Zinc, Vitamin C Synergy and
Immune Function
The world is facing an unprecedented health crisis due to the
Covid-19 pandemic. The virus has been spreading steadily
around the world since its first outbreak in December 2019 in
Wuhan. It has resulted in more than 300 million cases of
infection worldwide and over 5 million deaths. Due to its
global spread and high death toll, this disease and its
consequences represent a very current challenge for research
and development of new therapeutic approaches, one of which is
vitamin C and zinc therapy. Recent studies have found that
intravenous infusion of vitamin C significantly reduced
mortality and days in the intensive care unit and reduced
inflammation in covid-19 patients and studies suggest that
vitamin C administration may increase survival by attenuating
the excessive activation of immune responses – the ‘cytokine
storm’. Zinc thus has potential health benefits against
pandemic COVID-19 by improving the immune response, minimizing
infection and inflammation, preventing lung damage, and
inhibiting viral replication. It would therefore be
unjustified to claim that vitamin c and zinc are the miracle
answer to the coronavirus pandemic, but it would be fair to
say that there is new evidence in favor of their
supplementation in COVID-19.

Vitamin C
Vitamin C is known as L-ascorbic acid because it has been
observed to be the necessary factor in the treatment of scurvy
(Latin scorbutus, hence ‘a-scorbutus’).
In general, the term also includes its oxidised form, Ldehydroascorbic acid, which can easily be converted to Lascorbic acid in the human body. It consists of an unsaturated
lactone ring, substituted with two primary alcohol functions

and a ketone group.

Structure of vitamin C

Food sources
Vitamin C is found in large quantities in citrus fruits, red
berries (blackcurrant, strawberry, redcurrant and raspberry),
kiwi fruit and cabbage.

Pharmaceutical forms
VIT C 1000 SUGAR-FREE, effervescent tablets 1g box of 10.

Hypo and hypervitaminosis C
Vitamin C deficiency
Vitamin C deficiency is responsible for scurvy in adults and
Barlow’s disease in children.
Scurvy in adults
In its ultimate form, scurvy is characterised by joint
manifestations, subcutaneous and intramuscular haemorrhages,
oedema of the lower limbs, neuropathy and cerebral
haemorrhage, which can be fatal if left untreated.
Vitamin C deficiency leads to changes in the structure of
collagen, resulting in a haemorrhagic syndrome with petechial

purpura centred on the hair follicles, ecchymosis and
haematomas, haemarthrosis, sub-periosteal hemorrhages
responsible for bone pain (arthralgia of the knees, ankles and
shoulders), haemorrhages in the nerve sheaths causing “the
painful paralysis of scurvy”.
At an advanced stage and in the absence of treatment, people
with scurvy die from severe hemorrhages, superinfection, and
arterial hypotension. A scorbutic state has to be suspected,
even in industrialized countries, in the presence of skin
lesions (hyperkeratosis, erythema, purpura, perifollicular
hemorrhages), gingival bleeding, particularly in chronic
alcoholics, elderly people living in institutions In addition,
there are several pathologies and other situations in which
the level of vitamin C drops in plasma such as surgery,
trauma, sepsis, burns and in very serious injuries, also
observed in cancer patients. Acute myocardial infarction is
also associated with rapid loss of vitamin C in both plasma
and tissue.
Infantile scurvy (Barlow’s disease) In children, the first
clinical symptoms are usually severe bone pain in the lower
limbs secondary to subperiosteal hemorrhage, resulting in
lameness and even inability to walk. Associated with an
alteration of the general state (loss of appetite, weight
loss, irritability) it may mimic a hematological or tumoral
pathology. Cases are rare before the age of 6 months, because
vitamin C is present in breast milk (in the absence of
maternal deficiency) and in artificial infant milks.

Hypervitaminosis
There is no known vitamin C intoxication, the excess being
eliminated in the urine and feces in both original and
metabolized form.
Furthermore, vitamin C is very well tolerated, with very few
side effects reported:

A slight excitatory effect preventing sleep diarrhea abdominal
bloating appearance of kidney stones may occur for large
ingested doses.
Contraindications to the use of vitamin C are exceptional:
hyperoxaluria (urinary oxalate excretion increases at doses
greater than 1 g per day, which favors the formation of
calcium oxalate stones), G6PD deficiency (high amounts of
vitamin C can trigger hemolysis), and situations that are
aggravated by an acid load (gout, cirrhosis, renal tubular
acidosis, paroxysmal nocturnal hemoglobinuria).

Biochemical functions and physiological
roles of Vitamin C
Biochemical functions and physiological roles include:
Hydroxylation reactions, Collagen synthesis, Catecholamine
synthesis, Carnitine synthesis, Iron metabolism, Immune
response, and Antioxidant action.

Vitamin C and the Immune system
Vitamin C has a potential role in improving the function of
innate immunity and enhancing cellular and humoral immune
responses. Evidence has shown that inadequate micronutrient
intake, including vitamin C, decreases resistance to infection
and increases disease complications.
Vitamin C supplementation in mice increased the release of
interferon, which plays an important role in enhancing the
cellular immune response against viral infection. In addition,
the administration of high-dose oral vitamin C (60 mg/kg)
enhanced the activity of natural killer cells, which play an
important role in innate immunity against viral infections.
Apparently, vitamin C accumulates intracellularly in
neutrophils, which may suggest that vitamin C plays a role in

maintaining normal leukocyte function. Interestingly, several
studies have shown that the effect of vitamin C on neutrophil
phagocytic function is dose-dependent. Vitamin C
supplementation at a dose of 200 mg to 1 g per day for 1 to 4
months improved neutrophil phagocytic activity.
Other evidence has shown that vitamin C improves T-cell
proliferation, differentiation, and maturation in vitro.
In fact, SARS-CoV-2 infection has a significant negative
impact on the immune system. This leads to lymphopenia and a
reduction in the number of natural killer cells in addition to
inducing an excessive release of inflammatory mediators
leading to a cytokine storm and tissue damage. Based on the
above findings, vitamin C may have the potential to ameliorate
the deleterious immunological effect of SARS-CoV-2 infection,
which may make it a feasible treatment option in COVID-19.

Zinc
Zinc is an essential oligo-element, it is present in very
small quantities in the body, about 2 g, of which nearly 70%
is found in the bones, skin and hair, with a normal plasma
concentration of 11 to 20 µmol/L which is maintained by
dietary intake.

Food sources
The foods that are richest in zinc include fish, seafood, red
meats, whole grains, and pulses.

Pharmaceutical forms
Zinc 45mg, effervescent tablets, box of 20.

Zinc deficiency
The main risk factors for zinc deficiency include: a diet low

in zinc or high in phytates, disorders related to
malabsorption (which may be due to diarrhea or intestinal
parasites), liver cirrhosis and repeated dialysis, and certain
genetic diseases. Advanced age.
Among the pathological conditions that appear to be the
consequence of nutritional zinc deficiency in humans include:
Growth retardation and delayed puberty in children. Fetal
malformation or hypotrophy in pregnant women. Prostatic
hyperplasia in men, affecting reproductive function and
fertility.
Gastrointestinal signs: digestive disorders, diarrhea anorexia
and changes in taste and smell (dysgeusia and dysosmia)
Skin signs: poor skin healing, alopecia, rash or eczema.
Ophthalmic signs: blepharitis, conjunctivitis, photophobia,
and corneal opacities.
Also increased risk of infectious diseases, and lymphocyte
immune disorders mediated by T cells are corrected by zinc by
zinc supplementation.

Hyperzincemia
Zinc intoxication is very unusual because there is a wide gap
between the amount of zinc needed to meet nutritional
requirements and the toxic dose. However, prolonged exposure
to amounts in excess of the tolerable upper intake level can
cause adverse effects including Metallic taste, nausea,
vomiting, diarrhea, abdominal cramps, decreased immunity,
decreased high-density lipoprotein cholesterol levels, as well
as microcytic hypochromic anemia and copper deficiency which
can lead to neurological problems.

Biochemical functions and physiological

roles
Zinc is an essential micronutrient involved in numerous
catalytic, structural, and regulatory functions.
Nearly 300 different enzymes depend on zinc for their ability
to catalyze vital chemical reactions, and it is involved in
various steps of protein synthesis, including activation of
enzymes involved in nucleic acid synthesis, histone
regulation, DNA repair, and initiation of genome reading via
transcription factors (“zinc finger” proteins).
Zinc is also involved in the activity of certain hormones such
as insulin, prostaglandins, testosterone, prolactin, thymulin
and growth hormone. It is also involved in the maintenance of
taste and smell functions. Finally, zinc is a cofactor of
superoxide dismutase (Cu, Zn, SOD), which plays a particularly
important role in the detoxification of free radicals, and
carbonic anhydrase, which is necessary for the maintenance of
acid-base balance. → All these roles imply that our trace
element plays various physiological functions:

Zinc and Men’s Health
Zinc is essential for maintaining normal serum testosterone.
Insufficient zinc levels prevent the pituitary gland from
releasing luteinizing and follicle-stimulating hormones, which
stimulate testosterone production. Zinc also inhibits the
enzyme aromatase, which converts testosterone into excess
estrogen. In addition to the impact on hormone levels, zinc
has also been shown to help the body produce healthier sperm
by increasing sperm count and motility. Research published in
the American Journal of Clinical Nutrition found that male
volunteers who consumed low amounts of zinc had decreased
semen volumes and serum testosterone concentrations.

Zinc and Skin
Zinc is essential for healthy skin. Topical preparations of

zinc (zinc oxide) have been used as an astringent to treat
diaper rash itching and chapped lips. Zinc sulfate in a waterbased solution has been used to treat acne, cold sores, and
burns. Internally, zinc stimulates cell division, healing, and
proper formation of connective tissue formation, and increases
the transport of vitamin A from the liver to the skin to the
skin, helping to protect body tissues from damage and to
repair damage present.

Zinc during pregnancy and lactation
Because of zinc’s role in cell generation, it is essential for
the developing fetus where cells divide rapidly, so an
adequate amount of zinc in the pregnant woman’s diet also
reduces the risk of premature birth and other complications
and has been shown to improve neonatal survival. Research has
shown that by the sixth month of lactation, even a wellnourished mother can provide less zinc than a Research has
shown that by the sixth month of lactation, even a wellnourished mother may be providing less zinc than is needed for
her child. The breastfed babies who received zinc supplements
increased significantly in height and weight compared to those
who received a placebo.

Zinc and the immune system
Zinc plays a role in cell division and DNA replication,
contributing to the production of immune system cells.
Zinc deficiency leads to immune dysfunction in innate
immunity. Specifically, zinc deficiency reduces Natural Killer
(NK) cell lytic activity, impairs NKT cell cytotoxicity, and
immune signaling also increases the production of
proinflammatory cytokines, such as interleukins IL-1β, IL-6,
and tumor necrosis factor (TNF)-α. Since zinc is an essential
cofactor for thymulin, a peptide hormone that plays a key role
in T-cell maturation in the thymus, the acquired immune system
is also impacted by zinc deficiency, it causes thymic atrophy
and T-cell lymphopenia as well as a reduction in premature and

immature B-cells, and therefore antibody production is also
reduced.

Zinc and the immune response
Zn treatment has been shown to increase the production of
interferon
α
(IFNα)
(proteins
with
antiviral,
antiproliferative, and immunomodulatory properties) by
leukocytes and potentiate its antiviral activity via JAK/STAT1
signaling, as observed for rhinovirus-infected cells.
One of the characteristics of COVID-19 is an unbalanced immune
response. Due to hyper inflammation, immune products including
proinflammatory cytokines such as interleukin (IL)-6, Creactive protein (CRP), tumor necrosis factor (TNF)α, and
IL-1β (summarized as cytokine storm), reactive oxygen and
nitrogen species, tissue destruction, permanent lung damage,
and death due to systemic inflammation and organ failure are
expected, whereas the anti-inflammatory response is
insufficient.
However, the anti-inflammatory activity of zinc has been
demonstrated through regulation of T-cell function, inhibition
of IκB kinase (IKK) activity, and subsequent nuclear factor
kappa B (NF-κB) signaling with a concomitant reduction in
proinflammatory cytokine production.

The anti-inflammatory property of zinc
The anti-inflammatory property of zinc is demonstrated by the
inhibition of NF-κB translocation from the cytoplasm to the
nucleus where it binds to pro-inflammatory genes leading to
exaggerated production of proinflammatory cytokines and
inflammatory mediators such as interleukin 1 beta (IL-1β),
Interleukin 6 (IL-6), tumor necrosis factor-alpha (TNFα),
integrins, intercellular adhesion molecule 1 (ICAM-1),
vascular cell adhesion protein 1 (VCAM-1), inducible nitric
oxide synthase (iNOS) and cyclooxygenase-2 (COX2) with
disseminated intravascular coagulation and atherosclerosis.
As well as improving Zn status may also reduce the risk of
bacterial coinfection by exerting a toxic effect on
Streptococcus pneumoniae, reducing its growth by interfering
with Mn (II) homeostasis and developing cytoplasmic manganese
deficiency.
Zinc improves
frequency of

cilia morphology and increases the
ciliary beats, thereby improving

mucociliary clearance and rejection of particles
containing bacteria and viruses.
Zn can decrease the activity of ACE2, known to be the
receptor for SARS-CoV-2, so it can block viral RNA
replication through inhibition of RdRp
Zinc regulation of antiviral immunity may also limit
SARS-CoV-2 infection through upregulation of IFNα
The anti-inflammatory activity of zinc, through
regulation of T cell function and also through
inhibition of IKK activity and NF-κB signaling, induces
down-regulation of pro-inflammatory cytokine production.
Modulation of bacterial Mn(II) homeostasis by zinc may
inhibit the growth of S. pneumoniae and consequently
reduce the risk of bacterial co-infection in viral
pneumonia.

Vitamin C – Zn Synergy and the
Immune system
According to (S. Beveridge et al., 2008) in their article
Immune-enhancing role of vitamin C and zinc and effect on
clinical conditions Vitamin C levels in plasma and white blood
cells rapidly decrease during infections and stress. Vitamin C
supplementation enhances components of the human immune system
such as anti-microbial and natural killer (NK) cell
activities, lymphocyte proliferation, chemotaxis and delayed
hypersensitivity. Vitamin C contributes to the maintenance of
the redox integrity of cells and thereby protects them from
reactive oxygen species generated during the respiratory burst
and inflammatory response.
Similarly, zinc deficiency affects cellular mediators of
innate immunity such as phagocytosis, NK cell activity and
generation of the oxidative burst.
Hence, both nutrients play significant and complementary roles
in immune function and modulation of body resistance to

infectious agents, thereby reducing the risk, severity and
duration of infectious diseases. and duration of infectious
diseases. Deficiency of either of these essential nutrients
impairs immunity, with vitamin C being crucial for cellular
immunity A large number of randomized controlled intervention
trials with intakes of 1 g of vitamin C and 30 mg of Zn have
been conducted. These trials suggest that adequate intakes of
vitamin C and Zn help improve symptoms and shorten the
duration of respiratory tract infections, including common
infections. symptoms and shorten the duration of respiratory
tract infections, including the common cold. Natural defenses
can only provide complete protection if the body has enough
Zn.
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Probiotics
The notion of probiotics has recently developed and most
pharmacists have not been trained in these new food
supplements.
From birth, our gastrointestinal tract is colonized by many
microorganisms that constitute the digestive microbiota. This
complex and diversified ecosystem, unique to each individual,
contributes to the proper functioning of the intestine through
the many activities it carries out. However, the balance of
the microbiota is sensitive and its rupture occurs in the
pathophysiology of various intestinal disorders, hence the
idea of positively modulating a microbiota unbalanced by the
administration of probiotics.
The term “probiotic” means “for life” and refers to living
microorganisms that, when ingested in appropriate amounts,
produce a benefit to the health of the host that goes beyond
basic nutritional functions.
Probiotics are often lactic acid bacteria (lactobacilli and
bifidobacteria) or yeasts introduced into the diet in the form
of fermented milk products or food supplements.
These microorganisms strengthen the intestinal and vaginal
flora. Their presence makes it possible to fight against the
proliferation of pathogenic bacteria.
Several

clinical

studies

have

already

demonstrated

the

efficacy of certain probiotics in the treatment of systemic
and infectious diseases such as acute diarrhea and Crohn’s
disease.
Other studies have suggested a potential application for the
treatment of urogenital infections, colon cancer, atopic
dermatitis and allergic diseases including food allergy such
as lactose intolerance.

History
The definition of probiotics has evolved over time according
to researchers,
advances.

scientific

knowledge

and

technological

In the 20th century the Nobel Prize winner, Elie Metchnikoff,
observed that a surprising number of people in Bulgaria lived
for more than 100 years. This longevity could not be explained
by the advances in modern medicine, because Bulgaria, one of
the poorest countries in Europe at that time, did not benefit
from such advances. Dr. Metchnikoff found that Bulgarians
consume large quantities of yogurt, he associated the increase
in longevity observed with the consumption of living
microorganisms from fermented dairy products. Although
Metchnikoff saw germs as rather harmful to human health, he
considered it beneficial to replace bacteria in the
gastrointestinal tract with yogurt, including the Bulgarian
bacillus. He then explained the better beneficial effect of
this bacteria by the absence of alcohol production (harmful to
longevity), compared to bacteria present in other fermented
milk such as kefir or kumys. In addition, he assumed that the
lactic acid produced, as well as other unidentified factors,
would act synergistically to inhibit the growth of
putrefaction bacteria in the colon.
At the same time, in 1906, the French pediatrician Henry
Tissier observed that the stools of children with diarrhea
contained a small number of bifidobacteria compared to the
stools of healthy children. He then suggested that these
bacteria be administered to diarrheal patients to help them
restore a healthy intestinal microbiota.
Metchnikoff and Tissier are therefore the first to put forward
the idea of administering exogenous microorganisms to
compensate for a possible dysfunction in our intestinal
ecosystem. The concept of “probiotics” was born.

Nevertheless, it was not until 1954 that the term probiotics
was introduced into the literature by Ferdinand Vergin in a
paper entitled “Anti-und Probiotika”. This term derived from
the Greek “pro bios”, which literally means “for life” as
opposed to the harmful effects of antibiotics
In 1965, Lilly and Stilwell, in the journal Science, defined
probiotics as substances produced by microorganisms capable of
stimulating the growth of other microorganisms.
In 1989, Fuller highlighted the microbial nature of probiotics
by redefining the term as a “living microbial nutritional
supplement that has a positive effect on the host animal by
improving its intestinal balance”.
In 1992, Havenaar and Huis in’t Velt further refined the term
to “a viable culture composed of one or a mixture of bacteria
that, when applied to animals or humans, has a beneficial
effect on the host by improving the properties of native
flora. ».
In 1998, Guarner and Schaafsmaa specified that probiotics are
“living microorganisms, which, when consumed in adequate
amounts, have a beneficial effect on the health of the host”.
In 2002, the World Health Organization (WHO) and the Food and
Agriculture Organization of the United Nations (FAO)
formalized the definition of probiotics to avoid any drift.
Probiotics are therefore defined as “living organisms that,
when ingested in sufficient quantities, have a beneficial
effect on the health of the host”.
History, therefore, underlines that the current definition
could still evolve, as there are still many fields of research
to better understand and understand the action of probiotics.

Regulation
The conditions and marketing authorization of probiotics are
defined according to their drug or food application. Most
probiotics are functional foods or are used as food
supplements. These “healthy foods” are at the border between
the drug and the traditional food and are governed by food
legislation.

Probiotic foods
The global market of probiotic foods has been growing rapidly
since the early 2000s, particularly in Europe. This dynamic is
supported in particular by the link between food and health
benefits.
Probiotics used as food supplements, as well as functional
foods, are considered as food and are governed by the relevant
legislation. They are different from dietary foods that are
intended for a particular food and require a specific
formulation or manufacturing process to differentiate them
from the common food, and from medicinal products.

Drugs
Identification
in
Urine,
Bile
and
Gastric
Contents using Thin Layer
Chromatography in Multiple

Screening Systems
A method of simultaneous identification of 25 molecules in
human urine, bile and gastric contents using liquid-liquid
extraction followed by thin layer chromatography (TLC) using
multiple screening systems is described. The analytes were
extracted at 25°C under isocratic conditions using chloroform
after acidification with 1 to 2 drops of HCl 6 N for 10 mL of
the biological sample, and dichloromethane after alkalization
with 1 to 2 drops of NaOH 10 N for 10 mL of the biological
sample. Employing LLE, the best conditions were achieved with
double extraction of 10 mL of the biological sample, pH=9.5
for alkaline extraction and pH=2 for acid extraction. The
organic extractums were filtered and dehydrated using
anhydrous sodium thiosulfate powder and concentrated after
evaporation of the organic solvents at 65°C. The extraction
residues were solubilized in 500 µl of methanol and spotted
with the molecules of reference onto four TLC plates (10 cm ×
10 cm). The TLC plates were put into twin-through development
chambers previously incubated 30 minutes for saturation namely
TA
(methanol:ammoniac
5%
(50:0.750,
v/v)),
TD
(chloroform:acetone
(40:10,
v/v)),
TE
(Ethyl
acetate:methanol:ammoniac
(42.3:5:2.5,
v/v/v)),
TB
(cyclohexan:toluene:diethylamine (37.5:7.5:5, v/v/v)). The
mobile phase migrates by capillarity through the stationary
phase, driving at different speeds the molecules to be
separated. The migration time (several minutes) depends on
various parameters. When the solvent front has moved through a
distance considered as sufficient (a few centimetres), the TLC
plates were removed and dried, then exposed to ultraviolet
light, the retardation factors Rf of each visible spot was
measured. Some chemical processes might also be used to reveal
spots. The total number of substances present in the
biological sample was determined by counting the number of
spots found on each TLC plate, the biggest number among the
four counted values is considered as the default number of the

present substances. A mathematical formula was applied to
guess all possible matches according to a data table of R f
profiles of standards already calculated by the same method.
The validation parameters obtained in LLE were linearly range
of 50-1000 µg mL-1 biological fluid (r≥0.9815). This method has
shown its suitable applicability in order to rapidly identify
a wide verity of substances of toxicological interest present
in the biological samples. Moreover, it’s inexpensive and
could be suggested in various routine drug screening
processes, especially for toxicological/forensic analysis.
View PDF

Impact
of
Particle
Irradiation on the Immune
System: From the Clinic to
Mars
Despite the generalized use of photon-based radiation (i.e.,
gamma rays and X-rays) to treat different cancer types,
particle radiotherapy (i.e., protons and carbon ions) is
becoming a popular, and more effective tool to treat specific
tumors due to the improved physical properties and biological
effectiveness. Current scientific evidence indicates that
conventional radiation therapy affects the tumor immunological
profile in a particular manner, which in turn, might induce
beneficial effects both at local and systemic (i.e., abscopal
effects) levels. The interaction between radiotherapy and the
immune system is being explored to combine immune and
radiation (including particles) treatments, which in many

cases have a greater clinical effect than any of the therapies
alone. Contrary to localized, clinical irradiation, astronauts
are exposed to whole body, chronic cosmic radiation, where
protons and heavy ions are an important component. The effects
of this extreme environment during long periods of time, e.g.,
a potential mission to Mars, will have an impact on the immune
system that could jeopardize the health of the astronauts,
hence the success of the mission. To this background, the
purpose of this mini review is to briefly present the current
knowledge in local and systemic immune alterations triggered
by particle irradiation and to propose new lines of future
research. Immune effects induced by particle radiation
relevant to clinical applications will be covered, together
with examples of combined radiotherapy and immunotherapy.
Then, the focus will move to outer space, where the immune
system alterations induced by cosmic
spaceflight will be discussed.

radiation

during

Keywords : protons, carbon ions, immunotherapy, space flight,
cosmic radiation, immune response, cancer therapy.
Download full article in PDF Format

Measuring Apoptosis by Flow
Cytometry
Mitochondria are double-membraned organelles believed to have
been integrated into modern eukaryotes via symbiosis of
proteobacteria into an anaerobic pre-eukaryotic (host) cell
1.5–2 billion years ago. According to modern thinking
(pioneered by Mitchell;), an essential role of mitochondria is
to produce ATP via oxidative phosphorylation (OXPHOS). In this

process, the chemical energy stored in nutrients
(carbohydrates, fats, etc.) is converted to an electrochemical
gradient across the inner mitochondrial membrane via the
electron transport chain (ETC) complexes. This electrochemical
gradient acts as a store of energy. ATP synthase uses this
stored energy to convert ADP to ATP. This bioenergetic picture
of the role of mitochondria is now widely accepted. A second
role of mitochondria is in the so-called intrinsic apoptosis
pathway. This pathway converges (figuratively and literally)
at the membrane of the mitochondria. Upon certain cell death
signals [such as reactive oxygen species (ROS), DNA damage,
etc.], the outer membrane of mitochondria becomes permeable
enough to release the soluble hemeprotein cytochrome C (CytC),
as well as Smac/Diablo, endonuclease G, and other
intermembrane space proteins, which irreversibly activate
downstream caspases to carry out the apoptosis process.
Apoptosis is a programmed mode of cell death that is
accompanied by numerous morphological as well as biochemical
changes to the cellular architecture. This results not only in
cell death but also in the effi- cient removal of apoptotic
cells by phagocytes. Apoptotic cells display a range of common
characteristics that include cell shrinkage, plasma membrane
blebbing, cell detachment, nuclear condensation, DNA
fragmentation, externalization of phosphatidylserine (PS) and
activation of caspases. In contrast, necrotic cell death is
characterised by rapid plasma membrane, organelle swelling and
plasma membrane rupture with none of the features of
apoptosis. Apart from severe physical stresses, necrotic cell
death often betrays the activities of viral infection and the
activities of bacterial toxins. While necrotic cell death is
characterized by the release of endogenous ‘danger signals’
and subsequent inflammation, apoptosis is largely tolergenic.
Therefore, care must be taken when assessing whether cells are
dying via apoptosis or necrosis. Here, we highlight a number
of assays, utilizing flow cytometry, to determine whether
cells have undergone apoptosis or alternative modes of cell

death.

Detection of fragmented DNA by flow
cytometry as a measure of apoptotic
cell death
Intranucleosomal DNA fragmentation is a major hallmark of
apoptosis. DNA fragmentation may be assessed by flow
cytometry. Analysis of a cell population’s replication state
(cell cycle profile) can be readily achieved with the
fluorescent dye Propidium iodide (PI), which binds
stoichiometrically to nucleic acids resulting in a
fluorescence emission proportional to the DNA content of the
cell. The rationale behind the approach is as follows:
quiescent and G1 cells have two chromosome copies, while cells
undergoing mitosis G2/M have double the amount of DNA and so
will have double the fluorescence intensity of G1 cells. Cells
in S phase will have a fluorescent signal between G1 and G2/M,
because these cells are synthesizing DNA on their way to G2/M
(Fig. 3A).

Figure 3. Measure of DNA fragmentation during apoptosis by
flow cytometry. Jurkat cells were treated with 200 ng/ml antiFas (CH-11). Cells were harvested at indicated timepoints
(A–E) and analysed by flow cytometry. (F) Gating strategy to
discriminate cells aggregates from single cells.
Due to the generation of lowmolecular weight DNA fragments
during apoptosis, cells undergoing apoptosis can be readily
identified on DNA content histograms as cells with fractional
hypodiploid or ‘‘sub-G1’’ content (Fig. 3B–E). Cellular DNA
content is measured using a fluorescent dye after cell
fixation with ethanol. Cell fixation does not retain small
nuclear fragments in apoptotic cells. These low molecular
weight DNA fragments leak out during subsequent wash steps. As
a result, apoptotic cells contain a fractional DNA content
relative to viable cells that can be readily distinguished by
flow cytometry.

Methodology
The following protocol is tailored towards suspension cells,
however, if using adherent cells remember to harvest the
supernatant (late apoptotic cells become detached and float in
the medium) in addition to the adherent/semi adherent cells on
the plate and proceed as outlined below:
1.Apoptosis was induced in 2 10^6 Jurkat cells by incubation
with 200 ng/ml anti-Fas antibody (CH-11) for 1–4 h. Cells are
harvested at the desired time points and centrifuged at 400g
for 5 min. Cells are washed with PBS pH 7.2 and centrifuged at
400g for 1 min.
2.Resuspend cells in 1 ml ice-cold 70% ethanol and incubate
for at least 1 h at -20 °C to fix (cells can be stored for up
to 6 months at -20 °C).
3.Centrifuge cells at 2500g for 5 min (a higher centrifuge
speed is required as fixed cells become buoyant and may fail
to pellet or stick along the side of the eppendorf). Aspirate
off the ethanol without disturbing the cell pellet and
resuspend with 1 ml phosphate-citrate wash buffer (200 mM
Na2HPO4, 100 mM citric acid) followed by centrifugation at
2500g for 1 min.
4.To stain nuclei, prepare PBS pH 7.2 containing propidium
iodide 10 lg/ml and RNase A 100 lg/ml (included to degrade RNA
and to prevent PI staining of RNA) and incubate with cells for
30 min.
5.Samples are ready for analysis by flow cytometry (no need to
wash out PI/RNase but this can be done if desired).

Setting correct parameters for cell cycle
analysis by flow cytometry
A few considerations must be taken into account when using

flow cytometry for cell cycle analysis:
A) Ensure that the fluorescence channel 2 (FL2) is set at
linear (LIN) scale. It is harder to distinguish the
differential fluorescence between G0/G1 and G2/M peaks on a
logarithmic (LOG) scale. LIN amplification allows for clear
separation between G0/G1 and G2/M peaks.
B) A common problem to control for during cell cycle analysis
is aggregation of cells. For example cells can stick together
and pass through the flow cytometer’s laser intercept
simultaneously. In either case, two cells in G0/G1 that are
stuck together or pass through the laser intercept at the same
time will have a fluorescence signature equivalent to a cell
in G2/ M. Therefore, the number of events recorded as G2/M
will be artificially high. A way to exclude these events is by
excluding non-single cell events from the analysis using
scatter properties (FSC/SSC).
C) To discriminate between cellular aggregation and single
cells, select a plot with FL2-A parameter as the y-axis and
FL2-W as the x-axis (Fig. 3F). Single cells (G0/G1 or G2/M)
will have pulse width values (FL2-W) that are similar, however
aggregates will have larger pulse width values (due to
increased cell width). In the example (Fig. 3F), single cells
have been gated (R1-single cells) and the FL2-A histograms
(Fig. 3A–E) have been formatted to display only events within
this region (R1-single-cells).
Reference : ScienceDirect Measuring apoptosis by microscopy
and flow cytometry
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Strange
Bionanomachines
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Very remarkably, many of nanomachines will always perform
their functions automatically, after they are isolated and
purified, provided the environment is not too hard. They must
not be sequestered inside the cells in the pure state. Each of
them constitutes a self-sufficient molecular machine. Natural
digestive enzymes such as pepsin and lysozyme are so hard that
they can be added to the laundry detergent to help dissociate
partial stains. Amylases are used on an industrial scale to
convert pulverulent starch into corn syrup. The entire field
of genetic engineering and biotechnology is made possible by a
collection of DNA and manipulative nanomachines, now
commercially available. Generally the natural bionanomachines
are remarkably robust. This chapter explores the
bionanomachines made by living cells. They are different from
machines in our world.
Bionanomachines are also chosen by their very specific tasks
in a given environment, and are also subject to unfamiliar
forces exerted by this environment. It is imperative to keep
these notions of difference in mind before embarking on the
biotechnology study.

A strange world
Natural biomolecules have often unbelievable shapes, unlike
designs arranged in bread grids and tractors. They perform
their functions in a strange environment, where the thermal
movements, the nervous movements constantly influenced by
pushing and attracting forces on their constituents. They are
linked by a complex set of links and external forces. The
bionanomachines are almost immune to the laws of gravity and
inertia which dominate our machines.

Gravity and inertia are negligible
at the nano scale
Physical properties such as friction, tensile strength,
adhesion, and resistance to disintegration are comparable in
magnitude to the forces exerted by inertia and gravity. This
balance changes, however, when we move to larger or smaller
objects. As we move to larger objects, the graduation laws
shift the balance. Mass increases with the cube of size of an
object, and properties such as force and friction increase
linearly with the square of the waist.
The graduation laws also go in the opposite direction, the
grains of micrometer-sized sands, or the cells, act on each
other differently from macroscopic objects. In fact, if we
consider a bacterial cell that swims in a volume of water by
its ciliature, it moves slowly, and stops at a given moment as
does the submarine in the ocean. However, if one considers the
inertial forces relative to the viscosity of the surrounding
water, the cell would stop less than the diameter of an atom!
Gravity is neglected at the nano scale, so molecules
dissociated in water or propagated in the air are in
continuous motion, the forces of intermolecular attraction are
more important than the force of gravity. Flies take advantage
of these forces and can crawl up a wall, even the water
droplets may remain adhered to the ceiling as a result of
these forces.

Nanomachines
can
granularity of atoms

show

the

Objects on the nanoscale scale are constructed by discrete
combinations of atoms, which act on each other by specific
atom-atom interactions. They must consist of a fixed number of
atoms (rotary engine at the nanometer scale). Similar engines

already existing, such as adenosine triphosphate synthetase,
the bacterial flagellar engine.
Due to atomic granularity, typical continuous representations
are not used in technology because of physical properties;
Such as viscosity and friction, are not defined for discrete
atomic groups. Instead, various atomic substitutive properties
are used, quantum mechanics in fact provides a deep
understanding of atomic properties, but fortunately most of
the properties of atoms can be understood qualitatively by
using simple rules: 1. The links 2. Steric repulsion between
unconnected atoms, electrostatic interactions, hydrogen bonds
that allow the understanding of most aspects, structures, and
molecular interactions.
Generally, biomolecules are considered as articulated chains
of atoms that interact precisely with one another.

Heat flux is a significant force at
the nano scale
Molecular nanotechnology seeks to create the environment of
the “machine phase” with different organized nanomachines, in
order to form objects on the micro or macroscopic scale. On
the other hand, natural ionanomachinery takes a different
approach because it requires the introduction of nanomachinery
inside the cell. The various parts act upon each other by
induced movements and diffusion.
Biomachines work in a chaotic environment, they are
continually bombarded by molecules of water. They will
disperse but always held in place. Biomachines can establish
specific interactions with other biomachines, adapting
together to the state of rest, and separating in the event of
operation. If two closely matched molecules have a good
complementarity of chemical groups, they will interact for
long periods, but if the interactions are weak, they will

establish temporary interactions before moving on to the next.
The careful design of the bionanomachines and the rigorous
regulation of the forces of their interactions give them the
character of being able to form stable molecular beams that
can remain years or build biological Detectors capable of
detecting molecular traces. Bionanomachines require water as
an environment. The shape and function of bionanomolecules are
dominated by two things: the chemistry of their component
atoms and the irregular properties of the surrounding water
molecules. The energy of these interactions is different from
what is meant in the macroscopic world, the water molecules
interact strongly with each other by hydrogen bonds. They do
not separate and do not interact with other molecules unless
they have something to offer. Bionanomolecules, which have an
important value in terms of electron richness, nitrogen (N)
and Oxygen (O), interact favorably with water molecules, and
therefore have good solubility in water. The hydrophobicity of
biomolecules strongly influences their function and shape. The
geometry of the molecular chain alone, creates a large number
of conformations, one would thus rarely find simple
structures. Once placed in water, the biomolecules rapidly
respond to the environment, folding into a conformation, so
that the hydrophobic regions are stacked inwards, the surface
being decorated by the H 2 O-hydrophilic molecules . For
proteins: the chain is most often forced into a compact
globule, for DNA the pairs of bases are sequestered without
alteration inside, leaving the phosphates heavily loaded on
the surface, for lipids, hydrophobic groups ( In the cell
membranes) are directed inside the lamellae as well as the
hydrophilic groups are directed outwards. If carefully
constructed, one would obtain a unique structure with an
appropriate conformation in order to perform its task
properly.

Replication Cycle of Viruses
With all their different genomic structures, forms, and sizes,
viruses basically have a relatively simple replication cycle.
While only the genome of a bacteriophage enters a bacterium,
the complete virus (genome and capsid) enters a eukaryotic
cell.

General sequence of the replication
cycle of a virus in a cell
The replication cycle of a virus consists of five principal
consecutive steps: (1) entrance into the cell and release of
the genome (uncoating), (2) transcription of the viral genes
and(3) translation of the mRNAs to form viral proteins, (4)
replication of the viral genome, (5) assembly of new viral
particles in the cell and release of the complete virions from
the host cell (6).

General sequence of the
replication cycle of a
virus in a cell

Uptake of a virus by endocytosis
Besides fusion of the lipid membrane of membraneenclosedviruseswiththecellmembrane of the host cell, the most
frequent mechanism for a virion to enter a cell is by a
special form of endocytosis. The virus attaches to the cell
membrane by using cell surface structures (receptors), which
serve othe rimportant functions for the cell, e.g., for the
uptake of macromolecules. Like these, the virus is taken into
the cytoplasm by a special mechanism, receptor-mediated
endocytosis (coated pits, coated vesicles). Within the cell,
the virus-containing vesicle fuses with other cellular
vesicles (e.g., primary lysosomes). The viral coat is
extensively degraded in the endocytotic vesicle, and the viral
core (genome, associated with viruscoded proteins) is released
into the cytoplasm or nucleus, depending on the viral type.

Replication and expression of the viral genome follow. Whether
a cell can be infected by a virion depends on a specific
interaction between the virus and a cellular receptor. Some
viruses, such as the paramyxoviruses (e.g., mumps and Sendai
virus), enter the cell by direct fusion of the viral and
cellular membranes, mediated by a viral coat glycoprotein (F
or fusion protein).
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Transcription and replication of a
virus
The first viral genes to be expressed after the virus has
entered the cell are the early genes of the viral genome. Gene
products of these early viral genes regulate transcription of
the remaining viral genes and are involved in replicating the
viral genome. Synthesis of the capsid proteins begins later

(late genes), at the same time as genome replication, when new
virions are formed from the genome and capsids (assembly). The
virions (nucleocapsids = genome plus capsid) are then released
from the cell by one of several mechanisms, depending on the
type of virus.

Transcription and replication of a virus

Release of a virus by budding
The release of a virus coated by a lipid membrane occurs by
budding. First, molecules of a viral-coded glycoprotein are
built into the cell membrane, to which the virus capsid or
virus core (containing the viral genome) attaches. Attachment
of the genome leads to increased budding of that region of the
cell membrane. Eventually, the entire virion is surrounded by
a lipid membrane envelope of cellular origin containing viral
proteins and is released. Virions can be expelled from the
cell continuously and in great numbers without the death of
the virus-producing cell. (Figures from J. D. Watson et al.,
1987).

Release of a virus by budding

Viruses
Viruses are important pathogens in plants and animals,
including man. The complete infectious viral particle is
called a virion. Its genome carries a limited amount of
genetic information, and it can replicate only in host cells.
From analysis of the structure and expression of viral genes,
fundamental biological processes such as DNA replication,
transcription regulation, mRNA modification (RNA splicing, RNA
capping, RNA polyadenylation), reverse transcription of RNA to
DNA, viral genome integration into eukaryotic DNA, tumor
induction by viruses, and cell surface proteins have been
recognized and elucidated. The extracellular form of a virus
particle includes a protein coat (capsid), which encloses the
genome of DNA or RNA. The capsids contain multiple units of
one or a few different protein molecules coded for by the
virus genome. Capsids usually have an almost spherical,
icosahedral (20 plane surfaces), or occasionally a helical
structure. Some viral capsids are surrounded by a lipid
membrane envelope.

Classification of viruses
Viruses can be classified on the basis of the structure of
their viral coat, their type of genome, and their organ or
tissue specificity. The genome of a virus may be enclosed
simply in a virus-coded protein coat (capsid) or in the capsid
plus an additional phospholipid membrane,which is of cellular
origin. The genome of a virus may consist of single-stranded
DNA(e.g., parvovirus), double-stranded DNA (e.g., papovavirus,
adenovirus, herpesvirus, and poxvirus), single-stranded RNA
(e.g., picornavirus, togavirus, myxovirus, rhabdovirus), or
double stranded RNA (e.g., reovirus). Viruses with genomes of
single-stranded RNA are classified according to whether their
genome is a positive (plusRNA) or negative (minusRNA)
RNAstrand. Only an RNA plus strand can serve as a template for
translation (5′ to 3′ orientation).

Replication and transcription of

viruses
Since viral genomes differ, the mechanisms for replicating
their genetic material also differ. Viruses must pack all
their genetic information into a small genome; thus, one
transcription unit (gene) of a viral genome is often used to
produce several mRNAs by alternative splicing, and each mRNA
codes for a different protein. In some RNA viruses, initially
large precursor proteins are formed from the mRNA and
subsequently split into several smaller functional proteins.
An RNA plus strand can be used directly for protein synthesis.
An RNA minus strand cannot be used directly; an RNA plus
strand must be formed from the RNA minus strand by a
transcriptase before translation is possible. RNA viruses
contain a transcriptase to replicate their RNA genomes. RNA
viruses in which DNA is formed as an intermediate step
(retroviruses) contain a reverse transcriptase. This can form
DNA from RNA. The DNA intermediate step in the replication of
retroviruses becomes integrated into the host cell. Several
RNA viruses have segmented genomes. They consist of individual
pieces of RNA genome, each of which codes for one or more
proteins (e.g., influenza virus). The exchange of individual
pieces of RNA genome of different viral serotypes plays an
important role in the formation of new viral strains (e.g.,
influenza strains). (Figure after Watson et al., 1987).

Replication and transcription of viruses

DNA Transfer between Cells
Transfer of DNA occurs not only by fusion of gametes in sexual
reproduction but also between other cells of prokaryotic and
eukaryotic organisms (conjugation of bacteria, transduction
between bacteriophages and bacteria, transformation by
plasmids in bacteria, transfection in cultures of eukaryotic
cells). Cells altered genetically by taking up DNA are said to
be transformed. The term transformation is used in different
contexts and refers to the result, not the mechanism.

A. Transduction by viruses
In 1952, N. Zinder and J. Lederberg described a new type of
recombination between two strains of bacteria. Bacteria
previously unable to produce lactose (lac – ) acquired the
ability to produce lactose after being infected with phages
that had replicated in bacteria containing a gene for
producing lactose (lac + ). A small segment of DNA from a
bacterial chromosome had been transferred by a phage to
another bacterium (transduction). General transduction
(insertion of phage DNA into the bacterial genome at any
unspecified location) is distinguished from special
transduction (insertion at a particular location). Genes
regularly transduced together (cotransduction) were used to
determine the positions of neighboring genes on the bacterial
chromosome (mapping of genes in bacteria).

Transduction by viruses

B. Transformation by plasmids
Plasmids are small, autonomously replicating, circular DNA
molecules separate from the chromosome in a bacterial cell.
Since they of ten contain genes for antibiotic resistance
(e.g., ampicillin), their incorporation into a sensitive cell
renders the cell resistant to the antibiotic (transformation).
Only these bacteria can grow in culture medium containing the
antibiotic (selective medium).

Transformation by plasmids

C. Multiplication of a DNA segment
in transformed bacteria
Plasmids are well suited as vectors for the transfer of DNA. A
selective medium is used so that only those bacteria that have
incorporated a recombinant plasmid containing the DNA to be
investigated can grow.

Multiplication of a DNA
segment in transformed
bacteria

D. Transfection by DNA
The transfer of DNA between eukaryotic cells in culture
(transfection) can be used to examine the transmission of
certain genetic traits (transfection assay). Left, a DNA
transfer experiment is shown in a culture of mouse
fibroblasts; right, in a culture of human tumor cells
(Weinberg, 1985, 1987). The mouse fibroblast culture (see p.
122) is altered by the chemical carcinogen methylcholanthrene
(left). DNA from these cells is precipitated with calcium
phosphate, extracted, and then taken up by a normal culture
(transfection). About 2 weeks later, cells appear that have
lost contact inhibition (transformed cells). When these cells
are injected into mice that lack a functional immune system
(naked mice), tumors develop. DNA from cultured human tumor
cells (right) also can transform normal cells after several
transfer cycles. The DNA segment must be of limited size
(e.g., a gene), since long DNA segments do not remain intact

after repeated cycles of extraction and precipitation.
Detailed studies of cancer-causing genes (oncogenes) in
eukaryotic cells were first carried out using transfection
(see p. 90). (Figures in A–C adapted from Watson et al. 1987,
D from Weinberg 1987).

Transfection by DNA

Bacteriophages
The discovery of bacterial viruses (bacteriophages or phages)
in 1941 opened a new era in the study of the genetics of
prokaryotic organisms. Although they were disappointing in the
original hope that they could be used to fight bacterial
infections, phages served during the 1950s as vehicles for
genetic analysis of bacteria. Unlike viruses that infect plant
or animal cells, phages can relatively easily be analyzed in

their host cells. Names associated with phage analysis are Max
Delbrück, Salvador Luria, and Alfred D. Hershey (the “phage
group,” see: Cairns et al., 1966).

A. Attachment of a bacteriophage
Phages consist of DNA, a coat (coat protein) for protection,
and a means of attachment (terminal filaments). Like other
viruses, phages are basically nothing more than packaged DNA.
One or more bacteriophages attach to a receptor on the surface
of the outer cell membrane of a bacterium. The figure shows
how an attached phage inserts its DNA into a bacterium.
Numerous different phages are known,e.g., for Escherichia coli
and Salmonella (phages T1, T2, P1, F1, lambda, T4, T7, phiX174
and others).

B. Lytic and lysogenic cycles of a
bacteriophage
Phages do not reproduce by cell division like bacteria, but by
intracellular formation and assembly of the different
components. This begins with the attachment of a phage
particle to a specific receptor on the surface of a sensitive
bacterium. Different phages use different receptors, thus
giving rise to specificity of interaction (restriction). The
invading phage DNA contains the information for production of
coat proteins for new phages and factors for DNA replication
and transcription. Translation is provided for by cell
enzymes. The phage DNA and phage protein synthesized in the
cell are assembled into new phage particles. Finally, the cell
disintegrates (lysis) and hundreds of phage particles are
released. With attachment of a new phage to a new cell, the
procedure is repeated (lytic cycle). Phage reproduction does
not always occur after invasion of the cell. Occasionally,
phage DNA is integrated into the bacterial chromosome and
replicated with it (lysogenic cycle). Phage DNA that has been

integrated into the bacterial chromosome is designated a
prophage. Bacteria containing prophages are designated
lysogenic bacteria; the corresponding phages are termed
lysogenic phages. The change from a lysogenic to a lytic cycle
is rare. It requires induction by external influences and
complex genetic mechanisms.

C. Insertion of a lambda phage into
the
bacterial
chromosome
by
crossing-over
A phage can be inserted into a bacterial chromosome by

different mechanisms. With the lambda phage ( λ ), insertion
results from crossing-over between the E. coli chromosome and
the lambda chromosome. First, the lambda chromosome forms a
ring. Then it attaches to a homologous section of the
bacterial chromosome. Both the bacterial and the lambda
chromosome are opened by a break and attach to each other.
Since the homologies between the two chromosomes are limited
to very small regions, phage DNA is seldom integrated. The
phage is released (and the lytic cycle is induced) by there
verse procedure.(Figures adapted from Watson et al., 1987).

