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T HE CHEMISTRY OF ORGANIC
MOLECULES
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CHAPTER REVIEW

Carbon’s unique properties permit the formation of many
kinds of organic molecules. At the molecular level, this
variety accounts for the diversity of living things. Many
organic molecules have a carbon backbone plus func-
tional groups. Some common functional groups are the
hydroxyl, carbonyl, carboxyl, amino, sulphydryl, and
phosphate groups.

Several types of small, organic molecules—mono-
saccharides, fatty acids, amino acids, and nucleotides—serve
as the monomers (building blocks) of polymers (larger
organic molecules). These polymers (e.g., carbohy-
drates, lipids, proteins, nucleic acids) have important bi-
ological functions. When a dehydration reaction occurs,
two monomers bond chemically as a water molecule is
lost. Repetition of this process produces even larger
molecules—the polymers—in a cell. The reverse reac-
tion, hydrolysis, breaks down polymers into their chem-
1cal subunits.

Several classes of organic molecules have biolog-
ical importance. One of these, the carbohydrates, con-
sists of several subclasses: the monosaccharides (e.g.,
glucose), the disaccharides (e.g., sucrose), and the poly-
saccharides (e.g., starch). The monosaccharides and
disaccharides—the sugars—provide an immediate en-
ergy source for organisms. Some polysaccharides store
energy (1.e., starch), whereas others contribute struc-
turally (i.e., cellulose). .

Fatty acids and glycerol are the building blocks of
fats and oils. Fatty acids may be either saturated or un-
saturated. Fats and oils store energy efficiently. Waxes
and phospholipids differ in some of their components
compared to fats. These structural differences endow

these molecules with different biological abilities. Phos-
pholipids, for example, are a major component of plasma
membrane structure and help determine a membrane’s
properties. Steroids are derived from cholesterol; their
structure consists of four fused carban rings.

Proteins have a variety of biological functions.
including support, enzymatic, transport, and hormonal
regulation. The monomers of these palymers are amino
acids. Peptide bonds join amino acids within the polypep-
tides of protein molecules. Proteins exhibit several lev-
els of structure. The primary struc:turer of a protein is the

order of the amino acids bonded toget
structural levels (secondary, tertiary, g
for the molecule’s three-dimensional
protein’s biological properties.

her. Several other

laternary) account
shape and for the

DNA and RNA are nucleic acid

. Nucleotides, the

monomers of nucleic acids, contain a phosphate, a nitrogen-

containing base, and a pentose sugar.
genes 1n cells. The DNA molecule is

NA makes up the
double helix—it

has the appearance of a twisted ladder. Sugar and phosphate
molecules make up the sides of the ladder, and hydrogen-

bonded bases named adenine, guanipe, cytosine, and
thymine make up the rungs of the ladder. The sequence
of bases in DNA stores information regarding the order

in which amino acids are to be joined within a protein. RNA
conveys this information from the nucleus to the cyto-

plasm, and therefore is an intermediar

y 1n the synthesis

of proteins.

The nucleotide ATP 1s composec
three phosphate groups. ATP is a high:
Whenever cells need energy, ATP is
ADP + P, and energy is released.

| of adenosine and
-energy molecule.
, broken down to

Study the text section by section as you answer the questions that follow.
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« The four classes of organic molecules in cells are carbohydrates, lipids, proteins, and nucleic|acids.
* The characteristics of organic compounds depend on the chemistry of carbon.. 8 _
* Varnations in carbon skeletons and the attached functional groups account for the great diversity of organic

molecules.

« Large organic molecules called polymers form when their specific monomers join together.

17




1. Indicate whether these statements about a carbon atom are true (T) or false (F):
a. There are two electrons in its outer shell.

b. L It can bond to other carbon atoms.
C. % It can share two pairs of electrons with another atom.
d. Chains of 50 atoms are unusual in living systems.

2. Label the following diagram using the functional group names.
amino
carboxyl
hydroxyl
carbonyl (ketone)

. {EDAE .
o CARB DYy L 219
G-ﬂmﬂ&ﬂ—— R—OH

i AmiaD N o

3. Place a check next to the functional group(s) that can ionize (take on or give up a hydrogen ion).

a. amino
b.Z carboxyl
C. —..— hydroxyl

d.

carbonyl (ketone)
4. The term that refers to two structurally dissimilar molecules with the same molecular formula is LSDM Eﬁ'-r

5. Give the subunit molecule(s) for each of the larger molecules listed.

polysaccharide 2 MWWNQ SAC CHARLWE

fat b _ Gy CElo and ¢ § t! / 2:! [2@5‘

polypeptide d.  ApeNA~D fq LID J
DNA, RNA e~ N (EOTWE

6. Label the following diagram using the alphabetized list of terms.
dehydration reaction
hydrolysis reaction
monomers
polymer

b PADALOMERS

H—#-OH H-l-OH

¢. During a hydrolysis reaction, is water added to or taken away from the reactants? B.Bj) @
f During a dehydration reaction, is water added to or taken awa} from the reactants? ___ (/Y WEN 4&[7
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7. Write the molecular formula beneath each of these structural formulas by indicating the number of carbmns

hydrogens, and oxygens in each.

CEHEGH
/ O\OH
5 |'L HO 2 +
- + CH0H | SOMELS
OH H
< H
8. Complete the following table:
Carbohydrate Monosaccharide Composition Biological Function
sucrose 3k
GLAOSE ¢ FRyC70S€E TMASfaﬁ-“? JOCAL
lactose

Glweop e GAUACTZOLL IO SOGAA
maltose . .
(£LLL(_UM Y S’LU‘-—C’SL P)lk_&j_’jﬂ)ﬂ(
starch |
3¢ (locvst mals aielq?v §77 044 L=
lycogen )
i rongsf CHARDES ~ (Ro oo Qf'éhy S T2} (-
Glucos s CEU WALLS
chitin
lucos £x0s1elde7 oy

9. a. Which molecules in the first column of the table in question 8 are disaccharides? _l_,_l‘_i____ i
b. Which are polysaccharides? q[ 5'-! l)_’—?

cellulose

Llplds vary in structure and function. faa e = |
- Fats function as long-term stored energy snurces . S S e e f s
| Cellular membranes, including the plasma membrane are a bilayer of phusphnhpld mn}acules '

i
q

Certam hormones are derived from chnlesterﬂl a cnmple:x ring cﬂmpound
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10. Complete the following table: |

Lipid Monomers Biological Function

fats and oils (triglycerides)

C;(_y ceflo +—F¢77~/ Acpr ErJL,My )’ZoMch
Gy et FA. v DROPIR.  cen. mE;
GULYsaIC + T Phorecacon w52z

phospholipids

waxes

1]. Write the word saturated or unsaturated beneath the appropriate structure.

12. In the following representation of a fat, draw a circle around the portion derived from glycerol. Draw hl}es
under the portions derived from fatty acids. i
|

) S
13. When phospholipids are placed in water, the * Pl*ap/“g?E face outward and the ° E& Z7x n fa?e

each other. This property makes phospholipids suitable molecules to form the © Lﬂmﬁ’ E of cells.
14. Examples of steroids are H'TéﬂMEﬂ-UdE, b.eJ 740 cav ,and © (. £.7{ J’ﬂq=_

15. Each steroid differs from other steroids by thesi@i‘: attached to the carbon skeleton.
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16. Complete the following table:

Protein

| .
Biological Function

enzymes

=

r

actin, myosin

_OrLANce . CA=ZACy $ 75
COANZARCZ(LE  ELENS

insulin

SOGAL pruwz24Bousm

hemoglobin

Peptides (r. 46)

17. Label the following diagram using the alphabetized list of terms. (One term is used twice.)

acidic group
amino acid

amino group
peptide bond

0, cArain M 3oy Do

T

A4 | &.0

‘ A o
Amao v-n-c-c + -
[ N O I:I .f.'-I‘_'i_?L:_f | % O
qﬂa(p . Ao Am E A H
A
dehydration hydrolysis
- reaction reaction
.

e | _OH
H— —C—C A + H0.

O

R = rest of the
molecule

Shape of Proteins (p. 48)

18. Study this representation of a polypeptide.

R H H
| |

~N—C—C—N—C—

o |
H H O R

a. This is the Q_&;L[MM

? R H H O R H H O A
i | N .i BN Pl F
C—Tﬁ$~ﬁ N ﬁ C—T—?—?—N~C—O~N~C C
| 1 BB
H H O = H H O o H H O

structure of a protein.

b. What are R groups? 5 lD E C[ fﬁ ¢ A % ; /ﬂ.:'_ ﬁmf”}()
c. What two shapes characterize the secondary structure of a protein? Cj- HEUY « Q_ JHEET
d. What type of bond between amino acids is necessary to maintain secondary shape?

e. How does the te?’ary shape

M2 A

of a globular protein come about?

Seppap

Fodidly A~nd W' Bondr
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f. What would cause a protein to have a quaternary shape?
Jowdinl(y ~ %O yﬁj‘iﬂ oYy  STTAVCT oD

19. a‘ﬂ“ﬂpélﬂml proteins help new proteins fold into their normal shape. In Creutzfeldt-Jakob disease, an
infectious protein called a(an) .P@,QM 1s misfolded resultmn 1n disease. j
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; -"ﬁ__;.?-_".-"'GEHES are camposed of DNA (deoxyribonucleic ﬂﬂld) DNA Spﬂmflﬂs the ¢ corre.ct ordermg Df amino amdsm
ra pmtems with RNA as an intermediary. SR e ; _. - hoa Pt as
‘g_f;._'-::__f_'i"_‘;'The: nucleatlde ATP serves as a carrier of che mlcal energy m cells

20. Both DNA and RNA are polymers of _ELJ C—QL_Q'? CD L'-‘.g

21. On the following diagram, label the components of a nucleotide.
nitrogen-containing base
phosphate

pentose sugar
Q . Lpse

[
HO—P—0
|

. PHospritTe.

O

.S\ GAL

22. Refer to the following diagram of a strand of nucleotides to answer questions a—d.

a. What molecule is represented by S? ,ML
b. What molecule is represented by B? t;ﬂ SE

¢. How many different types of B are in DNA? .- | ‘/

d. What type of bond is represented by the lines? PH OSPHﬂ_?L / P)} Su%( D/L

S—B
/
\S—B
/
\S—B ~
/
S

0
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23. a. Complete the following table to distinguish DNA from RNA:

DNA RNA

Sugar

— TDeory Rask [Lihose
Bases AT 6 ROLt

Strands (how many?) 2' {

Helix (yes or no) y [‘}

b. What are the functions of DNA and RNA?

Vil - S7OM (¢ )  —7n4a5 €60

ATP (Adenosine Triphosphate) (r. 52)

24. ATP is a(n) a_MA’ , 1ts structure consists of three bﬂﬁmﬁé{ﬂ %Qups attached to

E'ﬂMMIE pentose sugar.

25. Complete this reaction: ATP — ADP +®+ .- ngl‘]_?’ . When cells need b‘wgy . they break
down the molecule C'ﬁDF r-p |




