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Biosynthesis

The ATP Cycle Osmaotic work
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Strain homogenate
L PEIMOVE Conmective
tissue and blood vessels.

Tube is
e
slowly up
and down
as pesile L Teflon
rotates, pestle

Centrifuge homogenate
) at Gl = 10 min.

- Tissue—sucrose homogenate

{minced tissue + 0.25M

sucrose buffer)

Supernatant 1
Centrifuge supernatane 1

at 15,000 x 5 min.

Nuclei and any @i
unbroken cells

Supernatant 2 — . ;
Centrifuge
supcrmatant 2 at
1O, D0 = B0 i,

Muochondria,
Ivsosoimes,
and micrabodies

Supernant &
Soluble fracuon

of cytoplasm
{cyrosal)
Ribosomes and rnirru:mm?_zéf = "E
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Ny, No exchange of matter or heat
= HRBIEN— R RS oo Kaoncs
(—) BREYIBA, ERIKRE
(=) AT FMHHEX: K52
(=) AT
() M H3FE—miE i BF B A &
AU=Q - W, | Closed system
Fmxbet: AU = dQ — PdV [ e ey et
(FR) KB ALEYFE1K
(%) I HHTE T FONTEIRA
s FIRERR
AS = ASux t ASgum O i
(€) Bmsemind T S K LN

dG — VdP o SdT — dW Heat exchange and/or matter exchange may occur
l
ZFRed: dG = VdP - dW , \
Tz [

R B F 8T - AG = W Open system
BP &I e AL R IR BB E AT,
e,

Surroundings
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(=) B BHAEARKIOKSFTEHEHIXR
s B aA+bB cC+dD

+ RT 1n LGITDE

AG = AG®
[APB,°

AR F K S~ =% ed

[CHTDE _ [Ceglf |Deq1 AG = —-RThnh K
TAFBP  [APBsP i -

(=) L BHERLIA
AGY'=  AGlmy, — AG%x 4
(@) BB AR E B BHAER KT IE AL EX
TRERTK ST IR S AR B HH A T R S LA4R Joe),
%a:A B+C ey AGO=+21kj/mol,
B D#Y AGY = -34kj/mol,
m A C+D#y AGO = -13kj/mol,
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AG”® = —RT In K,

table 14-3

Relationships among K., AG', and the Direction of Chemical
Reactions under Standard Conditions

When K, is AG™ is Starting with 1 M components the reaction

=1.0 MNegative Proceeds forward
1.0 Zero Is at equilibrium
<1.0 Positive Proceeds in reverse

W T T T S V¥ | T 1Ty

tahle 14-1

Some Physical Constants and Units Used
in Thermodynamics

Boltzmann constant, k = 1.381 x 10 23 J/K
Avogadro's number, N = 6.022 % 10%* mol !
Faraday constant, & = 96,480 J/V - mol
Gas constant, R = 8.315 J/mol - K
(= 1.987 cal/mol - K)

Units of AG and AH are J/mol {or cal/mol)
Units of AS are J/mol « K {or cal/mol - K)
1cal=4.184 ]

Units of absolute temperature, T, are Kelvin, K
25°C =298 K
At 25 °C, RT = 2.479 kJ/mol

(= 0.592 kpl i ancas.net.

. Kaoyancas. net
tabhle 1 M 5

Relationship between the Equilibrium
Constants and Standard Free-Energy
Changes of Chemical Reactions

ﬂ Efl’.‘!

Kiq (kJ/mol)

(keal/mol)*

17.1
-11.4
ot o7 )
0.0
5.7
11.4
17.1
22.8
28.5
34.2

4.1
—2.7
-1.4

0.0

1.4

2.7

4.1

5.0

6.8

B.2

*Although joules and Kilojoules are the standard units of
energy and are usad throughout this text, biochemists
somatimes axpress AG' " values in Kilocalorias per mola,
We have therefore included values in both Kilojoules and
kilocalories in this tabla and in Tables 14-4 and 14-6.
Ta convert Kilojoulas te kilocalories, divide the number of

kilojoules by 4. 184,
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Standard Free-Energy Changes of Some Chemical Reactions at pH 7.0 and 25 °C (298 K)

Reaction type

AGIO
(kJ/mol) (kcal/mol)

Hydrolysis reactions

(€) AGY, AGEA

Acid anhydrides

Acetic anhydride + H,0 — 2 acetate

ATP + H,0 — ADP + P,

ATP + H,0 — AMP + PP;

PP, + H,0 — 2P,

UDP-glucose +H,0 — UMP + glucose 1-phosphate
Esters

Ethyl acetate + H,0 — ethanol + acetate

Glucose 6-phosphate + H,0 — glucose + P;
Amides and peptides

Glutamine + H,0 — glutamate + NH;

Glycylglycine + H,0 — 2 glycine
Glycosides

Maltose + H,0 — 2 glucose

Lactose + H,0 — glucose + galactose

Rearrangements

| BT AR ey S

..5 B (3 A4H-45P33)
s Wu:'.ﬁ .

AG = AG'® + RTln[—

Glucose 1-phosphate — glucose 6-phosphate
Fructose 6-phosphate — glucose 6-phosphate

Elimination of water

Malate — fumarate + H,0

Oxidations with molecular oxygen

Glucose + 60, — 6C0, + 6H,0
Palmitate + 230, — 16C0, + 16H,0

WWW . kaoyanc_a9s7.7|qet

-2,840 -686
=2.338




(1) BEEBIRRIL A 9 (acyl phosphate) Hil11 .
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O ZBBEm( acetyl- phosphate ) CH3——("]—-0 ~

]
Q & BtB% A% (carbamyl phosphate) Hi N—(IZ——O ~ II’——O‘
o
0

@ BEEENRH M (acyl adenylate) (XFK acyl AMP) R—Lo - 1::—0- Bt

o
0
Il

"0
© EBREFR( aminoacyl adenylate) R“I(-Il*ﬂl—o ~ Il‘--O' 82

* NH, 0"

(2) RBEMALay -

@ £ B4 (Pyrophosphate)
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R E= KLY

BT

1,3-Bisphosphoglycerate

H,0 ~| hydrolysis
ki

(6] OH
N/
C

l
(IJHOH
(IJH2 3-Phosphoglyceric acid

0
I -

ionization
H +

www . kaoyancas . net
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& N
O—C OH tautomerization

N —
o
I
CH,

Pyruvate Pyruvate
{enol form) (keto form)

PEP? + H,O — pyruvate + P?
AG"™ = —61.9 kJ/mol

—{Rib]{Adeaine
ATPY-

o hydrolysis, with
Wﬁn;m l relief of charge repulsion

6" 6" D D
O. ,O resonance I | I - -
0—P—OH + IID—P—~D~—P|’-—D—{ Rib — Adenine |

N/ stabilization
7 |
CHOH P, 5 0O 0 ADP?*

CHZ resonance o )
(|) stabilization ] ionization
|
_ O—1|3= o
o

8-Phosphoglycerate 0—P—0—P—0— Rib | Adenine

1,3-Bisphosphoglycerate*” + H,0 — j ADP*

3-phosphoglycerate3_ +P2 +H'
AG'° = —49.3 kJ/mol

ATP* + H,0 —— ADP* +P7 +H'
AG™ = —30.5 kJ/mol
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H-0

¥ hydrolysis

Phosphocreatine

0
/
CH,—C

“
S-CoA

H. 0O - hydrolysis
» CoASH
0

7
CHa—cj:
OH

" ionization
H'

0"

Acetyl-CoA

Acetic acid

Acetate
N g
O
Te20nance

stahilization

Acetyl-CoA + H;O0 —— acetate
AG'"™ = —32.2 kJ/mol

Phosphocreatine®

9 ‘\.1,
Firea Msiding
1 limEmE

il h

CoO-

|
cr{z

—CHs

COO

v@ﬁ:} kaoyancas.net .s+

] \c
HEN—(”}—rN—CHH  — '5

TeE0NATICE
H
| NHE stabilization 2@
Creatine

P;

+ Hy0 — creatine + P5
AG'"™ = —43.0 kJ/mol

00

3@2@@5i

Thioester
0
v
CH;;—C\

S—R

Extra stabilization of
oxygen ester by resonance

Oxygen
ester

AG for

Free energy,

thipester

hydrolysis

resinance
stabilization

0
o
cﬂa—cf:
0—R

,::J
CH;—C &

AG for oxygen
ester hydrolysis

0
v
CH; —C::
OH

JIO
CHS—C\
OH

+ R—5SH + R—OH
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Pyrophosphate (P; + P;) in 5 mM Mg*”* : wwwt kapyaneas-net
| |
L o~

Adenosine-5'-triphosphate (AMP + PP;), excess Mg™™* (See ATP structure on previous page)

Uridine diphosphoglucose (UDP + glucose)
O—pP—0—pPp— D_CH=
| |

Acetyl-coenzyme A (acetate + CoA)

(8} o H,C OH O (9]
Il I Ll I

Il
EHE—{J—EI'—U—F—{}—L‘HE—'II'T:-"*EH*-'E—NH —CHy; —CH; —C—NH —CHy; — CHs —5—C—CHjy
|
o o H4C
O Adenine

H H
H H

O OH
Elvﬁ.,“'

S-adenosylmethionine (methionine + adenosine)

www . kaoyancas . net
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AG® D% PR 2 A1 5% 7 34 R
AG” AG”

| | kcal/mol kJ/mol
% B2 0 B X TN I phosphoenolpyruvate - -14.8 - 61.9 14.8 61.9
HFBEBEM  carbamoyl phosphate -12.3 -~ 51.46 12.3 51.46
3-RMHMMBERE (3 - phosphoglyceroyl phosphate) . -11.8 -49.3  11.8 49.3
PEBRULEE  phosphocreatine 10.3 ~43.1 10.3 43.1
LMWEBEER  acetyl phosphate S =-10.1 -42.3 10.1 42.3.

| -8.0  -33.5 8.0 33.5

-4.6 -19.2 4.6 19.2 -
BEERME S BE  phosphoarginine -7.7 -32.2 7.7 32.2

RE=BEE ATP—ADP+ Pi -7.3 -30.5 7.3 30.5

* ATP-» AMP + PPi ~7.7 -32.2 7.7 32.2

. - 10.9 - 45.6 10.9 45.6

BRI B8  ADP—AMP + P; -7.3  -30.5 7.3 30.5

BE—B8 AMP—EH +Ppi | ~3.4 -14.2 3.4 14.2

W%BE - 1-BM  glucose 1 ~ phosphate ~-5.0 -20.9 - 5.0 20.9
- -3.8  -15.9 3.8

“RHE-6-BEBR  fructose 6 ~ phosphat 15.9
2} Bt Tuctose phosphate - -13.8

MZHE ~6- BB glucose 6 ~ phosphate -3.3 ~-13.8 3.3 13.8
HM-3-pt8 glycerol 1 - Phosphate -2.2 ~9.2 2.2 9.2

WA %%QA%E%Pﬁ%ﬁﬂ%ﬁﬁﬁﬁikEJFﬁBHEiEﬁHD

kcal/mol kJ/mol

“fEBEBR  pyrophosphate
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(b)
Competing resonance in acetic anhydride
L& O
| I s
f'c"ﬂ.‘,_ﬂ- — C
H_sc- ? CH_S

Phosphoric anbyvelrides:

O O
] i

RO — P S80S P — OR
| I

By

Pyrophosphane:

3 L)
|| H % T Ii'ln'.['.l'lv form
O — P &S — OH beoween pH 6.7
| | and 9.4
O [ & oy

q

e G G g
~ H._.,c'f \T;‘:' s

H,C

These can only ocour alternavely

Simultaneous resonance in the hydrolysis prodocts

I
Cary

| = |
i
‘,__"“;1

These resonances can occur simultaneously

HC

Phosphoric anhydride

linkages

LR % e
MR | R

I | I O

iC
‘o7 cuyww.kaoyancas.net

| 5 (@ =

ATP
(adenosine-5"-triphosphate)
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ATPaR AR>S
ADPHR X750
HeF7
ATPFaR#1K
ZADP, R
BEER A0 YT
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NH,

-
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table 14-—-5

Adenine Nucleotide, Inorganic Phosphate, and Phnsphncreatin‘@”w'
Concentrations in Some Cells*

kaoyancas.net

Concentration {mm)

ATP

ADPT

AMP

P;

Rat hepatocyte
Rat myocyte

Rat neuron

Human erythrocyte
E. coli cell

3.38
8.05
2.59
2.25
7.90

1.32
.93
0.73
0.25
1.04

0.29
0.04
0.06
0.02
0.82

4.8
8.05
2.72
1.65
7.9

*For erythrocytes the concentrations are those of the cytosol (human erythrocytes lack a nucleus
and mitochondria)l., In the other types of cells the data are for the entire cell contents, although
the cytosol and the mitochondria have very different concentrations of ADP. PCr is
phosphocreatine, discussed on p, 502,

"This wvalue reflects total concentration; the true value for free ADP may be much lower

(see Box 14-2).

J20-4 ATP KR BEFD pH FRIERS Kok MR B i SR A AWM

ATPIE BE

1 mol/L(kecal) 0.1 mol/L(kcal) 0.01 mol/L({keal) 0.001 mol/L(kcal)

6.0 ~-7.89
6.2 -7.94
6.4 -8.01
6.6 -8.12
6.8 -8.26
7.0 - 8.40
7.2 - 8.59
7.4 - 8.81
7.6 -9.06
7.8 -9.32
8.0 -9.56
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_ (PEP)

ATP

ADP Pyruvate O
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Phosphoenolpyruvate Pyruvate
PEP

ﬁ: OH
T hepras] : f Tautomerization
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| AG=-33.6 k] /mol
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</\> ATPLAAN L A% = BTG 1 38 B 1 P

ATPR = Zavzacsp e, BRATPIN, SR SHER

| =UTP, &M EBAREREGCIP, &astesRECIP, &

8 BRNAZ=CTP UTP ATP GTP , &AXDNAFZZJCTP dTTP
& dGTP dATP,

(L) ATP% ET:EI’Jx &
AW&%NK%%Am% AR
A s EAT A, — B ANEIATPE X
* 40kg/d R IRSEUIER T, HIATPRE &
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- [ATP] + [ADP] + [AMP]} #20. 80210. 95281,
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. Chloroplast (plant cell
Rough endoplasmic reticulum (plant and animal} roplast (plant cell only)

Ly
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AN ANIMAL CELL
Eemutz:;: :,nd.oplmmic

Smooth endoplasmic reticulum Lysosome
Nuclear membrance : s 4 Nuclear

X membrane
Rough endoplasmic reticulum Mitochondrion

Nucleolus

Nucleus

Rough endoplasmic

Plasma ke
reticulum

membrane

Mitachondrion A = = 3 0 Golgi body
Mucleus {plant and animal)
. - ) Plasma membrane

Cellulose wall Gell wall
Cyioplasm Pectin

Filamentous evtoskeleton
{microtubules)

FIGURE 1.22 = Thix figure diagrams a rat liver cell, a typical higher animal cell in which

the characteristic features of animal cells are evident, such as a nucleus, nucleslus, mito- — 4 E ’ | E@ H H é}'c‘
. /j_\‘ % AN —

Oligosaccharide
side chain

Glycolipid

Cholesterol

Phospholipid wwi KaBYancas . net

membrane protein
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Primary active transport Secondary active transport
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)iz HKiATPases

Four Classes of Transport ATPases

Crganism or tissue

Type of membranea

Role of ATPase

P-type ATPaszes

Ma K’

A H|51E o T
V-type ATPases

animal tissues

Acid-secrating {parietal b
caells of mammals

Fumgi iNewrasparal

Higher plants
ammal lissues
Myocwtes of animals

Bacleria

Flasma
Flasma
Plesma

Flesma

Flissmis

Sarcoplasmic reticulem
(andoplasmic reticulum)

Flasmis

Maintains low [Ma™], high [K'] inside cell; creates
transmembrane electncal polenbal

Acidifiess contents of stomach

Create HY gradient to drive secondary transport
of extracellular solutes into call

Maintains low [Ca*'] in eybosol

Sequesters intracellular Ca®*, keeping cytosolic
[Ca®'] low

Pumps beawy melal oos ool ol cell

Animals

Higher plants
Fungi

Ly=o=omal. endosomal,
sacrebary vesicles

Vacuolar
Maciokars

Create low pH in compartment, activating
proleases and other hydrelylic engyrmes

Multidrug transporter

Eukaryotes
Higher plants
Prokaryotes

Inner mitochondrial

Thylakaid
Plesma

Catalvze tormation of ATF from ADFE + P

animal tumaor cells

Flasma

www . kaoyancas . net

Bamowas a wide variety of hedrophobic natural
producis and synthetic dooggs from cylosol,
including vinblastine, doxorubdcing, actimomycin O
mifarmycin, tanel, colchicine, and puromycin
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Na', K'-ATPase. o 463
H*, K-ATPase 379
Ca”*-ATPase, SR 345
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Iy ATPase, E. roli 280
F; ATPase, bovine 203
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(b) Segment-binding FITC, an ATP=site probe for ATPases
Na", K'-ATPase, o 406 P
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Ca*"-ATPase, SR a8 VvV G N K
Ca**-ATPase, plasma membrane
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(e} ATP-binding region

Na™, K-ATPase, o 343
H*, K-ATFase (15
Ca**-ATPase, SR Gll
H*-ATPase, Neurospora 44
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transport)
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Carbon dioxide produced
by catabolism enters

erythrocyte

COag Chloride-bicarbonate
exchange protein

In respiring tissues

Bicarbonate
dissolves in
blood plasma

H(COg Cl

In lungs

Carbon dioxide leaves
eryvthrocyte and 1s
exhaled

W crompepreolCO, B, X—R |

et 3 FR 26 TSR TR 4T T

Bicarbonate enters
ervthrocvte from
blood plasma
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fablel2-5
Cotransport Systems Driven by Gradients of Na' or H'

Transported solute Cotransported solute
Organism or tissue (moving against its gradient) (moving down its gradient)

E. coli Lactose H*

Froline H*

Dicarboxylic acids H*
Intestine, kidney of vertebrates Glucose Mat

Amino acids Ma*
Vertebrate cells (many types) Ca* Ma* Antiport
Higher plants Wr H* Antiport
Fungi { Neurospora) KF H* Antiport
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I’h().splu)r_\'la tion
of EI by PEP

El ~P

@ Transfer of
phosphoryl group
from EI to HPr

ury=p- . Hr

9 Transfer of
])]1()5})'1()1’}’1 group
from HPr to EIII

Elll, EHI, ~P

lucose-6-P

Inside , form glucose-6-P

Outside

Glucose

Transfer of phosphoryl
group from EIII to EII
and then to glucose to
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OV ZEER

Subunit folds into four

transmembrane « helices [ . %%%?‘ﬁi‘é_ Eg
gl

Acetylcholine
binding sites

e Subunit
([3.%,& are homologous)

M2 amphipathic helices
surround channel

With receptor sites
Bulky hydrophobic occupied, the M2
Leu zide chains of Binding of two acetvlcholine helices have smaller,
M2 helices close molecules causes twisting polar residues lining
the channel. of the M2 helices. the channel.

2 Acetvlcholine
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In organic solvents
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In lipid membrane
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