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生物

化學

物理
空間尺度越來越小

物理

物質 力
目的：反推回去
瞭解生物現象物質 力

表面上是粒子， 表面上是粒子。

瞭解生物現象

波 能量描述

表面上是粒子，
實際上是波動。

表面上是粒子。

波 能量描述



歲月會記得我們這個世紀，不是因為曾發歲月會記得我們這個世紀，不是因為曾發
生過的野蠻戰爭，而是對基礎科學知識的
主要貢獻 在這個世紀中 遺傳學已經被主要貢獻。在這個世紀中，遺傳學已經被
簡化成單純的化學作用，而化學作用又簡簡化成單純的化學作用 而化學作用又簡
化成原子和分子的量子物理作用。......

Al CAlan Cromer, 

Uncommon Sense: The Heretical Nature of Science, Oxford University Press 1993





This structure has novel features 
which are of considerable biological 

iinterest.





Guideline for biochemistry lectures



Questions

• Why does ice float on water?y
• Why don’t oil and water mix?

Wh d bl d t t t• Why does blood transport oxygen to our 
cells, whereas carbon monoxide inhibits this 
process?
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生過的野蠻戰爭，而是對基礎科學知識的
主要貢獻 在這個世紀中 遺傳學已經被主要貢獻。在這個世紀中，遺傳學已經被
簡化成單純的化學作用，而化學作用又簡簡化成單純的化學作用 而化學作用又簡
化成原子和分子的量子物理作用。......

Al CAlan Cromer, 

Uncommon Sense: The Heretical Nature of Science, Oxford University Press 1993



LectureLecture 

The Structure of DNA
and more, RNA,



「道生一，一生二，二生三，三生萬物。
萬物負陰而抱陽，沖氣以為和。」萬物負陰而抱陽 沖氣以為和 」

老子 道德經四十二章～老子、道德經四十二章



1 In the beginning was the Word and1. In the beginning was the Word, and 
the Word was with God, and the 
W d G dWord was God.

14 And the Word became flesh and14. And the Word became flesh and 
tabernacled among us.  

~ The Gospel According to JOHN, the New Testament



• Nucleotide: sugar + phosphate+ base g p p
• Nucleoside: sugar + phosphate

[M i d b ] H d l ( OH)• [Magic powered by] Hydroxyl group (−OH)



What’s the sugar for DNA andWhat s the sugar for DNA and 
RNA?RNA?



What is Phosphate?



What’s the base for A T G C U?What s the base for A, T, G, C, U?



How are they put together?



Phosphodiester bridge



β-Glycosidic linkage



DNA graph



DNA schema



DNA abbreviation

pApCpGpApCpGpApCpGpApCpGp p p p p p p p p p p p



DNA letters

ACGACGACGACGCG CG CG CG



Other nucleotides



Part of E. Coli genome



The Indian muntjak and itsThe Indian muntjak and its 
chromosomes.chromosomes.



The advent of molecular biologygy











X-ray diffraction from B-form DNA



Francis Crick

James Watson



This structure has novel features 
which are of considerable biological 

iinterest.











Single-Stranded DNA and RNA



The structure of RNA



Several Kinds of RNA

• Ribosomal RNA (rRNA)( )
• Transfer RNA (tRNA)

M RNA ( RNA)• Messenger RNA (mRNA)
• Small nuclear RNA (snRNA)( )
• Micro RNA (miRNA)

ll i f i ( i )• Small interfering RNA (siRNA)
• Others (signal-recognition, component ofOthers (signal recognition, component of 

telomerase and etc.)



Regulations of DNA

• Restriction-enzyme. (Cut)y ( )
• Ligase. (Paste)

P l (C )• Polymerase. (Copy)
• Topoisomerase. (Twist)p ( )



Restriction Enzyme











DNA Ligase





DNA Polymerase

From Wikipedia



Abbreviations

• dNTP: dATP, dGTP, dCTP and dTTP
• dN: deoxynucleoside

TP t i h h t• TP: triphosphate
• PPi: pyrophospate ionpy p p





• Primer with free 3’ -OH



Applications of DNA

• The polymerase chain reaction (PCR).
DNA i• DNA sequencing.

• Southern Blotting.g



DNA sequencing (1975)







Frederick Sanger

• The Nobel Prize for Chemistry in 1980.y



Several Kinds of RNA

• Ribosomal RNA (rRNA)( )
• Transfer RNA (tRNA)

M RNA ( RNA)• Messenger RNA (mRNA)
• Small nuclear RNA (snRNA)( )
• Micro RNA (miRNA)

ll i f i ( i )• Small interfering RNA (siRNA)
• Others (signal-recognition, component ofOthers (signal recognition, component of 

telomerase and etc.)



Ribosomal RNA (rRNA) 









Learning Goals

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

• Apply the systems of classifying and naming 
monosaccharides according to the functionalmonosaccharides 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-.y
• Draw and name the common monosaccharides 

using structural formulas.



Learning Goals

• Given the linear structure of a monosaccharide, draw the 
Haworth projection of its α- and β-cyclic forms and viceHaworth projection of its α and β cyclic forms and vice 
versa.

• By inspection of the structure, predict whether a sugar in a 
red cing or a nonred cing s garreducing or a nonreducing sugar.

• Discuss the use of the Benedict’s reagent to measure the 
level of glucose in urine.g

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

• Describe the difference between galactosemia and lactose• Describe the difference between galactosemia and lactose 
intolerance.

• Discuss the structural, chemical, and biochemical 
i f h l d h ll lproperties of starch, glycogen, and the cellulose.



Learning Goals

• Describe the physical and chemical properties and 
biological function of each of the families of lipidsbiological 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 acidsWrite equations representing the reactions that fatty acids 
undergo.

• Describe the functions of prostaglandins.
Di th h i b hi h i i d i• Discuss the mechanism by which aspirin reduces pain.

• Draw the structure of the phospholipid and discuss its 
amphipathic nature.p p



Learning Goals

• Discuss the general classes of sphingolipids and their 
functionsfunctions.

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

• Describe the function of lipoprotein in triglyceride and 
cholesterol transport in body.

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

• Discuss passive and facilitated diffusion of materials 
through a cell membranethrough 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.
D h l f i id d l if• 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• Describe the primary structure of proteins and structure of 
the peptide bond.

• Describe the structure of small peptides and name them.p p
• 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 
conformationconformation.

• List example of protein that require prosthetic groups and 
explain the way in which they function.p y y

• Discuss the importance of the three-dimensional structure 
of protein to its function.

• Describe the roles of hemoglobin and myoglobin.
• Describe how extremes of pH and temperature cause 

d t ti f t idenaturation of proteins.
• Explain the difference between essential and nonessential 

amino acids.amino acids.



Guideline for biochemistry lectures



4.1 Carbohydratesy





How to store the sunlight energy?How to store the sunlight energy?

photosynthesis





aldose







ketose









• Carbohydrates are synthesized by photosynthesis 
in plantsin plants
– Grains, cereals, bread, sugar cane

• Glucose is major energy source• Glucose is major energy source
– A gram of digested carbohydrate gives about 4 kcal of 

energyenergy
– Complex carbohydrates are best for diet

FDA recommends about 58% daily calories from– FDA recommends about 58% daily calories from 
carbohydrates



Basic Carbohydrate Typess c C bo yd e ypes
• Monosaccharides

l fes – e.g., glucose, fructose
– One sugar (saccharide) molecule
Di h iddr

at
e

• Disaccharides
– e.g., sucrose, lactose

T h id li k d t thoh
yd

– Two monosaccharides linked together
– Linkage is called a glycosidic bond

• Oligosaccharidesar
bo

• Oligosaccharides
– Three to ten monosaccharides linked by glycosidic 

bonds.1
 C

bonds 
• Polysaccharides

– e g starch glycogen cellulose

4.

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



MonosaccharidesMonosaccharides
• Monosaccharides are composed of:• Monosaccharides are composed of:

– Carbon
Hydrogen– Hydrogen

– Oxygen
Basic Formula = (CH O) n = any integer 3 7– Basic Formula = (CH2O)n n = any integer 3 – 7

• Many monosaccharides also contain 
chemical modificationschemical modifications
– Amino groups

Phosphate groups– Phosphate groups



Naming Monosaccharidesg
Named on the basis of

F i les • Functional groups
– Ketone carbonyl = ketose

Aldehyde carbonyl = aldosedr
at

e

– Aldehyde carbonyl = aldose
• Number of carbon atoms in 

the main skeletonoh
yd

– 3 carbons = triose
– 4 carbons = tetrose

5 b

ar
bo

– 5 carbons = pentose
– 6 carbons = hexose

• Combine both systems.1
 C

• Combine both systems 
gives even more 
information

4.





Stereoisomers and StereochemistryStereoisomers and Stereochemistry

• Prefixes D- and L- in a monosaccharide name 
identify one of two isomeric forms
– These isomers differ in the spatial arrangement of 

atoms and are stereoisomers

• Stereochemistry is the study of different spatial 
arrangements of atoms

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



Figure 16.co



Chemistry Connection page 524



Enantiomers
es

dr
at

e
oh

yd
ar

bo
.1

 C
4.



Chiralityy
• A carbon atom that has four different 

groups bonded to it is called a chirales groups bonded to it is called a chiral 
carbon atom
A l l t i i hi ldr

at
e

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

ioh
yd

enantiomers
• Chirality in glyceraldehyde (the simplest ar

bo

y g y y
carbohydrate) is conveyed by a chiral 
carbon.1

 C

• Larger biological molecules often have 
more than one chiral carbon

4.

more than one chiral carbon



Chirality of Glyceraldehyde
• Glyceraldehyde has a chiral carbon and thus, has 

two enantiomerses
– The D isomer has the -OH on the stereocenter to the 

rightdr
at

e

– The L isomer has the -OH on the stereocenter to the left

Mirror
Chi l C boh

yd

O H O H
planeChiral Carbon:

connected to
fourar

bo

C
O H

C
O Hfour 

different atoms 
or groups.1
 C

C
CH OH

OHH C
CH OH

HOH4.

CH2OH CH2OH
the D isomer the L isomer



Structural Formulas of D- and L-
Glyceraldehyde 

es
dr

at
e

oh
yd

ar
bo

.1
 C

4.



Optical Activityp y
es

• Enantiomers are also called optical isomers
• Enantiomers interact with plain polarizeddr

at
e

• Enantiomers interact with plain polarized 
light to rotate the plane of the light in 

i di ioh
yd

opposite directions  
– This interaction with polarized light is called ar

bo

optical activity
– Optical activity distinguishes the isomers  .1

 C

Op y g
– It is measured in a device called a polarimeter4.



Polarized LightPolarized Light
• Normal light vibrates in an infinitees • Normal light vibrates in an infinite 

number of directions perpendicular to the 
direction of traveldr

at
e

direction of travel
– When the light passes through  a polarizing 

filt (P l id l ) l li ht ib tioh
yd

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

filter
– A polarimeter allows the determination of 

the specific rotation of a compound.1
 C

the specific rotation of a compound
• Measures its ability to rotate plane-polarized 

light

4.

g t



Schematic Drawing of aSchematic Drawing of a 
Polarimeteres Polarimeter 
dr

at
e

oh
yd

ar
bo

.1
 C

4.



The Relationship Between Molecular 
Structure and Optical ActivityStructure and Optical Activity

• When an enantiomer in a solution is placed in the es p
polarimeter, the plane of rotation of the polarized 
light is rotateddr

at
e

– One enantiomer always rotates light in a clockwise 
(+) direction

Thi i h d ioh
yd

• This is the dextrorotatory isomer  
– The other isomer rotates the light in a 

counterclockwise ( ) directionar
bo

counterclockwise (-) direction
• It is the levorotatory isomer

• Under identical conditions the enantiomers.1
 C

• Under identical conditions, the enantiomers 
always rotate light to exactly the same degree, but 
in opposite directions

4.

in opposite directions



Fischer Projection Formulasj

• A Fischer projection uses lines crossing throughes A Fischer projection uses lines crossing through 
a chiral carbon to represent bonds
– Projecting out of the page (horizontal lines)dr

at
e

Projecting out of the page (horizontal lines)
– Projecting into the page (vertical lines)

• Compare the wedge to the Fischer diagramsoh
yd

• Compare the wedge to the Fischer diagrams

ar
bo

.1
 C

4.



Fischer Projections of 
nd

 
y

Monosaccharides

C
O H CH2OH

1
1

rs
 a

n
is

try

C
C OHH

C
C

O
OH H

1
2

2
3

om
er

he
m

i

C
CH OH

H OH
COH
C OHH

H
3 4

5oi
so

eo
ch

CH2OH CH OH
CH OHD-erythrose

4 5

te
re

o
St

er
e

CH2OHan aldotetrose D-fructose
a ketohexose

6St S

a ketohexose



Example 16.01



Aldose or Ketose?Aldose or Ketose?
es

dr
at

e
oh

yd
ar

bo
.1

 C
4.



The D- and L-Systeme d Sys e
• Monosaccharides are drawn in Fischer projections es p j

– With the most oxidized carbon closest to the top
– The carbons are numbered from the top

If h hi l b i h h hi h b h h OH hdr
at

e

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

– If the OH is to the left, the sugar is Loh
yd

• Most common sugars are in the D form

CHO CHOCHO CHOar
bo

CHO
C OHH

CHO
C HOH

CHO
OHH

CHO
HOH.1

 C

CH2OH CH2OH
the D isomer the L isomer

CH2OH CH2OH4.



Figure 16.07



Biological Monosaccharidesg

• Glucose is the most important sugar in theGlucose is the most important sugar in the 
human body
– Found in many foodsy
– Several common names include: dextrose and blood 

sugar
It t ti i th bl d i l t d b i li– Its concentration in the blood is regulated by insulin 
and glucagon

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

i f d hi h diff i h l i f– Two isomers are formed which differ in the location of 
the -OH on the acetal carbon, C-1

• An aldohexose with molecular formula C6H12O6An aldohexose with molecular formula C6H12O6







Cyclic Form of Glucose
• The cyclic form of glucose is shown as a 

Haworth projectiones

O
CH2OH

H H α formarrows showdr
at

e

H

OH
OH H

OH

H

CH2OH

α form
(alpha)

arrows show
electron movement

oh
yd

OH
H OH

OHO
2

H
H

OH H
H

H
Pyranose 
ring formar

bo

OH
H

OH

OH

H O
O

CH2OH

H
H OH

ring form

.1
 C

H OH H

OH
OH H

H

β form
(beta)

4.

H OH
H



Cyclization of Glucose 
es

dr
at

e
oh

yd
ar

bo
.1

 C
4.





Example 16.02a





Example 16.02c







Fructose (果糖)( )
• Fructose is also called:es – Levulose

– Fruit sugardr
at

e

• Found in large amounts 
in:

1 CH OH
CH2OHoh

yd

– Honey  
– Corn syrup

F it

CH2OH
C
C

O
OH H

1

2

3

O CH2OH

H
OHH

OH
α

ar
bo

– Fruits
• The sweetest of all 

sugars

COH
C OHH
C

H

OH
CH OH

H

4

5

6

OHH

O
CH2OH

OH.1
 C

sugars
• Ketohexose D-fructose

CH2OH O
CH2OHH

OHH

OH
β4.

OHH



Galactose (半乳糖)Galactose (半乳糖)
Galactose is the principal sugar found in 

li ilkes mammalian milk
Aldohexose very similar to glucosedr

at
e

β-D-galactosamine is a component of the 
blood group antigensoh

yd

CHO
C OHH

1

2

O
CH2OH

OHar
bo

C
C

OH
OH

COH H
H

H
3

4

O
H

OH
OH H

H

.1
 C

COH H
C OHH 5

6
H

H

OH

OH

H
OH4.

α-D-galactoseCH2OH6 H OH



Galactose OrientationGalactose Orientation
es

Glucose and galactose differ only in 
h i i f h d ldr

at
e

the orientation of one hydroxyl group

oh
yd

ar
bo

.1
 C

4.





Ribose (核糖) and Deoxyribose (去氧核糖), 
Five Carbon SugarsFive-Carbon Sugars

• Components of many biologically importantes Components of many biologically important 
molecules

• Exists mainly in the cyclic formdr
at

e

Exists mainly in the cyclic form
• Aldopentose CHO

CH OH
CH2OH

O Hoh
yd

OHCH
CH OH

H
H

OH

H

OH

O

OHar
bo

CH2OH OH OH
α-D-ribose

.1
 C

Deoxyribose has 
an -H here

4.

an H here 
replacing the -OH



Reducing Sugars
• The aldehyde groups of aldoses are oxidized by 

Benedict’s reagent an alkaline copper(II)es Benedict s reagent, an alkaline copper(II) 
solution

• The blue color of the reagent fades as reactiondr
at

e

• The blue color of the reagent fades as reaction 
occurs reducing Cu2+ to Cu+ with a red-orange 
precipitate forming as Cu2O resultsoh

yd

p p g 2
• Test can measure glucose in urine

O H O O

ar
bo

C
C

O H

OHH
C
C

O O

OHH+2 C 2+.1
 C

C
CH2OH

OHH C
CH2OH

OHH+2 Cu2+4.

+ Cu2O (red-orange)





Reducing SugarsReducing Sugars
• All monosaccharides and the disaccharides es except sucrose are reducing sugars
• Ketoses can isomerize to aldoses and react alsodr

at
e

CH
C OHH

OCH2OH
C O

CH
C OH

OH

oh
yd

C
C

OH
OH

C OHH
H

HC
C

O
OH

C OHH
H

C
C

OH
OH

C OHH
Har

bo

C OHH
CH OH
CH OH

C OHH
CH OH
CH OH

C OHH
CH OH
CH OH.1

 C

D-glucose
CH2OH

D-fructose
CH2OH CH2OH

enediol

4.



A Reduced Sugar
de

s
• The most important reduced sugar is deoxyribose

CH OHha
rid

O
O OH

CH2OH

ac
ch

C
O H HH

H H

on
os

a

C
C
C

HH
H OH

β-D-2-deoxyribose
OH H

M
o

C
C

H OH
OHHgi

ca
l 

C OHH
CH2OH

D deoxyriboseol
og

D-deoxyribose

B
io



Biologically Important 
Di h idDisaccharides

es • The anomeric -OH can react with another -
OH on an alcohol or sugardr

at
e

• Process is forming a glycosidic bond
• Water is lost to form an acetaloh

yd

O
CH2OH

H OH O
CH2OH

H O CH3ar
bo

H

OH
OH H

H

H

OH
OH H

H

3

.1
 C

OH
H OH

H

+ CH3 OH

OH
H OH

H

+ H O

4.

CH3 OH + H2O



Maltose (麥芽糖)
• Maltose is formed by linking two α-D-

glucose molecules to give a 1 4 glycosidices glucose molecules to give a 1,4 glycosidic 
linkage
M lt i ltdr

at
e

• Maltose is malt sugar
• Formed as an intermediate in starch hydrolysisoh

yd

• Reducing sugar due to the hemiacetal hydroxyl

CH OHCH OHar
bo

O
CH2OH

HH HO
CH2OH

HH H.1
 C

OH
H
OH HO

HH

OH OH H
H4.

H OHH OH



Formation of MaltoseFormation of Maltose



Lactose (乳糖)( )
• Lactose is formed by joining β−D-galactose to es α-D-glucose to give a β−1,4-glycoside
• Lactose is milk sugardr

at
e

g
– For use as an energy source, must be hydrolyzed to 

glucose and galactoseoh
yd

g g
– Lactose intolerance results from lack of lactase to 

hydrolyze the glycosidic link of lactosear
bo

.1
 C

4.



es
dr

at
e

oh
yd

ar
bo

.1
 C

4.



Lactose Glycosidic Bond 



GalactosemiaGalactosemia
• In order for lactose to be used as an energyes • In order for lactose to be used as an energy 

source, galactose must be converted to a 
phosphorylated glucose moleculedr

at
e

phosphorylated glucose molecule  
• When enzymes necessary for this conversion are 

b t th ti di l t i ltoh
yd

absent, the genetic disease galactosemia results
• People who lack the enzyme lactase (~20%) are ar

bo

unable to digest lactose and have the condition 
lactose intolerance.1

 C
4.



Sucrose
• Sucrose is formed by linking α−D-glucose with 
β−D-fructose to give a 1,2 glycosidic linkagees β uctose to g ve a , g ycos d c age
– Nonreducing – negative reaction in Benedict test  
– The glycosidic O is part of an acetal and a ketaldr

at
e

• Important plant carbohydrate
– Water soluble

E il d i l i loh
yd

– Easily transported in plant circulatory system
• Cannot by synthesized by animals

S ll dar
bo

• Sucrose called: 
– Table sugar
– Cane sugar.1

 C

Cane sugar
– Beet sugar
– Linked to dental caries

4.



Glycosidic Bond FormedGlycosidic Bond Formed 
in Sucrosein Sucrose 



Cellobiose (纖維二糖)

• Cellobiose is formed by linking two β−D-
l l l i 1 4 l idi li kes glucose molecules to give a 1,4-glycosidic link

• It is a product of hydrolyzed cellulosedr
at

e

CH2OH CH2OHoh
yd

O
2

HH OHO
2

H
Har

bo

H
OH OH H H

H
OH H H

Oβ β

.1
 C

OH
H OH

H
H OH

H4.



Polysaccharidesy
Starch
• Starches are storage forms of glucose found in 

plants
• They are polymers of α linked glucose
• If the links are:

– Only 1,4 links, the polymer is linear = amylose
• Amylose usually assumes a helical configuration 

with six glucose units per turn
• Comprises about 80% of plant starch

B h 1 4 d 1 6 li k h h l– Both 1,4 and 1,6 links then, the polymer structure 
is branched = amylopectin

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



Structure of Amylose (直鏈澱粉)
es

dr
at

e
oh

yd
ar

bo
.1

 C
4.



Comparison of Amylose to 
A l ti (支鏈澱粉)Amylopectin (支鏈澱粉)

es

(

OH
O

CH2

H
H H

OH
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H
H HO
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H H

OH
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H H

OH
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oh
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H H
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ar
bo
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Cellulose (纖維素)
• Cellulose is the major structural polymer in plantses • It is a liner homopolymer composed of β-D-

glucose units linked  β-1,4 dr
at

e

• The repeating disaccharide of cellulose is β-
cellobiose oh

yd

• Animals lack the enzymes necessary to hydrolyze 
cellulosear

bo

cellulose  
• The bacteria in ruminants (e.g., cows) can digest 

cellulose so that they can eat grass etc.1
 C

cellulose so that they can eat grass, etc.4.



Structure of CelluloseStructure of Cellulose
es

CH2OH
β-(1->4) glycosidic bond
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at
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OO
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HHCH2OHoh
yd

H
O

H

OH

OH

H HO
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H
H

OH HO
CH2OH

Har
bo

H OH

H

OH

OH

H HOO
HH

O
OH H H.1

 C

H OHO
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Glycogen and Amylopectin 
Structures

es
Glycogen and
Amylopectin are
α(1 4) chains withdr

at
e

α(1-4) chains with
with α(1-6)
branchesoh

yd
ar

bo
.1

 C
4.

Amylopectin Glycogen



Glycogen (肝糖)Glycogen (肝糖)
Th j l b h des • The major glucose storage carbohydrate 
in animals is glycogendr

at
e

• A highly branched chain polymer like 
amylopectinoh

yd

amylopectin 
– More frequent branching – 10 monomers ar

bo

• Glycogen is stored in: 
– Liver.1

 C

Liver 
– Muscle cells4.



Glycogen andGlycogen and
Amylopectin are
α(1-4) chains with
with α(1-6)with α(1-6)
branches

Amylopectin Glycogen
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How to store the sunlight energy?How to store the sunlight energy?

photosynthesis





aldose







ketose





Stock and Common Names foran
d ds Stock and Common Names for 

Iron and Copper Ionsnd
sa

po
un

Iron and Copper Ions
po

un
C

om
p

om
p

s o
f C

ng
 C

o
m

ul
as

m
in

g 
Fo

rm
2 

N
a

rit
in

g
3.

2
W

r



an
d ds Common Monatomic Cations

nd
sa

po
un Common Monatomic Cations 

and Anions
po

un
C

om
p and Anions

om
p

s o
f C

ng
 C

o
m

ul
as

m
in

g 
Fo

rm
2 

N
a

rit
in

g

• Monatomic ions - ions consisting of a 

3.
2

W
r g

single charged atom



an
d ds Polyatomic Ions

nd
sa

po
un

• Polyatomic ions - ions composed of 2 or 
po

un
C

om
p more atoms bonded together with an 

overall positive or negative charge

om
p

s o
f C

p g g
– Within the ion itself, the atoms are bonded 

using covalent bonds

ng
 C

o
m

ul
as using covalent bonds

– The positive and negative ions will be 
b d d t h th ith i i b d

m
in

g 
Fo

rm bonded to each other with ionic bonds

• Examples:

2 
N

a
rit

in
g p

• NH4
+ ammonium ion
2

3.
2

W
r • SO4

2- sulfate ion
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d ds Common Polyatomic Cations and 
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un Anions
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Table 18.02



End of LectureEnd of Lecture

版權聲明:

本講義所使用之圖片皆由教科書出版商提供或是由網路上下載使用，同時內容安排及本講義所使用之圖片皆由教科書出版商提供或是由網路上下載使用 同時內容安排及
呈現順序為林盈廷老師上課解說，與其學生課後複習之用。禁止任何其他老師及商業
行為的複製與使用。



Three abstract factors of biology

M t i l• Material
• Energygy
• Information



Slide Downloading

http://ytlab.kmu.edu.tw


