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Course Rationale

Proteins play a key role in every single living organism on this planet and they are able to
perform their specific tasks thanks to their peculiar and unique structures. This course will
explain: how proteins are structured; how their structure enables them to carry out their role
in our body, from the structural role of collagen to the carrier function of haemoglobin: how
a protein reaches its structure. The student will also understand the importance of protein
structure and function in degenerative or aging-related pathologies such as Alzheimer’s,
Parkinson’s diseases and amyloidosis. Furthermore the course will have an insight on how
scientists are working towards the cure of these pathologies.

Giving the pupils their first taste of applied biochemistry, this course will provide an overview
of the importance of protein structure in our organisms and will deepen and test their biology
and chemistry knowledge. Students will sample classical academic style teaching and learning
and develop more awareness towards complex biology focusing on the molecular structure
and interaction of proteins and other macromolecules.
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Mark Scheme

Key Skill

Biochemistry
understanding

Application

Scientific
Communication and
Contribution

qst

The pupil is able to analyse and
express key biochemical
concepts in an effective and
synthetic way with contextual
awareness.

Good understanding of organic
chemistry.

The pupil is able to understand
the importance of specific
structures for peculiar biological
functions.

The pupil understands the
dynamic of protein interaction
with other proteins and its
possible pathological outcome.

2.1

The pupil shows good
understanding of the subject

Good understanding of organic
chemistry.

The pupil is able to analyse given
information and learns from
mistakes.

The pupil is able to understand the
importance of specific structures
for peculiar biological functions.

2.2

O The pupil shows  basic
understanding of the subject.

[0 Basic understanding of organic
chemistry.

[0 The pupil is able to analyse given
data and learns from mistakes.

The pupil is able to apply the
acquired knowledge to given
problems in a realistic way.

Links between structural
features and biological aspects
are made correctly.

The pupil is able to properly
compare the two diseases and
make appropriate comments.

The pupil is able to apply the
acquired knowledge to given
problems in a realistic way.

Good linking between structural
and biological features.

Good comparison between the
two diseases.

O The pupil is able to apply the
acquired knowledge to given
problems but not always in a
realistic way.

[0 The student struggles in linking
chemical features and biological
features.

Poor comparison between the
two diseases.

The pupil independently
researches and creatively
illustrates the conclusions made.
The pupil actively participates to
the tutorials and to the scientific
discussions

The pupil comments during the
course are relevant

The pupil effectively uses the
appropriate scientific
terminology

The pupil’'s effort towards
independent research is good and
attempts creative presentation of
the conclusions made.

The pupil effectively uses the
appropriate scientific terminology
The pupil participation to the
tutorial is good

The pupil comments during the
course are relevant

O The pupil's effort towards
independent research is modest

and attempts creative
presentation of the conclusions
made.

O The pupil effectively uses the
appropriate scientific
terminology

The pupil participation to the
tutorial is modest

Page | 4




Glossary of Keywords

Keywords

Definitions

In your own words...

Protein Subunit

Protein subunit is a single protein molecule that
assembles (or "coassembles") with other protein
molecules to form a protein complex.

Alpha Helix

The alpha helix (a-helix) is a common secondary
structure of proteins and is a righthand-coiled or
spiral conformation (helix)

Beta- sheet

The B sheet (also B-pleated sheet) is the second form
of regular secondary structure in proteins. Beta
sheets consist of connected beta strands .

Folding

Protein folding is the process by which a protein
structure assumes its functional shape or
conformation. It is the physical process by which a
polypeptide folds into its characteristic and functional
three-dimensional structure from random coil.

Neurodegeneration

Neurodegeneration is the umbrella term for the
progressive loss of structure or function of neurons,
including death of neurons.

Amyloid fibre Amyloid fibre insoluble fibrous protein aggregates
sharing specific structural traits.
Amyloidosis Amyloidosis is a rare disease that results from the

build up of misfolded proteins known as amyloids.
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Tutorial 1 — Structure of Proteins
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What is the Purpose of Tutorial 1?

e Introduce protein structure

Differentiate between primary, secondary, tertiary and quaternary structures
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Proteins play countless roles throughout the biological world, from
catalyzing chemical reactions to building the structures of all living things.

Despite this wide range of functions all proteins are made out of the
same twenty amino acids, but combined in different ways. The way
these twenty amino acids are arranged dictates the folding of the protein
into its unique final shape. Since protein function is based on the
ability to recognize and bind to specific molecules, having the correct
shape is critical for proteins to do their jobs correctly.

by the DNA. This sequence defines how the protein will fold and
therefore also defines how it will function. A single change in the
amino acid sequence of hemoglobin can cause the proteins to
clump together, resulting in the disease sickle cell anemia.

Secondarv Structure

Hydrogen bonds between amino acids form
two particularly stable structural elements in
proteins: alpha helices and beta sheets.
Alpha helices (shown in blue) are the basic
structural elements found in hemoglobin,
but many other proteins also include beta
sheets. The inset highlights the pattern
of hydrogen bonds (shown in green) that

Two or more polypeptide chains can come
together to form one functional molecule
with several subunits. The four subunits of
hemoglobin cooperate so that the complex
picks up and delivers more oxygen than is
possible with single subunits.

stabilizes alpha helices.

Tertiary srcure

K. Many functional proteins fold into a compact
globular shape, with many carbon-rich amino
acids sheltered inside away from the surrounding
water. The folded structure of hemoglobin
includes a pocket to hold heme, which is the
molecule that carries oxygen as it is transported
throughout the body.

[~ =]
v
-
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PROTEIN DATA BANK
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Tutorial 1 — Notes
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Tutorial 1 — Baseline Test

The homework assignment for the first tutorial is a baseline test to see your initial level of attainment
in this subject area. The assignment will test for some or all of the subject specific skills that are required
later in the final assignment. However, it is shorter than the final assignment and is will be an
introduction to the subject as well as a challenge!

Do not worry too much about doing ‘well’ or ‘badly’ on the baseline test, it takes into account the fact
that you may not be familiar with the subject area. It is designed to help you and your PhD tutor identify
where you are at the start of the programme and to help you measure your progress along the way.

1) Identify different secondary structures from these PDB images, colour them in using different

colour for each secondary structure. Looking at protein A and protein B, do you think they have
similar or different function?

Insulin
Abeta- protein

Nicotinic acetylcholine
receptor

Protein A

Protein B
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2) Carry out a research about the role of one of the protein, where can be found in our body? Which
is its function (max. 2 A4 paper, with pictures,) ? N.B. REFERENCE ALL YOUR FINDINGS. Can you
also find out how the structure allows the function to be carried out?

Tutorial 2 — The Folding Process
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What is the Purpose of Tutorial 2?

Understand the concept of folding
Analyse the process of protein folding
Learn about the different folding theories
Learn about the role of chaperones
Understand how chaperones work

Tutorial 2 — Notes

Intermolecular contacts
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Tutorial 2 - Homework
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1) Is this a soluble or trans membrane protein (images)? Explain your choices

PROTEIN A PROTEIN C

PROTEIN B

PROTEIN A....

PROTEIN B....

PROTEIN C.....
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Tutorial 3 — The Misfolding Process

What is the Purpose of Tutorial 3?

Learn about misfolding
Understand the importance of post translational modifications
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Tutorial 3 — Notes
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Tutorial 3 - Homework
Research about Alzheimer’s disease, fill in the mind map and answer the questions on the
next page.
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paper, write down
a list of things that

the brain controls.
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. What is
dementia?

Alzheimer’s
Society

Can you find tha answers to

the following questions?

Leading the
Mghtt ogminst

. What causes
dementia?

. How many people
in the UK have
dementia?

. Is dementia a
natural part of
ageing?

. What help and
support is available
for people living
with dementia?

. How can people
learn more about
dementia?

Tutorial 4 — Alzheimer’s disease
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What is the Purpose of Tutorial 4?

e Learn about Alzheimer’s disease
e Understand the molecular mechanism of Alzheimer’s disease
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Inside the brain BigPicture

Our brains contain some 86 billion neurons, or nerve cells, which
communicate via junctions called synapses. At these junctions,

2 3 > = Axon: The long projection that carries signaks away

neurons are just 20 nm apart. Inside each of our heads you'll find one / e e

brain, billions of neurons and trillions of synapses. We've shown one 7 e iger o cpein of chanl sl ons
) (charged atoms) to flow into the cell from outside.

of each in detail below. Thi couses morechanns urther kg th on
open, creating an electrical signal (action potential)
that propagates along it

Meyelin sheath: Many insulated by myelin:
multiple Layers of fatty cell membrane that wrap
around the axon, The sheath is imemrupted at regular
intervals (nodes of Ranvier), where the channels that.
genenate the dlectrical sgnal are located.

Synapse: The junction between neurcns. When

3 nerve signal traveling along an 2xon reaches 3
synapse, it triggers the release of a neurotransmitter
that diffuses across the synaptic gap and binds to
receptor proteins on the surface of the recsiing
neuron. This binding causes an influx of icas, changing
the membrane voltage and initiating an electrical
signalin the second newron.

Nodes of Ranvier: Areas of the
The action potential (electrical signaf) jumps rapidly
from ane node of Ranvier to the next, speeding up
conduction.

Glial celt: al cells found in th
cther parts of the nervous system. Their roles include
supporting newrons and forming the myelin sheath,

Achemical
communicate with ane anther. There are many kinds,
including serotonin, dopamine and

Receptor: A protein molecule embeddsd in the cell
membrane, which binds neurotransmitter molecues

Cell body {soma)- Contains many components

typically found in ather types of cell. This includes released by cther neurons.

DNA, in the nucleus, which holds instructions for :

producing the proteins that determine the shape and I

function of the cell Presynaptic membrane

c A fim of fatty

and leaving the cell. Cortex: The thin, the outside
surface of the brain.

8 ” et
y
beanches connecting to other cells. These cannections

rght),
from the axcns of neigbouring reurons.

Cerebral i The two halves of the brain,
each of which controk and receives information from
the the E

Limbic system: A set of structures (pink) sitting - . k
above the bran stem, which are involved in emotion, ) . % 7 7 . BRAIN
motivation and memary. it includes: i

The interface b the beain and
which son and

pituitary g|
release of hormones.

Amygdaty: A sma, amond-zhaped structure invobved
in emotions, particularly fear.

A Z
and finding your way around.

Hypothalamus: See above.

Pituitary gland: The ‘master gland' of the body,
which releases hormanes that contral growth, blocd

pressure, the function of the

sex Organs.

lia oblongata: Controks vital i
functions such as breathing and heart rate.

Sy cord: A bundle of milbons of nerve fibee:
?—_‘t‘ i -I'F % mml % Cerebellum: The ‘etle brain' that controls balance

the brain and the body. It extends down the back and coorr n  required
e ding for learning motor skll, such as riding a bike, and i
involved in thought processes.
Cranial Jei: Clusters of e i
lhebiied stern, the axons of which form the cranial nerves.
zheimer's
- Substantia nigra: The black substance’ contains cells
dlsease A 5 that produce the neurotransmitter dopamine and the
/ ALY sl Parkinson’s pigment melstonin, giving it 3 black appearance.
severe problems with mood, i
memory, speech and mare. disease
It cccurs when abnormally Parkinson’s disease causes rigidty,
fokded proteins form plagues Strokes can cause death tremor and extreme sowness of
and tangles in the brain. These o sefious dissvilty, often mavement. It occurs when a small
disrupt the normal working of affecting speech and region in the beain stem known as the
newrons, which eventually die. mowement. Stroke oocurs substantia nigra degenerates. Cells

when the blood supply 1o the ‘within it produce the neuratransmitter
brain is recuced or blocked, dopamine. When inaequate amounts

byatidodoter T of dopamis roduced, Parkinson's /i S
SRR AR w i <1‘$££ e
\—" T
KNOW YOUR LOBES KNOW YOUR NEUROTRANSMITTERS
The frontal lobe pesforms complex mental . e 3 ;
tasks such as making abstract judgements and Sevokonn D opafwn & NO(O\deM\\V\C ACC‘C‘j\C\W\"\e
decisions, thinking about the future, paying NHy
attenticn and inhibiting behaviour (so-called ot
‘executive function). Itis also imohved in shart- 0
term memory, bnguage and movement. NH; NH; X
\ HO HO Ho = - N.; Jk

The parietal lobe processes information from the N\ 1 / ‘\/\O
body and senses, and integrates it to help orent | ) o
the body and carry out movement in space. 'h: Ho HO — =7
The cecipital lobe i the part of the brain that
ek Made in the central nenvous Involvedin the control of Asa i A in the central

system, but mostly found in the mavement, posture and moad. noradrenaline influences and peripheral nervous system.
The temporal lobe contains aress specialed g, serotonin i imobed in things  L-copa (the precursor to emations, sleeping and learming.  Drugs to increase
for processing sound, language and memary. It is like body mood, dopami ine) & k&30 h which fevels are sometimes used to treat
imvalved in moad, appetite, eep and learming, appetite and sieep. Drugs to used to treat Parkimson's dsease.  affects blood vessel contraction Alzheimer's discase.

increase serotonin levels are used and heart rate.

mmtr ust Big Picture is a free post-16 resource for teachers that explores issues around biology and medicine.
www.wellcome.ac.uk/bigpicture/brain/poster
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Tutorial 4 — Notes
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Tutorial 4 - Homework
Read the following article and underline the key concepts. Identify the differences and
analogies with the Alzheimer’s diseases.

The term amyloidosis describes a group of disorders caused by abnormal folding, aggregation and
accumulation of certain proteins in the tissues, in an abnormal form known as amyloid deposits. These
deposits are composed of abnormal protein fibres, the so-called amyloid fibrils that accumulate more quickly
than they are cleared away, and which progressively interfere with the structure and function of affected
organs throughout the body. Normal healthy proteins are cleared away at about the same rate that they are

produced, but proteins that have formed amyloid are broken down only very slowly.

About 30 different proteins have been found to form amyloid in man, but only a few are associated with
clinically significant disease. Amyloidosis is classified according to the protein that forms the amyloid fibrils
and the clinical picture and symptoms can differ greatly between one amyloid type and another. The proteins
that cause two of the common types of systemic amyloidosis (i.e. the types that can affect many parts of the
body) are produced in the presence of other disorders. Patients with systemic AL amyloidosis (formerly
known as primary amyloidosis) have an underlying bone marrow disorder, and patients with systemic AA
amyloidosis (formerly known as secondary amyloidosis) have some form of long-standing inflammatory
disorder. Some types of systemic amyloidosis have a genetic basis, most of which can now be identified by
DNA tests. One relatively common type of amyloidosis, known as senile systemic amyloidosis, is not related
to an underlying disease, and does not have a genetic basis.

Amyloid deposits can accumulate virtually anywhere in the body or can remain localized to one particular
organ or tissue. Symptoms occur as a result of progressive damage to affected organs and tissues, for

example the kidneys or heart, and may vary greatly from patient to patient.

Although various specific anti-amyloid drugs are under development, none as yet has been introduced into
routine clinical practice. However, available treatments for the various conditions that underlie amyloidosis
can stabilize or improve organ function, and may greatly improve the outlook. Contrary to previous beliefs,
we have shown that amyloid deposits often gradually diminish in patients whose underlying conditions
respond to treatment.

Sometimes truly localized forms of amyloidosis can cause significant disease, for example in the airways,
skin, bladder, genitals or eye. Until recently, almost all patients with end-stage kidney failure who were
treated with dialysis for over 5 years developed so-called dialysis related amyloidosis. In this condition,
amyloid deposits in the bones and joints are formed from a protein called B2-microglobulin. This type of
amyloidosis is becoming less common due to modern dialysis procedures which have improved the clearance
of B2-microglobulin. Localized amyloid deposits composed of a protein called AB occur in the brains of
patients with Alzheimer’s disease, but it is not known whether they are the cause of the disease. Fortunately,

the brain is almost never directly involved in systemic amyloidosis.
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Tutorial 5 — Amyloidosis

Circulating cleaved
tetrameric TTR

Cleavage of tetrameric TTR

Cleavage and dissociation o aesy
49-127 TTR

A

Circulating tetrameric TTR Unfolding forces 148 TTR

What is the Purpose of Tutorial 5?

e Learn about Amyloidosis
e Understand the molecular mechanism of Amyloidosis
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Tutorial 5 — Notes

Tutorial 5 - Homework: Draft Assignment — Review Analysis

Read the review and resume its content in a 3-4 slide presentation. Each slide cannot contain more than 10

words. Write a speech for your short presentation.
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REEVIEW ARTICLE

MECHAMNISMSE OF DISEASE

Molecular Mechanisms of Amyloidosis

Giampaolo Merlini, M.D., and Vittorio Bellotti, M.D., Ph.D.

HE AMYLOIDOSES CONSTITUTE A LARGE GROUE OF DISEASES [N WHICH
mustolding of extracellular protem has a prominent role. This dynamic proc-
css, which ocours in parallel with or as an alternative to physiologic foldimg,

generates insoluble, toxic protein agoregates that are deposited in tissues in bundles

of B-sheet fibrillar protein (Fig. 1), (A @-sheet consists of strands of polypeptdes in
zigzag formation, as shown in Fig. 2.) These amylowd deposits are identified on the ba-
sis of their apple-green hirefringence under a polarzed light micrescope after staining
with Congo red and the presence of rimd, nonbranching fibnls 7.5 to 10 nm in diameter,
on electron microscopy (Fig. 20,0 Amyloid deposits are the basis of several condigons
that have an encrmous social and medical impact as well as the cause of rare condi-

tions that challenge the physician's diagnostic capability (Takle 1)

The deposition of amyloid in brain tssue underlies Alzheimer’s disezse, >3 which
affects more than 12 million people worldwide. The centeal nervous system is also the
target of prion proteins, the cause of 2 group of rare hereditary or acquared neurode-
generative conditions.* The approximately 1 million patients who are receiving dialysis
worldwide are at risk for symptomatic amyloidosis.* The bwo most commeaon forms of
systemuc amyloddosis are Lght-chain (AL amyloidosis, with an incidence of appross-
mately 1 case per 100,000 person-years in Western countries ® and reactive amiyloidosis
due to chronic inflammeatony diseases (e.g., rheumatoid arthrtis and chronic infections).
Hereditary amylotdosts is an ever-expanding group of disorders that pose dithicul di-
agnostic problems.” The clinecal featuses of systemic amyloidosis were reviewed in the
Jourmnalin 19978

MOLECULAR MECHANISME

BIGCHEMICAL CHARACTERISTICS OF AMYLOIDGCEMIC PROTEINS

Isolation of the protein components of natural amyloid and the chemical characteniza-
tion of these components are indispensable mvestigative tools.” To date, at least 21 dif-
ferent proteins have been recognized as causatve agents of amyloid discases. t Despite
having heteropensous structures and fanctions, all these proteins can generate morpho-
logically mdistinguishable amyloid fibeils (Fig. 2.3 The generic fibrillar form of pro-
teins can be regarded as a pnmordial structure dominated by hydrogen bonding between
the amide and the carbonyl groups of the main chain, rather than by specific interactions
ofthe side chains, which dictate the structure of functional globular proteins. it The es-
sence of amylordosis Lies m the capacity of these proteins to acquire more than one con-
formation, a feature that has camed them the sobrnguet of chameleon proteins. 12

A DYHAMIC WIEW ©F THE PATHOGENIC PROCESS

The comversion of the structure of the native protein into a predominantly antrpacallel
B-sheet secondary structure {in which the M- and C-terminals are oriented in opposite
directions) is a patholegic process closely related to physiologic protein tolding. The
folding of 1 newly synthesized polvpepude ocours in a rapid sequence of conformation-

NERGL | MED 1436 WWw.NEW.OBG  ALUGUST 7, 2001

Downloaded from www.nejmoong ol SERRM on January 08, 2004,
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Figure L. Atomic-Force Microscopy of Natural Amyloid
Fibrils.

Fibrils were extracted from the heart of 2 patient with a
familial form of apolipoprotein A4 amylowdosis. The im-
age was obtained by tappeng mode atomic-force micres:
copy. the fibnls were dried on mica. The scan size was
720 nm, with a Z range of 14 nm. The image was kindly
provided by De Annaksa Relind, Department of Physics,
University of Genoa, Genoa, Maly

al modifications in the cytoplasm. According to the
“folding energy landscape theory,” the process fol-
lows a funnel-like pathway (Fig. 3) mwhich the con-
formational intermediates progressively merge into
afinal species.t* In addition, ata minimum of ener-
gy similar to that reached by the native protein, the
polypeptide can acquire an alternative and relatively
stable “misfolded state, "1 which is prone to aggre-
gation. Once the folding process has been complet-
ed and the native protein secreted (Fig. 4), many
proteins are in dynamic equilibrium with a parually
folded conformation, and in this state, they retrace
the final part of the folding pathway, ultimately
forming either a native or misfolded protein.

In amyloid disease, potentially pathogenic mus-
folded proteins can form in different ways. The pro-
tein may have an intnnsic propensity to assume a
pathologic conformation, which becomes evident
with aging (e.g., normal transthyretin in patients
with senile systemic amyloidosis)?S or at persistent-
Iy high concentrations in serum (e.g., beta,-micro-
globulin in patients undergoing long-term hemo-
dialysis).1® Another mechanism is the replacement
of a single amino acid in the protein, as occurs in he-
reditary amyloidosts.t” A third mechanism is prote-

olytic remodeling of the protein precursor, as i the
case of B-amyloid precursor protein (APP) in Alzhe-
mer’s disease.? These mechanisms can act inde-
pendently or in associatton with one another. In ad-
dition to the intrinsic amyloidogenic potential of the
pathogenic protein, other factors may act synergis-
tically in amyloid deposition. For example, the pro-
tein precursor must reach a critical local concentra-
tion to trigger fibnl formation, a process enhanced
by local environmental factors and by interactions
with extracellular matrixes.1#

MUTATIONS AND THE MOLECULAR MECHANISM
OF AMYLOID FORMATION

Immunoglobulin Light Chains

Only 2 small proportion of immunoglobulin light
chains are amyloidogenic; for example, AL amylos-
dosts occurs m only 12 to 15 percent of patients
with mycloma. Certain structural features are relat-
ed to amyloidogenicity: the A isotype and the V,yy
vanability subgroup (a homologous famuly of light-
chain variable regions).1* Two V), gene segments
— 6a and 3r— contribute equally to the encoding
of 42 percent of amyloidogenic A chains.?® The
vanable domains of light chains V(L), including
the amyloidogenic chains, ' mutate during the
immune response. Some of these physiologic mu-
tations can affect entical structural sites, destabiliz-
ing the domain and favoning the generation of an
aggregation-prone state, *2.23

Familial Amyloidosis

In the tamilial amyloidoses, the substitution of a
single amino acid transforms 2 normal protein into
an amyloidogenic one; prototypical proteins are
transthyretin?¢ and lysozyme.2$ Transthyretin 1s a
homotetrameric protein with a prominent 3-sheet
secondary structure, whereas lysozyme consists of
a single polypeptide with a predominantly helical
structure (Fig. 2). Approximately 80 different muta-
tions in transthyretin have been reported?®; a few
mutations are not associated with amyloidosis,
and a couple are thought to protect against the dep-
osition of amyloid. Four pathogenic vanants of ly-
sozyme have been reported??.23; a fifth vanant,
Thr70Asn,2* is apparently not pathogenic.

The Role of instabdity

The property shared by these amyloidogenic van-
ants and confirmed in studies of cystatin C,* im-
munoglobulin light chains, 1 and gelsolin3?1s ana-
tive conformation that is thermodynamically less

NOENGL | MED 140,6  WWW.NEJM.ORG  AUGUST 7, 2003

Downloaded from www.nejm.org at SERRA on January 08, 2004,
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MECHANISMS OF DISEASE

Amylowd

Transthyretin Py }
ol S\wf
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microscopy

Transmission
electron micrescopy

Figure 1 Stractural Features of Amyloid,

The three-dimensional structures of lysozyme (Protein Data Bank code LLYY), transthyretin {Protesn Data Bank code 1TTA), apobpoproten
A (Protein Data Bank code 1AVI), and immunoglobufin & light chain {Protein Data Bank code 1BRE) are shown on the left As shown in the
middie paned, all these polypeptide chains converge into a cross-beta supersecandary structure that has been well charactenzed by x-ray dif
fraction, with prototypecal imterstrand and intersheet distances of 4,7 and 10 1o 13 A, respectively The onginal conformation of the precursor
pratein can no longer be distinguished at this stage. Contiguous B-sheet polypeptide chains constitute a protofiliment. As shown on the
right, several [four to six) protofilaments are wound around one anather to form an armylowd fibrd, with & distinct diameter of 7.5 10 10 nm wis-
ible o transmission electron microscopy (x100,000}. This ultrastructure of the fibnd allows the regular intercalation of Congo red dye, con-
ferring a dugnostic optical property to amyloid such as apple-green burefringence under polanzed light microscopy. The Protein Data Bank is
accessible at http:/ fwwwrcsh org/pdd/

stable than that of the normal counterpart. A reduc-
tion in the stability of transthyretin should make it
casier for the tetramer to dissociate into mono-
mers, 1 whereas lysozyme mutations destabilize the
tertiary structure and thus give nise to partially folded
conformers?* (alternative spatial arrangements of
the same polypeptide). Monomers of transthyretin
and partially folded conformers of lysozyme have a
strong propensity to self-aggregate and assemble
mto fibnls.

The role of protein stability in the formation of
fibrils invivo has been clanfied by studies of natu-
ral, nonamyloidogenic variants of both transthy-
retin and lysozyme. The Thr119Met vanant of trans-
thyretin has a thermodynamic stabilizing effect on
transthyretin tetramers in assoctation with both the
wild-type polypeptide (wild type/Met119 genotype)
and the amyloidogenic variant Val30Met.* Persons
with transthyretin tetramers reflecting the Met30)
Met119 genotype are protected from the disease that
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Tahle 1. &nvploid Proteing and Their Precumsors,™
Amyloid
Protein Frecursor Distribution Type Syndromse or Ievvolved Tisswes
a8 Al protein precurser Localized Arquired Sporads Alzheimers disease, agng
Localized Hereditary  Prototypical hereditary cerebral amploid angiopa-
thy, Dutch bppe
WP Frion protein Locahized Moquired Sporadec {iatrogenic) C)J0, new wariant €0
{abmentary?}
Localized Hereditary  Familial O, G520, FFI
BB ABri protein precursor  Localized or Hereditary  British familial demeria
sysbemic?
Ay Cystatin C Systarmic Hereditary  lcelandic hereditary cerebral amylced angiopathy
AE2M Beta;-microglcbulin Systernic fcquired Chranic hemadialysiy
ML Immunoglobulen light  Systernic or Moquired Frimary armyloadosss, myeloma-assooated
chamn lncalized
B Serum armylecad A Sysbermic Acquired Secandary amyloidosis, rmactive ba cheonic indes-
tien or inllammation |r|{|ud|ng hereditary pan-
ndez feenr [FMF, TRAPS. HIDS, FOL, and MWS]
ATTR Transthegratin Systernic Hereditary  Frototypical FAP
Systermic Acquired Senile heart, vessels
AApoll  Apclipoprobein &) Sysbermic Hereditary  Liver, kidney, heat
MApodll  Apolipoprotein el Systemic Hereditary  Kadneg heart
A Gelsolin Systernic Hereditary  Finnish hereditary amploidosn
Alys Lyscayme Systernic Hereditary  Kadney, liver, spleen
AFik Fibrinogen Am chain Systernic Hereditary  Ksdney

=

[rata were adapbed from Yeesh

i et al.* The following proteins may also cause amylosdosis: immunoglobulin heavy

thasn, calotonin, isket-amylaid polypepbde, atral natnuretc factor, profacting msulin, lactadhenn, keratoepathelin, and
Cranish amylosd protein [which comes from the same gene as ABn and has an idertical Naerminal sequence). €)0 de-
naotes Crevtzfeldt-jakoh disease, GS50 Gerstmann=Straussler=Scheinker disease, FFI fatal familial insemnaa, FMF fa-
milkal Mediterranean fever, TRAFS tumor necrosis factor receptor-assooated penodic syndrome, HIGS hyperdgD syn.
drome, FCU familial cold wrticaria, MWS Mudkle-Wells syndrome, and FaP famaial amylaidetic polyrewropathy.

occurs in those with the Met30wild-type geno-
type. The folding stabality of the newly identified
The7(sn variant of lysozyme 1s between that of
normal and amyloidogenic species.®s However,
although destabilized, this molecule is not amy-
loidogenie, which sugpests that certain proteins
have 2 marginal degree of protection against amy-
loidogenesis, even when their thermodynamic sta-
bulity 15 bess than that ofwild-type protein.
Destabilization is necessary but probably not sug-
ficient to confer an amyloidogenic propensity on a
protein; other structural features are required for the
formation of fibrls. Recently, the role of charged
residues in modulatng the aggrepation process,
acting as structural gatekeepers by means of re-
pulsive forces, has been highlighted. * [n certain

proteins, such as gelsolin, 37 the partial unfolding
caused by the mutation renders the protein suscep-
tikle to the attack of proteases, thus provoking the
release of highly amylordogenic palypeptides.
These findings provide support for the mecha-
nizm shown in Figure 4. Amyloidogenic and normal
counterparts are synthesized and secreted as natve
peoteins, but the system of intracellular quality con-
trol appears to be incapable of recopnizing and re-
mioving dangerows mutants. *® Outside the cell, the
amylordogenic vanants ultmately reach a state of
equilibrium between fully folded and partially fold-
e forms, but there is a much greater fluctuation m
the concentrations of the two forms than would be
cxpected. All factors that perturb the three-dimen-
stonal structure — sech as a low pH, oxadation, in-
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Figure 1. The Process of Frotein Folding.

From 2 random coil canformatian, the unfolded polypeptide enters a funneldike patheaay in which the conformational ine
termediates become progressively more ceganized as they merge, resulting in the most stable native state. In this state,
there 15 3 minsmum of free ensrgy, which results from the balance hetwaen the level of enthalpy, the intemal energy that
in folded protein is masnly determenad by the ind and number of intramolecular bonds, and the leved of conformational
entropy, the leved of randomness of the polypeptide in sclution

creased temperature, limited proteolysis, metal
1ons, and osmolytes — can shift the equilibrium to-
ward the partally folded amyloidogenic state. For
example, urea at the concentrations present in the
mner renal medulla enhances the formation of
fibnls by reducing the time required for a nucleus to
form, which in turn initiates rapid growth of the
fibnl.** In addition, local microenvironmental con-
ditions aftect the ultrastructural organization of pro-
tein deposits. For example, pH influences the proc-
essing of immunoglobulin light chains, causing

them to form either fibrillar amyloid aggregates
or amorphous aggregates charactenstic of light-
chain-deposition disease.*> Common components
of amyloid deposits, such as glycosaminoglycans
and serum amyloid P (SAP) component, may exert
wdentical effects by hastening the integration of a
soluble polypeptide mto a more stable fibril.

Proteolysis
In certam amyloidoses, only a limited portion of the
amylowd protein precursor forms the fibril; the pro-
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Toidogenic Mutation.

et The green

incheate therapeutic targets.

Figure 4. Pathway Followed by a Newly Symthesized Polypeptide Chain in a Patient Who Is Heterozygous for an Amy-

The chans undergo synthesis in the endoplasmic reticulurn, fold. pass through the cellular quality-control mecharsm,
and are secreted. In the extracellufar ervironment, the mutants may change from a fully folded to a partially folded state
and then retrace the final part of the folding pattraay Narmal proteins are Rinclionally active and are normally metabo-
lized. The partially folded polypeptides can generate misfolded molecules, which have 2 high propensity 1o seli-aggre-
gate. Environmental conditions, chemscal modifications, and common consttuents favor the pathologic patfway.
Oligomuers, or protofbrils, may mediate cellular torioty through 3 mechanism that actwates apoptosss in cells of the tar-

totypical example is Alzheimer’s disease, in which
the fibrils consist of proteolytic fragments of 39 to
43 residues derived from the 753-residue APP. In
lysozyme amyloidosis, s the full-length protein is
detectable in natural fibnls. There 1s a wide grada-
tion of proteolytic remodeling of the protein precur-
sor in all types of amyloidosis, but the remodeling
of light chains m AL amyloidosis can be considered
the archetype of the heterogeneity of this process.#t
Proteolysis is generally ascribed to extracellular, or
pericellular, enzymes, such as those that cleave se-

rum amyloid A.#2 However, in the cases involving
gelsolin#? or the amyloid ABn protein,*4 the pro-
teases actin the Golgi apparatus. The structural flex-
tbility of the target proten allows limited proteolysis
and therefore the release of polypeptides that cannot
display conformational plasticity in the constrained
structure of the original protein.31

AMYLOIDOSIS AS A CONFORMATIONAL DISEASE

Amyloidosis properly belongs to the category of
conformational diseases because pathologic protein
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aggreganen is largely due to reduced folding stabil-
ity and a strong propensity to aoquire maee than one
contormation.*s The risk of protein aggregation,
‘which poses toxic threats to the cell, 1s minmmized by
protein sequences thatconter the propertes of high
stability and fast folding kinetics, both of which
minimize the concentration of easily aggregating,
partially folded protemns. Certam proteimns, however,
seem to require a high degree of structural disorder
i their native states to fulfill their function. For in-
stance, the structural plasticity of the emerging class
of "natively untolded proteins™ favors thedr inter-
action with ligands. These proteins represent an in-
tnguing gamble of molecular evolution mwhich the
subtle border between risky self-aggregation and
sophisticated functicn is easily crossed. Amyloid-
ogenic lipoproteins are examples. On the basis of its
amuna actd composition, lipid-free apelipoproten
Al should behave as a natively unfelded protein;
this state guarantees the plasticity of the protein,
which parttally untelds when lipids are released and
refolds when lipids are taken up. These properties
are particularly evident in the M-terminal domain
of apolipoprotein A-I, the major constituent of
apolipoprotein A-[ amyload fibrils 7 Other lipopro-
temns, such zs apolipoprotein A-I1L*# apolipoprotein
E.** and serum amyload A5 also form amyloid or
are implicated in amylordogenesis and thus const-
tute 3 unkgue group of proteins. They have structur-
al similanties that conter the contormational plas-
ticity necessary for their function and at the same
time Eavor the formation of amylowd.

I5 AMYLOIDOEIS A FROTEIN-MEDIATED
TRANSMISSIBLE DISEASE?
Certain aspects of animal models of the amyloidosis
caused by serum amylowd A51 and apolipoprotemn
A-1152 have introduced the possibality that amylo-
dosis is transmussible. In mice, amyloid protein A
amyloidosis [ A4) 1s caused by an inflammatory reac-
tion that results m overproducton of the acute-phase
peotein serum amylowd A, Injection or oral admin-
itration of amyloid-enhancing factor, a crude ho-
mogenate of natural amyloid fibrils, accelerates the
deposition of amyloid during the imflammartory
peocess. 51,58 These findings are conststent with the
capacity of fibrallar seeds to catalyze conformation-
al changes in the soloble protein. The capacity of
preformed fibrils to tngeer fibnllogenesis has been
demonstrated invvitro for amydoid 3 (A8) peptides, 5
lysozvme, 5 and beta,-microglobulins® (Fig. 5).
With the exception of prion diseases, there 1s no

Farmatan of

amyloid fibnls

with additicn
of fibrils

Formation of
armyloid fibrils
withaut additian
of fibrils

Aggregslion ——

Lag phass

Time —

S0 =00 @ =

Mucleation Critical nucheus

Protafibrils

Figure 5. Kinetics of Fibril Formation.

ing the lag phase much shorter.

The blue bne indicates the formation of amyloid fibrils, beginning from a
solution of monomeric proteans, whidh may tempaoranly assume an amy-
loadogenic conformation. Initially, conditions do not favor aggregation, and
this pencd coeresponds to the lag phase that precedes the formation of
fibrds. Once a cntical nucleus has been generated, the condiions change ta
fawor aggregabon with very fast knetics. Any available monomers in the amy-
leedogenic conformation quidkly become entrapped inthe fibril. The red line
represents a similar conditon in which prefarmed fibrils are added, thus mak-

evidence that amyloidosis is transmissible in hu-
mans. However, the formation of amyloid can be ac-
celerated by the presence of fibeil nuclel in fissues.
Apertinent example is the patient with transthyretin
variants whe has cardiac invelvement and receves a
Liver transplant. The transplanted liver mimimizes
the production of amylosdogenic transthyeetin but
does not halt the progression of amylowd deposiien
m the heart 57 Wild-type instead of mutant trans-
thyretin continues to accumulate in the heare 2 This
finding is reminiscent of the capacity of the patho-
logic prion protein (Pri*<) to convert its normal
counterpart (Pr[<) into a pathalogic conformation. #
The main difference is that the dominant negative
effect, in the case of transthyreting 1s due entrely to
fibnls within the patient and s not transmitted from
one person to another, as in pron disease.
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THE COMMON COMSTITUENTS ©F AMYLSID
All amyloid deposits contain SAP, a gheoprotein
that belongs to the pentraxim family and binds amy-
loid independently of the protemn of origin. It has a
specific binding motit tor the common conforma-
tion of amyleid fibrils 50 This property makes radio-
labeled SAP a diagnestic tool for the imaging of
amyloid deposits & SAR is highly protected against
proteolysis and thus makes amyload Hbeils resistant
to degradation # Proteoglyeans are also common in
amylowd deposits and contribute extensively to the
carbohydrate composition of natural amylaid.s2
Heparan sulfate proteoglvcans, in particular, have
kinetics of deposition i tissue sinular to that of
fibrallar proteins®® and localize with constitutive cl-
ements of the extrzcellular matrix, such as pedecan,
laminin, entzctin, and collapen [V These molecules
can constrbute a scaffold, taciltating the instial phias-
cs of tibnl nucleation, ** and could have a targeting
role in the localization of amylosd deposits in tissue.
For example, apolipoprotein E is reportedly a com-
mon constrteent of amylod deposits,™ and epide-
mielogic studies have shown an increased nsk of
Alzheimer's disease among white persons carrang
the &4 allele of apolipoprotein E%% However, the
role of apolipoprotemn E in systemic amyloidoses 1s
less clear.

CLIMNICAL IMIFLICATIONS

TISSUE SPECIFICITY OF AMYLOID DEPGSITIGN
The remarkable dwersity in the crgan distribution of
amylowd deposits remains one of the most impor-
tant unsolved problems in amiyloid eesearch. Spe-
cific proteins aggregate predeminantly in defined
target organs: beta,-microglebulin in joints, the
fibrinogen Ace chain in the kidney, and the trans-
thyretin Met30 variant in peripheral nerves. In light-
chain amylowdosis, the deposits can invelve virtually
any organ {Fig. k). One quarter of patients present
with climical involvement of a single organ, and the
organ affected establishes the prognosis. Localized
deposition of proteins that are normally deposited
systemically can alse ocenr, such as in localized AL
amylowdosis, an imtriguing condition characterized
by localized growth of monoclonal plasma cells and
the restriction of amylowd deposits to sites adjacent
to the synthesis of the precursor.

The site of deposition may depend on the con-
currence of several factors favoring the formation of
fibrls, such as a hugh local protein concentration,
alow pH, the occurrence of protealytic processing,

Figuare & [facing page]. Distribution of Organ Involve-
ment in 445 Patients with Light-Chain Amyloidosis.

The light chains are predomananty & [ratio of A to & light
chains, 4 to 1}. Usually, a bone marrow plasma.cel
clone, identified here by means of an immunofluores-
cence assay with thodamine:labeled anti-lambda anti:
by [anti ), synthesizes monodonal light chains, which
are best identified by immunofisation {IF) of serum and
wrine. The light chasns can produce amyloid depasits in
virtually every organ, with the esception of parendhymal
brain tssue. Percentages indicate the frequency of dom:
inart organ involvernent. Only cne guarter of the pa-
teerits hiad irreclve ment of a single organ at presentation;
the remamning patients had involwernent of two organs
|36 percent] or thres or more organs (39 percent]. The
heart mass can be maskedly increased, and the intersen-
tricular septum ks thickened. Ireclvemsert of the gastro-
intestinal tract may cause lifethreatening bleeding.
Shown s one example of peripheral nemvous system in-
valvement: infiltration of the canpal tunnel by amyloid,
which may damage the median nerve, with consequernt
marked hypobrophy of the hand muscles. Soft bssues
that may be infiltrated by amylaid sndude the tongue and
the submandibular regions; brussing is typical and is
caused by vascular fragility resulting from the infiltration
of the vessel walls by amyloed (a5 inducated by the apple-
gresn birefringence on polanzed light microscopy].

and the presence of bl seeds. Specific imnteractions
with tissue glycosaminoglycans® or cell-surface re-
ceptors such as the receptor for advanced glycation
end-products (RAGE) may be mmportant.®” [y AL
amylaidesis, recognition of particular fissue con-
stituents (Le., collagen)®® by amyloidogenic light
chains may determine the specificity of tissue depo-
sitton. Aspecific kidney tropism of the A light chains
derived from the 50 germ-line gene has been dem-
onstrated 5% the tropism may occur because of the
mteraction of these proteins with mesangial cells 52

MECHANISM OF TISSUE DAMAGE
There is [vely debate about the mechanism by which
aggregation causes tssue damage and organ dys-
function. The deposition of Laege amounts of fibeil-
lar material can subvert the tissue architectare and
consequently cause organ dysfunction. Amyloid
fibrils may also canse organ dysfunction by inter-
acting with local receptors, such as BAGE.#770 In
Alzheimers disease, an inflammatory response n
the cerebral cortex elicited by the progressive acou-
mulation of AJ contributes to the pathogenesis of
the disease. ™ [n A% and transthyretin amyloidosis,
soluble oligomeric intermediates of fibril assembly
arecytotoxic in vitre”-75 and inviva. ™ Soluble fiknl
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precursors are likely to be the quaternary structures
that mediate cellular toxicity through a mechanism
that causes oxidative stress and activates the apop-
totic pathway. According to this hypothests, mature
amyloid fibnllary deposits are inactive proteina-
ceous reservoirs that are in equilibrium with small-
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er, putatively toxic assemblies? (ordered aggre-
gates). Several clinical clues suggest that in AL
amyloidosis as well, soluble oligomers are cytotoxic
and contribute to organ dysfunction. For example,
peripheral neuropathy and renal and cardiac func-
tion improve dramatically after chemotherapy has

AUGUST 7, 2003

Downloaded from www.nejm.org at SERRA on January 08, 2004.
Caopyright © 2002 Massachusetis Medical Soociety. All rights reserved.

Penpheral nervous sys

5901

Page | 32




502

Th NEW ENGLAND JOURMAL off MEDICINE

halted the prodoction of amyloidomenic light chains
but before the expected resolutton of amyloid de-
posits.”**¢ The ongoing elucidation of the mecha-
nism of tissue damage by other amyloid proteins
may ultimately redivect therapeutic etforts.

CIAGNGSTIC PRGELEMS AND FITFALLS

The number of recopnized amyloidogenic proteins
1= cver expanding, posing increasing difficulties m
formulating a correct diagnosis. Unequivocal iden-
tification of the deposited amyloidogenic protein is
essential in order to aveid misdiagnosis and inap-
propriate trestment, (o assess the prognosis, and to
offer penetic counseling when appropriate. 2 The
diagnostic approach is multidisciplinary and de-
mands carcful elinical evaluation combined with re-
fined histochemical stdies,™ biochemical tests #o
genetic analyses,™ 2 and possibly functional imag-
mg studics (for cerebeal amylordosis).#t The pres-
ence of a family history 1s important in the diagno-
sis of hereditary systemic amyloidoses. However,
the clincal oneet of these awtosomal domimant dis-
cases can be modulated by genetic or environmen-
tal factors or both. Furthermore, a low penetrance
in carriers of the mutation, the imvolvement of or-
gans usually attected m acquired (AL and AA) amy-
loidoses (the heart, Iver, kidneys, and penpheral
nervous system), and filure obimmunchistochem-
tcal typing to identify the mutant protein can lead
to the misdiagnosis of hereditary systemic amylos-
dosis as an scquired syndeome. ™20 These factors
are important because early diagnosis is the key to
cffective treatment #2

MOLECULAR TARGETS AND THERAPEUTIC
STRATEGIES

Amyloid deposits can be reabsorbed and organ
dysfunction reversed if the synthesis of the amy-
loidogenic protein is shut down. There seems to be
a fine balance between the rate at which amyloid is
formed and its clearance. [t may therefore be possi-
ble to promote the resorption of amyloid by redue-
mg the concentration of the amylosdogenic protemn
to a level below a critical threshold and not neces-
sarily eliminating the precursor. This principle 15
supported by the excellent outcome of liver trans-
plantation in patients with hereditary apolipopro-
tein A-1 amylowdosis, which can decrease the supply
of the amyloid fikril precursor by 50 percent. #3 The
same principle also applics to the new formation of
amylowd: to halt the pathogenic process, it may be
sufficient to reduce the concentration of the pre-

cursor to a level belowr the threshold atwhich oligo-
miers foem. Further studies are necessary to define
these thresholds in order to exploat them in clinical
SEALITES.

The mechanism of resorption is =l unknown,
although recent data obtamned in studies of Immu-
natherapy for A8 amyloidosis mdicate that phago-
cytosts has a substantial role # Knowledge of the
amyloidogenic pathway (Fig. 4) 15 the basis of some
recently proposed therapeutic strategies.

EFFECTIVE THERAPIES
At present, the most eftective approach to the treat-
mient of the systemic amyvloidoses mwvolves shuting
down or substantially reducing the synthesis of the
amylowd precursor. In AL amylowdosis, reduction or
climination of the amyloidogenic clone by chemo-
therapy almost invarably improves the function of
the affected organs.** 7545 In reactive amyloidosis
{AA), control of the underying inflammatory disor-
ders can result in regression of the disease. In fa-
mitlial Mediterranean fever, which belongs to the
cxpanding group of hereditary periodic fever syn-
deomes, colchicine controls the febrile attacks and
the synthesis of the acute-phase protein SAA, pre-
venting amylowd from forming and reversing amy-
loid-induced crgan dysfunction. ® Similarly, the re-
cent identification of the genetic defects in other
syndromes of periodic fever has led to several break-
throughs m the understanding of the molecular
basis of the inflammatory response®*#® and has
opened the way to taillored therapies for these syn-
dromes. # In transthyretin amyloidosis, elimination
of the circulasing pathogenic peotein by means of
liver transplantation arrests the progression of the
neurolegic symptoms, **although wild-type protein
may continue to be added to the existing deposits
i the myocardiem, 5# This finding suggests that Lv-
er transplantation should be pertormed eacly, before
amylowd nuclet have been deposited in the heart.

FUTURE PERSPECTIVES
The concentration of amvleid protein could be re-
duced by intertering with the expression of the cor-
responding gene by means of antsense oligonucle-
otides and small intertering RNA. These strategies
hawe proved successful expenmentally in reducing
the synthesis of amyloidogenic light chams®t and
of 1 neurotoxic polyelutamine disease protein that
forms nonamyloid intracellular aparegates #: How-
ever, technical difficulties related to targetme specit-
i messenger RNA and to modulating the mtracel-
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lular concentration of small interfenng RHA need
to be overcome before clinical applications become
frasible.

The conversion of natve, fully folded protem
mto a highly amyloidosenic, paraally folded con-
former can be blocked by stabilizing natve proteins
with a specific ligand. In vitro studies have shown
that stabilization of the transthyretin tetramer with
the natural ligand thyroxin inhibits the formation of
fibrils.”s These results have led to structure-based
designs, which in turn have vielded several structur-
ally distinet famitlies of small higands that stabilize
the transthyretin tetramer and inhibit the formaton
of amvlowd fibnls. ™ Problems persist inviva with re-
gard to the specificity with which these small mole-
cules bind to transthyretin and to the high dose
required to saturate circulating transthyretin. In
principle, this approach is applicable to the numer-
ous other amylordogenic proteins for which a sta-
bilizing ligand can be identified.

The inhibition of proteases that penerate amy-
loidogenic fragments s another approach. In Alz-
heimer's disease, the inhubition of 8- and -secre-
tases that generate the amyloidogenic peptide is a
leadimg therapeutic strategy,*s although the toxiciny
of y-secretase and the selectvity of S-secectase in-
fubitors are magor unresolved issues. Epidemiolegic
studies indicate that statins [cholesterol-lowenng
drugs) might prevent Alzheimer's discase, * proba-
bly by modulating the ability of seceetases to cleave
the amvloid precurser. Also, certain antuntlammea-
tory drugs used in the treatment of Alzheimer’s dis-
case miay have direct etfects on secretases.®? As other
peoteases involved in amyvloidosenesis are idens-
fied (e.g., furin for gelsolin®® and the amyloid ARo
protein), they will become targets for specific in-
hibitors.

All the compounds that inhibit the formation of
fibral nuclel could prove important, both to prevent
the deposttion of amyleid and to avoid the oytotos-
wcity of the soluble clipomers. Synthetic peptides
that bind natural amyloidogenie peptides and pre-
vent further polymenzation have aleeady been de-
stgned®®** and used successfully in vitro®™ and m
transgenic mice with amyloidosis. 19 The effect of
chelation of metal ions (copper and zine) in modu-
lating the aggregation of A7 15 also being stud-
ved 11 Amylosd-mduced cytotoxicity can be mitigat-
od by compounds that inhibae the toxic mediators,

such a= free radical scavengers and antioxidants, 2
and by mhibifors and antaponists of cell-surtace re-
ceplors. ?

Another approach works directly on amwloid de-
posits targeting the comman fibrillar architecture
and common protective elements. Molecules capa-
ble of cleaning SAP from amyloid deposits®®2 or of
mhibiting their mteraction with glycosaminoghy-
cansi®* have been designed and tested in animal
models and phase 2 climical trials. Several small
ligands avidly bind the common wltrastructure of
amyloid fibrils; iodinated anthracycline {4'-10do-
£-deoxydoxorubicin) is 2 prototype of these mol-
coules. It binds specifically and with high affnty to
all the natural amyloid fibrils and promates the dis-
aggregation of fibals both iovitrot®4.305 and in vi-
vo.1%% Howewver, its clinical efficacy remains to be
determined 1or.a0s

An innovative approach 1s immunization against
fibrllar proteins. The immune response to these
proteins increases the clearance of amyvloid depos-
its. [n transgenic mouse models of Alzheimer's dis-
case, mmunization with the A8 peptide attenuates
cxisting abnormalities and prevents neurodegen-
cration. 194119 However, phase 2 clinical trials with
an A2 vaccine were stopped when a central nervous
svstem inflammatory rezction occurred m some pa-
tients. 111 Manipulation of the Immunization pro-
tocols might circumyent this problem. 112 This ap-
proach also seems viable as an mtervention m prion
disease1? and in hight-chain amylowdosis 11+

The increase in our knowledge of the structure
and abnormial metabolism of the proteins mvolved
m amvlodoses 1s closely paralleled by the search for
remedies for this disease, On both fronts, the rate of
progress ks rapidly accelerating, hence legitimizing
the hope that effective therapy, exploining integrated
strategies, will soon become a reality.
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Tutorial 6 — Drug Design

What is the Purpose of Tutorial 6?

e How drugs are designed

The complexity of drug testing

How Amyloidosis are tackled pharmacology

Feedback on the draft assignment

Prepare for the final assignment and the mini conference
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How Do @W@g Work?

Examples from the PDB archive

PROTEINS are tiny molecular machines that perform most of the tasks needed 1o keep cells alive. These machines are far too small
1o see, so you might imagine that it is impossible to affect their action. However, drugs can be used to tum proteins on or off.
DRUGS are small molecules that bind 1o one specific protein and modify its action. Some very powerful drugs, such as
antibiotics or anticancer drugs, are used to completely disable a critical molecular machine. These drugs can kill a bacterial or
cancer cell. Other molecules, such as aspirin, gently block less-critical proteins for a few hours. With the use of these drugs,
we can make changes inside our own cells, such as the blocking of pain signals. Many structures of drugs that bind to proteins
have been determined by scientists. These atomic structures allow us to see how drugs work, and perhaps how to modify them
to improve their action. A few examples are shown here. Some of these drugs, like penicillin, were discovered in nature. Other
drugs, such as HIV protease inhibitors, were created by using the target protein structure to design new drug molecules. These
structures of proteins and drugs, along with many others, can be explored at the RCSB Protein Data Bank (PDB).

© © Antibiotics & Antivirals

Antibiotics and antiviral drugs are specific poisons. They need
o kill pathogenic organisms like bacteria and viruses without
poisoning the patient at the same time. Often, these drugs
attack proteins that are only found in the targeted bacterium or
virus and which are crucial for their survival or multiplication
For instance, penicillin attacks the enzyme that builds bacter-
ial cell walls, and HIV protease inhibitors like saquinavir
attack an enzyme that is needed for HIV maturation

1. D-alanyl-D-alanine carbaxypeptidase with penicillin (1pwe)
2. HIV protease with saquinavir (1hxb)

© © Anticancer Chemotherapy

Cancer cells grow and multiply without control. Since these
cells are still similar to normal cells, it is difficult to kill them
selectively with drugs that can’t distinguish between the two
Many drugs currently used for cancer chemotherapy attack all
growing cells, including cancer cells and normal cells. This
causes the severe side effects of cancer chemotherapy because
the drugs attack rapidly-growing cells in hair follicles and the
stomach. Two examples are shown here. Bleomycin attacks
DNA in actively growing cells, often cleaving the DNA chain
and killing the cell. Paclitaxel (Taxol) binds to tubulin,
preventing the action of microtubules during cell division

3. DNA with bleomyan {Tmxk)
4. Tubaulin with taxol {1j#)

87 Drug Metabolism

You have probably noticed that when you take drugs, the effecs
gradually wear off in a few hours. Enzymes like cytochrome P450
continually search for drugs and destroy them. This is important
because it protects us from poisonous molecules in our diet and
in the environment, but it means that we have to take multuple
doses of drugs when being treated for a disease.

5. Cytochrome P450 3A4 with erythromycin (2jod)

I
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Tutorial 6 — Notes

Tutorial 6- Homework: Final Assignment

For your final assignment you will have to read the given material and carry out research about a specific
type of Amyloidosis and prepare a report (max 2 A4 sides with no pictures, otherwise 3 with pictures) and
a presentation [10 minutes (8-10 slides max)] where you need to:
e List the characteristic of the disease;
e Compare the disease with Alzheimer’s highlighting the differences;
Explain the current therapeutic strategies;
Hypothesize a possible target for the treatment of the disease
The best presentations will be chosen and presented to the classroom.
Suggested Websites: www.proteopedia.org
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http://www.proteopedia.org/

Tutorial 7- Mini conference - Feedback
The best and more interesting pieces of work will be presented to the classroom in a scientific conference.

What is the Purpose of Tutorial 7?

e Reflect on skills learned on the programme with a view to encouraging resilience

e Receive feedback on final assignment

What are the key questions?

e  What strengths have | demonstrated in my work and what areas of development are there left for me to
address?

e What steps do | need to take to improve my academic output?

Activity 2 — Marking your own

Using the mark scheme, identify three things you did well and three things you could improve.

What went well?

What could be improved?

Activity 3 — Responding to feedback

Read through your feedback sheet and highlight on your assignment where you received positive feedback (one
colour) and areas for improvement (different colour). You might find it helpful to annotate this with a brief
comment or two.
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(Acknowledgement: The structure and the activities in this feedback tutorial were first designed by Hannah Manktelow in January 2015. We
have repeated them here as they demonstrate thoughtful and excellent planning, and can be used by all tutors to ensure a successful and
productive feedback tutorial.)

University Applications Guidance

For course choices and careers information: www.brightknowledge.org.uk
For information and statistics on universities and course: www.unistats.direct.gov.uk

For comprehensive information on universities, including rankings:
www.thecompleteuniversityguide.co.uk

PLEASE NOTE — The Scholars Programme is designed to support the university applications process at your
school. The work you complete for the programme should add to your schoolwork rather than detract

Subject Specific Top Tips for Strengthening your application

What could you read around the subject?

Suggestions of podcasts/videos that can be found online? Are there any age-appropriate, good films
on this topic?

What cheap or free events and talks would it be good to attend?
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