Chapter 9.
Cellular Respiration
STAGE 1: Glycolysis
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The Point is to Make ATP!
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1Glycolysis
ABreaking down glucose
engl yicggysi so (splitting

glucose- - - - - pyruvate
6C 2x 3C

e most ancient form of energy capture
Astarting point for all cellular respiration
e Inefficient
Agenerate only 2 ATP for every 1 glucose
e In cytosol

Awhy does that make evolutionary sense?
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/Evolutionary perspective
ALife on Earth first evolved without
free oxygen (O,) in atmosphere

e energy had to be captured from
organic molecules in absence of O,

AOrganisms that evolved glycolysis
are ancestors of all modern life

e all organisms still utilize
glycolysis /p
“

e ¥

You mean,
| Om r el g
to them?!
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1Overview glucose \

_ C-C-C-C-C-C e,,ZVQI/bO

A10 reactions a 2 ATP o
E convert l <2 ADP

6C glucose to
two 3C pyruvate fructose-6P

| P-C-C-C-C-C-C-P
e produce 2 ATP
& 2 NADH l l
DHAP =) PGAL

P-C-C-C C-C-C-P

2 NAD*

i 2 NADH
I <4AD3
pyruvate 4ATE
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Glycolysis summary

ENERGY INVESTMENT PHASE

lEIun::n:nSﬂA1 enderqoniC

2a0p invest some ATP

ENERGY PAYOFF PHASE

Y . exergonic
T harvest a little

2 NAD* ; >2NADH more ATP
& a little NADH

\—> 2 Pyruvate

NET
Glucose — > 2 Pyruvate + 2H,0

2 ADP + 2@, ———> 2 ATP
AP B 2 NAD* ——> 2 NADH + 2H* 2005-2006




1st half of glycolysis (5 reactions)

D
¥

AGlucose

1. Phosphcm/latlon .

Glucose

nNpri mi
e get glucose

of ose by ATP (2
n g Hc TP
ADP :

Glucose 6-phosphate

ready to split F
Aphosphorylate
glucose
Arearrangement
e split
destabilized
glucose

Pay attention
to the
enzymes!

-3. Rearrangement,

® — 0 —CH;

(2
ollowed by a second fl Phosphoglucose
ATP phosphorylation. | isomerase CH;—0—-®
0. CH.OH
Fructose 6-phosphale |
4 AT P‘ - Phosphofructokinase
: 0O~ CH CH,— 0—
ADP ® %o =00
Fructose 1,6-bisphosphate {( J
H
c—o PGAL
C =0 Dihydroxyacetone Glyceraldehyde 3-
CH,OH phosphate phosphate (G3P) CHOH
CH,— 0 —
NAD* NAD* H-0-®
o)
Glyceraldehyde
NADH NADH
-phosphale Eo=6n
dohydrogchnaso ®-0-C=0
CHOH
1,3-Bisphosphoglycerate 1,3-Bisphosphoglycerate |
(BPG) (BPG) CH;—0—-®
ZUU0-2ZUUb



2nd half of glycolysis (5 reactions)

v
AOxidation Do g .,
c=0 Dlhydroxyacemwcmldehyde 3- cC=0

D
A\

CH,OH phosphate phosphate (G3P) CHOH
e G3P donates H N ey [ cH,—0-®
NADH g skt o ' B 4 o-ps0

e NAD - NADH SRR 0-o-g-c

1,3-Bisphosphoglycerate 1,3-Bisphosphoglycerate |
(BPG) (BPG) CH;— 0@

AATP generation AD l” l< o

ATP kinase A'rp‘,— c-0

E G 3 P = p y r U V at e 3 Phosphoglycerate &Phosphoglycerate é...z_ .
e donates P l ooy l -
ceromutase =0

H-C-0-@
z 2-Phosphoglycerate 2-Phosphoglycerate
E ADP - ATP ‘(’233 '(’232" CH,0H
©) o-
Ho0-" l Enolase t*HzO dia
¢o-e
Phosphoenolpyruvate Phosphoenolpyruvate
ph(mal:';D X PhCPER) CHy
Payola! AD i0 DP 20
Finally some i, | Pyruvatekinase §C .., . c-=0
ATP* y ¢-0

—~ATP.
""" Pyruvate Pyruvate CH3

ATP!




OVERVIEW OF GLYCOLYSIS

1 QOOO00 2 3
6-carbon glucose
(Starting material) ,
" 2-ATP
P P P P
Q00000 000000
6-carbon sugar diphosphate 6-carbon sugar diphosphate
P P P P
000 Q00 Q00 Q00
3-carbon sugar 3-carbon sugar 3-carbon sugar 3-carbon sugar
phosphate phosphate hos hate phosphate
NADH
2 ATP 2ATP:
3- carbon 3- carbon
pyruvate pyruvate

!

Priming reactions. Priming
reactions. Glycolysis begins with
the addition of energy. Two high-
energy phosphates from two
molecules of ATP are added to the
six-carbon molecule glucose,
producing a six-carbon molecule
with two phosphates.

Cleavage reactions. Then, the
six-carbon molecule with two
phosphates is split in two,
forming two three-carbon sugar
phosphates.

Energy-harvesting reactions.
Finally, in a series of reactions,
each of the two three-carbon
sugar phosphates is converted to
pyruvate. In the process, an
energy-rich hydrogen is harvested
as NADH, and two ATP molecules
are formed.




Substrate-level Phosphorylation

A In the last step of glycolysis, where
did the P come from to make ATP?

o
1

¢-o
. ) ] é_ 73}
P IS tran Sfer red phosph?g:é%l)pyruvate PhOSPhnglé%l)pyruvate énzo P
from PEP to ADP = l o l . o-
. Egn Pyruvate kinase CA cC=0
Kinase enzyme .;.\gf.s_:) ~ATP ¢-0
" pyruvate Pyruvate = CH3
ADP - ATP
‘ - 22
| get it! (P i
The P came j ~ - ?\ \ a\1
directly from P 0 \ P
the substrate! Enzyme | -
P app PP
1
Adenosine ¢>




LEnergy accounting of glycolysis
2ATR, ,2ADP

|V

glucose- - - - - pyruvate

6C @ 2x 3C

4 ADP 4 ATP

All that
work! And

t hat 6s
get?

A Net gain =2 ATP
e Some energy investment (2 ATP)

_E small energy return (4 ATP)
A 16C sugar - 2 3C sugars
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Is that all there i1s?

ANot a |l ot of ener gy e
e for 1 billon years* this is how life on
Earth survived

Aonly harvest 3.5% of energy stored in glucose
Aslow growth, slow reproduction

D

Heck of a
way to make
a living!
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We canot stop there
AGchonsis

D

glucose + 2ADP + 2P, + 2 NAD* -
2 pyruvate + 2ATP + 2NADH

AGoing to run out of NAD*

A How is NADH recycled to NAD*?

e without regenerating NAD+,
energy production would stop

e another molecule must
accept H from NADH

NADH
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