Colonie High AP Biology

DeMarco/Goldberg

Chapter 7
Cellular Respiration
STAGE 1: Glycolysis

Glycolysis
= Breaking down glucose
* “glyco —lysis” (splitting sugar)

glucose - — — — — pyruvate
6C 2x 3C

« most ancient form of energy capture

= starting point for all cellular respiration
« inefficient

= generate only 2 ATP for every 1 glucose

« all organisms still utilize

glycolysis %

\,

«in cytosol
Evolutionary Perspective Overview glucose
= Life on Earth first evolved without =10 reactions C-C-C-C-C-C
free oxygen (O,) in atmosphere +convert i § <
energy had to be captured from 6C glucose to et
¢ energy oeul AP N ‘o two 3C pyruvate fructose-6P
organic molecules in absence of O, eproduce 2ATP | P-C-C-C-C-C-C-P
= Organisms that evolved glycolysis & 2 NADH
are ancestors of all modern life

4 1
DAP ==) G3P
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2 NAD*
1 2 NADH

4 ATP
pyruvate
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Glycolysis Summary

ENERGY INVESTMENT PHASE

Glucose endergonic
oo 1 l invest some ATP

ENERGY PAYOFF PHASE

2 ADP # exergon_ic
harvest a little
2NAD* more ATP
& alittle NADH
2 Pyruvate
NET

Glucose ——» 2 Pyruvate + 2H,0
2 ADP +2(); — > 2ATP

2NAD* ——> 2 NADH + 2H*

1st half of Glycolysis (5 reactions)
®Glucose
“priming”
e get glucose
ready to split
= phosphorylate

CHZOH
0,

=00

0@
o

CHO0H
glucose 3 @
= rearrangement G ®-o-cH _ ch-0-®
« now split ey @
‘destabilized e-o-o nmw., Y. PGAL
glucose’ o Phospble  phospale G3P)

CHOH.
A" CH-0-®

NADH' Glyceraidehy D NADH.

1,3-Bisphosphoglycorate 1,3-Bisphosphoglycerate Hon
(BPG) (8PG) CH—0-®

NAD*
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nd half of Gl lysi [
2" half of Glycolysis (5 reactions)
. 1 000000 M 2 3
. . ®-0-cH, 6-carbon glucose
= Oxidation § - (Stating materil
(@3%) & |
¢ G3P donates H
P P P P
+ NAD — NADH
6-carbon sugar diphosphate 6-carbon sugar diphosphate
= ATP generation
+ G3P - pyruvate 2 P P P
3-carbon sugar 3-carbon sugar 3-carbon sugar 3-carbon sugar
e donates P phosphate phosphate phosphate  phosphate
fapH NADH
+ ADP —» ATP
Q o 000 000
H20- Enolase ~H0 ¢-0 3-carbon 3-carbon
pyruvate  pyruvate
co-p Primin
g reactions. Priming Cleavage reactions. Then, the Energy-harvesting reactions
i "'5‘?’"'"" o °('pgp°f'“""' CHa reactions. Glycolysis begins with thef six-carbon molecule with two FmaH)?,yln abrics ofre ctions,
addition of energy. Two igh-enerqy | phosphates is splitin two, forming | | each of the two three-carbon sugar
AD) 40 0P o [phosphates from two molecules of " | o three-carbon sugar | | phosphates is converted to
< Pyruvate kinaso ¢-0 molecule gluicose, producing a six- | Phosphates. B raverich hytrbgen i harvested
ATP. ATP. c-0 carbon molecule with two NABH. and two
as , and two ATP molecules
g Pyruvate Pyruvate CHs phosphates. are formed

Substrate-level Phosphorylation Energy accounting of Glycolysis

= |n the last step of glycolysis, where
did the P come from to make ATP from ADP? 2 ATPMZ ADP

o
G2 glucose - - - — — pyruvate

Pis transferred Prosphoghapyruuale. Phosphogagipyrate Gy 6C 2x 3C

from PEP to ADP o [ e o

= kinase enzyme . AN B 4 ADP 4 ATP

“ADP »>ATP =
R oo —w“" * Net gain = 2 ATP

—) ° « + some energy investment (2 ATP)
@ X « small energy return (4 ATP)
ADR v = 16C sugar — 2 3C sugars
ine I M g g

Glycolysis
Summary

Is that all there is?

" Not a lot of energy...
o for 1 billon years® this is how life on
Earth survived
= only harvest 3.5% of energy stored in glucose
= slow growth, slow reproduction

Change in frea energy, AG (in keal/mol)

and the synthesis
of ATP.

-150

Each glucose yields:
2 Pyruvate
2NADH + 2 H*
2ATP



http://www.goldiesroom.org/Shockwave_Pages/009--celltheory.htm
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We can’t stop there.... How is NADH recycled to NAD*?

= Glycolysis = Another molecule must accept H from NADH

« anaerobic respiration
glucose + 2ADP + 2P; + 2 NAD* — = ethanol fermentation

2 pyruvate + 2ATP + 2NADH = lactic acid fermentation
« aerobic respiration

w:yn oxygen Without oxygen

= Going to run out of NAD*

o, _NAD" €0,
= How is NADH recycled to NAD*? o,/ \waow|  WADH|  Acetaidenyd
« without regenerating NAD+, AcelylCoAl ape NADH
energy production would stop o HAD™
+ another molecule must
accept H from NADH :“;:" Oy Gycoadoyde b
NAD*: Py ® P NAD*
NADH :‘m::"‘ég“";.;: NADH
DH 1 1 DH
(8PG) (BPG)
Anaerobic Fermentation Anaerobic Fermentation
= Bacteria, yeast o it
pyruvate — ethanol + CO, 26D 2en B 2@+ 20 2n0r
‘ 3C 2C 2 iy 2 G +2 9, G
NADH  NAD* i
= beer, wine, bread

= at ~12% ethanol, kills yeast
= Animals, some fungi

3C 3C

NADH  NAD*
= cheese, yogurt, anaerobic exercise (no O,)

‘ pyruvate — lactic acid J

Pyruvate is a branching point What'’s the p

pyruvate

9

O,

Glucose

fermentation  Kreb’s cycle
(Citric Acid Cycle)
mitochondria

The Point is to Make ATP!
Any Questions??
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