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The thermodynamic hypothesis
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The thermodynamic hypothesis Folded T———" Unfolded
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Energy landscapes
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Figure 1.45 How Proteins Work (©2012 Garland Science)

A. M ipwTeivn €xeL €va Hovo, KOAQ KABOPLOUEVO EVEPYELOKO EAAXLOTO, UE ATIOTEAECHO VO VOO UTAWVETAL OMOAA TIPOG TO CUVOALKO EAAXLOTO.

B. Oplopéveg (mBavwc moAAES) mpwteiveg mapouaotalouy petaotabelieg Kataotdoel VP NAOTEPNC EVEPYELAG, OL OTIOLEC ocUVNOWC €XOUV
EVEPYELOKA ppaypaTa XOUUNANRG EVEPYELAC TIPOG TO CUVOALKO EAAXLOTO Kall, WG EK TOUTOU, €lval TIOAU BpaxuBLec.

C. Tomukad, n emipAveLo Tou Tomiou eival mBavwc oAl avwpaAn. QoTtOo0, TO TEPLOCOTEPA EVEPYELAKA EUTTOSLA ELVOL OPKETA XOLUNAL WOTE Ol
npwteivec o Beppokpaoio SwHaATiou va Umopoulv va Ta EEMEPATOUV Yypryopa.

D. Mwa aAAayr oTLg GUVORKEG, oTnV Ttepimtwon autn n npocdeon evog npwTtoviou (6nAadn, n ueiwon tou pH), mpokaAel aAAayrn otn doun tou
OUVOALKOU EAAXLOTOU.



hydrophobic collapse

https://www.youtube.com/watch?v=gFcp2Xpd29I



Fluctuation-Dominated Ligand Binding in Molten Globule

Protein
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J. Chem. Inf. Model. 2023, 63, 5583-5591
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aAAnAerudpouv pe tn Suvaplky B€on NG
NMPWTEIVNC OTOXOU HE TIO QTOTEAECHUOTIKO
TPOTO.



Some Proteins Undergo Assisted Folding

chaperone proteins =

facilitate correct folding
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Pathways Involved in Proteostasis

* proteostasis = continual
maintenance of the active
set of cellular proteins
required under a given set
of conditions
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Bovine pancreatic trypsin inhibitor, BPTI.
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Physical and structural characteristics of misfolded

proteins

Destabilized protein

* Low stability
conformational state

« May have locally altered
secondary structure or

poor tertiary interactions.

* It usually retains some
biological function

* More susceptible to
proteolysis than native

Protein Aggregate

Amorphous

insoluble protein
conglomerate

Results from intermolecular
hydrophobic interactions
between misfolded proteins
Readily resolubilized in
buffer in native like
conditions

Amyloid fibril

Highly ordered

Insoluble fibril-shaped
protein aggregates

formed from B-sheet
stacking in a cross- B motif
Highly resistant to
proteolysis

Requires high
concentrations of denaturant
or detergent to resolubilize



Misfolded proteins: multiple pathways to disease
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dynamics of a protein




Motion in protein dynamics

Free Energy

Conformational coordinate

Int. J. Mol. Sci. 2020, 21, 2713; doi:10.3390/ijms21082713



Exploring the role of dynamics in

protein function using NMR
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The order parameter
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Figure 6.3 part 2 of 2 How Proteins Work (©2012 Garland Science)

The order parameter 5? is obtained from 15N relaxation data
It ranges from O (rapid unconstrained motion) to 1 (complete rigid body motion)
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Thermostable Proteins

thermophile is an organism that thrives at relatively high
temperatures, between 41 and 122 °C

DNA polymerase from the thermophilic bacterium Thermus aquaticus 80 °C PCR

40

Structural adaptations

30 :
Sequence adaptations

20

Free Energy (AG)

10

20 40 60 80 400
Temperature (°C)



Thermostable Proteins-Structural adaptations

N TIPOCAPHOYN YEVIKA EXEL WC ATTOTEAECHA TNV avénon TG SOULKAC akaplag TwV MPWTEivwY, SLATNPWVTOC
mapAAANAa TNV TOTILKA VKU L TWV AELTOUPYLKA CNUAVTIKWY TIEPLOXWV

Characteristics of thermophilic
proteins compared to
mesophilic proteins

Greater average More compact core Mo hvdiaan
More ion pairs hydrophobicity of containing disulfide yarog
: ; ; bonds
interior residues bonds
: _ ! Hydrophobic “ “ “
4 interior H LH: "H

g N
Hydrophilic “ .
exterior

Microorganisms 2018, 6(4), 97; https://doi.org/10.3390/microorganisms6040097


https://doi.org/10.3390/microorganisms6040097

Thermostable Proteins-Sequence adaptations

avénon TwV KN TOALKWY QLULVOEEWVY, ELOLKA TwV UOPODOoLwV Kot Pro tou cupBaAAouv otic udpodoPec
aAAnAeribpaoelc:

avénon Twv GoPTLOUEVWYV QULVOEEWY, ELOLKA Arg Kot Glu mou cupBAAAoUV OTLC LOVTIKEC aAANAETILOPAOELG:
aU&NoN TWV APWHATIKWY OULVOEEWY, ELOKA Tyr tou cUUBAAAOUV 0TI AAANAETILOPAOELG KATLOVTWV-TT
neiwon Met ko Twv PN $oPTLOUEVWY TIOALKWYV OpLVOEEWY, Ta oTtola eival BeppootaBepd apvoea.

210 AAAo akpo, Ta Puxpodla (6nAadn oL opyaviopot ou {ouv o€ Beppokpaoieg katw twv 20 °C) mpémneL va
TIEPLEXOUV MPWTEIVEC Kal EVIUO TIPOCAPHOCUEVO 0TO KPpUO, TOL OTtola ATaltouv €val cUVOAO

XOPOALKTNPLOTLKWY TIOU €(VOIL KATA KATIOLOV TPOTIO QVTIOETA UE QUTA TTOU TtapATNPOUVTOL OTLC OEpUODIAEC
MPWTELVEC.



functional evolution

MESOPHILIC THERMOPHILIC
PROTEIN PROTEIN

OL BepHOPLAKEC MPWTEIVEC ATTOTEAOUV ULOL ATTIOTEAECHLOTLKNA
Kol artodoTikr) AUon oto poBANUa Ttou BETEL N TAUTOXPOVN
Slaxeipnon tng Asttoupylag Twv MpwTEVWV Kal n dtatripnon

Highly , ,
X o Stable NG otaBepOTNTAC TOUC.
Functional motif ) ) ) )
(e.g., active site) H Aettoupykotnta Kat n otaBepotnta eival mpaypott
aAANAEVOETEC, N 0TABEPOTNTA TIPOAYEL TNV EEEALKTIKOTNTA
Attempt to
iﬁgg?:l:a?if:" N auénpévn otadepdTNTA TWV BEPUODIAKWV TTPWTEVWV
& A KOOLOTA TPAYHATL AUTO TO £(60C MPWTEIVWV EVal LOVAS LKA
*» OTTIOTEAECHATLKO OKEAETO yLa TNV €€EALEN TNC AELTOUpYLAC TWV
MPWTEIVWV.
| *5 ttr;gtl.'uarstliy OL BeppodlAkéc mpwteiveg Ba eivat mBavwe 0 OKEAETOC
. i ETUAOYNC YLOL TOUC MNXOVIKOUG TIPWTEIVWYV ToU HEAAOVTOC.

Poorly evolvable Highly evolvable



Energy landscape of different folded structures of protein.
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Figure 1.46 How Proteins Work (©2012 Garland Science)
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metastable structure
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Figure 1.47 How Proteins Work (©2012 Garland Science)
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Structural transitions in influenza haemagglutinin at membrane fusion pH

HA fusion intermediates. Surface representations of HA fusion intermec
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Structural rearrangements of HA fusion intermediates

| v ¢
Neutral pH Extended HA2
Endosome
44— HA1 _ " membrane
(A rotation - Dilated membrane-distal domains
: X T 1 q‘. \:
’J—\Q ‘ ;- Y t)::‘
».y‘? 7‘»:,.‘- ) ‘r i\ 2 ) ) y 3 ‘ \t:;
t\ o"' ‘r J J / { S ¢ ‘ / » ";3,\ . :\
Invaian S ; : ”!” S N / :;f‘ ‘ "A
30-loop 3 X ] :: <
p &)

(approximate
pivot point)
Long helix

N

o

37
.

straightening 5&’/ S S,
Fusion al - % Fusion > QX5
peptide Disordered peptides :;‘;’T ;
membrane- released Vy o
G
proximal region -
= Virus
= membrane
:}’/'v
Al I Il 0 v \
—r Neutral pH Dilated form 1 Dilated form 2 Extended HA2 Post-fusion

and separation



metastable structure

A) LDL receptor B) LDLr pathway and its dysregulation
Ligand-binding - gr“fg'c':gm ~ clee 4 endocytosis
domain 'Q :Qp v \/

Clathrin
\gr . coated pit
cyclin
LDLr

@ frabapot Endosome
Class 5: impaired
recycling

s

Lysosome

Class 1:nul ......J

EGF precursor
Homology domain

Class 2: ER retention

O-linked
Sugar domain

Transmembrane
domain
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metastable structure

® Ligand binding repeat
' [i-propeller domain
© EGF repeat

@ NPxY motif
' O-linked sugar domain

= dileucine repeat

Ch

LDLR VLDLR apoERZ2/LRPS MEGE7

LRP2/
LRFIR Megalin

Modular domain organization of LDL receptor
family members In LRP1, the four clusters of
complement-type repeats are numbered | - IV.

(R)

Carbohydrate-rich ~_~
domain

Membrane- ™

spanning T
domain

Intracellular/

domain

Figure 26,22
Biochemistry, Eighth Edition
© 2015 Macmillan Education

(B)

\Six-bladed "

propeller
structure




metastable structure

B;propeller

*’i';i- l%peller“'
“EcF  Ocg¥
Physiological Reviews 88(3):887-918 /



https://www.researchgate.net/journal/Physiological-Reviews-1522-1210?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0

structure conservation ,
protelns

o

Histone H4 0.0025
Histone H1 0.13
Cytochrome ¢ 0.07
Insulin 0.07

Triosephosphate isomerase ~ 0.05

Hemoglobin 3 0.3
Snake short neurotoxin 13
Immunoglobulin IgG (V) 14

aThe rate is quoted as amino acids per

100 residues altered per million years.

(Data taken from A.C. Wilson, S.C. Carlson and
T.J. White, Annu. Rev. Biochem. 44:573-639,
1977.)

Table 1.3 How Proteins Work (©2012 Garland Science)



sequence alignment

Chymotrypsin

Oxyanion hole

Tetrahedral
intermediate
: ®
RIN\N,FCNH1
H
Catalytic triad:
e il Asp 102...His 57...Ser 195 &
S :
E ” Oxyanion
Rl hole
; g
H"‘D/ ~, H"G‘IT R,
el H.,N/%N..—-H‘o\,-—"' .;Q /\\c*_‘p""'“*ﬁ"{:}‘lﬂc” fo\,--’ @ /\Tfp
5 5 —t 6
Tetrahedral
intermediate
Figure 9-8

Biochemistry, Sixth Edition
© 2007 W, H. Freeman and Company
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serin peptidases cysteine peptidases

Protease
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sequence alignment

Bovine chymotrypsin

Human neutrophil elastase

score = 108 bits (271), expect = 8e-29, method: compositional matrix adjust
identities = 84/239 (35%), positives = 120/239 (50%), gaps = 24/239 (10%)

Query 1

Sbjct 1

Query 59
Sbjct 57
Query 119
Shjct 115
Query 179
Shjct 168

VGG A PH+WP+ +SLQ@ LR H CG TLI PN V++AAGIC++N v LG

VGGEDAIPHSWPWQISLQYLRDNTWRHTCGGTLITPNHVLTAALCISNTLTYRVA--LGK
VGGRRARPHAWPFMVSLQ-LRGG---HFCGATLIAPNFVMSAALICVANVNVRAVRVVLGA

NNLEVEDEAGSLYVGVDTIFVHEKWNSFLVRNMIALIKLAETVELSDTIQVACLPEEGSL
+NL + ++ V IF ++ + NPII +++L + ++ +QVA LP +G6

HNLSRREPTRAQVFA-VQRIF-ENGYDPVNLLNMIVILAQLNGSATINANVQVAQLPAQGRR
LPADYPCFVTGWGRLYTNGPIAAELQQGLAPVVDYATCSQRDWWGTTVKETMVCAGGDGYV
L C GWG L N IA+ LQ+ L V + C + + T+V GV
LGNGVAQCLAMGWGLLGRNRGIASVLAQE-LNVTVVTSLCRRSNVC—-—————- TLVRGRQAGV

ISACNGDEGGPLNCQAENGNWDVRGIVSFGSGLSCNTFKKPTVFTRVSAYIDWINQKLAQ
C GDRG PL C N + GI SF G cC + P F V+ +++WI+ +Q
—=—=CFGDMGSPLVC=====- NGLIHGIASFVRG-GCASGLYPDAFAPVAQFVNWIDSIIAQ

Figure 1.48 How Proteins Work (©2012 Garland Science)

58

56

118
114
178
167
237
217



sequence alignment

Human neutrophil elastase inhibitor complex

dihydropyrimidone inhibitor



sequence motif

Rossmann Fold

Simple motifs can combine to generate more complex structures e.g. Rossman fold (=2xpaf
motif with the middle  shared between the two units) binds nucleotides.

i nucleotide
 motif 2 ~ motif 1 : binding site
. crevice ¢ m /
1,4 b
a
B

C LW

1.2

b s B e

X1 -2

B2

(3




sequence motif

A

Ancestral motif

Other

Fatty acids

Small molecules

— Proteins

RMNA

DMNA

—— NADP

— NAD

FAD

SaselINpalopixy Ssaselajsuel)iyiaw




sequence motif

B1

P-Loop | 2004.1.2.1
2003.1.1.417
Rossmann

B2

o ail

Gly-Rich

Phosphate Binding Loop

TED s -.I“S.T A

VLI
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m oy
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Overlay of
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Conservation of the
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evolution of proteins

Evolution of cyt c
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diversity

Figure 1.52 How Proteins Work (©2012 Garland Science)
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Figure 1.49 How Proteins Work (©2012 Garland Science)

Protease B
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B-trypsin
Bovine



homologous recombination

DNA sequence A L e

L gene 2
DNA sequence B w o e T O N = =

homologous sequence

Figure 1.17.1 How Proteins Work (02012 Garland Science)

Site-specific recombination either integrates, deletes, orreverses

a DNA sequence o _
Duplication mutation

’
- (X IE ALY (XENE SIEDY) :
W, i
+ |
.
recombinase
l step Chromosome —
recombinase
-
recombinase alcls
step P
inversion A section of DNA
insertionl is duplicated.
(XIDE ALY IXENG SIEDY
2014 Poarson Educalion, Ing.
Insertion Deletion Inversion

(reversal of insertion) ia

Mational Librans of Medicine



homologous recombination
Chronic Myeloid Leukemia

Normal Blood Leukemia

Erythrocytes Neutrophil Lymphocyte Monocyte Platelets

Changed chromosome 9

chromosome 22
(Philadelphia
chromosome)

aBCR-ABL




homologous recombination
Chronic Myeloid Leukemia

Linker \

Myr NCap 3 2 kinase last exon ABD E'Abl 1b

Bcr DH/PH 3 kinase last exon ABD BCI‘-A'J'




Chronic Myeloid Leukemia

fully activated Abl

transient Abl

autoinhibited Abl
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—10C eee myristoyl o Cap® collapsed A-loop extended A-loop © pY in A-loop



insertion and deletions-antibodies

(b)

lgG gD lgE

4 ey A
.u ﬂ IIA'
Dy L g
= L F¥ A £
ISP AR b
N e e A LY ]
—h 4] '_r' .{._.\._ st
o 8 g
s Jo, Tral e -,-
= __ ; -1 . o I'. o . =
Z D7 8%
F 2 - Jt-h.‘ s )
L ';;f f T
AR ; LN
=F o
G %

lgh lgA

2159 GARLAND PUBLIEHING TMNC.
A memiber of 1ae Taplor & Framds Groug



Antibodies

A Immunoglobulin loci
Heavy chain Light chain
chr 2
Kappa PP _q[.q:l.l'l'n;:'ﬂ'ﬂlﬂ{.l_ —_—
Ve - - - - - - - |
Wa J1-5 C |

D J1-a M O G3
H_—1 = -—{_ _Fq | I .
G1 &1 G2 G4 E AZ

= Enhancer

¢ Switch region

Genes & Immunity volume 22, pages 205-217 (2021)



https://www.nature.com/gene

Antibodies

-

(B) Immunoglobulin diversity enables broad recognition breadth

B cell ViD)J rearrangement antibody/ B cell receptor  antigen affinity somatic hypermutation  enhanced binding

VvoJ © W
Heavy chain i )
VJC l l ’
Light chain g
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Light chain
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Diversity of antibodies

Variable region gene fragments Joint gene fragments
V . 40 fragments J 5 fragments

Viz Vi3 ~V.51 JL1~5

—m—-ZZI#HZ-:

Restructuring

L chain variable regions

40 x 5 = 200 types

fragments fragments

Variable region gene fragments Diverse gene fragment  Joint gene fragments
V . 65 fragments D : 27 fragments J : 6 fragments

V2 Vu3 ~Vu65h Dul~27 JH1~6

:-=-=-=:-=—ﬁﬁﬂ=—tﬁfﬂ=ﬂiﬁi=-=-=

Restructuring

Types of antibodies produced by genes in restructured
H chain variable regions

656 X 27 X 6 = 10,530 types

fragments fragments fragments

+ The figure above is an example of combinations related to diversity

Types of antibodies produced by genes in restructured

\_,L/ + The figure above is an example of combinations related to diversity



Antibody specificity

@ Antigen-specific imunoglobulin germline allele
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b-lactamases
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transpeptidase enzymes (Penicillin Binding Proteins; PBP)
Glycosyltransferases (GT), which exist as either separate subunits, or tightly associated with transpeptidases

(PBP-2) create covalent bonds between adjacent sugar molecules NAM & NAG
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transpeptidase enzymes (Penicillin Binding Proteins; PBP
Glycosyltransferases (GT), which exist as either separate subunits, or tightly associated with transpeptidases
(e.g. as is the case for PBP-2) create covalent bonds between adjacent sugar molecules NAM & NAG
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gene duplication
-

J' Gene duplication

l Sequence evolution

] < > B 1N

Nonfunctionalization / \ Subfunctionalization

[ Il { N

Conservation Specialization

Neofunctionalization

33% of the genes in Haemophilus influenzae have arisen from gene
duplications
88% of the Saccharomyces cerevisiae genome

Py



Evolutionary relationships of reaction center proteins

L M L M D1 D2 PsaA PsaB PshA PscA

Proteobacteria  Chloroflexi Cyanobacteria Cyanobacteria Heliobacteriaceae Chlorobi Acidobacteria
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Origin of photochemical reaction centers
and chlorophyll synthesis

GsbRC /

Photosynth Res (2015) 126:111—

134 science.sciencemag.org/content/370/6519/eabb6350/suppl/DC1



Evolutionary relationships of reaction center
proteins
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modification of duplicated genes
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Figure 1.54 How Proteins Work (©2012 Garland Science)
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Figure 1.55 How Proteins Work (©2012 Garland Science)
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Mechanisms
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survive in extremely cold weather

1969 DAntarcticﬁsh. -1.9°C
Bony fish

1982 Alaskan insects, -70 “C'
Insecta

1990 'H.-]npaphae rhamnoides, -40 °C
Plantae

1994 U Snow molds, -3 °C
Fungi

1997 'Fanagmﬁafmus davidi , -40 °C
Nematoda

1887 URana sylvatica, -7.4 °C
Amphibia

'Pseudnmunas putida, -50 °C

- UAntar-::tic sea ice diatoms, -20 °C
10.c W o°c e oc




modification of duplicated genes

psychrophilic proteins have

decreased disulphide bonds

decrease of net charge in helix-dipole structures

decrease in protein-solvent interactions

decrease in the number of hydrogen bonds at domain interfaces
a general decrease in the number of hydrophobic interactions
within the core of the protein

Anti freeze proteins
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structurally characterlzed AFPs
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Effect
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gene sharing

The lens proteins need to have three properties:
Ordered

_.-""| Differentiated
. crystallin

lesell

f_ ________ === they should be soluble enough to create a

L Old lens cells S solution of high refractive index
f Young lens cells ?iggrgrdg;tri]s:]le
Lens cell growth .
. - they should remain soluble and transparent
e pithelium Replicating . '
Iris ILens @/~ cell throughout the life of the animal

Cornea
Unfolded

crystallin

they should be nontoxic in their new location and
concentration.

Transparent lens Opaque lens
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gene sharing

In crocodiles and some birds, € crystallin is identical to lactate
dehydrogenase and even retains enzyme activity

62 crystallin, found in all birds and reptiles, is identical to
argininosuccinate lyase

61 crystallin, for example, represents a gene duplication of the
62 crystallin/argininosuccinate lyase gene with mutations to
make it inactive as an enzyme
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Convergent and Divergent Evolution

Unrelated proteins can perform the same function (convergent evolution),
sometimes using the same mechanism — sometimes using different
mechanisms



Convergent Evolution

Trypsin Subtilisin Alpha/beta hydrolase ~ CheB methylesterase



Convergent Evolution
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Convergent Evolution




Divergent Evolution

Related proteins can perform different functions — divergent evolution

Pyridoxal 5’-phosphate (PLP)-dependent aromatic L-amino acid decarboxylase (AAAD) family enzymes play
important roles in channeling various aromatic L-amino acids into diverse downstream specialized metabolic
pathways.
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Reaction with a Nm‘um! Substrate

Promiscuous enzymes &

Tee

o~ -3
Promiscuous enzymes that catalyze two different
reactions N
. . . . u L ente e
The use the same active site for catalyzing both reactions. sk ofthe emayme. o st oo
Reaction with a Promiscuous Submule
En Hirr Product
g >
Promiscuous Substrate .
'“.::::;ﬂﬂ i Enzyme Substrate Complex . ving active site of the
enzyme

Product

/Q

&G

Another promiscoons Substrate

erlteﬂngthtumt:ﬂvellr fihe  Enzyme Substrate Complex  Different products leaving
: e - active site of the enzyme

It is now realized that promiscuity is inherent in design of engymes: the way enzymes evolved as
muore complex organisms developed. Just as earlier, bivtechnologisis benefitted from engyme
specificity, they are fast learning how they can exploit from their “lack of specificity” (catalytic
[promiscuity) as well,



Promiscuous enzymes

TABLE 1.4 Promiscuous enzymes

a-Chymotrypsin Peptide hydrolysis Hydrolysis of esters and phosphate triesters

Alkaline phosphatase Phosphate monoester hydrolysis Hydrolysis of phosphate diesters, phosphonate monoesters, and
sulfate esters; phosphate oxidation

Arylsulfatase A Sulfate ester hydrolysis Hydrolysis of phosphate diesters

Phosphonate monoester Phosphonate monoester hydrolysis Hydrolysis of phosphate monoesters, sulfate monoesters, phosphate
hydrolase diesters, and sulfonates

Exonuclease l| DNA phosphate diester hydrolysis DNA phosphate monoester hydrolysis

Phosphotriesterase Phosphate triester hydrolysis Hydrolysis of phosphate diesters, esters, and lactones

Urease Urea hydrolysis Phosphoramidite hydrolysis

Dihydroorotase Hydrolysis of dihydroorotate Phosphate triester hydrolysis

(Taken from Table 3.2 in A.J. Kirby and F. Hollfelder, From Enzyme Models to Model Enzymes. Cambridge, UK: Royal Society of Chemistry, 2009.)

Table 1.4 How Proteins Work (22012 Garland Science)



Promiscuous enzymes

Azurocidin 1 Chymotrypsin

This protein is homologous to a number of serine proteases that are involved in protecting the cell
against attacking bacteria, but it has lost its protease activity and instead binds to

lipopolysaccharide on the bacterial cell wall, forming a bridge that activates recognition and attack
by the immune system



moonlighting proteins

Moonlighting proteins that have two or more quite different
functions:

In most cases, the second function is not enzymatic.

TABLE 1.5 Enzymes with a moonlighting nonenzymatic function

R S T S

Cytochrome ¢

PutA

Phosphoglucose isomerase
Phosphoglycerate kinase
Thymidine phosphorylase

Aconitase

Thymidylate synthase
Band 3 ion exchanger
FtsH

birA

Lactate dehydrogenase
ARGONAUTE4

Cyclophilin

Enolase
Enolase
Hexokinase

Galectin-1

Electron carrier

Proline dehydrogenase
Glycolytic enzyme
Glycolytic enzyme
Biosynthetic enzyme

TCA cycle enzyme

Biosynthetic enzyme
CI~/HCO;3™ antiporter
Metalloprotease
Biotin synthetase
Glycolytic enzyme
RNAse to make siRNA

Peptidyl proline cis/trans
isomerase

Glycolytic enzyme
Glycolytic enzyme
Glycolytic enzyme

Lectin (saccharide binding)

Table 1.5 How Proteins Work (©2012 Garland Science)

Apoptosis

Transcriptional repressor
Cytokine

Cytokine

Endothelial growth factor

Iron-responsive element
binding protein

Translation inhibitor
Regulator of glycolysis
Chaperone

Bio operon repressor
Eye lens crystallin
Chromatin remodeling

Regulator of calcineurin

Mitochondrial import
Transcriptional regulation [131]
Apoptosis repressor [132]

Protein:protein interaction
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Genes Associated with Iron Metabolism Are Translationally Regulated in
Animals

O oidnpo¢ ival faoikd cUCTATLKO TIOAAWY CNUAVTLKWY TIPWTEVWY,
OTWE N atpoodatpivn Kat To KUTOXpWHATA.

, , , , , , , Ferritin mRNA
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Berg et al., Biochemistry, 9e, © 2019 W. H. Freeman and Company

Ye mepimtwon anouvoiac owdnpou, N npwteivn IRE-binding protein
(IRP) ouvbeetal pe to IRE kat epmodilel tn petadpoaon.

Otav urntdpyel oldbnpog, ouvdeetal pe tnv IRP, mpokaAwvtag tn
Sdtdomaon tng armno to IRE kat emitpenovtag £ToL tn petadpaon.



Genes Associated with Iron Metabolism Are
Translationally Regulated in Animals

Transferrin-receptor mRNA

To mRNA tou urtoboxéa tpavodepivng €xel emiong apketeg IRE,
nou Bpiokovtat otnv 3’ pn petadppacpeEvn mePLOx.

Iron-response elements

Otav untapyel Alyog oidnpoc, to IRP cuvdeetal pe to IRE,
ETILTPETIOVTOC TN HeETAdpaon Tou mMRNA. N Coding region .
Otav untapyel oidnpog, autodg ouvdeetal e o IRP,

T[pOK(I)\(DVTaC tn 6[(10T[(10'r] tou arto o mMRNA Tou UT[OSOXE(I Berg et al., Biochemistry, 9e, © 2019 W. H. Freeman and Company
Tpavodepivnc. Xwpig to IRP, to mRNA tou urtodoxea
armolkoSopetital.

To IRP elval pa evepyn akovitdon mou armaltel oidnpo kot
vdilotatal Stapopdwtiky aldayn otav v cuvOEeTaL e
oibnpo. Emopévwe, Umopel va AELIToupynoeL we atodntripag
odnpovu.
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Proteins began in an RNA world

Figure 1.62 How Proteins Work (©2012 Garland Science)
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