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FagAddCanposiﬂde.mﬂuthumm

at Temperatures
Percentage of total fatty acids*®

10C 20C 30 40°C
Myrestie acd (14:0) 4 4 4 ]
Palmitic acd (16:0) 18 25 29 4B
Palmitoiesc asd (16:1) 25 24 23 9
Qleic a00d (18:1) is 34 30 12
Hydraxymyrstc 8o 13 10 10 8
Ratio of unsaturated 50 saturated’ 2.9 20 1.6 0.38

Sowrce: Data from Mare, AG & Ingraham, J.L. {1962) Etfect of temperature on The COMPosition
of fatly acids m Eschenicivia colt. J. Bacterny. B4, 1260.

"The esact latty ocid compostion depends aot only on Rrowth femperature but on prowth stage
and prowth medium composdon.

‘Calkculated as the tota percentage of 161 plus 18 | divsded by the lotal percentage of 14 .0
plus 16 0. Mydroxymgristic acid was omitied from thes calcslation
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Table 11-1 A Comparison of lon Concentrations Inside and Outside a Typical
Mammalian Cell

Na* 5-15 145

K+ 140 5

Mg?* 0.5 12

Ca?* 10 1-2

H* 7 X 1075 (1072 M or pH 7.2) 4% 1075 (1074 M or pH 7.4)
Anions*

cr 5-15 110

*The cell must contain equal quantities of positive and negative charges (that is, it must
be electrically neutral). Thus, in addition to Cl7, the cell contains many other anions not
listed in this table; in fact, most cell constituents are negatively charged (HCO, ", PO *",
proteins, nucleic acids, metabolites carrying phosphate and carboxyl groups, etc.). The
concentrations of Ca?* and Mg?* given are for the free ions. There is a total of about

20 mM Mg?* and 1-2 mM Ca?* in cells, but both are mostly bound to proteins and other
substances and, for Ca?*, stored within various organelles.

Table 11-1 Molecular Biology of the Cell (© Garland Science 2008)
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(a) Mechanical example

AG >0 AG <0

Work Loss of
done - : potential
raising  L“ LS4 energy of
object _,* N position

I Endergonic Exergonic Il



AG'® = —RT In K,



table 14-3

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

When K, is AG 15 Starting with 1 » components the reaction
>1.0 Negative Proceeds forward
1.0 Zero Is at equilibrium

<1.0 Positive Proceeds in reverse



(1)

(2)

Sum:

A —>C

AG,

AG,,

AG,

AG,



(b) Chemical example

Reaction 2:

ATE =S ADP + T Reaction 3:

Glucose + ATP —
glucose 6-phosphate ~ ADP

Reaction 1:
Glocose + P, —»
glucose 6-phosphate
AG,

Free energy, G

Reaction coordinate
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Table 3-1 Some Common Types of Enzymes

Hydrolases general term for enzymes that catalyze a hydrolytic cleavage reaction; nucleases and proteases

are more specific names for subclasses of these enzymes.

Nucleases break down nucleic acids by hydrolyzing bonds between nucleotides.

Proteases break down proteins by hydrolyzing bonds between amino acids.

Synthases synthesize molecules in anabolic reactions by condensing two smaller molecules together.

lsomerases catalyze the rearrangement of bonds within a single molecule.

Polymerases catalyze polymerization reactions such as the synthesis of DNA and RNA.

Kinases catalyze the addition of phosphate groups to molecules. Protein kinases are an important group
of kinases that attach phosphate groups to proteins.

Phosphatases catalyze the hydrolytic removal of a phosphate group from a molecule.

Oxido-Reductases general name for enzymes that catalyze reactions in which one molecule is oxidized while the
other is reduced. Enzymes of this type are often more specifically named either oxidases,
reductases, or dehydrogenases,

ATPases hydrolyze ATP. Many proteins with a wide range of roles have an energy-harnessing ATPase

activity as part of their function, for example, motor proteins such as myosin and membrane
transport proteins such as the sodium-potassium pump.

Enzyme names typically end in “-ase.” with the exception of some enzymes, such as pepsin, trypsin, thrombin and lysozyme that were
discovered and named before the convention became generally accepted at the end of the nineteenth century. The common name of
an enzyme usually indicates the substrate and the nature of the reaction catalyzed, For example, citrate synthase catalyzes the
synthesis of citrate by a reaction between acetyl CoA and oxaloacetate.

Table 3-1 Molecular Biology of the Cell (© Garland Science 2008)



—_— N _ Sl f'-/\t
wadairate Trenasinm ol Proadacta !'

Cumwtal b Bwat ek ke sta k)




Free energy, G

Reaction coordinate




Vinax(S|
_I_




(pM/min)

4

[nitial velocity, V

k'lll

Substrate concentration, [S] tmM)









phosphoanhydride bonds

?-
"0=P=0—
I
0
energy from H.O m
sunlight or .
from food
Ol..
H*'+ “O0- II;—OH +
(o)
inorganic
phosphate (P))

Figure 2-27 Molecular Biology of the Cell (© Garland Science 2008)

H,0

energy available
for cellular work
and for chemical
synthesis






MITOCHONDRION

H* gradient

t A

NADH gug 7
A

pump™_ |
_ H*
e~ pump ™ i
=~
um
‘ >
fatsand citric [
carbohydrate —  acid = 0,
molecules cycle l
'
co, H,0
| |
products

Figure 14-3a Molecular Biology of the Cell (© Garland Science 2008)



INTERMEMBRANE SPACE H*

++++++++

inner ' .
: . proton-motive membrane
mitochondrial - DR R potential AV
membrane e o e e A e e
MATRIX e
pH7
g Ho H*’HH’
INTERMEMBRANE SPACE . IR W
H-o H#H H*H Hf
s : . C H'H'H'H'H' W
2 ' proton-motive H*
mitochonaria | Wl Feciete ™ orgens ApH [
' Ht
HQ
MATRIX
H* pH7.5

Figure 14-13 Molecular Biology of the Cell (© Garland Science 2008)



outer mitochondrial membrane
inner mitochondrial membrane

ATP synthase

pyruvate fatty acids

FOOD MOLECULES FROM CYTOSOL

Figure 14-10 Molecular Biology of the Cell (© Garland Science 2008)






N of KW

e x Awral Y nasa Pume s Wantiams Jow P | g 1001 it oo cvtien
Swaverrirwe the oy et
" Aot wvieg el Flmes A Mo by o me
(o et
- e L Rase } Ot M gatvnd W 29 ooy ot
- — P — of seyweingir yohden wio cek
g Aarad! Lnnama (ST Mastamm ow 1007 1o oot
o Myoc e of wremus S G O A Segeniar ornoafde Co' | bapeg Oftoscde
B e LTS L
o o e Mo Pamgn howvy eyl sem o of 1ol
¥t AT e
- ANewiah Lyt el ame
wocriery s s Comatn bm (40 0 Lommpar el & Veleyg

" e e s Ve Sotramen Bt UTew SpORCA @\ Tyven
- gy ‘e -
LR
o Lawytn U LS
o — ey T el Ctbyry oomatom of 57 b ADF + P
" e awy e Fmea
Vi g O

Aot Varns i Flime s B =t & W s ety A P et s

GOty I wywete Swag T Cyhmes,
e B I e e ik
Ll oy




CYTOSOL

STARVATION CONDITIONS
use amino acids to fuel

ATP production

'CELLS RELYING ON GLYCOLYSIS MITOCHONDRION
FOR RAPID ATP PRODUCTION o

remove excess NADH from
cytosol to further speed

glycolysis

Figure 14-32 Molecular Biology of the Cell (© Garland Science 2008)

CONDITIONS OF EXCESS

supply cytosol with excess
citrate for synthesis of
fatty acids and sterols

supply cytosol with
reducing power (as NADPH)
for biosynthesis using
excess mitochondrial
reducing power






air space

\d
nUC|eus Ce" wa" A‘

vacuole

cytosol
chloroplast

mitochondrion

Figure 14-35a Molecular Biology of the Cell (© Garland Science 2008)



chloroplast yacuole
_envelope

cell wall

Figure 14-35b Molecular Biology of the Cell (© Garland Science 2008)



fe— 2 pm ——

. inner membrane g,
cristae \ %

A /outer membrane L o A

oy 'ﬁ intermembrane space ——_ &

i.o: oo/ matr'x Stroma /o‘

.*:‘\thyla'mid space
DNA

ribosomes —

thylakoid membrane —

MITOCHONDRION CHLOROPLAST

Figure 14-37 Molecular Biology of the Cell (© Garland Science 2008)



LIGHT

CYTOSOL

photosynthetic
electron-transfer

e FEACIONS N e
1200 thylakoid LQ_Z_

membrane

ik

C —o carbon-fixation
reactionsin
stroma

l

sugars, amino
acids, and
fatty acids

/

CHLOROPLAST

Figure 14-38 Molecular Biology of the Cell (© Garland Science 2008)



CHLOROPLAST

H* gradient

light f'\ l light%;_’mm
Ht

] 4
photosystem photosystem '
I I
carbon-
H20 fixation -— CO,
cycle

o carbohydrate
2 molecules

products

Figure 14-3b Molecular Biology of the Cell (© Garland Science 2008)



3 molecules

o,

1C

|

3 molecules /"‘K 6 molecules

ribulose
1,5-bisphosphate 5C 3-phosphoglycerate  3C
3 ADP
(] ATP
3 3 molecules 6 ADP
ribulose sc o s
5-phosphate 6 molecules
‘ 1,3-bisphosphoglycerate 3C
2P —\ g NADPH
6 |NADP'
\ 5 molecules 6 molecules 6 P,
glyceraldehyde . glyceraldehyde
3-phosphate 3-phosphate | 3€
3 molecules of CO,
fixed give a net yield
of 1 molecule of 1 molecule H _CI =0
glyceraldehyde glyceraldeh - 0
3-phosphate at a net }th 3c| H CI OH I
cost of 9 molecules CH,—0 —P—0"
of ATP and 6 . |
molecules of NADPH o

SUGARS, FATTY ACIDS, AMINO ACIDS

Figure 14-40 Molecular Biology of the Cell (© Garland Science 2008)



p—

p—

redox potential (mV)

—

1000

1200

otosystem |
light energy harnessed to produce photosyst

'$1 4 and m

ferredoxin-
NADP reductase
' osyftm . fe/rredoxin
an electrochemical -~
gradient is formed light
that generates ATP produces m
: cha
? I Saation |NADP"
H* + H'
cytochrome
w""t“ o by-fcomplex
charge
plastoquinone
water- plastocyanin
splitting

enzyme

direction of electron flow

Figure 14-49 Molecular Biology of the Cell (© Garland Science 2008)




