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BO0OY COMPASITION

Glycogen
b Phosphorous
Xygen Calcium
Fat 12kg Protein 12kg
Lean man Obese man
70 kg 100 kg

Water 60% % |

Protein 17% 13% ]

Fat 17% 35% |

Remainder 6% 5% ]
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By Weight* By Mole By Mole,
~0xygen 65% 4 Hydrogen 63% “Hydrogen
~Carbon 18% 2 Oxygen 26% “Carbon 39%
#Hydrogen 10% ~+ Carbon 9% “iNitrogen 5.6%
~Nitrogen 3% ~+ Nitrogen 1.25% #0xygen 1.6%
#Calcium 1.5% "4 Calcium 0.25% #Calcium 0.98%
#Phosphorous 1.0% ~ Phosphorus 0.19% “Phosphorus 0.77%
#Potassium 0.35% . Potassium 0.06% “Potassium 0.24%
~+ Sulfur 0.06% “Sulfur 0.20%

~+ Sodium 0.04%

= Chlorine 0.025%

~+ Magnesium 0.013%
~+ Iron 0.00004%

~+ lodine 0.000002%

and Soils

“Sodium 0.15%
#Chlorine 0.10%
“Magnesium 0.06%
“lron 0.0002%
slodine 0.000008%

posts/archives/2000-06/962225341.Bc.r.html
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Maitotoxin, a complex organic biological toxin

32 ether rings, 22 methyls, 28 hydroxyls, and 2 sulfuric acid esters

SMaLL MOoL

» Organic compounds (C,H,O,N,P,
» Molecular weight below 1000
Non proteins

Non polymers

n carbohydrates
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VITamns

B-group vitamins
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Vitamin B (Pantothenic acid)

Vitamin By, (Cyanocobolamin)
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Vitamin D (Calciferols)

o

Vitamin E (Tocopherol)

P
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Vitamin K (Phylloquinone)
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o o 1-Hexanol (herbaceous, woody)  Hexanal (green, grassy)
Ethyl maltol Furaneol

(sugary, cooked fruit)

]
(strawberry) . *-.;J\ e \;}L - Eo)_//o
Citral (lemongrass, lemon oil) v
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Furtural (burnt oats)
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cis-3-Hexenal T ]
Cinnamaldehyde (green tomatoes) N
(cinnamon) CH,
H Massoia lactone (coconut)
— N -~ Vanillin (vanilla)

Trimethylamine (fish)

POA

Isoamyl acetate (banana) R
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(lru\ly‘ solvem)

Skatole (bad breath, feces)

Ethyl butyrate
(fruity, solvent)

Anisole (anise seed) SH
Nerol (sweet rose)

Grapefruit mercaptan
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1-oleoyl-2-staaroyl-S-palmitoyl-sn-glycerol
{Glycerolipids)

N-myristoyl-sphing-4-enine
{Sphingolipids)

Cholesteral (Sterol lipids)

Arachidonic acid (Fatty acyls)

Retinol {Prenol lipids)
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FOOD anoITIives

Food acids: vinegar, citric acid, tartaric acid, malic acid, fumaric acid, lactic acid.
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Taste /flavor enhancers

OH OH

Sorbitol, a sugar alcohol
E420-humectant

Inthe United States, five intensely-sweet sugar
substitutes have been approved for use

- sweetener
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Monosodium glutamate (MSG)  Maltol (E636) OHOH

Guanosine monophosphate (GMP)

HO/\I/ Propylene glycol
OH  (E1520)

ose e Humectants .
Sucralose (Splenda) Acestifame K R

0 CNH v
gy Giycera Triacetin (E1518) \‘}“:lm
HO™ Ty - .l ALH

) l om wo../f[ b maitol (£965)

Neotame (NutraSweet) T Sweetener (Malisorb)

[ xyitol oy
o




SMaLL moLe

» Organic compounds (C,H,O,N,P,S)
» Molecular weight below 1000

» Non proteins

* Non polymers

on carbohydrates
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BUILDING BLACKS:
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Residue or Biological Unit

BUILDOING BLACKS:
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minor groove sugar phosphate i g

ADENINE : THYMINE GUANINE : CYTOSINE

Minor Groove ~ Major Groove

SmMaLLmo

1. Drugs

2. Odors/Fragrances

3. Food additives — taste enhancers, sugar sub:

4. Vitamins - organic and metalloorganic (complex

metals)

5. Parts and building blocks of complex organic systems
Amino acids, nucleotide bases

. Lipids — fatty acids

peat units of polymers — monomers

llaneous — catalysts (metals and their complexes)

live system catalyst - ATP @

.. @NYTHING eLSse ?

oLVenTs!
0, acerane, ere.
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soLvaTion anb

moLecuLe Re

Balls and sticks: balls rep:
atoms and sticks are bonds

SURFaCeSs OF THe moLecuLe

of a molecule (shown in
is defined as the surface of the union of
presenting all atoms, with radii set to
dii.

of the same

ter of a sphere rolling
e radius of this
Angstroms, the

moLecuLe-moLec

» Covalent interaction (bond form
* lonic (charge-charge) interaction

m W electrophilic addition

* Hydrogen bonding o »
Hydrophobic interaction O\ ' d%
der Waals forces R

| or kcal/mol (1 joule = 0.2390 calories)
the release of energy & the process is favored
demand for energy & the process is unfavorable

single alkanes
double alkenes 614
triple alkynes 839




IonIc INTera

Strong electrostatic interactions (5-10 kcal/m
Important attractive forces

Responsible for relative orientation of the molecules
other especially at the beginning of interaction

Example:

iving force for attraction, orientation and initial binding of

nd to the receptor binding site
H

One of the most important non-covalent inter
environment (under physiological conditions)

Come into play at closer distances than ionic interacti

Play important role in many properties: poor solubility, e
drug formulation, distribution, half-life, etc.

les:

icity is important for transport across membranes
ing of the hydrophobic regions of a ligand and a
in the lowering of the energy — favorable
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HYDROGEeN Banoin
(non-ionic/neut

» Non-covalent bonds

» Hydrogen bond strength is distance dependel

» Solvation/desolvation energy balance

» May range from 0.5 — 7 kcal/mol, depending on the
binding environment

» Distance between the heteroatoms is about 2.2 — 3.5 A

Thr, Ser, Tyr,
Asp, Asn, Glu

van peRr waaLs|

« Interactions at a close range
« Dispersion forces attract atoms at close dista
atomic dipoles

* Repulsive forces play a role at closer distances than
der Waals spheres of both molecules

« Interactions are much weaker (~0.5-1 kcal/mol) than other
lectrostatic interactions

cts (attractive forces) over a large surface area,
ce of ligand and binding site, may
ibute to the total binding energy
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moLec
STRUCTURE aND

Experimental methods
Solubility e P, e £ 00 ResEE S
Melting point =
Vapor point
Various biological activity
Elemental analysis

BUILDMNG MoLe
TUTORISL

Physical methods
Structural X-ray crystallography
NMR
Liquid Chromatography/HPLS
ass spectroscopy
ronic spectroscopy

ies calculations

MmoLecuLar

“We have a great deal of experimental in
regarding small molecules, such as bond
angles, strain energy and so on. A large mole
consists of the same features we already know
about in small molecules, but combined and strung
together in various ways. Can we with help of

rent structural theory, formulate the structure of a
molecule in terms of elementary features of
ecules ?”

MOLeCuLaR mecHanic

FORCE FISLD | — PaRameTers
57
N TS

mAmIZme aLaoarer\

Norman L. Allinger
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is nothing but a set of functions and‘ How 'T woaxs ‘

constants used to calculate the potential energy of the
molecule. In the Force Field, the constants k in the formula
are related to bonds and angles.

Torsion

Atoms are spheres

Bonds are springs that can stretch,

S B e e T “ bend or twist
. A Non-bonded interactions include
define the reference points and force van der Waals attractions and

constants, allowing for the calculation of the different electrostatic attractions / repulsions

energies due to deviations from 'natural’ values and/or

attractive/repulsive interactions between atoms. ~

Non- Bimr]ed I
are algorithms to calculate Energy =
new positions of the atoms after changes have been Stretching Energy +

applied. Different methods and techniques were suggested - e
to overcome the local/global minima problem (Steepest Bendlng Bieroy
Torsion Energy +

Descents / Conjugate Gradients / Powell / Newton- )
N)hson/BFGS/Line searches) ‘ Non-Bonded Interaction Energy

ETRETCHNG ENeRGY B=5 Kk G-1)’ BENDING eNeREY B= 3 k-0

bonds P angles

« also based on Hooke's law, kg controls
the stiffness of the angle spring; 6,
defines its equilibrium angle

« based on Hooke’s law, k, controls the
stiffness of the bond spring; r, defines
its equilibrium length

« estimates the energy
associated with vibration
around the equilibrium bond
length.

« estimates the energy associated with
vibration about the equilibrium bond angle

The wider the shape of parabola (k is 0

" smaller), the more energy is required Optimum
. Optimum ;

ky and ro are unique for each to deform an angle (or bond) from its

bonded atom pair based on their equilibrium value
types (C-C, C-O,...) ‘
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non-sonoen enercyY [k £z TORSION eNeRGY i )

ijoom torsions
van der Waals term Electrostatic term

« is modeled by a simple periodic function
and primarily used to correct the
remaining energy terms rather than to
represent a physical process.

accounts for repulsion, van der Waals
attraction, and electrostatic interactions

van der Waals attraction: at short
range, and rapidly dies off at a few * represents the amount of energy that
Angstroms. Repulsion: the distance must be added to or subtracted from
between interacting atoms is slightly van der Waals attraction regime the Stretching Energy + Bending

less than the sum of their contact — Energy + Non-Bonded Interaction
radii. These effects are often Energy terms to make the total energy
modeled using a 6-12 equation. agree with an experiment or rigorous

uantum mechanical calculations.
lectrostatic contribution is example, a model of dihedral
using a Coulombic potential. ethane may be used as a

y H-C-C-H bond.

 FF is empirical methods, so no “correct”
form of force field can exist.

» FF should be considered as single entity.
Usually separate term is not transferable, I'I'IOLECULER mecnan'cs
though it is possible. TUuTORIAL

» Molecular Mechanics energies have no
meanings as absolute quantities. Only
difference in energy between two or more
conformations have meaning.

-
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cConForR moLecuLar

Energy is a function of the degrees of freedom in a
and dihedrals).

Derek Barton 1950: Analysis of substituted cyclo

R1
R2

Biological and chemical properties depend on 3D structures
(conformers) that molecule can adopt.

Second Order Saddle Point

Transition
Structure B

Transition Structure A

Minimum for

Conformational analysis is the study of the conformations of a
molecule and their influence on its properties.

Minimum
main goal of CAis to locate all preferred conformations that o for Product B

ine biological or chemical behavior of molecule.

it means that we have to find points with the minimal
lecular energy surface.

Second Order
Saddle Paint

Valley-Ridge
Inflection Point

.- Systematic Search

e Stochastic Search

Energy

Multiple almost equal minima

10
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SYSTEMaTIC sear COMBMaToRIaL SeaRCH

Systematic Conformational Search generates molecular conformations
systematically rotating bonds in a molecule by discrete increments.
Purpose: generating a collection of reasonable molecular conformations,
which may or may not be at local minima.

Penalty: van der Waals energy exceeds a threshold (usually, 10-15
kcal/mol).

Rotation around: 3 bonds

Range: a
“Torsion driving” ange: 0 to 360
Energy profile for single
dihedral angle.

Step: 60°

Number of conformers
360/60*360/60*360/60=216

comamaTorRal @x

SYSTEemarTIC Sear

Advantage:

Explore all conformational space systematically. All possible
minimal conformers can be found.

' 360
‘o,

Total number of conformations =

6, dihedral increment for bond i

Lack:
Conformers . . . ) )
Time consuming: combinatorial explosion.
40000000 Can not be used for a large system and has a great limitation
for the ring systems.
3rot. bonds 30000000 5 rot. bonds Y
Step: .30 20000000 Step: 30° Partial solution:
Confs: 1728 Confs:248832 Restri i
i ; ) estricted systematic search (energy cutoff)
10000000 Min rate:
— Lconfisec agment based approach rather than atom building blocks
0 Time: 69 hours
s [a s e |7
O Conformers | 1728 \ 20736 ‘248832 ‘2985984‘3.6907 Time for 7 rot.
bonds: 415 days

11



COMPARISON

REGISTRATION

=

Advantage:

Explore conformations of the ring systems,
search experiences great difficulties.

an additional option chiral centers can be preserve
inal geometry or inverted during generation.

owerful method for large flexible systems with many

matic search. One can never be
tions have been found.
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Generates conformers by random perturb
coordinates or the torsion angles of rotatable

——

Initial conformer

Cartesian Torsion
perturbation distortions

Minimization

Check list
for existence

Structure for
next iteration

Add to list
of conformers

Determines the lower and upper distances fo
molecule. Based on this information the distance
random values in the upper-lower range are generats

12



Advantage:

Very accurate in the systems for which experi
available (NMR, IR, X-Ray crystallography)

Useful for refining the structure of proteins and nucleic
where the amount of data is huge for manual processing.

enerate several conformations that are consistent with
ental data and so provides an additional information of

conForRMaTIoNaL
TUTORISL
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Simulated annealing is a global optimiz:
Monte Carlo method.

Generate small random changes in the curren
accepting or rejecting each new state according t
criterion:

Moves that decrease the energy of the system are alway
Moves that increase the energy of the system are accepte
according to probability p:

p= (_'?’EJ where AE=E, — E,

is an energy of the new state, E, is an energy of the current
e "temperature” of the simulation, and k is Boltzmann's

if protli)eibility value is larger than random chosen

Crystallographic data - CDC Cambridge, U
Vendors — Sigma-Aldrich, etc

Assay specific libraries — kinases, TimTec
emical building blocks — Maybridge

al conformers — MOE, about 600k molecules with ovel
ecalculated conformers

.emolecules.com
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