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Networked molecular cages as
crystalline sponges for
fullerenes and other guests,
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"We finished the genome map, now
we can't figure out how to fold it."
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DNA sequence motifs for structure-specific
recognition and separation of carbon nanotubes,
Zheng et al., Natwre, 2009, 460, 250-253.
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Basis of Energy
Force Model Attraction (kl/mol) Example
Bonding
Ionic Cation—anion 400-4000 NaCl
Covalent Nuclei—shared 150-1100 H—H
e pair
Metallic Cations—delocalized 75-1000 Fe
electrons
Nonbonding (Intermolecular) i
ITon-dipole Ion charge— 40-600 Nat:-- O<
dipole charge H
H bond & & 5~ Polar bond to H— 10-40 —H--10—H
—A—HzseeiB—  ({ipole charge Ill |
(high EN of N, O, F)
Dipole-dipole . '''''' ‘ Dipole charges 5-25 I—Cl-+--{—ClI
Ton—induced ‘ ....... 6 Ton charge— 3-15 FelteussQ,
dipole . polarizable e ™
o cloud
Dipp]e—induced ‘ """ Q Dipole <.:hz:u'ge—~ 210 H—Cl-+--Cl—Cl
dipole polarizable e
cloud
Dispersion Polarizable e 0.05-40 F—F:+-F—F

(London)

clouds
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http://www.nyu.edu/pages/mathmol/textbook/info_water.html

rr

o]
N

D

cC
Co ;2 i
o B

e D A

=
C §\ e
B —~ @’ @}

)
>E2 (el
@9 - 'O) (@

— —

4= 7 = Co (O
o
(o]

T Cy QT Co CorO

C 0

GO TSy ®

D — 0O
SO QS M W

=

B

Y

o3

Co

)

—_

4

& o OF
O — 8¢ = &¥
C-()

C
Co
'@

&

A

(O]

@7

g
-’ ,
o O’
) Q»

'\ O
; B Es
pSAS
o B
—_— ¥
cc @

&
(=)
&
1 O

To®

a1 0dWwOA®Rs Geé Ulepd A

(@)
(- o

=

> @o

2

-

CD 4

o & X

~

3

=)

,:
o O &

-’
a» M
° (o]
N —~
D
y &«
/
N N’
» O
N
4
4

(e
i 6 RUQGI.Gpe &OF 0lRG UG RGGO & OO Bt B
iiieeliecUD®BIGAEN ateddl ¢ SO0SO6 66
0l 2U0 6 OR UeAUé ®0OUel & i ’
URT Re 07 b aAwiolidiQieey &0 d Ai. UGGt @iod O

—) QJ)
Co Co ;U



@Y
>
Co
O»
@Y
Q)
()
—_)

prY
08)
—_—)
S
[=%)
=)
Ce
(-
(@
o
=2
%
Q
(@
—_
Co
5

o
o

D
>
C
>
>
N
s
N
C

>)% —)

O &«
> O

Ch <«
— CO

gh e
—)

\

§

N =
S O

o
- =
y=—= @D = _@)
™ D o

— O

10 S Co 8,
(@]
g,
el
—
o8

DO —/ —Q¢ M Ty
Co & — Q¢ = C«
—_) =) —i~~ O

¢

O Co F Q¢ D

)
4

O
-

N\

ObUWRH o TOiiey oeeis 1

ANV

)
)

(=]
B _,
= (9]
Co
=
, &
%
>
O
>
U

\

s
(¢
C

~

s (@] C\ ™
@y
Co
B
S
(@
(¢
o

€

(=Y O
2

N )
o,
R

¢
» & O » @
Ee O Oy

3 &Y >

D

y 7 O
—)

7

Y Co ™ Co T O
= Q» Co (D¢ — 5

o D O =
O ™D M Co
—; ©° s

pr3)

-<) 9) -_—
Cy (Df
o E
& Q
= B
—o)

™ & O

o >
—_
%
o
=
-’
— D
@)

o)



cOUT dA pumaaUT
H
o

/ S N o"i
<N | /)\ ':'::0 “ stmnd2 o el P H 'A\ —



cGUI A puUOdaUl

Interaction/property Strong Moderate Weak
D-H.--A Mainly covalent Mainly electrostatic Electrostatic
Bond energy (k] mol ') 60-120 1660 <12
Bond length (A)

H---A 12-15 1.5-2.2 2.2-32 7T H=a

D---A 2.2-25 2.5-3.2 3.24.0 —< />—R
Bond angle (degrees) 175-180 130-180 90-150 O—H---=--- o)
Example HF complexes Acids C-H---A

H:O7 Alcohols D-H-..w
— DNA/RNA —

QéUP Gol,s| DA@YCUBT WPLH OGO OG UsI(ititele W ot e &1 elod «
VOodeieol wapep o0 OUAAT U é
QbR Q@\a) 21 e &, UeOsRe (0D 0T 0 e BEO BT 0 & 0 o 00 GeU TUOG ¢
Uel 0 ROADBDUGDRED I® RUOD & WiddRRRT T 0 W@tdgRA OAUT {
Ul &l WAB0den@d ol Gadulaedist i OAu)
5O 60 &Wdcmda @ biieé o O®I R4 @ G AED &l WEiueyd OG é U1 ¢
VOdletegl G®0F e0d Ul edisil (G OWeABIEEaU OVl AGED T
Vel 6Ol WAD ORI OVBWIo@edRERUODT dROUIT T&d Ml G
Ut TaaA iGu & Uloked ul 1 o1 o e
g D& A @ADL e e 0B DAT & DT ORI UT aid 0é UU OiedWdi @ 1
aoulilel.giigdbastdpe et Bt @d®au OV @GN ¥ 81 Ge AU
ClHa® T o0 Oqudy &l UGAED B
dzZAT U1 U6 U e WCdiedonaaptdin Sugramolecular Chemistry anlanochemistry. FromSupramoleculesto Nanotechnologyd , J . W.

R. Turner, Karl Wallace, John Wiley and Sons Ltc
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IsraelachvilliJ. Intermolecular and Surface Force2" ed. Academic PressCalifornia,2000, Ch. 8, pp. 128132.
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A. Amino Acids with Electrically Charged Side Chains
Posj‘\:ive

Histidine
(His) m
/’/O pKa 170

Arginine
(Alg)e
&O pKa 203
@] (@]

NH, NH,
pKa9.00 pKa9.09
N
X -NH
N H pka 6,04
H2N—§
®NH,
pka 1210
B.  Amino Acids with Polar Uncharged Side Chains
Serine Threonine Asparagine

[Seﬂe (Thr) o (Asn) m

pmz 13 pnnzu PKa 216

D.  Amino Acids with Hydrophobic Side Chain
Valine Isoleucine

(val) o (lle} o

Alanine

(Ala}o

/‘/ praz27

pxazaa

#Ka‘?ﬂ

NH,

pKags2

pka Data: CRC Handbook of Chemistry, v. 2010

Leucine

(Lew) o

nx-zu

pKa!26
NH,
pnmua
mem
mse nmm
o
pmm

Lysine A
(Lyilo
&Ophus

?ﬁl!l‘

® NH,

pKa 1067

Glutamine

(Gln) @

pm:\s

o
O ?plﬁtgﬁ 1;@.75 pxaqm
HZ

Methionine

(Met) m

pKl 2

@ Positive @Negalive

* Side chain charge at physiological pH 7.4

Negative
A
Aspartic Acid Glutamic Acid
(Asp) @ (Glu) e
‘fo pKa 185 /YO pka21&
NH,
pRa 958

O
s 9.66
pKaB 7 o

pKad.15
C. Special Cases
Cysteine Selenocysteine  Glycine Proline
(Cys]e (Sec) 0 (Gly) @ (Pro} 0
mmm pka1g ;Yo mzsa"fo pnugs/yo
o PKa 1047
NH
phi'OZB pi(alo pKan& NH
pKa 814
Phenylalanine Tyrosine Tryptophan
(Phe) e (Tyry o (Trp) @
pl(ai.il

Ka 2.18
16 ’”

frgyrR egcovag

Dan Cojocari, Department of Medical Biophysics, University of Toronto 2011



http://www.umass.edu/molvis/workshop/osaka12m.htm
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Formation of RaftLike
Assemblies within
Clusters of Influenza
Hemagglutinin
Observed by MD
Simulations.
Parton,D.L., Tek, A,
Baaden M., Sansom
M.SP. PLoSComput.

Biol.,2013, 9,
€1003034.
Membrane coverage
of hydrophobic
gRT el @0r 1 o deUsw»OEUY giluel O0S1 residues
I o OAiftRF e OF GOUTSIRBIUr.DUOT B8 6 ThRgeleta.n
e Of GO A Gal Ve GOT tdaitaUGo@BOF T o Nature
101 G)00 ®AT G &1@ e UT RUIRT eT @ OF T uGel UGEdGU Communications,
(1T eGo@®el Ugb) | kEddi® e OO0 @ eiEQUR 2010, 2, 304
UgUT aRUe& 6

Lahti,J L. et al. J.R. Soc. Interface2012,9, 1409-1437.



