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Proteins and Protein Structure



Protein Structures

- Sequences of amino acid residues
d 20 different amino acids

Primary Secondary Tertiary Quaternary
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Proteins: Levels of Description

FRIMARY
N terminus-,. MYCATISEATINGFISHANDMEATANDWATER,, -C terminus

SECONDARY l

FTERTIARY

QUATERNARY
10/8/18 5 4




Proteins

dPrimary structure is the sequence of amino
acid residues of the protein, e.g.,

Flavodoxin:

AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA.. Seconjdary

- Different regions of the sequence form E
local regular secondary structures, such &

.A pha hel{x, beta strands, efc. E

AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA...
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More on Secondary Structures

d a-helix
.Main chain with peptide bonds
.Side chains project outward from helix

.S’rabili’ry provided by H-bonds between CO and NH groups of residues 4
locations away.

d pB-strand

.STabiIi‘ry provided by H-bonds with one or more p-strands, forming p-sheets.
Needs a -turn.
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Proteins

d Tertiary structures are formed by packing secondary structural
elements into a globular structure.

Myoglobin Lambda Cro
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Quaternary Structures in Proteins

Quaternary

» The final structure may contain more
than one “chain” arranged in a
quaternary structure.

v -
“¢ _t_.
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More quaternary structures

Bovine deoxyhemoglobin
(Heterotetramer)

I

\ & W/
3
Muscle creatine kinase | —
(Homodimer)
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J Hydrophobic
J Charged

J Polar

J Small

J Very Small
J Aromatic

10/8/18

Amino Acid Types
I,L,M,V,AF,P

K,H,R
E,D

s, T,Y,H,C,N,Q,W
A,S,T

A,G

F,Y,W
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Amino Acid Types

TINY
ALIPHATIC

HYDROPHOBIC

AROMATIC

CHARGED POSITIVE
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Structure of a single amino acid

All 3 figures are
cartoons of an amino
acid residue.

. Side Chuin

.-Carhon

Carboxyl group

'l
Amino Group &
'/‘ .-—-“.\ ,l".---- —-.\\
{ H\ N, / }J H i
[} N *ls ." 'l.

HNH2| C 1

Fig. General formula for an
amino acid molecule. "R”
represents the variable groups
that are attached to this basic
molecule tp make up the 20
common amino acids

H & C
N |
NH S ¥ N 0.
B s £ ki
T
Carboxyl group

Amino group /

coo~
| /Alpha carbon

H3N* - c*= H
|

@
\H/ ~4— R group
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Chains of amino acids

0 H 0

H
| ||l | |
{OH + He N-CH-C-OH = NH;CoC— N+CH~C~OH + HP
I
R

-

PEPTIDE BOND

Amino acids vs Amino acid residues
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Angles ¢ and v in the polypeptide chain

Rl / O R3
| | |

b v
N DLC A:C\

o

N
| l l I
0 R; H 0

FIGURE 1.2

A polypeptide chain. The R; side chains identify the
component amino acids. Atoms inside each gquadrilateral
are on the same plane, which can rotate according to angles

¢ and .

@ -

f

HIN— e

10/8/18 CAP5510/ CGS5166



.
L R

S D TITF CMOosws

T-




1. Nonpolar: Hydrephobic CH CH
CH |\C -—CH CH CHy— CH
| 7 I .» | 7 I

Alanine (ala-A) Valine (val-V) Leucine (leu-L) Isoleucine (ile-I1)

4

:: H. ™ > A \\/ | \2
:I;- {. | [ H

s /5
= ”|

Proline (pro-P)  Methionine (met-M) Phenylalanine (phe-F) Tryptcphan (trp-W)
Amino Acid Structures from Klug & Cummings
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2. Polar: Hydrophilic

H CH. SH
| | |
H H == = OH H = C = (OH CH,
l | | I |

Glycine (gly-G) Serine (ser-S) Threonine (thr-T) Cysteine (cys—C)

OH
O NH,
7 L i
| O NH, |
\ \\\\f / CH,
|
CH, CH, CH,

Tyrosine (tyr-Y) Asparagine (asn-N) Glutamine (gln-Q)
Amino Acid Structures from Klug & Cummings
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3. Polar: positively charged (basic)

Amino Acid Structures

NH,’

Lysine (lys—K)

10/8/18

NH.,

Arginine (arg-R)

CAP5510/ CGS5166

from Klug & Cummings

Histidine (his—H)
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4, Polar: negatively charged (acidic)

\C //I, )
| -]\ / I'| |
|
*l'

R

|

AMINO—— 4N == C == .
group

/O/L

,0'//

Amino acid struclure

Carboxyl
group

Aspartic acid (asp-D) Glutamic acid (glu-E)

Amino Acid Structures from Klug & Cummings
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Alpha hclices

oi—Helix

LZeawdvwaimet vlae

(L) Doavidd il t, S Gwon Tan, Gileaiee Tusaoes ool Dl liky Vesterenlzi 2002 16
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Ramachandran Plot
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Figure 2.2 The @ helix is one of the majer elements of seceadary
dructuee in proteins, Main-chain N and O atoms are hydrogen-honded
te eark ather within o helices. (a1 idaslized diagratu of the path of the
main chain in an o hebix. Alpha helives are [requentiy ilustrabed in this
way. There are 3.6 residues per tum in an o helix, which correspunds
1034 A 11,3 A per restduel, (L1 The same as (3) but with approximate
positions for main-chain atows and hydrogen bonds included, The
artow denotes the direction from the Noterminus to the C-lerminus.

i1 Schematic dizgram of an e helix. Uxygen atoms axe ted, and N
atoms are blue, Hydropem bomds between O and N are red and striated.
The side chaias are represented as purple cicles, () A ball-and.stick
mecel of anc @ hebx in myvoglosio, The pain of the main chais is
nutlined in yellow; side chains are purpke. Main-chain atoms are nat
colored. (e} Cne rumn af a1 1 helix viswed doavn the helical axis. The
purple side chains preject aut from the o helix,
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Alpha Helix
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Beta Strands and Sheets

amino acd

H-bond& side chain
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Molecular
Representations
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L., representation oS schematic

10/8/18 CAPS5510/ CGS5166 25



Supersecondary structures

(A) (E)

repeat
pap rep Pap-meander

(D)

Greek Key

Gamma 3
crystallin
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Secondary Structure Prediction Software

1 10
0 x
40 1)
=

Recent Ones:
' ' GORYV

PREDATOR

Zpred

PROF

NNSSP

PHD

PSIPRED

Jnet

Figure 11.3 MMMvdmvl’M'QM‘Jn-ubv'nm Mothods. The saquercw uf Marvodaxin enap — s he — .
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GOR 1V prediction for 1bbc

AFAGULNDADLAAALEACKAADSFUHKAFFAKVGLTSKSADDVKKAFALL
CCCCCCCHHHARHHHHHARRACCCCCHHHHEEECCCCCCHHHHHARRHAH
AGDKSGFIFEDELKLFLAKFKADARALTDGETKTFLKAGOSDGDGKIGYD
HHCCCCCHHHHHHHHHHARHHHHHARCCCCCEEEEEECCCCCCCCEEECCE
RVTALYKA
CEEEEEEC

sequence lepcth: 108

GOR I

alpha halix (HR) - 50is 46.30%
aeta shoet  {Ee)  180s 16.67%
rangom coil {C¢) 40105 3/.04%

(111 11 e
11 11 1 R R 1
20 40 50 30

20 40 50 80 100

— helix
sheet
coil
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Neural Networks
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Neural Network Prediction of SS

N-terminal.. THISISA I{MES SAGE...C-terminal

input layer

hidden layer

output layer

firing result

prediction result o
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PDB: Protein Data Bank

Database of protein tertiary and quaternary structures and protein
complexes. http://www.rcsb.org/pdb/

Over 29,000 structures as of Feb 1, 2005.
Structures determined by
.NMR Spectroscopy

.X-r'ay crystallography
.Compu‘ra’rional prediction methods

Sample PDB file: Click here [ - ]

10/8/18 CAP5510/ CGS5166
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///ppt/slides/1cop.pdb
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PDB Search Results
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d How to find minimum energy configuration?
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Protein Folding

amino acid
side chains
/ .\\_

unfolded protein

lFO‘_DING

binding site

folded protein
10/8/18 wAP5510/ CGS5166
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Energy Landscape

. l
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transmembrarne domam

exotoxin a

myoglobin

Example: Diphtheria Toxin
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Protein Structures

Most proteins have a hydrophobic core.

Within the core, specific interactions take place between amino acid side
chains.
Can an amino acid be replaced by some other amino acid?

.Limi’red by space and available contacts with nearby amino acids

Outside the core, proteins are composed of loops and structural
elements in contact with water, solvent, other proteins and other
structures.
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Active Sites

Active sites in proteins are usually hydrophobic pockets/
crevices/troughs that involve sidechain atoms.

e adiacsnd lanp egtons that conmect the
1o strands witk: o helioes ar copasile sices
af the [psboer, Phis s tllustrazed Dy the cusled
lingers o o hands (b, weere the tap balves

[l () ) Figure 3,03 Gl The actve it i opon twisted
. \ e/ domaine 15 101 2 crevice outsive the carlbioay
= = S cids ol the 5 strasde, This erevice (& formed by

= of the fingers represent loep egions and the
45 g foiiam harees reprosent the B osteancls, The o
\ > 4 represeots o bovm malaoale in tee hinding
CrVicn,
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Active Sites

Left PDB 3RTD (streptavidin) and the first site located by the
MOE Site Finder. Middle 3RTD with complexed ligand (biotin).
Right Biotin ligand overlaid with calculated alpha spheres of the
first site.
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Jd SPDBV
Jd RASMOL
d CHIME
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Viewing Protein Structures

CAPS5510/ CGS5166
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Structural Classification of Proteins

J Over 1000 protein families known

.Sequence alignment, motif finding, block finding, similarity search
J SCOP (Structural Classification of Proteins)

.Based on structural & evolutionary relationships.

@ contains ~ 40,000 domains

.Classes (groups of folds), Folds (proteins sharing folds), Families (proteins
related by function/evolution), Superfamilies (distantly related proteins)
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SCOP Family View
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CATH: Protein Structure Classification

d Semi-automatic classification; ~36K domains

J 4 |evels of classification:

.Class (C), depends on sec. Str. Content
> a class, B class, a/p class, a+p class

@ Architecture (A), orientation of sec. Str.
.Topolgy (T), topological connections &
.Homologous Superfamily (H), similar str and functions.

10/8/18 CAP5510/ CGS5166
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DALI/FSSP Database

d Completely automated; 3724 domains
 Criteria of compactness & recurrence

A Each domain is assigned a Domain Classification number DC_I_m_n_p
representing fold space attractor region (1), globular folding topology
(m), functional family (n) and sequence family (p).

10/8/18 CAP5510/ CGS5166
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Structural Alignment

d What is structural alignment of proteins?

.3—d superimposition of the atoms as "best as possible”, i.e., to minimize
RMSD (root mean square deviation).

.Can be done using VAST and SARF

d Structural similarity is common, even among proteins that do not share
sequence similarity or evolutionary relationship.
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Other databases & tools

4 MMDB contains groups of structurally related proteins

J SARF structurally similar proteins using secondary structure elements
d VAST Structure Neighbors
- SSAP uses double dynamic programming to structurally align proteins

10/8/18 CAP5510/ CGS5166 47



5 Fold Space classes

Attractor 1 can be characterized as alpha/beta,

attractor 2 as all-beta, attractor 3 as all-alpha,

attractor 5 as alpha-beta meander (1mli), and

attractor 4 contains antiparallel beta-barrels e.g. OB-fold (1prtF).
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Examples of protein classes

(&)
Translation
Ll ", Initiation
\ AN Factor 5A
Parvalbumin - &
1BRAC 1BKB
(© /egb?:_.

Serotonin N-
acetyltransfer

ase (oc/B alternating fold)

TCW 1CTY
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Fold Types & Neighbors

lurnA 1hal

Structural neighbours of 1urnA (top left).
1mli (bottom right) has the same topology
even though there are shifts in the relative
orientation of secondary structure elements.

2bopA Imhi
10/8/18 CAP5510/ CGS5166 50



lurnd
Z2=10
lhal
A=
2bopA
Z=2
1mli

lurni
2=10
lhal

2=5
2DbopA e
Z=2
1mli
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Sequence Alignment of Fold Neighbors

-~RPLHTIYINNLNEKI----KKDELKKSLHAIESEEG---Q LDILV- SRb—--LKM——-

* * * * *

ahLTVKKIFVGGIKEDT---~-—-~-—~- EEHHLBQXFEQXQ—--K EVIEI- MTDrgsGKK---

*

-—-—eCFALIS-GTANO-———— vKCYRFRUVKXNHRER -~ - - - VENCTTLWFT---Vadnga

-—-ml FHVKMTVKLpvdmdpakatglkadeKELAQR1 gregTWRHLWR ~IAG= = = = = ===~

-—--FGQAFVIFKEV--§§AINALE§MQGFPFYDKPMRIQ!AKTD&LIIAKM ---------

*d dkkd o«

- - -~REGFAFVTFDDH- -nsmx_ym-km'r‘mcmcm&ml, ------------------

* * * x x * *

gggAQILITFG&B--&QBQQELEHVPLPP--——GMNISGF ----- EASLDE - ===

x x * »

-—-—-EYANYSVFDVpevEALAD U LMOLPpLERPY----MDIEVD-~--- gLCRHpeeiheddr
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Protein Structure Prediction

< Holy Grail of bioinformatics

d Protein Structure Initiative to determine a set of protein
structures that span protein structure space sufficiently
well. WHY?

@Number of folds in natural proteins is limited. Thus a newly
discovered proteins should be within modeling distance of some
protein in set.

- CASP: Critical Assessment of techniques for structure
prediction
@70 stimulate work in this difficult field
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PSP Methods

J homology-based modeling

Jdmethods based on fold recognition
.Thr'eading methods

dab initio methods

.Fr'om first principles
.Wi‘rh the help of databases

10/8/18 CAP5510/ CGS5166
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ROSETTA

J Best method for PSP

d As proteins fold, a large number of partially folded, low-
energy conformations are formed, and that local structures
combine to form more global structures with minimum
energy.

J Build a database of known structures (I-sites) of short
sequences (3-15 residues).

- Monte Carlo simulation assembling possible substructures
and computing energy

10/8/18 CAP5510/ CGS5166 55



Threading Methods

1See p471, Mount

@nrttp://www.bioinformaticsonline.org/links/ch 10 t 7.html

10/8/18 CAP5510/ CGS5166

56



10/8/18

LA L
oo “Lype-d [5-bairpic
FICLRF 10,30 A hide s Mardoow madd (Mserers emareespaes medelt of prorcin cheesodimensiorzl cmierire. [B)
ENP cabed HMMSTA bocad on sl 3 10 15 neinw acic satiess W are coudiled wi Juee Jnesoval
srcure | fograrcs. The vwo matrkess with 2olord squars eepresa el gament of 3005 of pameme that are feund o
e assocated witk = stactare, in this case the haupis tame ehovm on the mght Dich ocluma in the tble corre
spanés 1o the amins 22d varizten found Br on: grucwsl postion i ons of the twns (Dlae 0z chas)
Lonse el noecobr cemidues: Tgraen) conssved polar corldae e vosceved pouioe e (range) v vl
et Tae ren hatrpine 20 al'gned sevemirzlly te e dddle seeneraes cnthe righe =né the chesmind werdetins in
LR CEERTITE TSR T TR H IRCHTY INRTTCSERR R TRR S St I (PO DR o BT RS B E DO IR TR T TO N | S [ T L AT AR |
represents ap alignment of the owo hatrpds structura mochs In chres-dimenslon:l spacs ard an allgrmzar of the
xqu L n;ln u..s.n..!d e L e :Jl: .;,.nl.l.z.g Iu- el e tvs e ul.l s The iln.e.l s

-uL.u sal-.m Ui tequence sl xl l..luul al. IILL. ez 0l 2 soue susilion o Qe v dl, utdu.ln Uie g wability vl
spszrving a partlouhir amloo :o0d, socondary govawrs, bW Sacksons amales, and srictuial comen, o3, loentisn
v ersml s b B cokes ane ity e e, el dimaec e e Pty Lo T
zolor of the 1zco mdicates a s2quernse peefzience as follows: [0'nz) medrophobic [graen polar; iné [ieflon)) gyre.
Sanchrers L xonsare iy ioentlivation nuedere Joe Uve HALY stires Lvere s o toansilion crolaly iy ol nesy

ing frara each stats in the modzl w0 the naxt, as in DM thae eepresent msa’s. This madel o a small component of
e vnziies HMMS K vasded the s ee mmarnt oo ivg o (he v o | oeites Biloany. 0 e o lle oot secbele, dhesipn

ed A7 07 apc XF, ars dnzadec in [IMMSTR, which diSee In cenzlls as o how the alignenean of the Tosher was
anrained m eoshrr The Aran oAl g parttims e nalagy) of The moeel aad wrkch st dars wr e naed 1y rain e
mec:l IIMMSTR nary be wied Sor 3 vanety of cifersmt pecx:bcm..:xh.cmg seconcary strusturs predaction, st
el wwnlbeal precidioon el 4 ¥ diledea wigle poadicton, Feedivivos cee nale b wlpeivg Ui mocel wilh g
sequence, Bndicg if there 52 high scciing dhgmment, and decipiering the higheet soring path through the model,
T HMMES I peggaon ey Be ddesedeaniecd e el annaseras s st con Besroslily Bl by o el s (b,

reprinted, whh paeeadsiion, from ypsto€ 2z al 2000 | 22000 Dsevier )

57



o000 0000000

SwissMODEL

3DJigsaw
CPHModel
ESyPred3D
Geno3D
SDSC1
Rosetta
MolIDE
SCWRL
PSIPred
MODELLER
LOOPY

10/8/18

Modeling Servers

CAP5510/ CGS5166

58



Genomics

d Study of all genes in a genome
.AI | aspects of total gene content
.Gene Expression

>Microarray experiments & analysis
>RNA-Seq
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Proteomics

d Study of all proteins in a genome, or comparison of
whole genomes.
.Whole genome annotation & Functional proteomics
.Whole genome comparison
.ProTein Expression: 2D Gel Electrophoresis
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2D-gels

Cell State 1 I Cell State 2 I Cell State 3 ‘
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Mass Spectrometry
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Time

d Mass measurements By Time-of-Flight
J Laser ionizes protein
d Electric field accelerates molecules in sample toward detector
J Time to detector is inversely proportional to mass of molecule
J Infer molecular weights of proteins and peptides
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Mass Spectrometry (MS)

JUsing Peptide Masses to Identify
Proteins

@Peptide mass fingerprint is a compilation of
molecular weights of peptides

@ Use molecular weight of native protein and
MS signature to search database for similarly-
sized proteins with similar MS maps

@rairly easy to sequence proteins using MS
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Other Proteomics Tools

From ExPASY/SWISS-PROT:

J

AACompIdent identify proteins from aa composition

[Input: aa composition, isoelectric point, mol wt., etc. Output: proteins from DB]

4
4d
4

D O O

AACompSim compares proteins aa composition with other proteins
MultIdent uses mol wt., mass fingerprints, etc. to identify proteins

PeptIdent compares experimentally determined mass fingerprints with
theoretically determined ones for all proteins

FindMod predicts post-translational modifications based on mass difference
between experimental and theoretical mass fingerprints.

PeptideMass theoretical mass fingerprint for a given protein.
GlycoMod predicts oligosaccharide modifications from mass difference
TGREASE calculates hydrophobicity of protein along its length
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