Organic Macromolecules

e Carbohydrates

* Proteins
(O Valence o
; Elecirons ¢ LIpIdS
' * Nucleic Acids




We just can't
be together...

Is it because
I'm FAT?!




Organic chemistry
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» Biological thought:
P Vitalism (life force outside physical & chemical laws) Berzelius

» Mechanism (all natural phenomena are governed by physical &
chemical laws) Miller

» Carbon

P tetravalence
P Tetrahedron shape determines function



Hydrocarbons

* Only carbon & hydrogen

(petroleum; lipid ‘tails’)

* Covalent bonding;
nonpolar

* High energy storage

¢ ISomerS (same molecular formula, but

different structure & properties)

¢ Stru Ctu I'a |~differing covalent bonding

arrangement

* geometriC™ iffering spatial

arrangement

°*ena ntiO me rSNmirror images

pharmacological industry (thalidomide)

H
H C H
H H H H H H
n-igEc=oSeT H<C—C—C—H
H H H H H H H
(8) Structural Isomers: variation In coval Ienl pariners, as
shown in the ple of b and i
X X H X
c c c-c
H H X H

(b) Geometric isomers: variation In arrangement about a
double bond, (In these diagrams, “X" represents an atom
or group of atoms attached to & double-bonded carbon.)

COH COH
NH, El H H Ia NH,,
CHy CH,

(c) Enantiomers: variation in -pnunl arrangement around

fc carbon, g in molecules that are mirror
lmoqu Iike loft and right hands. Enantiomers cannot be
superimposed on each other.




Functional Groups, |

H H
Hc:: % o
HoH e Hydroxyl Group
- Attachments that replace * Hbonded to O; alcohols
one or more of the * polar (oxygen); solubility in
hydrogens bonded to the water
carbon skeleton of the e Carbonyl Group
hydrocarbon  C double bond to O;
* Each has a unique property * At end of HEICR: aldehyde

from one organic to another Otherwise: ketone

Carbonyl =

Ketones =0

Aldehydes —b=0




Functional Groups, Il

H
HyN—C—COOH
H
glycine

* Carboxyl Group O double
bonded to C to hydroxyl; carboxylic acids;
covalent bond between
O and H; polar;
dissociation, H ion

* Amino Group Nto2H
atoms; amines;
acts as a base (+1)

CH,O CH,0, H—C—Cu g

PCHzCH25H

* Sulfhydral Group sulfur bonded to H;
thiols

* Phosphate Group phosphate ion;
covalently attached by 1 of its
O to the C skeleton;




Polymers

* Covalent monomers

e Condensation reaction
(dehydration reaction):

One monomer provides a
hydroxyl group while the other
provides a hydrogen to form a
water molecule

* Hydrolysis:
bonds between monomers
are broken by adding water
(digestion)

Ho

Unlinked ™
monomer

HO = - —~ H HO- —~H
Short polymer Monomer
Coodonuuonl * H0
HO— — — — —H
Longer polymer
(a) Condensation (dehydration) synthesis of a polymer
HO H
.
Hydrolysis | H20
\J
HO H HO H

(b) Hydrolysis of a polymer
©1089 Aadkeon Wesley Longman, inc



Carbon
free

sugar -
really?




Carbohydrates, |

* Monosaccharides
CH20 formula;

— multiple hydroxyl (-oH)
groups and 1 carbonyl
(C=0) group:

— aldehyde (aldoses) sugar

ketone sugar

— cellular respiration;
raw material for amino acids
and fatty acids

ALDOSES

KeToses

TrioSE suaARs (C3HgO3)

H O
¢
H—-C—-OH
H—-C-OH

H
Glyceraldehyde

H
H—~C-OH
c-0
H—-C—-OH
H
Dihydroxyacetone

PENTOSE SUGARS (CsH100s)

T T T X

x

Ribulose

HexosE sucaRs (CgH206)

H 0O
V%
H C OH
HO—-C-H
H-C-OH
H-C-OH
H-C-OH

H
Glucose

H

HO

H

0-0-0-0-0-0-x
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H O
¢
H-C- OH
HO—C—H
HO—C—H
H—C—OH
H-C- OH

H
Galactose

Fructose



Carbohydrates,

CH20H CH20H CH20H 1-4 CH20H

H f— H H H y glycosidic ., H
| X 1 ""‘(!90 a/ H
OH HO~ 0 OH
H OH
GLUCOSE GLUCOSE MALTOSE

(a) Condensation synthesis of maltose

CH20H
glycosldlc CH20H O
\ y nnk-oo P
HO CH20H

(b) Sucrose

o —g:
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PDisaccha rides glycosidic linkage (covalent
bond) between 2 monosaccharides;
P covalent bond by dehydration reaction

>SUCFOSE (table sugar) most common disaccharide




Carbohydrates, Il

 Polysaccharides Storage:  Polysaccharides Structural:
Starch™ glucose monomers Cellulose™ most abundant
Plants: plastids Animals: glycogen organic compound;
Chitin™ exoskeletons; cell
walls of fungi; surgical thread
CH,OH CH,OH CH,OH CH,OH
(0] (0] (0] (0]
1 4
HO o o 0 OH
OH OH OH OH
(b) Starch: 1-4 linkage of o glucose monomers
CH,OH OH CH,OH OH
(0] (0]
(0] o]
@O
OH CH,OH OH CH,OH

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

Copyright & Pearson Education, Inc., publishing s Benjamin Cummings



Polysaccharides

Starch

o06eee

Cellulose

o0 0000

Glycogen

ii?ii:@:







CHO
H-C-OH
HO-C-H
H- C-OH

H- C- OH

CH,OH
Glucose

CHO

|
H-C-OH

|
HO-C-H
HO-C-H
H-C-OH

CH,0H
Galactose

CH,OH

-

|
C=0
|
HO-C-H

H-C- OH
H-C- OH

CHZOH
Fructose



CH,OH H OH CH,OH
H O (e} H H O O
Cellulose
HO H H & O H
H OH CHoOH H OH CH,OH

CH,OH CH,OH CH,OH CH,OH
i O H H O H H O H H O, H
Starch by o o o 1
H  OH H  OH H  OH H  OH
CH,OH CH,;0H CH,0OH CH;0OH
Oy O 4 H O H H O H H O, H
HO OH
H  OH H  OH H  OH H  OH

Chitin




o-glucose subunits -glucose subunits

CHZ0H CHZ0H CHo0H

o098

Starch: Chain of «-glucose subunits

Cellulose: Chain of B-glucose subunits

Glycogen: Branched chain of a-glucose subunits
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(g - ) B Aol el e lie] B
H C OH uo"c o e e e N fie e e
n-(‘:ou\“ Rl i TG, D Sl G T
Lipids NG =T
H-C OH
H
GLYCEROL
(a) Dehydration synthesis
No polymers; glycerol and fatty acid Ester linkage
. . . H 0 H H H H H
Fats, phospholipids, steroids . J,oc:é De e Ld el LA
. . H H ! H H | H | H H
Hydrophobic; H bonds in water excludefats -
?"rlo"r;c"uﬁlu?u.?n'rﬂu
Carboxyl group = fatty acid - Umag SR ar g aN de
H H H H
Non-polar C-H bonds in fatty acid ‘tails’ CHME S BV I S R
) ) ‘ H-C 0 C. ¢ ?ccé/c“:céc &S s‘:/-c,c,.n
Ester linkage: 3 fatty acids to 1 glycerol (dehydration - R L B L A
formation) e s

Triacyglycerol (triglyceride)

Saturated vs. unsaturated fats; single vs. double bonds

® acid
Al L
08 0HHSHHS

(a) Saturated fat and fatty acid (b) Unsaturated fat and fatty acid

Gy Ve € Vomesen [ b airs Vu. fadind wu) o5 Busganr Camwmrgn



Lipids,

R IR I A R I
HD—GH?#Qh?s?h?s?h?ﬁgu?#l._T:'h.rT:.-frT:h"I:.ﬂ?hlII:sH
HLoHLOHDHLHLH LH
H H H H H H H H
H Falty acid
H-C-0OH
AR B O A B I
H-C-OH HD_GHGHGIHEH‘I:H.EH?HEHGHGJGIHGHGIHEH‘?HGHH
¢ GHAEHLGHLGHLH R DHE
Fatty acid
H-C-OH
H
Glycerol "'T'H'T'IT' i H'ﬂl-"HHHI-'l'T'
HD GHGHGHEH‘FHE#EHEHGHGHGIHGHGH.E E E..-rH
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Copyright © 2001 by Benjamin Cummings,
an imprint of Addison Wesley



Phospholipids

* 2 fatty acids instead of
3 (phosphate group)

* ‘Tails” hydrophobic;
‘heads’ hydrophilic

* Micelle (phospholipid
droplet in water)

* Bilayer (double layer);
cell membranes

(a) Micelle

| (B
(b) Phospholipid |, |

bilayer

21999 Addizon Wesley Longman, Inx

Hydrophilic
head

Hydrophobic
tail




Steroids

e Lipids with 4 fused
carbon rings

* Ex: cholesterol:
cell membranes;
precursor for other
steroids

* (sex hormones)

HO

CHy

CHy

Ste

mes you can just tell

roids

CHy

CHy
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Steroidogenesis
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9-rans COOH

Eedead NANNANNNAN
Trans fats

b. Vaccenic acid
11-trans COOH

° Partially c.CLA

9-cis
hydrogenated oils \/\/\m

« Margarine vs butter A
: : ¢ Oleic acid \/\/\/\/\iﬁ
 Asap science: ~ L_cooH

 http://www.youtube
.com/watch?v=KG_y L ..conii
bd k1 VaE e. Trans ainolenic acid €S

cis
f. Trans-C20:2 COOH
N
trans




Saturated vs Unsaturated Lipids t-chart

* Basic properties of lipids on top

e Structure and function of
saturated and unsaturated
lipids
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Proteins

* Importance:

* basic structural component of nearly
everything organisms

* 50% dry weight of cells; most
structurally sophisticated molecules

known H
* Monomer: amino acids Amino  \ H 40 Carboxyl
° (there are 20) group H” N\é /C group
 carboxyl (-COOH) group NOH
e amino group (NH2),
* Hatom, R/

e variable group (R)....

side chain



* Variable group characteristics: polar
(hydrophilic), nonpolar (hydrophobic), acid or base
* Three-dimensional shape (conformation)

* Polypeptides (dehydration reaction):
peptide bonds™ covalent bond; carboxyl group

to amino group (polar)



Peptide Bond

*Dehydration
, __ synthesis reaction that

. B bonds to amino acids
‘H‘*c ‘h""c together to form a

dipeptide

*Repeated again and
@ againitwillyield a
polypeptide which is a
protein




Primary Structure

e Conformation:
Linear structure

* Molecular Biology: each

type of protein has a unique primary
structure of amino acids

* Amino acid substitution:
hemoglobin; sickle-cell anemia

hhhhh



Secondary Structure

Conformation: coils &

folds (hydrogen
bonds)

*Alpha Helix: coiling

—keratin

*Pleated Sheet:parallel

—silk
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Tertiary Structure

Hydrophobic and
van der Waals
interactions
e
* Conformation:  irregular CH:  HC CHy  Polypeptide
. o HiC  CHs backbone
contortions from R group iydeogen [ cH

bond

bonding 0
 Hydrophobic i
e disulfide bridges
* hydrogen bonds
* jonic bonds

CH S S  CH
CHz Disulfide bridge

o}

CHz CHz CHz CHz NHs* O C CH;
lonic bond



Quaternary Structure

oConformation:
2 or more polypeptide
chains aggregated into 1
macromolecule

ocollagen (connective
tissue)

ohemoglobin

Polypeptide

(a) Collagen

21999 Addizon Wesley Longman, Inc.

(b) Hemoglobin



e Both

* DNA

* RNA




Nucleic Acids, |

* Deoxyribonucleic acid (DNA)
 Ribonucleic acid (RNA)

* DNA->RNA->protein

* Polymers of nucleotides

(polynucleotide):

nitrogenous base
pentose sugar
phosphate group

* Nitrogenous bases:
pyrimidines~cytosine, thymine,

uracil

purines~adenine, guanine

CYTOPLASM

/ mRNA
Movement of
mANA Into Ribosome
ytoplasm vi =
nuclear pore ‘
Synthesis -7
of protein gv
o
(SASL



Nucleic Acids, Il

* Pentoses:
* ribose (RNA)
» deoxyribose (DNA)

* nucleoside (base +
sugar)

* Polynucleotide:

* phosphodiester
linkages (covalent);
phosphate + sugar

(a) Nucleotide components (b) Nucleotide (c) Polynucleotide
©1060 Addiucn Wesley Longman. ine



Directionality

*5"and 3’
carbons on the
sugar of DNA
gives it
directionality

*Processes
happen in
specific
directions.

5' to 3' direction —»

/
/

J..J<—>
" J__J(>.

/

/

4+—— 3' to 5' direction



Nucleic Acids, Il

* Inheritance based on DNA
replication

* Double helix (Watson & Crick -
1953)

* H bonds™ between paired bases
van der Waals™ between stacked
bases

*Ato T, Cto G pairing
* Complementary




