Hydrogen bond
0.177 nm

|
TS

Covalent bond
0.0965 nm







Hydrogen Hydrogen
donor acceptor

—O—Hn IO:C/
B

BN

—QO—HI1N

7

= O=HIno

e

N—H1i IO:C/
e

N—HImo

AN

N

N—H1N

N R DN

o



Between the
hydroxyl group

of an alcohol
and water
R
S
1
H
H/ORH
i
7
H
N ¢¢C)
—P

B

Between two
polypeptide chains

Between the
carbonyl group

of a ketone
and water Il-l 1?
1 2 N C
R \C /R LA C/H\/
0 5
i i
1 H N
% Gk e e
H \ I
R 0
Strong
hydrogen bond
Y
—P
i

Between two
complementary
bases of

two strands

of DNA

Weaker

Thymine

Adenine

’ oH | hydrogen bond



e 4-2 Some examples of polar, nonpolar, and amphipathic

B

Tonic form at pH 7

H.OH

(0]
H A H
HONGH H

H OH
NH,—CH,—COO0-

+IF‘H~‘
“00C—CH;—CH—COO0~

CH;—CH—COO~
H

H
HOCH,—CH—CH,0H

[e]
CH;(CHQ)‘:_CHZCH‘—[CHQ}E—CHz—g\

CH5—( CH,)-,—CH=CH—(CH2)7—IH¢

+NH;

|
anz—CH—CO{)-

CH4(CH,)y;CH,—C—0—CH,
cr-rsccnz),ﬂcrrz-m—o—{:n *N(CHa),
cn,-z-o—cui—cnz

Hydrated Hydrated
CI” ion Na* ion







Hydrophilic
"head group”

Highly ordered HoO molecules form
"cages" around the hydrophobic alkyl chains

(a)

&
A4,

Dispersion of
lipids in HzOQ
Each lipid

molecule forces
surrounding HoO
molecules to become
highly ordered.

Clusters of lipid
molecules

Only lipid portions

at the edge of

the cluster foree the
ordering of water.
Fewer HoO molecules

%, are ordered, and

entropy is increased.

Micelles

All hydrophobic
groups are
sequestered from
water; no highly
ordered shell of
HoO molecules

is present, and
entropy is increased.



Table 4-4 Four weak interactions among biomolecules in aqueous

solvent
Stabilization
energy
Weak interaction (kJ/mol)
Hydrogen bonds N
Between neutral groups /C:OIIIH—O— 8-21
; N s
Between peptide bonds /CzOl I IH—N\ 8-21
Ionic interactions (”)
Aftraction —*NH; -« 0—C— 42
Repulsion —'NH; «— H;N*— ==21
Hydrophobic interacti CH; CH; CH
ydrophobic interactions Cga/ 3 \3/0 3
(|3H CH 4-8
Bl
van der Waals interactions Any two atoms in 4

close proximity




1M HCI

14 ’7 —7 1M NaOH
5 . . . _ 13} B
{H+] i e . [OH_] Household bleach
: . : i 12 + Household ammonia
vy . pH (M) pOH*
10°(1) 0 e Lol 10
101 1 e
10 * 2 o B 9 iy
10_3 2 3 . 10._11 o 11 - = 3
10ﬁ4 4 : 10ﬁ10 : 10 - Seawater, egg white
10_ K 5 '10_-9 9 7L Neutral - Human blood, tears
10'j6' 6 : .' 10._8 8 alls - Milk, saliva
10&.7 7 : .10_7 . 7 51 - Black coffee
10 ° .8 106 6 b
o - e 5 4 e s
10:—.10 : _ 10 : 10—4' ; 4 3 - Cola, vinegar
10 U il 103 3 -
1012 12 102 - ? el
g 13 gl 1 1
10-14 14 oty 0 :




Table 4—6 Some conjugate acid—base pairs™

Proton Proton
donor acceptor
CH;COOH (acetic acid) CH;COO~
H;PO, (phosphoric acid) H,PO1
H,PO; (dihydrogen phosphate) HPO%
HPO3% (hydrogen phosphate) POi-
NH; (ammonium) NH;
H,CO4 (carbonic acid) HCOj3
HCOj3; (bicarbonate) GO
*NH- *NH
o0 . e 0
CH,—C (glycine) CH,—C
Y N
OH 0O~
*NH; NH
/O | 2 /O
H2_C CHg“‘C
B B!
0~ O







—— pH 5.26
Buffering region
— pH 4.26
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OH™ (equivalents)
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Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular =~ Macromolecules Biomolecules
and its organelles complexes

Protein

Plasma membrane




* Values are given as percentage of total number of atoms.



Electrodes

Condenser






Creation of prebiotic soup, including nucleotides,

from earth’s prim

§

Production of sho

itive atmosphere

4

rt RINA molecules

with random sequences

E

r

Selective replication of self-duplicating
catalytic RINA segments

E

4

Synthesis of specific peptides,
catalyzed by RINA

E

Inecreasing role of pepti

-

des in RINA replication;

coevolution of RNA and protein

-

r

Primitive translation system dewvelops,

with RNA genome and

R

Genomic RNA begins

RINA—protein catalysts

-

to be copied into DINA




