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Photosynthesis	is	unambiguously	a	fundamental	process	that	supports	almost	all	life	

forms	on	Earth.	During	photosynthesis,	green	plants	produce	oxygen	and	two	simple	

sugar	molecules,	fructose	and	glucose,	from	carbon	dioxide	and	water.	These	simple	

sugars	are	used	to	form	various	types	of	insoluble	carbohydrates,	such	as	cellulose	

or	 starch,	 or	 used	 directly	 to	 provide	 energy	 to	 the	 cells.	 Starch	 is	 one	 of	 the	

insoluble	natural	polymer	found	abundantly	in	plant	storage	organs,	such	as	those	of	

cereals	 (corn,	bean),	 roots	 (cassava,	 sweet	potato),	 tubers	 (potato),	 fruits	 (banana,	

mango),	 and	 pith	 (sago).	 Starch	 has	 found	 its	 way	 into	 many	 commercial	

applications,	 including	 food,	 pharmaceutical,	 and	 non‐food	 uses.	 In	 recent	 years,	

many	efforts	have	been	dedicated	to	the	conversion	of	starch	into	ethanol	as	biofuel	

and	starting	material	for	various	chemicals.		

	

Chemically,	 starch	 comprises	 two	 glucose	 polymers:	 amylose	 and	 amylopectin,	

deposited	as	alternating	amorphous	and	crystalline	 layers	 in	 the	 form	of	granules.	

Because	of	its	partial	crystalline	structure,	starch	granules	are	insoluble	in	water	at	

moderate	temperatures	(below	the	melting	temperature	of	the	starch)	and	difficult	

to	degrade	enzymatically	(Chapter	1).	But	when	starch	is	heated	in	the	presence	of	

an	excessive	amount	of	water,	known	as	cooking	or	gelatinization,	 starch	granules	

swell	 and	 amylose	 leaches	 out,	 improving	 the	 availability	 of	 starch	 for	 enzymatic	

degradation.	

	

In	 Nature,	 the	 primary	 degradation	 of	 starch	 material	 is	 performed	 by	 enzymes,	

known	as	α‐amylases.	They	catalyze	the	breakdown	of	the	glucosidic	bonds	between	

the	 polymer	 units	 in	 starch	 releasing	 small	 oligosaccharides	 and	 glucose.	 The	

interaction	 of	 α‐amylases	with	 starch	 granules	 is	 severely	 limited,	 due	 to	 the	 low	

accessibility	of	 the	enzyme	to	 the	substrate.	The	enzymatic	susceptibility	of	starch	

granules	 has	 been	 the	 subject	 of	 many	 investigations	 over	 the	 past	 decades.	

Differences	 in	 the	 resistance	 to	 enzymatic	 degradation	 can	 be	 attributed	 to	 the	

physical	 and	 chemical	 characteristics	 of	 starch,	 including	 granule	 size	 and	 shape,	

type	 of	 crystallinity,	 and	 surface	 porosity	 (Chapter	 1).	 Understanding	 how	 these	

factors	 influence	 the	 accessibility	 of	 starch	 to	 α‐amylases	 is	 an	 important	 key	 for	
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utilization	 of	 starch	 in	 industrial	 applications	 and	 for	 starch	 digestion	 by	 humans	

and	animals.	This	PhD	 thesis	addresses	 some	of	 these	aspects	by	 investigating	 the	

enzymatic	 degradation	 of	 various	 insoluble	 starches	 by	 several	 types	 of	microbial	

enzymes.	 The	 action	 of	 α‐amylases	 on	 different	 types	 of	 starch	 granules	 was	

analyzed	 by	 determining	 the	 extent	 of	 the	 degradation	 of	 these	 starches	 in	 their	

native	 insoluble	 state	 by	 spectrophotometrically	 monitoring	 the	 concentration	 of	

products	 released,	 identifying	 products	 using	 chromatography,	 and	 observing	 the	

granule	degradation	by	Scanning	Electron	Microscopy	(SEM).		

	

The	extent	of	degradation	of	several	tropical	starches	was	compared	to	that	of	corn	

starch	by	estimating	the	remaining	starch	content	and	the	increase	in	the	amount	of	

glucose	 (Chapter	 2).	 Using	 a	 commercial	 blend	 of	 α‐amylase	 and	 glucoamylase,	

StargenTM	 002,	 more	 than	 70%	 degradation	 of	 sago	 and	 sweet	 potato	 starch	

granules	was	observed.	This	was	comparable	to	degradation	of	corn	starch	(75%).	

In	contrast,	arrowroot,	edible	canna,	and	potato	starch	granules	were	only	degraded	

for	 25%	 or	 less.	 The	 ability	 of	 StargenTM	 002	 to	 degrade	 starch	 granules	 was	

confirmed	by	observing	the	residue	left	after	enzymatic	degradation	using	SEM.	The	

SEM	images	showed	extensive	erosion	of	the	treated	corn	and	sago	starch	granules.	

In	spite	of	the	larger	number	of	plants	able	to	produce	starch,	at	present,	the	major	

commercial	starches	for	industrial	processing	are	obtained	from	seeds,	particularly	

corn,	wheat,	and	rice,	and	from	tubers	and	roots	(potato	and	cassava).	The	results	of	

Chapter	2	show	that	sago	and	sweet	potato	starch	can	be	used	as	raw	materials	for	

a	 sustainable	 glucose	 production	 and	 as	 alternative	 substrates	 in	 the	 ethanol	

fermentation.	

	

Bacteria	 isolated	 from	 starch	 rich	 materials	 can	 be	 promising	 sources	 of	 new	

amylases.	Amylase	producing	microorganism	have	been	isolated	from	places	such	as	

soil	 around	 mills,	 markets,	 cassava	 farms,	 and	 processing	 factories.	 During	 this	

study,	 a	 potato	 starch‐degrading	 bacterium	 was	 isolated	 from	 a	 starch‐rich	

environment,	namely	the	waste	water	treatment	plant	of	a	potato	processing	factory	

(Chapter	 3).	 The	 new	 isolate	 was	 identified	 as	 Microbacterium	 aurum	 and	 was	
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designated	M.	aurum	B8.A.	An	enzyme	with	α‐amylase	activity	was	partially	purified	

from	M.	aurum	B8.A	cultures	(Chapter	3).	This	enzyme	was	able	to	degrade	various	

insoluble	starches	including	wheat	and	potato	starch.		

 

A	further	study	focused	on	the	cloning,	characterization,	and	the	architecture	of	the																

M.	aurum	B8.A	α‐amylase	as	well	as	its	contribution	to	starch	degradation	(Chapter	

4).	 Analysis	 of	 the	 amino	 acid	 composition	 of	 the	 M.	 aurum	 B8.A	 α‐amylase,	

MaAmyA,	 demonstrated	 that	 the	 protein	 is	 unusually	 large	 and	 contains	 starch‐

binding	domains	(CBM25),	fibronectin‐like	domains	(further	details	can	be	found	in	

Chapters	1	and	4),	and	also	possesses	an	extension	of	300	amino	acid	residues	at	

the	 C‐terminus,	 which	 does	 not	 possess	 significant	 homology	 to	 any	 known															

α‐amylase	 domain.	Whether	 this	 domain	 functions	 as	 an	 extension	 of	 the	 binding	

domain	or	is	involved	in	starch	degradation	is	yet	to	be	understood.	The	importance	

of	the	CBM25	domains	was	studied	by	making	mutations	that	removed	the	domain	

at	C‐terminus,	resulting	in	a	loss	of	enzyme	activity	to	raw	starch.		

	

Since	 starch	 is	 absent	 in	 the	 marine	 environment,	 the	 presence	 of	 α‐amylases	 in	

bacteria	living	in	this	niche	is	rather	surprising.	Moreover,	the	fact	that	α‐amylases	

are	constitutively	synthesized	by	some	marine	bacteria	suggests	that	these	enzymes	

probably	 have	 an	 important	 metabolic	 role	 in	 these	 organisms.	 Out	 of	 twenty	

bacterial	 isolates	 from	Kakaban	 landlocked	marine	 lake,	 Indonesia,	 a	 total	of	 eight	

bacterial	 cultures	 showed	 significant	 starch‐degrading	 activity	 (Chapter	 5).	

Therefore,	 these	 isolates	were	 selected	 for	 further	 analysis.	 It	was	 found	 that	 the	

isolate	Bacillus	megaterium	NL3	displayed	the	highest	α‐amylase	activity.	It	was	also	

found	 that	 the	 novel	 B.	megaterium	 NL3	 α‐amylase,	 hereafter	 BmaN1,	 exhibited	

special	features	that	are	found	in	five	unclassified	homologous	α‐amylases	(Chapter	

5).	Based	upon	comparisons	of	the	amino	acid	sequence	of	α‐amylases	available	to	

date	 and	 homology	 protein	model	 analysis,	 BmaN1	was	 found	 to	 lack	 one	 of	 the	

conserved	 aspartic	 acid	 residues	 involved	 in	 catalysis.	 Naturally	 occurring																		

α‐amylases	 which	 lack	 one	 of	 the	 three	 catalytic	 residues	 are	 usually	 not	

enzymatically	 active.	 However,	 our	 results	 showed	 that	 BmaN1	 is	 still	 active	 in	
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breaking	 down	 starch	 to	 glucose	 and	 oligosaccharides	 (Chapter	 5).	 This	 finding	

strongly	suggest	that	BmaN1	and	its	homologs	represent	a	new	type	of	α‐amylase,	of	

which	 further	 studies	 are	 warranted,	 including	 mutagenesis	 analysis	 and	

crystallization	of	the	protein	for	structure‐function	studies.		

	

In	 addition	 to	 identifying	new	 types	 of	 α‐amylases,	 the	 research	presented	 in	 this	

PhD	 studies	 revealed	 the	 distribution	 of	 extracellular	 enzymes	 in	 different	

environment	 samples,	 as	well	 as	an	evaluation	of	 the	biotechnological	potential	of	

the	bacteria	present	in	Nature. 
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