BIOL 230: Cell & Molecular Biology
Fall 2019 17-205 MW, Aug. 26-28

Dr. Nathan Staples (Ph.D., UCSB)
http://accounts.smccd.edu/staplesn/biol230/
1. Pre-Lab writeups due each Mon. (for both M&W!!) at the start of lab.
(briefly, What? Why? How? for each expt.). Question & Hypothesis?!
2. LAB this week: Gel Filtration Chromatography; Cell Transport.

3. Bi-weekly quizzes: Practice Quiz posted on SMCCD CANVAS:
https://smccd.instructure.com/. QUIZ #1 DUE next week!

4. BLUEBOOKS/ Class Journals today!!!
5. Join the STEM/MESA program!! Contact Cathy Lipe:.

Scholarships, internships, interview workshops, application workshops, etc.
a) To get the STEM Scoop via email each week, add your name to the list by filling out this
2 minute survey https://bit.ly/2BC4gle
b) See CANVAS for STEM Canvas Page and STEM Scoop!!!!
(Contact Marcella Grant at grantm@smccd.edu)

c) STEM News: https://www.canadacollege.edu/stemcenter/events.php

d) And itis posted on the STEM facebook page too
https://www.facebook.com/STEMCanadaCollege

REVIEW

1. Describe the structures and functions of typical plant and animal cell components
(organelles), including characteristics unique to each cell type.

2. List & define 5 types of molecular interactions that are important to cells.

3. Define & illustrate 5 properties of water that make it the best “solvent of life”.
Explain how water interacts with acids, bases, and buffers.

TODAY’s Objectives: Students should be able to....

1. List and define the general structures and functions of the 4 major
classes of macromolecules. Provide specific examples.

2. lllustrate how the chemical structures of carbohydrates, lipids, nucleic
acids and proteins generate their various functions. Describe & draw
specific examples.

* Note the relative elemental content and functional groups of each
macromolecule. (eg: DNA vs. RNA, lipids, CHOs)

3. Describe the levels of protein structure, and illustrate each with a specific

example.

Compare the structures and stabilities of DNA and RNA. How is each

molecule suited to its biological function??

< Objectives and Study Guide Questions are your HOMEWORK
between classes!!! DUE every WED. at the end of Lecture!l

»
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pH values of some familiar substances

Digital Acidic
) p/H meter

v /i pH value H* concentration
Gl /""1 1
ass
electrode [ Stomach acid 10" ~HCI
e g7

Lemon juice

0
1
2
Vinegar, cola 3 1073
Beer
) Tomatoes 4 10
Sample being Grapes
measured » Black coffee 5 1075
Rain
imanaae [ 1o
« In biological systems, weak Distiled water 7 otttz
. : -8
acids and bases (reversible Seawetor e Lt )
L . " q Baki d 9 E
ionization) provide flexible ating soca 10
\ Milk of magnesia 10 10710
systems for pH regulation. _ ,
Household ammonia 11 1071
12
= pH Buffers "2 . 0
Oven cleaner 13 ol
14 10" ~NaOH

Basic

IFE 8e, Figure 2.16 LIFE: THE SCIENGE OF BIOLOGY, Eighth Ediion © 2007 Sinauer Associates, Inc. nd W, H. Free

pH Buffers = important for Homeostasis

1. = Molecules that can minimize changes in pH,
even when acid or base is added to a solution.

2. Can both accept or donate H+ depending upon
the overall pH range of a solution

3. REVERSABILITY OF CHEMICAL REACTIONS
- produces flexibility / adaptability of biochemical
/ biological systems!!

4. eg: H2CO3/HCOs- (carbonic acid/ bicarbonate)
buffer system — minimizes pH changes:

HCO3 + H* € H2COs3
(add acid)> <(add base)

— ** = mixture of an acid that does not completely ionize
in H,O and its corresponding/conjugate base.




Buffers minimize changes in pH

pH
When buffering capacity
is exceeded, added base
greatly increases pH.
Basic
(H* low)

Amount of base added (arbitrary units)
Lln the absence of buffer, there is a J

rapid increase in pH as base is added

LIFE 9e, Figure 2.17 ——— /

CHAPTER 3

Macromolecules: Their
Chemistry and Biology
1. Carbohydrates

2. Lipids

3. Proteins

---- Opener 1
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3.1) Functional Groups give particular

properties to larger biomolecules

. Functional | Class of Structural - :
Classify Molecules by: 9o | comeduids | fomuls e
Hidorsxyl Alcohols [r]-ow H —% —% 1-0H
1. Hydroxyl groups (--OH; "= Ethanol
o} H (0]
alcohols ) Aldehyde | Aldehydes | [r}- cil H —% —~c</
2. Carbonyl (aldehydes =¢®© H | K
Acetaldehyde
and ketones, esters, = ==
--CH=0, --C=0) o | o | EHEED f[negrdre
/ Acetone
o H (o]
3. Carboxyl group cawoxy | caboic | FFe | [n—otd
. = acids H H
("COOH = aCId), — - Azetic:cid
3.1 (Part 1) LIFE: THE SCIENCE OF BIOLOGY, Bighth Eton © 2007 S A
7
Functional Groups Important to
living systems, contdFig3.1
4. A—mino (-NHZ) F”Sféffé‘ ! cocr::napisuﬁfds sf:;:rc:‘t;;al Example
* [both = in amino » e
acids!] S | P TR
5. Phosphate groups Melhviamine
(--OP0O;%)
* releas_es energy to Phosphate| Organic
fuel biochem. RXns  =apoy | phosphates
* modify structure and 3-Phosphoglycerate|
activity of proteins!! W
Sulfhydryl [  Thiols [r]-sH HO —C—C 1 SH
6. Sulfhydryl (--SH) =K H_H
. Mercaptoethanol
(3D strx of proteins)
e 3.1 (Part 2) LIFE: THE SCIENGE OF BIOLOGY, Eightn Edition © 2007 Sesste Assocs
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A. Substances in living tissues

Living tissues are Every living organism contains about these same
70% water by weight. proportions of the four kinds of macromolecules.

Macromolecules

Proteins
(polypeptides)

2 Nucleic
acids

wCarbohydrates
‘ l‘ ' (polysaccharides)

>7b% lons and Lipids
H.O! small molecules
2 LR

o **** All 4 ONLY found in LIVING things!!!
» Biochemical unity: same rough proportions
and similar functions in all living organisms.
LIFE 9e, Figure 3.3 ©2011 Sinauer Associates, Inc.

B. Macromolecules = formed by

covalent bonds between monomers
e polysaccharides, proteins, and nucleic acids

MONOMER COMPLEX POLYMER (MACROMOLECULE)

Amino acid Polypeptide (protein)
Monosaccharide (sugar) Polysaccharide (carbohydrate)

Nucleotide Nucleic acid
"~ Proteins: combinations of 20 amino acids.
» Carbohydrates: sugar monomers (monosaccharides) are linked to
form polysaccharides.
* Nucleic acids: 4 kinds of nucleotide monomers.
* Lipids: noncovalent forces maintain interactions between lipid monomers.

Amoeba Sisters: https://lyoutu.be/YO244P1e9QM

LIFE 8e, Table 3.1 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinaver Asscciates, Inc. and W. H. Freeman & Co.

10
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(A) Condensation  Monomers - Polymers! .
onomer Condensation
H-@D-on - H—éOH and
o Hydrolysis
o QD@D o+ H-@-oH Fig 3.4
H,0 A-H + B-OH > A-B + H20
Building Up = Anabolism
H OH
[B) Hydrolysis  Polymers - Monomers!
* Water is an active part - GID-@D-@D ¢
of these biochemical
reactions!! Hz0
*These types of rxns are a

part of cellular metabolism H-@-oH + H-@D-@-oH

(anabolism, catabolism)
H,0
Breaking Down = Catabolism

H-@D-on - @O

11

3.2) Carbohydrates:
Sugars & Sugar Polymers

¢ All carbohydrates contain carbon bonded to H
and OH groups.
% General formula = (CH,O)n

» Eg: Forms of Glucose (ALL in equilibrium!?)
» Present in all organisms

1 0 Aldehyde

\Q/ group
H —2 —OH
Ho—"®—H
H -—1é —OH
sl _—
H—(@—0H
H —Gé —OH
i H OH a-D-Glucose B-p-Glucose
Straight-chain form Intermediate form BeIOW Rlng Above Rl ng
Aldehyde C = #1 .

LIFE 8e, Figure 3.13 (Part 1) PSS ————— T ¥ T TS Y Y [————— F,lg3‘1;3 —
12
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A. Monosaccharides =
Fig 3.14

simple sugars

Six-carbon sugars

Three-carbon sugar

H )
\F")/ Glyceraldehyde ¢

Five-carbon sugars

H—Q(?—OH
H—@—0H
r‘i o-Mannose o-Galactose Fructose
Glyceraldehyde ;
Y Y Hexoses = all isomers, C6H1206, but
distinct chem. properties and functions

< Both 5C sugars (pentoses), but
very different properties and
biological roles

Ribose Deoxyribose
Part 1) LIFE: THE SCIENCE OF BIOLOOY, Eighth Edan ©2007¢
13
B. Disaccharides are formed by
Glycosidic linkages
Fig 3.15
o-1,4 glycosidic linkage
CH,0H CHyOH _ CH,0H CHo0H
H o n " 0 oH Formation
H H s  of alinkage
M NC R R AT
OH OH HO H
H OH H OH H,0 H OH H OH
o-D-Glucose B-p-Glucose . o-D-Glucose B-p-Glucose
Condensation Maltose
CH,OH -1,4 glycosidic linkage
Formation S
GH0H LATTONF  of plinkage e CHOH
H o_ [oH OoH H /' H ()
LN s+ [Ho H H
OH H 1 oH B
OH H Ho o H,0 e
Gl B-b-Glucose i lon
B-p-Glucose B-p-Glucose B-p-Glucose
Cellobiose

14



C. Representative

(A) Molecular structure
Unbranched poly-Gic,

A

CH,0H H OH CHaOH W OH
o,
"4 o /on u\] 4 o /on
N OH H H OH H H %
o o o
L o byt of CH,OH CHZOH
H OH CHy0H H TH GHa0H
~o
* Linear .
* Insoluble .

Rigid, H-bonded fibers
High tensile strength
* Inert

LIFE 8e, Figure 3.16 (Part 1)

oHO
CHp
0, 0, 0, 0,
H 4 H H b H H 4 H H A H
OH H AGANGH H NN OH HAGAOH H AN
H OH H IOH H [OH H IOH

Polysaccharides

Branched poly-Glc
* o-1,4, with a-1,6 branches
| Starch and glycogen |

GHL0H
0,
H H
H

No N\GH H

H
CHaOH

Highly Branched
Soluble

« Reduce osmotic Pressure for
energy/glc storage

Easily hydrolyzed for Energy

LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freeman & Co.

15

Structure Dictates Function!!

(B) Macromolecular structure

Linear (Cellulose)

Branched (Starch)

Highly branched (Glycogen)

(C) Polysaccharides in cells

+ All are Just GLUCOSE!!!!

« Differ only in Branching and glycosidic linkages

* Very Different Functions/ Properties [Strx. 2 Fxn.]
16
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Chemically Modified CHOs

B) Ami Structural polymers —
A SUgNphiosphas (B) Amino sugars cartilage, bacterial cell wall

Liberate E from glc

CH,OH
o . _—~Phosphate groups\ CH,0H 5!
I 5 @ HO O H
O—P—0—cH, i H i H H
& 0, H,c—O0—P—O0" e OH H
H OH
ol- HO H
H  HO _
f o H  NH, —Amino L N7
Fructose _ group _
OH H Glucosamine Galactosamine

Fructose 1,6 bisphosphate
LIFE 8o, Figure 3.17 (Part 1)
Fungal cell wall; Insect
exoskeleton (Structural polymers )

(C) Chitin

o on =03 gw

o i
Glucosamine ! c‘:so !
CH,0H H N—H | CH,OH
I
0, 0,
s NG T H EH 4 o\
Nog” NoH H H o NOH H
I H
I
H r*‘lfH CH, OH , H Tfﬂ
=7, | Nacetyuceamine | °
" tylglucosamine CH
Chitin
Fig 3.17
LIFE 8e, re 3. i b e

17

3.3) Lipids: Water-
Insoluble Molecules

» Not true macromolecules (b/c not covalently
bonded in final interactions), but ......

 Form large aggregate structures —
e "PUSHED TOGETHER"” by many surrounding water
molecules (hydrophobic),
» then weak but additive VDW forces hold them
together.

18
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Lipids and their Fxns

1. Fats and Qils — Energy Storage
2. Phospholipids — Cell Membrane Strx

3. Carotenoids (pigments) — capture light

4. Cholesterol and Steroids — Hormones, cell
membrane

5. Vitamins — A, D, E, K
a. A = visual pigments
b. D = bones (Ca++ and P metabolism)

c. E = antioxidant; protects cell components
d. K = blood clotting

19

A. Fats and oils = triglycerides

¢ three fatty acids covalently bonded
« to a glycerol molecule
¢ by ester linkages

C H
] . I —
L L OHlcondensation o o)
tF{'_, oH oH ; o=! o=4.l. o=!\ Ester
‘ | | 1
* o=<l: o=t% o=<:: 3 @ /0"': /0"1 /GHz
HC HiC HC
Vo RSt B 1 ey Sk Sow | o
s He L Ml of an ester ch< < <
5
rayecs oS L L | | | Do) Ve
S HC HC H,C, reaction. H,C! HC H,C!
R, e, N & N
mel  me{ me{ s 7 I
N b mel  me  me{
/ / & SO Gk G
Do ow Sow H'c\cm H!c\m; Hzc\cm
7 / /
SO SO wed u,c< "|2C'<
CH, CH, CH, BN
% / / o o ot
el He( el e I 7%
Pl T Now, o ow
S O
CHy CHy oy Tiglyceride
LIFE 8e, Ehur':.la LITE, Pt SCIENCE OF BIOLOGY. Bt Ediben © 3007 Srmar Assito, . 3 W . Frosman

20
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Lipid Saturation:
- regulates fluidity

» Saturated fatty acids:
— hydrocarbon chain with no
double bonds.
— (in solid FATS)
* Longer chains too....

» Unsaturated fatty acids:
— one or more double bonds
bend the chain
— close packing difficult.
— (in liquid OILS)

|STRX > FXN!!!|

LESS fluid; rigid
i 99N More tightly-
packed

o=C Carbon .~ Hydrogen

make an unsaturated fatty acid
{carbon chain has Kinks).

Fig 3.19

21

B. Phospholipids

hydrophilic phosphate "head.”

Phosphatidylcholi
@ line The hydrophiic “head” is
attracted 1o water, which is polar.
+ o
"FG‘)D‘- (
Chaling .
>, 0
4, > Hydrophiic o
head
-
Phosphate —Pg=0
—
) Glycerol
|

-Hydrophobic < @
tail

LIFE 9e, Figure 3.20

« Have a hydrophobic hydrocarbon "tail”and a

—Like a triglyceride with one FA replaced with a PO,3 group.

©2011 Seauer Assocates, inc

22
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** PhospholLipid Bilayer

. In water,

 hydrophobic tails and hydrophilic heads
* generate a phospholipid bilayer
» two molecules thick

Head groups are directed outward, interacting with
surrounding water

(B) Phospholipid bilayer

Water

Tails are packed in Cell Membrane!

the interior AANAN
* Free lateral diffusion, m
» but "no ”Flip-Flop/

LTl - {——Hydrophobic
transverse diffusion! W‘I‘W&ﬂﬁﬁgmy acid “tails”
Hydrophilic
“heads”

Water

Hydrophilic
“heads”

http://telstar.ote.cmu.edu/biology/MembranePage/index2.html
STRX 9 FXN ! ! ! LIFE 9e, Figure 3.20 (Part 2) —

23

C. Carotenoids
* trap light energy in green plants
» B-Carotene can be split to form vitamin A,
a lipid vitamin
* 2 Rhodopsin (deficiency = night blindness)

H Central
c|: / double bond
NS
¢
p-carotene Q p
HaC
HC_ CH,  SHe CH,
N S Vg W T <
H. H.
CH CH 9 e
CH, 3 3
HsC
HiC CHy  §Me GHa HO
W\OH IR
HsC~ CH.
CH. CHy s J
CHs 3 3
Vitamin A Vitamin A
LIFE 9e, Figure 3.21 axn v

24
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D. Steroids and Cholesterol

* Some steroids = hormones.
* Cholesterol
* regulates membrane fluidity
+ digestion of other fats
* Precursor to steroid hormones and vitamins

. . HaC CHy HsC CHs
° HLC
Vitamins s L L.
- ADEK RS
HO HO

Cholesterol is a oopsl'rluent yimmin .Dz can be produ.oced
** In cells - only s MG
Triglycerides
(droplets of fat) A on

.. HiC HsC
and Phospholipids Ho_~3] Lo :
H,C H;C

(membranes) are
in high quantities o o

Cortisol is a hormone Te is a male sex

by the adrenal glands. hormone.

LIFE 9e, Figure 3.22

25

3.4) Proteins: Polymers
of Amino Acids

* Functions:
(most major cellular fxns! Except genetic info.)

support
protection
catalysis o Garbon
transport \
defense HaN* COO"
regulation
movement

_-Side chain
R

NoOoOhwN-=

Amino Carboxyl
group group

« They sometimes require an attached
prosthetic group.

26
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R
I

I
H

H2N—C2- COOH =

A. 20 amino acids (basic strx) =

amino, carboxy, H atom, & R group (on a-C)

+

R
I

H3sN— CcZ coo-

I
H

At physiological pH
(in cell)

- Side chains of amino acids may be charged,
polar, or hydrophobic.

27

The Twenty Amino Acids (Part 1)

Charged & Polar AA’s

CHARGED

Alkaline = Cationic!!

Amino acids with electrically charged hydrophilic side chains

Positive & Negative @
A a) r A Al
Histidine Lysine The general Aspartic acid Glutamic acid
(His; H) (Lys: K) structure of all | (Asp; D) (Glu; B)
H 0 amino acids is H H
the same...
HJN'¢CDD' HN —8-coo Hw‘—éooo H;N‘~¢~OOO'
(‘;H—‘ oH, but each CIHV (“H
C—NH CH, has a different C00 cH
! \CH b side chain. |-
(IHI A 1 COOr
NH HC —NH
e 2 A o]
Gt A Acidic = Anionic!!
NH,

Serine
(Ser; S)

Threonine
(Thr; T)

H

CHOH H —(f —OH

POLAR

art 1)

Asparagine
(Asn; N)

H
HSN'—é()OO‘ HQN‘—é-OOO' ”ﬂN“é

H

Glutamine
(GIn; Q)

Amino acids with polar but uncharged side chains

Tyrosine
(Tyr: Y)

HN

(."H
e
o

CH,
|

CH,

OH

H H
o0~ H;N'—éOOO‘ H;N'-é—OOO'
ik

Special cases

Cysteine
(Cys; C)

Proline
(Pro; P)

H H H
HN"—@-C00- HN—@-C00- H,:f‘—é—coo

cH H HGC  CH,
(] [+] ¥
SH CH,

“SPECIAL

Glycine
(Gly; G)

28
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SH groups can form disulfide bridges

Cysteine residues in
polypeptide chain

Cysteine residues

.(QLS). e 4

2H oxidation

» Within a protein or
* Between separate
polypeptides

figure 3.3 (2004, 7€)
[see fig. 3.5, 2007/2010]

Disulfide
bridge

© 2001 Sinauer Assoclates, Inc.

29

Hydrophobic AA’s
TABLE 3.2
The Twenty Amino Acids (Part 2) HYD RO P H O B | C
Amino acids with nonpolar hydrophobic side chains
Alanine Isoleucine Leucine Methionine Phenylalanine Tryptophan Valine
(Ala; A) (lle; 1) (Ley; L) (Met; M) (Phe; F) (Trp; W) (Val; V)
H H H H H H H
HaN*OO- H3N‘—¢—Coo- H3N'A¢~GOCT HaN'—é-COO’ H;N'—#GOO HaN'—é-CD(} HaN’¢CW
CH, —C— CH; CH, CH CH CH
- ’ EH - EHZ AHQ 2 (‘: 2 Hﬁc/ \C*H
N % I = - -
CHy HC CHg s NH
| -
LIFE Ge, Table 3.2 (Part 2) LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freema

30
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B. Amino acids are covalently

bonded together by Peptide Linkages

H
Hes | - 1 1 .
H—N—@®@—C—O0 + H—N—@®—C
- | | | .
[ sois
Amino group Carboxyl

group
H,0 .
Condensation!!

Peptide bond

a1 9L 1 e
ch 7
H—N—@—C==N—@®@—C
- [ | | S
E e E
N terminus C terminus
(*H3N) (COO7)
LIFE 8e, Figure 3.6 LIFE: THE SCIENCE OF BI0LOGY, Eghth Eton © 2007 Snuer Assocte,n. a0 W . Fosran o

31

C. Protein Structure: Polypeptide
chains are folded into specific 3D shapes

* Hierarchy: Primary - Secondary -
Tertiary - Quaternary Structures

— AA sequence ultimately determines 3D
structure and Prot. FUNCTION!!

— ** [(Monomers ) 3D structure 2 Fxn] **

« All protein structure and function is
ultimately specified by DNA!!!

32

8/25/2019
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1. Primary structure = the sequence of amino acids
» peptide linkages (covalent bonds); NCC-NCC-NCC-.... backbone.

2. Secondary structures = maintained by hydrogen bonds
between atoms of the amino acid residues (weak bonds).

BOnAViS UGS Amino acid monomers Peptide bond

o Helix P Pleated sheet Hydrogen bond

Hydrogen bond
® y © ,

LIFE 8e, Figure 3.7 (Part 1) LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinaver Associates, Inc. and W, H. Freeman & Co.

33

3. Tertiary structure = 3D bending and folding of the
polypeptide chain (weak and S-S covalent bonding).

4. Quaternary structure = arrangement of polypeptides in a
single functional unit consisting of more than one polypeptide
subunit (weak bonding).

Tertiary structure
f Pleated Quaternary structure
sheet
Subunit 1 Subunit 2
N\ /

L= Hydrogen bond

e

q (&1
, , YA )‘
35S
o Helix Disulfide bridge / t( NV \ )
(D) = Subunit 3 Subunit 4

34

8/25/2019
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Hemoglobin and Quaternary Strx

(A) (B) o Subunits

LIFE 89, Figure 3.9 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinaver Associates, Inc. and W. M. Freeman & Co.

* Quaternary structure = Multi-Subunit proteins!!
» (> 1 polypeptide)

35

D. Binding of proteins to other molecules

+» Weak chemical interactions are important!!

lonic

Hydrophobic

H-bonding

8e, Figure 3.10 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition: © 2007 S Associates, Inc. and W, H_Freemman & Co.

36

8/25/2019
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E. Proteins can be Denatured:

- by heat, acid, or chemicals
(salts, solvents, etc.) S e
* lose tertiary and secondary PR 5o v cmsn s
structure and ... f"‘im.?i?é?*ﬁ””“"“m&
*=> Lose biological function ‘[“::";“‘“}
Denatured | Boated shost
(\ \ P C:;::d:oplc
Oe 0%\) \{ EEE_L
e ._‘ /—?—WW
& ‘70 enaturation ;:

= e
‘syucture s restored and the proten onca again i functional

renaturation

Native/\i l'}

protein

- -—
“Environmental insults”

* High temperature (and low)
* pH changes

» High concentrations of ions/salts structure
PP —— » Nonpolar substances (solvents) troo-dimensionsl stucture.
37

Chaperonins assist protein folding
e “Molecular Chaperones” — prevent
inappropriate interactions
— (like human Chaperones!)

* Prevent binding to inappropriate ligands
il ) ¢ gT

= & f@ﬁ ‘-ﬁfiﬁ

HSP60 “cage”

Newly synthesized,
or denatured protein

LIFE 9e, Figure 3.12 T /

38

8/25/2019
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g
Yok
Origin of Life =
KT
E
1) 4.1 What Are the Chemical Structures -:.:,.;‘t’

and Functions of Nucleic Acids?

2) 4.2 How and Where Did the Small
Molecules of Life Originate?

3) 4.3 How Did the Large Molecules of
Life Originate?

4) 4.4 How Did the First Cells Originate?

39

4.1) Nucleic Acids:

Informational Macromolecules

* In cells, DNA is the hereditary material.

- DNA qnd RNA play roles in protein Iﬂg_
formation. ot
=

. : e
**Question: =y

** WHAT COMPOSITIONS, STRUCTURES, AND
PROPERTIES OF NA's permit them to play
these fundamental informational roles?? **

40

8/25/2019
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Nucleic Acids:
Informational Macromolecules

Nucleotide Structure

1. Nucleic acids = polymers of
2. Nucleotide =
a) Phosphate group
b) Sugar (5C)
» Ribose in RNA, or Deoxyribose in DNA
c) Nitrogen-containing base (purine or pyrimidine)

3. DNA: bases are Adenine, Guanine,
Cytosine, and Thymine (AGCT)

4. RNA: Uracil substitutes for thymine (AGCU)

41

Nucleotides vs. Nucleosides
Base|
* In the nucleic 5 - @) - ‘ e
aC|dS, bases \dg}?&ﬁ%gge Nucleoside  Phosphate Nucleotide
extend from a
sugar-phosphate ™™™, 0 0
backbone. ‘ \c. CCQNH
G HC Ca
(6]
* DNA and RNA Cyiosme Thymlne Uragil ()
information Purines NH, (.‘g
resides in their W T ‘Cf -
base sequences N~ g E”C‘\MC\NHQ
Adenine (A) Guanine (G)
Figure 4.1'*!

42
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4.2) DNA

VS.

RNA

1. Deoxyribose sugar 1. Ribose sugar

2. Bases ACGT 2. Bases ACGU

3. Double stranded 3. Single stranded
* (antiparallel)

4. Chemically stable 4. Chemically labile
STRUCTURE > FUNCTION

43

RNA

Three-carbon sugar | |

(o}

Deoxyribose

LIE: THE SCRENCE OF B4 0GY. Bghth £t © 306

Phosphodiester
linkage

Figure 4.2 (Part 1)

RNA (single-stranded)

(o)
'~
0/"( NH
N
-
H,G~ O
_c:;% . 5"end
“o

8/25/2019
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D N A DNA (double-stranded)

. Pyrimidine base Purine base o & ena
Deoxyribose o

o
Lo o | af ;
3 IH...., 05' Ho
3

A-T 'O’\O NH- o
. “CH,
cc| »e M
Y

d o
en o.

@ ><0 Hydrogen
bond

Figure 4.2 (Part 2) AntiQaral|e|

45

DNA Double Helix | =rrosphorus

Red = Oxygen

White = Hydrogen
Lt. Blue = Nitrogen
Dk. Blue = Carbon

Figure 4.4

 Stacks of bases, H-bonded at center (attached to sugar)
— Hydrophobically stabilizing the double helix

* Hydrophilic sugar-phosphate backbone outside helix
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Nucleic Acids: Uses of DNA

Sequence Information
« Comparing the DNA base sequences of

different species:

« - information on evolutionary relatedness

« Some unpredictable relationships based on
observable forms, bodies etc.

Transcri pto Translation .
4 Polypeptide

Information coded in the Information in RNA is
. sequence of nucleotide bases passed to polypeptides, but
F|gure 4.5 DNA |n DNA is passed toa never the reverse
. ucleotide bas (polypeptides to
Stores Information | pna. acids).
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4.3) The Interactions of
Macromolecules

« Both covalent and noncovalent linkages

are found between the various classes
» Glycoproteins

» Glycolipids

 Lipoproteins

* DNA-binding proteins, etc...
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