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Protein Functions

Provide structure and execute
most functions.

Enzymes : facilitate reactions
Channels: transport across
membranes

Receptors: for signals
Motors: along microtubules
Messages: between cells and
within

Regulators: control DNA
transcription

Carriers: of oxygen, iron...

proteins provide many essential
functions in the body:

digestive enzymes support the regulation

help facilitate and expression
chemical reactions of DNA and RNA

antibodies support
immune function

support muscle move essential
contraction ) |\ molecules around

& movement \ = % the body

provide support hormones help
to the body coordinate
bodily function




Function determined by

shape

The shape
coordinates the
chemical interactions
of molecules
associate with it.
Only interacts with
specific molecules.
How is the shape
determined?

amino acid side chains

unfolded protein

FOLDING

binding site

folded protein

transcarbamoylase







Amino Acid Sequence

Proteins are strings of amino acids (peptides). 20 common

. . . . . Hydrophilic ydrophobic
amino acids used in human proteins. Every protein has a e Chas e s
unique amino acid sequence. Although all amino acids have Tl |
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same basic backbone, they have different side chains that R, - WY
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react with other side chains: hydrophobic, hydrophilic, sulphur A “’3>m iy i
bonding, hydrogen binding etc. W e
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polar nonpolar
side chains side chains

e - ‘éb

hydrophobic hydrogen bonds S h a pe iS C ru Ci a I tO

core region can be formed to

contains the polar side chains fu nCtiO n

nonpolar on the outside of

side chains the molecule

unfolded polypeptide folded conformation in aqueous environment ~ An improperly folded protein can
Figure 4-5 Essi U nfo l d Ed . .
be toxic, so folding may be
facilitated by chaperone proteins
(eg misfolded membrane
transport protein in cystic
fibrosis, amyloid in Alzheimer’s,
Parkinson’s and Huntington’s,
o prions in mad-cow)
Properly folded Toxic protein

protein clump



Amino acids make proteins

The order of the amino acids in the peptide
creates folding in specific ways, which is
crucial to its function. Mutations cause

m/sfold/ng
@ .
oo, »

amino acids peptide protein

misfolded protain

5B

unfolded protein

toxic

folded protain
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Primary structure

Primary
structure

tertiary
structure

quaternary
structure




Protein synthesis

Active genes are transcribed
into RNA in the nucleus, spliced
to assemble just the exons into
messenger RNA. The mRNA
leaves the nucleus through the
pores. In the cytoplasm, the

CYTOPLASM

mMRNA must attach to a MRNA Qe AAA
ribosome to start being Translation
translated into amino acid a.a. chain 0970000 P00
chains, which fold into proteins. 1 Folding

Protein @



Ribosomes

Ribosome offers a
platform where
transfer RNAs (tRNA)
can align with mRNA.
Ribosomes are
assembled in the
cytoplasm from
ribosomal RNA
subunits transcribed in
nucleolus.

Amino acids

Growing
protein chain

Ribosome

tRNA

MRNA



Transfer RNA

The mRNA has codons (sets of 3 bases) that

;;ﬁﬂi]“fc‘;fl match with anti-codons on the tRNA. Each
different 3 letter anti-codon carries a distinct
2. XX U \v2 | TRANSFER amino acid. So, the order of codons in mRNA
~| RNA directs the order of the amino acids.
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Translation

incoming tRNA
bound to an
amino acid

outgoing

mpty tRNA

anticodon

ol

growing
\ peptide

carboxyl

[\U/.\U/‘.ﬁl MmMRNA

tRNA - transfer RNA
MRNA - messenger RNA
rRNA - ribosomal RNA

codon




Free/bound ribosomes

Mitochondria

Intermediate

filament Plasma

membrane
Ribosomes

Free ribosomes float free in the
cytoplasm and synthesize proteins HEUan Siiopeac
mostly for use within the cell.

Bound ribosomes on rough

Microtubule

Nucleus i s — Centrosome

endoplasmic reticulum synthesize et Ml
. ) \
proteins for export (secretion), or P
to make some cell organelles or to Lysosome
use in lysosomes, for digestion. Golgi
apparatus Smooth endoplasmic
reticulum

Secretory vesicle

Golgi vesicle Peroxisome

Cytoplasm Vacuole



Scaffolding aligns free proteins

Proteins that are
translated by free

. . unstructured scaﬁq[d

ribosomes in the foglon o e~ protein

crowded busy - Ay L

cytosol maY be 18 ' rapid ;E e _  a

assembled into | 7 collisions | ( _I .{_., . %

larger structures / ® - { | N

by scaffolding | ¢\ | Goiples
. . structured interacting

proteins domain proteins scaffold ready

(chaperone for reuse

proteins).



ER

A network of membranes within the cell.
Rough:

Proteins made by bound ribosomes are
released inside the cisternae of the rER.
There proteins are folded by chaperone
proteins and modified by adding
carbohydrate tags. Released in transport *

Smooth ER

Rough ER
vesicles. Rough smaath
Smooth: endoplasmic reticulum endoplasmic reticulum
) . (RER) (SER)
Synthesis of lipids and cholesterol for ARG BHAN e o TS
SIS
»
membranes ;-Jw* a,,,f"i;i ‘f‘g‘
. . LT 'l'l "n-'t‘ﬂ:-'ﬂﬂ e
Synthesis of steroid hormones ﬁ" E‘@* i &H&{H
Synthesis of glycogen (store glucose) 1’-"% Al Aot ED
Gt ;u.m; 35
. . .-lli-*"i,ll_..-.-.lr-.. . I! '-.-I-..-.. o P L
Control calcium concentrations (muscle) q‘.:"*-r @”%ﬁiﬁ*ﬂ* R s
-"‘-"—'-.".p'_—u- ks .

Detox drugs, bilirubin (liver) B y lm‘i'.ﬂﬂﬂ&iﬁ -



Growing protein injected into rER lumen




Rough Endoplasmic Reticulum packaging

Inside the rER, add sugars (glycolipids) or phospholipids
(membrane components) and packaged into vesicles.

transport
vesicle






Golgi apparatus: post

office

Proteins are
further
modified and
sorted as they
move through
the layers of
cisternae.

TRANSPORT
VESICLE

From RER

CISTERNAE

SECRETORY
VESICLE

NUCLEUS

ROUGH ENDOPLASMIC
RETICULUM

GOLGI APPARATUS

CYTOPLASM

FUNCTION

TRANSPORT VESICLES BRING
MOLECULES from ROUGH
ENDOPLASMIC RETICULUM

MOLECVULES FUSE with
MEMBRANE & are SORTED
BASED on DESTINATION

MOLECULES UNDERGO
REMODELING &
MODIFICATIONS in CISTERNAE

MODIFIED MOLECULES are
SECRETED OVUT of CELL or to
ANOTHER ORGANELLE



Golgi Functions

1) Packages
secretions for
export
2)Renews
plasma
membrane
3)Packages
digestive
enzymes for
lysosomes

Secretory
vesicles

Secretory
product

La PN ey WL T R el

Golgi apparatu M x 42,000 |

Thashorr
vesicles

s

g e s e

Bl Here is a three-dimensional view of I Thisis a sectional view of the Golgi apparatus
the Golgi apparatus with a cut edge. of an active secretory cell.






Golgi Sorting

1) Secretory
(hormones,
enzymes) 7

2) Membrane
components
(entire cell
surface
replaced each
hour) 8

3) Digestive
lysosomes 9

| Synthesized

: o Transport vesicle
_ protein

Pl

Entry face cisterna

Ribosome

Medial cisterna

Exit face cistern:g z

~ Transfer
- vesicle

> o - Plasma
membrane

Secretory

vesicle

3

vesicle

Proteins in membrane
vesicle merge with

plasma membrane
Proteins exported -

from cell by exocytosis



Digestion

Lysosomes,
peroxisomes
and
proteasomes

Nuclear envelope
MNucleus

Chromatin
Mucleolus

D e | Plasma
Smooth endoplasmic — | 4 /(" J¢% 4 Sl membrane
reticulum 3 z o P . : e
Cytosol
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Mitochondrion

S 3 Rough
i endoplasmic
Geal:rtlrusame : reticulum
matrix

~7 A
% :

Ribosomes

.
- d
A .__'

Golgi apparatus
Microvilli
& e .'.';-g_-_':-'—Secretiun being released
Microfilament Py s from cell by exocytosis
Microtubule

Intermediate
filaments
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Digestion

Lysosomes: vesicles contain digestive
enzymes in highly acidic environment; fuse
with vesicles containing engulfed materials.
Degrade old organelles (autophagy) or
endocytosed particles. Fuel for cell.

Peroxisomes : vesicles contain enzymes that
breakdown fats and some drugs, using
hydrogen peroxide. Synthesize membrane
components for myelination.

Proteasomes: a protein complex, not a
vesicle. Denatured proteins bound to
ubiquitin are destroyed.
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o8 X \ :\
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Lysosomes

1) Digest food: 60 kinds of powerful digestive enzymes in an acid
(pH 5) environment created by active transport proton pumps.

Other membrane proteins transport products of digestion (glucose,
fatty acids and amino acids) from lysosome into cytosol.

Plasma L
membrane 7':“933“"8 enzymes
\ Lvsosome>’ n) <%
Lysosomes Digestiun

Food ," Food
a vacuole



2) Autophagy; 3) Autolysis (suicide)

Golgi
apparatus

Autolysis Iiberates
digestive enzymes '

Secondary
lysosome

3 =
Primary

lysosome

Secondary
lysosome

Extracellular @
solid or fluid

" Exocytosis
ejects residue

Exocytosis
ejects residue

Activation of lysosomes occurs when:

D

A primary lysosome fuses with the
membrane of another organelle, such
as a mitochondrion

A primary lysosome fuses with an
endosome containing fluid or solid
materials from outside the cell

The lysosomal membrane breaks

down during autolysis following injury
to, or death of, the cell



4) Extracellular digestion

Digest and remodel bone: release
Allow sperm to acids and digestive enzymes
penetrate egg e

4

6
Osteoclast
Chbl )
\/ Coac) (e
Lyfsr::rsf::ln*le-.H

f
|

#ith that ol the
REES 18 Nucheus

cCyte.




LYSOSOme ¢ Normally, B-hexosaminidase
Storage A helps to degrade a lipid
Diseases called GM2 ganglioside
¢ In Tay-Sachs individuals,
the enzyme 1s absent or

Several present only in very reduced .-
|V.5050ma| amounts, allowing excessive -
diseases, eg

accumulation of the GM2

Ta -SaChS * " - i x ) *-:-:...- Marafor iecied by Ta-Gache
Y ganglioside in neurons.

caused by
faulty
lysosomal
enzymes




Peroxisomes

Membrane-bound organelles that contain oxidative enzymes that:
-Detoxify alcohol (prevalent in liver and kidney) and other toxic molecules
-Use H,0, to breakdown fatty acids

-Help synthesize myelin, bile

Zellweger Syndrome: malfunctions of brain, liver, kidney

\_2- . Node of Ranvier

L |

. Layers of myelin
> N\ Axon

Schwann

cell

dann

“f Schw:
—r cell ) :
Avon Nodes of Nucleus of

Myelin sheath Ranvier Schwann cell




Proteasomes

Faulty, misfolded or
excess proteins are
tagged with ubiquitin
and digested.

o Proteasome
@ Ubiquitin Q and ubiquitin
o "o ? to be recycled
n I| - l.-'" -
Ty ;_,. Lo r)
; T )
Ubiquitinated Protein
be degraded protein . ) fragments
Protein entering a (peptides)

proteasome



. . Prions are misfolded proteins that can
PfOtEln FOIdIng cause misfolding in other proteins : mad-

cow (Creutzfeldt-Jacob)

FREE POLYRIBOSOMES 5 3

T
f o

5f'

ER-BOUND POLYRIBOSOMES
mRNA

Ribosome

Cisterna of
rough ER

\ Misfolded &

denatured proteins

Proteins of cytosol
& cytoskeleton y

Conjugated to ubiquitin

Golgi apparatus processing & sorting

ol

Secretory vesicles  Lysosomes

7\

Proteins secreted Proteins of cell
from cell membrane

Specific proteins imported to

N

Mitochondria Peroxisomes  Nucleus Proteasome
Protein degradation




The Great

Only 1.5% of the
human genome

codes for proteins.

Only 20% of these
are well studied.
The other 16,000
genes, and their
proteins, are
unknown!

“Unknome”

We all have 23 pairs of
chromosomes. One
pair of chromosomes
determines our sex.
The other 22 pairs of
chromosomes are
non-sex chromosomes
and determine things
like hair color and
our eve color,

Chromosome

Each chromosome IS
made up of many genes.

Ge ne Genes are made of a
secthion of a long molecule
called DNA. Genes carry
the genetic information.

D N DNA codes the
genetic information on

agene.



Covid Vaccine and mRNA

Knowing the amino
acid sequence of the
spike protein of the
virus, can make mRNA
that codes for that
protein. MRNA is a
short-lived molecule,
so encase in lipid
nanosphere. Injected
nanosphere fuses with
body cells, directs
them to make virus
protein. Immune
system makes Ab to
protein.

Vaccine

Antibodies and other

. . . immune cells
P Amino acid chain

Y
Cell ¥ ()

L ]
[ ]
[ ]
N Spike protein mRANA \\ Tl ' ‘
Ribosome Spike protein ‘
N

Cytoplasm Y

Nucleus

AN ¢ Degraded mRNA
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