of PARPs was done to check if it
is effective in improving hepatic fatty acid oxidization. In
mice models C57BL/6J, the fatty liver disease was induced
by giving a high-fat high-sucrose (HFHS) diet. This
increased the PARylation of proteins by PARPs with
reduced NAD* levels and mitochondrial function and
content. And in other cases where HFHS diet was
supplemented with PARP inhibitor (PARPI) olaparib, the
NAFLD was reversed by depletion of NAD* levels and
increase in mitochondrial biogenesis and - oxidation in the
liver. The PARPi was also helpful in reducing the ER
stress, reactive oxygen species, and fibrosis. The other
benefits were delaying the hepatic injury. Hence this study
demonstrated the positive effects of PARPI in the NAFLD,
and can be a form of treatment after further studies and
human trials [51].
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» PARylation In DNA Damage Response And Cancer
Therapy:

Cells are exposed to many genotoxic stresses every
day like endogenous ROS produced from metabolism,
exogenous ionizing radiation and ultraviolet radiation. This
can cause around 10° DNA lesions per day. Continuous
DNA damage without repair can cause chromosome
rearrangement, mitotic failure, and harmful mutations
which can further cause diseases like cancer. Throughout
evolution, cells developed very efficient mechanisms to
restoration DNA damage and maintain genomic stability.
DNA-damage response (DDR) involves processes like
DNA damage detection, cell cycle checkpoint regulation,
chromatin reorganization, DDR factor recruitment, DNA
repair and also processing. PARylation is a critical PTM
that initiates DDR and regulates it. In humans, there are 17
protein members in PARP family proteins. When there is
DNA damage, especially PARP-1, rapidly identify the
single-strand break (SSB) and double-stranded breaks
(DSB). After that it immediately start PAR synthesis. It has
been identified that PARP-1 can identify both SSBs and
DSBs within one second of the breakage of DNA inside
cells. PAR chain at the single-strand breaks also recruits
other proteins like X-ray cross-complementing protein 1
(XRCC1) which plays one of the most important roles in
DNA base excision repair machinery. Poly-ADP-
ribosylation modification is highly dynamic in s rapidly
degrades in vivo with a half-life of 40s to 60 minutes.
Gathering of undigested PAR can activate cell death
through parthanatos, storm of apoptosis [53].

Genomic instability is a hallmark of cancer, which is a
result of the high accumulation of DNA damage and
subsequent mutation can promote tumor development. The
most lethal DNA damage is the double-strand breaks.
PARP inhibition is cytotoxic in BCRA deficient cells, oral
PARPI therapy has become a successfully used for targeted
cancer therapy and as a part of standard clinical care for
ovarian cancer in gBRCAmut carriers. Results from oral
PARPI late phase trails are being greatly anticipated [52].

V. CONCLUSION

From the study it is seen that the physiological
function includes the DNA-base excision, DNA damage
signaling, etc. whereas the pathological effects include
diseases like ischemic of various organs, heart failure, liver
problem, diabetes. Numerous studies investigations include
the formation of PARylation that has been performed in the
last some decades. But our understanding of the mechanism
leading the signaling of the PARylation and the
physiological and pathological importance of the pathways
regulated by ADP ribosylation is still understood poorly.
Thus, there are still many exciting findings to be discovered
in the field of research and the scientific community which
showed that ADP ribosylation has been gradually
increasing in past years. Researchers are now giving great
time and efforts for investigation and developing in new
stages, tools and methods to study the process of
PARYylation, which greatly facilitates further understanding
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of the complexity of the cellular and molecular mechanism
which is controlled by ADP ribosylation.
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