You Must Know

The role of dehydration synthesis in the formation
of organic compounds and hydrolysis in the
digestion of organic compounds.

How to recognize the 4 biologically important organic
compounds (carbs, lipids, proteins, nucleic acids) by
their structural formulas.

The cellular functions of all four organic compounds.
The 4 structural levels of proteins

How proteins reach their final shape (conformation)
and the denaturing impact that heat and pH can have
on protein structure



Monomers Polymers Macromolecules

*Small organic *Long molecules of monomers  *Giant molecules

*Used for building blocks of *With many identical or similar ~ *2 or more polymers bonded
polymers blocks linked by covalent bonds together

*Connects with condensation

reaction (dehydration synthesis)

ie. amino acid = peptide =2 polypeptide = protein

smaller > 131’ g Ccr



Dehydration Synthesis

(Condensation Reaction) Hydrolysis

Make polymers Breakdown polymers

Monomers = Polymers Polymers = Monomers

A+B—> AB AB > A+B

B+ — B+ Ho0 -+H20—).+.




(2) Dehydration reaction: synthesizing a polymer

Short polymer Unlinked monomer

Dehydration removes |\_

a water molecule, ~ - @

forming a new bond.

Longer polymer

(b) Hydrolysis: breaking down a polymer

Hydrolysis adds ok @
a water molecule,

'

breaking a bond. |/

HO—{ 1— \;' ;:; J—H




I. Proteins

*  50% dry weight of cells
e Contains: C, H, O, N, S

Myoglobin protein



Protein Functions (+ examples)

 Enzymes (lactase)

* Detfense (antibodies)

* Storage (milk protein = casein)
* Transport (hemoglobin)
 Hormones (1nsulin)

* Receptors

 Movement (motor proteins)

* Structure (keratin)



Overview of protein functions

Enzymatic proteins

Function: Selective acceleration of chemical reactions

Example: Digestive enzymes catalyze the hydrolysis
of bonds in food molecules.

-

- Enzyme

Defensive proteins

Function: Protection against disease
Example: Antibodies inactivate and help destroy
viruses and bacteria.
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Storage proteins

Function: Storage of amino acids

Examples: Casein, the protein of milk, is the major
source of amino acids for bhaby mammals. Plants have
storage proteins in their seeds. Ovalbumin is the
protein of egg white, used as an amino acid source
for the developing embryo.

e

Amino acids
for embryo

Ovalbumin

Transport proteins

Function: Transport of substances

Examples: Hemoglobin, the iron-containing protein of
vertebrate blood, transports oxygen from the lungs to
other parts of the body. Other proteins transport
molecules across cell membranes.
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Overview of protein functions

Hormonal proteins

Function: Ccordination of an organism’s activities

Example: Insulin. a hormone secrated by the
pancreas, causes other tissues to take up glucose,
thus regulating blood sugar concentration.
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Receptor proteins

Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a
nerve cell detect signaling mclecules relezased by
other nerve cells.

- Receptor
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Contractile and motor proteins

Function: Movement

Examples: Motor proteins are responsible for the
undulations of cilia and flagella. Actin and myosin
proteins are responsible for the contraction of
muscles.

Actin Myosin

Structural proteins

Function: Support

Examples: Koratin is the protein of hair, horns,
feathers, and other skin appendacges. Insects and
spiders use silk fibers to make their cocoons and webs,
respectively. Collagen and elzstin proteins provide a
fibrous framework in animal connective tissues.
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Four I.evels of Protein Structure

1. Primary
- Amino acid (AA) sequence s &
- 20 different AA’s |
- peptide bonds link AA’ *"\33%&‘»"‘4
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Amino Acid

R group = side chains  RCIUICIIEGE D)

Properties:
hydrophobic ‘ ,_ a carbon
hydrophilic i
ionic (acids & bases) N”_(l:_“ C\
“amino’” : -NH, _ «
“2cid” - -COOH Amino Carboxyl

group group



Nonpolar side chains; hydrophobic

Side chain
(R group)\ GH, CH, s ik
H CH, cH CH, H,C—CH

| . | |
HN—C—C— O~ HN*—C —C O~ KN C—C O H N O e O HN*—C—C 0"
: : i

oH
CH, CH, 3

£ ”

: ‘ |
H O H 0 H O H O H ©
Glycine Alanin2 Valine -eucine Isoeucine
(Gly cr G) (Ala or A) (ValorV) (Leuorl) (lle or 1)
CH, }
$ {
M. NH
CH, =/ LCH,
CH, CH, CH, HC CH,
n,w—é—cf:—o- MN—C—C—0 n,n'—{:—tl:~o- HN—C—C—O"
H O H O ) H O
Methionine Phenylalanine Tryptophan Proline
(Metor M) (Phe or F) (TrporW) (Pro o P)

Polar side chains; hydrophilic
NH, 0

NH.
¥ ,zO

c
3 Qh CH, o ) )
o, i on, oy ,
H¥—C—C—0" HN'—C—C—0" HN—C—C-0" HN—C—C—0 HN—CC0 KN—C—C-O
| H | ! |
H O W O H O H O H O H O

Serine Thresnine Cysteine Tyrosine Asparagine Clutamine
(Ser or S) (ThrorT) (Cys orC) (Tyr orY) (Asn or N) (GinorQ)

Electrically charged side chains; hydrophilic Basic (positively chamged)

NH,
C=NH,*
o 0 CH, NH
(- CH, CH,
CH, CH, CH,
CH, CH, CH,
"’"._?—?_O- HN'—C—C—0" HN'—C—C—0" u,u’—<;:—<i:—o~ HyN— :
H O H O H O H O H D
Aspartic acid  Glutamic acid Lysine Arginine Histidine
(Asg or D) (Glu or E) (Lys or K| (Arg or R) (Hig orH)

Acidic (negatively charged)
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(N-terminus)

001 Man E

New peplide
bond forming

Carboxyl end
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Four ILevels of Protein Structure (continued)

2. Secondary
- Gains 3-D shape (folds, coils) by H-bonding
- Alpha («) helix, Beta () pleated sheet

Secondary structure

Hydrogen bond
p pleated sheet

-
¥ —— 3 strand, shown as a flat

, A
R ? 9 arrow pointing toward

the carboxyl end

Hydrogen bond




Basic Principles of Protein Folding

A. Hydrophobic AA buried in interior of protein
(hydrophobic interactions)

B. Hydrophilic AA exposed on surface of protein
(hydrogen bonds)

C. Cysteines can form disulfide bonds.



Four ILevels of Protein Structure (continued)

3. Tertiary

- Bonding between side chains (R groups) of amino acids

- H bonds, ionic bonds, disulfide bridges, van der Waals

Interactions

van der Waals

l . -
L cI:u, CH, interactions
Disulfide | -
bridge—— | . :‘
-y i [ \lonic bond

\';j_::: :_ ” +H2 <I:H2

Polypeptide/
backbone




Four ILevels of Protein Structure (continued)

4. Quaternary

- 2+ polypeptides bond together

Polypeptide
chain

AChain.. 4

« Chain~"

(a) Callagen {b) Hemoglobin

Copwich: @ Pesscr Thcxilor 15 patllen o) s Becamin Commings



1n

D)
e}
=)
e,
w
=
° yum| .
= s
o N\
) )
> 8
— £
o o
\oF &
| m ' a\..v...a ") T A
9 o \ TR =D - A0 tawy
/ r.‘.uuqnu.w _...u.nonu.fu ..m
' m.. PM ..c. & T
0 ! , A0 -z vho . x =
° ! Q ey \\w\( \.\p
\. \.,\
m .\\ \\
p ’
.1 \%U// \\
S ) j
a e sr’ /W./ ..\
.__ L/ vm
Z1 ) m
o
\ y\ .m m
S o @
kil =

(d) Quaternary structure

(c) Tertiary structure
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Chaperonins assist in proper folding of
proteins

Carrectly
J folded

[h ‘\— Polypeptide

protein

cylinder

Chaperonin Steps of Chaperonin - @ The cap attaches, causing &) The cap comes
(fully assembled) Action: the cylinder to change off, and the
@ An unfolded poly- shape in such a way that properly folded
peptide enters the it creates a hydrophilic protein is
cylinder from environmenti for the released.
one end. folding of the polypeptide.




* Protein structure and function are sensitive to
chemical and physical conditions

* Unfolds or denatures if pH and temperature
are not optimal




change in structure = change in function

Secondary
and Tertiary
Structures

| @ Normal Molecules do not

- ) hemoglobin = associate with one
2D ’

;«.;\? another; each carries
30D : oxygen. |
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Red Blood
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Structure
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I1. Nucleic Acids

Function: store hereditary info

DNA RNA

Double-stranded helix Single-stranded

N-bases: A, G, C, Thymine N-bases: A, G, C, Uraci/
Stores hereditary info Carry info from DNA to
Longer/larger ribosomes

Sugar: deoxyribose tRINA, tRNA, mRNA,
RNA1

Sugar: ribose




Nucleotides: monomer of DNA/RNA

Nucleotide = Sugar + Phosphate + Nitrogen Base

Nucleoside
I_/_\
Nitrcgenous
base

—1'C
Phosphate 3’
group Sugar

(pentose)

(b) Nucleolide

(a) Polynucleotide, or nucleic acid



Nucleotide

: A-T
Nitrogen
G-C
base
Purines Pyrimidines

5-C sugar

*Adenine *Cytosine

*Guanine *Thymine (DNA)
*Uracil (RNNA)

S 3
HOCH, o OH HOCH, o OH
PR AN

4"‘!“! H H N

H'l:“ H!!
CH H OH OH

*Double ring Single ring

Deoxyribose [in DNA} Ribose {in RNA)




Nitrogenous bases
Pyrimidines
i
5 _CH
N~ S s

| I
CH

H
H

Cytosine Thymine Uracil
(C) (T, in DNA) (U, in RNA)

Sugars

i 5 5
Budnes HOCH, ; OH  HOCH, , OH

Deoxyribose Ribose
Adenine (A) Guanine (G) (in DNA) (in ANA)

(c) Nucleoside components




Information flow in a cell:
DNA - RNA - protein

3

&) Synthesis of

mRNA l e

NUCLEUS l
CYTOPLASM

-.mRNA

¢) Movement of /-—‘
mRENA into Ribosome

cytoplasm

&) Synthesis “_

of protein




II1. Carbohydrates

Fuel and building material

Include simple sugars (fructose) and polymers (starch)

Ratio of 1 carbon: 2 hydrogen: 1 oxygen or CH,O

monosaccharide = disaccharide = polysaccharide

Monosaccharides = monomers (eg. glucose, ribose)

Polysaccharides:

Differ in
position &

s Storage (plants-starch, animals-glycogen)

= Structure (plant-cellulose, arthropod-chitin) ¢ orientation of
glycosidic

linkage




Aldoses (Aldehyde Sugars) Ketoses (Ketone Sugars)

Trioses: 3-carbon sugars (C,H,0,)

!
H-—C-—OH
H—C—OH

1
H

Glyceraldehyde Dihydroxyacetone

Pentoses: 5-carbon sugars (C¢H,,0,)

H O
%
|
H—C—OH
H-—-C—OH
H—C—OH
H-—C—OH
H

Ribose Ribulose

Hexoses: 6-carbon sugars (C,H,,0,)

0 H

H C OH
HO—G—h
H-C-OH HO—C—H

H—C—OH
H—C—OH
|
H

Glucose

H,
\?/
H C OH
HO—C—H

H—C—OH

H—C—OH
H

Galactose

H-—C—OH

-0
HO—C—H
H-—C—OH
H—C—OH
H <I: ‘OH

H
Fructose

The structure and
classification of
some
monosaccharides



(a) Linear and ring forms

CH,OH
6

H/éls_

OH

(b) Abbreviated ring structure

Linear and ring forms of glucose




CH,OH
H /I O H 0 Hglycosndlc H

1 i nkage 4
OH H ;
H

Glucose ' Glucose Maltose

(a) Dehydration reaction in the synthesis of maltose

CH,OH

1-2 CH,OH
H /4_0 H glycosidic 8 H
H 1 linkage 2

OH H \0/ H HO

H OH OH H

Glucose Sucrose

(b) Dehydration reaction in the synthesis of sucrose

Carbohydrate synthesis




Cellulose vs. Starch

Two Forms of Glucose: o glucose & [ glucose

H OH
a Glucose B Glucose

(a) a and B glucose ring structures




Cellulose vs. Starch
e Starch = o glucose monomers

e Cellulose = } glucose monomers

CH,OH CH,OH CH,OH CH,OH

+—0 Jprers 0

-0
1 4
- owowo OH DoAOH ) .
OH CH OH OH

(b) Starch: 1-4 linkage of a glucose monomers

CH,OH CH,OH

(c) Cellulose: 1-4 linkage of B glucose monomers




Chloroplast Starch granules

(a) Starch
a plant polysaccharide

Mitochondria Glycogen granules
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(b) Glycogen
an ammal polysaccharnde
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Storage polysaccharides of plants (starch) and animals (glycogen)
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Structural polysaccharides: cellulose & chitin (exoskeleton)



I1. Lipids

A. Fats (triglyceride): store energy
Glycerol + 3 Fatty Acids

saturated, unsaturated, polyunsaturated

B. Steroids: cholesterol and hormones

C. Phospholipids: lipid bilayer of cell

membrane

hydrophilic head, hydrophobic tails

m —— Hydrophilic head
M

< Hydrophobic tail




Fatty acid
(in this case, palmitic acid)

Glycerol
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(b) Fat molecule (triacylglycerol)




DR Qleic
o O , acid
(S R

Double 2ot

bond causes
bending

(a) Saturatad fatl and {atty acid {b) Unsaturatad fat and fatty acid

Canwishe & Pecrzar Fdusaben, Ina puz8thing na Barjamin Jamming:

Saturated Unsaturated Polyunsaturated

“saturated” with H Have some C=C, result in kinks
In animals In plants
Solid at room temp. Liquid at room temp.

Eg. butter, lard Eg. corn oil, olive oil



Cholesterol, a steroid



Hydrophilic head

[ \j— Hydrophilic
head

/= Hydrophobic
tails

2
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(a) Structural formula (b) Space-filling model (c) Phospholipid symbol

The structure of a phospholipid




Hydrophobic/hydrophilic interactions make a
phospholipid bilayer

WATER

Hydrophilic
head

(a) Micelle
Hydrophobic
tail

WW ': ! '|l||| "

bilayer 'IH || ﬂ' | lli '| RIRk

(b) Phospholipid




Large Biological Molecules
concerr 5 9

Carbohydrates serve as fuel
and bullding material

concerT .2}

Lipids are a diverse group
of hydrophobic molecules

concert .4

Proteins include a diversity
of structures, resulting in a
wide range of functions

CONCEPT ).))

Nucleic acids store, transmit,
and help express hereditary
information

Components

CH,OH

H OH

Monosaccharide monomer

Giycerol

1 3 fatty

[ ackis

——Head
with(F)

g _’_:—2 'l!?y
< ocids

Storokd backbomne

o
|R)
Nl

Amino ackd monomer
(20 types)

Nuckotide monomer

Examples

Monosaccharides: glucose,
Inxctose

Disaccharides: lactose, sucrose
Polysaccharides:

¢ Celbulose (plants)

* Starch (plants)

* Glycogen (animals)

o Chitin (anirmals and fungi)

Triacylglycerols (fats or ods)
ghycerol + 3 fatty ackds

Phospholipids: phasphate group
+ 2 fatty acids

Steroids: lour fused nings with
attached chemical groups

* Enaymes

* Struciural protens
* Storage proleins

¢ Trarsport proteins
* Hoemones

¢ Re<eplor proteins
* Motor perolewns

* Defensive protens

ONA: MWW
* Sugar = deoxyribose

* Nitrogenous bases = C, G, A T

¢ Usually double-stranded

RNA: 77NN

* Sugar = ribase

* Nutrogenous bases = C, G, A U
¢ Usually sngle-stranded

Functions

Fueld, carbon sources that can be con-
verted 10 other molecules or combined
into polymers

¢ Strengthens plant cell walls

* Stores glucose for energy

*» Stores glucose for energy

* Strengthens exoskeletons and fungal
cell walls

Imponant energy source

!
—

(o
S

Lipsd bilayers of membranes

Hydrophcbio
/ /( talls

y

Hydrophitic ._
heads

* Component of cell membranes
(cholesterol)

¢ Signaling molecudes that travel through
the body (hormones)

* Catalyze chemical reactions

* Provide structural supporet

* Store amino acids

¢ Transport substances

+ Coordinate organismal responses
* Receive signals from outside cell
* Function in cell movement

* Protect aganst disease

Stores hereditary information

Vasious functions dunng gene
expression, including carrying
instructions from DNA to ribosomes
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