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H He
- R [ Bulk elements = B . B =
Li | Be 1 Trace elements B C N | o F | Ne
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
19 20 21 22 23 24 25 26 27 28 29 30 E1| 32 33 34 35 36
K Ca Sc Ti vV Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
37 38 39 40 a 42 43 44 45 a6 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba \ Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
87 |88 \ ™ Lanthanides
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TABLE 2-5 Four Types of Noncovalent (“Weak”)
Interactions among Biomolecules in Aqueous Solvent

Hydrogen bonds

Between neutral groups ;C::DI N H—O—
Between peptide bonds R - o .
SEOMHETN Strengths of Bonds Found in Biochemistry
lonic interactions 0 Bond Type Strength Strength
N BT (keal/mol) (K)/mol)
Repulsion —+NH, <> H,N* — Covalent (C—H) 105 413
Covalent (O—H) 110 460
[onic interactions 1-20 4-80
water lon—dipole ) 20
C\I:_I%CHH Hydrogen bonds 5 20
Hydrophobic interactions {|]H Van der Waals interactions 1 4
i
&
van der Waals interactions Any two atoms in

close proximity




Helical
structure

Sheet
structure

Metal ion
coordination

Hydrophobic
interactions

Val
Ile

Disulfide
bond

Electrostatic
attraction

Iy

1.

D

Side chain
hydrogen
bonding




Nonpolar, aliphatic R groups

Aromatic R groups

(IEDD_ coo~ coo~
H;;I:I—CL!—H Hsﬁ—rlj—H H,N— i
CH; CH; CH;
é=CH
NH
H
Phenylalanine Tyrogine Tryptophan

coo~ coo~ coo~ coo-
+ | + H +
¢ - &
HSN_? —H  H;N— | —H + L HiN— | —H
H CH
H CH, 2N - CH
Hs He cft, “cH,
Glycine Alanine Proline Valine
coo~ ?ﬂ'ﬂ_ ?DU_
HN—C—H fhﬂ—{ll—ﬂ H,N—C—H
CH, H—Cl',—CH;; H,
H CH, CH,
by
Cﬁa CH, Cl‘,Ha é
I
CHj,
Leucine [soleucine Methionine
Polar, uncharged R groups
coo~ coo~ coo~
- - | - ‘13
H,N—C—H H;N—C—H H;N— | —H
CH.OH H—C—0H CH,
R! H R?
2 1 | ) H, H
H3N—CH—(|-|3_OH + H—N—CH—COO Serine Threonine Cysteine
O
H,0 4%’ H,0 Co0- CO0~
¢ .
H;N—C—H H;N—C—H
R! H R?
s | l CH, CH,
H3N—CH—(”3—N—CH—COO‘ éH—z
Y
0 N 0 &
Y
N’ o
Asparagine Glutamine

Positively charged R groups

coo~ cCoo~ coo~
HEEI—(I:—H H,N—C—H Haﬁ—é—ﬂ
i, i, i,
i H, (':JHE —D{H
CH, CH, " FH
e, N -
‘NH, —fom,
N,
Lysine Arginine Histidine
Negatively charged R groups
coo0~ cOo~
H,N—C—H H;I;I—Ll: —H
éHa H,
I!IDCI_ Cl‘.HQ
too-
Aspartate Glutamate




A - Chain

Insulin structure

0 b ]

A chain

B chain

+ /S_S\
H;N—GIVEQCCASVCSLYQLENYCN—COO~
oy
S
1 /

H3Itl—FVNQHLCGSHLVEALYLVCGERGFFYTPLA—COO‘
5 10 15 20 25 30




Amino
terminus

- 1 1 1L ]
N-Ca Ca-C C-N
Antiparallel Collagen triple
B sheets Parallel helix Right-twisted

B sheets B sheets
+180 v Left-handed
a helix
120
60
O -

- Right-handed
— 60 a helix

=120 |

¥ (degrees)

180 | .
—180 0 +180

(a) ¢ (degrees)

Figure2

LEVELS OF PROTEIN STRUCTURE
Primary Structure

/et

Particle Sciences
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N2 ndistal His"

NS

i

:O"////

\N "ﬁ "proximal His"
NH

T,

Myoglobin 3 subunit of
hemoglobin

His HC3

R state 3



(¢) Enzyme complementary to transition state

N

VA

Free energy, G

o
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ACTIVATION




OH H
Nucleotide: Deoxyadenylate
(deoxyadenosine
5’-monophosphate)
Symbols: A, dA, dAMP
Nucleoside: Deoxyadenosine

NH,
N)I N\
A

OH OH

Nucleotide: Adenylate (adenosine
5'-monophosphate)

Symbols: A, AMP

Nucleoside: Adenosine

OH H

Deoxyguanylate
(deoxyguanosine
5’-monophosphate)

G, dG, dGMP

Deoxyguanosine

(a) Deoxyribonucleotides

OH OH

Guanylate (guanosine

5’-monophosphate)
G, GMP

Guanosine

(b) Ribonucleotides

OH H

Deoxythymidylate
(deoxythymidine
5’-monophosphate)

T, dT, dTMP

Deoxythymidine

OH OH

Uridylate (uridine
5’-monophosphate)

U, UMP

Uridine

OH H

Deoxycytidylate
(deoxycytidine
5’-monophosphate)

C, dC, dCMP

Deoxycytidine

OH OH

Cytidylate (cytidine
5’-monophosphate)

C, CMP

Cytidine



1\11 / Thymine

Adenine

/30 A ? Cytosine

Guanine




~ 2° twist in center

of base pair

: 0
Side view B O\P/ o o ,\p—o- ;
’ ’ Q "o A
o :
o : H ?
[o o i r o
O T 1P\ 0Ty AT
- 3 o
’ (o] 0 N —
_ (o] /P
vl
o (e} .
5 ' Major
o O/P groove
3 o H ~2.2nm
: N'H & c-G
e Pitch,
- 3.46 nm
van der Waals
T-A . contact surface
“Stacked” Major :
base pairs groove
are in van der G-C
Waals contact
. Minor
A base pair can be G-C Crm(:\-'e
recognized by groups o, N
faci . ~1.2nm Yee y
acing the grooves. o T-A > 0 \_(C
This is a GC pair Ao {
(o) i P
3 0o T-A ., Ny " »
N (o] " Minor . o
\ X — groove
3 0 C-G
2H N ?
O o R?/ G-C
O
P
/6\0'
0 1.0 nm
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NH,
N x

0o~ O / N
-, <I%

o. N N)

i D
HS—CH,—CH, —N—%—CHZ —CH, —X—ﬁ—(\?—?—CHZ —CFIF—O—IW—O—CHZ
1 119 O OHCH;4 | O O 4" 1
G-Mercaptoethylamine Pantothenic acid H H
(‘) OH
O=P—0~
L 1 |
NMP l O~
3'-Phosphoadenosine diphosphate
L 1 (3'-P-ADP)
NDP Coenzyme A
1 1 0] ]
NTP H.C N\ NI
ch: : :N \N/g 0

NH i
CAMP | Y

Nicotinamide

A Ny 0 CH. N
//N\C ~ N ©
HC || | 0—r—o- INL__/h
5| A\ /C\ /CH OH OH

O OH OH OH

Nicotinamide adenine dinucleotide (NADY)

| Riboflavin

Flavin adenine dinucleotide (FAD)
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DNA
replication

Reverse
Transcription .
transcription

RNA
RNA
replication

Translation

Protein

Two
chromatids
(10 coils each)

One coil
(30 rosettes)

One rosette
(6 loops)

One loop
(~75,000 bp)

30 nm Fiber

“Beads-on-
a-string”
form of
chromatin

DNA

scaffold




3f

Leading
5!

strand

Direction of mo
of replication

5"

r
3 Core (aef)

Okazaki f/

fragments \ 5’ 3'

3’ Lagging
5 strand
_ - B subanit
Dimeric replicative “slding clamp™ _SSB
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5!
3!

—35

—10 +1

Binding

Closed
complex

Open
complex

3!
5!

Initiation

Positive /
supercoils [

Direction of transcription
(c)

transcription

initiation

promoter
clearance

Elongation
form



transcription
and 5' capping

DNA ——)
5' _:ﬂ
Exon Intron
5' Cap
Pol 1T
completion of
primary transcript
Primary Noncoding
transcript end sequence
D' mm— , 5’
AN A | l\ /I / , 2
\\ \ \ cleavage, ! /7
N ‘ polyadenylation, l /
N \_ and splicing | ~
\\ \\ ‘ I / / 7
Mature \ \ /) -



3.!'
tRNA from the

cytosol, carrying
amino acids.

Anticodon
tRMNA released GLY _
after amino Growing
acid removed polypeptide
chain
= ] ] ] " tHNA
The translation process incorporates 20 different amino acids
in the precise sequence dictated by the three-base codons Amino

built from and alphabet of four bases. The process in the ribosome add | GLY
builds the polypeptide chains tha will become proteins.

18



Large
subunit

Initiator tRNA tRNA

Amino acid

_— [
Small ] I
subunit Anticodon

e Large and small ribosomal
subunits join to form a functional

ribosome.
Amino acid
Codons
Initiator tRNA
e Anticodon of incoming tRNA pairs
Anticodon with next mRNA codon beside
mRNA initiator tRNA.

mRNA :
blndlng St subunit
it codon

@ initiator tRNA
attaches to a
start codon.

@) Amino acid on initiator tRNA
forms a peptide bond with the
amino acid beside it.

/

mRNA
codon movement
G Protein synthesis stops when e Initiator tRNA leaves the ribosome;
the ribosome reaches the stop ribosome shifts by one codon;
codon on mRNA. tRNA binds to newly exposed
\_ codon; steps ) - é repeat.

Key: Growing .
-y = Adenine mRNA protein ff"’.éomplete protein
- = Guanine a

[ = Cytosine
@4 = Uracil

P e gy iy =

Summarv of movement of ribosome alona mRNA



mMRNA

Ribosome
: Hydroxylation Phosphorylation —
P 3%/ Attaches a hydroxyl Adds a phosphate to ﬁ
OH @‘ Q,E group (-OH) to a side serine, threonine or {'}Igé)
( \ chain of a protein tyrosine (RN

.‘ﬁ 5 Methylation

Py Adds a methyl group,
u‘géfj usually at lysine or

‘ arginine residues

j - Lipidation
, 8%/,  Attaches a lipid, such
ﬂ‘géi\j as a fatty acid, to a

protein chain

Glycosylation

Attaches a sugar, usually ¢ ﬁ\
to an "N” or "0" in an ﬂ‘g. )

amino acid side chain

Ubiquitination i D
Adds ubiquitin to lysine S5/
residue of a target ﬂ_;gé{}

protein for degradation

Protein

SUMOylation

Acetylation c
_‘i ! Adds an acetyl group Adds a small protein ﬁ
o 4 to an N-terminus of a SUMO (small 4
wﬂ{% protein or at lysine ubiquitin-like modifier) ﬂ'g&?ﬁ
‘ residues Disulfide Bond j j to a target protein ‘
Covalently links the "s" '

A 6%5-—& l. ROCKLAND'

["1 antibodies & assays
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H—C—OH
CH,OH
[ p-Glyceraldehyde ]

CH,OH
0
OH
OH OH

a-D-Ribofuranose

H 0 H 0 H 0 H o0 H 0

\[l://"” \C,;;’x \{ljzf \{ljz,ff ™, ?4"
H—C—OH H—J%_UH H—C—0H  HO—C—H H—C—O0H
H—fl"—-DH H_{;‘_DH Ho—tt—H HO —L’:‘—H H(}—([‘—H

CH;OH H—(C—OH H—C—OH H—C—OH HU—&-H
Gion nd-om widom mton
[ b-Ribose | CH,0H {llHQCIH éHngH
| p-Glucose | |D-Mannose|  [p-Galactose
CH-OH CH,OH CH,OH

a-D-Mannopyranose

@) 0 OH O
OH OH O OH
OH OH  OH OH OH

a-D-Glucopyranose a-D-Galactopyranose

21



CH,OH CH,OH CH,OH CH,OH

(|3=O C|?=O (|3=O | =0
CH,OH H—C—OH H—C—OH HO—C—H
Dihydroxyacetone (|3H20H H—é—OH H—C—OH
p-Erythrulose (I3H20H H—C—OH
p-Ribulose (!THzOH

D-Fructose

6
HOCH, O. 1CH,0H HOCH, O. OH

SNH HO /2 H HO

H OH H CH,OH
4 3
OH H OH H

a-D-Fructofuranose B-p-Fructofuranose



CH) 0
|
HOCH, -0—1\3—0—01{2 -0—1‘3—0—CH2
0 O- @) _ O
H H H H 0 H H
H 0 H H 0
OH H 1 OH H OH H I
HO O—IT—O‘ HO OH HO 0_[|J_0—
H HO O H HO H HO 0"
Glucose 1-phosphate Glucose 6-phosphate Glucose 1,6-bisphosphate
H
CHQOEI CHzog HOCH, O._ OH H_{'[H,H
H /& OH | H 4 OH H H H—(—OH
OH H OH H H H HO—C—H
HO H HO H . {I, -
OH H T
H OH H NH, 2-deoxyribose H—(—OH
B-D-Glucose B-D-Glucosamine CH,OH
D-Sorbitol
COOH ([:OOH
| —(— CH,OH
H—(F—OH H (|} OH 9 5
HO—C—H HO_‘E_H H 4 )
H H—é':—OH H—|—DH HONOH H
—C—OH
Hooo O o H=(—0 L
D-glucuronic acl
& COOH CH;OH p-Glucono-8-lactone 23

p-Gluconate



5
0O
H /4 H H
5
‘NOH H
HO CH,0OH
3 2 ¢
H OH
Maltose Lactose («form) Sucrose
a-D-glucopyranosyl-(1—4)-p-glucopyranose B-pD-galactopyranosyl-(1—4)-a-p-glucopyranose a-D-glucopyranosyl B-D-fructofuranoside
Gal(B1—4a)Gle Glelal<28)Fru
CH,OH CH,0OH “Cllgoll
o0 —o ,»—o
H/n
} NOH H
SN—0— | (al—6)

I br{mch

Branch H OH point
O
GC[IQ ClbOH CHZOH CHQO}I
li
v ou H ou OH H
_O__ _O_
Main
chain
CH,OH CH,OH CH,OH
H C— O c— O (;,— O
|/ H H
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LIPIDS

Fatty acids Steroids Lipid Terpenes
vitamins
[soprenoids
Eicosanoids Triacylglycerols Waxes Sphingolipids
Glycerophospholipids Ceramides
Plasmalogens Phosphatidates Sphingomyelins Cerebrosides
| | Gangliosides
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids

25



HUJ\/\/\/\/\\“‘/\///\/\/\ e

t.i-linoleic acid (linolelaidic acid) L o ST

/ Glyceride backbone |

H2C—0
HC—O
Hzc_o

)\/\/\/\/\/\/\/\ [ Saturated fatty acid
)WW | Monounsaturated fatty acid (MUFA) |
9 12 15
w | Polyunsaturated fatty acid (PUFA) |
a

26




Waxes

i
CH3(CHjy)14—C—0—CHy—(CHy)23s—CHj
1. - AN v J
Palmitic acid 1-Triacontanol
Eicosanoids
(@)
- N
3 5 C—OH
Arachidonic acid
CH,

(PGE,)

Thromboxane A,

Il
0 C—0
” ke e

CH,

Leukotriene A,

Sterols

Alkyl side chain
26

Polar

head HO 4 G
group
Taurine
OH r A "y
{E—NH—CHE—CHE—SD-_
HO OH
Taurocholic acid
(a bile acid)
OH
8] H
Testosterone 27

(a steroid hormone)



Stpt:age Membrane lipids (polar)
lipids
(neutral) ‘

Phospholipids

Glycolipids | Archaebacterial ether lipids
[ | I |
Sphingolipids | | Galactolipids (sulfolipids) |

Fatty acid

‘Triacylglycerols‘ | Glycerophospholipids | ‘ Sphingolipids | |

Fatty acid

Glycerol
Glycerol

[} m
° ° ;; % Mono- or ° °
i
1CH2—0—C\/\,/\/\/\/\/\,/\ Saturated fatty acid
0 (e.g., palmitic acid)
Glycerophospholipid I .
(general structure) “CH—O—C U“S‘atur,ate'd‘ fatty acid
\/\/\/\/_\/\/\/\/ (e.g., oleic acid)
1
”cm—o—rf—o— X
(0 Head-group
substituent
Phosphatidic acid — —H Phosphatidylglycerol Glycerol — CH;—CH—CH,—{
. +-
Phosphatidylethanolamine Ethanolamine — CH,—CH,—NH; 2
+ H 0—®
Phosphatidylcholine Choline — CH;—CH;—N(CHs)s
. + Phosphatidylinositol myo-Inositol 4,5- H
Phosphatidylserine Serine — CH,—CH—NH; 4,5-bisphosphate bisphosphate "
00~



Sphingosine

HD_#CH_CH=CH_{CH2]‘|2_CH3 Fﬂ“}" acid
Sphingolipid |
igeneral Ef‘H—N—é
structure)
'CH;—0—X
Name of sphingolipid Name of X Formula of X
Ceramide — —e
| 5
Sphingomyelin Phosphocholine — P—0—CH,—CH,—NI(CHj,),
CH,OH
0
Neutral glycolipids
Glucosyleerebroside Glucose H
H
H
: Di-, tri-, or _._( )
Lactnsylcerra mide tetrasaccharide
(a globoside)
o Complex
Ganglioside GM2 oligosaccharide
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. 7 EXTERIOR
Oligosaccharide

chains of

chains of
glycoproteins chiso
Lipid-
anIc)hored Peripheral
protein membrane
}Q. 3 protein
-
- U

P
AAAAA m..‘
A‘ X

Oligosaccharide

Peripheral
membrane

CYTOSOL
protein

Integral Integral 2=
membrane membrane
protein proteins

Passive Active
| ' | 7

Nonmelzdiated Transportelr mediated

A B & D
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Extracellular matrix

and cell wall Glycogen,
polysaccharides starch, sucrose
synthesis of
structural storage
polymers
Glucose

oxidation via oxidation via
pentose phosphate :
bathway glycolysis

Ribose 5-phosphate Pyruvate
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Glucongel Gi¥calysis

BIOENERGETIC
AND
METABOLISM

@ Electron transport &
oxidative phosphorylation 32



Cell
macromolecules

Proteins
Polysaccharides
Lipids

Nucleic acids

Energy-
containing
nutrients

Carbohydrates
Fats
Proteins

Precursor
molecules

Amino acids
Sugars

Fatty acids
Nitrogenous bases

Energy-
depleted
end products

CO;
H,0
NH,
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VITAMIN A

OH
RETINOL
active form in mammalian tissues
Important for eyesight. Also strengthens

immune system and keeps skin and linings
of parts of the body healthy.

VITAMIN B6

Oy o
1]
HO P.
= 0”1 ~OH
| OH
=
N

PYRIDOXAL PHOSPHATE
active form in mammalian tissues

Helps make some brain chemicals; needed

for normal brain function. Also helps make
red blood cells and immune system cells.

VITAMIN E

ALPHA-TOCOPHEROL
group includes tocopherols & tocotrienols

An antioxidant that helps prevent damage
to cells and may have a preventative role in
cancer. Also helps make red blood cells.

VITAMIN B1

N7y N*
)I\. & “‘"S OH
N NH,
THIAMIN
can also occur in pyrophosphate ester form
Used to keep nerves & muscle tissue

healthy. Also important for processing of
carbohydrates and some proteins.

VITAMIN B7

o
YNH H o
HN -""“\/\)LOH

H 5
BIOTIN
produced by intestinal bacteria

Needed for metabolism of various
compounds. Often recommended for
strengthening hair, but evidence is variable.

VITAMIN B9

Peraid v

FOLIC ACID
found as tetrahydrofolate in food

Important for brain function & mental
health. Aids production of DNA & RNA.
Important when tissues are growing quickly.

VITAMIN B2

OH

HO,
'OH

"0H
X

RIBOFLAVIN
excess turns urine bright yellow

Important for body growth, red blood cell

production, and keeping the eyes healthy.
Also helps processing of carbohydrates.

VITAMIN B12

COBALAMIN
usually contains CN as the R group

Important for the nervous system, for
making red blood cells, and helps in the
production of DNA and RNA.

VITAMIN B3

0 0

x OH X NH,
o =
N N
NICOTINIC ACID NICOTINEAMIDE
niacin is collective name for these compounds

Helps with digestion and digestive system health.

Also helps with the processing of carbohydrates.

VITAMIN C

HO
OH

0o OH
OH
ASCORBIC ACID
deficiency can couse scurvy

Important for a healthy immune system;
helps produce collagen, used to make skin
and other tissues. Also helps wound healing.

VITAMIN K

o]
o]
MENADIONE
all K vit ins are { or derh

Helps blood clot properly, & plays a key role
in bone health. Newborns receive vitamin K
injections to prevent bleeding.

VITAMIN B5

HO, /\*
N OH

H
OH

PANTOTHENIC ACID
also occurs in pyrophosphate ester form

Important for manufacturing red blood cells
and maintaining a healthy digestive system.
Also helps process carbohydrates.

VITAMIN D

CHOLECALCIFEROL
natural form; different form used in supplements

Important for bone health and maintaining
the immune system function. May also have
a preventative role in cancers.

Vitamins can be divided broadly into two classes.

WATER-50LUBLE VITAMINS

These vitamins are not stored in the body.
As such, generally, they are required more
frequently than the fat-soluble vitamins.

FAT-50LUBLE VITAMINS

These vitamins are stored in the liver and
fatty tissues until required. As such, they can
be harmful if too much is taken in.
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hypoxic or
anaerobic

conditions

2 Ethanol + 2C0,

Fermentation to
ethanol in yeast

Glucose

glycolysis

{10 successive

reactions)

aerobic
conditions

> 200,
¥

2 Acetyl-CoA

citric
acid
cycle

4C0O, + 4H,0

Animal, plant, and
many microbial

cells under aerobic

conditions

hypoxic or

anaerobic

2 Pyruvate ﬂ?

2 Lactate

Fermentation to lactate
in vigorously contracting
muscle, in erythrocytes,
in some other cells, and
in some microorganisms
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(a) Preparatory phase

Phosphorylation of glucose
and its conversion to
glyceraldehyde 3-phosphate

first priming reaction

second priming reaction

cleavage of 6-carbon sugar
phosphate to two 3-carbon
sugar phosphates

Glucose

ATP
D hexokinase
ADP

Y

Glucose 6-phosphate

(2

phosphohexose

ISomerase

k.

Fructose 6-phosphate

ATP © e/
phospho- o o
fructokinase-1
ADP . 1
®_D—CH2 0 CHZ—U—®

Fructose 1,6-bisphosphate
‘NH HO /*

H
(4] o
aldolase / OH| H
O

Vi

Glyceraldehyde 3-phosphate ®—D—DH2—CH—C<
+ u H
Dihydroxyacetone phosphate J r

o

triose phosphate

Isomerase

(P)—0—CH, —(”3—{3]-]2 OH
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(b) Payoff phase

Oxidative conversion of

glyceraldehyde 3-phosphate
to pyruvate and the coupled
formation of ATP and NADH

oxidation and
phosphorylation

first ATP-forming reaction
(substrate-level
phosphorylation)

second ATP-forming reaction
(substrate-level
phosphorylation)

2 NADH + 2H* </

J

(2) Glyceraldehyde
3-phosphate

2P,
2NAD* ~

L

3

(6

glyceraldehyde
3-phosphate
dehydrogenase

(2) 1,3-Bisphosphoglycerate

ZADP ~

2 ATP 4”
(2) 3-Phospho

L

(2) 2-Phospho

2HO “

' @
phosphoglycerate
kinase

glycerate

' O
phosphoglycerate
mutase

glycerate

h

@

enolase

L

2ADP

2 ATP

(2) Phosphoenolpyruvate

10

pyruvate
Kinase

(2) Pyruvate

P
(2) (P)—0—CH;, —CIIH—C\
o H

P
(2) ) —0—CH, —CH—C_

bu o—®

e
(2) @—0—CH, —?H— C
o O

0]
&
(2) CH;—CH—C
LT N
OH O

O
Y
y o

O

&

(2) CH,4 —U—C\
I Yo



CH.OH

O
Trehalose Lactose HO H
lactase
trehalase
’ OH H
H
Hz0 Dietary Endogenous H
glycogen; starch glycogen
r-amylase p-Galactose
4
W
phosphorylase UDP-gaIaCtDSE
e
H OH Glucose  «—— UDP-glucose
p-Glucose I-phosphate CH-0H
ATP
nexokinase O
phosphogluco- H H
HOCH CH.OH mutase
., ° 0 : OH HO
Glucose
H HO H &-phosphate
H ATP o-Mannose
evokingse ATP
p-Fructose (R | hexokinase
ATP | fructokinase Fructose Mjirliie 6-phosphate
1 &-phosphate ——
Fructose 1-phosphate P I*L:f'l1|2”
fructose 1-
phosphate
aldolase +
f,r < ~, Fructose
) 1,6-bisphosphate
Glyceraldehyde + Dihydroxyacetone

| phosphate
triose phosphate

somerase

trinse
kinase

Glyceraldehyde
»  3-phosphate




Monreducing end

CH,0H CH,OH
0 0
H H H H o H H
OH H OH H
HO 0 0~
H OH H OH
Glycogen (starch)

n glucose units

H
HO
H OH ,-ll:,— H OH
Glucose Glycogen (starch)
1-phosphate (n—1) glucose units
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(a) B @
(CIG) R_CH2 _CH2 _CH2 —(C—S-CoA

O Palmitoyl-CoA

acyl-CoA FAD

dehydrogenase
yeres FADH,

]
R—CH;—C=C—C—S-CoA
| trans-A’-
Enoyl-CoA
H,0
enoyl-CoA
hydratase
Cl)H
R—CH,—C—CHy;—C—S-CoA
(|) L-B-Hydroxy-
acyl-CoA
NAD"

B-hydroxyacyl-CoA
dehydrogenase
veree NADH + H™*

R—CH,—C—CH,—C—S-CoA
I (”) B-Ketoacyl-CoA

acyl-CoA CoA-SH

acetyltransferase
(thiolase)

(Cyy) R—CHZ—(ﬁ—S-CoA+ CH3—(”3—S-CoA
0 0

Acyl'—CoA Acetyl -CoA
(myristoyl-CoA)

Leucine
Lysine
Phenylalanine
Tryptophan
Tyrosine

Acetoacetyl-CoA

l

Acetyl-CoA
A

Isoleucine
Leucine
Threonine
Tryptophan




Stage 1 Amino  Fatty

Acetyl-ColA  acids  acids Glucose
production
Glycolysis
o Pyruvate
} pyruvate
cemyarogenase
‘Z —-Z{_______ complex
_ e~
£ CO4
NG
Acetyl-Cod
Stage 2 l
Acetyl-Coll _
oxidation Citrate

Owaloacetate

Citric
acid cycle

a 1
: CO,
( J

~—_ NADH, ___~

Stage 3
Electron transfer
and oxidative

phosphorylation

FADH,
(reduced e— carriers)

-
1
(,,2H++-;03
Respiratory
(electron-transfer)
ADP +F, ATP
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Claisen condensation:
Acetyt-CoA methyl group of
acetyl-CoA converted
to methylena In citrate.
(5] S-CoA
: H0  coasH

oxidation of —OH Citrate o
wn‘pletcsolﬂiﬂg Oxaloacetate dtrate syrehass
saquernce; genera Dehychtimhdmyddbn
carbonyl positioned to O 00 HO=(=C00 —OH group of citrate
faciiitate Claisen i repositioned in isocitrate
condensation In next H,—COO 00 to set up decarboxylation
step.

In next step.
Citric acid cycle acon :\J

Hydration: €00
addition of HO éﬂ
water across
double bond 2 ds-Aconitate
Introduces CO0
—OH group E_
for next
oxidation Rl e Hz0
step. (3) NADH D
< acomtuse
H,0
s
Fumarate EH H— i 00
Hé ) HO-?—H Isocitrate
00 FADH, Coo (3]
° soconate a'ci'v:‘.::?::::
dehydrogenass
—OH group oxidized
introduction of to carboayl, which in
doubde bond initiates : CO; turn faciitates
mathylene oxidation CHz=COO a-hetogitarate dacarboxylation by
sequence. H sucanyl-CoA dehydrogenaze H, stabilizing carbanion
2 synthataza camplex & o formed on adjacent
Succinate COO _ 2 carbon.
H
CoA-SH é 2 «-Ketogiutarate
—S-CoA co, [4)
@ @ aro Oxidative
(ADP)  syccingl-CoA  pyruvate-dehydrogenase-like
Substrate-level phosphorylation  + P, mechanism; depandent on
energy of thioester conserved in carbonyl on adjacent carbon.
phosphoanhydride bond of GTP 42



Leucine
Lysine
Phenylalanine Ketone
Tryptophan bodies
Tyrosine A
Isocitrate
Y
Acetﬂacet}fl—CGA—) / Citric
Citrate acid
cycle
Y
Acetyl-CoA
A A
Oxaloacetate
--j‘-.. +Malate
CO,
] Pyruvate
Alanine
Cysteine
|soleucine Glycine
Leucine Serine
Threonine Threonine Asparagine
Tryptophan Tryptophan Aspartate

Arginine

Glutamine
Glutamate |€—— |J;ctidine
l Proline
a-Ketoglutarate
\ Isoleucine
} Methionine
succinyl-CoA  |-— Threonine
Jr Valine
Succinate
Fumarate Phenyilalanl'ne
Tyrosine
Glucose
] Glucogenic
[ Ketogenic
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NHy f'{Hg
bi—coo _u_coo
R—CH— CHy—CH—
+ Amino aclds Alanine (from muscle)
o NH3z Ketoglutarate
B I -Keto acid
/C—CHZ—CHZ—CH—COO a ;
HgN Glutamine NHy
(from extrahepatic 00C—CHs—CH =5
—CHy—CH—CO00
NssIes) G %
Glutamine
Flutarmnase
Glutamate Oxaloacetate
Ftamxte
dehydrogenase sminotronsierase
«-Keto- Aspartate
. glutarate ¥ \
NHy NHg
Heo, “o00—cii—ri—co0
= carbamoyl
2A'm p?nx_»h:k‘c
2ADP + Pi ‘/ synthetass
Carbamoyl Il [
phosphate HsN—C—O—II’—O
o
Mitochondrial
— i i i
HyN—(CHglg— CH—C00" HaN—C—NH—(CHzly— CH—C00
Ornithine Citrulline
Cytosol Citrulline -
ATP
D
pr;
NH; HN=E—NH—(CH2)3—CH—COO
HyN—(CHy)— CH—CO0"
Ormithine I
Urea I
cycle i,, N)
o
Citnllyl-AMP
Hz0
. l_
HgN—C—NH—(CHg)y—CH—C00
Arginine

|
ros=e=G=e0] © © JNH—O—NH—(CH»:—CH—COO

Fumarate

Argininosuccinate
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