CH  Ab (Metabolism)

1. 0l 2} (catabolism):

2. =2} (anabolism) :



Nutrients

A
[ A '
Some nutrients
- Fats Polysaccharides Proteins - and products of
catalxlism
Fatty acids ~ Glucose and other ] Requires reducing
: Amino acids agents and ener

and glycerol  monosaccharides & 8y

Products of anabolism,

Small molecules To anabolism |k ig including proteins and
/ \ of proteins nucleic acids
Excretion  To anabolism To catabolism Some excretion
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CH  Ab (Metabolism)

1. 0l 2} (catabolism):

Rl

degradation of molecules (& o 1t &)
oxidative process (&3t HA)
WU A 4 (ATP)

52121 M A (NADH, NADPH)



CH  Ab (Metabolism)

2. =2 (anabolism) :

DEA=EZ

]

A
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>._|

Rl

o
-T=

reductive process (2t 1t &)

requires energy (HIUH Al 2 K)



CH  Ab (Metabolism)

High Gibbs free energy

Metabolism

Proteins, cells

Amino acids,
sugars

Photosyimhcsis
- Low Gibbs free energy
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* Maintenance of ionic gradients
(0= At FAl)

« Maintenance of adequate body
temperature (M S XAl)

* Biosynthesis of macromolecules
(HU= A2 &4)

« Mechanical movements (&)
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& 3kst (Thermochemistry)

e RQEINAF UAMCZ M= RF9 UARES
H(system)2t) 2c2l, systemt &S HES

ol FF2 UE F=E2 +7

(surroundings)ctd =&l L},

en system

Open system:
WU X2t =22 Wat0] &0 LT

Surroundings



= of =f(Thermochemistry)

« A S A Z(Interactions)2 H e =F 22 =& 0Lt
HUHXS ds Latlh ol X2 82 heat
= work 2| EEHE F et 0ILt E2| SEHiZ
QHLI= HU XIS Y2, system CH0ll S HIU =
SA OEHAl, = LHF QX0 Bets =L

« S2/UH 242 a0l &= HREUH UK =
thermal energy (8 0l L4 X)) 2t chemical energy
(k=AU X JF UL,
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& M & (entropy) Jt >
O 2 QI ({Lt(}.

Entropy(S)c A2 &Nt EES
LIEtLi= €38 d Z0[L.

SEME LI IAH 2+5F, entropy=
= Jhetlt.




Spontaneous Change(A}
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2t M QUL (melting of ice at room temperature)
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K= 0llH XI (Free energy)

T AIARS WHF UL SHA iz 2= BE Jisst
A==22 X

* Gibbs free energy
« AG=AH-TAS 0|Lt.
2= 22 HOl tHoll =&

H = enthalpy
==

S = entropy



http://ko.wikipedia.org/wiki/%EC%97%90%EB%84%88%EC%A7%80
http://ko.wikipedia.org/wiki/%EC%9D%BC_(%EB%AC%BC%EB%A6%AC)

7
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A=0UE AL Hete=2, BFsS2 2eril tiol Jt=dE

* AG < 0 (negative), spontaneous
* AG >0 (positive), nonspontaneous
* AG =0 (zero), at equilibrium BtS0] 2 HLIX|

AG=AH-TAS

dEANUMN AG 0l 50| He= EFE A0

S AL



NS U X (Free energy) 2F AFE A 19| 2+

NG =AH-TAS

AG < 0 (negative), spontaneous



The natural tendency of the
universe Is in the direction of
Increasing disorder.




e lifeis a violation of the second law
(/\H O 7= 9 HE 2 &S Q| BlEt [])

t_Eﬁﬁ = /= T

* any living organism is a highly specific,
organized, thoroughly nonrandom
arrangement.

(MY HE R SOI=0|D
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HE o2 B e 0 & 20l ChH




(H Al (Metabolism)

1. Ol 2} (catabolism):
degradation of molecules
oxidative process that releases energy
WU KX 24 (ATP)
2t& 5 244 (NADH, NADPH)

2. =2t (anabolism) :
Jj__l_xl_‘:IIO oI-/C\—DI, _}C_>|_I|

reductive process that requires energy
NADPH= anabolic enzyme



Atgt(Oxidation)= & AL,

MAE ZAHU =4 E =
5

U
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g2 (Reduction)2 = A, & At &
SrASE S AL = = HAE
2 St



AbSH BHRIBHS

« Zn (S:12AMl) + Cu ?* (Aqueous : =&

-2 Zn?4* (aq) + Cu (S)

e Zn > Zn?*+ 2e- (4Hal)

« Cu?*+2e--> Cu (&)

« Ol BtS0IA &Ml 2 B3 A

i
H

I






kel RV Y

H H
H.C—C:O0:H = ~ H,C—C:0: + 2H' + 2
H
OlErS OLHIEEIEI S

p.420



Comparison of the state of reduction of carbon atoms in biomolecules

H O O O

| { 4 I

= GHy— > —(IZ— > /C\ > -—C\ > T|I

OH OH O

(fats) (carbohydrates) (carbonyls) (carboxyls) (carbon
dioxide)

Fig. 15-2, p.419



ASHEIRIBIS (O SR8 TR0
(EXEA)

Ol 2t (catabolism): &tattA

/21 M- NADH (22 )

Ll

o NAD*+ 2 H - NADH

A5 S 2ol S

;;O

+  FAD +2H > FADH,




Ao eF 23

c BEH-EXE S 4 U= SH

electron donor

C MBHH- RIS Qe 2

electron acceptor




Nicotinamide
(oxidized form)

Hydride ion,
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NADP' contains a e

on this 2-hydroxyl
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Nicotinamide
(reduced form)

Fig. 15-3, p.421
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455% = Nl =0l
Sl 24: NAD, NADP, FAD2| ZS& 27
2 25: NADH2F NADPH2| Xt0| & 27
= Al

O ATP &2 Ol E KAl & O L
@ E2xza0= 20l 0] UL




» =Ml 32F

M AA+ FAD > 024+ FADH,

® AotEl 2227
@ 0= =20| LN elt?



orerd KU Al

« = AFLHS Z=0ILE LA I & 0fl 2| of
A= U Al

NH,
Phosphoric anhydride N N\
linkages \\ ’ >
Al A o
N N N

ATP
(adenosine-5'-triphosphate)



JUHUEA etg=

« =2 QA MY ZHIAES JIN SHE =
(High phosphate-group transfer potential)

ATP (EEAQI R +=H)
Creatine phosphate

PEP (phosphoenolphosphate)
GTP




N OH OH )

Fig. 15-7, p.424
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Fig. 15-6, p.423



Table 15.1

Free Energies of Hydrolysis of Selected Organophosphates

® 2008 Brooks/Cole - Thomson

AG®’
Compound kJ mol-1 kcal mol—1
Phosphoenolpyruvate =019 —14.8
Carbamoyl phosphate —51.4 — 120
Creatine phosphate —43.1 —=10.3
Acetyl phosphate —42.2 —110.1
ATP (to ADP) —230:5 s
Glucose-1-phosphate —2(.9 —5.0
Glucose-6-phosphate —12.5 —3.0
Glycerol-3-phosphate —9.7 —2.3

Table 15-1, p.425



Resonance hybrid |[*O==P==0%| H'

| |
|
|

= Os-
! ;
C—0O C—O
0 ‘ O
l || AG” =-62 k]/mol \ ”
(]—()—[|’—()' + H,O - (II—()H + HO—P—O
|
CH, | O. H,C O
L |
PEP Pyruvate
High-energy bond (enol form) Resonance stabilized

(increases entropy)

Tautomerization

(increases entropy) T
O
|
C—0
C—0
H,CH

Pyruvate (keto form)
Fig. 15-8, p.425
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HIH Xl 236} (charge)gt ?

MEZLl DU LK IAAERS] HE:0-1
ATP + 1/2 ADP

ATP + ADP + AMP

OISl Ol Xl =ot= 0.85-0.95 & = O|Lt.



Nutrients
(such as glucose) COg + H-sO

=

Products Precursors
of anabolism

Fig. 15-9, p.426
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TS0l OlatetE&tAge AAZE HE At Ol Al

« L3 +60,> 6CO,+6H,0
(AG”'= - 685 kcal/mol)
32ADP + Pi - 32ATP (A G®'= 233 kcal/mol)

TEZ HHAI2= 0 233/685 X 100 = 34%

-

£& +60,+ 32ADP + Pi - 6CO, + 6 H,0 + 32ATP

(-

(AG®'= - 452 kcal/mol)

H

2 =ol= HU A dd 480l 2 AFEXREFSO0ILE.

H



CD




=clel Bts2 =alet BIS0l Sloh =& =0

1) hydrolytic coupling (t===0ol & X &)

A 2> B (AG™ =4 kcal/mol)
ATP + H,0 = ADP+ Pi (AG™ = - 7.3 kcal/mol)

A+ATP +H,0 ---->B+ ADP + Pi (AG™ =-3.3 kcal/mol)

2) Mechanistic coupling (71 & & & X &)

Glu + NH; ----- > glutamine (AG® = 3.5 kcal/mol)
ATP----> ADP+ Pi (AG® = - 7.3 kcal/mol)

Glu + ATP + NH; ----> glutamine + ADP + Pi (AG" = - 3.8 kcal/mol)



=cl|el S22 =gt BrS0l 2ol =&I= L

3) Activation by CoA
A + coenzyme ----> A-coenzyme (2 &3t SHAH|)
A-coenzyme + B ----> AB + coenzyme ---- AG< 0 - K2 BtS

0

o CH, o
Il | Il | I
HgaC— c—»s-cH2—cu.~,-l\|=—~c:—«cnz—~cu.3—~1?1—~ c—~c|:u——<|:—~cu2—«o—~}]>~—o——
o)

—r=
1
0
l
0
o
0

H H OH CH,
Thioester
LS Acetyl-SCoA o St
|
+ H,O D= *l’ —O
O_
AGY = -31.4 k]/mol NHy
N
T )
Free thiol . ~N /)
i mwap i I . TW ~
H,C— C— OH + HS— CHy— CHy;— N— C—CHy— CH;—N—C—CH—C—CH;—O—P—O—P—O—CH, _©O
I | I
Dissociation H H OH CHg -O -O
(increases
T entropy) CoA-SH o OH
A | .
Dissociation O=P—O
H,C—C—O~ + H' (increase |
’ entropy) (& 2
Acetate
H' + CoAS™
Resonance
o

H,C— C=—0O
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Thioethanolamine

From pantothenic acid

3-P-5'-ADP

r s N7 <% Ve A N
NH,
Functional
sulfhydryl NT XN
group From Bflanine k \>
4 N
: / N
P R R N
CH2CH21T—CCH2CH2N TII (l“ cI: CH,O 1|> O 1|> @
H O OH CH, O O~
Coenzyme A
(CoA-SH)
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Fig. 15-10a, p.428



Catabolism

Excretion

Nutrients
(such as glucose)

NADP*,

%{))*, NAD*, ADP
Glycolysis NADPH.

Nﬁ)[fl’ NADH. ATP

Citric acid cycle

Excretion

NADH,
FADH, 2P

Oy Hy0

Oxidative phosphorylation

Fig. 15-12, p.430
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2) S50 US XX

Feedback inhibition
Covalent modification

3) Gl Al ol0ll 2o & &
IAXI £510F SO0 ATP A A2 gt

i
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Feedback inhibition



Covalent modification



