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Range / radius of charges and influences for
molecule-molecule interactions

_———————

Water molecules modulate molecule
interactions / behavior / functions
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Waters released into bulk
Nonpolar Highly ordered solution
substance water molecules
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Hydrophobic
aggregation

Unaggregated state: Aggregated stgte:
Water population highly ordered Water population less ordered

Lower entropy; energetically Higher entropy; energetically
unfavorable more favorable

Various non-covalent protein-protein interactions
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Essential Bio-Energy-related Bio-Molecules
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DN A disTong base pairs

sugar-phosphate
backbone
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Bio-Energy: Chemical Structure of Hexoses (€gH;,0¢)
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CH,OH
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(natural)

O\ _H
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H——OH
HO——H
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L-Glucose

only synthetic, good for diabetic patients
but expensive as gold

Bio-Energy: Chemical Structure of Hexoses (@zH,0¢)
E— =l
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ids — Cell Membrane and Cell Metabolism etc

The effect of a double bond on the shape of|fatty acids

Palmitate
(ionized form of palmitic acid)

?%Q%%Qé%

| I 'T T | I I
T A S
H H H H H H H H H H H H H H

Oleate
(ionized form of oleic acid)

O

9 Phosphatidylcholine, a typical Lipids

H,C— (CH,);—C—O0—CH,

et L1 phosphoglyceride

Nzc—(cnz),,—ﬂfo—cu2 HO"F_HZ
Triacylglycerol HO-iC-H || <--- glycerol backbone
Fatty acid chains Hz--k-OH
NN A AN A Hydrophilic head
ﬁ ?Hz Phosphate
By
\/\/\/\/\/\/\/\/\0 0—CH™ O u (I:Ha
- L
= o ZREN NG
Hydrophobic tail ol ‘o \\OQ ﬁ CHy®
— ‘)
Glycerol e epmnd
PHOSPHATIDYLCHOLINE Choline

All phosphoglycerides are amphipathic — having a hydrophobic tail (yellow) and a hydrophilic
head (blue) in which glycerol is linked via a phosphate group to an alcohol. Either of or both
the fatty acyl side chains in a phosphoglyceride may be saturated or unsaturated. In
phosphatidic acid (red), the simplest phospholipid, the phosphate is not linked to an alcohol.

Phosphoglycerides ‘ Fatty Acids & Lipids ‘ Head group

Molecules of a | H

u/ PE
0NN
Biomembrane
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| _CH;

0 (I?
il o8
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0
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SIS
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Plasmalogen

Molecules of a Fatty Acids & Lipids

Biomembrane

Sphingolipids &
™ I s ch
/\/\/\/\/\/\/\)\(\ ',’ AR o

\/\/\/\/\/\/\/\/\H/N“ M

o
OH
o ) -
HO
GlcCer

PC = phosphatidylcholine; PE = phosphatidylethanol; PS = phosphatidylserine; SM =
sphingomyelin; Pl = phosphoinositol
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Essential Cell Membrane Molecules

Polar group
. o
Phosphate Hydrophilic
! head group
Glycerol ========-"
| |
C=0 C=0

R T A
e (IR

Phospholipid bilayer

Glycerophospholipid

Cross-sectional views of the three structures formed by
phospholipids in aqueous solutions

Liposome for Drug Delivery

=== A
o S

Liposome

wee, SOOHRRRENOARNR
s F RV BEARRY Y
Phospholipid bilayer
The white spheres depict the hydrophilic heads of the phospholipids, and the squiggly black
lines (in the yellow regions) represent the hydrophobic tails. Shown are a spherical micelle

with a hydrophobic interior composed entirely of fatty acyl chains; a spherical liposome, which
has two phospholipid layers and an aqueous center; and a two-molecule-thick sheet of

Biochemistry

2.2) Amino Acids

Prof. Dr. Klaus Heese

phospholipids, or bilayer, the basic structural unit of bio-membranes.

Amino Acids

Genetic Code
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|
"HqN —¢—H

COO™

H

Gly

20 Proteinogen Amino Acids = amino acids
determined in the genetic code

Amino Acids with polar side chains

CO0" CO0" CO0™ Gt
*HaN —(:3—H *HaN —c::—H *HaN —<:3—|-| "HaN—C—H
CHy HG—0H CHy CHy
OH CH3 SH
Serin Threonin* Cystein
Ser Thr Cys
OH
Tyrosin
Tyr

Hydrophobic Amino Acids
CIZOO_ (iTOO' ?OO' (IZOO'
*HaN—C—H *HaN—C—H *HaN—C—H *HaN—C—H
1 1 ] 1
CHj3 H?—CH:; (i‘.Hz H(i:—CHa
Alanin CH3 H?_CH3 (i:H;
Ala ng:‘* CH3 CH3
Leucin* Isoleucin*
Leu lle
COO~
+ I coo™ Coo™ COoO™
HgN—C—H . | . |
] HaN—C—H HaN—C—H
CHa N 1 I
2 (I:Hz CHa
§H2 A
Prolin \ N
Phenylalanin* Pro CHz |:|
Phe Methionin*
Met
Tryptophan*
Trp
Acidic Amino Acids
CIZOO' CIZOO' (IZOO' (IDOO'
*HaN—C—H *HaN—C—H *HaN—C—H *HaN—C—H
1 1 1 1
{Ha fra fra I
coo” C==() CH» CHs
] 1 _ 1
Asparaginsaure NH, (o{uls] II:=D
As| N
P Asparagin Glutaminsaure NHz
Asn Glu e
utamin
Gin
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Basic Amino Acids

HYDROPHOBIC AAs

coo~
+H3N—(II—H
CHg

Alanine
(Ala or A)

coo~
+HyN—C—H

coo~
+H3N—(13—H

CH
2N
H3C CHj

Valine
(Val orV)

coo~
+H3N—(|3—H

(lipophil, apolar, upon association of

lipophilic groups a water-free space is

created to perform water-free reactions)
CcOO CcOOo

+HyN—C—H

H—(|:—CH3

iy
CH,

Isoleucine
(lle or 1)

coo~
+H3N—(|3—H

+H3N—CII—H
CH,

|
CH

N
Hs;C CHs
Leucine

(Leu or L)

coo~
+H3N—(|:—H

(iJOO' (IZOO' f.l."OO'
+,
"HaN —¢—H *H3N—c|:—H HaN—C—H
CHy CHy CHa
CH3 CH;
¢H &H r
2
l‘:‘:H P!IH2 HN f
| 2+ h Histidin*
+ otar
_ HyN® NH,
Lysin* -
Lys Arginin
Ara
HYDROPHILIC AMINO ACIDS Polar amino acids with
Acidic amino acids uncharged R groups
Basic amino acids ?00' €00~ €00~
¥ W, - +| —_— L7 e e
pr g g T e e
+mN—$—H +mN—?—H *wN—?—H 2 | [
00~ OH CHs
CH CH CH
| : | : | : Aspartate Serine Threonine
CIHz (IIH2 C—NQ (Asp or D) (Seror$) (ThrorT)
CH
e H ﬂ_Né 000" 600" 600"
?m TH H H +%N_?_H *mN—?—H *mN—?—H
NH f=NH? o Gy Gy
NH, CH, C CH,
Lysine Arginine Histidine |~ H N/ \\0 \
(Lys orK) (Arg orR) (His or H) coo ? /C\\
HN 0
Glutamate Asparagine Glutamine
(Glu or E) (Asn or N) (Gln or Q)

CH,, CH, CH, CH,
CH, é==CH
! ) B
(I:Hz OH
Methionine Phenylalanine Tyrosine Tryptophan
(Met or M) (Phe or F) (Tyr orY) (Trp orw)
SPECIAL AMINO ACIDS
COO0™ COO0™ COO™
*H,N (|: H  *HsN (|: H é/ "
S o *H,N~ CH,
CH, H | I
éH H2C_CH2
Cysteine Glycine Proline
(Cys or C) (Gly or G) (Pro or P)
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HYDROPHOBIC AMINO ACIDS

coo™ coo™ foO’ fOO ICDO ?00 ICOO ?007 .
L e TN o S E e SN R AV HU P A t|ny
Hy i H—C—CcH. . cH cH H ch
i E witm -
mino by o
Hy o
. .
Alanine Valine Isoleudne  Leudne  Methionine Phenylalanine Tyrosine  Tryptophan a I i h atl C SN |a| I
(Alaor A)  (Val or V) (lle or 1) (levorl)  (MetorM) (PheorF)  (TyrorY) (Trp or W)
A d HYDROPHILIC AMINO ACIDS . N . Polar amino acids with
cids p—— e eming e i
Basic amino acids coo” o0~ coo™
foo foo Icoo *H;N—C—H +*H;N—C—H “H,N—C—H
CH, CH, H—C—OH I
HN—C—H *H;N—C—H  *HN—C—H
I I o Loo- o & /4 pO ar
1 i= 1= Aspartate Serine Threonine
cH, cH, c—ny (Asp or D) (Ser or 5) (Thror T)
n & [ Jem - .
] 2 ] 2 C—N( ICOO €oo ICOO M
™ b HoH HaN—C—h R
i {= i
NH, ! 1 [ F
3 CH, <, CH,
Lysine Arginine Histidine I i N ]
(Lys or K) (Arg or R) (His or H) €00; & N e
un Yo
Glutamate Asparagine  Glutamine
SPECIAL AMINO ACIDS (Glu or E) (Asn or N) (GlIn or Q) h d h b H
coo™ oo™ oo™
o ; ydrophobic charged
H;N—C—H *H;N—C—H 6
! | THN cH,
cH, H |

aromatic  positive

p Amino Acids, Peptides, Proteins
NH2>-C

OH

Carbaminséure < * only 1 COOH and 1 NH, group

D- and L- ‘mirror’ images of amino acids (AAs)
\ Enantiomers - Steroisomers \

smallest unit = glycin
a-AA

NH,  OH only alpha AAs are proteinogen,

and here mainly L-alpha-AAs

B Vi
R_(EH_CHQ_ C/
NHz OH

8-AA

e.g. beta-Alanin

(o]

] /
R— (IJH— CH2-CH2—-C

NH, OH

7-AA

e.g. GABA

Y aminobutyrate

=
%z
/oxo
N
h S

neurotransmitter

D isomer

(Fischer Projection) L isomer




Enantiomers - Steroisomers

mirror
S

All but Glycine

Amino Acids

COOH
HNe-C=H

All a-amino acids, except
glycine, chiral ( = at least 1
asymetric C atom)

R That means, there exist D-
and L-form, only L-form is
proteinogen !

H

|
HooCc™™ \ TNH, HNTTf
CH; H,C

L-amino acid

“COOH

D-Amino acid

Amino Acids are:

Components of:

Peptides
Proteins ‘
Phospholipids

000000

(structure / function (enzymes)) ®

Neurotransmitters:

Clutamate E i
Aspartate ‘
Clycine o

(cell signalling)

L-Amino acid

Precursors of:

Keto acids

} Biogenic amines
Clucose
Nucleotides
Heme, creatine

(cell (energy) metabolism)

Transport molecule for:

} NH: groups
g i/

Cystein + Cystein --->

H

H

Disulfid (S-) -bridges

Cystin

o. O H o JOH o. OH o_ O0H

S
N

~c ~c c c
| H I LN H
N—C—H

—C—H + :N—Cl—H D
CH, H ch, H ch,

Disulfidbridge

Cystin
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from genes to proteins — the genetic code

Amino Acids

Essential Amino Acids

9 amino acids that must be taken up by food because
your body cannot synthesize these AAs:

Genetic Code

= die verzweigtkettigen (Valin, Leucin, Isoleucin, Threonin) und die

= aromatischen Aminosauren (Phenylalanin, Tryptophan

= AuRerdem sind die Aminosduren Methionin und Lysin essentiell, fur Kleinkinder zuséatzlich
Histidin

An essential amino acid or indispensable amino acid is an amino acid that cannot be
synthesized de novo (from scratch) by the organism, and thus must be supplied in its diet. The

nine amino acids humans cannot synthesize (but encode for !) are phenylalanine, valine,

threonine, tryptophan, methionine, leucine, isoleucine, lysine, and histidine (i.e., FVTWMLI

cH

Cracking the Code (84 options

* A codon in messenger RNA is either translated into an T Ty T
amino acid or serves as a translational stop signal 20 ROV S sV i D s S s so D

LA At S A T T

» Codons must be read . . R OE s T D) @ fa

Second mRNA base i T
|n the Correct read”’]g u PrOtelnogenlc Alanine Valine tsaleviine i Methionine Phonylalanine  Tyrosine b
uuu ucu =1 UAU UGU u . . (Ala or A) (Val or V) (lle or 1) (Lew or L) (Met or M) (Phe or F) (Tyr or Y)
frame for the e J Phe Lo he J Ve ] o [ Amino Acids | [wororniicamin acios
specified polypeptide UUA] L, Uen | 5T Cum sep uea sop IS e S
to be produced P~ ucG UAG 'stop uce T (S| M_:::.“ m,N_z:: ~~~~~ T_n . ,E?;‘_,_
T W o oo ol = H: B [ = .
S cua | ' oA | PP caa con | N 2 e G S i =
I ic 8 Co b4 i inin isti g /(‘s o,

* The genetic code is 8 cue | cee | cAs cee K : e v S 5 o X
nearly universal & [ AW | AAU} . AGU} « HE SPeciL AN ACDS Cttomers nporne  itomins
shared by L o ™ e o «E e i S

i AUA ACA AAA AGA A B3 cH, " | i

H “Metor L %N ) N,c—-m,

organisms from the AUG Ace | AAGJ ” Aee] ~ s naew  dee
simplest bacteria to bl eeu ] AU ceu Y
the most complex o RO LR AT ¢
GUA GCA GAA GGA A
animals GUG GCG | GAG:| S Gee G
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Non-Essential Amino Acids

Essential Amino Acids

" |

Alanin Leucin (L)

Arginin Phenylalanin (F)
Asparagin Tryptophan (W)
Aspartat Methionin (M)

Cystein Isoleucin (I)

Gluta mat Lysin (K)

g:%f r:"'n Valin (V)

Histidin Threonin (T)

Psgc:li:wn (Bei Kindern: Arginin (R))
Tyrosin

Merksatz fir essentielle Aminoséuren (L-F-W-M-I-K-V-T)

Leider fehlen wichtige Molekule im Korper vieler Tiere.

Phenylketonurie (PKU) - "Félling Disease”

(lack of Phenylalanin-Monooxygenase)

Non-Proteinogen Amino Acids
3,4-Dihydroxyphenylalanin (DOPA) (Neurotransmitter)

(Dopamine-Precursor)

® OH ® OH
NH5 NH;
] ©
(e} (o}
E— OH
O O

Tyrosin 3,4-Dihydroxyphenylalanin

y-Aminobutyrat (inhibitorischer Neurotransmitter)

Glu / glutamate

® NHs GABA
-Co, ® o
(@] (0]
Glutamat y-Aminobutyrat

COOH COCH
l 02 H,O I
HaN —C]:—H HaN —(i‘,—H
CH, ;.L, CH,
Phenylalanin-
Monooxygenase
OH
Phenylalanin Tyrosin
Biogene Amine

Bl i

| |
—C—C—C—COOH - .~ » —C¢—C—C—
? | Decarboxylase |

Glu/E NH;

NH
: » COOH
HooC COOH y-Aminobuttersaure (GABA),

vy aminobutyrate

neurotransmitters

7/11/17
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Major difference between catecholamines and amino acid neurotransmitters .
the latter are derived from glucose metabolism and ) Tyramlne
are taken up by glia and neurons TerS| ne
0 00 0 (|:OOH ||-|
(l? IIIHZ I I I HoN—C—H HoN —(F—H
HO~C-CHCH,CH,C-OH HO~C-CCH,CH,C-OH . o
Glutamate o-Ketoglutarate CHy . 2
VitBs | GAD (l? C")
YO,
llgi'sy}zthetic and degradative enzyme HCCHZCHZC_OH Krebs cyde
i Succinic semialdehyde OH
| . 1l (negati}/’é%fgedback SSADH OH
CH,CH,CH,C-OH  inhibition) .,
1-Aminobutyric acid T e
(GABA) HO~CCH,CH,C-OH ~ W
GABA-T metabolizes GABA to SSADH only if Bl
a-Ketoglutarate is present to receive the amino Suceinic acid
|_oroup from GABA (to cenerate then Glu)
* Enantiomers
PCoe }TI he ph lind
COOH — are important in the pharmaceutical industr
HN—C—H RN p p '
2 CH vk
i »
CH
OH
CH
OH
Dopamine
catecholamine LDopa
neurotransmitter (effective against D-Dopa
---> Parkinson Disease Parkinson”s disease) (biologically inactive)
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. e | Neurotransmitter synthesis
Phenylalamne """ > Ot Tyrosine (usually high conc. in brain
(dietary) TH is saturated by Tyr)

(essential AA)

HO
-limiti ( i lase )
Rate-limiting step l Tyrosine hydroxylase (PEA)

(Phenylalanine-hydroxylase)

(in liver)

e
ro—dH-endeoon
= "

e

rosine hydroxylase
ovanyarsmioptann, 0

e s
Ho—d_Scn-coon
i
e

DOPA decarboxylase
(Pyridoxal phosphate)

HO,

Ho-d H-ercran,

Dopamine

opamine f-hydroxylase
Arate! 8%

Ho,
Ho%\}cwcw,m«,
oo oH

Norepinephrine
Phenylethanolamine
Ne-methyltransforase
(S-adenosyimethionine)
HO,

HO GHCHZNHCH;

Epinephrine

COOH

Phenethylamine O/\/

NH.

I
—CH—NH,
HOOCH2 s g DOPA
HO
l DOPA decarboxylase (L—AADC) (very fast!)

HO, CH,—CH,—NH,
HO

1 (OB

CH—CH —NH,
Noradrenaline

(does cross BBB)

Dopamine (does not cross BBB)

Phenylethanolamine .
j (PNMT, in adrenal gland

regulated by glucocorticoids

and NGF)
CH CH,~NH—CH,

Adrenaline

Neurotransmitter Serotonin / SHT

N
0
HO ¢ CH HyCO CH (”3
CHy"™ T NH, 3 CHy" z\hlr’ “CHj
Serotonin Melatonin H
neurotransmitter

Tryptophan
N

COOH
2

CH
CHy™~ 2“NH,

Tryptamine

»

/
CH
CHy™ I“NH,

5-HT:

1% in brain;

In the blood (in platelets)
and induces contractions
of smooth muscle organs;
high concentration in
intestinal mucosa

where it causes contraction
of intestinal smooth muscle]

(essential AA)

NH,

H
Tryptophan

N
tryptophan
hydroxylase

NH,

|
~©j— —C—COOH
N~ 5-

hydroxytryptophan

aromatic

|
H,— C —COOH

in Neurons
(limited, can cross BBB)

(rate-limiting step)

Neurotransmitter
synthesis

amino acid decarboxylase (L-AADC) (fast)

H,— CH,— NH,,
Semonm (s-uy (cannot cross BBB)

monoamine

Pineal 5-HT N-acetyl-
transferase

HO T CHZ—CHz-—NHf(Ifchcs
N
N-Acetyl serotonin
(PEA) b
~ NH, 5-hydroxyindole-
O-methyltransferase
Z

CH3—0< j\jr CHz—CHz—NH—C—CH,
N o

Melatonin

\ldehyde dehydrogenase
(o]

HO ~©j70H270—- OH
N

5-hydroxyindoleacetic acid

Phenylethylamine  (PEA) is found in
abundance in cacao. Because PEA is heat
sensitive, much of the PEA in conventional
cooked and processed chocolate is missing.
PEA is the chemical that we produce in our
bodies when we fall in love. This is likely one
of the main reasons why love and chocolate
have such a deep connection. PEA also plays a
role in increasing focus and alertness.

The biosynthesis and catabolism of serotonin. Note that in the pineal gland, serotonin is convertes

enzymatically to melatonin

7/11/17
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Amino acids

Acid — Base Equilibrium

pH, buffers, etc.

Introduction: acid-base equilibrium

CH3COOH === CH3COO- + Ht
NH4t+ === NH3 + Ht
H0 = O +Hf
H30+ = H0 +Hf
donor - acceptor

Acid: electron-pair acceptor or proton donor
Base: electron-pair donor or proton acceptor

Strong acid: pH = -log (n [acid] ) with n = number of protons that can dissociate)
Strong base: pH = 14 + Ig [base]
Equations are valid for concentrations less than 0.1 M.

For weak acids / base:

HA — A-+Ht
[H+]s[A]
Ks="THAT

e.g. in water, then for each A" one H* is formed ---> [A ] = [H* ]

[H*]>=Ks*[HA]

e [HF 1=K * Coesamt
., PpH= 0.5 (pKS —lg [HAtotal]

If HA is only partially (a
little bit) dissociated
then [HA] = [HAql

if [A-]>[H*], e.g. in a buffer system --->

[A-] - _ o L Dase |
pPH=pKs + I THA T PH=pKs+Ig[Adqd T

Henderson-Hasselbach Equation

7/11/17
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Acid Base

Stanc!ard HA+H20 - A@+ H30®
reaction

Law of mass [AP] - [H309]
action K=
[HA] - [H20]

[#°]- [HO]
[HA)

Simplified Kay=

Henderson- [A®]
Hasselbalch pH=pKa+log ——
equation A [HA]

| Measure of proton transfer potential

Midpoint
. . 18 1
Amlno aCIdS 12 ; lllrz{um ﬂ"
| Bufferin
R | ri-ginns:g
_ id 1 Jum.zs
o | <] NH,
Loy
) R 1786
- ;' T
acid-base ., o [
. WK -686  [CH,C00 [/
4 1%
systems . e
4 1*a7e
a
2 i

IS
1 b |CH,CODH

‘titration-curve’
ol 1 : T 1 T
0 01 02 03 04 05 06 07 OB 0B 10
OH™ added (equivalents)
[ i |
1] 1] 1045
Percent titrated

Buffers H,CO3 = HCO;™ + H*

H,CO
2 \3 HcoP

-—
(=]
o

Percent of carbonic acid
or bicarbonate molecules
wn
<)

T

o
o
N -
H
o -
N
F
-]

0, / CO, transport (respiration)

Amino acids — acid-base systems

Example of neutral amino acids, isoelectric point (Hybrid lon)
around pH 5.5-7.5

Characterized e.g. by unpolar side-chain

coo' COO_
[ + ——
(i';H2 CH2
HE—CHa
CHy
Leucine Phenylalanine

7/11/17
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Example of neutral amino acids with functional (not acid,
not basic) groups; e.g hydroxyl group or acid-
amid/carboxyl-amid

These AAs are polar-neutral

t|:00' COO

"HaN —C—H "HaN —C—H
" o+

OH C=0
Serine NH4

Asparagine, Asn, N

Example of acidic amino acids with functional carboxyl group

Aspartate, Asp, D

Example of basic amino acids with functional amino
group (can easily catch protons)

Co0"
+H3N—f.|‘,—H

Lysine

Dissociation of Amino Acids

Amino Acids are ampholytes

R OH™  HOH R OH  HOH R

\/ \F e o .Y

YN TCOOH H *HsN~  COO H H:NT oo

7/11/17
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T
Il
:iié;@

Hybrid / Zwitterion (Z)

Dissociation of Amino Acids

COOH CoO" COO"
HN—C—H == "HN—C—H + H' == HN—C—H +2H'

— R A

RC<_RZ —

+H*

‘Zwitter’
(hybrid)
At isoelectric point (pH,p) the AA is neutral (net charge = 0)
and in most cases as “Zwitter’/hybrid form

In a similar way — each protein has a pH|p where it is neutral
(uncharged).

Cation (C) Anion (A)

Glycine
COOH

®
H3N—|—R
H

pH< 1

COOe ©
200 o [ .ol °|°O
+H @ 3 | T H® H2N R
H
pH =6 pH >13
(Hybrid-lon)

IP or IEP (Isoelectric Point)

pH (IEP) or pH (IP) or pl or pIP

IGH; ﬁH; NH>
(T : & B G e lén
Titration e —_— T — -l
COOH coo- coo
- 13
’ - | Glycin
curve B [Bxz]= 9.60
of - E .
7t s
pH - IP =5.97| =1
Glycine : '

______

U B

(4]

(4] s 1 1.5

N

7/11/17
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. +

NH, NH, NH.

| P, i |

(I‘.H: — CH _— (l.‘H2

COOH COO~ Coo-

13 ¢

- Glyeine Both the buffer ranges are from a
physiological point of view (pH
around 7) not relevant

7 i [ [ . B
— —_— | |‘Titration-curve
L i

OH™ (equivalents)

pl = 172 (pK, + pKy) = 1/2 (2.34 + 9.60) = 5.97

Titration Curve of Glycine

12

10

PK g

Glycine has maximum buffer activity at pKgy and pKg,
at pKsy [C] =[Z] and at pKs, [A] = [Z]

Isoelectric point:
pHip = ( pKss and pKsz ) /2

0 Titrationsgrade
-1 -0.5 0 05 1
(the value in the basic area will be excluded) “'m-‘” OO COW l“()n
. - . HN—CH H,M—CH HaN—CH H.N—CH
Glu/E: pH(IEP) D_ng_m$ me — o, l:,,,_,
= (2.19+4.25)/2 pre 2R em PR on BB om,
’ ’ COOH COOH CO0™ L0
=3.22
10 | Glutamate

pl =172 (pK, +PK,.))

pK, and pK,,, refer to the specie

with the netto-charge = 0; means
here, the H+ reaction that makes pH
from the neutral specie a positive
specie and the de-H+ reaction that
makes from the neutral specie a
negative specie.

pKg is the pK value of the side
group R

Also here the buffer ranges are
from a physiological point of view
(pH around 7) not relevant

0 ' 1.0 20 3.0
OH™ (equivalents)
(a)

7/11/17
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Titration Curve of a basic amino acid such as
Lysine (Lys/K)

A pH

12

10

Tltratlon Curve of Hlstldlne the only AA with a pK in physiological range
(

Titrationsgrad€

Experimental estimation of pK values

(pK. with-buffer rapacih':'\r
| =
COOH pH s
® n ——
HaN—C—H 2 *}M LS et
CH> ® ® o 1.8 ?Hz
/IC\ k NFSYCH
HNY 53 CH S HN{ e},
HC=NH / PKz ] HC—NH
6.0 -
pHO.5 L — pHS
CO0 coo®
® |
HaN—C—H HAN—C—H
$Hz $H2
C C
HN” S CH 12 HN™ N CcH
/
HC=N HC=N
T T
H7.6 H11
Isoelectric popint) -1 g tch +1 (the ta?ue in the acid area will be exclu'zled:
pL= 102 G, + K etcharge (95 16)/2=7.6 = pl (pH at IEP))
Glycine
S &)
COOH OHe ® (ofe]0} ) (e{0]0)
+on, + OH
HsN—I—R HsN R H,N R
+H @ 3 + H@ 2
H H H
pH< 1 pH =06 pH >13

(Hybrid-lon)

7/11/17
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Experiment:

Preparation of a solution consisting of HCl and Glycine (each 0,1
mol-I-1). Titration with 20 mI NaOH (c = 0,1 mol-I-1) by adding first 1
ml and later 0,5 ml drop by drop.

C|)OOH ! COOH

H
~ : | & -
/N—(ll—H + HCl —— H— I\Il C—H + CI

| |
H ' H _ _
0,1 mol /1 Glycinhydrochlorid

0,1 mol/1 NaOH

c(HCl)=0,1 mol/L
¢(NaOH)=0,1 mol/L
¢(Glycin)=0,1 mol/L
H,0

V(NaOH) in ml | pH-Wert | V(NaOH) in ml | pH-Wert
0 1,75 19,5 4,57
1 1,8 20 7,14
2 1,85 22 8,2
3 1.9 23 84
4 1,97 24 8,54
5 2,03 25 8,68
6 2,08 26 8,78

73 2,15 27 8,87
8 22 28 8,98
9 2,25 29 9,03
10 2,31 30 9,13
11 2,38 31 9,2
12,1 2,45 32 9,28
13,1 2,55 33 9,36
14 2,62 34 9,44
15 2,71 35 9,53
15,5 2,78 36 9,62
16 2,83 37 9,71
16,5 29 38 9,85
17 2,98 39 10
17,5 3,09 40 10,15
18 32 41 10,4
18,5 3,35 42 10,5
19 3,6 50 11,1

oH Titration Curve
12
11 .
10 e
9 _,.--"""'
al
.
7 f
¢
5
4 Jl
3
,z»-""/’
1
U{NaOH) in ml
5 18 15 20 25 30 35 40 45 509

Analysis of the titration curve

Volume (AA) =20 ml
Concentration (AA) = 0,1 mol-I*
Concentration (NaOH) = 0,1 mol-I*

Henderson-Hasselbach Equation: pH=pK; +Ig

o(A)
o(AH)

At the beginning:

H COOH _ H COO"
[+ 1 OH I |
H—N—C—H =——— H— N—C—H + H,O
(I H,0 |
H H H H
AS* AS*- = Z (Zwitterion)
(hybrid-ion)

7/11/17
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After adding 10 ml NaOH the [AS*] = [AS*] = [Z] -—-->
50%
H=pK, +I|
prH=pK, 9(50%)
pH=pK, +Ig(1)
pH=pK, — HAP,
pH = pKgy = 2.35 (Halbaquivalenzpunkt-1)

After adding 20 ml NaOH the [Z] = [AS*] = 100%
----> Aquivalenzpunkt (AP)

After adding 30 ml NaOH the [Z] = [AS*/] = [AS]

Equilibrium:
H COO" ~ H COO -
[+ ] OH \ I
H-N—C—H =—= N—C—H + H,0
| HO H I
H H H
(2] =[AS*] = [AS]
50%
H=pK_ +I
pH=pK. +1g[ 2o, |

pH=pK, +1g(1)
pH=pK, — HAP,
pH = pKg, =9.78 (Halbaquivalenzpunkt-2)

s After adding 20 ml NaOH the [Z] = [AS*] = 100%
-—-> Aquivalenzpunkt (AP)
[2] =100% ---->solution is neutral /.//
---> |soElectric Point (IEP or IP) /(
.»//V/
/J/v
NaOH
Experiment — aHs i NH3 i NH2
summary ity —| i — |
COOH coo- Ccoo-
13
- | Glycin
- [erz]= 9.60
. i y
7+ E il
pH - IP =5.97! —
1
U ! |
i i =
L} 1
. 1
) 1 -
H H
% 0.5 1 1.5 2

OH™ (Aquivalente)

7/11/17
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7/11/17

K +pK .
pl or pIP or pH(IEP):% IEPs of AAs:
e | 1. Neutral AAs with side chainR=C, H COOH COOH
xamples: ]
\
Leu/L (pKs1 = 2,36, pKs2 = 9,60) COOH GOOH HN—C—H H,C——CH
H,N—C—H H,N—C—H CH NH
I [
pH(IEP) = PRat PRy, 23649680 _ 4 gg H CH, He CH,  HC—CH,
2 2 Glycin (Gly) Alanin (Ala) Valin (Val) Prolin (Pro)
IEP =6,0 IEP = 6,1 IEP =6,0 IEP =63
acidic AA (the value in ﬂf basic area will be e_xcluded) _ COOH
Asp/D (pKs1 = 1,88, pKs2 = 9,60, pKsr = 3,60) COOH COOH HN-C—H
B —C— H.N—C—H
_pK,, +pKy 188+3,60 HN=C—H 2 CH,
PH(IEP) =—= R = =274 CH, H,C—CH
basic AA (the value in the acidic area will be excluded) CH CliH2
/ \
Lys/K(pKs1 = 2,18, pKs2 = 8,95, pKsr = 10,53) H,C CH, CH,
K., +pK 8,95+10,53 i - i
pH(IEP) — p s2 5 p sR _ ) — 9,75 :_Ee;c:lnsflaeu) :E(]):I’e:g’ra(lle) réh;r;y?ganm (Phe)
2. Neutral AAs with side chainR=0, S, N 3. Acidic AAs:
?OOH |COOH
C|)OOH H2N—CII—H COOH HZN—(‘Z—H COOH
H2N—C|)—H CH, HZN—(ll—H H—C‘)—OH [
H,C—SH H,C—SH H,C—OH CH, (IZOOH H2N—(|3—H
Cystein (Cys) Methionin (Met) Serin (Ser) Threonin (Thr) H.N—C—H CH
IEP=5,0 IEP =57 IEP =5,7 IEP =5,6 2 | | 2
CH CH
CI:OOH COOH [ [
HN—CH coon 00 COOH COOH
CH, COOH HN—C—H 2N (Asp) (Glu)
HN—C—H CH T [EP=29 EP=32
2 | I 2
CH, CH, |
=0 ¢ i
OH NH, 0" NH, H
Tyrosin (Tyr) Asparagin (Asn) Glutamin (GlIn) Tryptophan (Trp)
IEP =56 IEP =5,4 IEP =57 IEP =59
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4. Basic AAs:

COOH
H,N—C—H
T

PKy PK2 PK3
-COOH a-NH» side-chain
(PKR)
Alanin 23 9,7
Threonin 2,6 10,4
Glutamin 2,2 9,1
Asp 2.1 9.8 3.9
Glut 2,2 9.7 43
Histidin 1,8 9, (60
Cystein 1,7 10,8 \8:(
Tyrosin 2,2 9,1 10,1
Lysin 2,2 9,0 10,5
Arginin 2,2 9,0 12,5

2
(T:Hz | N—
CH CH2 [l I
M2 NH, | HC.,
H—N—C CH, N
NH H,C—NH H
2 2
_ (Arg) (Lys) (His)
IEP =10,8 IEP =9,7 IEP =76
DK values
Abbreviation/ PK; pKy pKp Hydropathy ~ Occurrence in
Amino acid symbol M, (—COOH) (—NH3) (R group) pl index* proteins ( %)’
Nonpolar, aliphatic
R groups
Glycine Gly G 5 234 9.60 5.97 —0.4 72
Alanine Aa A 89 234 9.69 6.01 1.8 78
Proline Pro P 115 199 10.96 6.48 1.6 5.2
Valine Val vV 117 232 9.62 5.97 4.2 6.6
Leucine leu L 131 236 9.60 5.98 3.8 9.1
Isoleucine lle | 131 236 9.68 6.02 4.5 5.3
Methionine Met M 149 228 9.21 5.74 19 23
Aromatic R groups
Phenylalanine Phe F 165 183 9.13 5.48 28 39
Tyrosine T Y 181 220 9.11 10.07 5.66 S 1%3] B2
Tryptophan T W 204 238 939 5.89 —09 1.4
Polar, uncharged
R groups
Serine Ser S 105 221 9.15 5.68 —0.8 6.8
Threonine Thr T 119 211 9.62 5.87 —0.7 59
Cysteine Cys C 121 1.96 10.28 8.18 5.07 25 1.9
Asparagine Asn N 132 202 8.80 5.41 =35 43
Glutamine GIn Q 146 217 9.13 5.65 —35 4.2
Positively charged
R groups
Lysine lys K 146 2.18 8.95 10.53 9.74 -39 59
Histidine His H 155 1.82 9.17 7.59 =312 23
Arginine Arg R 174 217 9.04 12.48 10.76 —45 5.1
Negatively charged
R groups
Aspantate Asp D 133 1.88 9.60 3.65 277 —35 53
Glutamate Glu E 147 2.19 9.67 4.25 3.22 —3.56 6.3

Determination of NHz-qroup in AAs:

R-NH,

boiling AAs with NaOH , NH; gas forms and reacts on wet pH paper with the water. The OH" is

NaOH s NH3 T

then coloring the pH paper (e.g. blue)

NH, +H,0 —NH," + OH"

7/11/17
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Amino Acid ldentification using Ninhydrin

coo® H
I 0=c
PN — CH

+COz
OH

- HSO

Ninhydtin
v -Amino Acids react with Ninhydrin forming the blue violet — red-brown dye. The AA
will be decarboxylated and oxidized to form an aldehyde with 1 less C-atom.

---> finger print

Boiling of AAs with Ninhydrin in 2-Propanol
---> Identification of AA or NH-group in AAs

o)
on COOH
2 on + PeNTGH
R
o)

o]
O\\ /H
=N ’O ¢ +4H,0+ CO,
R

O Qo

practical (forensic) application: finger prints

3+'9056169

AA (Tyrosine) plus water plus HCI ---> soluble

coo" COOH
Cl + H3N+—(|3—H + HO —= CI + H3N+—?—H + H,0
R R

7/11/17
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After adding NaOH, precipitation because Z (Zwitter-ion) is not soluble
due to oposing hydrate-covers, no uniform hydrate-cover possible;

+ S* _
5 H~/08
5 5%  coo H
H™ + 3*
HN=C—H
—09%
8+H I R
H_.
o

after adding NaOH, the AAs becomes insoluble.

COOH coo"
Cl + H3N+—C|)—H + OH —— Cl + H3N+—C|)—H + H,0
R R

after adding more NaOH, the AAs becomes again soluble.

CO0" coo
cl + H3N+—C|3—H # OH ——= O + HN—C-H + H,0
R R

A substance is only water soluble

if a uniform hydrate cover can be formed

Synthesis of Natrium glutamate:

Glutamine (GIn) plus NaOH (drop-wise), then evaporation of the
water)

+

Na
eleley o0
H3N+—C|)—H H3N+—(.|‘,—H
M2+ oNaOH — = H: 4 2H0 +
CH, CH,
| |
/C\ /C\ -
0" “OH 0" "o
Na

Dinatriumglutamat

7/11/17
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Chelat complex with Amino Acids

Amino acids easily form complexes with metal ions (those with 2 valences)
such as Cu?* = Biuret-reaction

& . Schunk, CCC L, Erlanqen, 971999

o
O
‘-“' "'-' [ 1]

@]

l=—

e "

A

[Cu(H,0),]**-complex  [Cu(Gly),]-complex

AAs in RedOx Reactions

Oxydation of Cysteine:
5ml cysteine (1%) plus 1 ml Fe(lll)Cl; , then shake.
After shaking, the solution becomes blue; upon leaving the flask

quietly alone the blue color disappears; and re-shaking is
required for blue coloring

Coloring N
the complex is unstable N7

[Fe(H,0), Cys2]3+

destroyed by Redox-Reaction
. . Ve,
as shown in next slide

De-coloring:
+
Y
COOH HZCf(‘)fCOO'
+ ‘ H
H3N_C_H 3+ 2+ +
2 | +2Fe — ? + 2Fe + 2H
2 S H
SH [ _
HZC—(‘Z—COO
NH,
Oxidation: 2-Rest-SH — Rest-S-S-Rest + 2¢
Reduktion: Fe* +1e — Fe?* |-2
Redox: 28"+ 2Fe®* 28T+ 2Fe*

7/11/17
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Re-Coloring

after shaking, O, (Oxygen) enters the
solution to form fresh Fe®*

The unstable complex is reformed, but
soon destroyed again

Oxidation: Fe* — Fe** +1e

Reduktion: 30, + 2e” — 07

Redox: Fe?* + 10, — 07 + 2Fe®

Biochemistry

2.3) Peptides / Proteins

Prof. Dr. Klaus Heese

growing
amino acid /
peptide chain

© amino acid

amino acid

bonds tRNA

\—

Anti-codon
Codon

/\

Ribosom

Translation

Amino acids
Peptides

Proteins

Peptide Bonds

R1 -H,0 R2
0. _OH
Peptid-Bindung Q }T{ (l:
(i:—N‘—(IZ—H
HzN—(IZ—H Rz
R1

7/11/17
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Amino acids

Amino acids (a) rli o rli )
*H;N=C,—C— 0" + *H;N—C,—C— 0"
| H |
. R, R,
Peptides
H0
1S
Protelns H,N—tlta C+N %—c—o
R, H R,
Peptide
bond
(b)
H H o H
|| | [ | | 1
HyN— C,—C—N—C,—C—N—C,—C—~N— C,—C—N=C,—C—0
BeOW RO R HRO R
Amino end Carboxyl end
(N-terminus) (C-terminus)
(c)
aa; aa, aag
——t———— ———

Peptide
bond

Peptide
bond

Peptides
HoHo o R
e \ ~ AN ~
Proteins /N_?_C/ + N—(I:—C\/
O—H
H H CH;
Glycin Alanin
densation
H H H
\ I | e
N—C c—C +
/ | | \o H
H H CH;
Glycylalanin
C-Terminus
C-OH SN— C.mH
A
f /A
N-Termimus CH3 H3C CH3
\ Peptide-bond , trans configuration
?OOH
¢H H,0
H,N—C C 2
| /N
c C

Peptide bond is planar due to:
2
LCN-R C=N—R
R R™

N/ N/
|
/N ) /0N

|
HoN-CH-C—N-CH-COOH R, O
R, O R, "

H HZN—CIH—CI=N—(’:H—COOH

Rz

7/11/17
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— A. Peptide bonds

Seryl alanine
(Ser-Ala, ®H3N-Ser-Ala-CO0®, SA)

— B. Resonance

\/H

C—N
7
3 \

Resonance
structures

H
\ @/
=N

Mesomeric
structure

Amino
terminus

(N terminus)

Residue 1 Residue2 Residue3 Residue 4 Residue
I T |l 1
R H O ® H O R
v W i W " [ Carboxy-
@ C_ _N C C___N (3 C - terminus
HN71YC™ 7 N7 T T N7 £>c00° |(C terminus)
H Il | I H Il | | H
O R H 0O Ry H

N

>

synthesis direction of the protein in ribosoms

plain, plane, layer, platform, planar

Carboxyl
terminus

7/11/17
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© (Phi): Rotation about
N-Cq
\ (Psi):cRotaEion about

o

Dipeptide benennt man im Allgemeinen nach ihren Bestandteilen. Dabei
Beginnt man mit einem H (fur das N-terminale Ende) und endet mit ei-
nem OH (fur das C-terminale Ende). Fur Alanin und Valin hieRe das:

H - Ala-Val-OH
Da ohne Zusatzstoffe nicht festgelegt werden kann, welche Enden mit-
einander reagieren, kann auch folgendes Dipeptid entstehen:
H - Val - Ala-OH
AuBerdem konnen noch die Falle auftreten, in denen zwei gleiche
Molekule miteinander reagieren:
H- Ala—- Ala-OH und H- Val-Val - OH
Dipeptide (2)
Tripeptide (3)
Oligopeptide (2-9)
Polypeptide (10-100)

>100AAs ---> Proteins

.
A - d=115
5 =115pm 4.
v C
Allowed i Forbidden
N -
i,
d=
A9 B-209),
-120 -60 0 60 120 180
¢ o
3. Pleated sheet (antiparallel) E o Helix (right-handed)
B i | C |Col i
Pleated sheet (parallel) 1' o Helix (Iefﬁel;iacr;dseicli‘) Prgg]le;?ﬁg pgtlzlﬁtsgéngi,g B
Oligo-peptides
Peptide-bond
P o Ester

NH, O \\(iZ—O—CHQ
COOH—CH;~C—C—N+-C—H
H N| CH

2

H— Asp —Phe - OCH,

Vasopressin

Q CH;—CH, COOH
o o] | o
N-Termimus $7,Tji‘CH CHiCH2 (ID\ |CH2
cle H cle2 Q ?*ITI—C*H
N I o LI
—N—CH H CH !
CH, I 2 GN _cH,
NH o H,C COOH o ¢~
7N
C Ho G H
HN™ 'NH, @ l-{ \l’\l/ o
—C——(Cc—_
N I CH, OH

C-Termimus
Gly - Arg - Pro - Cys - Asp - Glu - Phr
| |
S - S - Cys -Tyr

7/11/17
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Cysteine in Proteins

I

T—H |i1—|-|
H—Cl—CHz—SH + HS—CH2CI —H

?=o c=0

[

» Tertiary structure
— is the overall three-dimensional shape of a
polypeptide
— results from interactions between amino acids and
R groups

Hydrophobic
interactions and
van der Waals
interactions
Polypeptide
backbone

|
o
Hyrdogen _H
bond ?

CHy—$—S —CH,
Disulfide bridge
o

]
CH,: NH3* "0 C —CH,
lonic bond

Disulfid-bridges

Cystein + Cystein ---> Cystin
o  OH o  OH o  OH o  OH
H ¢ H ¢ _HO T om S
N—C—H + N—C—H == N—C—H N—C—H -l
H CH, H CH, H ch, H ch,
s SRS

Disulfidbridge

Cystin

7/11/17
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Biosynthesis
of

Cystein

L35y
: ATP  PPP . N
N3 i NH ¢ f* N
o CH, ./ N
WS/ '3 ; 0%\/ \}3* . N N/)
0 0 Hy

Methionine

OH OH

THE S-Adenosylmethionine
X
4
2
NS-methyl .CH
THF 3 NH,
NH;

NHS </NI‘\N
0‘\/I\/\ o 3 Ok/K/\S N P

N
g .7T I .
0 % ?
Homocysteine Adenosine  H,0

OH OH
S-Adenosylhomocysteine
5

H,0
NH3 0
s
Il

0
0. - /\HL .
HS 0
\HJ\O %‘
0 NH3

Cy o Cysteine
I

o
- 7
= o
o co.
aketobutyrate COA-SH o+

Propionyl-CoA
+NAD*  NADH

Biosynthesis

of
U» ~. SH + AN N
. 07 N W~ Y ©
Cystein NH3 NH3
Homocysteine Serine
-H20
0 N NH3
ﬂ ) S, 0
07y N
NH3
Cystathione
+H20
- NHé+
http://en.wikipedia.org/wiki/Homocysteine .
http://en.wikipedia.org/wiki/Cysteine 0 n “CHA He” N N0
0 NH
alpha - Ketobutyrate Cystoirn

Cystine (shown here in its neutral form), two cysteines bound together by a
disulfide bond.

NH, NH, Hoo
! N
Hooc)\/\’rf Hooc)\/\,( rll/\COOH
1
) H
- > Glutathion-
! ! Disulfid
Glu Cys Gly o "Ii
HOOCY\)\N N.__COOH
)

Glutathion: Tri-peptide:

Glu-Cys-Gly @

The thiol group (-SH) is easy to be oxidized to form disulfide
bridges to a 2" Glutathione molecule under cleavage of H.

This is an important Redox-system in the blood and muscles.
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Insulin

(controls blood glucose level)

http://reddymed.com/insulin.htm

Cleavage of S-S bridges by Ammoniumthioglykat

R1
| H o)
S | 2
[ + 2H—S—C—-C_ _
S | 0
I H NH
R2 Ammoniumthioglykat 4
R1
| H H 0
S—H Sy L&
—_— + ,C—Clﬁ—S—S—(‘Z—C\
S—H o 3
+ +
||?2 NH, : H NH,

S-S bridge in your hairs

practical application: hairdresser / coiffeur

Disulfide (S-S) bridges between the hairs need to be cleaved
Vorgéange bei der Dauerwelle

Soll eine Dauerwelle gemacht werden, mussen die Disulfidbrucken zwi-
schen den Haaren gespalten werden, damit die Haare eine neue Form
annehmen kénnen. Zum Spalten dieser Disulfidbriacken wird Ammoni-
umthioglykat benutzt. Es wird wie folgt synthetisiert:

.0 T .0
H=$—C—C_ + NH, —= H=8—C—C_ _
ly O—H yooo

NH;

This is the activation reaction to form Ammoniumthioglykat

After the hairdresser has made the new hairstyle, the S-S bridges
will be recovered with H,O,

Nachdem die Disulfidbrucken gespalten und die Frisur fertig gestellt ist,
werden die Disulfidbriucken wiederhergestellt. Die Fixierung erfolgt mit
Wasserstoffperoxid (H>O5):

ﬁx’1 R1
1IS—H - -1 Il

+ H0, —= L + 2H0
M?*H 22 2

NP

‘ S-S bridge in your hairs ‘
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Cysteine in RedOx Reactions

Oxydation of Cysteine:
5ml cysteine (1%) plus 1 ml Fe(lll)Cl; , then shake.
After shaking, the solution becomes blue; upon leaving the flask

quietly alone the blue color disappears; and re-shaking is
required for blue coloring

Coloring
the complex is unstable

destroyed by Redox-Reaction
as shown in next slide

De-coloring:
.
s
?OOH HZCfcllfCOO'
H,;N=C—H . H 20 _ 4
2 \ +2 Fe —— S + 2Fe + 2H
CH, |
[ S H
SH [ _
HZC—Cll—COO
NH,
Oxidation: 2-Rest-SH — Rest-S-S-Rest + 2¢”
Reduktion: Fe** + 1e” — Fe? |-2
Redox: 28"+ 2Fe®* 28T+ 2Fe*

Re-Coloring

after shaking, O, (Oxygen) enters the
solution to form fresh Fe3*

The unstable complex is reformed, but
soon destroyed again

Oxidation: Fe? — Fe* +1e”
Reduktion: 30, + 2e” — 0%
Redox: Fe* + 10, — 0% + 2Fe®
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http://en.wikipedia.org/wiki/Heme

A haem (British English) or heme (American English) is a
chemical compound of a type known as a prosthetic group
consisting of an Fe2+ (ferrous) ion contained in the centre of a
large heterocyclic organic ring called a porphyrin, made up of
four pyrrolic groups joined together by methine bridges. Not
all porphyrins contain iron, but a substantial fraction of
porphyrin-containing metalloproteins have heme as their
prosthetic group; these are known as hemoproteins. Hemes
are most commonly recognized as components of
hemoglobin, the red pigment in blood, but are also found in a
number of other biologically important hemoproteins such as
myoglobin, cytochrome, catalase, and endothelial nitric oxide
synthase.

Biological Important Peptides

NH, H

o NH, Hoo
IN 1
HOOC)\/W th/\COOH HooC rll/\COOH
1 1
) IH ) H
- @ Glutathion-
! Disulfid
Glu Cys Gly o H
HOOCMN N.__COOH
|

Glutathion: Tri-peptide: @
Glu-Cys-Gly

The thiol group (-SH) is easy to be oxidized to form disulfide
bridges to a 2" Glutathione molecule under cleavage of H.

This is an important Redox-system in the blood and muscles.

CH,
Heme B Heme A
S-S in RedOx Reactions
44’ 20, 0,
R OT (still a ROS)
, % S, e »2H,0
S;Er%?:slge Glutathione
peroxidase
(SOD) (GPO)
HS.
e j\(n s GSH GSSG
R Nl o Glutathione Glutathione
(reduced form) (oxidized form)

(GRD)

Glutathione
reductase

or ROI lead to DNA disruption, mutation,
tion of proteases  ----> cell death

NADP* NADPH
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Postulated mechanism whereby NO causes
cytotoxicity or cytoprotection in nervous tissue

— —_—
— ~—
e Multiple
ya Effects
/ O, + H,0
/[
/£ \
/ \
/ Catalase GTP cGMP \
/ ! o -
[ 0240, = (Ctoprotection )
f A Guanylate Cyclase
| sop [
0o, +)

T
— ~ —nNoO" NO* —
f J > either {3 or
| ONOO™ —
/ REDOX STATE
\ \ "y
Lipid

-

\ Peroxndanon (2) NOS / LCitaliine x
L-Arginine +O, (1)
m NMDA
caz ! Jeatmodulin —— Receptor
\ ‘\
T Protease ~ ~ Glutamate
A CV‘O‘O*IC'W Activation Caz+
— //

Post-translational modifications of Amino Acids

D: Pyroglutamyl-|| | B: Oligo- B: Oligo- D: Phospho- D: Acetyl- B: Pyridoxal-
Acetyl- saccharide saccharide Methyl- Methyl- Liponat
Formyl- (OI—QIY'IO- (NIQWCO y-Carboxy- y-Hydroxy-  Biotin
Myristoyl- sylation) sylation) (Glu) Retinal

Ubiquitin
OH CONH3 Coo® ©NH;
H3n® 6 6 &)
Ser, Thr Asn, GIn Asp, Glu Lys
D: derivative  B: bonds with Pro CQ
|
Tyr Phe His Cys

©00c i ? V
X D: 3-Hydroxy-
HN o N SH 4-Hydroxy-

OH
D: Amido- D: Phospho- D: 4-Hydroxy- D: Phospho- D: Disulfide
(CONH3) lodo- (Tyrosine) Methyl- Prenyl-
Sulfato- B: Flavin B: Heme
Adenyl- Flavin

Biological Important Peptides

?ys—Tyr

S
|

S Sl
Cys Asn

Pro—l8li—Gly—NH,

Ocytocin:

IR‘-ihg-f-(-)rm- pept‘ide-hormone with infra-molecular di;ﬁlfidé bridge
, causing contraction of muscles in mammary gland and uterus.

¢.|:ys—Tyr\ Vasopressin:

s F peptide hormone, only 2 AAs are different to
$ Slu Ocytocin, causes water reabsorption in
Cys—Asn kidney; and blood-pressure increase.
Pro—[Afg—Gly—NH,

Significance of Peptides

Synthesized as proteins/peptides based on DNA codons

Multi-functions:
as hormones

Anti inflammation
anti-viral
Antibiotic

Opioid peptides

Epo (Erythropoetin) / sports
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Proteins & Structure

v -Helix

2 amid bonds

A

4
LAY
Ay
7/

/

E

A
=z

‘?\:\o—-—— —rTz
RVARYLY YR
\) 2 1/2 4\
I Sl

A
o
L 2
2\

H \
~H

3 amid bonds

Side chain directed to the outside

4 54nm
3.8 Aminosduren
e Wiindung
® rechtsgdngig
© H-bridges
©
(% IS

\:

N—__\

7 73.6 amino aéids per ’turﬁ’ﬂ(Winung) )
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s-sheet:

2 amid bonds

108,57 R
{-’ H}\lxo
o
=
& N

e
AT

I

3 amid bonds

RH .
a| NH Peptide-chain

T
109.5° -sheet

IN—H IIII—H
RUC-H RZC-H
ézq C'qu
H-ti H—Al
H-\'!:— R’ H—(':-R 2
pié :Oﬁ(':
-H Nt
RuG W REEH
t=g ¢=g
Hti Hti
H -é—Rm H—é-R;‘l
o=t o=t

parallel ss-sheet

\

u?-H o=¢
RUC-H R#—C—H
beg it
H-|l\|l (I:=@
H-(":- R H-(I:-Rzii
pzcl: If!l-H
Il!l-H ,’Q=CI:
R'—%:—H R“"—(:J—H
?=o; H=hlI
H-NI c=q
H -{l':.R” H-%—R”
p:tl: IN-H

anti-parallel s-sheet

The Tertiary Structure of Proteins

The tertiary structure describes the spatial arrangement of a protein e.g. as alpha-helix
or beta-sheet using also disulfide-bridges, ion-bonds, Van-der-Vaals forces, etc
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The Quaternary Structure of Proteins

In the quaternary structure several protein chains form a globular
structure by arranging themselves around ions such as Fe?-,
Mg?+, etc...

7/11/17

Abnormal protein structures 1n the
pathogenesis of neurodegenerative diseases

From: Yuan & Yankner (2000) Genetic mutation or
‘ature 407, 802-809 environmental factors

T T 1

Fibrils Dissociation : .
from microtubules Oligomers Oligomers

v M M

Neurofibrillary Nuclear
Plaque tangle inclusion

¥ A4 A4

Alzheimer's Frontotemporal Huntington's Parkinson's
disease dementia disease disease

Amyloid-p protien

Abnormal Protein Folding and Neurodegenerative / Brain diseases

Triggers Primary responses Pathology
PD @S
Lewy body
Intranuclear 5
aggregate . AD @\
»
: Plague
Mutations _
Oxid: Tangles
xidative _|
Y
stress ~i> r/§ Prion
. Misfolded /) o
Prlmary protein )
UPS Plague
dysfunction mfhfs%emﬁoeldl
liated refolding ALS
Prion :
transmission| y Bunina bodies
@ o~ UPS-mediated PolyQ
Ageing? ~ "\ proteolysis %
Native state ®

Inclusions

Synthesis : ;
(s WLy Possible points of UPS
recruitment to inclusions

Forsie / \\ Chaperone system

) ﬁw B <lLittle, if any,
Misfolded Y Folded s ‘ fmcﬁonn]

mutant protein mutant protein rotein <——=< Parkin/UCHL1
ubiquitin tagged |} 2 l e mutants may be
Mutant protein(s) targeted to UPS

for disposal

targeted by UPS
k k :;;::m“ Attempt by cell ta

<= remove toxic

aggregates
—_
fiodisne °f§ . C d withi
Inclusion =< aptured within
265 proteasame formailon inclusion

T Cellulor toxicity
= CELL DEATH
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The unfolded protein
response (UPR),
ubiquitin proteasome
system (UPS) activation
and its correlation with
autophagy system

(b)
El E2
Ub  amp |

|
+ATP +pp; C=0 E2 E1  C=o0

E1¥> Ulb A-Lrull;

E1 = ubiquitin-activating enzyme

in-conjugating enzyme

E3 = ubiquitin ligase

Al
Release
Ub

Peptides

Ub
Ub
Ub Ub

~NH,
Cytosolic
target protein

niSteps 1,2,3
l(n times)

—Ub—Ub—Ub n+1

ATP

DP-
Recognition
Ub yp

ATP J S~ Unfolding
T~ Cleavage

~— @8- Discharge

The unfolded protein response (UPR), ubiquitin proteasome system
(UPS) activation and its correlation with autophagy.syst&mie

- alpha-synuclein

protein substrate
autophagy
ubiquitin

MEF2D

malfunction.

g protein aggregation ) =
- =

" 4
Mutant SOD1 deposit in
Lewy body in PD

. Inclusion body in PolyQ diseases .
Impairment of the degradation of insoluble proteins (that affect proper cellular functions)
leads to NDs such as PD

CHIP: C terminal of molecular chaperone interaction protein; MEF2D: myocyte enhancer factor 2D; CMA:

END

chaperone mediated autophage
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