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AND ITS GENE PRODUCT (ATM)
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Proteinsand genes

Proteins are large mol ecules made of amino acid building blocksthat
control the structure, function and life cycle of thecell. Generally, each protein
playsaspecificrolein cellular physiology and structure. Together, proteins
govern the development and function of every cell inthe body.

Each proteinisproduced in the cell according to aset of instructions
contained inits gene. The gene, which is a specific segment of our DNA,
determinesthe structure of the protein, aswell asthetiming and rate at which
itisproduced. Each cell hasits own copies of the approximately 100,000
genesthat make up the human blueprint. These genesare strung together along
the DNA molecule. During cell division this molecule is condensed into
structures called chromosomes. The genes and chromosomes areinherited,
which meansthat copies are passed down from parent to child.

Whenthegeneisstructurally normal, the proteinismadein the correct
form and at theright time, and the corresponding physiological functioniscarried
out properly. When ageneisdistorted by an error (mutation), the proteiniseither
not produced at all or isproduced in an abnormal version that cannot carry out its
specified function. Theconsegquence of mutation may beacongenita maformation,
ametabolic defect or adevel opmentd abnormality. A-T issuch agenetic disorder.

TheA-T gene

Thegenecausing A-T wasidentified in 1995 and designated ATM (A-T
mutated). It isalarge gene on chromosome 11 that comprisesmore than 150,000
basesof DNA and isorganizedin 66 segments (exons) that contain theinformation
for thestructure of itsproduct, theATM protein. Mutationshavebeenfoundin all
partsof theATM geneinthe DNA of A-T patients. Themajority of mutationsthat
causeA-T prevent any production of theATM protein. A very few mild cases of
A-T have been caused by mutationsthat alow production of small amounts of
otherwisenormal ATM protein.

The gene causing A-T
was identified in 1995
and designated ATM
(A-T mutated).

Frst Eition 400



The Gene (A-T) and its Gene Product (ATM)

Assingle protein such
as ATM can control
the activity of many
“target proteins,”
each one responsible
for a different

function.
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A-T GENE

» Located onchromosome 11

» Madeof 150,000 DNA bases (nucleotides) and
organizedin 66 segments (exons)

* Encodesaproteinthat

o isverylarge, conssting of 3,056 amino acids

o detects damaged DNA (and perhaps other
cellular stressor damage)

o regulatescellular repair mechanismsand the
lifecycleof thecell

What doesthe ATM protein do?

Thediscovery of theATM geneopened theway for research groupsto
study the protein that it encodes. Thiswas not possible before the gene was
isolated, since the information contained in the gene was essentia for the
identification of theATM protein. For example, one of thekey waysto identify
aproteinisto develop antibodiesthat bind to it specifically. Production of such
antibodiesismuch eas er when the gene sequenceisknown. Another benefit of
knowing the gene sequenceistheability to makean artificial ATM geneinthe
test tube that then can beintroduced into cellswhereit produceslarge amounts
of theATM protein. Nolessimportant are“knockout mice” inwhichthemouse
gene corresponding to the human ATM geneismutated, producing an animal
modd of A-T. All thesetoolsare now availablefor the study of theATM protein
anditsfunctions.
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' chemica modificationsthat ater their
activity. Inthisway, asingleprotein
such asATM can control the activity
of many “target proteins,” each one
responsiblefor adifferent function.
Thus, this “Master Controller of
Physiological Processes’ has the
power to affect multiplefunctionsin
thecell a onetime,
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Fig. 2-1: The ATM gene on chromosome 11
encodes a large, multifunctional
protein, ATM.
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TheATM proteinisfoundinthenucleusof cellsnear theDNA. Itisaso
found outsidethe nucleus, inthe cytoplasm, whereit isattached to variouscd lular
structures such asvesicles. The ATM protein hastwo parts (domains) that have
similarity to other proteinswith known function. One part of the ATM protein
(Rad3domain) ischaracteristicof severd proteinsthat respond to radiation damage
and control cell division. Theother part of theATM protein, called the PI 3-kinase-
likedomain, ischaracteristic of proteinsthat control the cell’ sresponseto growth
signds. Theenzymatic activity of ATM residesinthat domain.

Oneof thekey tasks of theATM proteinisto activate cellular responses
to DNA damage caused by radiation, certain chemicals or normal cellular
metabolism. Thisiswhy chromosomesof A-T patientsshow multiplebresks, and
their cellsare so sensitiveto radiation. When ATM senses such DNA damage, it
respondsby increasing itshiochemica activity, which modifiesother proteins, each
oneresponsiblefor aparticular response. One obviousresponseisDNA repair.
Another responseisto temporarily stop the cell fromdividing and alow timefor
repair. Innormal cells, theseresponsesusudly lead to cellular recovery and continued
survival following DNA damage. But if DNA damageistoo extensveor ATM is
not thereto direct proper repair, some cellsmay opt to undergo aprocesscalled
“programmed cdll degth.” Asaresult, A-T cdlsaremuch moresendtivetoradiation,
and they may dieor devel op multiple unrepaired breaksin chromosomes. ATM
functionsat thisimportant point whereit isdecided whether the cell will try to
repair damage and survive, or instead will die.

Sitting at thiscritically important

junctionand controlling other proteinsinthe \onizing radistion,

area- by “talking” to some, receiving signals i

from others, and modifying the structure of

still others- ATM controlsnot only DNA

damageresponses, but numerous processes DNA damage

that control cell division. Not all of these W
processes are understood. Thus, oneof the v

main goalsof A-T researchisto identify ATM

other jobsthat the ATM protein might do,

and other proteinswithwhichit physically MY N
interacts. By understanding thefunctionsof gt R Tepea

ATM and how it performsthesefunctions,
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it may be possibleto design drugsthat will —
boost those very activities that are )
dependent on ATM and areeclipsedinits lomporary ammsk of
absence. We hope it will be possible to o tlia
compensatefor thelossof ATM, at leastin 1 &
part, by augmenting in A-T patients the

. Ceallular Programmead
functionsnormally under ATM control. survival cell death

{Apoptosis)

Hg 22 ATM senses DNA danage and in
response nodifies other “target” proteins.
These proteins ater the function of the cdl,
leading either tosurvival or death (apoptosis).

One of the key tasks of
the ATM protein is to
activate cellular
responses to DNA
damage caused by
radiation, certain
chemicals, or normal

cellular metabolism.
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