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Cofactors

e A protein bound, non-protein chemical species to perform
a reaction
e Organic molecules (NADH, Coenzyme A)

Types of cofactors:
e Metalion
o Coenzyme

Types of Coenzymes:
o Cosubstrate
o Temporarily bound
e Prosthetic Group
o Permanently bound

Electron Carriers

o Ordered from lowest = highest affinity
o Not absolute
o Protein environment, structure may affect affinity

Nicotinamide

o NAD, NAD* (oxidized)/NADH (reduced)
e Carry2e

o Transient binding

Flavins
e FAD, FADH
o From riboflavin (vitamin B2)
e Carry 2e-, 2 protons — are reduced
o Prosthetic groups (not free molecules)

Iron-sulfur centers
e Fe and S covalently bind to proteins via cysteine residues
(Fe coordinated by S)
e Each Fe-S center carries 1 e~ without accompanying
proton
o Number of atoms differ (2 Fe 2 S....4 Fe 4S....but still 1 e7)

Ubiquinone

o QH (oxidized), QH2 (fully reduced)

o Predominantly hydrophobic lipid

o Transient binding

o Freely diffuse in hydrophobic phase of inner mitochondrial
membrane (temporarily associated with proteins) to
gain/lose e~

e Carry 2 e-, 2 protons

Cytochromes

o Heme-containing proteins

o Accept 1e (Fe 3+ = Fe 2+)

o Tetra pyruvate ring with coordinated ion in the middle

e Cyt. c =only cytochrome that is a peripheral protein of the
IMS

o Others are integral proteins embedded in larger protein
complexes

Copper Centers
o Copper ions covalently bonded by histidine
o Each copper accepts 1 e~ (Cu 2+ — Cu+)

Sourced from httpsi/biologynotesontine com/electron-trans

Mitochondrial e- transport

System

o 3 large protein complexes in the inner mitochondria
membrane transfer O2
o Enzymes, cofactors catalyze e- transfer and H* across
membranes
o Pick up e~ from Krebs cycle — give to proteins = reduce
02 = H20
o NADH and QH2 come from the citric acid cycle
o NAD*and Q go to the citric acid cycle
o Energetically favourable process
o H* concentration is higher in the IM space than the
matrix = makes a H* gradient = harness this as
potential energy to move H* from the matrix to the IM
space
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Summary:

o NADH give e to cofactors = Q (Complex I)

e QH2— Il = accept e — cyt ¢ (Complex IlI)

e Cyt.c— IV — accept e- = 02 = H20 (Complex [V)
o All pump H* from the matrix = IMS
o Reduction potential increases from | = Ill = IV

= |V has the highest affinity for e

o Takes 4 e~ to reduce 1 02 = 2 H20

e Each NADH carries 2 e~

e 2 NADH needed to reduce 1 02

Complex I: NADH

dehydrogenase

Overall Reaction:
NADH + Q + 5 H* (matrix) = NAD* + QHz + 4 H* (IM Space)

o Protein contains flavin and Fe/S centres
o Reaction catalyzed by NADH dehydrogenase
o Accept 2 e~ from NADH (matrix)
o NADH — NAD* (for the krebs cycle)
o Occurs at the flavin center
o e passed from flavin/FAD — Fe-S centers = Q
o Q — QHz (gains 2 H* at the matrix)
o QH2 diffuses in the mitochondria inner membrane — pass
e~ to Complex IlI
e As e pass, a conformational change in the protein
complex occurs, pumping 4 H* from the matrix into the IM
space

Complex IlI: Cytochrome b-C1
complex

Overall Reaction:
QHz + 2 cyt ¢ (ox) + 2 H* (matrix) = Q + 2 C cyt ¢ (red) + 4 H*
(IM space)

e 3 heme groups, 1 Fe-S center used

o Accept 2 e~ from QHz2 = cyt ¢ (Q cycle)
o 2cytcmove to IV (reduced)

o Q returns to inner membrane

e 2 H*removed from matrix

e 4 H*removed (from QH2 = Q)

Q cycle

Complex Il has two coenzyme Q binding sites
Heme bH, heme bL

o Heme bH near matrix = higher affinity for Q

o Heme bL near IM space — higher affinity for QH2
IM has mix of oxidized + reduced coenzyme Q

o 3 coenzyme Q molecules (2 reduced 1 oxidized)

Overall Reaction:
QHz + 2 cyt ¢ (ox) + 2 H* (matrix) = Q + 2 cyt ¢ (red) + 4 H*
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Sourced from https/wwwstemside.co.uklpost/an-overview-of-the q-cycle

Q cycle Process

Round 1

o 2 molecules: Q and QH2 bind to their binding sites
o Based on affinity

e QH2 loses:
o 1le — forms Qe- — Fe-S — cyt = cyt ¢ (reduced)
o 2H* — released into IM space
o Last e — transferred to heme bL = bH — Q

e QH2oxidized to Q

o Leaves, replaced by QH2 from IMS

Round 2
o New QH2 loses e~ in the same way and forms Qe-
e 2H* moved into IM space
e e lost = Fe-S — heme c1 — reduces second cyt ¢
o QH2—(lose 2H* and 1 e")— Qe- (lose 1 e7) = Q
o Afterwards, Q gains 2H* from the matrix = become QH2

Aftermath
e Both Q and QH2 no longer match the binding preferences
of the 2 sites = dissociate
e Cytc (x2) move to complex IV
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Complex IV: Cytochrome e- Transport Summary F.F, ATP Synthase

Oxidase Complex

e e passed from low — high affinity carriers o Transmembrane (FO)
o Form H* gradient across inner mitochondrial membrane o Peripheral (F1)
Overall Reaction: o Oxidation of 1 NADH pumps 10 H* i i
. o C subunits and a subunits from half channels through
4 cyt. c (red) + Oz + 8 H* (matrix) — 4 cyt. c (ox) + 2H20 + 4H* o Oxidation of 1 QH2 pumps 6 H* the membrane
(IM Space) o FO: 8 identical subunits
N - NADH = = Q= Il > cytc = IV— 02 o Allow H* to move across the membrane, down
. OXI.dIZE cyt. c by accepting e e~ from succinate 2> 1= Q= lll = cytc = IV 02 electrochemical gradient
e 3sites S ) o Each C subunit binds 1 H*
o e accepting site with 2 copper ions o Movement rotates subunits
o Site with heme Proton Gradient from e- « Central Stalk (F1 subunits) also rotates

o Site with heme + copper ion L .
f F1
o e o ibiam, G Ba—> 10 Transport . 3aa:1pnr11: 3ul:)elj::ithsexamer of F1 joined to C subunits by a
e 4 H*pumped out of matrix g

o 2 long, curved alpha helices from central stalk extend

. fPoerrm(.'():dreduced, 4 cyt. c give up e~ one at a time, 2 H20 are . IM space ptl =7.2 (more acidic) = more H* present e ——_—
e MatrixpH=7.9 o Rotation of gamma/central stalk changes
conformation of active sites on beta subunits
) Proton Motive Force: Generates ATP = Contain catalytic site for ATP synthesis
Complex II: Succinate - o Peripheral stalk prevents hexamer from rotating (b
1.Electrical potential 2. H* concentration difference subunit)
Dehydrogenase o 4o * High— low « F1 contains sites for ATP
e IM— matrix e IM— matrix o FO0 slow H* movement across the membrane
o H*are attracted o H*— bind to C — rotate to second channel =

Overall Reaction:
Succinate + Q = Fumarate + QH2

released from C — matrix
e 225 protons per ATP per 1 rotation of C

Ma | ate-As pa rtate s h Uttle Overall Reaction (Pumps 2 2/3 protons/ATP):
3 ADP + 3 Pi + 8 H* (IM space) = 3 ATP + 3 H20 + 8 H*

e No H* pumped
o Redox reaction that reduces Q = QH2
o 2 e come from the succinate to fumarate conversion

— to FAD/FADH embedded in Il (2 H* released) — 2 e~  Moves e- into matrix (matrix)
and 2 H* used to convert Q = QH2 o Liver, kidney, heart muscle cells
o Ilis an enzyme that catalyzes the krebs cycle by succinate  NADH pass through pores in outer mito. membrane
— fumarate conversion o Carried by malate — pass to NAD* in matrix B
o Gives e to lll eventually = IV — 02 o Malate carbons return to cytosol to repeat
o Unlike other krebs cycle enzymes, Il is embedded in the o Oxaloacetate = produced a result of malate conversion
inner mitochondrial membrane (transiently produced) occurring in matrix —> transfer e~ to complex | = Cytoplasm
ultimately to O2 0
o NADH is not directly moved across the membrane, but its
g ae Matgix,
Net ETC Reaction: NADH L5
Cytosol
10H* moved per NADH b s

oNH,
Glutamate

20 H* moved into IM per 2 NADH
NADH made in cytosol (glycolysis)

0
e N

e Movement driven by electrochemical gradient
e ATP must leave the matrix
e ADP + Pi enter matrix
o Occurs via an antiporter on the inner membrane
o Achange in matrix = +1
o AH*inmatrix=0
e H2P04- and H* enter matrix
o Occurs via a symporter on the inner membrane

Stoichiometry of ATP synthesis o Achange in matrix=0

o AH*inmatrix=+1

Overall Reaction:
2 NADH + 02 + 22 H* (matrix) = 2 NAD + 2 H20 + 20 H* (IM
Space)

o oM
malate

Matrix

Net ETC reaction: QH,

1 QH2 pumps 6H*
arzpume o Occurs in the heart, muscle, liver, kidney * Overall: energy from 1 H* used
Overall Reaction: o 1 NADH allows synthesis and export of 2.5 ATP “Electro”
2 QH2 + 02 + 12 H* (matrix) = 2 Q + 2 H20 + 12 H* (IM Space) o 1 QH2 allows synthesis and export of 1.5 ATP e e e P s
Glycolysis: o One negative charge removed from matrix (relatively
2 NADH — 5 ATP/glucose negatively charge) = favorable
2 ATP — 2 ATP/glucose o Phosphate movement net charge = 0

o Phosphate = negative

Pyruvate — Acetyl-CoA (2/glucose): o H"=positive

N
2 NADH — 5 ATP/glucose “Chemical”

e Phosphate driven by H* movement

L el e eceh o H*high — low concentration = favorable

6 ggﬁ:‘:;i?@gﬁiﬁse o During ATP and ADP exchange, no H* are exchanged = pH
2 GTP — 2 ATP/glucose is unaffected

Total yield: 32 ATP/glucose



) LETTER TO THE STUDENT

Dear Student,

Thank you for opening this Biochemistry 2280A guidebook. This resource has been
created by the Education Team at WebStraw. The Education Team consists of students
that have previously taken and/or are currently taking Biochemistry 2280A.

Created by students for other students, this resource aims to provide a comprehensive
view of material taught within this course. Our goal is to help students develop,
solidify, and refine their understanding of course content. Our resource is also open
access meaning there are no financial or legal barriers to students who wish to access
and use our resource.

To maximize the benefits of this resource, we recommend that you read carefully
through the topics, focusing on bolded terminology, compound structures, and diagrams.
Although this resource ideally will cover all testable content as of the 2024-2025
academic year, we cannot guarantee this and strongly encourage you to cross-
reference with class material and notes.

Disclaimer

This resource is supplementary to your course content and is not meant to (1) replace
any of the resources provided to you by your instructor nor is it meant to (2) be used as
a tool to learn the course material from scratch. We assume that students who use this
resource will have a basic understanding of the course content. This resource does not
contain everything you need to know for your evaluations. Please refer to the course
material provided by your instructors if there are any discrepancies between our
resource and your course content.

We appreciate you using our resource! Best of luck on your exams :)

-The WebStraw team

) Note to Instructors: If this resource has been created for your course and you would
like to collaborate with us, please email us at team@webstraw.org

Note: Marvin was used for drawing, displaying and characterizing chemical structures,
substructures and reactions, Marvin 24.4.1, Chemaxon (https://www.chemaxon.com)
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