Protein Interactions in vivo mv2/2 = KT/2.

In a chemical reaction which is fast enough
© v=(kT/m)'/2

-

An enzyme rate depends on

how fast substrate can diffuse into the active In one direction
site, and how fast the product can diffuse out.

This rate is proportional to the diffusional
collision rate, which in turn depends on the

size of the molecules and on the viscosity of Y
. R W,
the medium
l
oo
T
E’uf%
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large solid angle\

Y
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Figure 4.1 How Proteins Work (©2012 Garland Science)

K../Ky is the catalytic efficiency. It is used to rank enzymes. A big
K./ Ky means that an enzyme binds tightly to a substrate (small K,),
with a fast reaction of the ES complex.

K../Ky 1S @an apparent second order rate constant

V=Ko Ku[E]o[S]

Kcat is the catalytic constant for the conversion of substrate
into product
Km is the Michaelis constant

K.a/Ky 18 the specificity constant. It is used to distinguish and describe
various substrates.



TABLE 4.1 Values of k.,t/K,, for some enzymes

Acetylcholinesterase Acetylcholine 15 < 10°
Carbonic anhydrase Carbon dioxide 8.3x 107
Catalase Hydrogen peroxide 4.0x108
Fumarase Fumarate 16 <10
Fumarase Malate 3.6 x107
Superoxide dismutase Superoxide 2.8x10°
Triosephosphate isomerase Dihydroxyacetone phosphate 7.5%10°
Triosephosphate isomerase Glyceraldehyde 3-phosphate 24 10°
Lysozyme (NAG-NAM)3 83

Glucose isomerase Glucose 7.4

Abbreviation: NAG-NAM, N-acetylglucosamine—-N-acetylmuramic acid disaccharide.

Table 4.1 How Proteins Work (©2012 Garland Science)
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A View from periplasmic side Binding side Nonbinding side
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Chlorosome baseplate

Xie, H., Lyratzakis,A et al. PNAS 2023



barnase with inhibitor barstar

M. Hoefling, K.E. Gottschalk /Journal of Structural Biology 171
(2010) 52-63



inside of a cell

Figure 4.9 How Proteins Work (@20{ 2 Ga,.a,.; Science) Figure 4.10 How Proteins Work (©2012 Garland Science) Figure 1.35 Molecular Biology of Assemblies and Machines (© Garland Science 2016)




volume exclusion
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relative sizes

The collision rate thus depends
most critically on the size r. of the
diffusing molecule:
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Find the partner
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polymeric substrates
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Glycogen

Table 1

Overview of differences in glycogen levels and metabolism in brain, skeletal muscle, and liver
Specialization of different tissues and cells types has led to the diversification of glycogen metabolism regulation. An overview of the main differences in glycogen content, inter- and intracellular localization, and
glycogen-related regulatory enzyme expression in brain, muscle, and liver are presented.

Attributes Brain Skeletal muscle Liver
Average particle size (inner diameter, nm) 10-30 10-40 110-290
Glycogen concentration (human, umol/g wet weight) ~ 3-10 30-100 100-500
Estimated % of tissue weight 0.1 1-2 6-8
Estimated whole organ content (human, fed state, g) 0.5-1.5 100 400
Tissue localization Regional variability. Gray matter > white matter Muscle type-dependent. Type Il > type ~ Uniform

Cellular/subcellular localization

Glycogenin isoform
Glycogen phosphorylase isoform

Glycogen synthase isoform

Cell-dependent, highest in astrocytes. Greater in areas with
high synaptic density, primary branches
and fine processes

GN1

GPB

GPM

GS1

Subsarcolemmal > myofibrillar

GN1
GPM

GS1

Hepatocytes. subcellular location modulated
by metabolic conditions

GN2
PGPL

GS2

J. Biol. Chem

. (2018) 293(19) 7089 —7098



Glycogen granule and
the actin-rich spherical
structures
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Glycogen associated proteins

Primary proteins in the glycogen granule proteome and their interactions

List of main human glycosome-associated proteins as identified by name and UNIPROT identifier (ID) as well as primary interactions relevant to glycogen metabolism. Protein—protein interactions were derived from databases
within UniProt (uniprot.org) (80), mainly The Biological General Repository for Interaction Datasets (BioGrid) (81) and the Protein Interaction Database and Analysis System (IntAct) (82). Abbreviations used are as follows:
AMPK, 5'-AMP-activated protein kinase; EMP2A, laforin; GBE, branching enzyme; GDE, debranching enzyme; GN, glycogenin; GP, glycogen phosphorylase; GS, glycogen synthase; PhK, phosphorylase kinase; PP1, protein
phosphatase; STDBI, starch-binding domain-containing protein 1; TRIM7, tripartite motif-containing protein.

Protein Role UniProt ID Key glycogen-related interactions
Glycogenin (GN) Initiation P46976 (GN1, muscle) 015488 (GN2, liver) GS, AMPK, GBE, GP, STBD1, PP1 (PPP1R3C, PPP1CA, PPP1R5), TRIM7
Tripartite motif-containing protein (TRIM7, GNIP) Initiation, regulation Q9C029 (TRIM7) GN
Glycogen synthase (GS) Synthesis P13807 (GS1, muscle) P54840 (GS2, liver) GN, AMPK, GBE, PP1 (PP1R3B, PPP1R3C, PPP1CA), STBD1, KAPCA,
CSK21, MAPKAPK2, GSK3, PAST, laforin, MLP3B/3C, DYRK
Glycogen branching enzyme (GBE) Synthesis Q04446 GP, GS, GN, STBD1, GBE, VAPA
Glycogen phosphorylase (GP) Degradation P11217 (PYGM, muscle) P11216 (PYGB, brain) AMPK, PKC, GBEL1, PP2, MAPKAPK?2, PP1
P06737 (PYGL, liver)
Glycogen debranching enzyme (GDE, AGL) Degradation P35573 AMPK, PP1, malin, AMPK, STBD1
Malin (E3 ubiquitin-protein ligase NHLRC1) Ubiquitin ligase Q6VVBI1 Laforin, GS, PP1, GDE, AMPK
5'-AMP-activated protein kinase (AMPK) Kinase P54646 (a2) Q9Y478 (B1) 043741 (B2) Laforin, PP1 (PPP2CA, PPP2R1B), PHKG2, CAMK, GN

Laforin (EPM2A)

Protein phosphatase I (PP1) and

targeting subunits

Phosphorylase kinase (PhK)

Starch-binding domain- containing

protein 1 (STBD1)

Carbohydrate phosphatase,
ubiquitin ligase

Phosphatase, main regulatory
and catalytic subunits

Kinase
Cargo receptor for glycogen

095278
PP1

Q16821 (PPP1R3A, GM) Q86X16 (PPP1R3B, GL)
QOVCR4 (PPP1R3C, PTG) 095685
(PPP1R3D, PPP1R6) P67775 (PPP2CA)
P62136 (PPP1CA) P30154 (PPP2R1B)
P15735 (v, liver, testis) Q16816 (y, muscle)
095210

AMPK, PP1 (PPP1R3C, PPP1R3D), GSK3B, STBD1, GS, malin,

AMPK, laforin, GSK3B, GN, GS

AMPK, PP1 (PPP1R3B), GP
GDE, GBE, PP1, malin, GN, GS, AMPK, GP, MLP3B/3C




Find the partner
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Cytosolic glycogen degradation

Find the partner
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Plastics

Plastic Applications Usage Time Degradation Time *
PET (Polyethylene Bottles and other plastic _ B
terephthalate) containers 1-3 years >U0-1000 years
HDPE (high-density Y B B
polyethylene) Pipelines, bottles 5-35 years 250-5000 years
LDPE (low-density Plastic wrappers and _
polyethylene) bags 1-3 years 150 years
: : Pipelines and other uses
PVC (Polyvinyl chloride) . . 35 years >1000 years
In construction
PP (Polypropylene) Textiles, packaging, 5-15 years 50-800 years
YPTOPY automotive components Y Y
PHAs Bags, packaging, medical

(Polyhidroxyalkanoates)

implants

<1 year




he general structure of PHAS

R
k J’I\ L~
“ (CH,),

i 100 - 30,000
E_ Carbon PHA Abbreviation
Hydrogen GCs Poly(3-hydroxypropionate) P(3HP)
Similar properties to conventional plastics 1 Methyl  C4 Poly(3-hydroxybutyrate) P(3HB)
. ) Ethyl Cs Poly(3-hydroxyvalerate) P(3HV)
e Accumulated in the form of granules N Short ) Hydrogen Cs Poly(4-hydroxybutirate) P(4HB)
microorganisms, as a type of carbon storage Mgthyl G Po}y(él-iyjroxyvaierate) P(4HV)
. . 3 Hydrogen Cs Poly(5-hydroxyvalerate) P(5HV)
* PHB is the most studied PHA I};ropil Cs Poly}(73—hy}(71roxy¥1exanoate) P(3HHXx)
Butyl Cr Poly(3-hydroxyheptanoate) P(3HHp)
Pentyl Cs Poly(3-hydroxyoctanoate) P(3HO)
Hexyl G Poly(3-hydroxynonanoate) P(3HN)
1 Heptyl Cuo Poly(3-hydroxydecanoate) P(3HD)
Medium Octyl Cu Poly(3-hydroxyundecanoate) P(3HUD)
Nonyl Cn Poly(3-hydroxydodecanoate) P(3HDD)
Decyl Cus Poly(3-hydroxytridecanoate) P(BHTD)
Undecyl Cu Poly(3-hydroxytetradecanoate) P(3HTTD)
2 Ethyl Ce Poly(4-hydroxycarpoate) P(4HC)
3 Methyl Co Poly(5-hydroxycarpoate) P(5HC)
Ethyl Cr Poly(4-hydroxyheptanoate) P(4HH)
Dodecyl Cis Poly(3-hydroxypentadecanoate) P(3HPD)
Long 1 Tridecyl Cis Poly(3-hydroxyhexadecanoate) P(3HHXxD)

Pentadecyl Cis Poly(3-hydroxyoctadecanoate) ~ P(BHOD)




Find the partner

Kanavaki, A. Drakonaki, E.D. Geladas, A. Spyros, H. Xie, G. Tsiotis,
(2021).

Polyhydroxyalkanoate (PHA) Production in Pseudomonas sp. phDV1 Strain Grown on Phenol as Carbon Sources., Microorganisms. 9
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PHB granule organization
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Find the partner

R. eutropha

PolyP Granule
(Poly-phosphatosome)

Polyphosphate (polyP) is a linear polymer of phosphate
residues linked by energy-rich phospho-anhydride bonds.



Polyposph rnule

bacterial outer membrane | chlorosomes

bacterial inner membrane [l aggregation

I peptidoglycan layer

M. Kudryashev et al. / Biochimica et Biophysica Acta 1837 (2014) 1635—-1642



Polyphosphate granules

Fig. 2. TEM micrographs of thin sections from A) 10 PI, B) 20 PI and C) 40 PI, the arrows indicate the electron-rich inclusions (bar: 200 nm).
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Polyphosphate granules
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Searching is faster in
two dimensions




Searching is faster in two dimensions
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Searching is slightly faster again in one
dimension

Oct-1 has two DNA-binding domains

(a)
~R-RX-+
(b)

02 -Ni- 8




Searching is faster in smaller compartments
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Searching is faster in smaller compartments
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Figure 1.5.1b Molecular Biology of Assemblies and Machines (© Garland Science 2016)
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tyrosine kinases receptor
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SH2 domains
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Structural features of
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Post-translational modifications of proteins

S

Methylation

Adds a methyl group,
usually at lysine or
arginine residues

B,

By
®o§

Lipidation

Attaches a lipid, such
as a fatty acid, to a
protein chain

Hydroxylation
Attaches a hydroxyl
group (-OH) to a side

) chain of a protein

Acetylation

Adds an acetyl group
to an N-terminus of a
protein or at lysine

residues

mRNA

Ribosome

Protein

Disulfide Bond
Covalently links the “S”

atoms of two different ¥

cysteine residues

j -
=

Phosphorylation j —
Adds a phosphate to 2/
serine, threonine or ,gé\.

: Qlg®n)
tyrosine ; \J

¢
Glycosylation i o
Attaches a sugar, usually ¢ é\
to an "N"” or "O"” in an o'g A\
amino acid side chain }
Ubiquitination D

Adds ubiquitin to lysine
residue of a target
protein for degradation

o‘ils@

SUMOylation > &
Adds a small protein i i
SUMO (small |
ubiquitin-like modifier) o‘gél\g

to a target protein ‘

l. ROCKLAND'
[l antibodies & assays

TABLE 4.3 A few covalent modifications of proteins

Phosphorylation Ser, Thr, Tyr Regulates activity. Regulates assembly

Acetylation Lys Creates part of histone code in chromatin

Methylation Lys Creates part of histone code in chromatin

Methylation Arg

Lipid attachment Cys, Cterminus  Attaches protein to membrane

SUMOylation Lys Role in transport, transcriptional regulation,
apoptosis

Ubiquitylation Lys Regulates transport and degradation, plus histone
readout

Limited proteolysis Activates proteases (zymogens) in extracellular
location (e.g. chymotrypsin); activates hormones
(e.g. insulin)

Attachment of Ser, Thr Regulates activity in enzymes involved in glucose

N-acetylglucosamine metabolism

Glycosylation Asn, Ser/Thr Eukaryotes. Recognition, membrane protein
folding

Hydroxylation Pro Collagen: to facilitate triple helix formation.
Irreversible

ADP ribosylation Arg, Glu, Asp As part of signaling, DNA repair and apoptosis

Sulfation Tyr Irreversible and probably required for activity

Carboxylation Glu Creates -y-carboxyglutamate (Gla), a calcium

ligand

Table 4.3 How Proteins Work (©2012 Garland Science)
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TABLE 4.4 Dependence of half-life
of cytoplasmic proteins on their

N-terminal residue

ubiquitylation e

Met, Gly, Ala, Ser, Thr, Val >20h

C terminus lle, Glu 30 min
Tyr, GIn 10 min
Pro 7 min
Leu, Phe, Asp, Lys 3 min
Arg 2 min

Table 4.4 How Proteins Work (©2012 Garland Science)
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Figure 4.9.2 How Proteins Work (©2012 Garland Science)
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F Phenylalanin, Y Tyrosin, W Tryptophan, M Methionine
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