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- RH Alpha-Helix: most common 2° stv
ei A- Keva bin

v Right handed (L-amino acids) Tvans- membyane

v~ One helix has 3.6amino acids Yeqion of prokech

v Helix height 5.4 A° ( 0-5Y nm]) Y

~~ Distance between two amino acids = | .5 A° = '
_* o,y dihedral angles near —57°,—47° . W _ }_—6 0 —-3§u (o(-m;)-)

2 Intra Chain hydrogen bonding: n>n+4 v

~ First formed secondary structure ;
" Slow exchange amide H/D in NMR H}iw D ——

L
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Hydrogen Bonds:

| \
oMain Chain C=0 of@~> N-H of (+4
| | n ny
/Number of hydrogen bond: number of amino acids - 4

BEE IR
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\,é/ R - chain donol Pan(h'c,oPak MM H- bondlvsf 2
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What is the length and number of hydrogen bonds in a polypeptide with 20 amino acid residues in
a single contiguous a- helix spanning hydrophobic core of plasma membrane?

M3 nmand 16 A - Hewx | diskance bet” 2 oo = 1.5A°

(2)2nmand 16 Mwnhey clb H- bmd = Mo Jbaas - Y
(3) 10.8 nm and 32

(4) 30 nm and 32 « 20 X ,,SAO_-_ 30 /.\o = 3 nm
s« 20—~y = 14
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Ampipathic and hydrophobic alpha helix

L

—val —asp —asp — va — phe —ser — gln —val — cys — thr — his - leu - asp- thr — leu - lys
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Polany NOw- polow |,
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e Hydwphobic eor on~e _@
Prined

Disrupt a helix N N p
6 N- tevwvminnal mde
Hydroxy-proline [l 02’- pvoline bov
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NO NO Y27

as — Pephde bond

—EEDEED— 60O
e conhnrous audcaud oo A 5s{—m\«a Qz?olsuon
©  Conhwovs bomnc ocid a0 | P27 No y gomelux
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N wmn bey db o0 \n Helx

3,,-helix =
e 10 = Mwuwmbe mb okoms 1 Heliw

V/Observed as extensions of a-helices found at either their N- or C- termini.
v o, { dihedral angles near —49°,-26° - (-15)
" Right-handed helical structure *

v n2>n+3 M) — c=0mmn —y — @+

~ Distance between two amino acids 2.0 A oy 0.2 nm .

A-Helrx = 3.6, -Helix y/
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Helix 2-2:)_ HelAw

n-helix = Ye l'é
o N N+ a-helix —

+v* Right-handed helical structure
v* Observed at center of |0Lg a-helices
v 4.1 residues per turn £ |6 ontomns

* &, dihedral angles near —55°, -70°
.« n=>n+5 @ C=Omnyh— M —8 N+S -

« Distance between two amino acids |.15 A

A—Held y» T — heuw

. : a-helix —
: 310 (3'613) (”"Ii.)

f

. e 3 o 3.6 oo ¢ Y. 1 oo

' ’ ¢: -y4 ¢:"S9_ ¢:——5’$’“

- P=~2¢ Yz-y3z = -8

e N nN43 n— niy n— n+<s—

¢ 2A° I-sA° | )T A®
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Beta Sheets: . si1K |7| bvoin pvoteumnm — AnHPo\YmUJ/ 3-Sheel
» Povin memwbrant pyolen

« Common in protein after alpha helix
* Generally seen in interior of globular protein
* Distance between two amino acids 3.5 A°

Ponvoul ¢

N /\/\/\/\/C
 Inter/intra chain hydrogen bonding /\/\/ NN

* &, are about —140°, +135° in Antiparallel sheets : //}4\\’%/) v

* &, are about —120° +115° in Parallel sheets /\/\/W\/‘
Anh - Pa\w»(ul . /\/\/\/\/\\//
Op roed Q/’ A nhpanrg)ld

L -o00) - ]
( o~ p -2 J_dm‘o,__

® {{— AV\HPD\YQUCL Olwry ' Nk
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50.[. H/D — &xchange o] Amide l»«,dmjcy. 1n NMR
Hydrogen bonding occurs between neighboring polypeptide chains

<— An l——v-pooralld

W/L )K/ Kf W/k /EI\/L /@ Hy dwgen bond = 1§0°
Y —> Shable movre common

Y r“*ﬂ* e

H- bond = ISD

10 1 g e

—) leser Seen
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Rare Amino Acids

* Proline — cis pephde bm

* Acidic 9]
— ele choStoHe repuision
. Bac J— M i

Most Common

J

* Valine
e Alanine ”

° 4'161.}’!8‘/
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Prolme?

B Turn or B Bend or Hairpin Bend:
I ane

GLY

Q J iy J @

!
9w ops

(1) PPrmed by Y o 2(10 atoms
(2) Nn— n+ 3 H\,dw_jen bonds ¢
—) N+ L nt+2 donot Pa\-ﬂ-ra'/gmz mn H-bond:»?_



BIOCHEMISTRY
Residue 2

¢ v ¢ I [ £L "J
Pro-60 30 90 0 t+1
P L7l Asn+60 +30 +90 0 Rendwe 2
-60 +120 -90 0
+60 -120 +90 0

Fey vave of @LB  rindves

Omind aud decides -I'\”)e
ob yevevyse tvrn

Qi1 Wir1 Pz Wi
typel -60 -30 80 O
type I' -60 120 80
typell &0 30 a0
type II' 60 -120 -BO

Lo TR e [
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Collagen helix <— Seen 1n c,au/a\jw protein.

Gly-X-Y - 4 1\1— x=Y - 4ly —@——Y X = Pyolive
Lgtt-.handed helix Mz Hydw xy Pyolime
Peptide bond: trans —\

— Pvw- Pyo-0PWWO —  powypwhne Npe-I

Similar to poly-proline Type |l |
3.3 residues per turn — C18 - pephde bond

. . . . ) _
Distance between 2 amino acids: 2.9 A. : :00\'1 P”“o ::: ™ P" =
¢, P=-51°,+150° P Env

No intra-chain hydrogen bonding

— P~ P—PYo
Poloy €&nv
8 [ Trans pephde
1 PohI p¥o hne Hype-2

L]

Y
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Random Coil

* Adjacent bulky residues such as isoleucine: High steric hindrance
* Adjacent charged residues such as glutamic acid and aspartic acid
or lysine and arginine: Strong repulsion

The polypeptide donot have any defined secondary structure

- oY
- - - nv
Random coil configuration N
nk
n N -
N4

14}
Random c¢o) '{&'f\&
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Techniques to study secondary structure of proteins

Far UV- Circular Dichroism (CD) Spectroscopy 100 — 250 nm v vV

|

2. H/D Proton Exchange NMR Spectroscopy A5V — YOO MM NV UV
3. X-Ray crystallography Yoo — 200w Vi ble
4. Fourier Transform Infra Red (FTIR) Spectroscopy 7vvv —tvvw mwm 1 2
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Far UV CD spectra of major secondary structure in proteins
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Super secondary Structures (Motif): building blocks

o ‘o
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Domain o~ £old W — @C ND_OJ.QVIJ\\AM“:M

Groups of motifs combine in overlapping and non- °
overlapping ways to form the tertiary structure of a
domain, which is called a fold or domain.

-

P~

A protein domain is a conserved part of a given protein
sequence and (tertiary) structure that can evolve, function,
and exist independently of the rest of the protein chain.

|

Achve hion NS tl_l'_nj
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TERTIARY STRUCTURE OF PROTEINS: ’ \j'“?"‘ Svbumd proteln - Myoglobin
_— A’b\/M’V‘, Insviva -
Amino acids N\O\ﬂb bo ¥/

/\ o D‘)’lwmj bovce

v PYOI-CLM
oldt L8

Q dvvaM bic
/

N+ rocton

{5
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turn
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[ 06 oA .
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QUATERNARYSTRUCTURE OF PROTEINS: Mmove Hian one S bun ik

A=

Haemoqlobun - 24,2

- 2L &2 2H
Nuaedsom( 2 A 2n 8
2 H
o Teriary Structure(s) O Quaternary Structure 3 ) ZHV
3 Ractktred ANA poly e voue
osmbt'hged b-.1 non-covalenk o 2’(/ f3; F /

Thnirnokton — Pu7dm)3w bOndlv
— de thwstohc mmknauwn (Sauk bwdjg)
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SDS Analysis of Assessment of Oligomer Status

ProTetn = (00 KD

]

In pronence % re ducfvj condiHor
. (+ pme ov DTT)

lookn A B

) O

loo KD

S0e S5oa>

25 = =125 - 20
e R EE
mC;J s@+ 50 as..... €9

=)

Ve

Gl pevmepsror
Chavo maatv g yorph
S’)vyle Subvnit = 7
Muu—fpt( SubuntfF = ?

Similary Subunct '+ Homomer

DiSimilay Subvnmit : HetCyomev
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Tevhovwy [ Qualemony siv

o pwob élobutjw F’f"“ﬂ“’ c st
e NON-polor o £ o A bundarce ob non- polor oo
Poloy oo e I9rvaoluble 1n wakev

o Soluble PYO"W ZM
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Globular Proteins:

|.Myglobin — Haeme — Prote1n

: ;»::--""I““\'/\/a—HeIix
e 153 amino acids (M, 16.7 kDa) ¥ =2

v Sewmdahl Sly & RH  A-Helix N~

Iaops N
o 0, bin d"’ﬂ (swvajz) Pwkwi ob— mu scles
o Con bind Slyle 02_ molecyle

° Hlﬁh Abbmlh/ bav 0, as (ompave }o
hatmo globin
P Swﬁ le SubuntkF — Terh'mvy Shrvcture
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Haemoglobin Fe ? L-- O,

Hemoglobin (M, 64,500), which containsﬁ)ur polypeptide chainQand four heme
prosthetic groups, in which the iron atoms are in the ferrous (Fe?*) state.

Advls @ 2K + 2B (25)
2mbvyo: 2K + 2 €&

Fehvs ¢ 2K + 2y

a chain

o 21/(»‘1 Subuntt 1€ Aivmaloary 173}
N\A/()jl/DbH’) — m

e Qvattm v Shwvctvre

. Cv’t’oSol o&» RBC
s Moaximun Can bind B Y4 0, molewle.
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Myoglobin and Haemoglobin Oxygen Saturation curve . -
(0o, —— mefoglobi
T /"/ (R(’(/Pa\r\juéo\f
S I Fyper bol ¢
; ,/’ cv YVC)
< 5o/ . S e— Hoaemoglobin
Y ,/ (s;jmm'dal) r U
k ’/ [coOPeYd\hV‘”\IJ L _
/! Mb Hb
- //
of Megp=mf 1 4 1 44—}
10 20 30 Yo So 4o 20 @ <2y 100 |00
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° o A S
Fibrous Protein BH A=ty — o S

<+—Head domain— helix 1A -------1B------2A------2B---——-+—Tail domain—

j Monomer
I.Keratin — Hoaiv, Mol ' R |

Colle ;)2 : - : - : : : g
corl dimen y
\/]VlOnOmel"-— RH A~ HQLIX d Dimer

( Lepr honded)
vDimer — Ly coilded coil dimmer l

Vietramer — An hpavallel corlded corl dimer © w
 Protofilament — lenghn wise avva thmcnl- W
Ob e tvoamr /

v IO nm fllament Tetramer
) B\/ﬂd'eg 01) P)'\)J-Dbftto\men]' i \

Lo Kevahn Jilowent? R T oo
e Cxtro St b»m7 . D) sutth'dé’ Rond Protofilament
o E ;
DiSordevrs : ———%
. ° . E i |
* Epidermolysis bullosa simplex (EBS) 10nm filament

* Epidermolytic hyperkeratosis (EHK)
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2.Collagen . MmwsF abundeont Pw}—eun Aninnals
e Present In Exivo lon Wvabnxe (scm) £
Primary Structure RBosoal Loamildo

958
—FGly=—Pro— Arg —=Gly——Pro —BHgPE + Gly 1 Ser — Ala —
967

—aly @ GlYASp_Gly—Leu—Asn— O,, ascorbic acid (vitamin C) and Fe?*.

976
—Gly @ Gly—Pro — Tl —Gly.g __, wit+ C dbb,,-c_,emuy
985
—Gly-—Pro—Arg —Gly@Thr—Gly—Asp—Ala— C, lb, -X — Y
A

| 1

2@y Pro— Ala —SGIy=—Pro Gly—— Pro —C—
Pvo Pu.l drvoxy
1003 _»
—Gly—Pro—-—Gly—Pro Gly—— Pro — Pro — Pvo hine

—(Q)-x—1- G- x-1—@->x- ¥ —

Prolyl hydroxylase requires
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Primary Gl X Y-Gly-X-Y-Gly-X-Y-Gly-X-Y- «~

Structure

¢ - -SD0 P = 4150
Secondary -.-'-0-.'-0-..-0-.'-0-.-.-0-.-.— Col-w\) en Helix — Yyt handed
Structure 3 (NOo H_ bondnysw

Polypeptide chains

Tropocollagen

Trpple hex (ﬂghl' handed)

~300 nm oY TyoPo C,ou.d\feh (H—loondlw?)

Fibrils - . ‘ l covoalenl-

| | | —
\/ "“1 MM I : '|| ! 1 I Bond
__(Me*ro desmosine bond)
oY
Lv’sme noYy (eveine

Collagen Fibers Bond

~10 uM
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« Type of collagen depend on type of a polypeptide used for triple helix

composition m

al(l), a2(l) Skin, bone, tendon, blood vessels, cornea
al(ll), Cartilage, intervertebral disk

al(lll), Fetal skin, blood vessels

al(lV), a2(IV) Basement membrane

al(V)], a 2(V) Placenta, skin

o Move Hrion 28 dyfRyent hyped :lbu)u.oym
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Collagen Fibrils Are Covalently Cross-Linked W
Covalent bonds are derived from@and hydroxy lysine wE e e

Aysyl oxidase, (Cu-containing enzyme) converts Lys . \k

residues to those of the aldehyde allysine »

lysyl oxidas

Cross-linkage : Aldol condensation %

[e] carbonyl group

e (allysine)
%eta-amino propio nitrile (BAPN) inactivates(lysyl ANsIne (27
oxidase and causes lathyrism

o

Lysine n i
Ysme noy s LI e
lev e e bond
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Collagen Defects

9 Osteogenesis imperfecta (brittle bone disease): Mutation in type | collagen

o Ehlers—Danlos syndromes — mMmulnanttom 1n varnous g pe

Ob coUn9en
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