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Carbohydrates:	fuel	and	building	material	

•  Carbohydrates		

•  Polymers	of	simple	sugar	

monomers	

•  Polysaccharides	

•  Carbohydrate	

macromolecules	

•  Built	of	monosacharides	

•  Carbohydrate	

monomers	
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Simple	Sugars	
•  Monosaccharides		

•  Typically	(CH2O)n	

•  Glucose	(C6H12O6)	

•  most	common	
monosaccharide	

•  Monosaccharides	classified	by		

•  LocaDon	of	the	carbonyl	group	
(C=O,	as	aldose	or	ketose)	

•  Aldose	=	at	end	of	chain,	
ketose	=	internal	

•  Number	of	carbons	in	the	
carbon	skeleton	
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Hexoses (C6H12O6)Pentoses (C5H10O5)Trioses (C3H6O3)
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•  OJen	drawn	as	linear	skeletons	

•  many	sugars	form	rings	in	aqueous	soluDons		

•  Monosaccharides	

•  major	fuel	for	cells	

•  Glucose	

•  raw	material	for	building	molecules	

•  Can	provide	carbon	skeletons	for	making	amino	acids	and	faOy	acids	

Simple	Sugars	

(a) Linear and ring forms (b) Abbreviated ring structure
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Polysaccharides	

(b) Dehydration reaction in the synthesis of sucrose 
Glucose Fructose Sucrose 

Maltose Glucose Glucose 
(a) Dehydration reaction in the synthesis of maltose 

1–4 
glycosidic 

linkage 

1–2 
glycosidic 

linkage 

•  Disaccharide	

•  two	monosaccharides	

•  Joined	by	dehydraDon	synthesis	

•  glycosidic	linkage		

•  covalent	bond	between	1C	of	one	monosaccharide	and	O	on	4C	of	next	
monosaccharide	
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Polysaccharides	

•  Polysaccharides	

•  polymers	of	sugars	

•  storage	and	structural	

roles	

•  structure	and	funcDon	

•  determined	by	monomers	

and	posiDons	of	glycosidic	

linkages	
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Storage	Polysaccharides	
•  Starch	

•  storage	polysaccharide	of	plants	

•  as	granules	within	chloroplasts	and	other	plasDds		

•  consists	enDrely	of	glucose	monomers	

•  may	be	thousands	of	monomers	long		

(b) Glycogen: an animal polysaccharide 

Starch 

GlycogenAmylose 

Chloroplast 

(a) Starch: a plant polysaccharide 

Amylopectin 

Mitochondria Glycogen granules 

0.5 µm

1 µm
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(b) Glycogen: an animal polysaccharide 

Starch 

GlycogenAmylose 

Chloroplast 

(a) Starch: a plant polysaccharide 

Amylopectin 

Mitochondria Glycogen granules 

0.5 µm

1 µm

•  Glycogen	

•  storage	polysaccharide	in	animals	

•  Humans	and	other	vertebrates	store	glycogen	mainly	in	liver	and	muscle	

cells	

Storage	Polysaccharides	CH	5	

(a) α and β glucose 
      ring structures

α Glucose β Glucose

(b) Starch: 1–4 linkage of α glucose monomers (b) Cellulose: 1–4 linkage of β glucose monomers

Structural	Polysaccharides	
•  Cellulose	

•  Polysaccharide	

•  major	component	of	plant	cell	walls	

•  also	polymer	of	glucose	

•  glycosidic	linkages	differ	

•  The	difference	is	based	on	two	ring	forms	for	

glucose:	alpha	(α)	and	beta	(β)
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•  α	glucose		

•  Polymers	are	helical	

•  Starch,	glycogen	

•  β	glucose	

•  	Polymers	are	straight	

•  Cellulose,	chiDn	

•  In	straight	structures	H	atoms	on	one	
strand		

•  can	bond	with	OH	groups	on	
other	strands	

•  Parallel	cellulose	molecules	are	
grouped	into	microfibrils	

•  which	form	strong	building	
materials	for	plants	

Structural	Polysaccharides	

β  Glucose 
monomer

Cellulose 
molecules

Microfibril 

Cellulose 
microfibrils 
in a plant 
cell wall

0.5 µm 

10 µm 

Cell walls 
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•  Enzymes	that	digest	starch	by	hydrolyzing	
α	linkages	can’t	hydrolyze	β	linkages	in	
cellulose	

•  α	amylase	

•  Cellulose	in	human	food	passes	
through	the	digesDve	tract	as	
insoluble	fiber	

•  Some	microbes	use	enzymes	to	digest	
cellulose	

•  Cellulase	(for	β	linkages)	

•  Many	herbivores	from	cows	to	
termites	

•  have	symbioDc	relaDonships	
with	these	microbes	

Structural	Polysaccharides	CH	5	

•  Chi?n	

•  structural	polysaccharide	

•  exoskeleton	of	arthropods	

•  structural	support	for	the	cell	walls	of	many	fungi	

Structural	Polysaccharides	CH	5	


