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Entalpia, H

AH = AU + RTAn

R, € uma constante universal, 8.3145 J/K mol

Port to ‘bomb’

\

Electrical leads

| Em um experimento dessa

Water bath

| Stirrer bomba de calorimetro com
Etanol, a 298K e volume

constante, 1368 kJ/mol de
"~ Spark to calor e liberado

initiate reaction

<

Insulation

Co HsOH(£) + 304(g) — 2005(g) + 3H20(¢)



Entalpia, H

AH = AU + RTAn
AH = AU 4+ 298 - 8.3145An
AH = AU + 2478An

An=2—-3=1
AH = —1368000 — 2478 (J/mol)

Se a variagao de entalpia € negativo o processo €
exotermico. Caso contrario o processo €
endotérmico



Entalpia, H

H H
o/ AH
H <|3 c|3 O +3(0=—0) + 2 (0=C=0) + 3 ( O—H )
H H
Liquido para Gas = 277 Liquido para Gas = 4|
((5%415+346+358+464)+277)+3*498 (2%2+805+6%464+(3%4))
AH°= -1113 (saindo do estado liquido)

AH°= -1267 (estado gasoso para todos)

C —-C — 346 C =0 — 1077 em Monoxido

C=C — 602 C=0 — 805em Dioxido
o= _
AH°= -1368 kJ/mol O H s dls -0 — 358

(Valor de Tabela) H—H — 436 O—H — 464
O=0 — 498 H—-Cl — 432



CoHsOH(0) + 305(g) — 2C04(g) + 3H,0(f)

A A ;
H
<|3 <|3 O +3(0=0) > + 2 (0=C=0) + 3 ( O—H )
H H
6H + 2C + 70
atomos
H (:3 (:3 o +3(0=0) : N
«© H H gas +4737 '+ -6004
al gas : : H\
= : 2(0=C=0) +3( O0—H)
E A < :V g i
LL] H ? (|3 O + 3 ( 0=0 ) e : : -123
Ho gis 4277 E .
liquido ' '
------- e T : 2 (0=Cc=0) +3( O—H)
R ER R . gas liquido




Bioquimica

* Aproximadamente |/2 da massa seca do corpo
humano e de proteinas

* O estado nativo das proteinas e “folded”,
empacotado - uma especie de cristal organico

* Mesmo nesse estado existe flutuacao na
estrutura do caroco central.

e Estado empacotado - parecido com solido

* Estado desempacotado - parecido com liquido



STAVAI Differential scanning Reference cell Sample cell

containing containing
buffer protein solution

of the instrument. In
this case the reference cell contains \ /

buffer only, and the sample cell

calorimetry. (A) Schematic diagram

contains the macromolecule

dissolved in buffer. Both cells are Sample cell -

—

-
heated very slowly (e.g. | °C min ') reference cell
in order to maintain equilibrium, power feedback

> -

and feedback electronic circuitry is AT
used to add heat so that AT ~ 0
throughout the experiment. Other

types of DSC have been used for
other purposes in biophysics, for
example, to investigate the

physiological limits of the freeze T culliier

tolerance and freeze-avoidance
strategies taken by different insect (A)
species to survive subzero
temperatures. (B) Data. The heat
added to keep AT =~ 0 can be
plotted as a function of
temperature. The endothermic
peak corresponds to heat absorbed,
for example, on protein
denaturation. The peak maximum

Cr (cal mol™' K1)

corresponds roughly to the
transition temperature, or melting
temperature. The area below the
peak is AH4(T,,). The heat capacity
of the unfolded state of a protein 300 320 340. 360 380

minus the heat capacity of the
folded state is AC, 4. There is more (B)
about DSC in Chapter 5.




AH (cal mol=! K=')
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NI-AWWA Enthalpy of unfolding of hen

egg white lysozyme as a function of
transition temperature. Filled
symbols: intact lysozyme. Open
symbols: lysozyme in which one of
the four native disulfide bonds has
been removed. When folded, 3-SS
lysozyme closely resembles the
native state of intact lysozyme.
Change in transition temperature
was induced by a change of pH.

Note that AH is approximately
linear in Tr,. The data are from

Cooper et al. (1991).
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Energias

Energias mais relevantes para
sistemas biologicos:
|. Energia Quimica
2. Energia Mecanica

3. Energia Eletromagnética ey
4. Energia Térmica Fotossintese |

Qi Liom . O

1 6O, + 12 H,0 — CgH1306 + 6H,0 + 60,

g
FOTOSSINTETICOS ]
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Energias

Energias mais relevantes para : .
, o Movimento Browniano
sistemas biologicos: MB difusivo

100
|. Energia Quimica
80+
2. Energia Mecanica
60
3. Energia Eletromagnetica
> 40+

4. Energia Termica

20+
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A razao entre a escalas
derteministicas e termicas e:

Forcas no interior da celula Faet kT



A razao entre a escalas kgT = 4.1 pNnm
derteministicas e termicas e: = 0.6 kcal/mol

D LT = 2.5kJ/mol
det / B
— 25 meV
1010
5 ey | Electrostatic energy Bending of | | 22
105 — 34| of a spherical shell a20:1rod |k _
!
100 —
Fracture of |' <
a 20:1 rod

w1075 —
2
=
. Proton
s 1010 —
i @
o'
ca) Nucleus:.. :
Z. 10-15 — Chemical
= bonds

10-20 — Thermal energy

10-25

Binding energy of an
electron in a box
10-30 —
| | | | | |
10-15 10-12 10-9 10-6 10-3 100

LENGTH (meters)
Maquinaria molecular: Ligacao de Hidrogenio (quadrado), grupos de fosfato em ATP (triangulo),
ligagoes covalentes (circulo), energia de torcao (azul), energia de fratura (verde), energia
eletrostatica (laranja). [Rob Phillips and Stephen R. Quake, Physics Today (2006)]



Geracgao de Energias

H
H-C-0-P=0
H H 0 ¢=0 o
‘ C= O JUS— HO-c-g  Dihydroxyacetone
H-C=0 H-C-OH grmmeminy | o / . s
# ADP H.(l:-OH (l;zo 6 H
| HO-(':-H HO-?-H Fructose Triose
3 . H-C-OH » H-C-OH > 1-c-Oon  bisphosphate phosphate
$Hexokinase ! _ Phosphoglucose ;; / _ Phosphofructo "7 aldose isomerase
& H'?'OH isomerase H'?'OHQ kinase H-C.O“(P-
H-C-0-P=0 H-C-0-P=0 - H
oo oo RS
. H-C-OHQO- :
Glucose Glucose 6-phosphate  Fructose 6-phosphate  Fructose 1, 6-bisphosphate Q Glyceraldehyde

H-C-O-p=0  3-phosphate
H o

+
Glyceraldehyde NAD + P
3-phosphate t

GLYCOLYSIS i (o

Y
00
H,0 3 - ;e
2 0\\(: 0 ) N 0 ¢
I Q ? C=0
H-C-0-P=0 _ H-C-OHQ- H (': -
pyruvate Enolase H'(':'OHb- phosphoglycerateH_(':_O_P__O phosphoglycerate i ) .OHQ
kinase ”/ \H ' mutase i kinase H-C-0-P=0
| i H o 0o
Pyruvate § Phosphoenolpyruvate 2-Phosphoglycerate 3-Phosphoglycerate 1,3-Bisphosphoglycerate

(PEP)

s



Geracgao de Energias

\ Y,
H
H-C-0-P=0
H H 0 ¢=00"
. Y H HO-c-g  DPihydroxyacetone
H-G=0 H-(-OH oo H-C-0-P=0 7 1o phosphate
ADP  y-c-oH C=0 & ATP P t=0 O H

[
' ! HO-C-H Fructose Triose
H-C-OH ———— H-C-OH ”'(I:'OH bisphosphate p/msphnte

Phosphofructo i aldose isomerase

! g 7 se '
H-C-OHQ" Phosphogluco: H'Cli'OHO' i,
i 1

\ isomerase H _C_OI IQ- H
H-C-0-P=0 H-C-0-P=0 ' _
; ; -C-0-
Ho o Ho o " i (‘)P—o ¢=0
. H-C-OHQ" ceraldehy
Glucose Glucose 6-phosphate  Fructose 6-phosphate  Fructose 1, 6-bisphosphate - 0-b=0 ggﬁgi;ﬁ{ig‘ de
H 6
+
Glyceraldehyde NAD + P'

3-phosphate

GLYCOLYSIS dihyirogenase

Pyruvate possui
00 grande valor

QATP 5 ADP O\\(‘,O'Q- H,0 0y 00 &R ADP 6 . d
: o C=0
H-(E—o-g-o H-(:'I-O-g-o H-(:':-OH - H-('Z-OH ) energetlco e PO e
I 4 pyruvate C - Enolase H-C-OHO" phosplmgl_vcemch_C_O_P__O phosphoglycerate | ol e
H'(.'Il k se 0 8¢ 1 s€ - - o ' —

CH g nae Ry i oo e Hr0PO ser utilizado para
X Do Phosphoenolpyruvate 2 Phc R 3. . olveer: Bic . olveer: . .
4 !)}_\‘," (PEP) 2-Phosphoglycerate 3-Phosphoglycerate 1,3-Bisphosphoglycerate PrOdUZ| r mais ATR

Assim, uma
molécula de glicose

pode gerar ate 30
ATPs.



Armazenamento de Energias

(it — tipNmm |

NH
= 0.6 kcal /mol ! ?
_ : o) 0O o) N X
= 2.5kJ/mol T T T </ | N
95 meV HO—P—0—P—0—P—0 P

OH OH OH o. )" N ATP

-:,i C —C — 346 kJ/mol ]
¢ C=C — 602 '

| H — H — 436 | OH OH
f 0=0 — 498
NH,
N
P IClj . HO H 0 ﬁ 0 </ | \)N
. _P. —pP—O—P— P
1 HO(I_)O on oh o. NN ADP
OH OH

ATP + H,O — ADP + P, — 30.5 > AG° > —50 kJ/mol



— A. ATP: structure

Phosphoric acid Phosphoric acid
anhydride bonds ester bond
N\
0 O
o 1 || N~
0O— I|3Y 0O— |B —0— P 0O— CH2
°0 ©o
1. Formula
ﬁ OH OH
—0— |B —0— P O— CH2
O \

N-glycosidic
||\|Hz bond — =
C N =
c
C\ N7 CH o ].
<

L‘.‘.ﬁi

© edefedests

Yy B o Ribose

Phosphate residue
| Adenosine

— B. Hydrolysis energies
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1. Hydrolysis energies

O @ & ®

ATP—Adenosine==>)
CO—»@+@

Positive

Neutral

Negative

2. ATP: charge density

Koolman, Color Atlas of Biochemistry, 2nd edition © 2005




ATP-ADP ~ varias tipos de reagoes bioquimicas
ATP-ADP ~ 20 kBT
Ligagao covalente tipica ~ 150 kBT

NADH ~ 2 ATP
NADPH ~ 2 ATP



