1) TheChemistry of Cdlls
« Chapter 2, Karp

2(Z) Thingsyou should know
. Covalent bonds
. lonic bonds
« pH
« lonization

3 ) Water isa Polar Molecule
« Highly asymmetric and polar (charge is asymmetric) molecule- O (-
side) on one side H (+side) on the other

. TheH?* can interact with negatively polarized (or charged) groups
on other moleculeslikethe O- from water

. Hydrogen bond- a weak non-covalent bond (polar interaction)
between a hydrogen atom and another atom

« Hydrogen bonding underlies water’s unique chemical and
biological properties

. Water molecules are hydrogen bonded to each other -Water hasa
structuretoit!

4 Polarity of Water and Hydrogen Bonds (panel 2-7)
s —J Solubility and Hydrogen bonding

. What doesit mean for something to dissolve or “bein solution”?

. It meansto interact with water or to becomecoated with water -

- Moleculesin solution are coated with alayer of tightly attached water- it
requiressignificant energy tostrip this“water of hydration” away.

. Likedissolveslike-
- Water dissolves polar and charged moleculesbecauseit is polar
-~ non-polar molecules dissolve in non-polar liquids(like oil)

. Insoluble- cannot interact with water

- it isenergetically unfavorable for some moleculestobein water (they do not
hydrogen bond towater) so they interac with each other instead

s =) Dissolvingin Water (2-2)
72} Dissolving glucose (2.8)




s _) Water asareactant
. Water can also take part in chemical reactions
. Hydrolysis- splitting water
. Condensation- formation of water from H* and O,

9 —J Non-covalent interactions

. Weak interactions-the energy of thebond ismuch less
than a covalent bond.

« Must be stronger than thermal energy at the temperature
In question to berelevant

« In macromoleculesit isthe sum of lots of small non-
covalent interactionsthat matters

102 Alberts Fig 3-3

11[Z] Typesof Non-covalent Bonds- Chargeinteractions
. 1. lonic Bonds- interaction between oppositely charged ions-weaker
than covalent, stronger than polar
- Positiveand negative charges attract strongly
- Individual ions(Ca**, Mg™)
- lonized atomsin a maaromoleaule (PO, or NH;*)
. 2. Hydrogen bonds- I nteraction of oppositely polarized (but not
charged) molecules. Alwaysinvolves ahydrogen atom.

- Thisisthesame as hydrogen bonding in water, but it can also occur between
water and other molecules and between two molecules without water.

- Hydrogensattached toN or O are usually polar and hydrogen bond to ather
molecules

- Hydrogensattached to carbons areusually not polar and sodo not hydrogen
bond (important for hydrophobiclipids)

12(2) Non-covalent bonds (2.3)

13(=) Hydrogen bondsin biological maecules(2.4)

14(—) Non-covalent bonds (cont.)
. 3. Van der Waalsforces
- Very weak polar interactions

-~ Only happen when molecules are very close together and often
induced by being close



- Only comeinto effect when lar ge surfaces of macr omolecules
come into contact

15(=] Van der Waalsforces (2.6)

16— Non-covalent interaction (nat bonds)

. Hydrophaobic interactions

- Moleculesthat do not interact with water (non-polar) interact
with each other to minimize the surface in contact with water

. Thisisnot aforce of interaction!

- It comesfrom theinteraction of water with itself being stronger
than the interaction with the molecule. The desire of water to
be with itself for ces the hydrophobic molecule to associate with
othersof itskind instead of water.

17(2) Hydrophobic interactions (Fig. 2.5)
18 ) pH

« Thisisanother property of water and moleculesin it!
. lItiscritical for polar/ionicinteractions.

« ThepK (thepH at which they ionize) of functional groupsin
cellular moleculesis no accident.
- NH, at physiological pH acquires a hydrogen ion to become NH,*
- PO,z and COO lose ahydrogen to become negatively charged

. Thereisadelicate balanceof ionization of these groupsin cells
(proteins)

- dlight shiftsin pH can alter the shape of proteins (intramolecular ionic
interactions) or theinteractions of protenswith other molecules
(intermolecular ionic interactions)

19(2) lonization of amino acids (2.27)
20(Z) Diffusion

. Diffusion ultimately limitstherate of all biological
processes
- Nothing can happen faster than diffusion allows
- But thereisno “rateof diffusion”
. However, we can use cellular energy to biasthe direction



of diffusion

21z Diffusion isarandom walk
22[=) Diffusion

« Mean squar e displacement (x2=6Dt or v=6D/x)
To go 10x farther takes 100x aslong
Thereisno “rate of diffusion” - therate varieswith time
. D=diffusion constant- controlsrate
. D isafunction of mass, temperature, solvent viscosity
Thereisno directionality to diffusion at the molecular
level
23Z) Diffusion in Célls

« Small moleculesin the cytoplasm diffuse

« Many macromolecules arerelatively fixed in place and
don’t diffuse much

. Some molecules are diffusing in a 2 dimensional sheet of
the membrane

« Some molecules are moved around by molecular motors
rather than diffusion

-~ Thiseliminates the problem of random movement and time but
requires a system to give directionality-cytoskeleton!

24— Diffuson in Cdlls

Substance Mw D (cm2/c) timetodiffusely  diffuse 10um
« bacterium 5x10° 1sc 100sec
« TMV 4x107  3x108 0.1sec 10 s=¢
« abumin7x10¢  6x107 10 msec 1sc
« sucrose 3x10? 5x10°6 Imsec 100msec

25(_) Themolecular eventsinside cells are hard to imagine

« Anenzyme can perform areaction at upwards of 1000
to 500,000/sec.

- Thisisbecause molecules vibrate around at very fast rates



- But remember diffusion saysit israndom movement-to move a
significant distance takestime
Thereisnoinertiainside cells- viscosity is the major
factor-everything is coated with sticky water and hasto
push itsway through water that isvery viscous- thick
becauseit isstuck to itself

26 _) Lifeinsideacdl ishard toimagine

Imagineliving in aworld in which the following scenario isentirely plausible You
pour cream into your morning coffeg the cream remainsin a blob in mid-coffee. So
you stir the cup three times counterclockwise, spreading out the cream. Then, after
distilling the daily disagersfrom the newspaper, you resume stirring but
absentmindedly do so dockwise. After threedrcuits of the spoon, theblob of cream
reappears separated from the coffee, and you mutter maledictions about the
nuisance of mixing liquids The mental outlook improves not a bit when thedrain in
the sink plugs up, bailing out the contentsis unavoidable. No small bucket is handy,
but fortunately a colander works almost aswell to transfer the water to an adjacent
tub. Mildly mollified, you go off in your motor boat, pointing the propeller, a spiral
cylinder in the front out into the main channel. It just takes far too much fuel to
move along the shore. In mid-passage, the motor quitsand the boat immediately
stops. Having neglected to fastened your seat belt, you tumble over the bow but at
least have the presence of mind to get quickly back intotheboat. So only alittle
water needsto be scraped off.” S. Vogel pg 241 Lifein moving fluids’



