BIOQUIMICA: Rama del conocimiento que estudia el
fendmeno de la vida desde un punto de vista quimico,
buscando explicar y describir las estructuras y
funciones bioldgicas en términos moleculares.

El bioquimico se plantea preguntas del tipo...

¢Cudles son las estructuras quimicas de los componentes de la
materia viva?

¢Como interactian estos componentes para formar estructuras
supramoleculares, células, tejidos, érganos y organismos?

¢Cémo puede la materia viva extraer energia de su entorno para
mantenerse viva?

¢Como almacena y transmite un organismo la informacion necesaria
para crecer y reproducirse?

¢Cudles son las transformaciones quimicas responsables de la
reproduccion, el envejecimiento o la muerte?

¢Como se controlan éstas y otras transformaciones quimicas en el
interior de las células vivas?
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La mayor parte de las moléculas
bioldgicas son grandes y complejas

: MACROMOLECULAS
LC( V| dCl Complejidad y

Compuestos de C, capaz
conceptos Orden de formar enlaces covalentes
quimico-fisicos

y una amplia diversidad de
clave

grupos funcionales

~ Percentage of Approximate
total weight of number of
+1cell different
Water 70 1
Proteins 15 3,000
E. coli Nucleic acids
DNA 1 1
RNA 6 >3,000
Polysaccharides 3 5
Lipids 2 20
Monomeric

subunits and
intermediates 2 500
Inorganic ions 1 20

Table 1-1
Lehninger Principles of Biochemistry, Fifth Edition



La Vida Complejidad y
conceptos Orden
quimico-fisicos

Interacciones
Dinamicas
entre moléculas

Las moléculas bioldgicas se reconocen
e inferaccionan mediante

enlaces débiles que se estan
rompiendo y formando continuamente



Bond energies, kJ/maol

Dependence of Energy

Type of Interaction Model Example on Distance
W _si-0 —
{a) Charge-charge
Longest-range force, nondirectional 1/ r
700 1
{b) Charge-dipole
600 2
Cepends on crientation of dipole 1/[‘
5004 n Covalent - 5
C-—F Eo (c) Dipole-dipole
CoH Depends on mutual crientation 1 / r3
400+—%% _oH of dipeles
B o 3
C~C {d) Charge-induced dipole
8001 Cepends on paolarizability of malecule 1/"4
in which dipole is induced
)
001 C_NO ap (e) Dipole-induced dipole
Depends on polarizability of molecule 1/I'5
1004 in which dipale i1s induced
Hydrogen bonds (f) Dispersion

m]gh}argc%charg;tc interactions

ther noncovalent interactions L

0 . Involves mutual synchronization of
fluctuating charges

1/r®

{g) van der Waals repulsion

— 12
Qccurs when outer electren _ 1/r
orbitals overlap
{h) Hydrogen bond - >N——{- ~O=C< Fixed
— 0K e m—
Charge attraction + partial covalent bond Hydrogen Bond Length
Donor  Acceptor bond length

Bioquimica 3 ed.; Mathews, van Holde, Ahern



La Vida Complejidad y
conceptos Orden
quimico-fisicos

Interacciones
Dinamicas
entre moléculas

HZO ¢Como afecta el medio
El medio vital acuoso a las estructuras de
las macromoléculas y a las
interacciones débiles?



H,0: Un disolvente muy especial

van der Waals
radius of O
=1.4A

van der Waals
envelope

O —H covalent
bond distance
=0.958 A

van der Waals
radius of H
=1.2A

Pares electrones
no compartidos

q
q

Electrones

compartidos %}

q*

El agua comparada con compuestos de bajo peso molecular

Heat of
Molecular Melting Boiling Vaporization

Compound Weight Point {°C) Point {°C) {kJ/mol}

CH, 16.04 -182 ~164 8.16

NH; 17.03 —78 —33 23.26

H,O 18.02 0 +100 40.71

H,S 34.08 —86 —61 18.66

Melting point (°C) Boiling point (°C) Heat of vaporization (J/g)*
Water 0 100 2,260
Methanol (CH,OH) -98 65 1,100
Ethanol (CH,CH,OH) -117 78 854
Propanol (CH,CH,CH,0H) -127 97 687
Butanol (CH,(CH,),CH,OH) -90 17 590
Acetone (CH,COCH,) -95 56 523
Hexane (CH,(CH,),CH,) -98 69 423
Benzene (CH,) 6 80 394
Butane (CH,(CH,),CH,) -135 -0.5 381
Chloroform (CHCI,) -63 61 247
L A I | Estructura
e del hielo




El H,O como disolvente

H,0 en comparacion con n-Pentano (no polar y aprotico)

® Cardcter Protico
® Cardcter Polar

Property Water n-Pentane
Molecular weight (g/mol) 18.02 72.15
Density (gfcm®) 0.997 0.626

Boiling point (°C) 100 36.1
Dielectric constant 78.54 1.84
Viscosity (g/cm-s) 0.890 0.228 X 1072

Surface tension {dyne/cm)

71.97

MOLECULAS
HIDROFILICAS
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Interaccion Hidrofébica (?)

Clatrato de H,0
alrededor de una
molécula apolar

MOLECULAS
ANFIPATICAS

TO‘
8
Y% A

P
?OVAVAV
bnwrain,

r?; o

-,

P

3 PP P
TN N
LS )
Dot 0% avn, &
= o o7 A?'" 5

NN
v

?.,‘V’

»
bavaa &4

4
¢
=

a -

o
il

——————
e

Micela

BOSUE 8 A

Monocapa

i

}
L

Bicapa

{i

|

@;

i

|

|
f

i




Tonizacion del H,O

H,0 == H*+OH"

H*+H,0 == H,;0"

N

Ot  salto

| proténico

N\ H\ H
: /
ol .0— -0
SRCARYCYW, .

onico Ky = HIOH] = 107 !
Aguapura i - [0H] = 107 = pH = -log[H] = 7.0
Acidic Nelitral Basic
—_ 1
2 [H*] [OH]
S 107°*
&
€ 108
<
S10-12
c
s
] ] ] l | ] |

14 1M NaOH
13 - Household bleach
12 - Household ammonia
11
10— Dbasic ___
9 — —— Solution of baking
soda (NaHCO;)
8 - Seawater, egg white
7b— Neutral - Human blood, tears
- Milk, saliva
6
5 Black coffee
4 - Beer
Increasingly - Red wine
3 - Cola, vinegar
2 - Lemon juice
- Gastric juice
1
0 1M HCl




Equilibrio Acido-Base

- [H'][A]
S + -
HA =— H'+A Ko = —THA]
Acid K pK
Oxalic acid 537 X 1072 1.27 (pK,)
H,PO, 708 X 107 215 (pK,)
Formic acid 178 X 107* 375
Succinic acid 6.17 X 107 421 (pK))
Oxalate™ 537 X107 427 (pKy)
Acetic acid 174 X 107 476
Succinate 229 X107°  5.64 (pKy)
2-(N-Morpholino)ethanesulfonic acid (MES) 8.13 x 1077 6.09
H,CO; 447 x 1077 6.35 (pKy)*
Piperazine-N,N'-bis(2-ethanesulfonic 1.74 x 1077 6.76
acid) (PIPES)
H,PO; 151X 1077 6.82 (pK>)
3-(N-Morpholino)propanesulfonic acid (MOPS) ~ 7.08 X 10™°  7.15
N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic ~ 3.39 X 107° 147
acid (HEPES)

Tris(hydroxymethyl)aminomethane (Tris) 832X 1077 8.08
NH} 562 %1071 925
Glycine (amino group) 1.66 X 10719 978
HCO3 468 x 107" 10.33 (pK>)
Piperidine 758 X 107 11.12
HPO;~ 417 X 107" 12.38 (pKs)

Ec. de Henderson-Hasselbalch

_ [A]
pH - pKa + log [HA]
Midpoint
Star’:ing (pH=pK) En‘d
point [HA] =[A"] point

pH

14
13

12
1F
10 F

o

- N W A U1 OO N O O
T T T T

!

[« [HA] > [A]—

!

~—I[HAI<[A]—

0 0.1 0.20.30.40.

50.6 0.7 0.809 1.0

H* ions dissociated/molecule



Equilibrio Acido-Base
HA

— H'+A”

Acid

Oxalic acid

H;PO,

Formic acid

Succinic acid

Oxalate™

Acetic acid

Succinate™

2-(N-Morpholino)ethanesulfonic acid (MES)

H,CO;

Piperazine-N,N'-bis(2-ethanesulfonic
acid) (PIPES)

H,PO,

3-(N-Morpholino)propanesulfonic acid (MOPS)
N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic

acid (HEPES)
Tris(hydroxymethyl)aminomethane (Tris)
NHjZ
Glycine (amino group)
HCO3
Piperidine
HPO;~

Ec. de Henderson-Hasselbalch

K, = [A]IA ] =| pH = pK,, + log—[A_]

@ [HA] ? [HA]

K pK MES \\//O
537102 127 (pK)) h N~ " oH
708 X 107 2.15 (pK;) O
178 X 107* 375 5
6.17 X 107> 421 (pK;) PIPES \\S/OH
537 X107 427 (pKy) K\N/\/ \
174X 107 476 Q N ©
229X 107 5.64 (pKy) /s\\/\/
813X 107 6.09 HO
447 x 1077 6.35 (pK,)* OH
174 x 1077 676 MOPS (\N/\/\/s\/

7/ \
o
151X 1077 6.82 (pK>)
708 X 107°  7.15 o0
339 X 107° 747 HEPES hN/\/S\ oH
832 X107 808 Ho/\/NJ
562 %1071 925
166 X 10710 9.78 : nie
468 X 107" 1033 (pK Tris
. I (p 2) HO
758 X 107" 1112 NH,
417 X 107 1238 (pKs) .




Equilibrio Acido-Base

Ec. de Henderson-Hasselbalch

- [H][A] A]
- + = = +
HA — H"+A K, [HA] ={ pH = pK, + log [HA]
Add K pK Tampon Bicarbonato

Oxalic acid 537 x107% 127 (pK)) Amortiguador del pH sanguineo
H,PO, 708 X 107 215 (pK,)
Formic acid 178X 107 375 H™ +HCO™,
Succinic acid 6.17 X 107° 421 (pKy) /
Oxalate™ 537 X107 427 (pK>)
Acetic acid 174 X107 476
Succinate 229 X107°  5.64 (pKy) /
2-(N-Morpholino)ethanesulfonic acid (MES) 813 x 1077 6.09 - ZCO s Fase
H,CO; 447 X 10—; 6.35 (pK; )" y Acuosa
Piperazine-N,N'-bis(2-ethanesulfonic 1.74 X 10~ 6.76

acid) (PIPES) _/ (Sang re)
H,PO; 151 X 1077 6.82 (pKy) H,O \> H,0
3-(N-Morpholino)propanesulfonic acid (MOPS) ~ 7.08 X 10™*  7.15 y
N-Z-Hydroxyethylpiperazine-N’-2-ethanesulf0nic 339 X 107® 147 COz (d)

acid (HEPES) )
Tris(hydroxymethyl)aminomethane (Tris) 832 x 107" 8.08
NH7 562 x 107" 925
Glycine (amino group) 1.66 X 10719 978 ) Fase
HCO3 468 x 107" 10.33 (pK>) Co, (g) Gaseosa
Piperidine 758 X 1072 11.12 2 DUIMG
HPO?~ 417 X 1073 12.38 (pKs) (Pulmon)




Tampon Bicarbonato de la Sangre

H* + CO,~
u Ka,= 5,6 x 1011 M
pKa, =10.3
H* + HCO;"

(Ka;=1,6x 104 M )

FASE ACUOSA “

(sangre) pKa, =3.8
H,CO;
A
y (K,=50x103 )
H,0 || Hy0
CO, (disuelto)

y| ®= 3.1 x 10~ M/mm Hg
FASE GASEOSA

(pulmén) CO,(gas)

[CO,]g= & x pCO,

pH

Acidosis [7_35 N 74 N 7_45] Alcalosis

[HCO57] x [H]
Ka, = =1,6x10%M
[H,CO;]
[H,CO;]
Kh = W =5,0x 10°M = [H2C03]= Khx [C02]d
2
[HCO;] x [H7]
Ka, =
KhX [COz]d
[HCO,] x [H]
Kal X Kh = =
[CO,]d
=(1,6 x10#% x (5,0x10)=8 x 107 M=Ka’
‘ Acidosis metabdlica
[HCO -] ? Alcalosis metabdlica
pH=6,1 + log 2
[Coz]d ? Acidosis respiratoria

‘ Alcalosis respiratoria
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