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1. Introduction

1.1. Co-evolution of life and transition metal bioa  vailability
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FUNCTION TYPE DESCRIPTION EXAMPLES

Di-atomic Di-atomic molecules such O2and NO can bind reversibly to . Hemoglobin/Myoglobin
molecule transport  Fe, Cu, or Zn ions. . Hemocyanins
. Hemerythrins
. Nitric Oxide Synthase
Electron transfer The metal center acts as a current carrier without catalyzing . Fe-5 cluster containing proteins
a chemical change on the bound substrate . Cytochromes
. Blue copper proteins
Structure Metal coordination plays a role in protein stability, folding . Zn-finger domains
and structure, protein-protein, or protein-nucleic acid = RING-domain
. . RNA and DNA polymerases
Catalysis The metal center catalyzes a chemical change on the bound . EC 1. Oxidoreductases (44%)*
substrate . EC 2. Transferases (40%)*
. EC 3. Hydrolases (39%)*
. EC 4. Lyases (36%)*
. EC 5. Isomerases (36%)*
.

EC 6. Ligases (59%)"

*percentage within each class corresponding
to metalloenzymes

1.2. Iron in biology — essential, harmful, and hard to get
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1.2.1. Iron-Sulfur clusters proteins
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1.2.1. Heme proteins
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1.2.3. Other Fe-coordinating proteins

6 ' 6
/ %3 "6
( (
% &
6 6 % & 6

6 o 6 P (

+,
% 3 6 I
( ( : ( :



( C ( 6 %& O

53 %( 011E? + 3 (2GGB? (01117%



BIOLOGICAL ROLES OF IRON BINDING PROTEINS

Fe-S cluster proteins
1. Electron transfer
a.  Mitochondrial electron transport chain
i. ComplexI: NADH dehydrogenase
ii. Complex II: Succinate dehydrogenase
iii. Complex III: Cytochrome c reductase
b.  Other electron transfer systens
i Adrenoxin component of cytochrome P450 systems
ii. Xanthine oxidase
2. Non-redox Fe-S cluster proteins
a.  Aconitase
i Mitochondrial aconitase
ii. Cytosolic aconitase/IRE-binding protein
b.  Ferrochelatase
c¢.  DNA primase
Heme proteins
1. Oxygen carriers
a. Hemoglobin/myoglobin
2. Nitric Oxide binding
a.  Guanylate cyclase
3. Electron transfer
a.  Mitochondrial electron transport chain
i Complex II: cytochrome bseo in succinate dehydrogenase
ii. Complex III: cytochrome bsez, bses, and czin the cytochrome ¢ reductases complex
iii. Cytochrome ¢
iv.  Complex IV: cytochrome a in cytochrome ¢ oxidase
b.  Other electron transfer systents
i.  Cytochrome bs in fatty acyl CoA desaturases
ii. Cytochrome bs in sulfite oxidase
4. Activation of oxygen or peroxides
a.  Mono-oxygenases, di-oxygenases, and oxidases
i.  Cytochrome P450 systems
ii. Nitric oxide synthase
iii. Sulfite oxidase
b.  Peroxidases
i Catalase
ii. Secretory peroxidases
iii. Thyroid peroxidase
iv.  Myeloperoxidase
v. DProstaglanding Hz synthase
Other Fe binding proteins
1.  Mono-nuclear Fe
a.  Mono-oxygenases
i. Phenylalanine hydroxylase
ii. Tyrosine hydroxylase
iii. Tryptophane hydroxylase
b.  Di-oxygensaes
i Prolyl hydroxylases
ii. Lysyl hydroxylase
iii. Lypoxygenase
2. Bi-nuclear Fe
a. Ribonucleotide reductases
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1.3. Iron Homeostasis in bacteria

1.3.1. Iron uptake and storage
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1.3.2 The ferric uptake repressor, Fur
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1.3.3 RyhB-mediated response to iron deficiency
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1.4. Iron homeostasis in baker’s yeast

1.4.1. Iron uptake and storage
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Cell wall
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IRON UPTAKE

FRE1 and FRE2
FRE3 and FRE4

HFET3)
FTR1
FET4
FIT1-3
ARN1-4

IRON MOBILIZATION FROM VACUOLE

FRE6
SMF3
HENS
FTH1

METABOLIC ADAPTATION

VHT1
HMX1
CTH1
CTH2 (TIS11)

42 % 6("

Major plasma membrane metalloreductases

Plasma membrane metalloreductases involved in
reduction of siderophore-bound Fe3*

Plasma membrane multicopper oxidase

Plasma membrane Fe2- permease

Plasma membrane low affinity divalent metal transporter
Cell wall mannoproteins involved in siderophore capture
Plasma membrane siderophore transporters

Vacuolar metalloreductase

Low affinity vacuolar Fe-effluxer

Vacuolar multicopper oxidase
Vacuolar Fe?- permease

Biotin transporter

Heme oxygenase homologue
mRNA-destabilizing protein
mRNA-destabilizing protein
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1.4.4. Metabolic regulation of iron homeostasis
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1.5. Iron homeostasis in mammals

1.5.1. Iron uptake and storage
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1.5.2. Systemic regulation of iron balance — hepcid in
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1.6. Post-transcriptional regulation of mRNA stabil ity by ARE-
binding proteins

1.6.1. Molecular mechanisms of mMRNA decay
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AU-Rich Elements (AREs) and AU-Rich Element Binding Proteins (AUBPs)

ARE classification Examples

Class I:

5-AUUUA-3 within U-rich region c-fos, c-mye, PTH, IF-y, PAI-2, cyclin A, cyclin Bl, cyclin D1
Class II:

5 -UUAUUUAU(U/A)-3" within a U-rich region TNF-o, GM-CSF, IF-a, IF-B, Cox-2, IL-2, IL-3, bcl-2, VEGF
Class III:

U-rich region, non-AUUUA e-jun, GLUTIL, p53

AUBPs and their effect on mRNA

stability
Stabilization Destabilization

HuR Class I: c-fos, cyclin A, cyclin B1, cyclin D1

Class II: TNF-o, GM-CSF, Cox-2, IL-3,

VEGF
AUF1 Class I: c-fos, c-inyc, PTH Class I cfos, c-myc, cyclin D1

Class II: TNF-a, GM-CSF Class IT: GM-CSF, IL-3
TTP Class II: TNF-o, GM-CSF, Cox-2, IL-2, IL-3
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1.6.3.1. CXgCXs5CX3H-proteins in mammals
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1.6.4. ARE-mediated mRNA decay — AMD
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1.7. CXgCXsCX3H proteins in yeast — Cthl and Cth2
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2. Cooperation of two mRNA-binding proteins drives

metabolic adaptation to iron deficiency

2.1 Introduction

&' 56 7
(8#
( % # 6
(
(6 " ( 6

5 %(011E?9 .

(

53 3 (2GG17%

6 ' (6"
5 %(2GGG?9 .
C 6
2F o(, "
8 659 . %(011B?
6 (2 O (
5 7(," ' = 5&7

%(011B7% (6

6 |

%( 011B? * %( 011D7%

(011D7% -'



#+#( ' 6 ("

% 4 (2 0 /
' & 8#(
% # 1
/ 6
6% C 6 / ( 2/ QB6BR (
( 0 59 . 9%(011 B?  (011D7% #
6
% 6 8# )
3. ! 8#
6 (6 6 *C 6
I ( '3

(6 5) %( 011E7%

5 "
, 6 (# 2 # 0(
' 6 54 %( 011=?
%(011>? ' ' %(011B7% # ' 6
# 2F0 5 ' %(011B? +
%( 011E7% '6 6 (

6 (6 ( L%



(" 8# 6
' 5&4#7  (
; ( ; CC ;
"4 26 ( 5+ %(011>7?
%(011="" " %(011B7% # "6 (4'0(
8# ' ("
' . , . ‘ 4, 4; 4; 59
544497 ' 8# 53 ' ( 01107%) '
‘ 8 # (
8# . # 5# 7 8# 5+
# - (011=7%4'0 # o, >
5> &7 8# 6" 6
(" 8# 5 %(
011=7% 4 ! 4'0 : '
6 ( 8 ‘ ! , 6
6 "' (', 8
. ( . 40(, .

%



*) ‘() 40
8# 6" 6
(42 8#
' %) (, 4
8# ' :
( ( % 4
%&
40 8#
8# 6 %)

2.2 Materials and Methods
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2.3 Results

2.3.1 Cth1l function in response to Fe-deficiency
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2.3.2 Aftl and Aft2 regulate CTH1 transcription
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2.3.3 Cth1l stimulates mRNA turnover
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2.3.4 Cthl targets mRNAs mostly encoding mitochondr
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2.3.5 Cth1/Cth2-dependent changes in carbohydrate m  etabolism
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2.3.6 Iron deficiency elicits changes in glucose me  tabolism
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3. Auto- and trans-regulation of Cthl and Cth2

3.1. Introduction
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3.3.2. CTH1/2 -AREs promote instability to a reporter transcript
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3.3.5. Cth1/2 auto- and trans-regulation is ARE- de pendent but AMD-
independent
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4. Early recruitment of ARE-containing mRNAs
determines their cytosolic fate during iron deficie ncy.

4.1 Introduction
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4.2 Materials and methods
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4.3 Results and Discussion

4.3.1. Cth2 is a nucleocytoplasmic shuttling protei n
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4.3.2. Cth2 nucleocytoplasmic shuttling is importan t for function
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4.3.3. Cytosolic localization of Cth2 depends on RNA
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5. Other observations and future directions

5.1 Cthl and Cth2 localization to the mitochondria

5.1.1. Introduction
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5.1.2. Preliminary results and conclusions
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5.2 Expression of Cth2 in response to glucose-limit  ation

5.2.1. Introduction
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5.3. Materials and methods
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