Enzyme Lab
v On data sheets for each lab list
®3x, 4 x2, &y, & xy, m, Vmax, b(y intercept), km (-x
intercept)
«Draw Hanes plots using two graph papers - use 2:30 lab
data for the graphs
«| abel experiments
«Graph Paper A -- Exp 1, lead, 2, 3a,
«Graph paper B -- Exp 1, 3b, and predict exp 4 (temp)
«Draw a Michaelis-Menton plot on the 3rd graph paper.
Label experiments, Vmax, km for each experiment.
«O0On Lab -- ki is optional
«Do pH enzyme activity graph

Essential Concepts of
Metabolism
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Substrate-Level Phosphorylation

reactive site NAD*

P ?I) (oxidized form)
o | C—NH,
'o—g—o Sy nicotinamide
dinucleotide b NH,
| “7;)

OHOH Sy
‘0—p o \ // adenine
i N/\N/
(e]
OHOH

7N

carbohydrates fats ~ protein

AV

metabolism

Common electron acceptors

v Nicotinamide adenine dinucleotide (NAD).
v Flavin adenine dinucleotide (FAD™)

NAD +2e +2H ® NADH+H

oxidized form reduced form

NADH

T (reduced form)
=z _
o E>%]C NH,
! Ny nicotinamide

[ adenine
O_ﬁ_o N/\N/
(0]
OHOH
Aerobic Respiration Overview
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Glycolysis Overview

Rt T
[taring martestal) BB e
!..’é.n;l Bk B T ol
¥ d Scaror  Darivor
Dol = s
Bl plursphali phouphuds
i ' b e T

Frivire) macians [« TIS ER TIN [= m—r .
gtlv'illlll ra mik Then . T s h-mrbar renbam. Pl las
fon of ererpp. Tea | relesude iR e =i

Fighs mpitrn | vhengen it bn | cf e b Wremom
b el (s e [y o

ATP i bl T T s —|--.h.‘.'r|ﬁ-q.i-|-. rare=dml lippeesie
wanlem rudeu ke famne i ~dla e prnrus ererege

FFRELrgl BE<amI TCh Ll R AR
PR 1 P an 5, i twa ATP
phoacrmse TR T e T

Phosphorylation prevents glucose
from leaving the cell

OH OH OH

H
/:C—(I:— (I:— (I:— (I:—CHZOH glucose
o OH
ATP
hexokinase
KADP
H cI>H OH OH

Lol
;C—C—?—C—C—CHZOPOEZ' glucose-6-phosphate
o OH

Aldose to ketose

OH OH OH
H

| 1
;/C—C—CI:—C—C—CHZOPOf’ glucose-6-phosphate
o OH

phosphoglucose isomerase

0 OH OH
i Lo
HOHZC—C—(IZ—C—C—CHZOPO32' fructose-6-phosphate

OH

Phosphofructokinase is the key enzyme
in glycolysis

1) OH OH
Il [
HOHZC—C—(IZ—C—C—CHZOPOSZ' fructose-6-phosphate
OH

ATP .
( phosphofructokinase
ADP

(o) OH OH

i L
#'0,POH,C—C—C—C—C—CH,0P0,>
i

OH fructose-1,6-bisphosphate

Sugar-splitting

o OH OH
Il 1|
2'O3POH2C—C—(I3—C—C—CHZOPO32'
OH fructose-1,6-bisphosphate

A aldolase

cl) triose phosphate O OH
isomerase .
2'03F>0H2(:—C—(|: <———» H—C—C—CH,0PO;?
OH

dihydroxyacetone phosphate glyceraldehyde-3-phosphate

Energy transfer

(”) OH glyceraldehyde-3-phosphate
H—C—C—CH,0P0,*

NAD* )
Pi glyceraldehyde-3-phosphate
dehydrogenase
NADH
O OH 1,3-bisphosphoglycerate

Il )
2’O3PO—C—C—CH20PO3Z’ High energy molecule




Forming ATP

?I) Cl)H 1,3-bisphosphoglycerate
20,PO0—C—C—CH,0P0,*

ADP

) phosphoglycerate kinase
ATP

?I) (I)H 3-phosphoglycerate
HO—C—C—CH,OP0,*

Rearrangement

?I) ?H 3-phosphoglycerate
HO—C—C—CH,0PO,*

I phosphoglycerate mutase

O OPO,*

2-phosphoglycerate
HO—C—C—CH,0OH

Dehydration increases the potential for
transfer of phosphate to ADP

ﬁ? ?Poaz'
HO—C—C—CH,OH

H,0= 3 enolase

(I? (|3P032' phosphoenolpyruvate
HO—C—C=CH,

2-phosphoglycerate

High energy molecule

Transfer of P to ADP is irreversible

O OPO,”
HO—C—C=CH,
ADP

phosphoenolpyruvate

ruvate kinase
ATP Py

T
HO—C—C—CH, Pyruvae
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‘Glycolysis—Steps 6 - 10
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Fermentation

Fermentation

v Anaerobic process

«Formation of 2 ATP (net) in glycolysis.
=Regeneration of NAD*

With cxpgen  Without oaygen
H0 -, HAD* -~ | [ %
0;— “NADH <’ HADH Acntaldetyde
icsty-Cak| MAD* [NADH
Lactats] MAD*
priv Eshanai
Pyruvate Pathways

Lactic acid fermentation

HyC—C—C—OH

O O
pyruvate

NADH
K‘ NAD*

H3C—(|:—%—OH
OH O
lactic acid

Alcoholic fermentation

HyC—C—C—OH HaC—C—OH
('5 ('5 NAD* ethanol

pyruvate Cco,
NADH

HiC—C—H

o
acetaldehyde

Other fermentations

v Mixed acid fermentation
& Acetic acid, succinic acid, ethanol, CO,, H,.
v Propionic fermentation
®Propionic acid, acetic acid, CO,
v Butanediol fermentation
«Butanediol,
v Butyric-butylic fermentation
«Butanol, isopropanol, acetone, CO,




Fermentation

v Reduction of pyruvate.

v Anaerobic process.

v Regenerates NAD*

v Produces very little energy (2ATPs)

v Produces lactic acid, ethyl alcohol, CO,, H,,
acetic acid, succinic acid, propionic acid,
butyric acid etc.

Krebs cycle
v A sequence of reactions by which acetyl
(2C) groups are oxidized to CO,.

v Hydrogen groups are removed and
electrons are transferred to NAD* and FAD".

“Krebs Cycle Overview
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CoA activates the carbons from
pyruvate

Q C|)H pyruvate

i
HO—C—C—CH,

CoA NAD"
pyruvate dehydrogenase
CO, NADH

I acetyl-CoA
CoA—S—C—CHjs

0. 01T == = =

Glycolysis y
;r':vm Pyruvate Oxidation

A+ 2
MADH

AWY 4

Acelyl cosnzyme A

- _Acetyl
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v [Pyruvate]
o “D‘D l\iill begins

{
HADH: 5-CoA |when a 2C unit from
& |acetyl-Cof reacts
=0 {with a 4C molecule
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Moving an -OH

4+2=6
I acetyl-CoA
CoA—S—C—CHg,
CoA
citrate
synthase
Sl o
o HO—¢=C,
C—CgOH c—c
e} "\OH
oxaloacetate . _O ]
citric acid
Oxidation and decarboxylation
i q
OH—? NAD"* NADH HO—?
o) C—OH c=0
N |
on " § T
¢ ¢
C—OQH C—OH
Il CO, Il
(e} o o
isocitrate derzi?jfgéi}r?ase a-ketoglutarate
Making ATP
i1
—S— Il
G—S—CoA CoA C—OH
c |
! 7
I ¢
G—oH _ C—OH
e} GDP+Pi GTP I
succinyl-CoA
synthetase

succinyl-CoA succinate

o I
I —
HO—C oH ?
I o C-OH
O (|: aconitase \\C—CIZ
SC—C—OH «—>» 2
HO™ ™~ 1 OH ¢
¢ I
C—OQH
L (e}
citric acid .
isocitrate
Energizing the bonds
i1
HO—C  con co, ©
(|:=O IC—S—CoA
¢ =0
C C
| * |
C—OH NAD NADH c—0
I a-ketoglutarate g
dehydrogenase
a-ketoglutarate succinyl-CoA
Using FAD*
i 1
8_0,4 succinate C—OH
| dehydrogenase |
3 i
¢ ¢
|
TN Fapt FapH, T O
¢} 2.0
succinate fumarate




Hydrating fumarate
0 T
doon MO c—oH
& \ HO—C
I |
(|3 fumarase (I:
C—OH G—OH
! 8
fumarate malate
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Oxidation of malate

? NAD* NADH c">
G—OH ¢—OH
HO—(IZ (|2=O
(|: malate dehydrogenase <|:
§oH ¢—OH
(e} (6]
malate oxaloacetate

Krebs cycle summary
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Electron Transport Schematic
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Electron Transport Chain

ATP synthase uses energy from a
proton motive force
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Krebs cycle leads to 20 ATP

IN ouT
=2 acetyl-CoA =2CO,
«6 NAD* ®6NADH = 15ATP
®2 FAD* ®2FADH, = 3ATP
=2GDP ®2GTP = 2ATP
=2Pj ®2H*

®2H,0 =2 CoA




Energy summary

v Glycolysis v Glycolysis
®4ATP 7 ATP
=2NADH v Pre-Kreb’s cycle

v Pre-Kreb’s cycle ®5 ATP
=2NADH v Kreb’s cycle

v Kreb'’s cycle ®20 ATP
=GNADH
®2FADH,
®2GTP Total =32 ATP
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Anaerobic Respiration

v Alternate terminal electron acceptors are
used in the ETS.
«Nitrate, sulfate, iron

v Not as much energy is produced as when
oxygen is used (aerobic respiration).
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Deamination

Fat metabolism

CoA

CoA e

o fatty acid

CoA C

Liren
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HH OH Oxidation (1)

Fatty acid G C-C—-Col
HH
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“Alcohol Fermentation
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c-0 2 Pyruvate —=—. 2 Acotaldehryde
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Respiration (review)

Producing energy for the cell

Respiration (background)

v Metabolism

«Sum of all chemical reactions in the cell

cCatabolism is the conversion of complex
molecules to simpler and smaller molecules. This
usually involves the release of useful energy for the
cell. Example: Glucose + oxygen --> carbon dioxide,
water, and energy.

=Anabolism is the conversion of simple molecules
to larger and more complex molecules. This usually
involves the input of energy into the system to
create the new covalent bonds needed to form the
more complex molecules created. Example: glucose
+ glucose + glucose + glucose + ENERGY -->
glycogen (starch)

Catabolism and Anabolism

CO, + HO + ENERGY

A
ANABOLIS w

ske 29,
‘-".-" ..'. -

ANABOLISM CATABOLISM

A= NI
POLYSACCHARIDE

Enzymes lower the energy of activation

ACTIVATION
¢ | ENERCY WITHOUT
& | ANENZYME
E
E
ACTIVATION
E 1 ENERGY WITH
i“ AN ENZYME
R
3| suBSTRATE
ENERGY LEVEL
NET ENER GY RELEASE
BY REA 1’[1 oN

ATP (energy source of the cell) (GTP?)

ADENOSINE - PQ, - PO, TPO“

HIGH ENER GY
BOND

ADENOSINE = PQ, - PO,

PO, + ENERGY

Overview of respiration

v nicotinamide adenine dinucleotide (NAD*)

v flavin adenine dinucleotide (FAD)

v NADH and FADH, are coenzymes that are used
to shuttle electrons to there final receptor in many
cells.

v NADH and FADH, are coupled to the production
of ATP by the process of oxidative
phosphorylation.

v The pathway through a series of electron carriers
is the electron transport chain (respiratory chain)

v The electron transport chain creates a proton
gradient that produces ATP using an ATP
synthase (chemiosmosis)




The mitochondria is the site for oxidative
phosphorylation in eukaryotes- the cell
membrane is the site in prokaryotes

Glycolysis @ fw ZEFE

glucese.§-phosphate

fructose 6-phosphate
j
(a7e] ]L‘ADP

fructose-1,6 hisphosphate
Each of the steps below
rs twice for each

occu
PGAL <> DHAP molecule of glucose being
— metabolized.

NAD |
B S

1.3-bisphosphoglycerate

ADP |
> [ate]
3.phosphoglycerate

2 phosphoglycerate
ﬂL\» 1,0
PEP
ADP |
-

pyruvate

Types of respiration

v Aerobic respiration
«0, is the electron acceptor
v Anaerobic respiration
«An acceptor other than O, is used
®eg. NO5, NO,, SO,* and elemental S and several
metal ions such as Fe3*, and fumarate
v Lithotrophic respiration
®|norganic molecules are used to produce energy
®eg. H,S
«QOxidation of H,S takes place in the periplasm
«NADH is not used to shuttle the electrons

GIUCoSE  Glyeolyeis starts with

Electron transport chain

Total energy obtained from one glucose molecule

|5 MADH [ 2 FADH: |

Electron Tran;ipurt Schematic

Energy for
Byntness
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Electron Trmspm Chain

Overview of ATP Synthesis
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A Food Chain in
East Africa (Continued)
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The End.




