Notes 10/8

Monday, October 08, 2007
10:00 AM

Produced with a Trial Version of PDF Annotator - www. PDF Annotator.com

Example pl calculation- Arginine
(look this over on your own)
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Turn in extra credit

Answers to problem set #2 avail. online
Problem set #3 avail.

More practice problems available soon
Quiz 1 this week (20 pt)!

This Friday is the last day to drop

Voet & Voet should be read to enhance your
understanding, not to substitute for lecture

Check VOH regularly, especially the ques. &
answers section

Review

Protein primary structure
Peptide bond

Torsional angles (phi, psi)
Naming peptides
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Rotation around bonds

To defermine 1t or - (807

look froam Porspec"vt of
®- Carbon

L
Amide plane &

lrving Gola/Gain Archeves Truat. Cooyngin Howard Hughes Mokl Ikt
Reoraaceed wkh Dowresion

Phi, ¢: Rotation about the N-C_ bond, +180 to -180°
Psi, [iilj Rotation about the [@IEEH8Y bond, +180 to -180°
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Proline’s configuration about peptide bond

Trans 3 Cis
st stable > most fov CiS spmetimes found X107

Trans Cis
Proline Proline
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Name this peptide
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Amino acid primary structure homology
Secondary protein structure

Alpha helix

— Collagen, keratin

Beta helix

— Fibroin

Supersecondary structure
Biological functions of proteins
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What is the Nature of Amino Acid
Sequences?

» Sequences and composition reflect the
function of the protein

» Homologous proteins from different
organisms have homologous sequences

» Evolutionary relatedness can be inferred from
sequence homology

e.g., cytochrome c is highly conserved
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Amino Acid Sequences of Cytochromes ¢ from 38 Species.
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Amino Acid Difference Matrix for 26 Species of Cytochrome ¢
e

Man, chimpanzee
Rhesus monkey
Horse

Donkey

Pig, cow, sheep
Dog

Gray whale
Rabbit
Kangaroo
Chicken, turkey
Penguin

Pekin duck
Rattlesnake
Snapping turtle
Bullfrog

Tuna fish

Screw worm fly
Silkworm moth

Average

differences

4520
10117 816 7 6 6
131211109 10 9 8
131212111010 9 8

272622222221 22212423242229242224/0
3130292827 252726282827273128293214 0

‘Wheat 434340454544 444447404040 4604048494545 0
Neurospora crassa |48 47 46 46 46 46 46 46 49 47 48 46 47 49 40 48 41 47 54 0
Baker's yeast 4545406454545 4545460404540 47 4947 47 454747 41 O
Candida krusei 5151515050495050515150515153514847 47504227 0
= = =
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What Architectural Arrangements
Characterize Protein Structure?

» Proteins are classed according to shape and solubility
» Shape - globular or fibrous
» The four levels of protein structure

- Primary - sequence (Oct. 5th)

- Secondary - local structures - H-bonds

- Tertiary - overall 3-D shape

- Quaternary - subunit organization
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1.

Two Major Classes of Proteins

o Lourd N (st plwﬁ,\a
oY ead & :
[ al

Fib[Qu/s: this class of proteins are elongated
molecules w/ well-defined secondary
structures and function primarily in a structural
role, |.e. they hold things together.

* «- and p-keratins, fibroin, collagen, elastin

*Qercrally wiades  nglluble
cFaund 4o Ir}jq\-c@'u_,{&

Globular: most of the chemical work is done
by this class of protein so named because of
their compact 3-D fold.

+  Synthesizing, transporting, metabolizing, catalyzing,etc.

v dend o be were  round lke shape
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nsoluble
© 2005 Brooks/Cole - Thomson

(b)

Collagen, 4 Mvoglobin, a globular protein

fibrous protein
Soluble
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Secondary Structure

Linus Pauling studied the crystal structures of the 20
amino acids, postulated 4 principles that a polypeptide
structure should obey:

— Conserved bond lengths and angles with those of the free
amino acids

— No two atoms should approach closer than their van der
Waals radii would allow

— Amide group must remain planar & in the trans configuration

— Some kind of non-covalent bonding is necessary to stabilize
a regular folding. The most obvious possibility being the H-
bond between amide protons and carbonyl oxygens

In the end, he came up with two possible structures: the
a-helix and the p-sheet.
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D 2005 Brocks/Cole - Thomson
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The a-helix

+u,) Vidw - loo&'ﬂj ﬂbwi/\

" Eoyougs pornt owt

(G

,Spell A
v

IURS ave

h’o( "oplq, I ¢ QWAM‘\IC =
7/fop‘\.L,‘ ¢

A"”( ’OPA e
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The right-handed a-helix.

n "'\a’A’“c
Carlony| 15 H-bonded to of
) I'vJ‘,‘ +L¢/
i nteogen v, ! ¢ are
A e baq 'C’fce,s
NL‘DL\

SMAII'ZZS fl\" L‘CJ')(

Irving Geis/Gets Archives Trust, Copyright Howard Hughes Medcal institute, Regroduced with pacimssion,
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The microscopic organization
of hair.

Microfibril —

Macrofibril
e
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The structure of a keratin

(a) Dimer (b) Protofilament (c) Microfibril

N-terminal
heads

Coiled
coil rod

C-terminal
tails

\'\"'016-»\ har fkrw\gr\
disuifide crossiaks

o kerotin i made oF (2.

C\‘S*\Ns
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The two-stranded coiled coil structure of tropomyosin

23
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The triple helix of collagen

a

collagpn - (kolla = 4lue ,9r{ek)
o Rund in SKIn Bgaments hones, teeth
- responsible for Clmm,rj
s whee geititan comes from
* hag Jr\?epé.d, repeat
- G'U'X‘\T'G/gj» X-Y-

Recronuced with premssion.

K P"A ‘\D(mxjfn/vr\L

Page 235
Inving Ges/Gos Archwves Trust, Cooyright Howard Hughes Medical Insttute.
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Collagen

|
H—N H

H—C — (CHy)y = C =
0=C

Oxidized LYS cross-links
provide stiffness to collagen

‘-I—Molfbngfé"*t resdu in eollagen

o
”\'"/N —CcH=Can
H,c\ \C“z
C
n? “oH
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Collagen Synthesis - no* +me

not covered

0o @

Lecture Page 12



The Arrangement of Collagen
Fibrils in Various Tissues

Tissue Arrangement

Tendon Parallel bundles

Skin Sheets of fibrils layered at many angles
Cartilage No distinct arrangement

Cornea Planar sheets stacked crossways

sO as to minimize light scattering

Electron micrograph of collagen fibrils
from skin
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Banded appearance of collagen fibrils

Collagen molecule 2 EAERNE

Packing of molecules

SIS SOITEICE SOOI

1
[
1
1
1
i

EPUIIIIEE  ZOITEEE 208

Hole zone Overlap zone

0.6D

Courtesy of Karl A. Plaz, Cdllag o
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p-strand

- +rons g %ﬁw?s
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The parallel g pleated sheets

(b) Parallel

L @  (e==ng )
\eod I L/ ) L/
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The antiparallel p pleated sheets

(a) Antiparallel

e ® o= O® ®
S S 3
a8 0 . \,E/ 0 ., 0 C J
T @ > @ o @

H-bonding in anti-parallel g-sheet
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A two-stranded f antiparallel pleated sheet drawn to
emphasize its pleated appearance

rmission
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Fibroin

Rown 3 gt AL
\nare \J
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Page 229

Reverse turns in polypeptide chains

fa) Typel [ bend

(b} Type Il B bend

Irving Geis/Geis Archives Trust, Copyright Howard Hughes Medical Institute. Reproduced with permission,

Connections between adjacent polypeptide
strands in § pleated sheets.

(a) (b)
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Protein Folding Patterns

Hairpin - 2 antiparallel $-strands joined
by a loop.

Bop motif- two parallel p strands
connected by an a-helix

Greek Key- Two sequentially adjacent
hairpin motifs

EF- hand- helix-loop-helix

Schematic diagrams of supersecondary
structures

(b) (c) E ! y

(a)
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(A)

Which strands are parallel?
Draw the H-bonds.
Identify the amino-termini and carboxyl termini.
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B-sheet Proteins

S\

O

What Are the Many Biological
Functions of Proteins?

* Many proteins are enzymes

* Regulatory proteins control metabolism and gene
expression

« Many DNA-binding proteins are gene-regulatory
proteins

« Transport proteins carry substances from one place
to another

+ Storage proteins serve as reservoirs of amino acids
or other nutrients
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What Are the Many Biological
Functions of Proteins?

Movement is accomplished by contractile and
motile proteins

Many proteins serve a structural role

Proteins of signaling pathways include
scaffold proteins (adapter proteins)

Other proteins have protective and exploitive
functions

A few proteins have “exotic” functions
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