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Cilia and flagella



Cilia and flagella are projections from the cell. They consist of microtubules, as shown in this cartoon and subject to an extension of the plasma membrane. They are motile and designed either to move the cell itself or to move blanks over or around the cell. The primary purpose of cilia in
mammalian cells is to move fluid, mucosa or cells over their surface. Cilia and flagella have the same internal structure. The big difference is in their length. Cilia and flagella move due to the interaction between a set of microtubules inside. Collectively, these are called an axoneme, this
figure shows a microtubules (upper panel) in surface and cross section (lower left panel). Two of these microtubules join to form a duplicate in the cilia or flagella This is shown in the middle panel. Please note that one of the tubules is incomplete. Furthermore, there are important
microtubules associated proteins (MAPs) that project from one of the microtubules subunits. A cross-section of a cilium is shown in this cartoon. Note that there is a circle of nine studlets, each of which has a complete (A Tubule) and an incomplete (B Tubule) microtubules. Core dubblets
are both complete. Ranging from doubles are sets of arms that join the adjacent duplicates. These are composed of the protein dynein. It is distributed at 24 nm intervals. Nexin links are distributed along microtubules to hold them together. Radial inwards are radial spokes that connect with
a rédek enclosing the dubbles. This figure shows an electron micrograph of a cross-section of a cilium. Please note that you can see the dynein arms and nexin links. The Dynein arms have ATPase activity. In the presence of ATP, they can move from one tubulin to another. They allow the
tubules to slide along each other so cilium can bend.  The dynein bridges are regulated so that sliding leads to synchronized bending. Due to nexin and radial spokes, the dubblers are kept in place so the slippage is limited lengthwise. If the nexin and the radial spokes are exposed to
enzyme digestion, and are exposed to ATP, the duplicates will continue to slide and telescope up to 9X their length. Below is another micrograph of the cell surface showing a number of cilia. These must be organized functionally so that cilia hit a wave. Cilia and flagella are organized from
centriols that move to the cell periphery. These are called basal bodies and appear in this electron micrograph (bb). Note the numerous cilia projecting from the cell membrane (cm). Basal bodies control the direction of movement of cilia. This can be displayed experimentally. Centriols
control the direction of cilia or flagella movement. Paramecium has parallel rows of cilia all aligned so they will strike in the same direction. But in the 1960s rows of cilia/basal bodies were grafted into Paramecium and they were able to a change in the direction of the pace. The cells passed
on the change to future generations even though this was not a genetic change.  Centriole structure Like Cilia and Flagella, Centrioles are also made from microtubules. The difference is that they contain 9 sets of triplets and no doublet in the center. How the triplets in the basal body turn
into cilium-dut remain a mystery. Centrioles come in pairs, each organized at right angles to the other. This figure shows an electron micrograph of a pair of centriols and the cartoon compares the cross section of a cilium with a centriole. Centriols organize the spider apparatus on which the
chromosomes move under mitosis.  Centriole ReplicationCentrioles replicate autonomously as the mitochondria and peroxisomes. They start from centers that contain proteins needed for their formation (tubulin, etc.), Then they are formed percentrioles. Each grows out a single
microtubules from which the triplet can be formed. When a centriole is made, daughter centrioles can grow out of tubules at right angles as shown in this cartoon. These then add the daughter cell (in a dividing cell), or they move to the periphery, forming the basal body forcilium. For more
information, contact:Gwen Childs, Ph.D., FAAAProfessor and Chair Department of Neurobiology and Developmental SciencesUniversity of Arkansas for Medical SciencesLittle Rock, AR 72205For questions, please contact this email address: This article is about organelles. For fine hairs on
insect wings, see Cilium (entomology). Not to be confused with Psyllium. CiliumSEM micrograph of cilia projecting from respiratory epithelium in the lungsDetailsIdentifiersLatinCiliumMeSHD002923THH1.00.01.01014Anatomical terms of microanatomy[[edit on Wikidata] The cilium (from
Latin 'eyelash';[ 1] plural is cilia) is an organelle found on eukaryotic cells in the form of a slender protuberans that projects from the much larger cell body. [2] There are two types of cilia: motile and non-motile cilia. Non-motile cilia are also called primary cilia that act as sensory organelles.
Most mammalian cell types have a single non-motil, primary cilium, which acts as a cellular antenna. [3] [4] Exceptions include odor neurons that have multiple non-motil cilia and cells of the transient embryonic node, which have singular motile cilia called nodal cilia, critical to the
establishment of left-to-right body asymmetry. [5] In eukaryotes, motil cilia and flagella (collectively known as undulipodia) are structurally similar, although distinctions are sometimes made by function or length. [6] [7] Immotile cilia (called primary cilia) communicate signals from the
environment or from other cells. [8] [9] Types Primary cilia In animals, non-motil primary cilia are present on almost every type of cell, blood cells are notable exceptions. [2] Most cells possess only one, in contrast to cells with motile cilia, an exception, smell-sensory neurons, where the
smelling ceptors are located, each possessing about ten cilia. Some cell types, such as retinal photoreceptor cells, have highly specialized primary cilia. [10] Although the primary cilium was discovered in 1898, it was largely ignored for a century and regarded as a vestigial organelle without
important function. [11] [2] Recent findings regarding its physiological roles in chemosensation, signal transduction, and cell growth control have revealed its importance in cell function. Its importance to human biology has been underlined by the discovery of its role in a diverse group of
diseases caused by the dysgenesis or dysfunction of cilia, such as polycystic kidney disease,[12] congenital heart disease,[13] and retinal degeneration,[14] called cipathlioies. [15] [16] The primary cilium is now known to play an important role in the function of many human organs. [3] Cilia
are assembled during the G1 phase and disassembled before mitosis occurs. [17] Dismantling of cilia requires the action of the Aurora A-kinase. [18] The current scientific understanding of primary cilia sees them as sensory cellular antennas that coordinate many cellular signaling
pathways, sometimes linking signaling to ciliary motility or alternatively to cell division and differentiation. [19] The cilium is composed of subdomains[clarification needed] and enclosed by a plasma membrane continuously with the plasma membrane in the cell. For many cilia, the basal
body, in which the cilium originates, lies within a membrane invagination called the ciliary pocket. The cilium membrane and the microtubules of the basal body are connected by distal appendages (also known as transitional fibres). Vesicles that carry molecules for the flicker hair doll at the
distal appendages. Distal to transition fibers form a transition zone where the entry and exit of molecules is regulated to and from the cilia. Part of signaling with these cilia occurs through ligand binding such as Hedgehog signaling. [20] Other forms of signaling include G-linked receptors
including the somatostatin receptor 3 in neuronal cells. [21] Illustration of motil cilia on the respiratory epithelium. Motil cilia Major eukaryotes, such as mammals, have motil cilia as well. Motil cilia are usually present on a cell's surface in large numbers and strike in coordinated waves. [22] In
humans, for example, motil cilia are found on the respiratory epithelium lining the respiratory tract where they function in the mucociliary clearance of sweeping mucus and dirt out of the lungs. [23] Each cell in the respiratory epithelium has around 200 motil cilia. [5] In females, the beating of
cilia in the fallopian tubes moves the fallopian tube from the ovary to the uterus. [23] [24] Motil cilia also found on the epithelial cells of choroid plexus epithelial cells. They are present in large numbers on each cell and move relatively slowly, making them intermediate between motile and
primary cilia. In addition to 9+0 cilia that are mobile, there are also 9+2 cilia that stay motionless found in hair cells. [25] The function of motile cilia relies heavily on the maintenance of optimal levels of periciliary fluid bathing the cilia. Epithelial sodium channels ENaC which are specifically
expressed along the entire length of cilia apparently act as sensors that regulate the fluid level around the cilia. [23] Ciliates are microscopic organisms that possess motil cilia exclusively and use them for either movement or to simply move fluid over their surface. Nodal cilia The third type
of cilium is a motil 9+0 cilium called nodalcilium. The nodal cilia are only present in the early development of the embryo. It is of similar structure to the primitive cilium in having any central apparatus, but it has dynein arms that allow it to move or spin in a circular direction. [5] The spin of a
nodalcilium is clockwise, and this causes a flow of extra embryonic fluid to move across the nodal surface, directed to the left. Primary cilia around the nodal cilia sense of directional flow — which activates nodal signaling, establishing left-to-right sidedness. [5] Structure Eukaryotic motile
cilium Inside cilia and flagella is a microtubutic cytoskeleton called axonemen. The axonem of a primary cilium typically has a ring of nine external microtubule otters (called a 9+0 axoneme) and the axonme of a motil cilium has, in addition to the nine external doublets, two central
mikrotubule singlets (called a 9+2 axoneme). The axoneme acts as a scaffold for axonemal inner and outer dynein arms that move motil cilia, and provides traces for molecular motor proteins, such as Kinesin II, which carry proteins along the length of cilium through a process called
intraflagellar transport (IFT). [2] [27] [28] IFT's bi-directional and retrograde IFT employcytoskeletal dynein motor 2 to move back toward the cell body. The cilium is surrounded by a membrane adjacent with, but distinct from, the plasma membrane. [29] The basis of the cilium is the basal
body, a term applied to the mother centive when associated with a cilium. Mammalian basal bodies consist of a barrel of nine triplet microtubules, subdistal appendages and nine strut-like structures, known as distal appendages, that attach the basal body to the membrane at the base of
cilium. Two of the basal body's triplet microtubules extend to becoming the doublet microtubules of ciliary axoneme. Ciliary root The ciliary root is a cytoskeleton-like structure that originates from the basal body at the proximal end of a cilium. Root finders 80-100 nm in diameter and contain
cross striae distributed at regular intervals of approximately 55-70 nm. A prominent component of the rootlet is Rootletin. [30] Transition zone In order to achieve its distinct composition, the proximal-most region of cilium consists of a transition zone that controls which proteins can enter and
leave the cilium. [31] [32] [33] At the transition zone, Y-shaped structures connect the ciliary membrane to the underlying axoné. Control of selective entry into cilia may involve a sieve-like function of the transitional zone. Inherited defects in components of the transition zone cause
ciliopathies, such as Joubert syndrome. Transitional structure and function are preserved across various organisms, including vertebrates, C. elegans, D. melanogaster and Chlamydomonas reinhardtii. In mammals, disturbances in the transition zone reduce the ciliary occurrence of
membrane-associated ciliary proteins, such as those involved in Hedgehog signal transduction, compromising Hedgehog-dependent embryonic development of numerical numbers and central nervous system patterns. Cilia versus flagella Although they have been given different names,
motil cilia and flagella have almost identical structures and have the same purpose: movement. The movement of the appendages can be described as a wave. The scale tends to originate from the cilium base and can be described in terms of frequency (ciliary impact frequency or CBF),
amplitude and wavelength. The beating motion is created by dynein arm structures sliding by external duplicates, and originating in axoné, not at the basal body. An important difference between the two structures is that in a eukaryotic organism people are used flagella to power the cell,
while cilia are used to move substances over a surface. An example of each would be flagellum present on a sperm cell and cilium on the epithelial tissue of the lungs that clears out foreign particles. Motil cilia and flagella possess the same 9+2 axoneme structure. The 9 indicates the
number of doublets present around the outer edge of the appendages while 2 refers to a central pair of independent microtubules. In primary and other non-motile cilia, axoneme lacks a central pair, resulting in a 9+0 axoneme structure. [34] Cilium production Cilia is formed by the process
of ciliogenesis. An early stage is the docking of the basal body to the growing ciliary membrane, after which the transition zone is formed. The building blocks of ciliary axoneme, such as tubules, are added at ciliary tips through a process partly due to intraflagellar transport (IFT). [35] [36]
Exceptions include Drosophila sperm and Plasmodium falciparum flagella formation, where cilia are collected in the cytoplasm. [37] At the base of cilium where it attaches to the cell body is the microtubules organization center, the basal body. Some basal body cep164, ODF2 [38] and
CEP170,[39] are required for the formation and stability of iciliumet. In fact, cilium is a nanomachine consisting of perhaps over 600 proteins in molecular complexes, many of which also function independently as nanomachines. Flexible linkers enable the mobile protein domains connected
by them to recruit their binding partners and induce long-distance dosterivia protein domain dynamics. [19] Function dyneinen in the axonem form bridges between neighbouring microtubule dubblets. When ATP activates the engine domain of dynein, it tries to walk along the adjacent
microtubule doublet. This would force adjacent doubles to slide over each other if not for the presence of Nexin between microtubules. And thus the force generated by dynein is instead converted into a bending motion. [40] Sensing of the extracellular environment Some primary cilia on
epithelial cells in eukaryotes act as cellular antennae, providing chemosensation, thermosensation and mechanosensation of the extracellular environment. [41] [3] These cilia then play a role in mediating specific signalling signals, including soluble factors in the external cell environment, a
secretory role in which a soluble protein is released to have an effect downstream of fluid flow, and mediation of fluid flow if the cilia are motile. [41] Some epithelial cells are ciliated, and they are usually found as a sheet of polarized cells forming a tube or tubule with cilia projecting into the
lumen. This sensory and signaling role puts cilia in a central role in maintaining the local cellular environment and may be why ciliary defects cause such a wide range of human diseases. [16] In the mouse embryo, cilia are used to control the flow of extracellular fluid. This left movement is
used by the mouse embryo to generate left-right asymmetry over the centerline of the embryo. Central cilia coordinate their rotational whips while immotile cilia on the sides sense the direction of the flow. [42] Clinical significance Main article: Cilipathy ciliary defects can lead to a number of
diseases in humans. [16] [43] Genetic mutations compromising with a well-functioning cilia, ciliopathies, can cause chronic disorders such as primary ciliary dyskinesia (PCD), nephronophthisis or Senior-Løken syndrome. In addition, a defect of the primary cilium in the kidney-tububle cells
can lead to polycystic kidney disease (PKD). In another genetic disorder called Bardet-Biedl Syndrome (BBS), the mutated gene products are the components of the basal body and cilia. [15] A lack of functional cilia in the fallopian tubes can cause ectopic pregnancy. A fertilized egg er may
not reach the uterus if the cilia cannot move it there. In such a case, the egg implants into the fallopian tubes, causing a tubal pregnancy, the most common form of [44] As mentioned above sodium channels ENaC expressed along the length of cilia regulate the fluid level surrounding the
cilia. Mutations that reduce the activity of ENaC result in multisystem pseudohypoaldosteronism, which is associated with fertility problems. [23] Cystic fibrosis resulting from mutations in the cftr chloride channel amplifies ENaC activity, leading to a sharp reduction in fluid levels causing
complications and respiratory infections. [26] Since the flagellum of human sperm is actually a modified cilium, ciliary dysfunction may also be responsible for male infertility. [45] Of interest there is an association of primary ciliary dyskinesia with left-right anatomical abnormalities such as
situs inversus (a combination of findings called Kartagener syndrome) and other heterotaxic defects. These left-right anatomical abnormalities can also result in congenital heart disease. [46] It has been shown that proper cilial function is responsible for the normal left-right asymmetry of
mammals. [47] Ciliopathies as specimens of multi-organ inherited diseases Early 2000s findings in genetic research have suggested that many genetic diseases, both genetic and genetic disorders, which were not previously related in the medical literature, may in fact be strongly related in
the root cause of the widely variable set of medical symptoms that are clinically visible in the disorder. These have been grouped as an emerging class of diseases called ciliopathies. The underlying cause may be a dysfunctional molecular mechanism in the primary/immotile cilia, organelles
found in many different cellular types throughout the human body. Cilia defects negatively affect many critical signaling pathways essential to embryonic development and adult physiology, and thus offer a reasonable hypothesis for the often multi-symptom nature of different ciliopathies.
[15] [16] Known ciliopathies include primary ciliary dyskinesia, Bardet-Biedl syndrome, polycystic kidney and liver disease, nephronophthisis, Alström syndrome, Meckel-Gruber syndrome, Sensenbrenner syndrome, and some forms of retinal degeneration. [15] [41] The varying outcomes
caused by ciliary dysfunction may be the result of alleles of different forces that compromise ciliary functions in different ways or to different extents. Many ciliopathies are inherited in a Mendelian way, but specific genetic interactions between distinct functional ciliary complexes, such as the
transition zone and bbs complex, can alter phenotypic manifestations of recessive ciliopathies. [48] [49] Extracellular changes Reduction of cilia function may also result from infection. Research on biofilms has increased and has shown how bacteria can change cilia. A biofilm is a
community of bacteria of either the same or several species of bacteria. Cell clusters secrete factors factors form an extracellular matrix. Cilia of the respiratory system is known to move mucus and pathogens out of the airways. It has been found that patients with biofilm positive infections
have impaired cilia function. The write-down may present as a decrease in the movement or decrease in the number of cilia. Although these changes depend on an external source, they still effect the pathogenicity of bacteria, progression of infection, and how it is treated. [50] See also
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