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of deoxyribose nucleic acid (DUN.AL). __This
ptructure has novel features which are of consi

biological interest.

A structure for nucleic acid has already  been
proposed by Pauling and Corey!, They kindly made
thoir manuseript availabla to us in advance of
publication. Their model consista of three inter-
*wmnd chains, with the phosphates near the fibre

- .I'f'r-w:l' T Thes VAT pr m.-L 2T wwadT '.l-*- E& h!'ur.tlh]-T-\Mmr AR P e O T T

helieal chains each coiled round  der Waals contact.
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radically different structure for It is probably impossible t-t:r bm’rd this structure
the salt of deoxyribose nuclaic with a ribose sugar in place of the deoxyribose, as
arid.  Thiz astrmmiurs has twn the axitra oxyvegen atom would makes too close A van
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Guideline for biochemistry lectures

(a)

Nanometers Micrometers Millimeters

Small ssemblies
molecule
= 7’ Macro-

molecules Cells Multicellular organisms
@Glucose ibosome Bacterium C. elegans Newborn human
Red blood
C—C bond Hemoglobin | Mitochondrion asll Bumblebee
| | | | I | | | | i
100%m 109m 108 m 107 m 106 m 105 m 104 m 103 m 102 m 10" m 100 m

0.1 nm 1nm 10 nm 100 nm 1 um 10 um 100 um 1mm 10 mm 100 mm Tm



Questions

* Why does ice float on water?

 Why don’t o1l and water mix?

* Why does blood transport oxygen to our
cells, whereas carbon monoxide inhibits this

process?
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he Structure of DNA
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i |nthe bcginning was the Word, and
the Word was with (God, and the

Woré was Goé.
4. An& the Wor& became Hesh and

tabemaclcé among us.

~ Thc Gospel Accorcling to JOT‘! N, the New | estament



* Nucleotide: sugar + phosphate+ base
* Nucleoside: sugar + phosphate
» [Magic powered by] Hydroxyl group (—OH)



What’s the sugar for DNA and
RNA?

Deoxyribose




What 1s Phosphate?

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

O
|
T

lon Name

NH,* Ammonium O O
NO,- Nitrite

NO; Nitrate

S0, Sulfite

50k Sulfate O'

HSO,- Hydrogen sulfate

OH Hydroxide

CN Cyanide phO Sphate
POS? Phosphate

HPO,> Hydrogen phosphate

H,PO, Dihydrogen phosphate O

Qo Carbonate

HCO, Bicarbonate

ClO Hypochlorite

ClO, Chlorite

ClOy Chlorate O H P O H
ClO, Perchlorate

CH;COO (or C;H:O;7) Acetate

MnQy~ Permanganate

Cr,0,% Dichrurfate O H

oL Chromate . .
O Peroxide phosphoric acid

Note: The most commonly encountered fons are highlighted in magenta,



What’s the base for A, T, G, C, U?

0
NN
PURINES J\)I\>— /I\JI\>’ \>_
2N
Purme Ademne Guanme
4 Nz o) 0
CH
NZ 4 3 i NZ ALY AL 3
PYRIMIDINESJ\; .| J\ | )\ | )\ |
H \I:l H o) N H o N H o N H
Pyrimidine Cytosine Uracil Thymine

Figure 4-4
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



How are they put together?



Phosphodiester bridge

base base base
H
(o]
0 :}ii::l::~ :Eiii:l::; 5' ()3' (0
rr,.,rf" \ / \C \p/ \C AN K“‘H
/

P/
Hz ’,"s‘\
. . 0.0
DNA
base base base
OH OH OH
(o] (o) (0]

5’ 3/ 5’ 3' 5' 3/

0 (o o 0 o
NN \P\/ e \< \c \P< =y
H 2 :“\ H 2 AR H 2 :"\

o/_ 0 o/_ 0 o'/_ ‘0
RNA

Figure 4-3
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



B-Glycosidic linkage

NH,
N
B-Glycosidic linkage ( \
|(':|2 \N / //N
it

HO O\C/ N—

\

H



Phosphate

Figure 4-1
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

DNA graph

Phosphate

Base; 4

Phosphate

Base;, >

Phosphate

Phosphate



DNA schema




DNA abbreviation

pApCpGpApCpGpApCpGpApCpG



DNA letters

ACGACGACGACG



Other nucleotides

HO 0o N--"'
HO OH NH2
5'-ATP
H
0\
/*P:"‘\**oz'
"High-energy" ) ,"li
phosphoanhydride v (o (o)
bonds ’
3’'-dGMP
o :
‘( U .?'-) 4 Fi.gure4.-6pal:t2 -
f‘);g: ;&‘ )Ad en OSi ne f‘;;ﬁj’::s;’);:::: 5‘1'::20:11pm|y
f triphosphate

(ATP)



1 genome

Col

Part of E

Figure 4-8

Biochemistry, Sixth Edition

© 2007 W.H.Freeman and Company



The Indian muntjak and 1ts
chromosomes.

Figure 4-9a
Biochemistry, Sixth Edition
© 2007 W.H. Freeman and Company

Figure 4-9b
Biochemistry, Sixth Edition
102007 W.H.Freeman and Company



The advent of molecular biology



{

3

Figure 10.4 Erwin Schriodinger (1887-1961).
Schradinger proposed an expression of quan-
tum mechanics that was different from but
quivalent to Heisenberg’s. His jon is use-
ful b it exp the behavior of el
in terms of something we understand—waves.
The Schrédinger equation is the central equa-
tion of quantum mechanics.

CORBIS-Bettmann

Sresentation



-
—--'
-

-
-
-

N—H
/
H
Guanine Cytosine
H CH3
\N’H """ 0
N
C b
N / \N ----- H#N>/
/N "
N— 4 N\
Adenine Thymine

Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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X-ray diffraction from B-form
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BeCOIe MOl Compaet,

of deoxyribose nucleic acid (DUN.AL). __This
ptructure has novel features which are of consi

biological interest.

A structure for nucleic acid has already  been
proposed by Pauling and Corey!, They kindly made
thoir manuseript availabla to us in advance of
publication. Their model consista of three inter-
*wmnd chains, with the phosphates near the fibre
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C-3’ endo (A form) C-2’ endo (B form)



Major-groove side Major-groove side

/. d \ / ,( \
Glycosidic N‘;(H Glycosidic Glycosidic N N—H OGchosi dic
bond bond bond W bond
Minor-groove side Minor-groove side
Adenine-Thymine Guanine-Cytosine
Figure 28-5
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Major
groove
Minor
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Figure 28-6
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TasLe 28.1 Comparison of A-, B-, and Z-DNA

HELIX TYPE
A B Z
Shape Broadest Intermediate Narrowest
Rise per base pair 23A 3.4A 3.8A
Helix diameter 255A 23.7A 18.4A

Screw sense
Glycosidic bond*

Right-handed
anti

Right-handed
anti

Left-handed
Alternating anti and syn

Base pairs per turn of helix 11 104 12
Pitch per turn of helix 25.3A 35.4A 456 A
Tilt of base pairs from 19° 1° 9°
normal to helix axis
Major groove Narrow and very deep Wide and quite deep Flat
Minor groove Very broad and shallow Narrow and quite deep Very narrow and deep

*Syn and anti refer to the orientation of the N-glycosidic bond between the base and deoxyribose. In the anti orientation, the base extends away from the deoxyri-
bose, In the syn orientation, the base is above the deoxyribose, Pyrimidine can be only in anti orientations, while purines can be anti or syn.

Table 28-1
Biochemistry, Sixth Edition
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Single-Stranded DNA and RNA
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DNA molecule RNA molecule

Figure 4-19
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The structure of RNA
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Several Kinds of RNA

Ribosomal RNA (rRNA)
Transfer RNA (tRNA)
Messenger RNA (mRNA)
Small nuclear RNA (snRNA)
Micro RNA (miRNA)

Small interfering RNA (siRNA)

Others (signal-recognition, component of
telomerase and etc.)



Regulations of DNA

Restriction-enzyme. (Cut)
Ligase. (Paste)
Polymerase. (Copy)
Topoisomerase. (Twist)



Restriction Enzyme



Cleavage site

Cleavage site Symmetry axis
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DNA Ligase
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DNA Polymerase
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Abbreviations

dNTP: dATP, dGTP, dCTP and dTTP

dN: deoxynucleoside
TP: triphosphate
PP1i: pyrophospate 1on



Primer strand
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Applications of DNA

* The polymerase chain reaction (PCR).
* DNA sequencing.
* Southern Blotting.



DNA sequencing (1975)

0 0 070070
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/ DNA to be sequenced

3'——GAATTCGCTAATGC

5'—CT/TA A
Primer
DNA polymerase |
Labeled dATP, TTP,
dCTP, dGTP
Dideoxy analog of dATP

A 4

3'—GAATTCGCTAATGC

5"—CTTAAGCGATTA
+

3'——GAATTCGCTAATGC
5"—CTTAAGCGA

New DNA strands are separated
and subjected to electrophoresis

Figure 5-4
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RTAGTGTCACCTAAATAGCTTGGCGTAATCATGGTCATAGCT
100 110 120 130

| 1] " ”n n
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Figure 5-5
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Frederick Sanger

* The Nobel Prize for Chemistry 1n 1980.



Several Kinds of RNA

Ribosomal RNA (rRNA)
Transfer RNA (tRNA)
Messenger RNA (mRNA)
Small nuclear RNA (snRNA)
Micro RNA (miRNA)

Small interfering RNA (siRNA)

Others (signal-recognition, component of
telomerase and etc.)



Ribosomal RNA (rRNA)



TasLE 4.1 Base compositions experimentally determined for a variety of organisms

Species A:T G:C A:G
Human being 1.00 1.00 1.56
Salmon 1.02 1.02 1.43
Wheat 1.00 0.97 1.22
Yeast 1.03 1.02 1.67
Escherichia coli 1.09 0.99 1.05
Serratia marcescens 0.95 0.86 0.70
Table 4-1
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Learning Goals

» Explain the difference between complex and
simple carbohydrates using Lewis symbol.

* Apply the systems of classifying and naming
monosaccharides according to the functional
group and number of carbons in chain.

» Determine whether a molecule has a chiral center.
» Explain stereoisomerism.
 Identify monosaccharides as either D- or L-.

 Draw and name the common monosaccharides
using structural formulas.




Learning Goals

* (@Gi1ven the linear structure of a monosaccharide, draw the
Haworth projection of its a- and B-cyclic forms and vice
versa.

* By inspection of the structure, predict whether a sugar in a
reducing or a nonreducing sugar.

« Discuss the use of the Benedict’s reagent to measure the
level of glucose 1n urine.

 Draw and name the common disaccharides and discuss
their significance in biological systems.

« Describe the difference between galactosemia and lactose
intolerance.

* Discuss the structural, chemical, and biochemical
properties of starch, glycogen, and the cellulose.



Learning Goals

* Describe the physical and chemical properties and
biological function of each of the families of lipids.

*  Write the structures of saturated and unsaturated fatty
acids.

« Compare and contrast the structure and properties of
saturated and unsaturated fatty acids.

« Write equations representing the reactions that fatty acids
undergo.

* Describe the functions of prostaglandins.
* Discuss the mechanism by which aspirin reduces pain.

e Draw the structure of the phospholipid and discuss its
amphipathic nature.



Learning Goals

* Discuss the general classes of sphingolipids and their
functions.

 Draw the structure of the steroid nucleus and discuss the
functions of steroid hormones.

* Describe the function of lipoprotein in triglyceride and
cholesterol transport 1n body.

 Draw the structure of the cell membrane and discuss its
functions.

» Discuss passive and facilitated diffusion of materials
through a cell membrane.

« Explain the process of osmosis.
 Describe the mechanism of action of a Na+-K+ ATPase.



Learning Goals

 List the functions of proteins.

* Draw the general structure of an amino acids and classify
amino acids based on their R groups.

* Describe the primary structure of proteins and structure of
the peptide bond.

* Describe the structure of small peptides and name them.

* Describe the type of secondary structure of a protein.

* Discuss the forces that maintain secondary structure.

« Describe the structure and functions of fibrous protein.

* Describe the tertiary and quaternary structure of a portein.



Learning Goals

* List the R group interactions that maintain protein
conformation.

* List example of protein that require prosthetic groups and
explain the way 1in which they function.

* Discuss the importance of the three-dimensional structure
of protein to 1ts function.

* Describe the roles of hemoglobin and myoglobin.

* Describe how extremes of pH and temperature cause
denaturation of proteins.

« Explain the difference between essential and nonessential
amino acids.



Guideline for biochemistry lectures

(a)

Nanometers Micrometers Millimeters

Assemblies
molecules
~ Macro-

molecules Cells Multicellular organisms
@Glucose Ribosome Bacterium C. elegans Newborn human
Red blood
C—C bond Hemoglobin | Mitochondrion asll Bumblebee
| | | | I | | | | i
100%m 109m 108 m 107 m 106 m 105 m 104 m 103 m 102 m 10" m 100 m

0.1 nm 1nm 10 nm 100 nm 1 um 10 um 100 um 1mm 10 mm 100 mm Tm



4.1 Carbohydrates
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CHO /

1

CHO

2 H—C—OH

3

2 H—C—OH
3 H—C—OH
4 CH,OH

p-Erythrose

1 CHO

2 H—C—OH
3 H—C—OH
4 H—C—O0H

5 CH,OH
p-Ribose

/ N\

CHO (|ZHO

H—C—OH HO—C—H

CHO
HO—L—H
H—L—OH
H—C—OH
CH,0H
p-Arabinose
/Ny

CHO CHO

H—C—O0H HO—C—H

p-Glyceraldehyde

3 H—C—O0H
4 H—C—OH
2 H—C—OH

6 CH,OH
p-Allose

Figure 11-2

H—C—OH HO—C—H
H—C—OH H—C—OH
H—C—OH H—C—O0H
LH;OH CH,0H
p-Altrose D-Glucose
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HO—C—H
H—C—OH
H—C—OH

CH,0H
D-Mannose

CH,OH

H—C—OH
LHZOH
p-Threose
CHO CHO
H—C—O0H HO—C—H
HO—C—H HO—C—H
H—C—O0H H—C—OH
CH,0H CH,0H
p-Xylose p-lyxose
/ N\ /" \
CHO CHO CHO CHO

H—C—OH HO—C—H

H—C—O0H H—C—O0H HO—C—H

H—C—OH HO—C—H

HO—C—H

HO—C—H HO—C—H HO—C—H HO—C—H

H—C—OH H—C—O0H H—C—O0H H—C—OH
CH,OH CH,OH CH,OH CH,OH
p-Gulose p-ldose p-Galactose p-Talose






H—C—OH
H—C—OH
H—C—OH

CH,OH

ketose



1

o CH,OH
2 N

3 CH,OH
Dihydroxyacetone
1 l
o CH,OH
2 Q\\C/
3 H—C—OH
4 CH,OH
p-Erythrulose
1 / \)
0.~ CH0H Oy ~CH0H
2 C <
3 H—C—OH HO—C—H
4 H—C—OH H—C—OH
5 CH,OH CH,OH
p-Ribulose p-Xylulose
a 0\\"C/CH20H 0\\*C/CH20H O%c/CHZOH O%C/CHon
3 H—(|Z—0H HO—C—H H—C—OH HO—C—H
4 H—|C—OH H—C—OH HO—C—H HO—C—H
5 H—C—OH H—C—OH H—C—OH H—C—OH
6 CH,OH CH,OH CH,OH CH,OH
p-Psicose p-Fructose p-Sorhose p-Tugatose
Figure 11-3
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» (Carbohydrates are synthesized by photosynthesis
in plants

— Qrains, cereals, bread, sugar cane

e Glucose 1s major energy source

— A gram of digested carbohydrate gives about 4 kcal of
energy

— Complex carbohydrates are best for diet

— FDA recommends about 58% daily calories from
carbohydrates



Basic Carbohydrate Types

Monosaccharides
— e.g., glucose, fructose
— One sugar (saccharide) molecule

Disaccharides

— e.g., sucrose, lactose

— Two monosaccharides linked together
— Linkage 1s called a glycosidic bond
Oligosaccharides

— Three to ten monosaccharides linked by glycosidic
bonds

Polysaccharides
— e.g., starch, glycogen, cellulose
— Chains of linked monosaccharide units



Aonosaccharides

414V A A ANV VIV AR

* Monosaccharides are composed of:

— Carbon

— Hydrogen

— Oxygen

— Basic Formula = (CH,0),, n = any integer 3 — 7
» Many monosaccharides also contain

chemical modifications

— Amino groups

— Phosphate groups



Naming Monosaccharides

Copyright @ The McGraw-Hill

| C|H OH
. Aldehyde C=0 C=0 Ketone
Named on the baSIS Of functional H—(|C—OH H—C‘—OH functional
. group [ | group
* Functional groups H-C-OH  HO—C—H
— Ketone carbonyl = ketose CHOH LA
An aldose A ketose

— Aldehyde carbonyl = aldose

e Number of carbon atoms 1n
the maln Ske 1 etOn H Copyright @ The McGraw-Hill Companies, Iﬁermission required for repraduction or display.

3 carh . | l C|3HZOH
— \ carbons = triose o c—o c—o
— 4 carbons = tetrose H—<|1—OH H_(I:_OH HO_?_H
— 5 carbons = pentose CH,OH e HC—OH
— 6 carbons = hexose N . I
» Combine both | |
ombine both systems H—C—OH CH,OH
gives even more CHLOH
lnfOrmatlon Aldose Aldose Ketose
Triose Hexose Hexose
Aldotriose Aldohexose Ketohexose

D-Glyceraldehyde D-Glucose D-Fructose
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A Human Perspective

Tooth Decay and Simple Sugars

oy many tenes have you heard the lectune from panemis

o your dentlst sbout brushing vosr teeth after o sugary
srack? Anmoiing as this leotore might be, 18 s based on soend
sehentific data that demanstrate that the cause of footh decay s
|1-1:||1|:.~ amnl acid I-lm‘hi'b'_l.- thar bacterium Sérmpoonocus sitans
1.ud|15 BUCTOE &% bls subsirabe.

Saliva is eemdng with bacteria in concentrations KU Biw e
hundred million (10%) per milliliter of saliva! Within minuics
after you brush vouor feeth, sticky R|:|.'l.'|.‘IPI'I.‘II'E|!1I. in this saliva
adlhaere to booth surfaces. Than millions of ol bacheria imume-
dintely bind ro this surface.

Although many oral bacteria stick to the ionth surface, as
the diapram below shows, nnl:.- L. muilans causes cavities. The
reason for fhis i thai this crganism alone can make the eneyme
glrcosyl fraraferese. This eneyme acts only on the disaccharide
sucrse, breaking it down indo glocose and fructose. The glu-
oo s immiediately added o a growing polysaccharide called
ilextraet, the ghuee that alloays the bacteria to adherns o the footh
surfaoe, contributingg o the fommation of plague.

Moy the bacteria embedded in the dexibram take in the fruc-
tome and usi it in thie lactic acid fermentation. The lactic acid
that is produced owers the pH on the tooth surface and begins
1o dissalve calcium from the tooth enamel. Even though we
produce aboail ore Hber of saliva cach day, the acid cannat be
wiashed away from the tooth surfoce because the destran
plaque i ned permisabile fo saliva

Sa what can we do (o prevent tooth decay? OF coumse,
brushing alber cach meal and Aossing regularly redioce plague
brildup. Eating a dict rich in caldum also helps buikd strong
tookh cnamel. Foods feh in complex casbohydrates, such as
Iruiits ancl vepetables, help prevent cavities in two ways. Gluco-
syl tranmsferase can't use comphes carbohydrales in Bls cavigy-
causing chemistry, and eating frubts amd vegetalsles helps o
msechanically rernove plaque

Perhaps the meost effective way o prevent looth decay is io
avaldd sucrose-coninkning snacks between meals. Stsdies have
ahoavm that oating sucrose-rich foods dorsn’t cause much teoth
diecay i followied immmedintely by bashing. However, sven
small amoumts of sugar saben betwieen mealks actively promote
cavity formation

SirepvocaC o mshine

=il ondonizatiom
By acieria mmal
plagu Tismmiatiinm

|} Thar commplirs prosess of osh disay, (b Bectron micrograph of
dental plagque




* Prefixes D- and L- 1n a monosaccharide name
1dentify one of two isomeric forms
— These 1somers differ in the spatial arrangement of
atoms and are stereoisomers
 Stereochemistry 1s the study of different spatial
arrangements of atoms

* The stereoisomers D- and L- glyceraldehyde are
nonsuperimposable mirror image molecules and
are called enantiomers (a subset of stereoisomers)



Copynghl & The MeGaw-Hill Companes. e, Parmission feguined far reproduction of display.



Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

« Chemistry Connection

Chemistry Through the Looking Glass

n his children’s story Through the Looking Glass, Lewis Car-

roll’s heroine Alice wonders whether “looking-glass milk”
would be good to drink. As we will see in this chapter, many
biological molecules, such as the sugars, exist as two stereo-
isomers, enantiomers, that are mirror images of one another. Be-
cause two mirror-image forms occur, it is rather remarkable
that in our bodies, and in most of the biological world, only
one of the two is found. For instance, the common sugars are
members of the D-family, whereas all the common amino acids
that make up our proteins are members of the L-family. It is not
too surprising, then, that the enzymes in our bodies that break
down the sugars and proteins we eat are stereospecific, that is,
they recognize only one mirror-image isomer. Knowing this,
we can make an educated guess that “looking-glass milk”
could not be digested by our enzymes and therefore would not
be a good source of food for us. It is even possible that it might
be toxic to us!

Pharmaceutical chemists are becoming more and more con-
cerned with the stereochemical purity of the drugs that we
take. Consider a few examples. In 1960 the drug thalidomide
was commonly prescribed in Europe as a sedative. However,
during that year, hundreds of women who took thalidomide
during pregnancy gave birth to babies with severe birth de-
fects. Thalidomide, it turned out, was a mixture of bwo enan-
tiomers. One is a sedative; the other is a teratogen, a chemical
that causes birth defects.

One of the common side effects of taking antihistamines
for colds or allergies is drowsiness. Again, this is the result of
the fact that antihistamines are mixtures of enantiomers. One
causes drowsiness; the other is a good decongestant.

One enantiomer of the compound carvone is associated
with the smell of spearmint; the other produces the aroma of
caraway seeds or dill. One mirror-image form of limonene
smells like lemons; the other has the aroma of oranges.

The pain reliever ibuprofen is currently sold as a mixture of
enantiomers, but one is a much more effective analgesic than
the other.

Taste, smell, and the biological effects of drugs in the body
all depend on the stereochemical form of compounds and their
interactions with cellular enzymes or receptors. As a result,
chemists are actively working to devise methods of separating
the isomers in pure form. Alternatively, methods of conducting
stereospecific syntheses that produce only one sterecisomer are
being sought. By preparing pure sterecisomers, the biological
activity of a compound can be much more carefully controlled.
This will lead to safer medications.

In this chapter we will begin our study of stereochemistry,
the spatial arrangement of atoms in molecules, with the carbo-
hydrates. Later, we will examine the stereochemistry of the
amino acids that make up our proteins and consider the stereo-
chemical specificity of the metabolic reactions that are essential
to life. A more complete treatment of stereochemistry is found
online at www.mhhe.com/denniston5e, in Stereochemistry

and Stereoisomers Revisited.



Enantiomers
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(a)

Nonsuperimposable mirror images:
enanliomers

Mirror
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Chirality

A carbon atom that has four different
groups bonded to it 1s called a chiral
carbon atom

Any molecule containing a chiral
carbon can exist as a pair of
enantiomers

Chirality 1n glyceraldehyde (the simplest
carbohydrate) 1S conveyed by a chiral
carbon

Larger biological molecules often have
more than one chiral carbon



Chirality of Glyceraldehyde

* Glyceraldehyde has a chiral carbon and thus, has
two enantiomers
— The D 1somer has the -OH on the stereocenter to the

right
— The L 1somer has the -OH on the stereocenter to the left
Chiral Carb Mirror
Ira aroon.
connected to P lane

four
different atoms
or groups




Structural Formulas of D- and L-
Glyceraldehyde

Copyright € The McGraw-Hill Companies, Inc, Permission required for reproduction or display.

Most oxidized end
P -

N A N
C C
H—C—0H HO—C—H Chiral center
farthest from the
CH-OH CH,OH most oxidized end
D-Glyceraldehyde L-Glyceraldehyde
(a)

D-Glyceraldehyde L-Glyceraldehyde
(b}



Optical Activity

* Enantiomers are also called optical 1somers

* Enantiomers interact with plain polarized
light to rotate the plane of the light in
opposite directions

— This interaction with polarized light is called
optical activity

— Optical activity distinguishes the 1somers

— It 1s measured 1n a device called a polarimeter



olarized [.1oht

L J A y APl “ A S o A4

* Normal light vibrates in an infinite
number of directions perpendicular to the
direction of travel

— When the light passes through a polarizing

filter (Polaroid sunglasses) only light vibrating
in one plane reaches the other side of the
filter

— A polarimeter allows the determination of
the specific rotation of a compound

* Measures its ability to rotate plane-polarized
light



Schematic Drawing of a
Polarimeter
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Polarized filter mounted on
circular dial rotated to give
maximum amount of
transmitted light

Monochromatic .
lieht Polarized S |
& filter Sample tube
Plane-polarized light Rotated plane-

Unpolarized light polarized light



The Relationship Between Molecular
Structure and Optical Activity

* When an enantiomer 1n a solution 1s placed in the
polarimeter, the plane of rotation of the polarized
light is rotated

— One enantiomer always rotates light 1n a clockwise
(+) direction
 This 1s the dextrorotatory 1somer
— The other 1somer rotates the light in a
counterclockwise (-) direction
* It 1s the levorotatory isomer

e Under 1dentical conditions, the enantiomers
always rotate light to exactly the same degree, but
in opposite directions




Fischer Projection Formulas

A Fischer projection uses lines crossing through
a chiral carbon to represent bonds
— Projecting out of the page (horizontal lines)
— Projecting into the page (vertical lines)

» Compare the wedge to the Fischer diagrams

g 55
H H

‘ Bl'—*éﬁ(‘ BI+(
B F

7 r

Bromochlorofluoromethane

H H

i . \"i———c—-Br (+RT‘
= F
(c)

) F

Bromochlorofluoromethane

(a) (b)



Stereoisomers and

Stereochemistry

Fischer Projections of
Monosaccharides

CH O

=0
H=¢~OH  ho—c—H

H=¢~OH H—C—OH
CHO0H  —c-oH

D-erythrose |

CH,OH
an aldotetrose D-fructose

a ketohexose
(Z/ T Lin's Sresentation
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Drawing Fischer Projections for a Sugar m

Draw the Fischer Projections for the stereoisomers of glyceraldehyde.

Solution

Review the structures of the two stereoisomers of glyceraldehydes (Figure
16.4b). The ball-and-stick models can be represented using three-dimensional
wedge drawings. Remember that for sugars the most oxidized carbon (the
aldehyde or ketone group) is always drawn at the top of the structure.

CHO CHO
H-——(jf—-OH HO-——(?I—-H
(%HEOH éHzOH
p-Glyceraldehyde L-Glyceraldehyde

Remember that in the wedge diagram, the solid wedges represent
bonds directed toward the reader. The dashed wedges represent bonds
directed away from the reader and into the page. In these molecules, the
center carbon is the only chiral carbon in the structure. To converl these
wedge representations to a Fischer Projection, simply use a horizontal line
in place of each solid wedge and use a vertical line to represent each dashed
wedge. The chiral carbon is represented by the point at which the vertical
and horizontal lines cross, as shown below.

CHO CHO CHO CHO
H—C—OH H+ OH HO—C—H  HO -— H
CH,OH CH,OH CH,OH CH,OH

p-Glyceraldehyde L-Glyceraldehyde



AldA~ncea Anr I atanacan®)
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Indicate whether each of the following molecules is an aldose or a ketose.

a. CH, b. H c. CH,OH
¢—o o o
H—é—OH H—é—OH HO—é—H
&@OH H—é—OH H—é—OH
HO—é—H H—é—OH
éH;&i éH;&i
d H e. CH, f. H
- - o
H—é—OH H—é—OH HO—é—H
éH;ﬁi H—#—OH H—%—OH

H—C—OH
CH,0H

HO—C—H
CH,OH



The D- and L-System

* Monosaccharides are drawn in Fischer projections
— With the most oxidized carbon closest to the top
— The carbons are numbered from the top

— If the chiral carbon with the highest number has the OH to the
right, the sugar is D

— Ifthe OH is to the left, the sugar is L
* Most common sugars are in the D form

CHO HO CHO HO
H=C—OH H—{—OH  HO=C—H HO——H

4.1 Carbohydrates

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

the D isomer the L isomer

U T Lin's Sresentation
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CH,OH

O H
N CH,0H
T 9]
H—C—OH . “T_OH
HO—_C—H | H H a-D-Glucose

§ | -*— |\\\\
H—C—OH HD\ | /

! C—C CH,OH
H—C—OH |- \\

: H OH 3

D-Glucose
(open-chain form)

B-D-Glucose



Biological Monosaccharides

* Glucose 1s the most important sugar in the
human body

— Found 1n many foods

— Several common names include: dextrose and blood
sugar

— Its concentration in the blood 1s regulated by insulin
and glucagon

» Under physiological conditions, glucose exists in a
cyclic hemiacetal form where the C-5 hydroxyl
reacts with the C-1 aldehyde group

— Two 1somers are formed which differ in the location of
the -OH on the acetal carbon, C-1

* An aldohexose with molecular formula C.H,,O,



ﬁ HO OR’

C + HOR' ¢
R~ H

Aldehyde Alcohol Hemiacetal

Unnumbered figure pg 306a
iochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



0
|

C + HOR" ¢
R/ R

Unnumbered figure pg 306b
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

Alcohol

HO OR”

\/

= C
N

Hemiketal



4.1 Carbohydrates

Cyclic Form of Glucose

* The cyclic form of glucose 1s shown as a
Haworth projection

arrows show
electron movement

H,OH
H
H




Cyclization of Glucose
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CH,OH

0 H
H
\%/' CH,OH HO 0
T O ! 5
H—C—OH i -*fli—OH H OH
__ = | /H H a-D-Glucose
HO;C H — i C/

5
| | OH H I\
H_-lC_OH HO\(lj—(lj/ ? \\\ CH,OH

H—C—OH R 6
g H OH
CH,OH
6t

D-Glucose

(open-chain form)

B-p-Glucose



H A OH
OH H
O M
7C HO OH
o on 6 CH,OH / H OH
2 HEC/OH a-D-Glucopyranose
HO—C—H / w
3 — H\c OH H\C"*\.
H—C—OH AN Z
¢ HO 3C€—C
H—C—OH H \0|-| \ CH,OH
H O _OH
¢ CH,OH o
D-Glucose HO QH !
(open-chain form)  OH

B-D-Glucopyranose

Figure 11-4
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Drawing the Structure of a Monosaccharide m

Draw the structure for D-glucose.
Solution
Glucose is an aldohexose.

Step 1. Draw six carbons in a straight vertical line; each carbon is separated
from the ones above and below it by a bond:

1C
N
b
i
)

Step 2. The most highly oxidized carbon is, by convention, drawn as the
uppermost carbon (carbon-1). In this case, carbon-1 is an aldehyde
carbon:

I C=0

! —{l_'— Most oxidized end of
. |,_ carbon chain; aldehyde
¢

o

6—C—

| Continuned—
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Step 3. The atoms are added to the next to the last carbon atom, at the
bottom of the chain, to give either the D- or L-configuration as
desired. Remember, when the —OH group is to the right, you
have D-glucose. When in doubt, compare your structure to
D-glyceraldehyde!

i
e

_(lj_

e e H

_(l'__ (lj:() Compare chiral

carbons farthest
| |
H—C—OH H—C—OH from the carbonyl

| | rou
CH,OH CH,OH o

D-Isomer D-Glyceraldehyde

Step 4. All the remaining atoms are then added to give the desired
carbohydrate. For example, one would draw the following
structure for D-glucose.

Continued—
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H

C=0
H—(C—0H

HO—C—H
H—C—OH
H—C—OH
éHEOH
p-Glucose

The positions for the hydrogen atoms and the hydroxyl groups on the
remaining carbons must be learned for each sugar.




Copyright & The MaGryet-Hill Companias, Ine. Permission required far reproduction or display

(N NN B 5  Drawing the Haworth Projection of a Monosaccharide
om the Structural Formula

Drraw the Haworth projections of a- and -o-glucose.
Solution

I. Before attempting to draw a Haworth projection, look at the first steps of
ring formation shown here:

0 H
b <l SHOH FHOH
1
I n s
H—C—OH H s - u{;ﬂ' e g
HO-C-H == (¢ 8 ¢ ol e
H—C—OH NG SN T AR Ry
- HO HO
J c—C cC—1¢C
H—C—OH |2 |2 |3 12
| H i H LR
CH,OH
Glucose Glucose
{open chain) {intermediates in ring formation)

Try to imagine that you are seeing the molecules shown above in three
dimensions. Some of the substituent groups on the molecule will be above
the ring, and some will be beneath it. The question then becomes: How do
you determine which groups to place above the ring and which to place
bemeath the ring?

2. Look at the two-dimensional structural formula. Note the groups (drawn
in blue) to the left of the carbon chain, These are placed above the ring in
the Haworth projoction.

II---C-i-E]H III'In-f_'f-_E-[—\\"

I 11

H—{—0H H—C—0H
2 i2

Hi *—(|:1—H (8] HI‘—L]TH—H L]

i I_cI:-.I_DH !i_:jj'_OH

4
HC LI[—L:EI_/ HO—{_ H,—{—H
m-p-Gligose B-r-Clusose

3. Mow note the groups (draswn in red) to the right of the carbon chain. These
will be located bereath the carbon ring in the Haworth projection.

Comttmed —
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a-D-Glucose

HO—CH—C—H
TR

B-p-Glucose

4. Thus in the Haworth projection of the cyclic form of any D-sugar the

—CH,0H group is always “up.” When the —OH group at C-1 is also
“up,” cis to the —CH,OH group, the sugar is B-D-glucose. When the
—OH group at C-1 is “down,” trans to the —CH,OH group, the sugar is

o-D-glucose.

Haworth projection
a-pD-Glucose

H OH

Haworth projection
B-p-Glucose




4.1 Carbohydrates

Fructose (% #%)

Fructose 1s also called:
— Levulose

— Fruit sugar

Found in large amounts
n:

— Honey

— Corn syrup

— Fruits

The sweetest of all
sugars

Ketohexose

VYT Lin's Presentation



4.1 Carbohydrates

L 2 4

J RISl RN
Galactose (& ' #%)

Galactose 1s the principal sugar found in
mammalian milk

Aldohexose very similar to glucose

B-D-galactosamine is a component of the
blood group antigens




Glucose and galactose differ only in
the orientation of one hydroxyl group
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CH,OH CH,OH
0 0
H OH HO /1 OH
OoH H /| oH H /'
HO H H H
H OH H OH

B-D-Glucose B-p-Galactose



CHO /

1

CHO

2 H—C—OH

3

2 H—C—OH
3 H—C—OH
4 CH,OH

p-Erythrose

1 CHO

2 H—C—OH
3 H—C—OH
4 H—C—O0H

5 CH,OH
p-Ribose

/ N\

CHO (|ZHO

H—C—OH HO—C—H

CHO
HO—L—H
H—L—OH
H—C—OH
CH,0H
p-Arabinose
/Ny

CHO CHO

H—C—O0H HO—C—H

p-Glyceraldehyde

3 H—C—O0H
4 H—C—OH
2 H—C—OH

6 CH,OH
p-Allose

Figure 11-2

H—C—OH HO—C—H
H—C—OH H—C—OH
H—C—OH H—C—O0H
LH;OH CH,0H
p-Altrose D-Glucose

Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

HO—C—H
H—C—OH
H—C—OH

CH,0H
D-Mannose

CH,OH

H—C—OH
LHZOH
p-Threose
CHO CHO
H—C—O0H HO—C—H
HO—C—H HO—C—H
H—C—O0H H—C—OH
CH,0H CH,0H
p-Xylose p-lyxose
/ N\ /" \
CHO CHO CHO CHO

H—C—OH HO—C—H

H—C—O0H H—C—O0H HO—C—H

H—C—OH HO—C—H

HO—C—H

HO—C—H HO—C—H HO—C—H HO—C—H

H—C—OH H—C—O0H H—C—O0H H—C—OH
CH,OH CH,OH CH,OH CH,OH
p-Gulose p-ldose p-Galactose p-Talose



Ribose (+% #%) and Deoxyribose (3 % % #%),

4d 4w T h I iWa VoW’ Vel

* Components of many biologically important
molecules

* Exists mainly 1n the cyclic form
* Aldopentose

Deoxyribose has
an -H here
replacing the -OH




Reducing Sugars

* The aldehyde groups of aldoses are oxidized by
Benedict’s reagent, an alkaline copper(Il)
solution

* The blue color of the reagent fades as reaction
occurs reducing Cu?*to Cu* with a red-orange
precipitate forming as Cu,O results

* Test can measure glucose 1n urine

+ Cu,O (red-orange)



CH,OH
H O, OH
H ™
OH H ~——
HO H
H OH

Unnumbered figure pg 309c
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

C
H—C—OH
HO—C—H
H—C—OH
H—C—OH

o§§r/,0H
H—C—OH
HO—C—H
H—C—OH
H—C—OH
CH,OH



Reducin

« All monosaccharides and the disaccharides
except sucrose are reducing sugars

e Ketoses can 1somerize to aldoses and react also
HO'CH“,H
C-OH
HO-C-H
H- C Olg

H-C-OH
CH,OH
D-fructose enediol D-glucose

(_Z_/ T Lin's Sresentation

4.1 Carbohydrates




Biological Monosaccharides

A Reduced Sugar

* The most important reduced sugar 1s deoxyribose

Os _H

N\

&

H—C—H

OHH
B-D-2-deoxyribose

H—C—OH
H— C.:—OH
CHZOH
D-deoxyribose B
o Lin's Sesentation




Biologically Important
Disaccharides

 The anomeric -OH can react with another -
OH on an alcohol or sugar

* Process is forming a glycosidic bond
* Water 1s lost to form an acetal

4.1 Carbohydrates

U S Lin's s

sentation



4.1 Carbohydrates

Maltose (% 7 #%)

Maltose 1s formed by linking two o-D-
glucose molecules to give a 1,4 glycosidic
linkage

Maltose 1s malt sugar

Formed as an intermediate 1n starch hydrolysis
Reducing sugar due to the hemiacetal hydroxyl




K Aarm
1 VU
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a( |—=4) glycosidic linkage

a-D-Glucose B-D-Glucose B-Maltose



Lactose (5 #%)

Lactose 1s formed by joining 3—D-galactose to
o-D-glucose to give a —1,4-glycoside
Lactose 1s milk sugar

— For use as an energy source, must be hydrolyzed to
glucose and galactose

— Lactose intolerance results from lack of lactase to
hydrolyze the glycosidic link of lactose
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CH,OH CH,OH

0 0
H /q OH HO /'y OH

l ]

OH H OH H
HO H H H

H OH H OH

B-D-Glucose B-D-Galactose



Lactose Glycosidic Bond
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B(1—=4) linkage

[B-p-Galactose B-n-Glucose [B-Lactose



 In order for lactose to be used as an energy
source, galactose must be converted to a
phosphorylated glucose molecule

* When enzymes necessary for this conversion are
absent, the genetic disease galactosemia results

» People who lack the enzyme lactase (~20%) are
unable to digest lactose and have the condition
lactose intolerance



Sucrose

Sucrose 1s formed by linking a—D-glucose with
B—D-fructose to give a 1,2 glycosidic linkage

— Nonreducing — negative reaction in Benedict test

— The glycosidic O 1s part of an acetal and a ketal

Important plant carbohydrate

— Water soluble

— Easily transported in plant circulatory system
Cannot by synthesized by animals

Sucrose called:

— Table sugar

— Cane sugar

— Beet sugar

— Linked to dental caries



Glycosidic Bond Formed
1n Sucrose
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1

/(a]—-B?.} linkage

a-Glucose
+ O + H-,O

"CH,OH

B-Fructose Sucrose



Cellobiose (% s = #&)

* Cellobiose 1s formed by linking two B—D-
glucose molecules to give a 1,4-glycosidic link

 Itis a product of hydrolyzed cellulose

4.1 Carbohydrates

(_Z_/ T Lin's Sresentation



Polysaccharides

Starch

 Starches are storage forms of glucose found in
plants

* They are polymers of a linked glucose

o If the links are:
— Only 1,4 links, the polymer 1s linear = amylose
« Amylose usually assumes a helical configuration
with six glucose units per turn
« Comprises about 80% of plant starch
— Both 1,4 and 1,6 links then, the polymer structure
1s branched = amylopectin

» Highly branched with branches of approximately
20-25 glucose units



Structure of Amylose (& 4& 5 # )
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o (1—=4) hinkage

CH-OH CH,OH CH,OH
O 0
—i OH | 4N\ OH |
OH OH

(a) (b)



Comparison of Amylose to
Amylopectin (% 485 % )

H OH
amylose(a-1,4 Ilnks)

amylopectin
o\(oc 1,6 Ilnk)

HEOH HEOH
@) @)

H OH H OH

4.1 Carbohydrates




Cellulose (& &%)

Cellulose 1s the major structural polymer in plants

It 1s a liner homopolymer composed of 3-D-
glucose units linked [3-1,4

The repeating disaccharide of cellulose 1s 3-
cellobiose

Animals lack the enzymes necessary to hydrolyze
cellulose

The bacteria in ruminants (€.g., cows) can digest
cellulose so that they can eat grass, etc.
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Glycogen and Amylopectin
Structures

Coaopyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
af ]l —=6) linkage

CH,OH CH,OH
Glycogen and
e Kot Ap'Non AR & Amylopectin are
b - o(1-4) chains with
fHon with o(1-6)
branches
—0 OH 0O
OH OH OH OH

5 - E.“_ % .. .
. < ] 5. ;
i.’ "."""" 0000 **ee "‘:"".u-m l.:l..'“".l.“‘."'.
A Y
J $ ."'. s LY

(h) le)

Amylopectin Glycogen



» The major glucose storage carbohydrate
in animals 1s glycogen

* A highly branched chain polymer like
amylopectin
— More frequent branching — 10 monomers

* Glycogen 1s stored 1n:
— Liver

— Muscle cells
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of | —=6) linkage

CH,OH CH,OH

Glycogen and
o N OH * ot o _O—CH, Amylopectin are
o(1-4) chains with
OH OH ol | —=4) linkage Wlth (1(1-6)
CH,OH CH,OH CH,OH branches
oI\ OH | I\ OH '
OH OH OH OH
(a)
[ 1
..z...' .I"" dag
*
%,
o ] E. .‘E} i. % ..'
e sl 0
."mnu“r * “““-.:m‘"'."'“:m"":;ﬂm..
§ S &
) . ¢ ¢ %
Amylopectin « Glycogen

(b}
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Monosaccharide Derivatives and Heteropolysaccharides of Medical Interest

any of the carbohydrates with important functions in the

human body are either derivatives of simple monosac-
charides or are complex polymers of monosaccharide deriva-
tives. One type of monosaccharide derivatives, the uronates, is
formed when the terminal—CH,OH group of a monosaccha-
ride is oxidized to a carboxylate group. a-p-Glucuronate is a
uronate of glucose:

COO"
H, Y H
H H
HON OH
H OH

a-p-Glucuronate

In liver cells, e-D-glucuronate is bonded to hydrophobic mole-
cules, such as steroids, to increase their solubility in water.
When bonded to the modified sugar, steroids are more readily
removed from the body.

Amino sugars are a second important group of monosac-
charide derivatives. In amino sugars one of the hydroxyl
groups (usually on carbon-2) is replaced by an amino group.
Often these are found in complex oligosaccharides that are
attached to cellular proteins and lipids. The most common
amino sugars, D-glucosamine and D-galactosamine, are often
found in the N-acetyl form. N-acetylglucosamine is a compo-
nent of bacterial cell walls and N-acetylgalactosamine is a
component of the A, B, O blood group antigens (see preced-
ing, A Human Perspective: Blood Transfusions and the Blood
Group Antigens).

CH,OH CH,OH

0 0
H Y H H /Y H
HONL '/ OH HONS . L/ OH

H  N'H, H I‘|~IH
CH,—C=0

a-p-Glucosamine a-p-N-Acetylglucosamine
Heteropolysaccharides are long-chain polymers that contain
more than ene type of monosaccharide, many of which are
amino sugars. These glycosaminoglycans include chondroitin
sulfate, hyaluronic acid, and heparin. Hyaluronic acid is abun-
dant in the fluid of joints and in the vitreous humor of the eye.
Chondroitin sulfate is an important component of cartilage;
and heparin has anticoagulant function. The structures of the
repeat units of these polymers are shown below.

r CH,OSO.H

L H OH 1 n

Repeat unit of chondroitin sulfate
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CH,OH

Repeat unit of hyaluronic acid
cCoo” H,O50,H
0 OH H 0

H H H NHSO;H 1 n

Repeat unit of heparin

Two of these molecules have been studied as potential
treatments for osteoarthritis, a painful, degenerative disease of
the joints. The amino sugar D-glucosamine is thought to stimu-
late the production of collagen. Collagen is one of the main
components of articular cartilage, which is the shock-absorbing
cushion within the joints. With aging, some of the p-glu-
cosamine is lost, leading to a reduced cartilage layer and to the

continued
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onset and progression of arthritis. It has been suggested that in-
gestion of D-glucosamine can actually “jump-start” production
of cartilage and help repair eroded cartilage in arthritic joints.

It has also been suggested that chondroitin sulfate can pro-
tect existing cartilage from premature breakdown. It absorbs
large amounts of water, which is thought to facilitate diffusion
of nutrients into the cartilage, providing precursors for the syn-
thesis of new cartilage. The increased fluid also acts as a shock
absorber.

Studies continue on the effects that p-glucosamine and
chondroitin sulfate have on degenerative joint disease. To date
the studies are inconclusive because a large placebo effect is ob-
served with sufferers of ostecarthritis. Many people in the con-
trol groups of these studies also experience relief of symptoms
when they receive treatment with a placebo, such as a sugar pill.

Capsules containing D-glucosamine and chondroitin sulfate
are available over the counter, and many sufferers of osteo-
arthritis prefer to take this nutritional supplement as an alterna-
tive to any nonsteroidal anti-inﬂammatnr}' drugs (NSAID), such
as ibuprofen. Although NSAIDs can reduce inflammation and
pain, long-term use of NSAIDs can result in stomach ulcers,
damage to auditory nerves, and kidney damage,

For Further Understanding

In Chapter 15 we learned that nonsteroidal anti-inflammatory
drugs (NSAIDs), such as ibuprofen, are analgesics used to treat
pain, such as that associated with ostecarthritis. Why do many
people prefer to treat osteparthritis with p-glucosamine and
chondroitin sulfate rather than NSAIDs?

Explain why aljlndihgamolzﬁdemldl as o-D-glucuronate to a
steroid molecule would increase its water solubility.
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Figure 11-14
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Figure 11-2
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p-Altrose D-Glucose
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Stock and Common Names for
Iron and Copper Ions
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TABLE 3.1 Systemic (Stock) and Common Names for Iron
and Copper lons

Formula + lon Charge Cation Name Compound Name
FeCl, 2+ [ron(II) Iron(II) chloride
FeCl,4 3+ Iron(IIT) Iron(III) chloride
Cu,O 1+ Copper(I) Copper(I) oxide
CuO 2+ Copper(Il) Copper(Il) oxide

Formula + lon Charge Cation Name Common -ous/ic Name
FeCl, 2+ Ferrous Ferrous chloride

FeCl; 3+ Ferric Ferric chloride

Cu,O 1+ Cuprous Cuprous oxide

CuO 2+ Cupric Cupric oxide



Common Monatomic Cations
and Anions
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TABLE 3.2 Common Monatomic Cations and Anions

Cation Name Anion Name

H* Hydrogen ion H- Hydride ion
it Lithium ion F~ Fluoride ion
Na* Sodium ion Cl Chloride ion
K Potassium ion Br Bromide ion
Est Cesium ion 1~ lodide ion
Be** Beryllium ion O Oxide ion
Mg? Magnesium ion 5 Sulfide ion
Ca** Calcium ion NP Nitride ion
Ba** Barium ion P Phosphide ion
A+ Aluminum ion

Ag? Silver ion

Note: The ions of principal importance are highlighted in magenta.

« Monatomic ions - ions consisting of a
single charged atom



Polyatomic Ions

 Polyatomic 1ons - ions composed of 2 or
more atoms bonded together with an
overall positive or negative charge

— Within the ion itself, the atoms are bonded
using covalent bonds

— The positive and negative 1ons will be
bonded to each other with 1onic bonds

* Examples:
 NH,” ammonium ion

« SO,* sulfate ion



Common Polyatomic Cations and
Anions
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TABLE 3.3 Common Polyatomic Cations and Anions

NH,* Ammonium
NO,- Nitrite

NO, Nitrate

SO;> Sulfite

< Fon Sulfate

HS0,~ Hydrogen sulfate
OH- Hydroxide

CN- Cyanide

PO? Phosphate
HPO,* Hydrogen phosphate
H.POy Dihydrogen phosphate
CO.* Carbonate
HCO, Bicarbonate

ClO- Hypochlorite
ClO, Chlorite

ClO;- Chlorate

ClO, Perchlorate
CH,COO" (or CHALO4) Acetate

MnO,~ Permanganate
Cr,0* Dichromate
GO Chromate

0> Peroxide

Nele: The most commonly encountered ions are highlighted in magenta,



Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
oL gl _.T-' . i . v ;




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 18.2 The Essential and Nonessential Amino Acids

Isoleucine Alanine
Leucine Arginine'
Lysine Asparagine
Methionine Aspartate
Phenylalanine Cysteine®
Threonine Glutamate
Tryptophan Glutamine
Valine Glycine
Histidine'
Proline
Serine
Tyrosine®

'Histidine and arginine are essential amino acids for infants but not for healthy adults.

*Cysteine and tyrosine are considered to be semiessential amino acids. They are required by premature infants and
adults who are ill.



End of Lecture
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Three abstract factors of biology

* Material
* Energy

e Information
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