Lecture 1
Chemistry and Biology
Fundamentals Il

« Chirality of carbon, chiral drugs
* Molecular interactions
« pH and charge
L~ Protein Structure and Stability
./ + Ligand Binding
N_~+ Proteins as enzymes (PKU disease)



Molecular Interactions

? Ux%)
The energy change when two things come
. . — together can be approximated to be due to
new inter-molecular interactions: E, 5.

@‘ (EA+EB>”
M Energy (kJ/mol)
Electrostatic interactions (in water) ' '

Full charges @ ol/single interaction
Van der Waals: Dipole-Dipole Perm. partial charges ~0.05 kJ/A? x 100 A2 @/mol for 100 A2
Van der Waals: Induced-dipole Induced partial charges ~0.02 kJ/AZ2x 100 A2 @/mol for 100 A2

H-Bonds Electrostatic + e sharing ~20 kJ/mol grossol net
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1) Electrostatics: The

. ""—‘—'."'—"‘—_.

interaction energy between
two charged particles is:

The energy depends on the charges of the particles (g1, g2), distance (r)
between the two charges, and the dielectric constant (D) of the media.

How strong are electrostatic interactions? ) *“  H
Na* Cl-= ~I in vacuum (D=1) §¢ 2.0 ji ¥
when r = 2A ‘

[ Water has a high

dielectric constant of 80 30
due to its polar nature. V°
How does this affect the
energy of interaction?

Van Der Waals Forces:
— = =

i) Dipole-dipole — an electrostatic

interaction that involves permanent
partial charges (these are sometimes
called Keesom forces).
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1i1) Induced dipole (often referred to as London Dispersion)
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1i1) Induced dipole (often referred to as London Dispersion)

i.obutane. 261 K
Although weak, the effects of van der Waals are easily -
observed: Boiling points of two hydrocarbons:

1. Same number of carbons, why the difference in %

boiling points?

“~ g
x> Y
TNV )
el
_k _ _ 3. Which of these will have the most favorable vdw interaction:
ow will van der Waals interaction - 1 @ 3
energies scale 'v:frycontacjuarea. 4, Which of these will have the Ieast favorable vdw interaction:
; v\(,'b¥ \}'
)

0 - Contact area (A?)

@u Qu u
o0 B l‘
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https://www.youtube.com/watch?v=uhfXbSSrabw
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Iv) Hydrogen Bonds

« H-bonds are primarily (90%)
an electrostatic attraction
between:

« Electropositive hydrogen,
attached to an
electronegative atom is
the hydrogen bond donor
(i.,e. NH).

« Electronegative hydrogen
bond acceptor (e.g. the
lone pairs of oxygen, or
C=0 group of an amide).

A “bond” implies electron sharing —
about 10% of the electron is shared

from one molecule to the next in the
case of H-bonds

Note that the proton is NOT transferred to the
acceptor, it remains covalently bonded to the
donor atom. The Hydrogen Bond is the
Interaction between the X-H donor and
electronegative acceptor.

8/17/2024

Ll - SVA\

N &;ﬁ( — )b

X o —0 1 H—N
v H Y LAY e

N — /
B8 00 RO
W\ - D,

O—H 1.4 — 00/—:’ M er— -
@5 &b poret 05 yomm SN0

* \OY. ~ A+

5 SVl L

“r_ B .»i )/(- O
SEX 1 i /4

o 0=4 \ \é/
) MLOF) 3

« The energy released when an H-bond forms depends on
the distance and angle of the bond.

« Usually hydrogen bonds are exchanged, resulting in
small net energy differences: ,.nt"
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| | .00 €)1 mst:
Relative Energy of Interactions c-C — ¢ ¢

Energy (kJ/mol)
Covalent Bond Electron sharing 200-400 kJ/mol

Electrostatic interactions (in water) Full charges ~5 kJ/mol/single interaction

VdW - Dipole-dipole (Keesom) Perm. partial charges ~0.05 kJ/A? x 100 A? = 5 kJ/mol for 100 A?
[ VdW - Induced dipole (London) Induced pértial chgrges ~0.02 kJ/A?x 100 A% = 2 kJ/mol for 100 A2

H-Bonds Electrostatic + e sharing ~20 kJ/mol gross, ~5 k'J/moI net

1/. How does the energy-etthe last four interactions compare to covalent bonds?
1. Stronger m 3. The Same M
0_&
2. Which of these are closer t6 thermal energy)kT £2.5 kJ/mol @ room temp. r} JS ’H’“
7 ~— \

beert | Xensdh oo - ﬂd

3. What is the advantage of a Weak Interaction in biology? )Q,q ‘3(\"

N »f’
A ~ B :@\_@Nu}" /7 \N

8/17/2024 Drugs and Disease F2024 - Lecture 1 8




The Geometry of Simple Molecules

(a) Methane (CHy) (b) Water (H20)
| ¢
Unshared
: 3.
lect Q
electrons @g?

Shared
electrons

{ -

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

Carbon, oxygen, and nitrogen often form bonds with a tetrahedral geometry
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« Asingle tetrahedral carbon atom can have four
groups attached (group = collection of atoms)

 |f 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 chiral
carbon.

« The two different mirror-image molecules are called
enantiomers |

« These two cannot be superimposed on each other 8 | ?

(superimposed = rotated so that the same a rlap)
« A mixture of both enantiomers is called afacemic mixture):C

, Q
* One naming system to distinguish enantiomers is D& L d 9 : g b @

A ' B @90@
. - [
flip A over so red
o “ atom pointsto the left A and B cannot be superimposed:
50 ) % they are not the same molecule!
6y O/ C\' o O
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ldentify the Chiral Centers on Threonine

gus ‘{"’U‘(o-

Can you identify chiral centers? A’ 9'“/

/
Which carbon is chiral?

1 Yes o
/G @
- 5{?) 2 or No?

8/17/2024 Drugs and Disease F2024 - Lecture 1 11



Chirality and Molecular Interactions

Two Different enantiomers (L and D alanine)

},)’ binding to the same receptor protein NV

.("o
rp\
7.
D-Alanine O O Qﬂ" <
’ D ML,R
CH@ @/ A

)\CHS o) 2l

L-Alanine binds better because of
&“’J more favorable JL.«)NO XL uJ"“k".

Interactions.
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1. Racemic
mixture is used to
treat high blood

ressure.
P levalbuterol

N ———,
2. R-enantiomer used to

treat asthma
—

8/17/2024

4
v 25 o

\ o %
Nobel Prize for Chiral Synthesi > =

Drugs with Chiral Centers Lor gow

and a fun game: 2) ° A

https://educationalgames.nobelprize.org/educ -

ational/chemistry/chiral/game/game.html s
A
A(

3. L-form used to treat parasitic
worm infections

citalopram
— Y
OH |,
HO it scitalopram
U
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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
https://educationalgames.nobelprize.org/educational/chemistry/chiral/game/game.html
https://educationalgames.nobelprize.org/educational/chemistry/chiral/game/game.html

H, Strong Acids & Bases X
‘Qp;f/—loiq_wﬂ;lc’g[“so*l = ; N 0"”"

e pH of a solution tells us how acidic

4

the solution is.

X/ p)
 The pH scale is used to transform the 2, % / %
large range of possible [H+] values to O (8 p*-2e=+6) 0\(8p 2e=+6) Q Bp 2e=+6)
more manageable numbers.

- Note alow pHis a high [H+].
The pH is a property of the solvent (water) "

Baking soda
Seawater

H H H
and can be changed by the addition of a H 0 X
strong acid or base, such as HCI or NaOH. O/+ H/ \H e

* Acids release protons and will lower the pH y— \

of the solution, e.g. o
HCI + H,0 o @M - Hydroxide ion

« Bases (e.g. ammonia, sodium hydroxide) A _o-MH
) H-0- M + +
will absorb protons and lower the hydrogen v N 5~ ¥ \«\30 =
ion concentration. These increase the pH.

W-~0—H
(NaoH)= Na* {0 | | | |
OH"+ Hy0*= 2 H,0 i 1 Which solution has a higher H*
— Concentrationr pH 4.
0 3’,‘,\& 2 How large is t e |fferen—""'(:"é’? &
\
8/17/2024 ' // ?\& 5 9{ 3 ) \D “ S 14
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Acids and Bases.

Strong acid — complete ionization in solution. e.g. Why this is important:
HCl—> H* + CL protonation/deprotonation changes the
7 charge on species, either creating or
Weak Acid — incomplete ionization in solution. destroying strong electrostatic interactions!
—
0
H3C + H20 — —
O—H 4\.3"‘
~ R‘IXD
H,0
“HA”=protonate “A”=deprotonated Hs i
d form form (conjugate
base) =0

8/17/2024 Drugs and Disease F2024 - Lecture 1 ¢ 15



What Affects the Degree of Protonation?

1. The extent of protonation/deprotonation

depends on the pH of the solution: | What would you expect to happen to the fraction of
— Low pH values will favor protonation of the acid that is protonated (f,,,) as the pH of the
acids since there are many protons that solution is decreased? o
will collide with (A) to make (HA). ' [HA] & 5 o s(’""'
— High pH values will favor deprotonation Fraction fﬂ“
of acids since there are fewer protons to — [H Al + [A]
. protonated -
protonate the acid.
2. The amount of protonated/deprotonated species f
also depends on the chemical properties of the acid. %,J«-L
Comparing acetic acid to a protonated amine. At 0. € < \"“‘ '
neutral pH (7) most of the acetic acid will be
deprotonated while most of the amine will be )«““"&;‘M
protonated s o " o "" \,,,.
' 0\ & Favored at pH=7 @ \L‘” 5
A 0o V‘ (stronger acid) \__?l,
,,Aﬁ 5 H3C ¥ H0 3C + H,0* The pKa of an aC|d IS the pH where equal
\’“ ,,\ O—H; . amounts of protonated and deprotonated
Fa\,ored at pH=7 0( species are found.

v

(weaker ac:|
H50) WA “)v_. A
I . e
_‘N 4 O \G’ N
8/17/2024 Drugs arre-Bisease20274 - tectire 1 o \;\, ?!J ®



Key Points & Expectations

Chemistry
* Number of bonds formed by common elements:

(N=3, C=4, 0=2, S=2, H=1).
* You should be able to complete chemical structures by adding hydrogens to carbons.

« Chiral carbon and enantiomers - different enantiomers can have different properties.
You need to identify chiral carbons.

« 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 - Partial charges due to X-H interacting with Y (X & Y electronegative)
« H-bond - Identify donors and acceptors, partial charges

 pH — be able to predict the charge on a group, given the pH of the solution and the
pKa of the acid.



Proteins and Amino Acids

SUBUNIT

sugar

amipo
acid

-
L N

nucleotide
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polysaccharide

90000

protein

a4 W E W B e B . I W
— F— N F—_—N F N =—N

nucleic acid
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Structural Hierarchy of Protein\%{ /j’_,}-"”'
P(} vaﬁg U

. “ side chain
Primary - sequence of  » g

. . H3C\ /CH3
amino acids,no3D  ° & >
structural information w0
Secondary - local Valine 1

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.

y‘l& (White and black

. represent two &
Rk_‘_‘ﬂ different chains) Jﬁ

S o
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iwing colls are filled with complex moleculsr machinery, a miflion
times smaller than familiar machives like computers or auto-

MEMBRANES
Calls are surrounded by o n-ml--u made of bpids, bs the phouphoipid and chobeatersl medocuben shawn ot the top. Mersbranes keep e cellular

mobiles. Cells use these tiny molecular mackines to mm ‘. of h-l Many prwccies »: “ ‘d I.lli“' mambrane rvwm:u. ::::,:L::‘,L\‘,:.:.‘h:“? n:-:‘::
the jobs needed for life. Some are molecular scissors that cut foed into y\mll\"’nmﬁn nnd b siny prowcia .....n.-_ shuntdes cloctrone buswova thesn. Riodopeda i found in mombeaaca in the sctine. The snell raiaod

cellsized pleces. Some baild new molecules whea cells grow or whes dam-
aged tissues are repaired. Some are molecular bones and muscles that
support celis and help them move and crawl. Some fight off attackers,
defending against Infection.

Researchors around the world are studying these molecules and determin.
ing their precise atomic structures. These structures are available on the
through the Protein Data Baak (http: //www.pdd.erg), the cestral

0 olecular structires. A few of the thousands of struc-
held in the Protein Data Bank are shown bere. In

e i of g hase whes st oo, dhe g et o st sl s o b, Cvimmrgenase i o of e
h however. s bleched by i mleualzs of apiein, sown immids i whisc. Al the boi-
toun ave tiree molmabes 1ovolved it phetan sthess. which capmue energy frocs light sad une it 83 jowe: the mathens of aga: o1 plant cells

pictures. the molecules are all drawn at 3 magnif- e
of 3,000,000 times, and each atom s shown as 2 ™ P
sphere. Many of these structures are composed of
subunlts, which are indicated by difforent colors.
enormous range of sizes is shown here: the water mol- At Noliamuntie flundl
— las only three atoms and the rhinovirus shown below has 1om Gande
\ bundreds of thousands.
By David 5. Goodsell, The Scripps Researoh ustitte, La Jolts, Cabforain, USA ot la
Graphic design by M S e

O coniran, & porfactly vasled momlueave wedil b of Fesie ume 15 oll, hoxaime musiriancs could 208 ot in ond wastrs combd ot gt it
The b shoms 5 rmcrnbenn howhing foco-vn. Fivs protrion thos form chomas dhovargh the micomb e ai s To dh cight of she

4 aond wrcage of erdesdes. l«..-..‘M_ sl sy i ooy anygen. Fertim forran o bl
s mary dllecom wnok s on e blod

3 TRARSPORT AND STORAGE

b s sevenal woiudle proseian inibved (n cranages
Jom shel thet swaren s e Sersinn albuass

F)

Bhan G M Gyl

OUTSIDE THE CELL
Same molecuiar machines pertarm thar jobs sunde of cells. Many are compct.
o that they can e quich iy vo sheis ate feu b

CHEMICAL FACTORIES
4 o Yol ey f ey g o pcos haned . e o e o s pim
p ahuobinia, the bvabedewn prve AT Hobow that arw soversl enrymes dh Wisornt hmsolnaping festions
Dol rodictine stbas okl and akobed deldeogumin bois dowis sk, Rlbukn bisphompiat tbony-
Tane/omygrmane s the muout catmrmen eszya w the Fareh, and prforets 2 by iop  the capaure of carbon dioeide by pass 1 form sugar.
1 Wi Uk ot <oting mew snolwwien. Nitswpomsn prfors an caeen
hat lving, col com

ther can survive e bosdls cairwameat in the digendve i Bk of o cxnme
Bas 8 sl proove (oented towards e cop in sach) thos binds to & difenent arger
sokculs ané diges i At the bowom b dhineviews, dhe vinm dai comes the cormon
old, amd an avsiesdy, e raajon defen e aguint virwses. Antbonien bind 12 virues snd
preveant theea frvmm blasling v ool e sn. s W kg bbb

i BUILDING NEW PROTEINS
TRUCTURAL B10INFORN i el sy oo v oy Byt s o e
NSTUERS, TR STATE BRIVEREITY 8F AW JEASEY s i ke e el v ) e e code s dns comeion. My e
SAN DIEGO SUPERCOMPUTER CENTIR PSTRE Somg— - mnong-rboa 0 aaiet the precem, Tty &fferent arsinvacybe BEAMS AND GIRDERS
bhswe, the poly ymabssnce (vin s show here) buad trc buibding: blochs et (RNA, rendy 1o be

NATIONAL IRSTITUTE OF STANDARSS AND TECHNOLOGY o s Wy i e e ACUAE S gl o s e s e, S s e s el brced od g b o e, Thi el e f ey Sl B i od s
sty - Sy rgrnmbped s et o S A s b g e The i afin apensd of seany b stk i b, Vs s & molocul o Long it e, i el
around dhesnseboes, e the twe nodesmmen ot the bottoe sest shawe at the bottonn he'p each wew protens fokd. ints it ,u-.-m.... v, Calgen, brokm ot w0 piaces hesw, iv acrually fouad oursde of calle s Jyedrsesc
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The Structure of Amino Acids and Proteins

s . i :
~ H H, o v Is there a chiral carbon on amino acids?
Amino ~ N Carboxyl Vet @
— \x——nN _ - Y\
group Y | N
- ‘\L ‘r(\f'( \/"
%QB’ A ¢
. H H
« The amino group, Ca (and one hydrogen), and the carbonyl ‘7
group are common to all amino acids NH3* Y o0 |” NH;*
« The N-Ca-C=0 are the mainchain of the protein polymer. L/ W“"' -
« The R groups are different —there are 20 common R groups ,
they are the sidechain of the protein polymer — their o Q, Q,
sequence defines the properties of the protein. u-"}
i . . o . &b Proteins consist exclusively of L-amino acids.
(a)NPtonpeptlde chain A"}m ac'ds’l°'"ed ‘. plept'de b°\"ds e (as does the ribosome that make them)
e T e e s e e ye Fen ,
+ o bonded
H!—T—(l:—c—N—c.[':—c—N—(I:—c—Niﬁic—N—T—c—N—(l:—c—N—cl:—c—N— — —‘ ——— rp& k”
i H H CH, CH, CH, CH, CH CH
m c|>H ¢|= ’ "Sc/ \°H3 SH Carboxl
group ’df %6 © group g
Side chains OH
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Primary Structure

e Amino acids are joined together to form linear polymers by
the formation of a peptide bond between the carboxyl of
one amino acids and the amino group of the next.

e This reaction releases water. a dehydration reaction.

e The peptide bond can be broken (lysis) by the
addition of water = hydrolysis.

Incorporated amino acid toms are lost
when the peptide bond Is tformed).

Polarity of chain direction — amino (N) terminus to
carboxy(C) terminus = order of amino acids =
seguence = primary structure

Mainchain (or backbone) — linear atoms of the polymer

Sidechain — atoms off the Ca carbon

Alanine (Ala, A) Valine (Val, V) P polnl)

Primary Structure — Expectations
e Draw chemical structure given the sequence.
e Determine the seq. from chemical structure.
e Distinguish/identify:
o Mainchain & Sidechain atoms,

Residue = aa i I :

o Residue .aa in polymer '3% \

o N & C terminus, A C v %
o Peptide bond(s). > 9‘%-\)}"/

8/17/2024 Drugs and Disease F2024 - ﬁcture 1
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Sidechain Functional Groups Affect Behavior
(and the order Is important)

(a) eptide chain Amino acids joined by peptide bonds
N-terminus " / - ' - ' 2 3 \ . @
O H H ol H H O H |~|| O H O HH OHH O H H eptide-

H
[ 1 | (8 1 I O N O R
H—N—=C—C__N—& —N—u—C—N;‘CB—G-ﬁN:fI‘— ;- o~ bonded

4 i . backbone
— @ @ i | ) _

Amino OH £ @ SH /' Carboxyl

group 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

aspartic acid

———————

(Asp, or D)
H O
|

N—C—C

pK, of
sidechain ~

glutamic acid

(Glu, or E)
H O
N— el
I|4 CH,
CH,

pK, of
sidechain ~

4 . 4
Have a net negative charge at

pH 7.0

8/17/2024

.

1.0

- 0.9

Dos
cs
c 0.7

806
o 0

Ao 0.5
C 0.4
O
‘= 0.3
&)

FLNY
o/
y; Asp/Glu
0 2 4 6
pH.

Drugs and Disease F2024 - Lecture 1
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BASIC SIDE CHAINS
—

lysine arginine histidine ?J‘J

(Lys, or K) (Arg, or R) (His, or H) S(\b'vr / —His
1.0
|l || |l IS0

N—C—C— —N—C—C— —N—C—C— =08 ) 4 \ .‘.\"?' \ \

i

| | | C 0.7 (M
H CH, H CH, H CH, o \ \ \
| | *é‘ 0.6
CH, CH, a 0.5 \ \ \
| : : | c 04
CH, Thisgroupis CH, O \ \ \
| very basic | @ 0.3 \ \ o \
CH, because its NH ) S -_— @ 0.2 v\;.s S Q\"ﬁ
positive charge These nitrogens have a L g1 R t
C@ is stabilized by relatively weak affinity for an 0.0 \4 \é’¥ \g
resonance. | H* and are only partly positive '
\ at neutral pH. 2 3 4 5 6 7 8 9 10 11 12 13 14
pH
pK, ~ 10 K,~12
/—a"'—'f p a -~ M
Have a net positive charge at Positive charge when 3 o VR g
pH 7.0 protonated QO L%
10% Protonated at pH 7.0 g A
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-, Y
UNCHARGED POLAR SIDE CHAINS ! . &VJ &V\/}j\}\— \/5) \)\/
P !

asparagine glutamine serine threonine tyrosine cysteine
(Asn, or N) (Gln, or Q) (Ser, or S) (Thr, or T) (Tyr, orY) (Cys, or Q)
b O H O H O H O H O HoO
|l |l | I | |l
—N—C—C— —N—C—C—  _N—C—C— —N—C—C— —N—C—C— T
,L ,L CHN-CH, ,L l This is a significant’
| non-polar
OH functionality

CH,
S u
@  Forms weak H-

bonds
/ « Can ionize with a
pK=8, forming

The —OH group is polar.
thiolate ion (-S°)

Although the amide N is not charged at These can form what type of bond with ’ C_an f_orm S-S
neutral pH, it is polar. water? J— P dl§u|flde bonds
' TR | ¢~ with other Cys
I - C,@ s O residues
\ - b V\ o’ ~ ~ H
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NONPOLAR SIDE CHAINS

alanine

(Ala, or A)

- ¥
SRS R

\
Ur proline

L.

\0\ Ring ) (Pro, or P)

N\  resultsin
L H O
\\'OQ ; P)no NH — Il

\- group for —N—C—C—
\r"o H-bonding
‘f .(ac.tual )
8/17/2024

valine

(Val, or V)

—N—C—C—

isoleucine

(lle, or 1)

H O

phenylalanine

(Phe, or F)

H O
|

—N—C—C—

Drugs and Disease F2024 - Lecture 1

methionine

(Met, or M)

tryptophan
(Trp, or W)

H-bond donor
(polar functionality)

AND LASTLY THERE IS GLYCINE:

glycine
(Gly, or G)

No real functionality for its R group (H)

Only AA that is achiral

27



Summary of what you should know 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 - (Highly hydrophobic @

group. What makes each amino acid unique is its /2'"¢

S

sideehain 2 SUEIne i
) ) ) Phenylalanine + | TS E:H _____ o~
The common atoms will form the mainchain of Wi N
. — Methionine Hs N Cc
the protein. Alanjne Moderately hydrophobic |

. . . Valine o
Most amino acids have at least one chiral center - clycine

the alpha carbon, exception is glycine, which is  Cysteine

achiral. Tryptophan @
Tyrosine @ TTTTTTmmmmoAmosTTTo s T

You should be able to look at the e Mildly hydrophobic ] *N/C Qc/o
functional groups on the side- . ’ |
i ) s . Threonine Alanine
chain and determine how they will o
Interact with water: Mendine o
° \/ & ~~
Polar Glutamate Mildly hydrophilic
. Ch&fg@d l/ Asparagine — C o
. Non-polar"(ﬁydrophobic). You Glutamine *"J o
should be able to justify large AEpATn N N

Lysine

differences in hydrophobicity,
e.g. Val versus Ala

O
ighly hydrophilic

.' %
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