Lecture 1:
Chemistry and Biology Fundamentals

e Chemical Bonding

* Functional Groups 2

* Protein Structure and Stability
e Ligand Binding

* Proteins as enzymes

e Carbohydrates



neutron electron Mass number
proton (number of protons
+ neutrons)

Atomic number 4
® (number of protons) ————— .

\:/. ;Li 4Be 5

carbon atom hydrogen atom

atomic number=6 atomic number =1

atomic weight =12 atomic weight =1 N a M g ;AI

* Atoms are composed of:

14Si

— Protons —positively charged Atomic number = # of protons = # electrons in element
particles
— Neutrons — neutral particles cloud of
orbiting Q’ \
— Electrons — negatively charged RIEERSIES e'e“m"s

particles Q‘D /
* Protons and neutrons are located in /
the nucleus.

* Electrons are found in orbitals

wE
surrounding the nucleus. K )},3'(
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e Electrons arranged around the nucleus in
specific regions called orbitals.

— Eacan only hold two

electrons

e Orbitals are grouped into electron shells

Numbered 1,2,3...
Lower numbers = shells closer to the

nucleus

— First shell can hold a maximum of 2
electrons

— Second shell can hold up to 8

— Third shell can also hold 8

. Orbitals are usually filled from lowest
energy (inner shell) to highest energy
(outer shell)

. Outer shell is the valence shell and is
used for forming bonds with other
elements.

e  The most stable configuration is a
complete (full) outer shell.
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Electron Orbitals
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Shells: 15t= 1s, 2" = 25 + 2p, 3= 3s + 3p

Shell is a collection of orbitals with similar energy
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Covalent Chemical Bonds

* Elements like Li, Na, F, Cl, Mg, readily form
ions to generate a complete outer shell.

 Some elements cannot form stable ions
because it would involve the loss or gain of
too many electrons. This includes C, N, and O
— which are common in biological systems.

* Unfilled electron orbitals on elements like C,
N, and O allow for the formation of covalent
bonds, and atoms are most stable when each
electron orbital is filled.

— Each atom’s unpaired valence electrons
are shared by both nuclei to fill their
orbitals.

— Substances held together by covalent
bonds are called molecules

8/13/2023
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Mass number n X

(number of protons
+ neutrons) \
Atomic number 4

(number of protons) ————2 He

atoms

\A SHARING OF \A'
ELECTRONS

molecule

covalent bond

h-W



* The number of unpaired electrons (in the outer Mioas (a) Single bonds _
‘ » itrogen
shell) determines the number of bonds an atom A &= / 7)Y ¢ ) Py
1oy 59 4 @ L, {(@ WV}
can make. - D & (@)Y
e Multiple bonds form when atoms share multiple ﬁ— v ) <
electrons.

b

The number of covalent bonds (valence) formed by

common elements ¥ carbon How many bonds will carbon form?
: : i -
e Oxygen =2 bonds v ) Y «
* Nitrogen = 3 bonds j : (.~
L d = = i J N
Carbon A A‘ e " o

»  Sulfur = 2 bonds (in biological systems) (b) Double bonds |

* Hydrogen=1bond £ 0%

. sphorous =5 bonds in biological molecules S 0% -
ou must know thes . i

~ —

In chemical drawings:

e “C” for carbon is not drawn, but carbons are found
at the ends of lines and when lines join or “kink”

* Hydrogens attached to carbon are not shown, you
need to add them to complete to complete the
valence of the carbon atoms.

You must know how to do this.
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Space-filling
"‘ models: ‘ ’

Representation of Molecules

(@) Methane Ammonia Water Oxygen
a
Molecular
CH NH H,O (@)
formulas: 4 5 2 2
A
H
(b) |
Structural H —(|>—H H _T_H /0\ 0=0
formulas:
H H H H

(c) |
Ball-and-stick * * A (="

models

(d)
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Electron Sharing and Bond Polarity

The polarity of a bond depends on the— ~ ‘{) ‘(’0
electronegativity of the atoms. éwﬂ&j
Electronegativity - ability of atoms to / /de*f W
pull electrons from other atoms. Electronegativity é&/D

Atoms with higher electronegativity will[
develop a partial negative charge, the 21 ) 2 s : 13 147 15° 16 (17
atom they are bonded will have a partial [* [®® apangaen B

ey 1.0 15 20
positive charge. S'Y $~
. . . F ’ “
The order of electronegativity is: C i O \ \6’& N
H~C<N<O ” RM/R’%X a}ﬁ/
.2 33 % M*‘J
a) Nonpolar covalent bond in hydrogen molecule J‘
Increased pos. charge of nucleus. {8} Nebg P
. . H — H Electrons are shown to be superimposed
. Electron Sharlng Continuum ¢ on the bond to indicate that they are
Equal sharing of electong 4+—m——@™M™M8m8 M —— — — ™8™ W%, | halfway between the two atoms, shared
Nonpolar covalent bonds Polar covalent bonds equally
(atoms have no charge) (atoms have partial charge)
b) Polar covalent bonds in water molecule
T\UJ\ A ’Vg Q / ® .
Q | / ot @ 5 _ | Electrons are not shared equally
HH H- C H H— “| (O is more electronegative than

H), so partial charges exist on

the O and H atoms

H st s*H H s
- ‘ Ammonia Water 0\ \ M CU}& ?
8/13/2023 f\'z © yY‘b
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Functional Groups — You should Become Familiar with These

C-0 COMPOUNDS

Many biological compounds contain a carbon S/ g
bonded to an oxygen. For example,
_ c — O+~ W\

P alcohol > H —
o _.'@ The —OH is called a

hydroxyl group.

H
aldehyde ;;’r’D ]
—C
My
The C=0is called a
ketone \C - carbonyl group.
“ N\
C=0
~ c’::

carboxylic acid The —COOH is called a

carboxyl group. In water
this loses an H* ion to
become -COO™.

S

esters Esters are formed by combining an
acid and an alcohol.
O
7 | |
—C—C\ + HO—C— —= —( + H,0
T\ | |
acid alcohol ( ester
[ S—
8/13/2023 \/

C-N COMPOUNDS

Amines and amides are two important examples of
compounds containing a carbon linked to a nitrogen.

Amines in water conbine with an H* ion to become
pely charged.

H

_C:QH

H H

C-H GRroups

Amides are furmer;‘ by combining an acid and an
amine. Unlike amines, amides are uncharged in water.
An example is the peptide bond that joins amino acids

in a protein.
. |
‘é -+ O —
OH |
acid amine
C—S COMPOUNDS

thiol

C
H3+N/HT

(o)
Cysteine (amino acid)
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@ Inter-molecular Interactions in Biology

* Electrostatic interactions between fully

charged molecules (ionic interactions) __/gu&)\ M

* Like charges repel
* Opposite charges attract

5 O& - Y

- (/(/\_ b/ Ve :\s/«&—/' . D/ M{T"\ _ C

@ - ] [ M AP
Mnteractlons between ?} Qﬂ" |

* Molecules with partlal C es (polar)
* Molecules with no charge (non- polar)

. @ A '\(.6 %
' HJLO&P—DM )J}( y’ 70 0
g e electronegative (N and O usually) )&y A P
@v the hydrogen bond, it provides the hydrogen & X-Hg& Y
the hydrogen remains in a covalent bond to X) 7 -
f the hydrogen bond },}ﬁ r

8/13/2023 Lecture 1-D&D 6 /Q w\\ MVS*

A second
molecule

{Ch arged separatio

induced by
first molecule




The Geometry of Simple Molecules

(a) Methane (CHy) (b) Water (H50)
nane (C D P
\(750\0\ Unshared &) VJ 2
X ° electrons\é% -

W

?\y‘ &

e shape of a molecule is determined by the geometry of its bonds.

Carbon, oxygen, and nitrogen often form bonds with a tetrahedral geometry

8/13/2023 Lecture1-D &D 10



Unique Feature of Tetrahedral Carbon - Chirality

* Asingle tetrahedral carbon atom can have four groups rls‘ o’ Q
attached (group = collection of atoms) \"” \

* If the four groups are different, then two forms of the molecule are
possible, they are mirror images of each other.

* The carbon that has four different groups is called a chira

* The two different mirror-image molecules are call

* These two cannot be superimposed on each other (superimpo = 4 & \ V\Q y,
rotated so that the same atoms overlap) C W Y @ he ¢
* A mixture of both enantiomers is called atacemic mixture Two Different enantiomers (L and D alanine)

* One naming system to distinguish enantiomers is D &L binding to the same receptor

¢
- / C}’
* The biological "@
h|raI carbon

properties of each '
c..H )C\H

enantiomer may be
quite different,
because they may
interact with

-A/anme inds better because of more

C C
|
different receptors 7
in the cell. nti- mfIamm%
-\rr‘( QP\ favorabl S)OX)O teractions.
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Instructions: Go to the google
lide with the same number as

Ox-OH H—H citalopram Vv
“\ Ny N 5, 0 51-,‘0
Valsartan \(/g ‘ NZ \,
2' L &
O (6] / 0O O =
Thalidomide @L/i , )N AN H i:@
N — (8] N
OH > 2 g
§ R-(+)- Thalidomide / $-(-)-Thalidomide
HO
levalbuterol % 2 0
3. HO
0 (2)0 0 / o)
https://docs.google.com/presentation/d/1PJ33ZCi55w4Bdjg4K H/O\z ) S
VQOqf2HrCfwVHKLcdkvlibUbdfw/edit?usp=sharing " g
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.researchgate.net%2Fprofile%2FLisa-Arfons%2Fpublication%2F236106954%2Ffigure%2Ffig3%2FAS%3A299544559538178%401448428396614%2FThalidomide-interconverts-between-R-and-S-enantiomers-with-protein-binding-of-55.png&imgrefurl=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FThalidomide-interconverts-between-R-and-S-enantiomers-with-protein-binding-of-55_fig3_236106954&tbnid=goo2uetpUT4PZM&vet=12ahUKEwj5lpfH6K_1AhVTYzUKHUCbCUUQMygAegUIARCBAQ..i&docid=W1McdG9UattDqM&w=649&h=270&itg=1&q=thalidomide%20interconvert&client=firefox-b-1-d&ved=2ahUKEwj5lpfH6K_1AhVTYzUKHUCbCUUQMygAegUIARCBAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F5%2F59%2FCitalopram_structure.svg%2F640px-Citalopram_structure.svg.png&imgrefurl=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2Fcitalopram&tbnid=leXjO2r2KHk1UM&vet=12ahUKEwiupYP-7q_1AhVwsHIEHX7EBgsQMygCegUIARC5AQ..i&docid=0dbs9-0ymtVLxM&w=640&h=503&itg=1&q=citalopram%20wiki&client=firefox-b-1-d&ved=2ahUKEwiupYP-7q_1AhVwsHIEHX7EBgsQMygCegUIARC5AQ

~ Y

Oven cleaner

Household bleach
Household ammonia

—9’ — -
’. / O ~ W
H of asolution tells us how acidic the solution is. /@

The p . —— Milk of magnesia
 The pH scale is used to transform the large range of O
possible [H+] va.\lues :co more manageable numbers. \)\/ U, —10° 9- R—
* Note alow pH is a high [H+]. i
Human blood
] Neutral =— 107 7 — === Pure water
The pH is a property of the solvent (water) and can be —— Milk

Urine

changed by the addition of a strong acid or base, such
as HCl or NaOH.

. Iease protons and will lower the pH of
the

solution, e
+H,0 «+H,0* } CI
Bases (e.g. anmaonia, sodium hydroxide) will @

Black coffee

Tomatoes

Wine
Vinegar, soft drinks, beer

Stomach acid
absorb protons and lower the hydrogen ion

-, O
—_\, A
- & X
concentration. These increase the pH. ) e
NaO _. ‘\ 1. Which sq/ution has a higher H* C/M K/‘\J ﬂfﬂ
d IS

2. How large is the di

— |©
8/13/2023 Lecturel-D&D
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Acids and Bases.

complete ionization in solution. e.g. Ghz this is importankt: protonation/deprotonation
‘@ ——>H* + Cl- 0 D/ changes the charge on species, either creating or
— - ’ destroying strong electrostatic interactions!
( Weak Acid 5incomp|ete ionization in solution.
o) o)
H3C—( + _ H3C—( + @
o) o
M‘&
H
M
\ -
H

“HA”=protohated ‘)‘"b/ “A”=deprotonated form

for;r: Q\N . ()» (conjugate ba\sie) \)\,
\s Wy ¥
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What Affects the Degree of Protonation?

1. The extent of protonation/dgprotonation What would you expect to happen to the fraction of the acid
depends on the pH of the solution: that is protonated (f,,) as the pH of the solution is decreased?
— Low pH values will favor protonation of 7 [HA] &—
acids since there are many protons that will HAY™ 7
+
collide with (A) to make (HA). . & ] ﬂbﬁ\
— High pH values will favor deprotonation of proto‘nated o AN CLQA?IV\"J!‘U’
acids since there are fewer protons to cf_o\)\

protonate the acid. \

2. The amount of protonated/deprotonated species also
depends on the chemical properties of the acid. x\
Comparing acetic acid to a protonated amine. At neutral \’35\ J
pH (7) most of the acetic acid will be deprotonated while

X
most of the amine will be protonated. ~ 0 ( - g L«
- be Favored at pH=7 \77 o 2 S/\A,
\"“' v O (stronger acid) @ Y
H C‘( + H,0 S + H,0* The@f an acid is the pH where equal amounts

N of protonated and deprotonated species are found.
Favored at pH=7 \A

weaker aci ")
eserecd) i » M o ?p“gt%)ﬁ. \'\ﬁ‘ < A —?@
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Key Points & Expectations

Chemistry

Number of bonds formed by common elements:
(N=3, C=4, 0=2, 5=2, H=1).
You should be able to complete chemical structures by adding hydrogens to carbons. /

hiral carbol and enantiomers - different enantiomers can have different properties. You need to
identify chiral carbons. [~ v

vd

Polar (unequal charge distribution, e.g. N-H) versus non-polar bonds (e.g. C-H). You need to be able
to identify polar and non-polar bonds.

H-bond/-PartiaI charges due to X-H interacting with Y (X & Y electronegative)

H-bond - Identify donors and acceptors, partial charges

. be able to predict the charge on a group, given the pH of the solution and the(pKa Jof the acid.
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Proteins and Amino Acids

SUBUNIT

MACROMOLECULE

Lecture1-D &D
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iving cells are filled with complex molecular machinery, a million
times smaller than familiar machines like computers or auto-
mobiles. Cells use these tiny molecular machines to perform all of

the jobs needed for life. Some are molecular scissors that cut food into
cellsized pieces. Some bulld new molecules when cells grow or when dam-

MACHINERY: A T

e 2 MEMBRANES

Cells are surounded by « membrane made of hpids, bke the phaspholipid and cholescerol molecubes shawn at the top. Membranes keep the cellubar
mnchiney nsde md uveenied el owt. Dy prtlns e cmbeddod i e membrvme, oo 1 vy of swena i, ATF e

Cha
o e, Rcdopue l«.n.n in mombraace i tho svizn, The .n.n 1ctizol
o the brain. C builds one of the

molecule imide of i¢ changes shape whea usvinated, cuusing
e § i i n

v, 1 bl b e v s, s o e s e B

aged tissues are repaired. Some are molecular bones and muscles that
support cells and help them move and crawl. Some fight off attackers,
defending against infection.

Researchers around the world are studying these molecules and determin-
ing their precise atomic structures. These structures are available on the
Internet through the Protein Data Bank (http://veww.pdb.org), the central
storehouse of biomolecular structures. A few of the thousands of struc-

tures held in the Protein Data Bank are shown here. In

Se17-3473 A1 Spubese

wie s these pictures, the molecules are al drawn at a magnifi-

Gune ©  cation of 3,000,000 times, and each atom is shown a5 a

e rorund g Small sphere. Many of these structures are composed of
0] several subunits, which are indicated by different colors. o’ bl

An enormous range of sizes is shown here: the water mol-
ecule al the left has only three atoms and the rhinovirus shown below has
hundreds of thousands.

By David S. Goodsell, The Scripps Research Institute, La Jolla, Calfornls, USA
Graphic dosign by Gall W, Bamber, Sae Dicgo Supercomputer Ceater
ot v

toon (b e
1gen Gheogon

I Hres Gt hoeone

pic. owiywhetc Raatea (ue

Some molecaiar machines perform their jobs orside of cells. Many are compact.
site of action. This i
il glosgon, which togedher regulase bload wagar lex
ds. jgnals in the immune satces, and human growth hor
mone. The seven digestive entymes (i yellow) sre abo sauall and very seable, 5o that
shey cam sarvive the hosile envizoament in the digssive twaci. Each of those enmymer
bas & seall groove (oriented towards the top in each) thar binds 1o @ different targer
ccuks ané digens it At the bottom is thinovis, the virus that caess the cormon
cold, 20d an ancibody, ous raajor defense aginat vituses. Antibodies bind to viruses and
preveat thea from binding w ool suricss, s blocking iafextion.

P

http://www.pdb.org/ « info@resb.org
ReseArcH COLLABORATORY FOR
STRUCTURAL BI0INFORMATICS

RUTGERS, THE STATE umnslﬂ l" NEW JERSEY
SAN DIEGO SUPERCOMPUTER Ci
NATIONAL INSTITUTE OF smmnns AND TECHNOLOGY "

-I OUTSIDE THE CELL

tom ave three molecules iavolsed in phorosynthesi, which capeure energy from light 304 use ¢ 10 power the synthess of sugar i plant cels

10 S s

prose ol e Wkiport i oty i Faabts i
low shell that stores izom fors. Scrim albumia cartics many diffcccnt mokauks in the blood

joas. At dhe 10§
f angefevmrgobassingrebopte e sl e

4 CHEMICAL FACTORIES
b

Coll bl  bevibding iy of ssymes—potcn o pesfom chomicd s
gheolyuin the breakdonen of wigar o k

The theee symbuscs 3n dhe transcrase make dillerea building blocks Gor creating new molociles. Nistogenase performs an cuenial rolc in
the ecosystem by converting nitrogen gas into a forun that living cells can use

Sefy Elrgoton e i snd Ty

L6 Nukense

DNA
5 Ceneic infosmation is wored in (e DNA double hels, sesn
bortom here. Many prori
ation. RNA pobymer
INA that wil be wncd 1o disect
hoew precine. |....«.|.,n~ toposomerase, which
recases zension whe the

BUILDING NEW PROTEINS
New proseiss are built by tibosomer—complen moleular G orics
ound and vawound, and guid resd the genetic code and use it o direct comseruction. Many molecular
plees needed to aswnt the proces. lwenty differcnt sminoacyl-RNA
e shown here) fowd the building blocks onto (RNA, ready to be
. Severs) protein factors, shown below the
ribosome, zuide cach tRNA into the proper spor. The threc chapcrone pro-
ek shewn 4 the bottors help each new peotein fold it its proper shape.

reprowor, grab DNA and bend s sharply, or cven wrwp it all the
eay anound Ghemasebve, ke the oo ncleosormes at the bottom.

B Mo

BEAMS AND GIRDERS
Callsare braced and supported by a complex infrastmcrue. This cytosheleeon is formed of scrdy lamens lie actin and i
mposed of raany subuniss stacked alar motor that climb slong actin Rlamenss, .nm..n, dhe cell o
mave. Collsgen, broken isto two pisces here, of calk, where it forves connective tisie

-



ul"A The Structure of Amino Acids and Proteins

wr
6 9 / — Oowv Is there a chiral carbon on amino acids?
3 vV - »
Aming 4 arboxyl ko g

grouy A group ,\99 o at” J/J’L
- - ( ¢
- €°

N M&k’ W v’ \
16 1.0 %;DU H/ \
The amino group, Ca (and one hydrogen), and the carbonyl group are
common to all amino acids ~ '7 OO~

The N-Ca-C=0 are the mainchain of the protein polymer. (_;) ﬁrﬁ\‘
The R groups are different —there are 20 common R groups they are

the sidechain of the protein polymer — their sequence defines the @ ‘ R @t

properties of the protein.

(a) Polypeptide chain Amizo acids joined by peptide bonds Proteins consist exclusively of L-amino acids. 2
N-terminus . . . L. . C-terminus .
T R e e e e G A Peptide- (as does the ribosome that make them)
PR I Lol ] ISl Rl (AR RIS NI AN |\ onded

H—-N—C—C-—N—C—C—N—C—C—N—C—C-—N—C—C—N—C—C—N—C—C—N—C—C— O

A1 | | - | | | — el ,(V‘f\ W\f’\ .

i H H CH, CH, ~ CH, CH, CH CH, CH, -

l N | \/ Ve v’ }(\gjv

Amino OH el HG' CHy SH Cal‘*boxyl

group - Yo group UD {D
Side chains OH - ?
N
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Proteins are generated by formation of Peptide Bonds

 Amino acids are linked to form linear polymers:

* Dehydration reactions bond the carboxyl
group of one amino acid to the amino group
of another to form a peptide bond.

* A chain of amino acids linked by peptide
bonds is called a polypeptide.

— Polypeptides containing fewer than 50
amino acids are called oligopeptides
(peptides).

— Polypeptides containing more than 50
amino acids are called proteins.

— The four atoms involved in the peptide
bond all lie on the same plane.

— The C=0 is usually across from the N-H
(trans conformation)

8/13/2023

@ s

. ,,
G \
- <a|anine >

glycine

PEPTIDE BOND
FORMATION WITH
REMOVAL OF WATER

peptide bond in glycylalanine
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: i!ﬁﬁ!! ntide chain Am/ino acids joined by peptide b{ds

H O H H O H H O H H O H H

A O HH OHH O H
: LI 0L O I 1 LY ([ -
—C—N—C—C—N—C—C—N—C—C—N—C—C—N—C—C—N—C—C—N—C

| I l | | | |

CHj, <|:H2 (I:H2 CH, cH CH, c|;|-|2 r
Amino OH A @ H,C CH, SH Carboxyl
group o © group

('/ Side chains OH

* Sidechains (R-groups) differ in their size, shape, reactivity, and interactions with water.

1. Nonpolar Sidechains: hydrophobic; do not form hydrogen bonds; coalesce in water -
typically form the core of folded proteins.

2. Polar Sidechains: hydrophilic; form hydrogen bonds; readily dissolve in water

3. lonizable Sidechains: Can be charged at certain pH values. Interact strongly with water.
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(ACIDIC SIDE CHAINS

Lo

> v Asp/Glu
aspartic acid glutamic acid SO"
1.0
(Asp, or D) (Glu, or E) 0.9
Q 0.8
H O H O §°'7
| | 5 os
N—C—C N—C—C & 05

12

sidechain ~ 4

Have a net negative charge at pH 7.0 W

8/13/2023 Lecture1-D &D
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X £
W Wy
(Lys, or K) / —His
10 /] ®
T (llj 0.9 —Lys
| © 0.7
e 0.
H CH, S \ \ \
| 206
(|:H2 a 0.5 \ \ \
c
-\(\p CH, This group is o 0.4 \ \ \
very basic "g 0.3 \ \ \ Vk
because its 0.2 "S \{-JH
0" positive charge These nitrdy 0.1 W .
is stabilized by relatively weak afflnlty for an 0.0
H* and are only partly positive '
resonance. y partly p > 3 13 14

at neutral pH.

Positive charge when protonated
10% Protonated at pH 7.0

Have a net positive charge at pH 7.0

8/13/2023 Lecture1-D &D
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UNCHARGED \POLAR SIDE CHAINS

——
asparagine glutamin\e serine threonine tyrosine cysteine
(AST, or N) (Gln, or Q) (Ser, or S) (Thr, or T) (Tyr, orY) (Cys, or Q)
H O H O H O H O H O H O
. L] | |l | |
—N—C—C— —N—C—C— _N—C—C— —N—C—C— —N—C—C— R
| | |
I_I

CH, H CH—CH, H CH, This is a significant H
non-polar . \
@ OH TR
*  Forms weak H-

O functionality
bonds

/ @ * Canionize with a
pK=8, forming
thiolate ion (-S)
* CanformS-S

disulfide bonds with
other Cys residues

The —OH group is polar.

Although the amide N is not charged at ~ These can form what type of bond with water?
neutral pH, it is polar.
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‘NONPOLAR SIDE CHAIN}
—_— alanine

(Ala, or A)

leucine

(Leu, or L)

H O

|
—N—C—C—

i

) proline
Bmg results (Pro, or P)
in no NH
group for 0 T (")
H-bonding —N—C—C—

imino acid)

8/13/2023

valine

(Val, or V)

H O

isoleucine

(lle, or 1)

H O

|
Z
(@]
|
it
|

phenylalanine

(Phe, or F)
H O
|l

—N—C—C—

methionine tryptophan
(Met, or M) (Trp, or W)
H O H O
| |l
e~ T
H H CH.
i H-bond donor
N (polar functionality)
polar tunctionality
O
Y o
7 o
) A
_
AND AT LAST THERE IS GLYCINE: ’l‘),b‘\
glycine y//‘/&"
(Gly, or G) }Y
g
—N—C—C—

No real functionality for its R group (H)
Only AA that is achiral
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Summary of what you should\lir}ow about amino acids:

Relative Hydrophobicity of Sidechains (one of many)

All amino acids have a carbon atom bonded to an \

amino group, a hydrogen atom and a carboxyl group. lm - Highly hydrophobic
What makes each amino acid unique is its sidechain. (/27¢ ) ‘ 
Leucine

The common atoms will form the mainchain of the ,
Phenylalanine

protein. Methionine
Most amino acids have at least one chiral center - the Moderately hydrophobic
alpha carbon, exception is glycine, which is achiral. Glycine w\,ﬂ“
You should be able to look at the Cysteine 5
functional groups on the side-chain and Iyapasn g
determine how they will interact with T‘Vrofgme Mildly hydrophobic ‘6
water- Prolme. H
e Polar J :I;:ii);nne
* Charged v ) Histidine
* Non-polar (hydrophol?lc). You El it T —
should be able to justify large Asparagine
differences in hydrophobicity, e.g. Glitamine
Val versus Ala Aspartate

Highly hydrophilic
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Structural Hierarchy of Proteins g("\&&”’

QA

7, side chain

Primary - sequence of amino
acids, no 3D structural
information

Secondary - local structural
elements, only mainchain
atoms involved

Tertiary - 3D position of all
atoms, functional form of many
proteins.

Quaternary - multiple chains —
multiple chains often required
for function.

(White and black
represent two
different chains)

w >
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Secondary Structure

“Building blocks of proteins”

Hydrogen bonds between the mainchain carbonyl
group of one amino acid and the mainchain amino
group of another form a protein’s secondary
structure.

— A polypeptide must bend to allow this hydrogen
bonding, forming:

* a-helices
* B-pleated sheets

The large number of hydrogen bonds in a protein’s
secondary structure increases its stability - each

hydrogen bond that is formed releases some energy.

All amino acids can be incorporated into either
secondary structure

(However, some are found more frequently in one
structure)

General Rule for Hydrogen Bonds:
X-H Y
X & Y are electronegative (N and O usually)
X-H = Donor of the hydrogen bond
Y = Acceptor of the hydrogen bond

Mainchain hydrogen bonds

N-H 0O=C
The NH is the hydrogen bond_donor.

The C=0 is the hydrogen bond acceptor.



amino acid
side chain

(A) (B)

Spiral conformation (helix) in which every
backbone N-H group donates a hydrogen

bond to the backbone C=0 group of the amino
acid four residues earlier:

® Intra-strand H-bonds, parallel to helix axis.

0 Side-chains project outwards.

Alpha Helix

a helix

(€

o' vl 1’—7/..

\N<0
I4




Beta Sheet

amino acid

‘ side chain AL
ok
. : e q ﬂ'&
\ 7
e \ /
¥ \ : ¢
\ Nl 60\ Y
. N
i)

hydrogen

B sheet
- — SV
il xomh
[ S
(F) @ ”—)’
L o] &%
" J/w;‘”"
* Beta-Strands connected laterally by backbone @’\M

hydrogen bonds that are perpendicular to the strand,
forming a generally twisted, pleated sheet.
* Sheets can have two or more strands
* Side-chains:
e project up and down along a strand.
e project in the same direction going from strand to
strand across the sheet.




Hydrogen Bonding Stabilizes the Tertiary Structure

* Hydrogen bonds form between
hydrogen atoms and the carbonyl
group in the peptide-bonded
backbone — secondary structure

* Hydrogen bonds are also found
between hydrogen and
electronegative atoms in side
chains (sidechain-sidechain)

e Sidechains can form hydrogen
bonds to the mainchain too.

3" Structure

|

hydrogen bond between hydrogen bond between hydrogen bond between
atoms of two peptide atoms of a peptide two amino acid side
bonds bond and an amino chains

acid si
ckbone to backbone ba% side chain to side chain
— \ ;;
N
/\/ (o] /\/
@‘
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Van der Waals (VdW) interactions Stabilize the Folded State

VdW are weak electrostatic »
interactions between side chains
due to temporary (fluctuating)
charges.

Chance charge
separation

+
- . I Fluctuating
- dipole
+

. . A second
Attractive from long distance . B ncieculs
Distance at lowest energy is at the 4 chargd seprstn

su a + - 4 + ;?rs:‘rf;lecule

van der Waals radii of the atoms. E A ¥

Optimized in the core of folded Sl

proteins by “knobs fitting into  aractior

holes” 100

Strength proportional to contact -
= 50
E

area. van der Waals attractions -‘::
5
[ F]

\ B
CH3 @\iil c|=0 E -50 .-"ff
e (cHEC 7E—Hy . - ?
H\\/Qia. 3 H*r\ll valin
N ¢ (CHS =100
N D e’/ : : : :
B T 3.0 4.0 5.0 6.0 7.0 8.0
/ I?\N/ \ill k(A
i i N Lo
(0] _(@/

valine alanine \rﬁ,%&') (j)/ 0?3( \)9},) 'S/\
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Strength of Van der Waals Depends on the Surface Area




Hydrophobic Interactions are Critical for Stabilizing Folded Proteins

Hydrophobic interactions within a folded protein increase stability of surrounding water
molecules by releasing the ordered water that surrounded exposed non-polar groups when M

the protein is unfolded, increasing the entrop(of the water — disorder is favorable. NtV
\\ [ LN S i
N /\& < V) i)( /‘(\,ﬂ\' \'
polar nonpolar Y(\/b
side chains side chains “ i 3 H~g"
p & H o ,
C I e (;0 OWY TABLE 3.1 How Amino Acids Interact with Water
X 7 g
\D‘\% “@\; V -— g 20 amino acids are ranked according to how likely they are to
. Q, interact with water. Color codes are based on Figure 3.3.
)
- 88_g0 ) I N Isoleuci Highly hydrophobi
=g ﬂr*“/ hydeophoble g hydrogen bonds R soleucine N ighly hydrophobic
& i o S b s Al e Bals
nonpolar on the outside of 0 - Leucine
sidechatas the malecyle henylalanine
unfolded polypeptide folded conformation in aqueous environment efhionine
Alanine Moderately hydrophobic

Glycine

3’ Yo

&° \pa}

\}Ji& - Which amino acid is most likely to be found in
o

Cysteine

Tryptophan
0}!/‘ Tyrosine ) )
\,}‘ Mildly hydrophobic

. Proli
the core-af-q folded protein, 6 s
@ 0’\) Threonine
Q 2 Serine
‘\’\ ?3\“{ Histidine
Glutamate : T
’ Mildly hydrophil
H3C\C/CH3. HZC/OH (Q ,\U Semmramitn ildly hydrophilic
—\EWO Nl B Glutamine
\N/H\Cé \N/CH:\Céo s Aspartate
| | | | Lysine
N H Arginine Highly hydrophilic
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