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sÂΤΕ347777777777787778777787812812111111111128	ugiF	.09	mAmd◄	1	.76	.78	17.	5.	Lectures	by	Erin	Barley	Kathleen	Fitzpatrick	An	Introduction	to	Metabolism	Chapter	8	2.	The	products	are	released.	Figure	8.22	Organelles	and	structural	order	in	metabolism.	Wasserman,	Peter	V.	Allosteric	Regulation	of	Enzymes	Ã¢Â¢Â¢	Allosteric	regulation
may	either	inhibit	or	stimulate	an	enzymeÃ¢Â€Â™s	activity	Ã¢Â¢Â¢	Allosteric	regulation	occurs	when	a	regulatory	molecule	binds	to	a	protein	at	one	site	and	affects	the	proteinÃ¢Â€Â™s	function	at	another	site	Ã¢Â©	2011	Pearson	Education,	Inc.	Ã¢Â¢Â¢	Catabolic	pathways	release	energy	by	breaking	down	complex	molecules	into	simpler
compounds	Ã¢Â¢	Cellular	breathing,	the	breakdown	of	glucose	in	the	presence	of	oxygen,	is	an	example	of	a	pathway	of	catabolism	Ã¢Â©	2011	Pearson	Education,	Inc.	Figure	8.6a	(a)	Exergonic	reaction:	energy	released,	spontaneous	Reactants	Energy	Products	Progress	of	the	reaction	Amount	of	energy	released	(Ã¢G	<	0)	Freeenergy	35.	Figure	8.8
The	structure	and	hydrolysis	of	adenosine	triphosphate	(ATP).	Isoleucine	binds	to	the	allosteric	site.	Figure	8.UN03	Summary	Figure,	Concept	8.4	Figure	8.UN04	Appendix	A:	Response	to	Figure	8.12	Legend	question	Figure	8.UN05	Appendix	A:	Response	to	Figure	8.16	Legend	question	Figure	8.UN06	Appendix	A:	Response	to	the	test	of	your
comprehension,	question	7	Figure	8.UN07	Appendix	A:	Response	to	the	test	of	your	comprehension,	question	9	Meyer	Re	Gennitter,	Mrs.	Order	and	Biological	Disorder	Cells	create	orderly	structures	from	less	orderly	materials	Organisms	also	replace	orderly	forms	of	matter	and	energy	with	less	orderly	forms	Energy	flows	into	an	ecosystem	in	the
form	of	light	and	exits	as	heat©	2011	Pearson	Education,	Inc.	water	has	less	potential	energy	in	the	water	than	on	the	platform.	Living	cells	inevitably	convert	organized	forms	of	energy	into	heat.	Spontaneous	processes	occur	without	the	input	of	energy;	they	can	occur	or	slowly	Ã	÷	Â¢	AffinchÃ©	a	process	that	takes	place	without	​	energy	input​	the
of	the	universe	Ã​Â©	2011	Pearson	Education,	Inc.	Figure	8.7b	(b)	An	open	hydroelectric	system	Ã	④	G	<	0	40.	Figure	8.2	A	diver	has	more	potential	energy	on	the	platform	than	in	water.	6.	Spangler,	Mrs.	Wilhite,	Mrs.	20.	83.	Figure	8.7a	(a)	An	insulated	hydroelectric	system	Ã	④	G	<	0	Ã¢	G	=	0	39.	The	second	law	of	thermodynamics	Ã¢	Â¢	During
each	energy	transfer	or	transformation,	a	portion	of	the	energy	Ã¨	is	unusable	and	is	often	lost	as	heat	Ã¢	Â¢	According	to	the	second	law	of	thermodynamics	Ã¢	Each	energy	transfer	or	transformation	increases	the	entropy	(disorder)	of	the	universe	Ã​Â©	2011	Pearson	Education,	Inc.	Figure	8.3	(a)	First	law	thermodynamics	(b)	Second	law	of
thermodynamics	Chemical	energy	Heat	16.	Figure	8.16a	Optimal	temperature	for	typical	human	enzyme	(37Â°C)	Optimal	temperature	for	the	enzyme	of	thermophilic	bacteria	(heat	tolerant)	(77Â°C)	Temperature	(Ã​Â°C)	(a)	Optimal	temperature	for	two	enzymes	Rateofreaction	120100806040200	69.	12.	Figure	8.5b	(a)	Moto	itational	(b)	Diffusion	(c)
Chemical	reaction	31.	Figure	8.18	Two	modified	amino	acids	were	found	near	the	active	site.	Barger,	Ms.	Scavdis,	Mme.	Figure	8.21	Active	site	available	Isoleucine	used	by	cells	Feedback	inhibition	The	active	site	of	​​enzyme	1	will	no	longer	be	able	to	catalyze	the	conversion	of	threonine	to	intermediate	A;	the	route	is	disabled.	Flanagan,	Ms	Concept
8.2:	The	change	in	free	energy	of	a	reaction	tells	us	whether	the	reaction	occurs	spontaneously	or	not	Â¢	Biologists	want	to	know	which	reactions	occur	spontaneously	and	which	require	an	input	of	energy	Ã¢	Â¢	To	do	this,	they	need	to	determine	the	energy	changes	occurring	in	the	chemical	reactions	Ã​Â©	2011	Pearson	Education,	Inc.	37.	Figure
8.6	Free	energy	changes	(Ã¢~G)	in	exergonic	and	endergonic	reactions.	77.	Ngo,	Mme	Pastor,	Mr.	Janiga,	Mrs.	152	Figure	8.12	Energy	of	an	exergonic	reaction.	Schmeltzer,	Mr.	Sexton,	Mr.	Solitis,	Miss	Starkey,	Mr.	Steffen,	Mrs.	Stephens,	Mr.	Stratton,	Mrs.	Il	eresse	onossop	airetam	al	e	aigrene'l	,otrepa	ametsis	lI	nu	ni	¢Â	¬​â	¢Ã	inrotnid	ious	iad
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1	(threonine	deaminase)	Intermediate	A	Intermediate	B	Intermediate	C	Intermediate	D	Enzyme	2	Enzyme	3	Enzyme	4	Enzyme	5	Final	product	(isoleucine)	88.	Figure	8.6b	(b)	Endergonic	reaction:	energy	required,	not	spontaneous	Reagents	Energy	Products	Quantity		of	energy	required	(Ã	④	G	>	0)	Progress	of	the	Freeenergy	reaction	36.	71.	60.
Figure	8.5	The	ratio	of	free	energy	to	stability,	capacity		and	spontaneous	change.	Figure	8.16	Optimal	temperature	for	a	typical	human	enzyme	(37Ã​Â°C)	Optimal	temperature	for	a	thermophilic	enzyme	(77Ã​Â°C)	Temperature	(Ã​Â°C)	(a)	Optimal	temperature	for	two	enzymes	RateofreactionRateofreaction	120	100	806	040	200	0	1	2	3	4	5	6	7	8	9	10
pH	(b)	optimum	pH	for	two	enzymes	pH	optimal	for	the	pepsin	(gastric	enzyme)	pH	Optimal	H	for	trypsin	(intestinal	enzyme)	68.	Figure	8.13	Reaction	path	without	enzyme	EA	without	enzyme	EA	with	enzyme	Ã¨	lower	Reaction	path	with	enzyme	Reactants	Products	Ã¢	Â¢	Â¢	Â	÷	Â​	​G	non	Ã¨	influenced	by	the	enzyme	Progress	of	the	reaction
Freeenergy	59.	Effects	of	temperature	and	pH	â​¢	Each	enzyme	has	an	optimum	temperature	at	which	puÃ²	work	â​	​	​	​¢	Each	enzyme	has	an	optimum	pH	in	which	puÃ²	work	ââ	Active	for	the	Enzymatic	Molecule	Ã10	26.	Falhamer,	Mr.	Lynn,	Mrs.	62.	Figure	8.7c	(c)	An	open	hydroelectric	system	multistep	Ã¢	G	<	0	Ã	④	G	<	0	Ã	④	G	<	0	41.	1	LECTURE
PRESENTATIONS	FOR	CAMPBELL	BIOLOGY,	NINTH	EDITION	Jane	B.	Ã¢	La	cooperativitÃ		Ã¨	a	form	of	allosteric	adjustment	that	can²	amplify	the	activity		enzymatic	Ã¢	Â¢	A	substrate	molecule	triggers	an	enzyme	to	act	on	other	substrate	molecules	piÃ¹	promptly	Ã¢	Â¢	The	cooperative		Ã¨	allosteric	because	the	binding	of	a	substrate	to	an	active
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reirraB	AE	eht	rewoL	semyznE	woH	.85	kroW	semyznE	woH	:noitaminA	It	is	the	potential	energy	available	for	release	in	a	chemical	reaction	â	̈¬¢	Energy	can	be	converted	from	one	shape	to	another	Â©	2011	Pearson	Education,	Inc.	Forms	of	Energy	â	̈¬¢	Energy	is	the	ability	to	cause	change	â	̈	̈	̈	¢	It	exists	in	various	Modules,	some	Â©	2011	Pearson
Education,	Inc.	66.	Figure	8.22A	1	Î1⁄4m	91.	For	the	ATP	(adenosine	triphosphate)	cell	biology	video	stick	template,	go	to	animation	and	video	files.	Organization	of	Life’s	Chemistry	into	Metabolic	Pathways	â	̈¬¢	A	metabolic	pathway	begins	with	a	specific	molecule	and	ends	with	a	product	â	̈¬¢	Each	step	is	catalyzed	by	a	specific	enzyme	Â©	2011
Pearson	Education,	Inc.	3.	Figure	8.UN04	93.	Figure	8.11	Energy	from	catabolism	(ergonomic	processes,	energy	release	processes)	Energy	for	cellular	work	(endgonic	processes,	energy	consumption)	ATP	ADP	P	I	H2O	53.	56.	The	structure	and	hydrolysis	of	ATP	â	̈¢	ATP	(adenosine	triphosphate)	is	the	energy	shuttle	of	the	cell	â	̈¬¢	ATP	is	composed
of	ribose	(a	sugar),	adenine	(a	nitrogenous	base)	and	three	phosphate	groups	Â©	2011	Pearson	Education,	Inc.	Figure	8.4b	23.	Figure	8.19a	Regulatory	site	(one	of	four)	(a)	Allosteric	activators	and	inhibitors	Allosteric	enzyme	with	four	subunits	Active	Site	(one	of	the	four)	Active	Module	Activator	Stabilized	Active	Form	Oscillation	NonFunctional	Site
Active	Module	Inactive	Form	Inhibitor	Stabilized	Form	Inactive	Form	80.	Jackson	Â©	2011	Pearson	Education,	Inc.	1.	27.	Figure	8.17	(a)	Normal	Binding	(B)	Competitive	Inhibition	(c)	Noncompetitive	Inhibition	Substrate	Active	Site	Enzyme	Inhibitor	Competitive	Inhibitor	Noncompetitive	Inhibitor	73.	Figure	8.UN06	95.	Mirman,	Mrs.	8.	Smith,	Ms.	9
RNA	self-replication	and	dawn	of	natural	selection	The	first	genetic	material	was	probably	RNA,	not	DNA	molecules	called	RNA	Ribozymes	can	make	complementary	copies	arugiF	arugiF	.82	.amizne	nu	id	ocitilatac	olcic	li	e	ovitta	otis	lI	51.8	arugiF	.42	.57	.cnI	,noitacudE	nosraeP	1102	©Â	ANR	id	ittart	iverb	a)	Insulated	hydropower	plant	b)	Open
hydropower	plant	c)	Multi-stage	Open	Hydropower	Plant	Â​G	<	0	Ã	④	Â​Â​G	<	0	Ã	④	Â​	Â​G	<	0	Ã​	Â​	​	​	​	​	​	​	​	​	​	​	​	​	Â	Wade,	Ms.	Free-Energy	Change,	Living	System	ÃÃÃÃ0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000	The	energy	of	life	Ã	④	Â​Â¢	The	living	cell	Ã¨
a	miniature	chemical	factory	where	thousands	of	reactions	take	place	Â​Â¢	The	cell	extracts	energy	and	applies	energy	to	perform	work	Ã	④	Â​Â¢	Some	organisms	even	convert	energy	to	light,	such	as	the	bioluminescence	Ã​Â©	2011	Pearson	Education,	Inc.	Enzymes	for	another	stage	of	cellular	respiration	are	incorporated	into	the	inner	membrane.
Figure	8.10	Transport	Protein	Solute	ATP	P	i	P	i	ADP	P	iADPATP	ATP	Solute	carried	Vesicle	Cytoskeletal	track	Engine	protein	and	displaced	vesicle	(b)	Mechanical	work:	ATP	binds	non-covalently	to	the	engine	proteins	and	then	is	hydrolyzed.	Allen,	Mr.	Carother,	Mrs.	Substrates	are	converted	into	products.	Figure	8.12	Transition	State	Reagents
Products	Progress	of	the	reaction	Freeenergy	EA	Ã	④	Â​Â​G	<	O	A	B	C	D	A	B	C	D	A	B	C	D	D	D	D	57.	Figure	8.14	Substrate	Active	Site	Enzyme	complex	substrate	(a)	(b)	61.	Lessons	by	Erin	Barley	Kathleen	Fitzpatrick	The	History	of	Life	on	Earth	Chapter	25	2	Early	Earth	3	Concept	25.1:	Conditions	on	the	early	Earth	made	possible	the	origin	of	life
1.Abiotic	synthesis	of	small	organic	molecules	2.8	Protocells	Ã​Â©	2011	Pearson	Education,	Inc.	52.	For	the	ATP	Cell	Biology	Video	Space	Filling	Model	(Adenosine	Triphosphate),	go	to	Animation	and	Video	Files.	Dishion,	Ms	Eck,	Mr.	Estright,	Ms	Figure	Ã¢Â	Â¢	More	free	energy	(higher	G)	Ã¢Â	Â¢	Less	stable	Ã¢Â	Â¢	Higher	work	capacity	In	a
spontaneous	change	Ã¢Â	Â¢	The	free	energy	of	the	system	decreases	(Ã¢Â	Â¢G	<	0)	Ã¢Â	Â¢	The	system	becomes	Stable	Ã¢Â​Â¢	Free	energy	released	can	be	harnessed	to	do	work	Less	free	energy	(low	G)	More	Stable	Ã¢Â​Â¢	Less	work	capacity	30.	For	Cell	Biology	Hexokinase	Video	Closure	via	Induced	Fit,	go	to	Animation	and	Video	Files.	Minorsky,
Robert	B.	a)	Transport:	ATP	phosphorylated	transport	proteins.	142	Figure	8.2	Transformations	between	potential	energy	and	kinetics.	43.	Concept	8.1:	An	organismâ​Â​s	metabolism	transforms	matter	and	energy,	subject	to	the	laws	of	thermodynamicsâ​Â¢	Metabolism	is	the	totality	of	the	chemical	reactions	of	an	organismâ​Â​Â¢	Metabolism	is	an
emergent	property	of	life	that	derives	from	the	interactions	between	molecules	at	the	inside	the	cell	©	2011	Pearson	Education,	Inc.	Figure	8.20	Caspase	1	Active	site	SH	substrate	Active	form	note	Active	form	can	bind	substrate	Allosteric	binding	site	Hypothesis:	Allosteric	inhibitor	blocks	the	enzyme	inactive	form	Caspase	1	Active	form	Inhibitory
form	Allosteric	Resilient	results	of	the	inactive	form	experiment	Note	inactive	form	84.	7	Abiotic	synthesis	of	macromolecules	RNA	monomers	were	spontaneously	produced	by	simple	molecules	Amino	acids	were	bonded	together	to	form	small	proteins	Small	organic	molecules	polymerize	when	concentrated	on	hot	sand,	clay	or	rock©	2011	Pearson
Education,	Inc.	Figure	8.15-1	Substrates	Substrates	are	in	the	active	site.	33.	1	2	Enzyme	active	site	63.	Figure	8.4	to	22.	48.	Figure	8.15-2	Substrate	substrates	enter	active	site.	Specificity	of	the	enzyme	substrate	The	reagent	on	which	an	enzyme	acts	is	called	a	substrate	of	the	enzyme	The	enzyme	binds	to	its	substrate,	forming	an	enzyme-substrate
complex	The	active	site	is	the	region	on	the	enzyme	where	the	substrate	binds	The	induced	fit	of	a	substrate	brings	chemical	groups	to	the	active	site	into	locations	that	enhance	their	ability	to	catalyze	Reaction	Ã,Â	©	2011	Pearson	Education,	Inc.	Active	site	Modified	two	modified	Acids	were	found	at	the	active	site.	25.	Figure	8.UN02	In-text	figure,
p.	The	union	of	these	small	molecules	into	macromolecules	3.	Free	Energy,	Stability,	and	Equilibrium	Free	Energy	is	a	measure	of	the	instability	of	a	system,	its	tendency	to	move	to	a	more	stable	state	During	a	spontaneous	change,	free	energy	decreases	and	the	stability	of	a	system	increases.	Maximum	stability	A	process	is	spontaneous	and	can
perform	the	work	only	when	it	is	moving	towards	equilibrium	Ã	̈Â©	201	The	substrates	are	converted	into	products.	54.	ATP	guides	endergonic	reactions	by	phosphorylation,	transferring	a	phosphate	group	to	other	molecules,	such	as	a	reagent.	The	receiving	molecule	is	now	called	intermediate	phosphorylated©	2011	Pearson	Education,	Inc.	Figure
8.4	Order	as	a	characteristic	of	life.	Catalysis	at	the	active	site	of	Enzymeâ​Â¢	In	an	enzymatic	reaction,	the	substrate	binds	to	the	active	site	of	the	enzyme.	The	active	site	can	lower	an	EA	barrier	by	properly	targeting	the	substrates.	The	separation	of	substrates	converts	potential	energy	into	kinetic	energy.	Collins,	Mr.	Davis,	Mrs.	76.	Figure	8.8a	(a)
The	structure	of	ATP	groups	Phosphate	Adenine	Ribose	45.	Figure	8.10	As	ATP	guides	transport	and	mechanical	work.	13.	Figure	8.UN02	Sucrose	(C12H22O11)	Glucose	(C6H12O6)	Fructose	(C6H12O6)	55.	Morgan,	Mr.	Wilson,	Mr.	McClenaghan,	Mrs.	4	Miller-UreyÃ¢Â​Â​experiments	show	that	organic	molecules	may	have	formed	under	various
possible	atmospheres	5	Figure	25.2	Mass	of	amino	acids	(mg)	Number	of	amino	acids	20	10	0	195	2008	200	100	0	1953	2008	6	Amino	acids	have	also	been	found	in	meteorites	Ã	̈	©	2011	Pearson	Education,	Inc.	Beagle,	Mrs.	Barker,	Mrs.	Figure	8.15-3	Substrates	enter	the	active	site.	Figure	Glutamic	acid	Ammonia	Glutamine	(b)Conversion	reaction
coupled	with	ATP	hydrolysis	Glutamic	acid	conversion	to	glutamine	(a)	(c)	Free-energy	change	for	coupled	reaction	Glutamic	acid	GlutaminePhosphorylated	intermediate	Glu	NH3	NH2	Glu	¢Ã​Â​ÂGGlu	=	+3.4	kcal/mol	ATP	ADP	ADP	NH3	Glu	Glu	P	P	i	P	iADP	Glu	NH2	¢Ã​Â​ÂGGlu	=	+3.4	kcal/mol	Glu	Glu	NH3	NH2	ATP	¢Ã​Â​ÂGATP	=	¢Ã​Â​Â7.3	kcal/mol
¢Ã​Â​ÂGGlu	=	+3.4	kcal/mol	+	¢Ã​Â​ÂGATP	=	¢Ã​Â​Â7.3	kcal/mol	Net	¢Ã​Â​ÂG	=	¢Ã​Â​Â3.9	kcal/mol	1	2	49.	Figure	8.3	The	two	laws	of	thermodynamics.	Feedback	Inhibition	¢Ã​Â¢Â	In	feedback	inhibition,	the	end	product	of	a	metabolic	pathway	shuts	down	the	pathway	¢Ã​Â¢Â	Feedback	inhibition	prevents	a	cell	from	wasting	chemical	resources	by
synthesizing	more	product	than	is	needed	​Ã©Â	2011	Pearson	Education,	Inc.	Equilibrium	and	Metabolism	¢Ã​Â¢Â	Reactions	in	a	closed	system	eventually	reach	equilibrium	and	then	do	no	work	¢Ã​Â¢Â	Cells	are	not	in	equilibrium;	they	are	open	systems	experiencing	a	constant	flow	of	materials	¢Ã​Â¢Â	A	defining	feature	of	life	is	that	metabolism	is
never	at	equilibrium	¢Ã​Â¢Â	A	catabolic	pathway	in	a	cell	releases	free	energy	in	a	series	of	reactions	¢Ã​Â¢Â	Closed	and	open	hydroelectric	systems	can	serve	as	analogies	​Ã©Â	2011	Pearson	Education,	Inc.	50.	Teacher	Websites	"	Addis,	Mrs.	Effects	of	Local	Conditions	on	Enzyme	Activity	¢Ã​Â¢Â	An	enzyme¢Ã​Â​Âs	activity	can	be	affected	by	¢Ã​Â​Â
General	environmental	factors,	such	as	temperature	and	pH	¢Ã​Â​Â	Chemicals	that	specifically	influence	the	enzyme	​Ã©Â	2011	Pearson	Education,	Inc.	Concept	8.4:	Enzymes	speed	up	metabolic	reactions	by	lowering	energy	barriers	¢Ã​Â¢Â	A	catalyst	is	a	chemical	agent	that	speeds	up	a	reaction	without	being	consumed	by	the	reaction	¢Ã​Â¢Â	An
enzyme	is	a	catalytic	protein	¢Ã​Â¢Â	Hydrolysis	of	sucrose	by	the	enzyme	sucrase	is	an	example	of	an	enzyme-catalyzed	reaction	​Ã©Â	2011	Pearson	Education,	Inc.	Figure	8.9	How	ATP	drives	chemical	work:	Energy	coupling	using	ATP	hydrolysis.	Figure	8.UN03	Course	of	reaction	EA	enzyme	without	enzyme	EA	with	enzyme	Ã¨	inferior	Reaction
course	with	enzyme	Reactants	Products	Ã¢	Â¢	Â¢	Â	④	G	is	not	affected	by	​​enzyme	Reaction	progress	Freeenergy	92.	Ullman,	Mr.	Sheaffer,	Ms.	Zimmerman,	Ms.	Morris,	Ms.	Smith	(Karen),	Ms.	78.	Identification	of	allosteric	regulators	Ã¢	Allosteric	regulators	are	candidates	attractive	drugs	for	enzymatic	regulation	due	to	their	specificity		Ã¢	Â¢
Lâ​​inhibition	of	proteolytic	enzymes	called	caspasi	puÃ​2	help	manage	inappropriate	inflammatory	responses	Ã​Â©	2011	Pearson	Education,	Inc.	Figure	8.19b	Inactive	Form	Substrate	Stabilized	Active	Form	(b)	CooperativitÃ	:	81.	Figure	8.UN07	Figure	8.1	What	causes	these	two	squids	to	shine?	Figure	8.7	Balance	and	work	in	isolated	and	open
systems.	42.	Figure	8.UN05	94.	Concept	8.5:	Regulation	of	enzymatic	Ã¢	activity​	helps	to	control	metabolism	Ã¢	Â¢	Chemical	chaos	would	arise	if	a	cell's	metabolic	pathways	were	not	strictly	regulated	Ã¢	Â¢	A	cell	does	this	by	activating	or	disabling	genes	that	encode	specific	enzymes	or	regulating	the	Ã¢	activity​	of	the	Ã​Â©	2011	Pearson	Education,
Inc.	Inc.	Inc.
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