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COMPUTATIONAL STRUCTURAL BIOLOGY
STRUCTURE , SIMULATION , FUNCTION £
PREDICTION

Lecture 2

Michael Levitt
Structural Biology, Stanford

http:/csb stanford edu/class
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LECTURE 2

Polgpepl:iole Chain
Amino Acids
Degrees of Freedom
Reverse Tums
The Alpha Helix
The Beta Sheet
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Polupeptide Chain
oncept 1.1
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THE POLYPEPTIDE CHAIN

(hemical Structure

The Peptide Group
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CHEMICAL STRUCTURE

""""" °* The amino acid side
chain is attached to
the CA atom.

c’{ Q °It has L chirality

aluays pointing up in
the orientation
shoun .
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*An amino acid runs from

the NHaroup to the (O
group .
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THE PEPTIDE GROUP

*The peptide group betueen
amino acids is rigid and

planar (resonance).

Lond  °IE has co—linear bonds
mtgg mtcring and k‘M“ﬁ »

_ doe to partial charges on
'. 0 Ze NH and CO groups.
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&G ST e IS R

http://localhost/SB228_Lec_2_2004/Slide06.JPG [1/27/2004 12:15:15 PM]



http://localhost/SB228 L ec_2 2004/Slide07.JPG

Amino Acids
Concept 2.2
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AMINO ACIDS

Amino Acid Side Chains
Amino Acid Names
Amino Acid (lassification 1
Amino Acids: Glﬂ £ Po
Amino Acids: (ys
Amino Acids: Leu £ Pe
Amino Acids: Glu 2 Arg
Amino Acids: Val £ Ile
Amino Acid (assification 2
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AMINO ACID SIDE CHAINS
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*[here are 20 ml:urallﬂ

o[t is worth learnil\g

the amino acid names.

o[ here are many text
bools that say much
more about amino

acids .
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AMINO ACID NAMES

Alanine
Cysteine
Aspartic AciD
Glutamic Acid
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine

Leucine

Ala
Cys
Asp
Glu
Phe
Gly
His

Ile

R A & G M K O O P

Methionine
AsparagiNe
Proline
Glutamine
ARginine
Serine

Threonine

Valine

Tryptophan
TYrosine

Asn
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AMINO ACIDS GLY AND PRO

*Glucine is simplest,
without a sidechain
It is very flexible .

° Proline is the onl
cgcli.c Gmino acu?
used in proteins. It

is very rigid .
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AMINO A(T])S CYS

* (ystine is special in
that it forms
covalent bonds.

o [lese are called SS
bonds or disulfide
bridaes .
°'ﬂ\e3 make closed

loops in the
polypeptide chain.

L
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AMINO ACIDS LEU AND PHE

o] eucine is a branched

al atic h
amtpt‘r:o mﬁf"mf"d*
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AMINO ACIDS GLU AND ARG

oGlutamic Acid is a large polar
amino acid .

It accepts hydrogen bonds and

is normally ionized (—%e).

It donates Lﬂo‘raaﬂ\ bonds and
is normally ionized (3%e).
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AMINO ACIDS VAL AND ILE

*Valine is a branched
alipghatic obic

. <—amino acid. It branches

ot the (B atom.

°*Jsoleucine is also a
branched alighatic
hydrophobic amino acid .
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AMINO ACTD A ASSIFICATION 2
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'Degrees of Freedom
Concept 2.3
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DEGREES OF FREEDOM

Baclbone Degrees of Freedom
Steric Clashes Limit (@ W)
Ramachandran Diagrom
Different Baclbone Conformations
Contour Pots
(¢, Distributions: A, 6, P, N
(@ ,¥) Distributions: A, M, F, V
Side Ghain Conformations

N T IR R




http://localhost/SB228 L ec 2 2004/Slide20.JPG

BACKBONE DEGREES OF FREEDOM

Y

* The torsion ang

le

rotating dbout the
N-CA bond is called ¢

* The torsion ang

le

rotating dbout the
CA—Cbond is called Y/

c Togetker tkeg are the

(tlb,\ll) anagles
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STERK (LASHES LIMIT PHI, PSI

o [he peptide O atom
is much bigger than
he peptide H atom.
It con clash with
the side chain.

°® As the (O growp is
closer for rotation
about QI) than for
W, the clash is

Worse.

e e el LI )
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RAMACHANDRAN DIAGRAM

* Map the clashes.
(Done o 19%63).

¢ Green is dlloued .

+180°
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-180° 0° +180° o 180 ______
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'DIFFERENT BACKBONE CONFORMATIONS

- Stmgkt chain (used
for bet a—sheet )

* (O groups point in
opposite directions .

* Bent chain (used for

alpha—helix )
*CO aroups point in same
direction .
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CONTOUR AOTS

, 1180

180 0 180

*Count: namber of N( () , | ) found in Lnown proteins and then

convert: to a psendo eneray using -IOQ(N((I) ,\|I))

g Rt 1 i 0l
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PHI PSI DISTRIBUTIONS A,G, P, N
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oGLY and PRO
are special.

*ASN is a bit
le GLY.

°* Most are like
ALA due to
B atom.
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PHI PSI ])ISTRIBUTIONS A,M,FV
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STDE CHAIN CONFORMATIONS

n 3 BUYES

| Lowbal Y isdefoned by N-CA.CB-CG.
4(1\11 ohsl:nbul:wh—~

e e e IR R R
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Reverse [ums

Concept 2.4
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REVERSE TURNS

Beta Tums

Virtual Bonds
Beta Tums Types
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BETA TURNS

¢ [he chain directions
changes 180 degrees.

¢ This can be done in

many ways gung tupes:
I,I’, II, II’, IV &

® There are seguence
restrictions. For example,
in Type II”, position 2
must be GLY.

From Mathews and van Holde: Biochemistry 2/e. © The Benjamin/Cummings Publishing Co., Inc. :a;@:%1.:|,§g'|ji£;-;jt-];;ﬂ;;]l I g diedl
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VIRTUAL BONDS

o OLisdefined by CA_-CA, -CA_-CA_,
* OL is approximately W + ¢+ 180
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BET TURN TYPES

There are four allowed (© ) values:
ar (-¢0,-40) PR (120,+120)
aL (+60,+50) BL (+120,-120)

120 9,
= N />
For tumn need small alpha angle: QL= + ¢ + 180 =0

180

-180

OR R T oL = 4060+ 180 = 20

17h3 allowed oL oL I’ . = +L0+CO 190 = 80
_ BR aL IT oL = +120+60+180 = O
conformations BL R I’ = —120-60+180 = 0
at i ond +1 QR L VI @ = 401204180 = 20
alL PR VI’ @ = +40+120+180 = 20

N T IR R
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The Alpha Helix
Concept 2.5
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THE ALPHA-HELIX

Proteins have Alpha—Helices
The Alpha—Helix
The Helix Surfoce
Helix Surface Ridges
Helix Ridge Lines
Different Possible Helices
3o Explained
Alpha—helix Dipole
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® Myoglobin is built: almost entirely from alpha—helices .

® Most other proteins have some helix .

b i 04
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THE ALPHA HELIX

*Pauling et al. °The alpha helix is formed by

1151 original.  NH..O=Chydroaen bonds .
2.2 ide36.J 4 12:15:48 PM
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THE HELD( SURFACE

* Make ahelical
net of the helix
surface .

* Wrap a piece of
paper around the
helix , marlc the
positions of the
sidechains and

UNRrap

1 CresiduesTburn. 5 LA . Lo belix

e e el LI )
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HELIX SURFACE RIDGES

* Sidechains that
are in positions i
ond i+3 form a
ridge that is a
left—handed helix .

* Sidechains in
positions i and i+4,
— form aridge that is

? a right—handed
itoit? ridae  itoith ridae helix .
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HELIX RIDGE LINES

itoi+d ridae itoith ridae

agileha

3 _.i-l. m e ‘\.:
Ldsamilidc (0l
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|
a0

DIFFERENT POSSIBLE HELICES

°TLe?>1oL¢|iJ: is thin

¢ The 7T or Smkdix
is fat and has & .2
residues /tumn .

oThe (L helix &
just right . It is a
lr13kdixuitk3.6
residues/tumn .

N T IR R
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451

* Ford a huplrogen
bonded. loop.

10 ° Comt residues
by number of CA
atoms in the
loop. Here 2.

°* Count atoms in

& 2 loop including O
and H. Here 10.
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ALPHA-HELIX DIPOLE 1

due to partial
charges on NH
and CO aroups .
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ALPHA-HELIX DIPOLE 2

C—terminus

*In the d-lelix, peptide

-0.5e dipoles lne up to
-- tLeLdaalargezpale-

° This dipole is eguivalent
to Lwing a d;ﬂrgt of
3+0 Se at the N-
terminus and —0 Se at
the C—teminus.

o The N—-terminal +0 5S¢
charge is importoant in
many enymes. It acks
[le a short posctuulﬂ

st |0 gt )
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The Beta Sheet
Concept 2.6

e e IR e
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BETA SHEETS

Proteins have Beta—Strands
The Beta—Strand
Beta Sheets
Beta Sheet Sidedness
Beta Sheets are Solid
Beta Sheets are Tuisted
The Beta—Hairpin
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PROTEINS HAVE STRANDS

® Jmmunogobulin domains are built entirely from R—strands.

o Most other proteins have some beta structure.

b st )
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THE BETA STRAND

)} 4mm Extended chain is flat.

..........................................

---------------------------

...........................................

_ 5130
] ' T OH diegonel so
N __Oiwm strand tuists. NH..0=C

el 4
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BETA SHEETS
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ARE SOLID

The hydrogen bonds

the atoms of the sl:rm
in close contact forming
a solid surface , uhich is
flexible .
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BETA SHEET SIDEDNESS

Side chains on Side chains on
bottom of sheet  top of sheet
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- Ew:rg second residue in a
B—strand in on the same
side of the B—sheet.

o B—sheet can be totallﬂ

anqohpd:hc Seguence is

sl el it
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REAL SHEETS ARE TWISTED 1
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REAL SHEETS ARE TWISTED 2

Sidle view
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® The beta—hairpin can be
very tuisted.

®This is because the
beta—strand is tuisted.

(  °It is possible to have
' long tuisted hairpins as
: they do not involve

N T IR R
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