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Important Background Material

(a) Organic Compounds

R R
i 0 0 0 1 |
_‘f— —C-H —C—  —C-OH R--SH R--NH, R-NH  R--N-R,
. Primary Secondary Tertiary
alcohol aldehyde ketone carboxylic thiol (sulfhydryl)
acid v
|
Amines
Wyrite Hawm gvr + dvaw Hum rfa(h‘na, W/ (ondensatiin
ﬁ ﬁ (o] o} (0]
|| G ] 1l
--OH --C--R --C-- --C--O'k‘ --SH [ —0--pP--0° -] --O6
sulfhydryl (thiol) --NH or --NH (Le I@
hydroxyl acyl carbonyl carboxylate 2 5
amino phosphate phosphoryl
H H
\C_C/
T 0o (o] o
H-C,  C— | | | I I I
oG —C—0—C— I | I ~C—0--p-0° —0--P--0—P--0—
e e —C-0—C— —C-NH, | Je de e
phenyl ether ester amide phosphate ester phosphoanhyrdride

(c) Linkages in biochemical compounds
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Chapter 2
Protein Structure and Function

e It’s all in the R groups
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Protein Functions in Biological Systems
nacomolete U diverse in ftwctve  wiy?

: >10 &iff AR In many
— Most enzymes are proteins Lombos
. Act as catal;sts to 1ncrease rates of reaction

Aeelgvat  rate  (fastev)
«  Transport and Storage

- Small molecules are often carried by proteins

. Oxygen by'hemog@ iron by transferrin
¥ mvlfiallviav ova‘av\‘\sms ngd To Vaniport to :f@tﬁg

Movem;nt Mowemsgt & MY 0y Mbre wirin boa,
— Proteins are the motors for both large scale (ie muscle)

and small scale (ie cytoskeletal) movement.

: micatodes | actin myosin @l proteins
e  Mechanical Support ﬂ

— Proteins play major roles in providing structure in

multi-cellular organisms CM ¢ basement mumbvane
onngchive fisTR - protiens to bone
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Protein Functions in Biological Systems

Immune Protection  gptivgies | reaptors
Immune system function is based on the use of proteins
as receptors for binding foreign molecules

Nerve Impulses ,ials v nenovs system %chs>
Gated protein channels serve to initiate and propagate
nerve impulses

Control of Growth and Differentiation
Proteins act as receptors for molecules controlling cell
development, regulators of metabolic activity and

regulators of gene expression. protéing dnve 4ere
mylhcgllvlay 0Yganisms Expression re7zvlah'bv\
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2.6 The a Amino and Carboxylic Acid gr

amino acids can 1onize

c, H, amino  (arboxy)

And AN, R

oups of 7"

S
R H R Ht R
H H H
*H3N COOH \ *H3N CO0- \ . HaN [070)"
N}
\ .
G Cam)((onfkd chayr s 0
- : oy
i ot Charges ‘ ami
\L \ . same How \ Both groups 1;\0on
T Zwitterionic form deprotonated
0 is hit\n (l‘OV\ﬂLJ%
o n His
Ll o w () AL | —j
C = Both grou ' gl aa
., = groups  luak O Carbomyi
N § ‘ © amno i alble
o hun
) V\'\ i$ %{D\/\o
| oW I
0 _MB Yy 6

gotm 117 PH

liw pH
Protns 227

hi ‘KV\ M

" les protons —
(hanging oF pH Ho get & reacion o occur



2.18, 2.20 Amino acids are linked via amide linkages

known as peptide bonds
R R R 0]
Y oo, YRR
+H3N/ \$:( B + +H3N/ \${, ~ — +H3N/ \Icl:/ \IC/ \\o + H20
o (0] o) H aRZ
eptide bond ) amido bongs

ZO\W\MD - (awvboay|  adMniation Fluctivn
Amide bonds - reaction of an amino group and a carboxylic acid group.
- Amide between two amino acids - peptide bond.
- Polypeptide has N and C termini
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“Start” of polypeptide “End” of polypeptide
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Polypeptide structure controls function
 The sequence of amino acids in the polypeptides

controls what shape it folds into.
— Different AAs have different properties based on their

R groups
. - Aliphatics - hydrophobic (#/Pr + nydwgens permene. g
. . Aromatics - contain phenyl rings, unusual electron properties
. - Sulfur containing - have S in their side chains
. - Aliphatic hydroxyls - more hydrophilic than the aliphatics a# ]@rh oH
. - Basic - side chains with ionizable amine groups
. -Acidic - side chains with carboxyl groups

— - Amide derivatives - the caboxyl has an amine attached to it
- ~ Cannot ionize but still hydrophillic
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o, W Aliphatic Amino Acids e i

Cham §tvvetwes
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Glycine Alanine Valine Leucine Isoleucine
(Gly, G) (Ala, A) (Val, V) (Leu, L) (lle, 1)
ali phatic
- Glycine is the smallest amino acid C’OO'
- Proline has its side chain linked back to its & amino group. *H,N——C—H
- a secondary amine or an imine. i CI (|:H
- limits folding of polypeptide at that point e \Cﬁ &
2
Proline
(Pro, P)
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2.10 Aromatic Amino Acids bentare ing
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Phenyl group Phenol group Indole group
Phenylalanine Tyrosine Tryptophan
(Phe,F) (Tyr,Y) (Trp, W)
hyAroxy) devative
Y

-A phenyl ring has delocalized @ electrons. This allows for certain types
of electron transfer reactions and non-covalent bond formation with
other

¥ electron systems.
\g



Sulfur Containing Amino Acids

(IDOO' (IZOO'
- Somewhat hydrophobic
- Sulfur in methionine_ not. +H3N_?_H +H3N—(|:_H
highly reactive
- Sulﬂlydryl. group in cysteine C|) H z C|> H 2
can be reactive SH CH 5
tX posed é
Lo Sulfhydry| |
fae o CH
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Cysteine Methionine
(Cys, ©) (Met, M)
imperrant
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2.21, 2.22 Cysteines can interact to form a

W covalent cystine linkage

DS

A chain i
Gly-lle-Val-Glu-GIn-Cys-Cys-Ala-Ser-Val-Cys-Ser-Leu-Tyr-GIn-Leu-Glu-Asn-Tyr/Cys-Asn

5 10
3
!
B chain

O\'\\\)\Qi 09> SH

- Two cysteines can be oxidized to form a
cystine covalent linkage

- Important in polypeptide structure

- Typically found in extra-cellular proteins
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ly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala



2.11 Aliphatic Hydroxyl Amino Acids

- Have hydroxyl groups

- Hydrophilic, but not acidic at COO- COO-
|

physiological pH, side chains |
+HaN—C—H +HaN—C—H
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WA Ha
Serine Threonine
(Ser, S) (Thr,T)
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2.14 Basic Amino Acids wirn an miable
Not Simpl vy ath
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- Basic amino acids all have ionizable groups

- highly hydrophilic
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(amino for lysine, guanidinium for arginine and an imidazole group for histidine)



2.12,2.16 Acidic Amino Acids And

Derivatives
COO- COO- COO- COO-
I I I I
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Aspartate Glutamate Asparagine Glutamine
(Asp, D) (Glu, E) (Asn, N) .~ (GIn, Q)
Wil fonile Ao nox ot

- Aspartate and glutamate have ionizable carboxyl acid groups
- There are two amide derivatives of these amino acids, asparagine and glutamine.
- These are carboxamide groups
- Carboxylic acid and an amino group
- Carboxamide groups are not ionizable



TasLe 2.1 Typical pK, values of ionizable groups in proteins

Group Acid == Base Typical pK,*
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‘Q(’“m Noncovalent bonds in polypeptide folding

(no shaving of 2lctns) | W"“‘“ﬁﬂﬁ'y‘,s,

. Amino acids can form a variety of non-covalent bonds that
influence how polypeptides fold

— Van der Waals ) s
. Weak interactiovry GWH’ C £ VM%‘/M Moment Hutin
. Caused by momentary dipole on atoms when more electrons happen chﬂgl 3
to be on one or the other side of the nucleus IhnumMmiery
— Hydrophobic Effect .+ a $or @ Collechly  can e MY\%
. D@ Not really a bond in that it is not an attraction but a repulsion
. Hydrophobic groups clump together to get away from polar solvents.
_ Flectrostatic Can it inKract wipgh vvatev
. Ionized groups have full positive or negative charges. Oppositely

charged groups will attract while like charges repel. This is the
strongest type of non-covalent bond

Parksal/ fll - PEvmanent  Chgvges fly s ¥ Flly negativ
Q\r\av%es ¥ (No\f o\

ionic bond

frotean Nwdvophabic - grovps

l _.Lnu-lm\.u..- [P | nw\
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Noncovalent bonds in polypeptide folding
pily Hr’"f“ bingds
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Hydrogen bonds
A type of electrostatic bond in which the groups are not ionized but
instead have dipole moments
An electronegative atom, N or O, draws electrons away from an
electropositive atom (C or H) creating a partial charge.
partial charge denoted as d+ or d-
Partially positive H is attracted to partially or fully negative O

The d+ H is the Hydrogen bond donor and the d- O is the Hydrogen
bond acceptor



Hydrogen Bonding in Amino Acids

Canserve as a
Canserve as a | o
-— / A
60. .- hydrogen acceptor /O' hydrogen acceptor Bectonatd e
4 of aspartic or
4 —CH,— it
—CH2—< ¥ ¢ 2 c\o_ W — Can serve as a glutamic acid
N—H 0 hydrogen donor
W’ \
1.
8 \ Canserve asa /O : \ ¢ lonized form
hydrogen donor 2 \0 r o~ hydrogen acceptor ke mdd
Asparagine or glutamine

8" = wdngen donor

J~ oe O = angin bond acupor
Ly ioviledl



2.23 Peptide bonds have  dysn? oct 05 4 Gingle bwd b
special properties

not (v dpvple bond iRV

-Peptide bond is rigid and planar
Rigid in that bond between C and N
does not allow for rotation
Planar in that C O N H atoms are
all in one 2-D plane
-Rigid nature due to resonance
Provides a partial double-bond
character
Prevents rotation
~This limits the number of 3-D What do¢s
configurations a polypeptide can fold ft‘ﬂ;
nto.

nJ
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The four levels of protein structure
Primary <® pMpidd/peten has o primar Stoctve
This 1s the amino acid sequence from the N to the C
terminus ovder QR G YUt Daethor
Secondary (pyrion )
Folding of the polypeptide chain that only involved

hydrogen bonds between main chain groups
a helix H + YacKbome
b sheet
Tertiary €1¥V] Pilvypepidt HldS inb ferbiory shudve
Folding the polypeptide into its final 3-D form
This imnvolves R-groups as well as main chain groups
If this 1s the functional form then the polypeptide is the

protein H + bagkdoone + € gyovps + ect .

ocokein = fmchonal ar Has vpint
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The four levels of protein structure

: 0y
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*  Quarternary fnma o $erhar )
— Some proteins consist of two or more polypeptides
together as one unit
— This 1s quarternary structure
. The polypeptides are thus subunits of the protein
. The subunits may be held together by non-covalent
or by covalent bonds or both
— If all the polypeptides in the protein are 1dentical it 1s
then homomeric (ie homo-dimer, etc). Gll samé SVt
— [f there are 2 or more kinds of different subunits in one

protein then it is heteromeric (ie heterotrimer) papre than
one  Jvbunit




OnL ok peptido Clain on 1tselr
2.29, 2.30 Secondary ,, ®-Mlix

structure o backboe o

-Alpha helices form by H-bonding

- H of peptide bond group
interacts with O of another
group 4 amino acids away

-Proline does not fit into the helix

well

- often found at start or end of
alpha helices but not always

Ylﬂh'\' hand  Aelix ﬂ"%VWPS bacichohe y lod
l l —hot tvbes
R; O Ri;» O R: . o) "VOA_S

S

€ oxovps (hudrpil Jyhoo) i & Seclion oF povpeptide chain
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2.36,2.37 b- . Cin be Hrerd
sheet ot P

Can 0t two Porpghdes

b-sheets are a very open type of
secondary structure.

-Held together by H-bonds
between main chain groups far
apart in primary sequence.

- Can be parallel or anti-parallel N=C C—IN nATVVf oF R T

h-bonds hilg ogetin
p Shat
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Tertiary Structure

- Final folded 3-D form of polpeptide
- If this is functional form, then the

protein terminvs

-This is RNase A, degrades RNA

-Has both alpha-helix (red) and beta-

sheet (green) J

-Also has some regions without ,\\dm\-t' fm

secondary structure. Jétnda
Structue

Cystines
disvlfides

20A



Quarternary Structure

-Many proteins consist of multiple
polypeptides

-Such proteins have quarternary structure
-Each polypeptide is a subunit

-This is hemoglobin, which consists of
four subunits

-Subunits have limited or no function by
theselves
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