Study Guide: Biochemistry

Hydrophilic v= Hydrophobic. Since biological chermstrv occurs largely in an agueous enaronment, the
interaction of a biological molecule wath water 15 very important. That interacbon 5 influenced by two pnmary
causes: size and polanty (charge). The smaller a molecule 15, the more likely it 1s to be willing to associate
wath water (dissolwe). Also, the more polar and/or charged a melecule 1s, the more likelv it 15 to be willing to
associate with water. Since biological molecules are often verv large, it 1s commen for the different parts of
the molecule to interact differentl v in water. For instance, a protein, which s composed of many different
amino acids which hawe a large vanety of characters, mav be hydropheobic in part of its sequence and
hvdroghilic in other parts.

Hydrophilic (hvdro=water; philios=lowe): Hwdrophilic molecules or parts of melecules vall dissolve In
[Interact wath) water.

Hydrophobic (hydro=water; phobio=far): Hydrophobic molecules or parts of melecules vall refuse to
interact wath water. If sufhcientl v hydrephobic, @ molecule or part ofa melecule wall actwely repel or exclude
water.

Hydrophilic/phebic characters are not an all-or-none phenomenon. Molecules Gll aleng a scale, some where
between extremely hvdrophobic and extremel v hvdrophilic. Changing the parts of a molecule will often shift it
more toward the hydrophobic or the hydrophilic end ofthe scale (depending upon the change).

Hydrocarbons. The basic skeletons of organic melecules are composed of hydrocarbon. Hydrocarbon is
made only ofthe elements carbon and hydrogen. Since carbon atoms all hawe the same electronegatiwty, and
the electronegatwty of hywdrogen s only slightl vy different than that of carbon, the bonds in hydrocarbons are
all nen-polar. Thus, hydrocarbons tend to be hydrophobic, especially ifthey are more than a ewcarbons In

siza.

The many, manydifferent organic molecules are formed by attaching a vanety of funcbonal groups to
hvdrocarbon skeletons. Each funcbonal group has its own characternisbc behawor, and the combinabons ofthe
behawors of a molecule's functional groups and the effects of the hvdrocarbon skeleton create the owerall

nature ofthe molecule. Classes oforganic meolecules are largely charactenzed by their funchonal groups.

Important Functional Groups
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1. Hydroxyl Group (found in alcohols and carbohydrates). This = a polar functional group due to the
polar covalent bond between oxvgen and hydrogen. Molecules whose most influential functional group
15 a hydroxyl group are called alcohols, and their systernatic names end in -ol. Examiple: ethanol.

2. Carboxyl Group (found in erganic acids). The carboxy is sometimes whitten -COOH. The H on the
OH dissociates easily in appropriate circumstances, thus liberating HY (a hydrogen ion) and creating -
COC". This makes this functional group a proton donor, and thus acidic. | also makes the carboxyl
group a strong hydrophilic orce. Molecules whose most influential funcbeonal group i1s a carbox
group are considered to be organic acids; their systematic names end In -ate. Example: acetate.

3. Amino Group. The amino 1s sometimes whitten -NH:. The amino group 1= polar, due to the polanty of
the N-H bond. It also tends to pick up an extra hvdrogen ion {due to the negatwe character or the N,
and the pair of uninwolwed walence electrons), thus becoming MH:*. This makes it a hydrogen
acceptor, and thus alkaline in character. It also makes it a strong hywdrophilic iInfluence. Malecules
whose most influential funcbonal group Is an amine group are organic bases, and their names end 10 -
armine. Example: diphvenyiamine.

4 Phosphate Group: This functonal group 15 alwa s charged, either -1 or -2. This makes it strongly
hvdrophilic in nature and influence. Phosphates mav be attached to organic melecules (organic

phosphate) or unattached (free or inorganic phosphate). When diagramnmung the structures of
phosphate-containing organic molecules, the organic phosphate is often abbrewated as a Pinside a
circle. Free phosphate s often abbrewated P {i for “inorgamic).

Structures of Important Classes of Biological Molecules
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Hydrocarbon: [hydro=hydrogen: carbon=carbon] These are molecules censisting ofonly hydrogen
and carbon They come In many sizes and arrangements. They may be saturated [contain enlv single
covalent bonds) or unsaturated (containing at least one double cowalent bond). They are very non-olar,
since the C-C bond and the C-H bond are both completely non-polar. Most carbohvydrates are quite
hydrophebic.

Examples: ethane benzene
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Carbohydrates: [carbo=hvdrogen; hvdrate-wath water] Carbohwdrates are muolecules consishng only
af carbon and the components of water (hydrogen and oxvgen). In commen language, most
caroochydrates are sugars [sacchandes) and their relatives. The v fll into sewveral categones.

al Monosacchandes {mono=cne). These molecules are composed of single sugar units. They
come in a vanety of sizes, depending upon the number of carbons in the sugar. The most
commeon of the sizes is the hexose (hexa=si1x), which has sixcarbons. Also of biclogical
importance i1s the pentose (penta-five), which has five carbons. There are seweral different
he xoses and sewveral different pentoses, and several may actually hawe the same molecular
formula, since the details ofthe arangement of the hydregen and the hydroxys on the ning 15
important in the identity of the sugar. Sugars are usually depicted in a nng form, though they
also hawe open chain forms.

Examples: glucose (a hexose) ribose (a pentose)
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b) Disaccharnides [di=2]. These sugars are made of two monosacchandes cowvalent v bonded
together. The bullding of the linkong bend 1s accomplished by dehydration synthesis (the
remowang of the components of water from the twe sugars to be bonded together for the
purpose of prowiding unpaired electrons for the formation of the new bond). Examples:

sucrose [glucose-fructose) and maltose {glucose-glucose)

c) Pol ysacchandes [polyv=many]. These meolecules consist of long chains {pol yners) of
monosacchandes linked together by covalent bonds (again, formed through dehwdration
synthesis). The long chains may branch. Examples: starch, glycegen. cellulose—all glucese

polymers

Lipids (fats and oils). These molecules are essentallyv all hvdrophobic or parbally hvdrophobic. There
Is gquite a vanety of structure ameong the lipids, but the two best known examples are the steroids and
the glycendes. The steroids include such substances as cholesterol, testosterone and estrogen. The
glycerides include the triglycendes{pnmary storage lipids) and phospholipids (alse called
phosphoglwcendes, the major component of all biolegical membranes).

al Steroids are comple x structures wath four interdecking nings. There are a number ofthemn
which hawe very signihicant biological roles. Your text can enlighten vou on the structures and

roles of the vanous steroids.

bl Glycenides come in at least two tvpes. All glvcendes hawe as part of their structure the
tnalcohol glycerol, as well as two to three fatty acids (long hydrocarbon chains which
terminate wath carboxyl groups). The chemical nature of a glwendes is some what
contradictory—especially the phospholipids. The glycerol part of the melecule 1s at least
some what polar, while the hvdrocarbon tails contributed by the &tty acids are highly non-
polar. The fatty acids are attached to the glvcerol through dehwdration synthesis between the
hvdro xvls of the glvcerol and the carboxys ofthe fattvacds, creating an ester linkage. The
formation of this connecbng bond destro v= most of the polanty of both the hydroxyl and the
carboxy. The completed glycende has a polar head wath twe or three long non-polar tails.



Example: Glycerol Fatlj.? Acid

(1) Triglycerides are constructed ocut of one glvcerol and three fatty acids. The heads of
these molecules hawe wery little polanty left, and the tails are wery non-polar. As 3
result, all tnglvcernides are at least muldly hywdrophobic; most are very hyvdrophobic.
The degree of hydrophobicity = deterrmined by the lengths ofthe hvwdrocarbon tails
from the fattv acids. The primary function oftnglwendes i1s long-term carbon and

energy storage.

Example: Triglyceride
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(m) Phospholipids (phosphoglycendes) are very much ke tnglywcendes, except that one
of the fatty acids i1s replaced by a phosphate functional group. This affects the behawor
afthe molecule in two significant ways. First, it decreases the number of hydrophobic
tails from three to two, thus weakening the overall force for hydrophobicty in the
rmolecule. Second, since the phosphate funcbonal group 1s small (and thus funchonally
part ofthe head ofthe molecule) and negativelv charged, it 15 a verv powerful force for
hydrophilicity. Because of this arrangement, phospholipids spontaneously form
bilavers in water, with the hydropheobic tails sequestered between the two lavwers of
hvdrophilic heads. The tails create a water-free envwronment betveen the two layers.
This is the structural basis for all biological membranes. The membrane 15 a flud
mosaic composed of proteins ef vanous sorts “fleating” 1in a phospholipid bilaver.

Example: Phosphohpid
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Proteins are long, unbranched chains (polymers) of smaller biclogical molecules called amine acids,
linked together by a special covalent bond called a peptide bond. A pepbde bond is a cowlent bond
between an amino group and a carboxyl group. Peptide bonds are i:-rmEd by dehwdration swthesis in
a process called translation, which 15 periormed by the nbosomes ofthe cell.

a)

Amino acids come In about twenty varieties. [.ﬁ.cl:l..lallj.r there are a few more than twenty, and
most come in two different sterecisormers, but since the translation process only specifies
codes for twenty, those are the most significant in this conte xt.) All of these amino acids hawe
the same core structure—a carboxy and an aming group wath a single carbon between them—
but each has a different R group (or side chain, sometimes called a "residue”) attached to
that central carbon. R groups vary from a simple hyvdrogen (glyoine) to complex nng structures
(tryptophan). Some are polar, some non-polar; some are neutral, some acidic, some basic;
some are small, some very bulky. As a typical protein might be between 150 and 500 amino
acids leng, this makes the possible vanetyin protein behawor very vast

Example: Amino Acid



