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atoms

. &
SHARING OF TRANSFER OF
ELECTRONS ELECTRON

molecule positive negative
ion ion

covalent bond ionic bond
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CARBON SKELETONS

Carbon has a unigue role in the cell because of its
ability to form strong covalent bands with other
carbon atorms. Thus carbon atoms can jain to form
chains.

G C c
- \C/ ‘\C/ \C/ \.C/

/
N/ N/ NN/ SR, HEE
i

/N /N /NN A i<

ar branched trees

\/

also written as \/\/\/\

or rings

also written as @

COVALENT BONDS

A covalent bond forms when two atoms came very close
tegether and share one or more of their electrons. In a single
bond one electron from each of the two atoms Is shared; in
a double bond a total of four electrons are shared.

Each atom forms a fixed number of covalent bends in a
defined spatial arrangement. For example, carbon forms four
single bonds arranged tetrahedrally, whereas nitragen forms
three single bonds and oxygen forms two single bonds arranged
as shown below.

Atoms joined by two

or more covalent bonds
cannot rotate freely
around the bond axis.
This restriction is a

major influence on the
three-dimensional shape
of many macromolecules.

ALTERNATING DOUBLE BONDS

The carbon chain can include double
bonds. If these are on alternate carbon
atoms, the bonding electrons move
within the molecule, stabilizing the
structure by a phenomenon called
resonance. [

/ AN /! k
—C\ /C— C\ /C
J C==C( Camal
/ A\ / A\ -
the truth is somewhere between
these twa structures F

Alternating double bonds in a ring
can generate a very stable structure.

bz reeeee

\ / /

I LN

often written as @

/ |1

C-H COMPOUNDS

Carbon and hydrogen together
make stable compounds {or
groups) called hydrocarbons,

These are nonpolar, do not form

hydregen bonds, and are
generally insoluble in water.

FI E
F—C—F I——é—

[ I

F F
shethane mesbyl group

_r
B
a” Na Na N

X
N

b T T

e ) M

] %] 1
o T o
~ m e

Y = i
b B b
a0 ™S e
b o e
& o

part of the hydrocarbon "tail"
of a fatty acid maolecule
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C-0 COMPOUNDS

Many biological cormpounds contain a carbon
banded to an oxygen. For example,

atcohod H
--l‘l:—t' 2 The -OH is called a
| : hiyelroxy! group.
|_
aldetryca & 1
4
—C\
F The C=0 Is called a
ketona N ahonyt group.
%
==
s
x ~
IEyiEac f- The —COOH is called a
—£ carboayl group. In water
\(' i this loses an H* lon to
) become -COO~,

Esters are formed by combining an
acid and an alcohol.

alcohol

C-N COMPOUNDS

Amines and amides are two important examples of
compounds containing a carbon linked to a nitrogen,

Armines in water combine with an H* [on to become
positively charged.

v "
—c—5~.\+ bt o= —C——F*
Y ]

Arnides are formed by combining an acid and an
amine. Unlike amines, amides are uncharged in water,
An example is the peptide bond that jeins amino acids
in a protein.

_Cf + + F,C
\ 4

acid aming 1 l amide

Nitrogen also oceurs in several ring compounds, including
impertant constituents of nucleic acids: purines and pyrimidines.

NE,
# c/ k
| I cytosine {a pyrimiding)
C B
c - o ‘-.|_
|
l_

PHOSPHATES

Inorganic phosphate is a stable ion formed from
phosphoric acld, H3PO,. It is often written as Py,

C C ¢ also
|| _ | I I ] || » writlen as
I—C—T—C —C—Cr+ FC—P—(" &= —C—LC—PF—0C7 & b € |
—L=C
¢ | g o < ®

The combination of a phosphate and a carboxyl group, or two or more phosphate groups, gives an acid anhydride.

ko€
c ¢
_ RIS
& + rC Ii‘ C ‘T C\ Cu
CF fes FoC C_T_c.
L
c ¢ we ¢
[ [ ] I ([
—C—P—CF + FC—P—C —c—T—c—T—c
e g ) e dgs

Phesphate esters can form between a phosphate and a free hydroxyl group,
Phosphate groups are often attached to proteins in this way.

also written as

high-energy acyl phosphate c

bond (carboxylic-phosphoric &
acid anhydride) found in =&
some metabolites & —®

phosphoanhydride—a high-
energy bond found in
molecules such as ATP

also written as

— —&®
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At very short distances any two atoms show a weak
bonding interaction due to their fluctuating electrical
charges. If the two atoms are too close together,
however, they repel each other very strangly.

ENERGY smen
repulsion

attraction

distance between ——
centers of atoms

van der Waals contact distance

Each atom has a characterlstic "size,” or van der Waals
radius: the contact distance between any two atoms is
the sum of their van der Waals radii.

012 nm 0.2 nm 0.15 nm 0.14 nm

Two atoms will be attracted ta each other by van der Waals forces
until the distance between them equals the sum of their van der
Waals radii. Although they are individually very weak, van

der Waals arttractions can become important when two
macramolecular surfaces fit very close together.

HYDROGEN BONDS.
As already described for water (see Panel 2-2, pp. 50-51}
hydragen bonds form when a hydrogen atom is
"sandwiched” between two electron-attracting atoms
(usually oxygen or nitrogen).

Hydragen bonds are strongest when the three atoms are
in a straight line:

N

7

. :1I!I|-|I|c-'-'\\ p

A

Examples in macromolecules;

Amino acids in polypeptide chains hydrogen-bonded
together,

|

= [|I# ‘r—?
—t R—C—F

=c |l +—

F—C—R

R P S ——
e . e [

Two bases, G and C. hydrogen-bonded in DNA ar RNA,

ER:

at can form hydrogen bonds to each other

can alternatively form hydrogen bonds to water molecules.
Because of this competition with water molecules, the
hydrogen bonds formed between two molecules dissalved
in water are relatively weak.
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Water forces hydrophobic groups together
in order to minimize their disruptive
effects on the hydrogen-bonded water
network. Hydrophobic groups held
together in this way are sometimes said

to be held together by “hydrophobic
bonds, " even though the attraction is
actually caused by a repulsion from the
water.

lenic interactions occur either between
fully charged groups {ionic bond) or
between partially charged groups,

The force of attraction between the two
charges, *and - falls off rapidly as the
distance between the charges increases.

In the: absence of water, ionic forces
are very strong. They are responsible
for the strength of such minerals as
marble and agate,

a crystal of
salt, NaCt

Charged groups are shielded by their
interactians with water molecules.
lonic bonds are therefore quite weak
in watar.

Y,

- Sewn
5. $ r i
Do p
! e, ¥
Bl — AT
ot ;. (i
S - -
S B

Similarly, ether ions in solution can cluster around
charged groups and further weaken ionic bonds.

Oa Sb

(&
Despite being weakened by water and
salt, ionic bonds are very important
in binlogical systerms; an enzyme that
binds a positively charged substrate
will often have a negatively charged

amino acid side chain at the
appropriate place.
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boad lengths

Because they are polarized, two

adjacent H,O maolecules can form hydrogen bond

a linkage known as a hydrogen H 0.27 nm
boid, Hydrogen bonds have \ _
anly about 1/20 the strength C g b —C —
of a covalent bond. P
+ 0.10 nm

hydragen bond

Hydrogen bonds are strongest when
the three atoms lie in a straight ling.

covalent bond

Molecules of water join together transigntly
in a hydrogen-banded lattice. Even at 379C,
15% of the water malecules are joined to
four others in a short-lived assembly known
as a "flickering cluster.”

The cohesive nature of water is
respansible for many of its unusual
properties, such as high surface tension,
specific heat, and heat of vaporization.

Maolocules that contain a preponderance of non-
polar bonds are usually insoluble in water and are
termed hydrophobic, This is rue, especially, of
hydrocarbons, which contain many C-H bonds.
Water molecules are not attracted to such
molecules and so have little tendency ta surround
them and carry therm into solution,

Substances that dissolve readily in water are termed hydrophilic. They are
composed of jons or polar molecules that atiract water molecules through
electrical charge effects. Water molecules surround each ion or polar malecule
on the surface of a solid substance and carry it inta solutian,

lonic substances such as sodium chioride
dissolve because water molecules are
attracted to the positive (Na*) or negative Folar substances such as urea
(CI"} charge of each ion. dissolve because their molecules
form hydrogen bonds with the
surrounding water malecules
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Many substances, such as household sugar, dissolve: in water, That is, their
molecules separate from each other, each becoming surrounded by water molecules.

When a substance dissolves in a
liguid, the mixture Is termed a solution,
The dissolved substance {in this case

sugar sugar) |s the solute, and the liquid that
dissalves does the dissolving (in this case water)
Is the solvent, Water is an excellent
solvent for many substances because
waler of its polar bonds.
rmalecule
sugar crystal sugar molecule

Substances that release hydrogen ions into solution

Positively charged hydrogen lons (H') can spontanecusly
are talled 2cids,

mave from one water molecule to another, thereby creating
twio lanic species,

s I— F r
bLl o GRS, & GF Semr—c” = Y&+ LG
hydroehloric acid hydrogen ion chiarida fon S T >
[strong acid) F F

hydronium ien  hydraxyl ion
{water acting a5 (water acling as

Many of the acids important in the cell are anly partially a weak base) a weak acid)

dissociated, and they are therefore wenk aricls—for example,
the carboxyl group (~COOH), which dissaciates ta give a

hydrogen ian in solution often written as:  HgC = 4 R

c ¢ hydrogen hydraxyl
=12} ion
P — e . &
- : B N N "
\C v \C = Since the process is rapidly reversible, hydrogen ions are
continually shuttling between water molecules. Pure water
{weak acid) contains a steady state concentration of hydroagen ions and

. . ; hydraxyl lons {both 1077 M),
Mote that this is a reversible reaction. yaraxy { }

pH

Substances that reduce the number of hydrogen ions in

.
cone. pH solution are called bases. Some bases, such as ammania,
B motes/liter combine directly with hydrogen ians,
solution is define{ld r ,ﬂ:: 1 s bR — N
by "he. mn?entraljon I 10y 2 ammaonia  hydrogen ion ammaenium ion
of H* jons it possesses. & 107 3
For eonvenience we g 1t 4 Other bases, such a5 sodium hydroxide, reduce the number of
use the pH scale, where . 5 H* ians indirectly, by making OH™ ions that then combine
* k directly with H* ions ta make H,0.
atl = 10l | B
7 4 haCk ha® o+ CE"
g sodium hydroxide sotium fydroxy!
_ 3 [strong base) ion ion
For pure water =
E Many bases found in cells are partially dissociated and are termed
[H*] = 1077 molesiliter = wirak bases, This is true of compounds that contain an amino
= group (-NH;). which has a weak tendency to reversibly accept an
H” lon from water, increasing the quantity of free OH igns.

~-hb, + P =Nky*
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ions, small

acteri
bacterial molecules (4%)

cell

phospholipids (2%)
DNA (1%)

RNA (6%)

proteins (15%)

polysaccharides (2%)

SATNOFTOWOHIVIN




Molecules Drawn to Scale
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e.g., sugars, amino acids,
and nucleotides

_—m

covalent bonds

—_—_—

noncovalent bonds

30 nm

e.9., globular proteins
and RNA e.q., ribosome
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|
r—cl—cr
r---(J:—CJ—
1_

araddenyda

linydromaciElons

rabisloni

friuctoue

'RING FORMATION

In aqueous salution, the aldehyde or ketone group of a sugar
malecule tends 1o react with a hydroxyl group of the same
malecule, thereby closing the molecule intg a ring.

e FaCk

glusnse

ribase

Many monosaccharides differ only in the spatial arrangement
of atoms—that is, they are isomers. For exampla, glucnose,

galactose, and mannose have the same farmula {CgH,,04) but
differ in the arrangement of groups around ane ar two carbon

atams.
ChCF

CF

gailactise

FooCH

Glucose TIADNCEE

These small differences make only minor changes in the

chamical properties of the sugars. But they are recognized by
enzyrnes and other proteins and therefore can have Impaortant
biological effects.
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The hydroxyl group on the carbon that carries the

aldehyde or ketone can rapidly change from one

position to the other. These two positions are called
and

R

hydriccy|

tyelvianoy

As soon as one sugar is linked to another, the  or
form Is frozen. ;

The hydroxyl groups of

a simple monosaccharide
can be replaced by other
groups, For example,

giucuronic acid

glucasamine

Nearetylghecosarming

fiucosn

or the ketane can react with any
hydroxyl group on a second sugar
maolecule to form a disaccharide, +
Three common disaccharides are

maltose {glucose + glucose)

lactose (galactose + glucose)

sucrose (glucose + fructose)
The reaction forming sucrose is
shown here.

Irasntnse

Ch,CH

FLICTOHE

OLIGOSACCHARIDES AND POLYSA __
Large linear and branched molecules can be made from simple repeating units.
Shart chains are called oligosaccharides, while long chains are called

polysaccharides. Glycogen, for example, Is a polysaccharide made entirely of
glucose units joined together,

brarch paints

In many cases a sugar sequence
is nenrepetitive, Many different
molecules are possible. Such
complex aligosaccharides are
usually linked to proteins or to lipids,
as is this oligosaccharide, which is
part of a cell-surface molecule

that defines a particular blood group.
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Sl 3
These are carboxylic acids with
long hydrocarbon tails.

CCCr COCk CCOCH
D
ol il
fl:rz ér—, ér—z
i L L
oL 5
(]H-z (IH-Z Cll-z
L b
oL
ool
i & o

space-fllling model

Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
hydrocarbon tail and are said to be unsatusated, Fatty acids with no double bonds are saturatecd.

C
\ic
C

This double bond

is rigid and creates
/a kink in the chain.

The rest of the chain

is free (o rotate

about the other C-C

bands.,

carban skeleton
UNSATURATED

g C
A 4
C

SATURATED

Ct,
"

C[ k2 Chy (l,‘l— 3
paimiliz

{r: Fa acicl (l} [
(43

Fatty acids are stored as an energy reserve
(fats and oils) through an ester linkage to
glycere! to form triacylglycerols.

b
L s
Fal—CF

Glyerel

If free, the carboxyl group of a
fatty acid will be ionized,

But more usually itis linked to
ather groups w form either osters

hydrophabic
fatty acid 1ails

general structure of
a phospholipid

Phospholipids are the major constituents
of cell membranes.

In phospholipids two of the -OH groups in
glycerol are linked to fatty acids, while the third
~-0OH group is linked ta phospharic acid, The
phosphate is further linked to one of a variety
of small polar groups (alcohaols).

hydraphllic
group

j| choline

space-filling model of
the phospholipid
phosphatidylcholine
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Fatty acids have a hydrophilic head

ard a hydrophobic tail. \E

In water they can form a surface film
or form small micelles.

Their derivatives can form larger aggregates held together by hydraphobic forces:

Triglycerides form large spherical fat Phosphaotipids and glycotipids form self-sealing lipid
droplets in the cell cytoplasm, bilayers that are the basis for all cellular membranes.

i

200 nm

Lipids are defined as the water-insoluble
maolecules In cells that are soluble in organic
salvents. Twa other common types of lipids
are steroids and palyisoprenoids. Both are
made from Isoprene units.

[

Steroids have a commen multiple-ring structure,

+C

cholgsterol—found in many membranes testosierore—male steroid hormone

Like phospholipids, these compounds are composed of a hydrophaobic
region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugar residues and no phosphate. |(%

i

LD

L

C c. | _Cr sugar
/\\/‘\\/‘\\/‘\/\\/‘\v %C/‘\-.C/ 2 Fesiduie

[ F

F

T T N N N N
: C=hF asimple
. g glycolipid

T
hydrecarban taifs

long chain polymers
of isoprene

dodichal phosphate—used
1o cary activated sugars

in the membrane-associated
synthesis of glycoproteing
and some polysaccharides
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CSIDE
i o e ey B
hsines faraidine] Htidine
The common amino acids (Lys, ar K} {Arg, or R) (His, or H)
are grouped according to T v oC
whether their side chains 11 11
are —h—C—(— —h—C—C—
I [
acidic (S o B F Cha
basic 1_ !
uncharged pelar Chy Chy
B |
BanpRky ¢i., Thisgroupis Chy
) ) {7 werybasic |
Thes? 20 amino acids i because its BE 5\
are given both three-letter i ., positive charge | These nitrogens have a
and ong-letter abbreviations, By is stabilized by /L‘ N relativety weak affinity for an
resonance. ol By H* and are only partly positive
Thus: alanine = Ala= A at neutral pH.

The -carbon atom is asymmetric, which
allows for two mirror image {or sterea-)
isomers, L and b, :

Proteins consist exclusively of L-amino acids.

Amina acids are commonly joined together by an amide linkage,
called a peptide bond.

c R

~
—c{ + h—(i:—c
F & Cr F s

amlno, or
Froteins are long polymers N-, terminus
af aming acids linked by
peptide bonds, and they
are always written with the
N-terminus toward the left.
The sequence af this tripeptide
is histidine-cysteine-valine.

thgh—

T o o W

Peptice Lond: The four atoms in each gray box form a rigid
planar unit. There is no rotation around the C-N bond,

carboxyl, or
C-, terminus

These two single bonds allow rotation, so that long chains of
aming acids are very flexible.
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Bk

(Ala, or A)

FoC

(Asn, or M)
FoC kooC
I |
—p—C—C— —h—C—C—
|1 |
PGk, FooCh,
H |
{ Cr; {actualiyan  "LE:
FN | iming acid}
g Bk i
-/1,\
i iy

Although the amide N is not charged at
neutral pH, it is polar.

e

{Tyr, or ¥}

The ~OH group is polar.

i e e
{lle, or 1)
€
[
—N—C—C~—
1|
k. Bk
Sl
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The bases are nitregen-cantaining ring
compounds, either pyrimidines or purines.

The phosphates are normally joined to
the C5 hydroxyl of the ribose or
deoxyribose sugar (designated 5'). Mono-,
di-, and wriphosphates are common,

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or mare
phosphate groups,

N-glycosidic

bond

Nucleotides The base is linked to
are the the same carbon (C1)
subunits of used in sugar-sugar

The phosphate makes a nucleotide pbonds.

negatively charged.

the nueieic acids.

-D-ribinge
used in ribonucleic acid

(RERTOSE:

a five-carbon sugar

--2-renxyrinose
used in deoxyribonucleic acid

Each numbered carbon on the sugar of a nucleotide is
followed by a prime mark: therefore, one speaks of the
"§-prime carbon,” etc,
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Mucleotides are abbreviated by
- three capital |etters. Some examples
adening adenosine A follow:

guanine quanosine G AMP = adenosine monophosphate
dAMP » deoxyadenosine monophosphate
cytosine cytidine o UDP = uridine diphosphate

ATP = adenosine triphasphate
uracil uridine u

thymine thymidine

Nucleatides are joined together by a
phosphodiester linkage between 5' and
3’ carbon atoms ta form nucleic acids. @ They carry chemical energy in their easily hydrolyzed phosphoanhydride bonds.
The linear sequence of nucleotides in a
nucleic acid chain is commonly
abhbreviated by a one-letter code,
A—G—C—T—T—A—C—A, with the §°
end of the chain at the left.

¢
[

~C—P—C—CF,

example: ATP {or ) - Ck

@ They combine with other groups to form coenzymes.

example: cognryme A [Coa}

@ They are used as specific signaling molecules in the cell.

example: cyclic AMP {CAMPY

phosphodiester
linkage

example: DNA




Protein Structure

©1998 by Alberts, Bray, Johnson, Lewis, Raff, Roberts, Walter hitp:.//www.essentialcellbiology.com
Published by Garland Publishing, a member of the Taylor & Francis Group.

F k. C
| 1 7
= N6 +
] N©
+ F|,[--2
Cly
|
5
|
by
polypeptide backbone
aming, or carboxyl, or
N-, terminus & C-, terminus
5
peptide i peptide bond
Ok bonds Ck
| SN
CF-
SCHEMATIC

SEQUENCE
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amine acid
side chains

hydragen bond

lFOLDING

binding site
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Epithelial cells form coherent cell sheets called epithelia, which
line the inner and outer surfaces of the body. There are many

specialized types of epithelia.

There are over 200
types of cells in the
human body. These
are assembled into a

: Absorplive cells have numerous hairlike Ciliatedi cells have ciliaon  Secrctory cells are found in
varicty of bypes of projections called microvilli on their free their free surface that most epithelial layers. These
tissue such as surface to increase the area for absorption.  beat in synchrony 1o specialized cells secrete
epitl move substances (such substances onto the surface ]
microvilli 85 MUCLS) over the of the cell sheet.

CONNSCve fissLi epithelial sheet.

intercellular o
Jjunction
brasal

lamina

mnsie

nervers i i
Most tissues contain
a mixture of cell

types.

together by cell junctions that give the
sheet mechanical strength and also
make it impermeable to small
molecules. The sheet rests ona

basal lamina.

nucleus

The spaces between organs and tissues Bone is made by cells called ostechiasts. These
in the body are filled with connective secrete an extracellular matrix in which crystals Calcium salts are
tissue made principally of a network of calcium phosphate are later deposited. deposited in the

R 7 extracellular matrix.
of tough protein fibers embedded in a

polysaccharide gel. This extracelular
matrix is secreted mainly by fibroblasts.

Twao main types of
extracellular protein
fiber are collagen
and elastin.

ostecblasts linked
together by cell extracellular
processes matrix

Fat cells {or adipose cells), amang
the largest cells in the body, are
responsible for the production and
storage of fat. The nucleus and
cytoplasm are squeezed by a large
lipid droplet,

fibroblasts n loose
connective tissue

. [SIRRSERRS
dendrites

The axon conducts electrical signals
away from the cell body. These signals
are produced by a flux of ions across the
nerve cell plasma membrane,

A synapse is where a neuron
forms a specialized junction

Merve cells, or neurons, are specialized for Specialized glial cells wrap with another neuron {or with
communication. The brain and spinal cord, around an axon to form a a muscle cell). At synapses,
for example, are composed of a network of multilayered membrane sheath, signals pass from one neuron
neurons among supporting glisd cells, ta another {or from a neuron

A
! ta a muscle cell).
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THE PLANT

shoot apical meristem

young
flowering
plant

4

root dpical meristerm

upper epidermis  midrib

vascular bundle

endodermis pericycle

leaf

; - 3,' veln

ke Mesophyll
nemate X paronanyma)
epidermis collenchyma

The young flowering plant shown on the left is constructed
from three main types of organs: leaves, stems, and roots,
Each plant ergan in turn is made from three tissue systems:
ground [E3), dermal (E23), and vascular (EI=),

All three tissue systems derive ultimately from the cell
profiferative activity of the shoot or root apical meristems,
and each contains a relatively small number of specialized
cell types, These three common tissue systermns, and the
cells that comprise them, are described in this panel.

THE THREE TISSUE SYSTEMS

Cell division, growth, and differentiation give rise to
tissue systems with specialized functions.

DERMAL TISSUE: This is the plant's protective
outer covering in contact with the environment.
It facilitates water and ion uptake in roots and
regulates gas exchange in leaves and stems.

VASCULAR TISSUE: Together the phloem and
the xylem form a continuous vascular system
throughout the plant. This tissue conducts water
and solutes between organs and also provides
mechanical support.

GROUND TISSUE: This packing and supportive
tissue accounts for much of the bulk of the young
plant. It aiso functions in food manufacture and
storage.

GROUND TISSUE

leaf mesophyll
cells

transfer cell

i cells are found in all plant tissue systems, They are
living cells, generally capable of further division, and have a thin
primary cell wall. These cells have a variety of functions. The apical
and lateral meristernatic cells of shoots and roots provide the new
cells required for growth. Feod preduction and storage occur in the
photosynthetic cells of the leaf and stemn (called mesophyll cells);
storage parenchyma cells form the bulk of most fruits and vegetables.
Because of their proliferative capacity, parenchyma cells also serve
as sources of new cells for wound healing and regeneration.

The ground tissue system contains
three main cell types called parenchyma,
collenchyma, and sclerenchyma.

cells

A transfer cell, a specialized form
of parenchyma cell, is readily
identified by elaborate ingrowths of
the primary cell wall. The increase
in the area of the plasma membrane
beneath these walls facilitates the
rapid transport of solutes to and
from cells of the vascular system.

fiber bundle are usually dead cells with thick,

d
weiiz are living cells similar to parenchyma cells
except that they have much thicker
cell walls and are usually
elongated and packed into long ropelike
fibers. They are capable of stretching
and provide mechanical support in
the ground tissue system of the
elongating regions of the plant,
Collenchyma cells are especially
commen in subepidermal regions
of stems.

typlcal locations of
groups of supparting
cells in a stem

sclerenchyma fibers
vascular bundle
collenchyma

12, like collenchyma, have strengthening and
supporting functions, However, they

lignified secondary cell walls that

prevent them from stretching as the

plant grows. Two common types are
fibers, which often form long bundles,
and sclereids, which are shorter branched
cells found in seed coats and fruit.




Simplified Diagram of Cellular Metabolism
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