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Laboratory Objectives

Alter completing this lab topie, you should be able to:

1.

2.

3

Identify the paris of compound and stereoscopic microscopes and be
proficient in their correct use in bislogical studies.

Describe procedures used in prepanng materials [or electron micros-
copy and compare these with procedures used in light microscopy

Ydentify cell structures and organelles from electron mictopraphs
; and
state the functions of each. 4

- Desenibe leatures of specific cells and determine characieristics shared

by all cells studied, =
Distinguish between eukaryotic and prokaryotic cells.

Discuss the evalutionary significance of increasing complesdty from uni-
cellular to multicelluler organization and provide examples [rem the |zh,

Introduction o

h.-u"..lri

!
s+ Aerording™to cell theory, the cell isthe hiological unit, the
o + spnallest and simplest biological structure possessing all the characteristics
ol the living eondition. All living erganisms are composed of one or more | ..

cells, and every activity taking place in g living organism is ultimarely re-

lated 1o metabolic activities in cells, Thuis, understanding the processes of
life necessitates an understanding u::ﬁhrgosgrul:tuit and function of the cell,
The earfiest known cells found in fg,s_sﬂiztfﬁﬂsér]iml;:nu 3.5 billion years obd
(called prokaryotic cells) lack nuclei and membrane-bound organelles. Cells

with a membrane-bound nucleus and organelles {EEEEEH%EEE] 'I%RJ\{II:
appear in the fossil record for another 2 billion years. But the evéntual evely

tion of the eukaryotic gell and its iftenal compartntentalization led to enor-
hous, hioloei diversity in single cells. The evolution of loose aggregates of -
cells ulriniately to eolonies of connected cells provided for specialization, so

that groups

of cells had specilic and different functions. This early division of

lshar included cells whose primary [unction was loctmation ar reproduc-
tion. The evolution of multicellularity appears 1o have originated more than
once in eukaryotes and provided an opporwnity for exiensive adaptive radi-
ation as organicms specialized and diversified, eventually giving rise o fungi,
phants, and animals. This general trend in increasing complexity and special-
ization seen in the histary of lile will be illustrated in Lab Topic 2.

Given the fundamental role phyed by cells in the organization of lile, one

can readily undersuand why the study of cells is essential to the study of life
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30 Lab Topie 2. Microsropes and Cells ——
r. are below the limit of resolution nl’rl_1: human eye W i
A not study them without using @ n}IcmEEﬂII- Th[;mmét Pe has prgh,

i than any other instrument to the development of hig)
o contributed more b this motnikaal siseh _ !
;,*Lsh as a science and Eﬂﬂ’,il]“fs- l':'dﬂ:]' 1o [ne Pnnc'Pa- oo Uﬁ_ﬂd 1n medh:ai
A and biological research. There are four types of microscopes Commonj,
e iJ}T I}'iﬂiﬂg“m- You wﬂ[ learn how to l,l!.!: o D[ these MICToSC ’ llh:
[ung mmpﬂ'_ md th!:- EE..TEE;EMTM' 1'“ tﬂda}rh lai:l-l:rra,

£ Oy en visible light as the source of jljim;
Lory. of these microscopes usé ] of ilhmin,
'li:lt& e elec tren h?;ﬁh are l Two other microscopes, the scannin

Cells, howeve

Fie electron microscope and the transmission electron microscope, ﬁi}q&_ﬂ

/ N trons as the source of illumination. Electron microscopes are able ig vig,,
Ltet 1 objects much smaller than those seen in a light micrascope. Although thes,
T E‘Jic-l'ar.:l_:rpés- are not used in this laboratory, you will be given the oppany.

' nity 1o learn more about them in Exen:if;e,lil-

Microscopes are used by biologisis in numerous subdisciplines: genetics
molecular biology, neurobiclogy, cell biology, evolution, and. ecology The
knowledge and skills you develop today will be used and enhanceq
throughout this eourse and throughout your career in biology: It is impor-
tant, therelore, that you take the time 1o master these exercises thoroughly

L

= == e e ———

EXERCISE 2.1

BoooRdhg ( @

i .J_'_':.l1. !.I,'.E'I.l = %1 ‘r_ -"'E‘W'mﬂ'ﬂ
P

=5 gy The Compound Light Microsco pe
W Lizif -'J'_\_,.-é". -...- 'I---‘:"'ll‘I i .
e s g é Mﬂmnﬂh-
compound micrascape
5 ¥
. ks = Introduction
gpre= The microscope is Arkiim
Ened to make obijects visible that are too difficult or

- too small tosee with the unaidsd " 2 . :
- : ced eye. There are many variations of jight mi-
Eﬁrﬁmp“fﬁ. Ilt_i'iuhdl_nhg}ﬁhﬂ%nuast, darkfield g]:mjn and ]E' 551'1::_:::
ET primarily in the squrce and F e L1
the specimen (0 be viewed, oy Yy, uch light s P“—ﬁi—._d through

T]I;e Tj?;smpﬁ in biology lab are ysyal]

: : ular light MICIOScopes, some of which ma ha hase.
S UES ST Wi MWI“HH—E Compound megps that the g M hfgpa-nii?hiﬁ ;;m::;
b ey magnilying lenses (the ocular and the obj tiyg lenses). Binocular micros

"'E-I-F'.:. b Al = tiMMwmmmn et i
o i . I
P ; el

Your success in and enjoyment of | ot
i : _ aTge portion of the lahg i
o gl # 1r'||r_trhuduc.mr}r biology will depend on how proficient youy hzc:;ﬂf;?:?ﬂﬁil;:
0 the microscope. When used and maintained cotrectly, these precision in-
struments are capable of preducing images of the t'lighf;i{ quality

Although there are many variations in the f

are all constructed ag a simil i :
| similar plan (Figure 2.1). In thie i '
be introduced 1o (he COmmon mnaaicgms i et e

found in diff dels of
compound micrasen ; _ erent models o
your microscope. pes and asked 1 identify those features found on

Scanned by CamScanner
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Figure 1.1a,
The compound binocular light microscope Locate the pans of your micrascope described in Exsrcise 2.1 and label this

phetograph. Indicate in the margin ol your lab manual any leatures unique 1o your microscope

l|"'_|

Figare 2.1D. [ compound light microscope as viewed [rom under the stage. This micrescope & "':I'J’?-F:‘Ft ki
Enlarged photo wl comp adenser adjusiment kivob, phase-contrast revalving turet, e

hase ' demser, co
pes. Loacate the conde -

FI S ﬂTIhE e T - s e on i IJ. APTHmM

4 " e s o il B 1-.:|-||E'll'I:I|'|,1|!'I'Z_-:‘.'|l.:'-a:l-.-:|.1.||_-l'.'|l. 1 hl' ag

Scanned by CamScanner



Cewlar lenses

Body tube

- S, : s
B r ¥
Revolving pps epioce B TR 5
e .

Objective lenses ™ —mem.

Haole

Stage

Condenser
7 Iris diaphragn lever s e 0"

INominatien gr!urnn__—._-‘.h-. . i
] | s Eii

e —_——
-_'l
e L 1
ti.u'l‘-,-"
CrgH

¥ Coarse adjustines wuel

Hase .

i Fine adjustment lnb

Stage al..
manipulators

Iris diaphragm Tris diaphragm (inside)

lever AR
T neation of the condenser

{not ghown in the Figure)

L i s o
- B SN "G T T i lﬂ'

Scanned by CamScanner



33 LbTe 2: Microscopes and Cells

4
|

'h.l‘]'|1'|" E'f EEI.P. i
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'_____-__'—__--_"""h-

Please treat these microscopes with the greatest carg|

__"-_'—_Hc—I———I—'——_----.,-,E_llull
Procedure

I. Obtain a compound light microscope, following directions from your
instructor, To carry the microscope correcily, hold the arm with op,
hand, and suppon the base with your other hand. Remave the covey,
but do net plug in the microscape.

- Locate the pants of your microscope, and label Figure 2.1, Refer to ik
following description of a typical microscope. In the spaces provided,
indicate the specilic features related 1o your microscope.

2. Mhelbeadisuppors the two sets of magifying lenses. Thepcalats he
lens in the eyepiece, which rypically-has a magnificasiomeof 103 If

your microscope is binocular, the

Eﬁ: between the eyepieces
pereds el (interpupillary distance) can be adjusted o suit your eyes, Move the
eyepieces apart, and lock for the seale used 1o indicate the distance h:-_._

tween the eyepieces. Do not adjust the cyepieces at this time
has been placed in the eyepiece and is used 1o point to an objectin
the circle of light that one sees in the microscope.

Is your microscope monocular (one eyepiece} or binocular (two-
eyepieces)?

What is the magnification of your ocular(s)? 10 x

= s

'Although the ayepiece may be removable, itshould not be
‘removed from the microscope.

X

pl:ﬁltinn on the nosepiece is emnpty). It is impemant to clean
both the objective E:{f_ﬂ;‘?':‘ﬂﬂrlﬂﬂr.sbtfﬂrtfa& use. Dinty lenses will
cause a bilirng or f 2Eing of the image Wiiays iz peper for clean
What is the slication of each of ri i i

i ma_gng Ea :1:;; Gl your objecrives? List them in

e e
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e — .

~optical arran ace- Thistonditon-is-called brightfisld—
nicroscopy-Griher positions of the wrret set phase-contrast optics
in place. To use phase-contrast, the wrret setling must correspond
to the magnifying power of the objective being used,

Is your microscope equipped with phase-contrast optics?
ThelStagelsupports the specimen 1o be viewed. Amzchanical stage
can be moved right and left and back and forth by twols just-
ment Tnobs] With ‘a#itionary siage, the slide is secured under
3 and moved slightly by hand while viewing the slide. The
u - e can be adjusted with-

the/coarse and fine fc

Does your microscope have aﬁr_nechanh:al or stationary stage?

d. The'base acts as a stand for the micioscope and houses the lamp. In
some microscapes, ihie intensity of the light that passes through the
specimen can be adjusted with the[light Tniensity Tever] Generally,
mare fight is needed when using high magnification than whin using
low magnification, Describe the light system for your microseope.

EXERCISE 2.2
Basic Microscope Techniques

Materials

clear ruler

coverslips

prepared slides: letter and crossed thread
lens paper

blank slides

Kimwipes®

dropper boule with distilled water

Introduction
In this exercise, you will learn {o use the microscope to examine a recogniz-

able object, a slide of the leter e. Recall that microscopes vary, so you may
have to omit steps that refer to [eatures not available on your microscope.

i st i ficient in locating a spec-
Practice adjusting your microscope to become pro g a spe
imen, faculsing“-:gleaﬂ}r, and adjusting the light for the best contrast.

Procedure

l. Clean microscope lenses, i B
i uce the microscope, you should begin by cleaning the
Ea;l;su%}rn;uhm paper moistened with a drop of distilled water,
wipe [.hp: ocular, objective, and condenser lenses. Wipe them again

with a piece of dry lens paper.

Scanned by CamScanner
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Kimwipes®, tissues, or other papers,
2. Adjust the focus on your microscape.

a. Plug your microscope into the outlet,

b. Turn on the light. Adj (e A
. - adjust the light intensigy ¢ d- :
Microscope has that feature f 0y o mid-range if your

€. Rotate the 4 objective into positi i -
: position using the revolving nosep;
fing, not the objective jtself ki i
d. Take the letter slide and wipe it with a Kimwipe® tissue. Each tim,

you study a prepared slide, you should first wipe it l
: : pe it clean. Place the
letter slide on the stage, and center it over the stage opening,

==

Eli;:'ua should be placed on and removed from the a{hgu
only whan the 4x objective is in place. Rermoving a slide

when the higher object i
i Jectives are in position may scratch

€. Look through the ocular and bring the letter into rough focus by
slowly focusing upward using the coarse adjustment.

[. For binocular microscopes, looking through the oculars, move the
oculars until you see only ong image of the letter e. In this position,
the oculars should be aligned with your pupils. In the margin of
your lab manual, make a note of the interpupillary distance on the
scale between the oculars. Each new lab day, before you begin to use

the microscope, set this distance.

g. Raise the condenser to its highest position, and fully close the iris
diaphragm.

h. Looking through the ocular, slowly lower the condenser just uniil

the graininess disappears. Slowly open the iris diaphragm just until
the entire field of view is illuminated. This is the correct position for
f : both the condenser and the iris diaphragm.
I. Rotate the 10 objective into position.
J- Look through the ocular and slowly focus upward with the coarse
adjustment knob until the image is in rough focus. Sharpen the
focus using the fine adjustment knob, -

o — 1 r . e —_—

T e e e e e T

‘Do not turn the fine'adjustment knob more than two'
revolutions in either direction. If the image does not come

_ into.foeus, return to 10X and refocus using the coarse
adjustment.

-
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— Lab Topic 2: Microscopes and Cells 35

k. For binocular microscopes, cover your left eye and use the fine ad-
justment knob to loous the fixed (right) ocular until the letier e s ip
maximum focus. Mow cover the right eye and, using the diopter
ring on the lelt ocular, bring the image into focus. The letter ¢
should now be in focus for both of your eyes Each new lab day, as
you begin to study your firss slide, repeat this procedure,

' You can_incresse or decrease the contrast by hdjusting the fris)

(diphragm opening] Note that the maximum smount Ef%ighTm—
vides Titde conitrast - Adjust the aperture until the image is sharp™

™. Mave the slide slowly to the right. In what direction does the image
in the ocular move?

n. Is the ima th i i i
ol &F In the ocular inverted relative 1o the specimen on the

o. -::mtr_r the specimen in the field of view, then rotate the 40 objec-
tive into position while watching from the side., If it appears that the
objective will hit the slide, stop and ask for assistance.

; ORh gt
Most of U}gigun:rmmpes have parfecal lenses, which means
:*q: that little fé Eﬁ'&lﬂg is required when moving fram one lens to
another. if your scope is nor parfocal, ask your instructor for

p. Alfter the 403 objective is in place, focus using the fine adjustment
knoh.

Never focus wirh.ﬂm coarse adjustment knob when you m-e
using the high-power objective.

g‘mt;:'r with the 40X or the

10 objective?

3. the total magnification of the specimen being nrimrezi Todoso,
:EI;TU‘L: magnification of the ocular lens by that of the objective lens,

2. What s the total magnification of the letter as the microscope is
now set?

&
E:ﬂ!tr“-'-'-ﬁ =3 :-'?

J;Ln-.!'f a':‘-{ ﬂm

& _pr.\'ﬂ'.ll-
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1d be the 1otz magnificatic i
’ ?;E]hjv::t‘:v: o e 100% (ol immersion)? This is the magnificatioy

achieved by the best ight microsCopes.

4. Measure the di.amﬂ'::r ol the ﬁ;ﬂrﬂ!}in of ,,:,,._-uﬂla.: snﬁgézgﬁ;:eit -
eld of view for any €0 thi '
;L:lh:aif}iduﬂmim \he size of any structure within that field.

4. Rotate the 4 objective into position and remove the leter slide,
b. Place a clear ruler on the stage, and focus on its edge,

¢ The distance between two lines on the ruler is 1 mm. What is the
diameter (mm) of the feld of view? *

d. Convert this measurement to micTometers (pm), 2 more comm
used unit of measurement in microscopy (1 mm = 1,000 pm).
. Measure the diameters of the field of view for the 10X and 40x

abjectives, and enter all three in the spaces below to be used for
future reference.

gx = TR = 4 =

[. What is the relationship between the size of the feld of view and
mmagnification?

S Distiine toaial iy quéﬁ per
- Delermine spati tionships. The depth

of field is the thickness of
i5 3t ome time: Because the depth
CTOSCOpE, fﬂms‘upand down

[a specimen.
8. Rotate the 4% objective i ;
shide of crossed E{'I.'I'Ead_s_ln[? Fn_gilj-ﬂ'ﬂ and remove the tuler. Take a

slide on the stage. Cener x ", and place the
threads cross is i the center of the slage opening,
. Focus on the region where the
focus at the same time? threads cross, Are both lfhraal.'ls in

e

c. Rotate the 10X obiectis
both threads in

objective inio
locus at the <

S -

position and foeys n'“ - =X
i the cross. Are
ame [me?

Dees th j
€ 4% or the 10X objective haye o shorter depth of field?

Scanned by CamScanner



Lah Topls 2: Microscopes and Cells 37

d fmm upward (move the stage up) with the coarse adjustrment un
tl both threads ape Just out of locus. Slowly focus down using the
fime adjustment. Which thread comes into focus first? 15 this theead
lying under or over the other thread?

e Rotate the 40X objective into position and slowly foeus up and
dﬂ'_'-'-"l'l. using the fine adjustment only. Does the 10X or the 40
objective have a shorter depth of field?

6. At the end of your microscope session
slote your microscape pe « use the [ollowing procedures 1o

a. Rotate the 4% objective inio position.
b. Remave the slide from the stage. L

€. Retumn the phase-contrast condenser 1o the 0 seu :
etring il you have
used phase-contrast, i

Set the light intensity ta its lowest setting and turn off the power.
Unplug the cord and wrap it around the base of the microscope,
Replace the dust cover.

Return the microscope to the cabinet using two hands: one hand
should hold the arm, and the other should suppart the base.

These steps should be lollowed every time you store your microscope.

Lol T L

———

The Stereoscopic Microscope

Materials

stereoscopic microscope microscope slides
dissecting needles i droppers of water
living Elodea . coverslips
Introduction

Sl . ieroscope has relatively low magnification,
The stereoscopic (dissecting) m mfd manipulazing relatively Targe ob-

7% 10 30X, and is used for viewing _ -
: . ergates thestereoscopic effect, The stereoscopic
jects. Mhe binocular feature nd microscope except in the following

i is similar to the compou .
m%ﬁfb‘i md_e]l_h nFﬁ:ﬂd iﬁ;g;,g:h greater than with the l:ﬂmlpuund mi-
croscope, so objects are seen in three d_l!ninms. and Im mﬁh]ﬁ;u mté_,
can be 'u-gggi' -d down onto as well as u an object, which permitszs=
- 'ﬁgimck to aﬁﬁﬁﬁ@mumam o

le - E [ . !‘. 3 .
E‘ﬁjm is?:.uﬁ:d reflected or inﬁ%m light. Light passing through the
e 160 =

Scanned by CamScanner
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object 4s called transmitved lght: Refer 10 the Websites section gt the
of this lab topic for a video of stereomicroscope use. g
Procedure
1. Remave your stereoscopic microscope from the cabinet and locate the
parts labeled in Figure 2.2, Locate the switches for both incident g
transmitted light. In the margin of your lab manual, note any fearur,,
of your mi:mscn?c that are not shown in the figure. What is (he range
of magnification for your microscope?
2. Observe an object of your choice at increasing magnification. Select g,
ﬂm that fits easily on the stage (e.g., ring, coin, fingertip, pen,
r).
a. Place the object on the stage and adjust the interpupillary distance
(distance berween the oculars) by gently pushing or pulling the oc-
ulars until you can see the -cnbjcr;l; as a slngle image,
b. Change the magnification and note the three-dimensional charac-
teristics ol your object.
c. Adjust the lights, both reflected and transmitted. Which light gives
you the best view of your object?
Figure 2.2. Oculars Wt p (Y rl
The sterenscopic (dissecting)
microscope. Locate the pars of AT vl it (ool 1tedy i ]:-‘J'.z. ’
Four microscope by referring o b o ) =
this photograph. Note in the bl
margin any features of your
microscope that are not shown Magnification contre; knob
im the phetograph. AT T T
photograp i 1
haad Incident bght
(- ( .p_,-J.j‘_].- [ J-Lu
w My \df |
= {"_.I M £ ._-Illﬁ'!'.li- J rr.j'“r_
_‘-.-..I-.'i' .I"‘:I' I;"'.-L
e

L I

Obfective

# -_,53!-~¢:-*.‘9':'J ¥
liansmitied light ——g
Stage
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3 Frepare a wet mount of Elodea Living material is often prepared for ob-
servation using a wet mount {The material is either in waler or covered

with water prior 1o adding a coverslip ) You will use this technique 10
view living material under the dissecting and cum[rﬂunﬂ micrscopes

(Figure 2.3).
a. Place a drop of water in the center of a clean microscope slide,
b. Remave & single leal of Flodea, and place it in the drop of water, )
¢ Using a dissecting needle, place a coverslip at a 45° angle above the
slide with one edge of the coverslip in contact with the edge of the  Flgnre 23 Plack 3
water droplel. as shown Freparation of a wet mesint.
frien of
d. Lower the coverslip slowly onto the slide, being careful not (o trap dmhﬂr_mu‘:; “:Ii W"I : EFﬁmﬁdh 1
air bubbles in the i:lm-phl_ﬂiﬁlnﬂim@'lltmlip is threafold: the = ng : £ i |“_j.=
(210 filf¥n ie prepararion, (2) 10 keep the preparation from dry=" 7 1ower a coverslip onto (2 FCE:
ingiout, and (3) 1o protect theBbjective lenses. Over long periods of  BeInE @reful not 1o trap Bty bibhes '|"

time, the preparation may dry out, at which point water can be e droplet
added to one edge of the coverslip. ‘
. . |

= = —

stereoscopic microscope, but a coverslip must always be used

* Epiﬂl'l'lﬂ!'ﬂh‘ can be viewed without a coverslip using the
with the compound microscope.

4. Observe the structure of the Elodea leal at increasing magnification.

2. Place the leaf slide on the stage and adjust the focus, Change the
magnification and note the characteristics of the leaf at increased
magnification. -

b. Sketch the leal in the margin of your lab manual and list, in the
space below, the structures that are visible at low and high

magnification.

Low:

High:

Is it possible 1o see cells in the leafl using the stereoscopic microscope?

o

Organelles?

Save your slide for later study. In Exercise 2.5, Lab Study C, you will
§ hi?sk:d t?:u compare these observations ol Elodea with those made

while using the compound microscope.
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EXERCISE 2.4

The Transmission Flectron Microscope

—

Materials ‘
demonstration resources for the electron MICTOSCOPE
electron micrographs

Introduction

wransmission electron microscope (TEM) magnifies objects approxi-
Tl:i'iﬂ]! 1,000 larger than a light microscope.can {upto l.ﬂﬂﬂiﬂﬂpxl‘nﬁ,
difference depends on the resolving power of the electron )
which allows the viewer to see lwo objects of comparable size that are close
together and still be able to recognize that they are two objects rather than
one. Resalving power, in turn, dzpends on the wavelengrh of light passed
through the specimen: the shorter the wavelength, the greater the resolu-
‘tion; Because eleciron microseopes use electrons as a source of illumination
and elecirons have a much shorter wavelength than does visible light, the
resolving power of electron microscopes is much greater than that of light
microscopes. Both the electron and light microscopes can be equipped with
lenses that-allow for trerendous magnification, but only the electron
microscope has suﬂ'i{:j}m resolving power 1o make these lenses useful.

4 Procedure

1. Compare the features of the light and electron microscopes (Fignre 2.4).
a. Mame three structures found in both microscopes.

b. What is the energy source for the electron microscope?

For the compound microscope?

¢. Describe how the lenses differ for the two microscopes

3. Define the following terms
lab manual.

Jixation :

embedding staining with heavy metals
t]t‘[l}mmg elic |

ultramicy Enetic lenses

boa f"-ﬂmt fluorescent sereen

tim di

_______ ; Yacuum
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a- Light microscopa . Elactron micrascope
Figure 2.4,
Comparison of light micrescope and electron microscope. The source of illemination is light for the light microseope
and electrons for the eleciron microscope, The 1mage is magnified by glass objectives in ight microscopy and by
electromagners in electron microscopy

4. When an elecron microscope is used; cells are usvally studied using
~ clectron micrographs, photographs wlen of the image seen on the flu-
£y3 orescent sereen. Observe electron micrographs on demonstration in the
\¢~" laboratory, in your textbook, or on websites listed at the end of this lsb
topic. For the following list of cellular organelles, underline those or-
ganelles and structures that you predict may be seen only with the elec-
iron micTascope. ‘
FIm'mq membrane, cell wall, nucleus, :hhn:lplnst.
mitachondria, vacuole ~Golgi apparatus,
peroxisome, lysosome, endoplasmic reticulum,

ribosome, flagella, cilia

EXERCISE 2.5 . i
The Organization of Cells = :

%{ﬁ'@ﬁﬁ_ - I_"‘_,ll-_:.;.::-J=I
In this exercise, you will examine the features common o & EUEEE!E -~
cefls thar ara"mj:lﬁrﬂcative of their common ancestry. However, you wi
ohserve that all cells are not the same. Some Qrganisn are unicellular ‘-
isingle-celled), with all living functions {respiration, stign, reprodiic- o
tion, and extretion) handled by that one cell. Offers random, TeMpo= 25 4«
Ty aggregates, ar chesters, of cells. Clusters miposed of a consistent and
ffui’ahab]l number of cells are called colonies. Simple colonies are clusters
v o ;
Y '_pf;f

(s

==
";”"":'-5:“3;
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42 Lab Topie 22 Micioscopes gnd Cells e

s X N with a predictable structure, but the eells haye
ey Daioat i Mphrmﬂm;wmmmwm More complex colonies have cells of dmm::

i types. In some colonial algae the crlls are called somatic cells (eells thay 4,
A nnAa s : ! luctive) and eells that specialize In reproduction. In the:,

ot d
e A colonies, il either type of cell is isolated [rom the colony, they may be repr.

ductive, ﬂ]nr[mﬁ and |]n:-|jl.lv:':ng fiew colondes, (FL
y Other slgae may contain both cell types, somatic and reproductive, by
. their zomatic cells never hecome EEPT.E],'-‘E“.""E- even when isolared,
o rnpruduftwt cells cannot ptlirsi[ in rﬁend:ﬂ[]"{, but must be RSO
] ; clated with somatic cells to live. These organisms are Iﬂ%“-ﬂibl.’d ag
T b ol atteitivn Y multicellular because they have two or more types of :;e-_lls with special-
of 14 ized structure and function, and these cell types, when isclated, are noy
~capable of prepettiating the spécies in thé‘wild. Inmore complex algae, |
" [ungi, plants, and animals, specialized cells mayheorganized inta fssurs 7
that perforin particular functions lor the prgamism. Tissues, m twrn,may
o | <3 combine to [orm organs, and tissues and organs combine tosformea
b _.i'_,.l:nnrdinal:d single organism,
In this exercise, you will examine selected unicellular, aggregate, eolonial,
and multicellular organisms. (See Color Plates 1-7.)

b .
r
sk Lab Study A. Unicellular Organisms
Vel boos o bt 2R
' M el .-,;,-('| Materials ey
microscope slides . caverslips
culture of Amoeka dizsecting needles
living termites insect Ringers
ferceps :
Introduction -
-"|I'1_:Jr}'l. :,_',.:_," = \j

= Unicellular euharfﬂm organisms bt .
<% heterotrophie (deriving food ,m“':‘:?'ﬂm o mp]ﬂni rti:?:ﬁmﬂ:m} ?

. e & ¢ = These dive i i '
e :i: mf) ey F=E erganisms, called protisis, will be studied in detail in Lab

-;I - ﬂ' -
o = . o Procedure

1. Examine a | .
KDPEFI;@E‘;’;‘:%E:T;EE‘:EF@UE_ 2.5) under the compound micto-
. e e ﬂl'g,il'usmE ':':Jmt'fll:lﬂlll." fr_'.gu T2

transler a specimen 15 your slide, foligu these Pr&edurtrl:els-:n Imlﬁ B
;T? r]Il_n:ining % amoeba under the dissecring
A : Ii T BOUOT ol the dish. The amneha wil ap-
y b. Using a clea il _m ,}rghamd Organisin attached 1o the botom
: hElwée:LEm:luE-:F:ﬁ:E [l; 18 imporiant not 1o inlerchanpe pipettes

3 I [T s, ES ¥ [mnql-ﬁ =ri Ay : -
Figure 2.5.% %~ Sl - L i) Tr]lh:m5:'-"'17'F"'=' shide, To do 1!11; aa;:f-:fz:m“ml TH?EE:ET

“Amoehi I ou - ' ipette bol

I". == ”_}"r! sl 'Eh;e CthlaEEiElllg ilrﬁl um-IET the surface of the I:'-"Etﬂ. Disturbing
DI 1.::.ﬂlt:_;m: Ohserve the II'I'WE, 1.‘\-.,.1'11 debrie Ir.n.tn Lhc hufmﬂh .F‘E'ESI!JEEI PE]:'E”E a erP o wuarer ".-'."llh
U;i,-_r:.l;‘_-lzﬁ__uf?j thie i:LIm]'_II:‘.II..ll:d .llr':' ] m of the culture d[sh_ Yo may use -::,-._‘nur
SHRnpe (L olor Plate 1) S € 0 scan the slide to locate amorbis

1_"\.

: pic MCTOSCop
wefore CoTHinuing,

i,
4
t
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"'f\-

" a Place a couple of drops

[ Using a dissecting nee

. ¢ Cover your preparation with a clesn coverslip
d. Under low power on the compound scope, scan the slide 10 locare
an amocka. Center the specimen in your field of view; then swich
to higher powers
e. ldentily the [Di'!m'ing sirucfures in the amoeba:

Cell membrane s the boundary that separates the organism from -
i surroundings. T
Ectoplasm is the thin, transparent layer of cytoplasm directly
~.v benesth the orll mrml_:.nn:
Endoplasm is the franular eytoplasm containing the cell crganelles.
The nucleus is the é'r'.a'].ngh, foothall shaped body that is somewhat 4+
granular in appéitance. This organelle, which directs the cellular
activities, will nften be seen movin m'rhm the endoplasm.
Contractile v re chelr, Spl of varying sizes that
gradually enlarge as they fill with excess water. Once you've locared a
vacuole, watch it fill and then empty its contents into the surround- -
ing environment. These vacuoles serve an excretory function for the
r“ " LA |- --:
Food vacuoles are small, dark, imegularly shaped vesicles within
+ Psendopodia (~false feet”) ]mng:ﬂik: projéctidhs of the cyto-
plasm. They are used for locbmetion as well as for trapping and
engulfing food in a process called Phlgdt_j_"lqﬁ_ls._ s

Student Media Videos—Ch. 28: Amoeba; Amoeba

Pseudopodia ..I,;.,':-,;. . ,r.':.f"' :

Examine Trichon under # compound microscope. You will first
have lntm;nih?gfh;irhﬂﬂ ha {Fp;gurz I:EI from the termite with
which it lives in -symbiotic relationship. Trichonympha mme. or-
ganisms occupy the gut of the termites, where they digest ?m-
cles eaten by the insect: Termjtes !atkp&;ﬂ:mimg:; ml%ﬁ:
wood n Iri ]

wood ﬂ;ﬁﬁﬁhﬂ:ﬁ ymﬂ has become so well adapted 1o
the :n:lmnmenr. of the termife} gut that it cannot survive outside of it

To obtain & specimen- L i gere {a saline solution that is

isotonic to the internal epviron of insects) on a clean micro-

b Trg::::}m,mr ,mnﬁftrﬂtﬂ'rnilﬁhﬂﬂt}mdmpu!mngers_
3 B | ; 5
¢ Place the slide under the &ism:!mg mmmg:;rpr, "
d Place the rips of dissectin needles at either end al the wermite
- i osite directio ‘\

E;:a:: ?}iplnng rube that the termite’s m:utmﬁ- Eemove all the

L .
neect from the slide.

e Ml o di: mash the irigestine 1o releaze the

Trichonympha and other protozea and bacteria.

B TP

Figure 1.6.
Trichonympha A Er.'ril%l-l'ﬂuml.“}' ol
microorganisms, knchading
Trichonymgha, inhakbits the intestine of
the termite. Follawing the procedure
in Exercise 2.5, Lab Study A, disperse
the mmmrguﬁmﬁsarﬂilui:ﬂellht
cellular structures in Tﬁ:hm_-,-mpf_m
{Color Plate 2).
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Cover your preparation with a clean coverslip

Transler your slide
under low power Centel several

and switch 10 higher powers

Trichonympha in the lield of

rotozoans and bacteria will be presentin .

i Locate the following structures under highest pn::r_ s
structures on the outside of i,
E:;ﬁlul:f;h::h?ui::ﬁnhﬂ]tﬁi I‘Jsge'Eta_ is nof I_ul'l;,r undfrrsm-u.i
Within the gut of the termite, the organisms live in such high -.-!gn
sity that movement by flagellar action seems unlikely and perhap
irnpassible.
The nucleus is a somewhat spherical organelle near the middle of
the organism.
Wood particles may be located in the posterior regon af the organism

10 the compound microscope and scan the ¢y,

—

2

: i
Figure 2.7, ¢
Protococeus. Protococeus 15 a
terrestrinl green slga that forms loose

bgprermied on the bagl of trees
':L'l'-'lll.'-lr P'plr j.}

L

Materials

microscope slides
dissecting needles

lorceps

Introduction

Unlike unicellular organisms, which live independently of each other, ealenial
organisms are cells that live in grovps and are o some degree dependent on

one another. The following organisms show an increasing degree of interac-
tion among cells.

Procedure

:{ 1. Examine Protococe
(Figure 2.7) is a terres

trees and is often referred 1o as “mdss *

2. To obtain a specimen,
amount of the green gro

a drop of water on a clean

onto the slide. Cover the pre

b. Observe at highest power th 1

of the cell Eroupings is randdem, a
nections between cells Each ell i5 ey
and an outer cell wall,
€. Observe several sma
Cellular detail m

Lab Study B. Aggregate and Colonial Organisins

mo s e & ™

coverslips
culiures ol Protococcus and
Ecenedesmus

P

= om Bl o e e

under the cgmpaund microscope. Protococous
| green alpa that grows on the north sides of

—

-

=t

ecting needle 1o brush off 3 small

the piece of tree bark provided into

croscope slide. Avoid scraping bark
ation with a clean coverslip.

b
)
X,
ey
an
=
m
z
"
= =
=
-
F
=
=
™
| ¥
i
(a8
=

there are no permanent con-
ounded by a cell membrane

" Et” El uP‘i_n 5 HTH:! x
iy be ahse o, "
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Lab Topic 2. Microscopes and Cells 43

A Examine living : Scenedetmus) under the compound microscope
L M[F@uzﬂ}ummlmilgﬂmhmln
aquaria and polluted water,

2. To obuwin & specimen, place a drop from the culture dish (using 2
clean pipetie) onto a clean microscope slide, and cover it with a

clean fm'trs'li]:

b. Ohserve that the cells of this organism form a simple colony: The
occyr in groups of from four to eight cells, and they are

g

permanently united | ;

¢ Tdemify the following structures, ) o Tt P
The nucleus is the 5|:I1¢1-|.,'—_‘|I mgan-:ll: in the ﬂpp:i'ﬁ}timal,c middle of

]

rach cell ) : 5 *m__' P
Vacuoles ate the trariépentsphefes that énd o occuraveitherénd  Figure 28. © 3
ol the cells Seenedesmus, Scenedesmus is an LS
Spines are the transparent projections that occur on the wo end  3quatic alga that usually eccurs in -/
cells. _ simple colonies of faur cells e
Cell walls surround each cell gomnacted by sy el wly . 2)
(Color Plate4). |\ 4. 7
. . g "
Lab Study C. Multicellular Organisms =
o b’ T_"_'___

o) gy A e

microscope slides ,_,"f‘j' ﬂl methylene blue

dropper bottles of water = - ’:p-’ finger bowl with disinfectant

wothpicks | /r" ; broken glass chips

coverslips ¥ Volvax cultures

Elodea

Introduction

Review the criteria for characterizing an organism as multicelhular in the intro-
duction of Exercise 2.5 on pp. 41-42. In multicellularorganisms, there are two
or more cell types with specialized structure and function that cannot

lﬁmhheﬂhmmh:md!shmemganﬂmm[itgf&ihmm%md,mq
are niot capable of perperuating the species. In this lab st you will examine
anmnpl:nfagmnalga.aphmandmmimalmimem‘gammemt:riafm

mukhaﬂuhﬁtyandm:uirlsdutmmpnszhﬂsl:ﬁssuzqm 2
= =y _.v’."..ﬂ"’ ! I"'r'-ll-" £

Procedure epifit b

Velvox " “::_; 4 s

an aquatic green alga that is common in aguaria,

‘ponds, and lakes. In older literature this organism was described as colo-
nial and was not considered to be multicellular. Today, however, scientists

have concluded that it is more accurate to call Volvox multicellular. In this
activity you will look for evidence that supperts this conclusion.

“Volvax (Figure 2.9) is

e Tivi d microscope. To obtain a - Ry
1. EHrFmEmhﬂng;f : fw?ﬁﬁnﬁﬂﬂ?ﬁm Sr::mdesn'LFu:with the fol- Wmﬂﬂmm e
| lowing EEid.IE:IE-lfFLi Before placing a drop of tlhr: culture on your slide, Eﬁlﬂﬂmmd ﬂ!.ﬂgﬁm
place several glass chips on the slide. This will keep the coverslip from mﬁﬁﬁmmﬂﬂ;d 4
crushing these 5p&1|:1"||:ﬂ OTRANISTIS. %ﬂ (Color Plate 5).
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3 sticroscopes and Cells
B el el beerve that the cells of
. : i Observe thal the CCia
' F:mnn:;, a large hollow sphere; The approximately 500 to 50,009

; roductive somatic cells are permy.

‘ Lﬂ;ﬁnil:;:zﬂi:rt;:;;;??ggﬁﬂﬂﬁ i ”JI‘. e L'{'l“_"u have ¢ ||'||:_:|_|,

: ” ||E;|-.|=~}If|ll Dhatosymihesis and [lagella that beat in a cm:id|na::d Moo,

i 10 move the colony like a ball. Dunng asexual ”rlrlm' u?’“".“' lfm”'
' cells in the sphere (reproductive cells) enlarge and migrate inward 1

become daughter colondes

I o 3, Ideniily the following  strucilfes somatic cells 1.|"_i1h t.‘!.-'ltl-pln.smit li
' ding on the magnification ol yous

connections and Nagella. Depen _
microscope, you may be able to distinguish cell wn]l_s and nuclei in -
the cells. Daughter colonles are smaller spheres within the larger
; .
cobory These are released when the parent colony disinlegrates /

thig organism lie in & [Fansparent map,

T=rEEEn

T o D

[l :
| Studant Media Video—Ch. 28; Volvox Colony

Plant Cells

1. The major characierisiies of a typical plarm cell are readily seen in the
leal cells ol Flodes, a commen aquatic plant (Figure 2.10). Prepare a wat
mount and examine cne af 1the youngest (srnallest) leaves (rom = SprE
ol Elodea ender the compound mictescope

2, Identily the lollowing structures

"The cell wall is the rigid outer frameworl: surrounding the cell. This

structure gives the cell a deflinite shape and suppon Tt is not found
primal cells, i ; 5

A N . [
Protoplasm is'the organized contents af the cell, exclusive af the
cell wall, £ : ! LT i i P

.l_lll'ﬂ.la'l.-l'-. LT Y = & e L

Cytoplasi is ih= protopk xcl i
yioplasy is itz protoplasm of the eell, exclusive of the nucleus .

s P iy g
The rtn[[’n{u‘ﬁquu]: is 2 membrane-bound gae within the cytoplasm
that 15 filled with water und dissolved substances, This ];mflclur:
serees 1o store metaholic wastes and gives the eell support by means
of turgor pressute. Animal cells also have vacuoles but th it I
as large and conspicuous as those found in plangs ; T -
Chloraplasts are the green, spherical oy .

within the epoplasm. These o
phyllithat is involved in phot

! ganelles olten scen moving
reanclles carry the pigment chloro-

hess ups the ez, cytaplam sy s AS the microscope ight <
araunid |hﬂ ';-":!“rﬂi ﬁﬁugl:i:::nd EI‘I]CI:IUF!EEIE 't:r_\-a:lr h:gln lo moave £l
X I = Y
or cyclosis, Process called cytoplasmice streaming,
The nuclens is I In
PR i '._|'|-|i. I::l.' |.|5.I-1i'u|-‘,r' Ephtnn:.ﬂ, lfﬂTlsp.1rcn1 organelle within iht L
3. What thyee 5”.-"- e controls cell metabolism and division ©a
y £ WClUTEs DI_IE(‘-"-'L'FI m ‘ZII‘_'I(I!;! nTe -“-n-i,:-I“_:. Lis FI:.]F'I.E:' les
o 7 Lo
ny r.II p |I|I"| lI a F |I * y -, - L ] Iil'
E o £ i)
-". i _|Il 1 1 ¥ [ | r| F
L3 I| : | | ]
- Vot
I I.I' I_IJ'_"'l . Pyl ‘F LE i B [T ||'.-;|" i |
- '; ] 1
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Lab Topic 2 Wk nluqtkﬂnl._ti :!1}___

a7

4 Compare your observations of Hades using the compound scope with
those made in Exercise 2.3 wsing the stercoscopic SCupe. List the
struciures seen with each,

Slereoscopic:
Compound

% Student Media Video—Ch. 6: Cytoplasmic Stroaming

Tl .. - e
Animial Cells *
-
1. Animals are muliicelhular heterotrophic organisms that ingest organic
maiter. They are ased of cells that can be categonized into four ma

jor tissue groups: epilthehal, connective, muscle, and nervous tsawe In
this lab srudy. you will examine epithelial cells. Similar to the epidermal -
cells af plants cells'occur on the ontside of animals and serve
to protect the animals from water loss, mechanical injury, and .
fvaders. In addition, epithelial cells line interior cavities and ducts in
antmals. Examine the cpithehal cells (Figure 2.11) that lorm the linng,
of your inner cheek. To obtain a specimen, follow this procedure:

a. With a clean toothpick, gently scrape the nside ol your check
sevenal times.

b. Rell the scraping into a drop of water on a clean microscope shide,
add a small drop of methylene blue, and cover with a coverslip. Dis-
card the used toathpick in disinfectant.

c. Using the compound microscope, view the cells under higher powers

2. Ohezerve that these cells are extremely flat and so may be folded over on
themselves. Attempt 1o locate several cells that are not badly [olded,
i

and study their detail. 2 =
3. 1dentify the following structures, i i W
The cell membrane is the boundary that separates the cell from its

Thé niscdens is the large; circular organellEnear the middle of the cell.
Cytoplaisit i thi granlar eonients of th cal exclusive of the ket

Lab Study D. Unknowns

Materials

micioscope slides

coverslips

pond water or culture of unknowns

i of this lab As
Use this lah study to see if you have met the abjectives ol topic. As you
th;:a:t;m la.ll.:rr :udy. ( ir‘fmink carefully sbout using correct MiCMsCopic
technigu=s: (2) distinguiSh QIgaAnisms with different ceflular a_rg;aruzauuu or
tnﬂﬁgzrau:]n (unicellular, colonial, etc.); (3] note how the dilferent organ-
istms are similar yet different; and (4] noie cell differences

Liguie 200, - -1 @
N i eplihetial celle. 1he

Cytoplaany | Hurlaug

epithelial eells tha line your cheek are
thin, Mar cells that yos can remave
gasily from yout cheel by scraping, o
with s wnathpicl (Cobor Plate 7).

L=
I"i1-'ll ‘II rl."llll o
1 g
< i '1
_I" |I '“;lll 3
1 '
o = gl
17 4 i
1
T i
.'.' / ] A N
4
e fImf W b % by
al¥

:nl_.|].|_|lf..| 1 'I'F

sviw 3l

F oy by

K@ﬁ ) 5._
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Diffusion and Osmosis
" e

Laboratory Objectives gl

Alter completing this lah tapic, you sheuld be ahle 1o
1. Deseribe the mechanism of dilfusion ar (e moleculsr Jevel
2. List several factors that imfluence the rate of dilfustan, 1

3 De i
r mrf:;h; @ selectively permeable membrane, and explain its role in

4. Define hypnfun.&_ hyperionic, and isolonic in werms of relsive concentra-
vens of esmotically active substances.
3. Discuss the influence of the cell wall on osmoiic behavior in cells

6. Explain how incubating plant sissues in a series of dilunions of sucrose
CAR give an approximate mexsurernens of osmelarity of tssue cells,

7. Explain why diffusion and osmosis are imporiant 13 cells

B. Apply principles ol osmotic activity 16 nedical, domestic, and environ-

mental activities.

Discuss the scientific process, propose questions and hypatheses, and

make predictbons based on experiments 1o test hypatheses

Practice scientific persuasion and communicziion by constrecting and

Interpreting graphs. ol
& i B TR

L=

9.

14,

T

Introduction =~ et

Hﬂlﬂl:h;lng the l.::;l:l]r state of 3 cell is achieved only through reguiated,
mavemnent of marerials through cytoplasm, acros organelle membranes,
and across the phamanmﬂhmtmilguht:d movement rIE'lI!.:I;_;ﬂL! COTTL
munication within the cell and between cytoplasm and the external envi-
wicnent. The cytoplasm and extracellular environment of the cell are
aquenus solutions. They are eomposed of water, which s the solvent, or
dissolving agent, and numerous organic and Inorganic molecules, which
are the solutes, or dissolved substances. Organelle membranes and the
Plasma membrane are selégtively permeable, allowing water to freely pass
thrcsgh bt regularing the movement of solutes.

The cell actively moves some dissolved subsiances & ross membranes, ex-
pending adenosine triphasphate {ATP) {(binkogical I!_T!II!l"l,;‘,ﬂ lo accomplish
the mavement. COthet substances move passively, without expenditure of
ATP from the cell, but only if the cell membrane 5 permeable to those sub.
Stances, Warer and selected solutes mﬂﬂj'ﬂhﬁlﬂl}’lhmuﬁh[ht cell and cell

E P
e Al )
'I:_ 'E,d '*I:"",l‘-: lhlll_g,_jp-- i __-r'l
! : =i

i
i s

= =

7

Ly
- I. r
=

L]

8 Plaras
ll. s J 4f

'

/ hapeten

R

i *.':-J-"'.Iij'.ri i

L il

I:I""'-'""'.l ae o ot el By
= ¥

| | L
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wﬂ_ﬂﬂmﬂm and Ohsnosts = —
= i .memrm maolecules
memnbranes by diffusion, 4 physical : enitration to one e

from an m:whmthﬁmi“hish - dhifusion comes only from
coneentration is ::::;F {Eﬂﬂﬂm ;[ﬂnmmhimul!} o i !&ME N
nmut:mhmwmnm the  movement; & sotute will diffuse until it reache
Osmosis is a type of diffusion; in cells it 1s the d’"““""l“‘:'i“"l i'“l ]Wt
glxateely Fﬂmuhﬁ mfmmﬂhmnmg: Eluw::. The difference in concen.
rated (o a region where 115 2 e
E.raiiunc:zi wEiIr:r occurs il there is an tinequal dﬂ:‘t’iﬂ:;;;aﬁ?:
dissolved substance on either side of 2 rllt:mkl‘l:ﬁ::mbranz i :

. For example, 1 peTme.
p:rm:abl: ta that substance _ £ om distilled water, water wil
able 10 sucrose separates a solution of sucrose ir i, vt

from the distilled water, where it is in hlE_h"fT Ok '
:::vr:mﬁgnmm into the sucrose solution, where L1510 lower concentration,

Three terms, h mﬁnwnmﬂhm.mmdw refer
iring !u:- Lwo m};ﬁm-gﬂud by a selectively ptnnulhltqm_emhtam
(Figute 3.1). The hypertonic solurion (Figure 3.1a) has a greaier concentra:

i solutes that cannot cross the mmhﬂmﬂhﬂﬂi?{d'?ﬁ“ﬁﬂs_ solutes)

ﬁﬁ:m‘mﬂm on the other side of HI:.: wmml:n"aﬂﬂl't:: drj:ﬂht;;'lﬂ
having a er osmolarity (solute concentration expressed as o

J:;:}Tm h%pﬂ: solution ( ‘Egurt 3.1b) has a lower concentration ‘of
‘monpenetrating solutes, or a lower osmolarity, than the solution on the
\other side of the membrane: When the two solutions are il equilibrium, thé
concentration of nonpenetrating sohutes being equal on both sides of the
tmembrane; the osmolarities are equal and the solutions are said 1o'be ise:
tonie (Figure 3.1c). The'net flow of water is from the hypotonic to the hy*

pertonic solution. When the solutions are isotonic, there is no net Mow al

Call membrans

Figure 3.1,

m‘ﬂﬁmmlin FEpresentati

. —#nd (¢} isotonic solutions.

on of cells in (a) hypertonic,
o of

{b) hypotonic,
The hypertonic sohiE Yois & presies S

55 1 lowe solution on the other side of the menibfane!
‘ the salution.on the other sids of e 20N of monpenetrating solutes the?

nOnpenettating sohutes i:i:?ﬂuf the thembrane, and the concentration ef

: ont both sides of the membrane in isotonio
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EXERCISE 31

o m— o c—

o Wheis emeverse you wall imeestigane characoeristics of meler ules ihat lacili
ente dilfusiem Factors ihat influence dillusien rates, aned dillusion of solues
theeasgh & selectively premesble membrane

Experiment A. Kinetic Fnergy of Molecules

Malerials
dropper botile ol witer | shde and covershp
carmine powiler compound microeape

dussrcting needle

Introduction |

Molecules of a liquid or gas are constanily in motion because of the intrin-
sic kinetic energy in all stoms and molecules In 1827, Robert Brown, a Scot-
tish botanist, noticed that polleq grains suspended in wates on 3 dide
appeared to move by a force thar e was unable o explain. In 1905, Albent
Einstein, searching for evidence thar would prove the exastence of stoms and
malecules, predicied that the motion observed by Brown must exist, al-
though he did ned realize that it had been studied lor many years. Only af-
ter the kinetic energy of mutt:ul:!s was undersiood did scientists ask if the
motion observed by Brown and predicied by Einstein could be the result of
molecular kinetic energy belng passed 1o larger parucles. We now know that
intrinsic molecular kinetic energy s the driving force of dilfusion In this ex-
nt, yeoou will observe large plﬁrlil:'les suspended in water in motion sim-
ilar 1o that ohserved by Brown, tfadl!.tunall}r called Brownian movemenl.
Yo will relste the mation observed 1o the lorces that bring about diffusion.

Procedure
Work in pairs. One person should set up the microscope while the other

person makes a shide as lollaws:

1. Place a drop of water on (¢ slide

2 Touch the tip of a dissecting needle 1o the drop ol water and then into
the dry carmine. .

3. Add the carmine on the needle to the drop of water on th:?iid:.m;h:,
cover with a coverslip, and observe under the compaund microscope.

4. Ohserve on low power arFrl then high power. Focus as much as possi-
ble on one particle of carmine

5. Record your findings the Results section, and draw conclusions

based on your results in the Discussion section,
|

WRE L Results '
b e . Describe the movement of single carmine particles.

X 1. & the movement i.'ll'ldl.'.lll:l'l ar directional?
' 2 Dors the movement ever suop?
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. ll. Felfam
) | ||1| fa b
i | 1'1: | ]-
4o ; Discussion
. . L. Are you actually observing moleculsr movement? Explain

T 20 asa

bty (hT) o s

L T o
i | -:Jﬂy'l ! et 2, How can molecular mavement bring ahour diflaswan?

w 10y

I|,.__l:lr'|'1|.J

3, Speculate about the impanance of diffiznen in cell metsbolism.

G I"\."r' Ll

Experiment B. Diffusion of Molecules through
a Selectively Permeable Membrane [ =002 o o
: ek = ‘.-"'“‘:" % 7€ am b S wrian
« 1 iy o Materials

i e string o rubber band 500-miL beaker ene-third filled with waier

' "y . wax pencil handheld test ube haldee

Aol o Son 30% glucose salunon 3 srandard test wabes

' - starch solution dispasable ransfer pipettes

+ 130 =olution 2 400-ml beakers 1o hold dialysis bag

: ; Benedict’s reagent 30-cm sirip of medst dialysis whing
i 4'..3 S 1’-._? hot plate

/ -3 : : ' Introduction
! 4 £ I Dﬂﬁﬁ-nﬂqlstmﬁm:-ﬂtﬂmtmdnﬂ]ﬁh&tﬁhl
i : luc e | imte a fstwabe 1 two solutions containing dissolved substances of &8
ent molecular weights me separated by this membrane, some subsiis
\ i {4 AW may readily pass through the pores of the membrane, but others wl
\ o excluded
* Working in teams of four studers, you will investigate the uh:flﬂj
3 Y Feee B ! meability of dialysis tubing You will test the permeatutlury of ¥t ¥
i em od ot S io the reducing sugar, glucose (molecular weight 1607, starch (s ot
[ . ¢ lengih polymer of glucose), and odne potassum lodide (KT il
fesa -y place 2 solution of glucase and starch into a dualysis wbing bag d
|

o Pesptiual o place this bag into a solution of 1K1 Skerch and label the dest
- MLJ"': g ‘rf,% v‘}upmmm in the maigin of your lab manual w help yod e 1

LI
ey ate pot e

'].Iqu‘ 0 gl a—Y h}’l.‘-ln-lhﬁ-ts Fre— y:,.'.-.,'\ !

- - il Bl AT T S 5 |
-"J-“-':?"_ Th__,f_rl:—,* v Plsione o A g, I
ALY ALY bhpdie caly g, = 4

{.I:” o ".."--"'I' i -.-E-'.:l L phora w o gy _‘_‘_ % et ?: I-._".".*'

Bee——o=y
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'_“n.'ll'l'-IE ﬂ‘lﬂm:ﬂﬂ_m‘lmhism‘fﬂhhmmm ]- 9 =" S | £y '
3 Benedict test for reducing sugan badiries o o
%P __':,,

when Bemedict reagent is added 1o the unkniwn :
b 1)

solunion 15 heated, the solution turns green orange Hon and (e EW | = £ ;i3
i 1 = . |

OF Orange-red if 5

n—Liul:|ni: SUEAT |5 present {the ol incly “al
il no rn:]umnp, SUGAT 5 present, the 5;1:;;:"- :t“ri".ﬂ: l‘-'l:lh:.n“ﬁ"nm BIE-T
Renedicts reagent (blue). Wns the color gf R
h jesiion Y mi i
Remember that every expenment htgins _ i i i ['1] = R Y ey S
of ihis experiment in the Introduction above, meu?:ﬁ Emz::_he design | 1
the permeability of dialysis wubing, The question mayi be bm?ad hlﬂ"_ abau Vi :I s,
propose an idea that has measurable and controllabje elements PRI . /
- A .
—t .-'-. S I"'":
'E [.-'L_'.__g III.{;I /
othesis
P ; : =4 Ve low amb oy = ;
Hypothesize about the selective permeability of dialysis tubing to the sub-
stances being 1esied.
—'?_l.r-:-...-f.;lu-'r E-"':w-].__i!,f =-\?
s e 1'{ %
Prediction ; s 4
Predict the results of the 1K1 and Benedict’s tests based on your hypothesis Aa 1"3 lof e
fl"fﬁhﬂl} 5=
L 'rp,‘ i 1-""".‘
Procedure

1. Prepare the dialysis bag with the initial solutions. ——
2. Fold over 3 cm at the end of a 25-10 30-cm piece of dialysis tubing

that has been soaking in water for a few minutes, pleat the folded

: : . d of the tube with the string B ? yuil
end “accordion style,” and ciose lh‘El';E procedure must secure the a4 ﬂ" )? l !:) }

or a rubber band, forming a bag.

end of the bag so that no solution can seep through. N L —
b. Roll the opposite end of the bag between your fingers until it opens, )
' s o the bag. Then add

. ose int
and add 4 pipeuesful of 30% gll?:glu:ustinlhﬂ bag,

ch Eﬂtlﬂiﬂn ol 2 "
4plp_:|1ﬁﬁxl of s]t;d and mix its CONLENS. Record its calor in
i 'h; Eﬁ:&: Results section Carefully rinse the outside of the
(e s a.mL beaker. Add several drop- .
e bikievisihly vellow-amber. ..
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60 Lab Tﬂp}: 3= Diffusion and Osmosis

Figure 3.2.

Setup for Exercise 1.1, Experiment B.

The dalysis tubing bag, securely closed  Diatysis

a1 ome end, is placed in the beaker of Rutang bag
water and LK1 The open end of the Flaatad,
bag should drape over the edge of the  folded end
beslker

e. Place the bag in the beaker so that the untied end “fﬂl!h; :
over the ESZE of the beaker (Figure 3.2). Do not allow huﬂ“ﬁ& |
out of the bag! Il the bag is too full, remove some of the uquﬂmh
the outside of the bag again. If needed, place a nubber band *
the beaker, holding the bag securely in place. If some of e g
spills into the beaker, dispose of the beaker water, rinse, and llage,

. ! - 2. Leave the bag in the beaker for about 30 minutes. (You should BSug
g A other lab activity and then return to check your setup periodically) -

=3 3. Aler 30 minuies, carefully remove the bag and stand it in a dry b

4. Record in Table 3.1 the final color of the solution in the bag and s
final color of the solution in the beaker.

3. Perform the Benedicts test for the presence of sugar in the solutin
3. Label three clean test tubes: control, bag, and beaker.
b. Put 2 pipettesful of water in the control tube,
c. Put 2 pipettesful of the bag solution in the bag tube,
d. Put 2 pipettesful of the beaker solution in the beaker tube,
¢ Add 1 dropperful of Benedict’ reagent to each whe. i
I. Heat the test tubes in g boiling water bath for abaut 3 minutes, ‘,
B Record your results in Table 3.1, |

_- 6. Review your results in Table 3.1 and drayw your conclusions in the [
- cussion section,

Resuls

Complete Table 3.1 as you observe the results of Experiment B.

Table 3.1

Results of Experiment Investiga
to Glucose, 1K1, and Starch
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Experiment A. Osmotic Behavior of Animg) W

Proced

Viaterials ok

Omn dgmonstration -:

: 3

l.'::::r*,l hl::tl:h screw eaps, each fontaining one of the thre, Wb, fie

of unlgown csmolarity : &

ox blood Yo

o ' A newspaper iy other printed pagg i

' E For microscopicphservations: (&

- 4 clean microscype shides and foverslips 3 Be

wax pencil fls

drapper bottle of g blood . 3. Al

s dropper boutles with three sgfutions of unknown csmolarity c

\ (3] "y 1!1 7 il i

Wi Introduction & B v
f-'wjﬁ.,_, Mature red blood cells nrocytes) are little more than package

hemoglobin bound by a p a membrane permeable to small molecyl, © *
1 Wi f such as oxygen and carbon $ioxide, but impermeable 1o larger moleculy

such as proteins, sodium ciloride, and sucrose. In mammals these ey —

| I‘- o

i__"“'_ ,J j ing
= 5
L"..AE' iﬁf‘?'#ﬁfq

<

even lack nuclei when maufrd and as they loat in isotonic blood plasm, .
their shape is flattencd andpinkhed inward into a biconcave disk, Oxygn ™
and carbon dioxide diffufe acfoss the membrane, allowing the celly; -
carry oul its primary [ungtion, fas 1ransport, which is enhanced by the
increased surface area erefted by Whe shape of the cell. Scientisis questicn.
ing what happens to red blood eells in different molar solutions observed
that the cells respond dgamaricallyjf they are not in an isotonic envirom
ment. When water mgles into red blaod cells placed in a hypotoni
solution, the cells swell and the membranes burst, or undergo lysis
When water moves ouf of red blood chlls placed in a hypertonic solution 1.

o
L oo oam  aood G R R S

the cells shrivel and appear bumpy, of crenate. In this experiment, you ;
will investigate the behavior of red blooy cells when the osmolarity of ¢ 2
environment changet from isotomie'te hypertonic or hypoonic. (See %
Color Plate 8.) \ =
Hypothesis

Hypothesize abouythe behavior of red blooll cells when they are placedin .

hypertonic or hyppbtonic environments. e
Tak
Ap
Prediction

Predict the results of the experiment based on your hypothesis (if/then).
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procedure f

y Omerve the thiee stbm qubey comtaitittg unknown mlul!l'llh"i and blood
1 [3
gy CAETTROTRSErAN My Thir s Tk have 1] prepa fiee] lhle [““'?'-”“'I'H way

Test tube 1 15 ml gl unbknown solurion A
Test tube & 15 mL oMgnbnown solution B
frst tube 3 15 ml of bnown selution €
Your instructor has adde

3 diops of ox blood 1o fach test wibe

Obeerve the sppearance o ach test tube 1s it opgque? 1s it transhacent?
Describe your observations\p Table 3.2 in the Besults section

3 Besure - hll"ﬂ tube cap 5 5h urely tightened then hold each test tube
flat against the prnted newsplper article or ge of =,

3 Artempt o read the print, Desclibe in Table 4.2 in the Results section

Continue your investigation of cehaone behalior of animal cells b:r' [T
forming microscopic observations oleells in the three unknown solutions

: B T—
e —— — = -

| alle Have your microscope ready, and phrarve slides immediately
after you have prepared them, Do ne slide at a time.

13 P = = o
| e e e e e e —

Flace a drop of blood on slide D, e
the shape of red blood cells with rfo treatmenty, Record your observa-
tions in Table 3.2 in the Resulis sef1i \

6. Puta drop ol solution A on slide A and add a eovdpslip. Place the slide

5 on the microscope stage and carflully add a small dyop of bload 1o the
H edge of the coverslip. The blogll cells will be draw\under the cover-
slip by capillary action. / \
7. As you view through the migtoscope, carefully watch tge cells as they
1 come into contact with m-lrftl: fin A; record your observatiofs in Table 3 2
. B PRepeat steps 3 and 4 “"“IJ‘ solutions B and C.
9 Eecord your observatio lugions in the
Discussion section.
~ Results ff

1. Record your obse

Table 3.2
- Appearance of Unl

ST T, o e S
] L Pl L

P
£ =~ o

Scanned by CamScanner



64 Lab Tepic 3 Daflusion and Osmgess

' 2. Record your micrascopic observations of red blogy eell by,
Wy,
Table 3.3

Table 3.3

ol your hypothesis.

of the three test tubes on demonstration,

d your microscopic investigation, whi
ic to the red blood cells?

Verily |:|n|.1l|I conclusions with the lah

3. What onditions might lead to resulis her than those expected?
|
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)

Experiment B, Og

: molic Behavi
in Cells with a ¢ o

E]lxw.al] i

qp &

Materials

Oin demansieation 2 com
1 shude of Elodea in 5 |
1 shide of Eladea in dis

Pound microse
YPemonic sal soly
tlled water

opes labeled & and B
[her

Introduction
Ty
In their natural environmeyy
in water containing only dily Cells of reshwate plants and algae are bathed
— waler is from the q“”"—""'-'l'l-l:lll'::: :-':I'Iljrrm:iw:n-a of tolvents. The net [low ol
Edham iy -~ '
process, review the sticture of Elodeg I:‘l.-ll.lls r;ul:-l:l: E]IJT-EIJ:lcu;dtmand e N ".
he presence of fot | Hor |
— :;:ipl cell w::;l :‘;-:il: u""-l"u';“ ':IEI:I a large fuid-filled central vacuole in 2 plant = s
Whenn Dbt i ol ;: % Tesponse to solutions of dillering molarities Cedl wall
i) 15 ik E;l}nth.sm a hypenonic solution, water moves out of the
' i ,‘_r' -'E-Tl'd. I'I:'I:i}l' I:ILI:l.I away iIDIITI the eell wall 1hj5
process 15 called plasmolysis and 1h i ' /  Plasma
(Fygure 3.3). Ina hmin:]utln the cell is described as [Ilil-m:ﬂ}':ed BLF St S
- n, a5 wat ' ok
mately into the cellk central vacugle, the “Fm;mu e the il amd oy .
rhasive of the cell w I.l.—-- L] cells ] 1‘5_1 (the ]5['.'\1!'!! cell ex-. T
oo Ia the cytoplasm enclosed by plasma me nE- -~ Vacuols
expands. The cell wall, however, resiricts the expanision, resulting (AMTEOr, " Chicronisy
gy A —— p
&R tUIgor pressure will prevent further movernent of water into the - #
cell This process isa good example of the interaction between pressure and =~ 4*
osmolarity ln_l:in:tfrmtning the directon of the net movement of waer  * _ad =
The hypertonic condition in the cell draws water into the cell sl the FEE“.HE.E- yad T
membrane-enclosed cytoplasm presses against the cell wall. Turgor pressure  plag cell plnced 1.2 bypestoale
r begm.s Lo .lnn:t water through the membrane and owt of the cell, changing  colwiion, Water léaves the central
the direction of net flow of water (Figure 3.4). vacuole alnd the ;}'lnphsm shrinks
k L i .-_ - 1l '
1 Scientists call the combined Torce created by solute concentration and @ process called plasmolysis.
. physical pressure water potential. For a detailed explanation of water

potential, see a discussion of plant transport mechanisms in your text (e g,
Chapter 36 in Campbell Biology, Sth ed.). In contrast 1o an animal cell, the

\".

=in

e e il

Figure 3.4.

The effect of wrgor pressure on the
eell wall and the direction el net
Mow of water in a plant eell. A plane
cell undergoes changes in a hypotonic
solurion. (2} Low murpor pressure. The
fiet flow of waker comes into the cell
from the surrounding hypoonic
medium. (b) Turgor pressur=
increases. The protoplast begins 1o
press on the cell walk. (e) Grearzst
urgor pressure. The tendency 1o take
up wazer 1s ulumately refmered by the
cell wall, creating 2 back pressore on
gmmﬂu-mmﬂhm
the cell'ar the samne iz
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{ l"'__lf__i_.'.i_.—

e —

ideal state for a plant cell is wrgidity Wh!:“: lant cel] 45 S
frotomic with s surroundings bt !ﬁlh‘.n"l‘lfi': mt:wimmmﬁw:} A
centration than its surroundings: in t + the plamy ¢y

.
the [isc
piesses on the cell wall. The pressure of the protoplast on (he 'I'lhu,"

important force in plant activity For example, it may cause ""“’ﬂ:t‘: 1

“grow” as the elastic cell wall expands
SEl up on
For this experiment, IWo slicles have been P

1y elide, Elodea has been placed ina different molay Hﬂu-l-._:**

LTS L"‘"l'ﬁ L i el

' X ! L 5
is hypotonie (distilledd water) and ome 15 hypertonic {Eﬂntmﬂiilﬂnhkh n
COuestion |

1 ;I__
Propose a question about the movement of water in Elodea leaves plaey
dilferent molar solutions .
3.

Hypothesis
Hypothesize about the movement of water in cells with a cell wall 2.,
they are placed in hypertonic or hypotome enVironments.
Prediction ;

Predict the appearance of Elodea cells placed in the two solutions (il
g

Procedure :

. 1. Observe the two demonstration microscopes with Elodea in solui
A and B,

2. Record your observations in Table 3.4 in the Resulis section, and &
your conclusions in the Discussion section. :

|
Resulis |

Describe the appearance of the Elodea cells in Table 3.4

Table 3.4
Appearance of Elodea Cells in Unknown Solutions A and B

o Ty el oy 1 0 T e e e o T S R [T b
o ] T AmperineelCondion ot CRlisy 1
A #
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onis O
- Ly Fogec 3 Diffuron and (807 —
l'lll'lll'“"'"d"r|ll
!llll"‘!r o .1'1'“ Predicticnn  anel phmervations, shich solidion ks
Hl""'“. 1

Iy llHHl"l'I'h r
3 Which sobution has the grestest oarnolarity!

) :L“Id':tl:‘:::__h:ﬁ":‘ml';l waler 1o b isotonke, hypertonic, or hypalomne

4 Venly your conclusbons with your laboratory instructor.

— =]
E Studant Media Vidaos—Ch, 7; Turgid Elodea; Plasmolysis
PR e el LT il iy T T T TR e ORI TN S PRI T T T e

|
E
i
¢
!
{l EXERCISE 3.3
- Investigating Osmolarity of Plant Cells

Knowing the solute a:nnu!nn:rlnn af cells has both medical and agriculmural
3 ications. I plants, scientists know that {or mormal activities to 1ake 0o JIE
} . f 1L 1 J - J:J | K 't il
: the amount of water relative to solute concentration in cells must be ¥
mainizined within a reasonable range. 16 plant cells have a reduced water
- content, all vzl Functions slow down.

 Inthe fallowing experiments, you will estimaie the asmelarity (solute con-
centration) of potato tber cells using two methods, change in welght and
changr in volume, You will incubate pieces of potato wher in sucrose sola-
tions of known molarity The object is 0 find the molanty at ?uhich weight
8¢ vohume of the potato tuber tissue does not change, indicating that there
1 hl:l!nmngl_'lm.surgam of wazer. mlsnml:lﬂty‘r.!-mmﬂ_.'lmtt meastire
ol the sobute concentration of the ETEH wher, This measure i3 indirect be-
€auwse water movement in plant cells is alse affected by the presence of cell
walls (see Figure 3.4c) =
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__'_'—\—-_.____

11_,-'-'..";'”" I
Work in teams of four. Fach team will

(L . . volume ch | i i e clther
Sl g it . ) riod [or :a::;?"agfz-:a-ii‘:ri'nn:; w:']:fzc ;’l allable near the end of the lﬁm
. o conclusions ‘ e i zesilts 10 the class for di Wﬂhl
FL LY, ; T
g I
i | .| L E * .
| | o ~Xperiment A. Estimating Osmolarity
s ‘ by Change in Weight
Materials
1 large potato tuber sucrose solutions:
:0.1,02,03
¥ 250-mL beakers {disposable cups 0.4, 0.5, 0.6 molar (M)
may be substitured) razor blade
;-'ax marking pencil cork borer
OICEps deicnized (DI) water (0 molar)
balance that weighs to the neares paper towels
00lg metric ruler
aluminum foil calculator
petri dish
Introduction

In this experiment, you will determine the weight of several potato wh
cylinders and incubate them in a series of sucrose solutions. After the cyli
ders have incubated, you will weigh them and determine if they ha
gained or lost weight. This information will enable you 1o estimate the o
molarity of the potato tuber tissue.

Question
What question is being investigated in this experiment?

% o . Hypothesis .
. Hypothesize about the osmolarity of potato tuber tissue in relation ©0F_
¥ 4 i-.i' ¥ '!"l"...n " :
. TR ::" 7] _E'_::,_i ey ¥ -?:u, Lf:c F?f_iulutmns. :
e ¥ aos? lgoes
Qo | BT IBCRY Je b hj,pu
| Fr X i
57 Va5t {551 | ¢ L Predicion s
Seres I'-\ ;_ .f Predict the results of the experiment based on your hypothesis =
| ' o 13
0. | 65/ 0.51 by e,
| i
i4
13
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n_..:.-r_—,m-m:*n,.:.__m‘__l‘_ _'_'_‘—'—-—Iﬂ""f'“ Y. Dhffuslon, snd Osmosis  BY

! f_'.nl'l. b'ﬂfl:-.‘ anlﬂ FEE e
': ,|_" fa —
caral To use t or blades can gyl Use them with txtreme

& Cork by
the borer will a1, hold the patato in
ROY Duigly through the pl;:r:m im;:ﬂ'”“h":;:!hal

e

ST TR e —
hLT:‘*—'T.r-L—..E._—_m'__

2 Use asharp cork borey 4, obuai
horet Ihrln“ﬂ]-. the I""F'lh ob it 1 SEWED ¢
when the barer 15 filled o) ® potaln,
cylinder out af (he |‘nrr-; \'Jhm.r
cylinders at least 5 ¢ l-um.m

1 Line up the potata e
e ": .1 unlllnnnnt;:-'r.h:;d :-l;:nd. MHINg a sharp razor blade, cut all eylin.
Eth, abour 5 e, vemoving the peel from the ends

4 Flace all seven paiag
sam |
o prevent their drying n.:rmpa“ @ petri dish, and keep them covered

yhnders of potsto. Push (he
from the nory > % back and forth
ibibodss I potato and push the poitato

Iy LEVET) £y rrrlp[rrrl 1”"j.lm.lr-"l"|l

P o o et e — e
e ey
* Quickly. T o S1ops, treat cach samle indlividually. Work -
: '8 Consistency, each persan should do ane ‘) b i FI,.-* T l

task to all cylinders {one person wipe, another weigh, another

slice, another record data),

5. Remove a cylinder from the petri dish, and place it between th
of 2 paper towel to blot sides and ends. g ol

6. Weigh it to the nearest 0.01 g on the aluminum sheet on the balance.
Recotd the weight in Table 3.5 in the Results section.

7. Immediately cut the cylinder lengthwisz into two lang halves.

B. Transfer potato pieces to the water beaker.

O Note what time the potato pieces are placed in the water beaker,
Time

10. Repeat steps 5 to 8 with each cylinder, placing potato pieces in the
sppropriate incubating solution from 0.1 to 0.6 M.

Be sure that the initial weight of the eylinder placed in each
test solution is accurately recorded.

11 Incubate 1.5 to 2 hours. (As this takes place, you will be performing
other lab activities)
12 Swirl cach beaker every 1010 1
13. At the end of the incubaton pe
pieces are removed. Time: -
2 te incubation time in Table 3.5.
= Galculate the approxima :rmm o oeorle ik i B

. 14 Remove the potato pieces
Bl paper towel, removing eXc

.

?E 15 Weigh the poiato pieces an

5 minutes as the potato pieces incubate.
riod, recard the time when the polato

ess solution only.
d record the final weight in Table 3.5.
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70 Lsh Topic 3 Duflusion and Osmosis

dure until all ssmples have been weighed in the chropg,
hich they were initially placed in the test solutions

Its section, and complete the questiong in

16. Repeat this proce
logical order in w

17. Record your data in the Resu
the Discussion seclion.

Resulis _ _
1. Complete Table 3 5. To calculate percentage change in weight, use this

formula:
weight change

* 100
initial weight

Percentage change in weight =

If the sample gained in weight, the W]UE should be positive. [ it log
in weight, the value should be negative.

_d Table 3.5
fitl Data for Experiment Estimating Osmolarity by Change in Weight

—

—
2. Flot percentage chy . .
in Figure 15.515 change in weight as a function of the sucrpse mnlﬂi’E

a. Place 3 0 in the middle of ik i

b. Label ——
variah:]q::. :::; 4;13:1:1: EEh DE]tEJ'minE dependent and independ”
lor sasistansce £ glap]'l.mg]m the appropriate axis (see Lab Top* 3, |
C Graph :
B.bnft tirgu;e:;ﬂ:;&ﬁg?h!:ﬂ tu:'lf:]l:as: (positive values) should” a
- . Liwe a ; ; fart
. axis. Weight decrease should be EMK&LEEH::E :i::ngtl_tn “F. E
nge line.

Construcy curve thag best fje

Estimate 1ha - the dabs soio. o0 on ..:g'* Li
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w‘j Diffusion and Osmosis
i

. Experiment B. Estimating Osmolarity 3
- . by Change in Volume E
: \ Materials :
i et cork borer (0.5-cm dia
\ 1 large potato siscrtse solitions: 0.1 b
\ vernier caliper : J 0.4 0.5, 0.6 M 4ﬂ.'_'|l
\ 7 250-mL beakers (disposable A
iuted)’ D1 water (0 M)
! cups may be substitute adle siler
A wax marking pencil ]
3 [orceps ¥ ! Paﬁ‘i \wels
\ petri dish ' clwulaiot
razor blade
Introduction : : :
this experiment, you will determine the volume ol several potaio y
mder:];r measuring the length and diameter of each. You will they
cubate them in a series of sucrose solutions. After the cylinders have s
bateld, you will again measure their length and dlammrl.r smd_ determs
they have increased or decreased in size. This information will enable
1o estithate the osmolarity (solute concentration) of the potato tuber ti
Cuestio .-"I
What questjon is being investigated in this experiment?
H}rpn"ll.htsiﬁ
H t the osmolarity of potato tuber tissue.
7 ;
/‘r
b i
; / Prediction
-- Jﬁ Predict the results of the experiment based on your hypothesis (il/t
y
/ Procedure
{/F 1. Practice measuring with\the vernier caliper (Figure 3.6a, b).
/ a. Identily the [ollowing pans of the caliper and add these |
oy Figure 3.6a: stationary\arm, movable arm, ruler, vernier scal
' that the numbers on the bowom ruler scale are centimel
)

graduated line is 1 mm

b. Choose a small ohject éh coin will work) and place it bel

two arms, adjusting the Inovable arm until both arms just
object. *

C. Write the N mrark am tha sonemfan oo T fRi_ . 4 #L% Tha |
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L e s Lab Tt Y E3ffunsbon mpnd (daniessid 13

e -, y \' " —Ameaie i A v .
i g '._-_l"-."___":‘h-_—- "'1"?“4 P_.._‘_,_' i_‘_l" “ ‘ ﬂ‘ “’1 l_’l“
gnﬂﬂlﬁﬂ{'ﬂn‘b ————
4 - - '
gt enged (mm® y
e - —t-—\—4

k 4
] 1

| P percemiage change in volume a5 a function of the sucrose molatity
o Figare 3.7 '

b Tlaoe a & in the mddle of the v axis. Choose appn

h Label the avesal the graph. Determine dependent andindependent
varbles, and place each an the appropriate axis (see P'yb Topic 1)

¢ Gmph vour pesults Volume increase should be abow

g N on e Sper change in volwme™ as,
aremes should he e =70 change line,

-l':.: .'
1
-
» ' :
% ’ r F)
i : : I. - by
e .
4 ': ! b Flm 3\.?1
| i
- N s _
1 & 3 . ;
B 2 LR e
L] g i T i X o 4 :
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76 Lak T""I"“'- ¥ Diffusion snd Osmiosis

d  Censtruct a curve that best fits the dz“]}n\

ints_ 13,
estimate the osmolanty of the potato tuber, 3 ““e. A

e. Compose an appropriate figure ttle. :

Discussion

[
1. At what sucrose molfrity does the curve cross the zerg o,
| &&I

the graph?

2, Explain how thif information can be used to determine (he

I Li551e. ﬂ'.ln:.‘_

ute concemrations of sucrose, the volume of the ®

(increases/decreases) alter incubation ]
forcesotlfer than solute concentration will have an impact ¢
amountgl water taken up by the pieces? I

; 1. Ohce you complete (R

| lab topic, you should be able to define am
the [ollowing terms.

vide examples if appropriate.

ectively permeable, salvent, solute, diffusion, esmasis, non
ute, hypotonic, hypertofic, isotonic, turgor pressure, usm::[nru}' wal
tential, Brownian movemeny, lysis, crenate, plasmolysis, pfﬂ&mulj':tsﬂ,i

lant and animal cells placed in hyper
lutions.

L. Unlike animals, plants never absorb enough water that their cells
but they frequently lose eno gh water to wilt. Describe plant wilf

tel;ms ;1[ turgor pressure. What is.the optimurn environment for
planis?
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4?h‘ﬁtiglﬁit Extensions
: 1 ganisms that live i manine of a wide range of salinity) or

i The vl weareg satmples you obaerved m Labs Topie 2, Lk Soudy D

poselualidy dovintatied] o vatigry ol wialiicelilar, colonial, and single-celled
1..leuul-u“u.'-nﬁr - ‘""“' muy have had cell walls, bt Lnl}|:-r1 WET

TS l-.:“.ﬂ i!l;. i'ﬂ-l » Wha Ilﬂ.l.l|-I|.lIhr1|| fiw ”-_”,,,-,“-F.,-”j“m“ are found fn
shigie o ¢ I;. CTRANIEME, such as (he Ao, anad slticelulas organ-
[T L] ifal la cell H-I.“'I- ‘IHII live i a h'l"lhlh'llﬂl PR

-«.I-rnmlv.lnhmg, ol the coast of Ge rgsti wars closed in 2000 due 1o a fras-
s 1ﬁh:‘ 'h“:“ the shuymgp Pepalayon. Harvest of e EI':II]I phn eted
i 2O and 2000 1u!|n-.1.-i,nﬂ  years [,lh,.-,,‘m:h, I 2008 and 2009 how-
ever, ramball amounts reached near formal and the shrimp pa dation
rl:“““‘""" B predought numbers. Blueaals harvest has maore than dou-
b comparad with 2002 wotals. RainfaMhamounts in upland/repions of
the state have a significant e et on the sdynity of coastal efiuaries, re-
s where open ocean and fresh water fron undergoundaguilers and
rvers mux. These estuaries are the “nurseries™or many rgirine animals
speculate about possible causes for the declink of shrigdp in 2001 and
blue crab w2002 and 2003, and the recovery ol these/species in 2009

Each vear in the U S | millions of people becgime ill ar dyhousands dic
o eating food contaminated with bactena fContralling Vhe growth of
mucroorganisms on food is a particular challgnge and over the course of
many centuries various methods have beep developed far Yontielling
microonganisms in food, Some of these influde preservation By irradi-
sion, drying, fre#zing. canning, and saling, Preservation by Sylting is
based on the principle of osmosis, One efample of this is the pigserva-
tiom of ham by applying large amounts of salt (“sali-cured”) or'§ugar
Ii'mzm-mmd:} 10 the meat within 48 fours after slaughter. Usind, in-

formation you learned i) this lab, sp ulate about how this pro
works to preserve the hani.

vironmenis are described as being

Curvhaline (able o lve mu:'i J\ide variation in salinity of the sur-

Cenokaline (unable whs j
{—a- - 1‘1:-‘: f-: aracTETSE l:'h:ﬂ d’fttm‘m 1!1': ra-IlE: 'I.'.l! h.l.?:l.'

M s

Lab Topic 3 Dhfluston and ODsmosis ii
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e

5 a5 the tide Noods and ebbs is more

he open oced i t‘“ﬂuh‘_%

eut (he range of tolerance of two or meg,

mvertebrates (for example. barnacles, sea squists, small crabg % 1
biological supply houses, Dy - J

mizaels, |-.n:nw1n1=!t5‘,l qvailable [rom
il they may be described as €0 ryhaline OF stenohaline organi S

7. General science 1eachers have long kniown that ""‘hilt_ﬂm Sl T T
acetic acid eolution) will dissalve the shell of a chicken {mh: r
intact the membranes 5urn::undlrlg the albumin and ':,r-ﬁl!..; e

4. Design and petlorm an experiment 10 allow you 10 estimag, | 1
osmolarity of the chicken B8 cell. Hint It will take 24 10 36y,

1o completely remaove the shell i the process goes too slowly p, —
the cggs toaf acid solution after ahout 12 hours. =1
b. Design and peT Hment 1o answer the question, T, :
the concentrati have an elfect on the rate of movescik . 1
of the solvent (jvat he membrane of a chicken eggl” ey

78 Lab Topic 3. Diffusion and Dsmotls

- the saliniry change
an organism 1iving o 1

Design an -L;fl'.l'l"l'i:mfﬁl 1ot

=

gr) acToss L
¢ to answer the question, "0y

form an experimen :

an effect on the rate of osmosis?” r_l

|

—

% Student Media: BioFlix nvestigations, and Videos =
www masteringhiology.com [

-

1

RioFlix—Ch. 7: Membrane Transport
Activities—Ch 1: Graph It! An Introduction to Grapgin
Ch 7: Membrane Struciure, selective Permeability of

Investigations—Ch. 7. How Do Salt Concentrations
Videos—Ch. 7: Turgid Eloded; Plasmolysis

References
-, and §. Waldegger “Regulating Cell Wolum

Exercise 4.1, Experiment A, was adapted fro
Scientist, 1997, vol. B3, pp. 456463,

D. R Helms and 5. B willer, Principles of Biology:
Lakoratory Manual for Biplogy 110. Apex, NC: Conte
porasy publishing, 1978. Used by permission.

Websites

A discussion of psmosis and diffysion in ki Includes sectiony entitled “Real-Lile ﬁpp‘licalinﬁ"
dialysis: ] Osmosis and Medicine:

hutp A warw Inckml]mgd,{ﬂ[nfhtml?dﬂ[n-hlm hupiferww answe com/topic/osmosis

A discussion of reverse osmosis 4 !
:-.-crsz_-:usmum

hup.:’.l"m_wikjprdia ot/ wikiR
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Lab Topic 4 bR r:frhw :;h: .' s
Enzymes i #ﬁclwsaﬁﬁri* ARG ﬂ*h
"i"ﬁni-]' = kb '-m"f o

of ST = qzj'il-*'l.l!-"'l"ﬁ
-~ PH « tufucfoy , CofiRys-¢

Laboratory Objectives

ot mors Fesf

After completing this Lab 1opic, you should be able 1o: ey I
1. Define enzyme and describe the activity of enzymes in cells mid i 3
2. Diflerentiate compeiitlve and noncompesitive inhibition,
3. Discuss the eflects of varying environmental conditions swch as pH and
temperature on the raie of enzyme activicy e
4. Discuss the effects of varying enzyme and subsimte concentrations an
the rate of enzyme activity Fillia e
5. Discuss the scientific process, propose questions and hypotheses, and
make predictions based on hypotheses and experimerual design.
i 6. Practice sciertilic thinking and commumication by constructing and
interpreting graphs of enzyme activity

: Intrn-ducnun

itude of chemical reactions very rapidly because of "
ey, Enzymes are biological Gaialysts, compbiinds
::‘rumlc:l reacrion without being used up or akered in the
raterial with which the caalyst reacss, called the substrate, is
Mo  the rmc:iuu 1o lorm i new pmdu:: {see Figare 4.1}, But be-
e the enzyme itsell ernerges from the reaction unchanged and ready o

" bind with anather substrate maolecule, a srmall amount of enzyme can alier a wthve g

 reluively enormous amount ofsubstrate R .
bind with the sr.l'hslnl:. forming the P : \ =
(b,

{ an enzyme will
m:::; ;nmpﬁmf—'ﬂ'lﬂ[ catalysis takes place, andwhen -~ =
: 1 lthmu:p'l::: the complex dissociates InLo Enzyme and product or products. |
B and atc highly specific n func-
% ﬁmwm Iﬁ!i'm'l d‘mm?duﬂ.ﬁmf S B E"_'J"'._, £

s will go or 15 final equilibitum
\a vironmental condi- ":*E iﬁ vj £ eucpla,
) Il!rl‘:ﬁi'i.l:nnr influenced by many [actors. Varyng en X g N
! mu Emumpgmturr_, may change the three-dimensional shape of
¢ chemicals may also bind 1o an Prades ”

. anenryme 5
4 s and lter s ate aFas that must bind for the enzyme 10 be

| Enzyne cals
. lﬂ’r-'u::] mihr:F?:ﬁ s are nunpmmnsul'ﬁmm that wsually
:: LIHIIII fﬂlhuixwé_sl_mﬁmn ﬂg;mmemdmmnﬁlﬂqnht enzyme o work. »
¥ {I' . 1.....- i
A v uﬁll'ﬂ' i % i -
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Figare 41 1

Fmryme miviy
ra—rer LR A
b FETE napbr e

& wab el OF
o apr ol e

o il Ll
ST, w1t v i i
etryme ard prodhurtis) The sanme
iy cadaiyar tha it o PEITS ol ol
o Ewl sl oot ||I-|..—|.1-'|'|Jl' [ it bl
B il ) mbbEbE L | squdune 1l

I..-...' a1 (ai o the T W-r_l'r‘“:"l"
i ‘i;""‘ gols mabed e ik P8

L. mudwrrdn [

,,
=

Chemicals Hutshﬂu[ltnr_mzncdvk)‘u h
ir action can be classified a5 competitive oF BORCOMPETIE

Faabars gy 4 e e B ey, L Tiar ot SN
Review Figure 4 1, illustrating enzyme activity There are fwo waysios
sure enzyme actvaty. (1) Determine the rate of disappearance of the
strate, and (2) determine the rate of appearance of the product s

In this laboratory, you will use both methods 10 investigate the 3cEse
lwio CNIYImes, catechol oxidase and amylase. You will uee an i
influence the activity of catechol axidase and determine i it is a

live or noncompetitive inhibilor. Additionally, you will investigate ;“
ol changing environmental conditions on the 1ate of amylase activ "

i
- ]

=555 e TR

? EXERCISE 4.1 42
Experimental Method

and the Action uj[ Catechol Oxidase

% g7

Materials 5o o

test-1uhe / .

3 sl 1;_:?:,1,,5 ! pipetie liller T"
I | ipent i

:1::;:1‘? Parafilm™ squares dr“ﬁ:lfdh::t:iﬁmiud [Eﬁw
; rated 5.l pipetie i :

. I:;l:';”;"l:d b-ml pipettes | E:::{:;mmﬂ

Al ) pgp F"FFE“E!. I o g
dispasable gloves {nplh‘

s
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" Predict the result of the experiment based on
 presence or absence of pots

i
i

& Empremtid E

———

(nrroducion

Thus FREfCIs wall vestigae the resuh of catechol cuidase act ity I the
presence u!f:*:mtn. catechol anidase catalyzes the remteal of eectrons mnd
hw‘ TN ‘ll-!‘tlh-'l_ | 'ph-l-.“-_\[:_a rl'FII’_".Jﬂr! {'_l"-d e ;':I'Tl oells Cxs
achal & CORYEIEE W h”“""‘“'—-"’""‘rﬂ- , I pigment proguet The bydrogens
coembine i.ﬂnhl;:![t'_v!'-'n, !4:'11_'5-.:-.; wazer (Figute 4 1) The pigment producty
AT TESRITLE &m the darbening of fruity and vegriables, wuch as apples
.]'Ij Fﬁumlr L ﬂp{:ﬁ;rt o it

In this exercise you will wse an emiract of potwia thber 10 13t for the pres-
S e E'I(ll'l‘fhn-‘-t muim: H'Ili o establish the ]Frr_-.r:,.r“;.-q- ol 1he I-_,:,.__E 1%

wbrry the l!tt.k{ﬂ :lkli P‘E-Lt
\'l.
'Il'q.ll
\ ]
3 3 |I o
b _OM \ Catechei -
5 "-. w |

cwa\ ==L (Y
| 2.

] |

I
Questice: |

I -
Remembes that every experiment begiug with a questign. Review the infor-
mation given above sbout the activity of catechol axidase. You will be per-

formng an experiment using potata ct. -
Formulate a question about catechal e and potato exwact. The ques
Emhhmw;itmpm#m =2 that has measurable and
controllabie elements.

Hypothesis
Construct a
pzmnmm:r_'ﬂmmbtﬁihﬂ

you 1o propase one of mare hypo

techol coadase m

of
s for the presence o 3DS80C8 R osaible for

is pust be t
hrpnthﬁ#.hmﬂi must be

Prediction '
ﬁm:hﬁ:] gxidase in

- would be what you ::pmﬂmnhF“T“F*"ﬁ"h
- |l'

IIl
LY |

\/

] ur hypothesis. To pest for d'lt
) o extiact your predictien
of this experiment (iffthen).

i ERE
% s

Figure 4.1
The oxidstion of cstechel In the

_presence of cxechol cudee techol

[T,
[ A=

peveried o benmogusst
Hydrogers temerved from caechal

rernbing with coypen 1o form water
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) i il s )
(‘w" plpette any achiitlons by mouth, Wash hands ""’”“"h‘hh r‘, 1kl
aneh oepotiment. 118 apill o, notify th insleege, Ty, Tesw

inmteaetor e wnavalinbile, went |:J|||.h|::|!'tnlrln (loves and Lhag
prpar towwals to wipe Up the splll. Follow diy towsls wiy, w,

arvakad 11 soap and walsr, IFFET!"M’ of all towels in the Irm,"‘
- / N

Procedmne ]'/

1 Using Table 4.1, prepare the hree experimental “I.hm Fhowe. (3,
i.1llrr-I'||u|'|'||F contain e sameg 1otal amount ol solution Do ney
congminate pipetest Aler efch tube 15 prepared, use your By,
hl |I|I‘ m l‘l.ln“h-”"" 1 |1|||1'|' BiF ll‘ly Hvrr 1'“ '.lh‘r “!n“1l1 ﬂr“l li“n E.I._.-l
iTve tualam o ks (e contenis oighily Use a resh square for eack,

; i e yTimes — i i = .L_‘-_‘__'_'_‘—-—-__
e | 1 "y
A |”1|‘r1 il Skl rofril il wilth all 1“'”’“!“1‘ hﬁ ="

Table 4.1 _
Comtents ol the Thiee |:H|H'.l11ll}|!‘-|“-"‘l fubes

dALLEN ||| 1l

.I.It L) ..

. 0 0.5 mL — 3
{10 chiops) (10 drops) 3

- r _i
5 ml [ DS ml — 0.5 ml
| (10 drops) (10 drop

L}

5 ml —_ 0.5 mL 0.5 ml.
L} (10 drops) | (10 drop

| %

2. Explain the exper Irnf nial design: Whatis the purpose ol each of the 1
test tubes? Which kshhe control tube? Lsmore than one control ube
essary? Iaplain Which is the experimenial wbe? Why is an addi
0.5 miL of distilled fwater added 10 tubes 1 and 3, but not wbe 27

%

%

W,
1. Observe the lmn:i1m1.5 in the wbes, and record your observations
Results sectbon below, Explain your conclusions in the Discussion s

Results
Design a simple wble o record resulis {Table 4.2,

Discussion

Fxplain your resulis i terms of your hypothesis
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Table 4.1
Resalis of Catechol

Oxicdbatign 1 Eperirnem

—— .Ef r . e — ﬂ.'ﬁ;._—-_:;,_:;j — —— "
- EXERCISE 4.2
Inhibiting the ‘Action
of Catech 0l Oxidase
Materials | /
test-1ube rack
\ pipette bulb
3 emall test ||_|b|:r: distilled water
small ParaBlm™ gquares PO ExTrac]
calibrated 5-ml. plpeue catechol
4 calibrated 1-ml pipertes '

| phenylthiourea (FTU}

disposable pasteur plpettes disposable gloves (optional)
\
Introduction \
This exercise will investigate the inhibition of enzyme activity by specific

4 chemicals called inhibitors, The specific inhibitor used wall be phenyl-
;_ thiourea (PTU). To be active, alechol oxidase requires copper as a colac-
¢ tor. FTU is known to combine with the copper in catechol oxidase and
| imhibit its enzymatic acuvity. |

L1

- Aninhibitor molecule affects T in one of rwo ways Competitive inhi-
. bition takes place when a le thit is structurally similar 10 the subsirate
. fora panicular reaction for & position a1 the active site on the enzyme.

Tihis ties up the enzyme so0thal it is not available to the subsraie. Comperitive

. inhibition can be reversed if concentration of substrate is ratsed 1o sulficienddy
' high levels while the i

of the inhihitor is held consuane (Figure 4.3).

Labi Tupie 4. Enrymnes 87

Figuare 4.3,

Action of a competitive inhibitor.
{a} Subszrare normally can bind

10 the active site of an enryme.

(b} A compenrive inhibitor mimics
the substrate and competes for the
posiion a1 the acure site en the

ETLZYIIE.
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L]
AH  Lab Topic 4 Ensymes \\
L= In noncompetitive inhibition, th inhibitar binds 1o 4 o
Lulrmate ; 1 .

[nzyme

Honcompetiee -
irhibitos [
Figure 4.4

Action ol a noncompenitive
inhibitor. The NORCOMmIPELitive
mhubttor hinds 1o the enzyme
st & location away from the
active site, either blocking
accens 1o the active site o
changing the conlonmation of
the enzyme, rendering i
tractive

that s aet the active site. In so doingd, it ‘1’_'““1'5':'-‘ the natr
that its catalynic properties arc Jost TI_"'I-;' Hhrll ‘;El'"f“ int
noncompetitive inhitbitor usell phytically bloc mﬂi{rtﬂ, .
o it causes a conformational change in the protein, thus g

tive site, In noncompetitive inhibgion the mhﬂ:l-l_tqr can | _.,]':' e
teversing the inhibition. However, unlike Fﬂml"ﬂ"l_‘-'ﬂinluhuumll';r 3
ditional substrate will not reverse the inhibition (Figure 4 4y ™

f'.h,':'—-——‘

Mgl Wi

In the following experiment, you/will derermine if PTU jg 5 o, ‘

toncompetitive inhibsitor o Wh
Question
Pose a question about the activigy of PTU. |
5. Hec
\ rest
Hypothesis
1 iti Resule
Hypathesize abou the nature of inhibition by FTU
LY Jesign
Prediction

[able 4
Predict the results of the exparfment based on your hypathesis (ifihlesults

Frocedure

! / - Wash hands thoroy ghl
- I & spill oceurs, n iy the instructor, |

ible, wear disposab) loves and use d]i
2 up the spill, Follow d towels with 1o

water. Dispose of all towels in the trashl. Exy

prepfire ll-nr_:e eXperimental tubes, Be sure 1o add-
| BYVEN In the table (water firs, potato extrac
Vel each tube with g frech Parafilen™ soypare a0 .

Un
test
vid

el : 05mL

ﬂl.'?--] ) ml. 05 m]"_h_ 0.5 ml

Dt + ml 0.5 ml - | mi Q"
_-—-_____-—-___-_-_-__- :
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TRIEE

Lab Topic 4: Enzgymes 89

1 T =
:E:t’:l 2. Which test tube is the eonimi? )
:tir"". L Hh:{
'E-l-]‘l:tl:’. th |
by, & 3. Why was the concentrarjon ol catechol increased in test tube 27
. £
dlr‘li,' ,
'h%,' 4. Why should the catechol be added 16 the test (ubes last?
{ /
E S 5. ord your observations in |H~Ie sults section, and explai
t.' Iulu in the Discussion section, . Rilge e
g\ | /
l Rlﬂ:l]l‘ﬁ," II
i - i\ I {
?‘_r_ Design a uhE: to vecord your resulis (ffable 4.4).
5 III
.::.

Table 4.4 \11\ /

Results of Inhibition } p:ri:#gm
a

- L. Explain }mlrresululi in

# 0 2. One member of your milm fs not convinced that you have adequately
: tested your hypothesis. How could you expand this experiment 1o pro-
- vide additional evidence to strengthen your conclusion
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EXERCISE 4,3 7

i :
Influence of Concentration, py e

Temperature on the Activity of Amﬂﬁ. ana

. : e T 3 =
““,-f’r:'.- il ::!h{‘"\\ dilu

o o

Introduction N 5=

n the lollowing exercise, you will investigate the influenc,

concentration, pH, and temperature on th

£ activity of Iﬁx 3
amylase,. :

: - the

reserve carbohydrate stores of plantls. is a polysaccharide m:::i
large number of glucose monomers joined tﬂg;lhﬂf.rg'imj'l!gﬂgm! ”
ble for the preliminary digestion of starch. In short, amylase h“"h# ¥i
chains of glycose molecules in starch into maltose, a two-gluc, Hyp

ound, gﬁril‘fn;r dipestion of this disaccharide requires other ¢, of 1€
present in pancreatic and ntestinal secretions. I tu:lp.u;_%
digestion of starch into maltose by salivary amylase,"we will takeyy
tage of the fact that starch, but not mallose, turns a dark purple,
:ﬁntmgqi with a solution of 1,KI (this solution is § Pre:
dfnber in color)! Draw equations te hel P you remember these reactiep,og
the margin of your lab manual,

In the [ollowing experiments, the rate of disappearance of starchin ¢
ent amylase concentrations allows 2 quantitative measuremnent of rex:

rate. Recall that the rate of appearance of the product (in this case, mProy
would give the same inlormation, but the starch rest is simpler.

your results 1o the entire class. Your INSIrueton may require ¥ou to we
component of a scientific paper (See Appendir A)

Experiment A, The Influence of Enzyme

Concentration nn .!hE Eltﬂn: of Starch _DiEESFiun :
Materials LY |I|f
test-tube rack | 1 calibrated |

\ L-mL pipen
1:2:'“":;?1 fest tubes |II 2 calibrated 5-mlL Elmufﬁ
st Pﬁte |'1 \ &FSP““E]EEE“HE“T pipettes
lask of distilled or oy II e U : g
beaker of distilled or ] ouffer solution (pH » 68) 2.1

rinse warer LK1 solution i

1% starch solygi R
>l graduated Cylinder i 1% amylase sglut::m e
|l'IITI:.r{.Iuclim| | 1 g J
Iﬂ I]'IIH X " I L] 'Ir:l:;
PEnment yoy will va ! 2 i

o determne what ! 1y the concemration of the enyme P Lt

i :E‘E;I]l-.[rt the variation wij have on the rate of the 1##
W i . X b i
* cilitions of the aniylase tesulting in a rangeof i
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Lab Topic 4: Enzymes 91

ions. For serial dilyjone
» you will take an aliquot (sample) of the
nal enzyme and dilute iy wigh an equal amount of water fora 1 - |

ﬂml mntrltiun], You will then zke an ﬂil—‘gum 1".|" .

and add an equal amount of water fora | - 3
dilution of the original concentration, You will continue this serfes of dilu-

mylase concentrations.

1. Prepare the amylase dilution (test-rube
" a. Number five standard test tubes 1
©* b. Using the 5-mL graduated pipette,
=~ testiube.

hands. (Dilution: 1 : 1; 0.5% amy
Tube 2: Add 5 mL amylase soluti
(Dilution: 1 : 3: 0.25% amylase)

Tube 3: Add 5 mlL amylase solut
(Dilution: 1 : 7; 0.125% amylase)

from tube 2 and mix.

from tube 3 and mix.

; {Dlha:nﬂn. 1:15; 0.063% amy
" Tube 5: Add 5 mL amylase solu
_I.',nilmiixtl;iil:ﬂ,ﬂjl'im}f

from tube 4 and mix.
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Sl

c. Add 40 drops of pH 6.8 buffer solution 10 each ;:h::h:\
second set. Mix by rolling the tubes between yoyr handy < B
tubes aside, 'S“'L_ ;

e, Add 1 or 2 drops of 1;KI to each compartment of foy;
plate. You will use a separate row for each concentration of., %

e. Using the second set of tubes, proceed with the tests bep;
tube 5. b

(1) Using a clean J-mL pipetic, add | mL of the 1% starch ¢
to tube 5 and mix by rolling the tube between your "F
team member should immediately record the time, T]:.mhu'rt:!

(2) Quickly remove 1 drop of the mixture with a disposas

pipette, and add it 1o a drop of LKI in the first cumpa_tmlz"l
the test plate {time 0). . ]

g~ Remember, when the enzyme and substrate are together, i

(3) Snmp\Q he geaction mixture at 10-second intervals, each fime
a New Eompa t of the test plate. Continue until a blue colar
longer produced and the LK1 solution remains yellow-a
(indicating the.digestion of all the starch). Record the Lime req
for the digestioth.of the sarch in Table 4.5,

(4) Repeat steps 1 through 4 for the other [our concentrations |
4, 3,2, and 1 of ser ).

Results

l. Complete Table 4.5as you determine

i of digesui '
disappearance) in dillerent enzyme conce gestion (lime of

rations.
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) o - - — Lals Tapic 4 Enzymes 93

| S e e, ama Figure 4.5,

| Enzyme reaction rate {time of starch
disappearance) lor differemt

. concentrations of amylase.

|
|
%

|
|
2. Construct a graph (Figure 4.3) 1o |II@:: your results. See Lab Topic |
for assistance in graph construction. |
4. What is the independent variable] Whith is the appropriate axis lor
this variable? ' N

!
'H.

L

b. What 15 the dependent variable? Which is the ip!:mpn'.m axis lor
thiz variable? [

| Y

&l \

|

¢. Label the axes of the graph. Using Table 4.5, note the maximum
number of seconds in your results, and choeose an appropriate
scale for the dependent variable. Reaction rate, the de_pEndem
variable, was measured as tme al starch (product) disappear-
ance. The data must, therefore, be graphed in reverse onder
hecause the highest values indicate the slowes reaction rate. Yau
should place “0” 2t the end of the axis and write “last” by your 0,
Place your highest number near the origin (where the x and y
axes ¢ross). Write “slow] :l-lenr I,I'L-E. ubr:gt?%{:hn;ﬂ;r:-;n; iﬂgﬁfﬁzl

L variable a 24,

ate scale for the mr.ifpﬂlﬂ £n

LA

Scanned by CamScanner



04 _Lsb Topic 3: EnZymes

Discussion
1. Explain your results in terms of your hypothesis, n% e

substrate constant,

Materials

an enzyme. Every enzyme/h
:h!.ﬂ-%ﬁ_nm;_n_t you will determing he
ase, What was the source of Fp -, :
the Introduciion 14 this %Emi!‘e ) i lht . experiment? (€

s

the reaction rate curve as substrale concentration the ip
tors are responsible for the change in reaction raie? sty g

. Speculate about the shape of a curve measuring reaction Tale i

increased the concentration of enzyme, but held the Concepy,

[

tesi-tube rack 1% amyla i 1
se sol 2
6 standard 1est tubes \H LKl .5|::E:1|.1'|:||n5“:I L
“tesm; p]:::_] 4 1% starch solution 5
pipﬂ[ﬁrl: h?jlb L beaker of distilled or I rinses
e _ ; \ & buffer salutions 1
S-mL calibrated pipettes N (pH=4.5 6 7. B
disposable pasteur pipEltes/ NpH paper | ¥ |
\ P j
Intreduction S po- ﬁ""’ .xx ;
Th“E“—E"l'ﬂ“EE’?‘E!Jﬂ_ELDI_ H ‘:ar@ﬂ.ﬂumtt}h: three dimensional J
) = S-I

A5 an gptimuntpH at which itis most a

of the g Optimum pH for the activity

|
f

|
¢

Question -.
Pose a question-abou; H and Teaction :
rate, ¥
o
Hypothesis J
Hypothesize aboyy the ... : B
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pPrediction

predict the resulis of -
the EXperiment hased on your hypothesis {ilfthen)

Procedure
1. Using a wax pengi) numhber
Beginming with tuhzll a.nn& BT Six standard res
(4,5.6.7.8, 9). Afe P14, mark one wwbe for each pH of hyler
ated pipette to add 5 'hmll; a 3-ml gradu-
€ buller to each tesy
1o lube 2, eic.). Ringe

Ill . = = i
Buffers can. : i R
@) pipetta E|n'|.r-!I i'l;llmi‘;i::ﬁ\;z::du:: e all solutions. Do not
oach experimgnt. I a spill aceurs, ey, "OT0Ughly after
instructor is uz“

s, i T
vailable, woar di tify the instructar, If the

paper towels to wipe up the suilﬁﬁuﬂma glaves and use dry
soaked in soap and water,

: ollow dry towels with towels
Dispose of all towels in the trash,
i

2. Using a clean 5-mL grad '-;-.ﬂ-ll:d oi 'J;me i .
. v [ 1
each wbe and mix by Il:ﬂhr'[g! lh;!ll::uhcs n your ;-:I;mzt:}l R

3. Introduce 1 or 2 drop
the test plate.

4. Using only tube 1, add 2 5 rrgl.h the 1% starch solution with a clean
5-mlL pipette. Leave the pipette it the starch solution. Mix by rolling
the tube in your hands. One team member should immediately record
the time. This is time 0. Stant testing immediately (next step)

| \

sol LK ;;l_rim the companments of several rows ol

| h¥

| ¥
Remember, when the enryme and substrate are together, the
reaction has begun! |
I

"'.

& | .

5. Using a disposable pajll:uJ ipette, remove a drop of the reaction mix-
ture from tube 1. Add to a drop of 1,K1 on the test plaie

6. Sample the reaction m'ut[1re gt 10-second intervals, each time using a

' ris no longer
new compartment of the test plate. Continue until a blue colords no long
Fmdu:elf:l and :_h:-:lr[ Kl snF:liun remains yellow-amber (indicating the

digestion of all the starch), \
7. Record the time required jor the digestion of the starch in Taiﬂg 16 i
alter 7 minutes there is nnLnlm change, terminate the expenment with

RS her [i (ubes. Use separate
Re 4 through 7 using the other Live 151 ; .
’ﬂ‘fi'ﬁr?flg: Lest Plas.g;hfnr each pH. Rinse the pipette berween ses
Record results in Table 4.6

Graph your ohservations in the Result
results in the Discussion section

s section, and explain your

bl

-

Lab Topic 4: Enzymes 95
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b Topic 4 Ensymes
gy Lab dope

e it

Resulis \\i

1. Complete Table 4.6 as rates of digestion (time of siap, 1
e in r.hﬁ':rcnl pHs are determined. djﬁ\

Table 4.6

Eﬂ:i]r Time of Starch Disappearance in Different pH
Environments for the Enzyme Amylase

2. Construct a
Topic 1 for

a. Whatist
this vari
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; wihiat is the e
" P s vartabler e varisbile? Which is the appropriate uds fo

é :;Iﬂ;:ﬂzﬁ:;:“f the prapki, Using Talile 4 6, note the Kk
o il 1irirl|;|n1‘;11:“ your resulis, and choose an appropriate scale
e i ““:rrinlrll-r Reactlon rate, the dependent vatiable,
aitid, vt b 1: !:lill'rli (product) disappearance. The daa
ues incieate the 51 diphied n reverse order because the lighest val-

H b0 1§14 TR | i ifon rate. You I;I||'|||_'|I|] I|Eu|:f' e il 1he

1 P

l_-_\-""‘-\-.."
"—-_-_-_-‘-‘-“
] Discussion
1y A Fens .""i""ip """'t"'"ﬂ"'!'h

— (fd 4 %

e
—
—

Explain your results in e -ull your hypothesis. Deseribe the shape of the ry Vo

reaction rate curve abtained wi ::I:.unge in pH. Wt factors are respcnsis L & > gy O ﬂ a:

hh!: [ar the 511!111'. of tlli:,. cupve? | ) i ’ I"* 'J_ﬂ f 1 [ L
MLEIERY, el LT L e

'-n"..l._'h | t Jl|..“-'|| I "L LB “I I__."I I"'.l:-"} -IJr 1_“,.-| I,_,al L,J

o Ealium KU T th G | TR fua @

e : Aeitmdi N o e S f --.'f
BTAREAY L:.‘J e S i Hﬁ,-! S gL . ot U
' 3 " A L S

et

- axis foy v
P,
Experiment C. The Elfect of Temperature - /I ) " et

on Amylase Activity L . :
- - _’n_]j, o 2l l_.-‘.":ri.-'"J."-IL}III o r"!..ilf..r
erials - -
. 8 sandard test wubes buller solution (pH = 6 8) 3 oud A w2 N
| tesi-tube rack 1% amylase solution
. 2 5-mL calibrated pipettes Mask of DI waer L‘I Vv Uy ]IUIJ L_,nl ‘-J hot
- 2 1-mlL calibrated pipettes On the demonsiration wable: : B 1
' disposable 7.5-inch pasteur water bath at 80°C ¢, 1L 11 i
| pipeltes water bath at 37°C WY el [
.:‘ pipetee bulb . test-tube rack at room q_:-n . oo, Al
wax pencil lemperature - Itk el
' 1% starch solution beaker of crushed ice for j St
i 1K1 solution ice bath ':""""Jl'ﬁjt_ | L ‘Dq r Il-;{';"
g gﬁf 17 e 7 | 5 P r{.‘.--'_-:__ T R
. Introduction | 7 Vi - / /f"“"'r{ﬁ' i Pt e
= ' & s (emperdture rises, partly because increased e
. at '::ﬂ;::r_ﬁd:t;llf:.mmlnn uiP;'mI-ntults.sThis means that SHHSHELH § ) e
- collide more frecquently with Eﬂl}"“}ﬁrﬂ'm“ sites. G‘“m,“!“- a 107 -hg_a - ;in : _;" w de
.'.I mpﬂﬂ[u"_- resulis in 3 two- 10 three old increase in the T‘HE of 2 particu- ! ki
P A——
.['
| w ' rll
13
Hrigla Feiy! bt : whal | 22
| : ity ¥ . . o
"?’ A el o 41 e e | — # ol bt fiown ?
ﬁ'.fﬂ-ﬂ-*'l-l{f"q.ﬂ':nh ERIBME qelow| " ‘i"
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98 Lab Topic 4. Enzymes
Y

What was the zource of the 11.'[]1.}'1';!-!1{: used in this Elptﬁmtﬂﬂ i
P Imtroduction 1o this exercise.)

- add [mb TAnd lage
2- aadd Ywml O wmber + |l hv% [l

4 p,8 Ml flarcls y
Question

@ ynevbske For tomen Sefrwked  Pose a question about temperature and reaction rate,

@ﬂél 1k 2 — hkalw Terg i
@ in cvh als for 10 min o halre H}"pﬂlhﬂﬁiﬁ
8 vwoa Samfle Hypothesize about the rate of activity of amylase at various ten

@ Fn b f-e Ev']‘,ﬂ S TRl L
bomiv ganple

iy it Prediction
¥ et sy Y
reeh ) 3 Predict the results of the experiment based on your hypothesis
| .
L L |
e
] } ALy f:“r Ay J-
o= I e
Py Lol |- aClawmby Procedure
| 1. Number four standard test tubes 1 through 4.
= & : 2. Using the 5-mL calibrated pipeue, add 2 mL of the 1% sta;
: 4 b s to each tube,
i 3. Using a clean 5-mL pipette, add 4 mL DI water to each ul
) 4. Add 1 mL of 6.8 buffer (o each tube.
p 5. Flace the test tubes as lollows:

- o Tube 1: BO°C water bath

Tube 2: 37°C water bath

Tube 3: test-tube rack (room temperature, or ahout 22°C)
PRE Tube 4: beaker of crushed ice (4°C)

b g 6. Mumber and mark a second set of standard test tubes 1A

Use the 1-mL calibrated pipette 10 add | mL amylase to e

place as follows (do not mix together the « :
tubes until instructed 10 do 5::];3: he solutions in th

Tube 1A: B0°C water bath
Tube 2A° 37°C water bath

Tube 3A: test-tube rack (room e
TMpETaiu
Tube 4A; beaker of critchad in. J'.uff g s ﬂhﬁm e
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Laboratory Objectives

Afer completing this lab 1apic, you should be ghie to:
1. Describe the roles played by light and pigment in photosynthesis
2. Mame and describe pigments lound in ]:-hmcls:,rmhrjuing 115541...;;.
3. Explain the separation of pigments h
their molecular structures, PYRepere romeiography. based an

4. Demonstrate an understanding of the T —_—
and the procedure for using the sp ettt pectrophotometry

Lk,
Introduction £ oy 6 W= My .:’JJ ¥
Without thﬂﬁ?""_lhﬁh. there could be no life on Earth as we know it
The Earth is an open system constanily requiring an input of enerzy to
drive the processes of life, All energy entering the bicsphere is channeled
from the sun into organic molecules via the process of photosynthesis. As
the suns h}-‘dtﬂg::n is converted to helium, energy in the form of photons s
produced, These photons pass to Earths surface and those with certain
wavelengths within the wvisible light portion of the eleciromagnetic spec-
trum are absorbed by pigments in the chloroplasts of plants, inithting the
process of photosynthesis.
In photosynthesis, light enetgy is transformed into chemical energy. That
chemical energy is used to synthesize organic compounds (glucose) [rom
€0, and in the process water is used and O, is released. Glucose, s primary ¢
source of energy for all cells, nay be converted to sucrose and transported f
or stored in' the polymer starch. These organic molecules are buildng
blocks for plant growth and development. Animals consume planis and
convert the plant molecules into their own organic molecules and energy
sources—the ulimate in recycling, Oxygen, also produced by photosyn-
thesis, is necessary for aerobic respiration in the cells of plants, animals, and
ather organisms (Figure 6.1).
In this laboratay, you will investigate cellular and environmental compo-
nenis utilized in the process of ph{ll.ﬂi}"]'lthlﬂﬁ. [.ﬁ. Wﬁ];ﬂxﬁmfﬂ%
will determine photosynthetic activity by testing B h purple-
starch, using indine potassivm iodide (1K), which ﬂ;ns mTu[lE: FD a
black. A change from the yellow-amber color of the mf Ltnfrc?_l':' s
purple-black solurion is a positive test for the presence ':ldf: :mr-:lh i
same test for the presence of starch that you nsed o study gestiar

by amylase in, Lab Topic 4 Enzymes.

o

131
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 RESPIRATION
{in plants, animals, ang
other arganisms]

Figure 6.1,

:En:iurg}r flow through photosynthests and respiration. Energy flows From the'aip
'inter the blological systems of Eairth, and visble light may be reflected. Lransmirtig)
Orabsorbed, Plants abserh light energy and convert it to chemieal energy during
photosynthesis. i this process, catbon disside and water are used 1o s}m&mai

lucose fand ultmately other orgaife €ompomNAs) &md 1o release oxppen The)

organic molecules and the tnergy stored in them can be utilized by animals and
other organisms that consume them. T energy in organic molecules is relessed
form ATP during cellular respiration in Plants, animals, and other oganismy’

?-_Er?:' 1 Lm : p B ..
I|'l .:_,I D - V/.n E;{ERC!SE 5,1
B e G c
(0 o oo ek = - 1'I‘h.w:f“-.?‘.r’aﬁﬂe:L&nglths of Light
. IR : [E = ]
N &, et i .'-':'_'j:.-‘..;'[ or Ph I
I."I| - - sk bube DIGS}’“thEEIE
il e s e MR~ -
il 'j:-_; ,l_ o | lche| Materials
:_I-! e ) black construction paper hot pl
if '.:_-f;:.:._ o green, red, and blue plastic fijere FE"F;;':_::[']
ot (Vate |' s i *quirt boygle of
Bl Ei _II DI’CEPE 5"-_“?51:!1_'? WE-LEI'
; I geranium plant with ar least 4 pog leaves he_r 8
Doi] b e gt Gl D 00mL beaker filled with 300 mi_of ey b 8 Students

- L 400-mL beaker filled with 200 mlof gog eth
v .'Il.;-.'f; —b add |-:*'“,.|' ol dropper bottle with Concentrated 1,K] solutiop % i"lll'-'!:lhnl

s LA e :
caobl 20 Introduction

5 ;.:k' i 'F"‘Llf = 2 this exercize, you will investigate the phota
r : wavelengths of light. You will determine jf
present in leaf tssue that has been eXpose

5}’11[11:1'. :

roduers o~ tiviey of d; t

g F':rf phﬂtnﬁ I:l:ﬂ:e:e.ﬂ
Where,, Wa Ythesjs gre

|1-*E!t:ngth5 .;]E ;
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da ; = ' \L
et for several days. Warking with other students in Lab Tapic 6 Photosynthesis 133

1 caver small portions of differen; leaves of 5 gtranif:upi of eighy

plack paper and green, red, and blue
:Eﬂl be IEEPDrfﬂhIE ﬁ;&l[ one of the it Lr'ilﬂﬁtlc filters
Photﬂﬁ}“t:;{'“"_' scr._iﬂt;-l; by testing for
tets. Stk 'is synthesized teh ung

paper 2 =T from gl \ £r the
bgggm.%{l;;fm_dasmin_mr@upmduuurp&mmm : £s and eap -
dgric in the presence ol iodine (1,K1), $: Starch ¢
F]ﬁliﬂ filters used in this EXETCISE are desi

a]JPmP'iELE waveltngﬂm of Eght 1o mmdk:ﬂmtﬂhiﬂ |
rum. FoOt exnmPIE. green filters reflect and transemg;

wavelengths of light will be absorbed by the mtgﬁlﬁn glght_ What
plate 9 at the end of the lab manual, which Ehﬂwglsmth[; o Eeler to Color
* grum. What wavelength of light will be reflected and Lm"mm:lsgmlc spec-
- black paper and each of the colored filters? Mote thar he itted by the
af hghl are reflected and 1m115ﬂ11t_[1!d h}’ the ﬁl{ﬂﬁ. same ‘-'-f‘il\fEt:_ngl_hs

ud 1mT15mIL EJ-"E

Hypothesis
- Hypothesize about photosynthetic activity in leaf cells covered with difierent
colored flters as described.

Prediction
Predict the results of the experiment based on your hypothesis (ilfthen).

Procedure

1, Four to 5 days
from each color of pl

* : 1o be carried out, cut @ piece
hefore the experiment 15 e O plack construction

; sne o
astic filter ancl one S ely 2.5 cm by 5 c.

paperL. Each piece should be a rectangle ai}'?:;ﬁa]lhj" geranium leaf, still

Double over the strip and stide the edge © Carefully slip 2 slightly
attached to the plant, between the fnl&e:d_:dﬁ paptrE crdin s

clip over the paper, Secl! s procedure with
SpIUng yape £ th sides of the leaf. Follow this Pmdi[fﬂmf leat

r;ﬁ:}fbrn:;ldur 3?13?;1]3 i u..-ithtre.:;tt d tg,i:;:zlﬁ;m light. Your

orcach sy, R camied ow iS5 OXV% g

3 il : 7 &

e s ol T S i e A s
orovided. Differences in 7€ O SPAPET0r, ping feats

e85, such as by
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5. Sketch and label cach leaf afier staining show the
tocation of
the slafy

Discossion

1, which trc:ur_n:nt allowrad the

I:E-"F*]ilin

2. When the red filter is placed op 5

leaf, wh
through and reach the leaf . What wraye] b
_PIB.I.E g| “'hilzh 5]1&‘-1-‘5 Eht lE.].;'-:l:'&-uﬁ I:IEl_uw? I:Ch:m w;:‘.:;g:e

of light pass
lmmagneu'l: Epmtmm_'}

ngths in Colay

Green filter?

Blue filier?

3. Whas starch present under the black constroc 3 e
light of the fact that black sbsorbs all waveleagdhs of gt

EXERCISE 6.2/ 2
Pigments in Photosynthesis

. / Al L:JLf'ﬂ-qah {lr—:‘; e E—l#:}[é‘._,

Materials
Ei::dm plant with multicolored Iea*::*: i

rceps : |
11,000-mL beaker filled with 300 mk of water o
1400-mL begker filled with 200 ml/ol80% ethyl alcohol
dropper hottle with coneentrated LK1 solition
bt plate H“x
squirt bottle of water N

.
Mdumm / X o

L - hmn ﬂ

A varfety of pi found in plants, as anyone who Visis 2 t :
a substance thay sbeorbs light! 112 pigment fibsorbs all wavelengths ol f

e

[ e @1955.& E[I.P:':'Jf
Yoo Lubedvckst b

L5

—
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; i payrithesis
L m;ﬁ. Fhaot
_l_j_ﬁ--—-_t:-_

M’f II

%

o

L

En

fi ;‘ﬁhlz""ﬂ.ﬂiﬁ'iﬁ. “lir"l’ur:rm{

. ¢
f
J

| are tisually produced by a group of water-soluble pigments, VAT i
Mémlu};mdm:ﬁﬂ acuoles and do not contribute to phot
| tional colors may be d by mixtures of these pigments in cells

ghlacks The black construction paper
B L s colored,with such a pigment. Other pigments ahogq,
eTCise . thers. Yellow PjE-mﬂ'LE, for Eﬂl'ﬂpie. 1-.3[1“[ D’l

d reflect o : : '
e o oo e b,

reflects in the green portion,

E;:} colors are produ d by
me 4 by

one pigment, but an even greajer
mtiEmnnUlaEn effects of different pi dh“f‘?]

cells. Green colars irl plants are produced by the presence of Clﬂbl‘ophyg ﬁfm :

b located in the chloroplasts, Yellow, orange, and bright red colors _HFI{M“%
by carotenoids, also in DW,P‘HTPE, ninlk: otk g

Warlking with one other student, you will use the LKI test for starch 4 s
Exercise 6.1 to detertnine which pigment(s) in & Coleus leaf suppont phoy,

. synthesis. Before b

“In

hesize about

ing the experiment, examine your Coleus legf and
location of photosynthesis based on the leaf coly,

ks Yyl |

- Ube Lk

i ¥

Yo

I5:
"|E':-| A h.:r'lfi'p.ﬁ.ﬁm][ Yia'

i

{See Color Plate 14.)

\
R\
. amu‘.ll[-unlnredl
2 :f]-}” several hourg 2o a Coteus Plant that hys been in strong
ale 6.1, Tist the el
CTEald that coloy oS of your leaf, preg; ‘
| et ooy " predict the ey, ﬁﬂmrmnu g
ol e 281 starch ese in eath
Ctling jp 1}, \
4 a:[hfhfr: the LK regp, o CHS§ection, MAPPing the color dicir
: : : g \ Color disir-
the/leaf for S 35 preyi ':1'&31:
e activity yq; d in Exercis
using L & 0.1, and test

hi ;
ont el Do ne
Peragy & hot py not plae
%N redy o s the hoy pi 2 T bring iy to : "_"? beaker of
Bave boiling 4 Pera :';lh! tha dlcahg 333?‘““; raise the
unag aintaijp oils, and
endeg Slowe bl g |

} ~iNg. Do not
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f"’r T ——— Lab Topic 6: Photosynthesis 137

6.1 - ' :
abl* Observed Besults for the Presence of .
P[,aiatd ’“d[ he Coleus Leaf ot Starch in Colored %H

5, Sketch the leal again in the Results section, gutliningthe areas showing
a positive starch test. \

\
Resulis "

1. Record the results of the LT test in Table 6.1, \

2. Compare the sketches of the Coleus leal before a:{id alper the LK1 test.

Before 1K1 Test: After 1;KI Test:

-

i hﬂ:m P’igﬂ'lﬂﬂﬁ wpp}nﬂd Phﬂ[.l;ls}f'[’l’[l'lﬁls- Record your results in
' 6.1.

Discussion
Bescribe and explain your results based on yo hypothesis.

Scanned by CamScanner



138 Lsb Topic &: Fhotosynthesis

_u,j‘H?Trﬂ‘il'lm'"l E@r_ PLFLJ f{;l”ll/'{‘(;r:-:"
f]{?}}w’[-l]”g l!:ﬂt.} .L'i{ri.r.-' latey
@ Gl Al

AR
AR
., fl’-t-:l
L _;'k._'i-.ﬂ. 3
L ﬂ )
TN l‘l"u {

-'Il'. i h‘ll""\_.:l.-
o] L J-

W ekane E’.H,._:( Ji T "'iﬁ.if

!:'.I}Jr-ﬁ‘ﬂw b /) | Pig[ﬁ[—:n (s h}f EEP’_E:I:_E:‘-I'IEEIEHEE%
- JelEihe g vardiwey bo Fe oy s
= 2 AT : H
| "-'fa, ‘K | ;{? r i .-_"I:.-'.\_ [ L ﬂrj-"ﬂ-r F
; Materials EL o I
capillary tube rnFctps
beakers BCiSSOrS
Y g “extractions of leal pigments acetone
L in acetone
chromatography paper stapled into a cylindet marked with a penc Ji,

i EXERCISE 6.3 uwyu N

Separation and Identification {}f_]_:']am

about 1 ¢m from one end
quant far with lid, containing solvent of petrolevm ether and aceray,

]

-
it s

Introduction Paf e, sfa . sh

Your instructor has prepared an extract of chloroplast pigments from frg
green grass or [resh spinach. A blender was used to rupture the cells 3

the pigments were then extracted with acetone, an organic salvent Wik
ing with one ather student. begin this exercise by separating the pigmens
extracted using paper chro matography. To do this, you will s pply the pig-
MmEnRt extract 1o a cylinder of ehromatcgraphic paper. You will then pl
the cylinder in a jar with the organic salvents petroleum ether and ace.

:;ne_ll'he solvents will mave up the paper and carry the plgments along;
the pigments will move gt different rates, dtpl:r:-:lir:g on their different so-

;:I:-iliqics in the solvenrs of attraction to the paper. The
eading e [the i i i 4 i
ng edge of the solvent is called (he front. Discrete pigment bands wil

be lormed from the frame b, i i
oty ack to the point where pigments were addd

The following Information will

b i1
and inte rpren resulis- i ]'I'E]Flfl.[! o Fou as Foe make PI'EIJJ:UWS

1

- Polar molecule
molecnles,

& 0Or sn .
batances dissolve (or are attracted 1o) polr

sk U3¢ this infopma -
'r-“"';| _ I'I'ﬁl.t!L‘:-II'L and e molecular sy _ :
e Tl spacaon pageon s
ik flar o the faur '!'ZD-I'n!'rl?:u[Jl ?|t-hﬂ ® Frent banis, Study the murem;! 2 .[h.‘.ﬁ.::
(Etams, rank the P:ul:r:;.l-_]:.! PIgments in Figure 6.2, A5 you Eff,ﬂj these dF
meih (#v T0 determip, polarit 1% actording g Polarity in the ¢pq, : rovide!
Each molecy], Yo count'the number of polar m:].rpf;mt Flr:-c-':l'll i
 chomabgraphy - . ki)

{_,I'l-t?n ﬁ:lllil: 'rj
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5 g d:ll'—"'j !fH et {'—'l._i %
HE H ~Hi=p"™
CH,EH
“\, I.-” a H
HZ w CH N-.,‘ ’I_H ml;':l"l
g Mg
H M : ‘1."
b CH .
H G : , . ;
EHE ""E"—‘::ﬂ o, |
l-':_'— =
?H: COO-OH, fI:H: =0
g é COOCH,
s L =
& Chioraphylla |« b-ﬂhlurnpnﬂu Ht“ o
Hl':ﬁ. ..-"'EH! EH‘.J m:.
o — o : iE CHy H
—CH=CH—C = = == - I - G y
. WS CH = CH = CH = CH =G~ CH= = £ = & — el 0= ey
HEE*«.G:"I:"\. g i
G-h -r":'\-.. - |
H; T = He 1'_::;
c. Bela carolene - J‘*"‘-":Ili;'h'-a-..-"
CH, CH
H!E:G:c—cu—tu—nl; CH—1 iy b o, W e
HEE ‘l\; H-CH.-c=C1'|—EH=CH"EH=‘E_CH=E|'|—-EHJ-C;_G|_EH_:E..-G'\-.GH:
"‘-n..':.r‘ o 1 !
e ':H: - "\1..:.#
~ Hy o W B @
d Xarthopnyl % &
Fignre 6.2. e et Pale. & v
Malecular structure of major leal pigments. The molecular struwcnare of - N
chloaophyll {a), chlorophyll (B), carctene (c), and ssihophyll (4), To delermine =~
polarity, count the number of polar oxygens present in each molecule.
g
=, P R
s = | E{C—F rlki.*hlelk:’l‘l "
I:-"‘-.It = I L : | 'I =] 'ZI*'LI-‘-'*'F""-"'.II'-E&
Least polar; . -.:ar"- &) L],
. e ?f'” ’j o) v g ﬂk[l_]c[
Hypothesis ALY : |
" i A
State a hypothesis relaring polarities and solubilities of pigmenis. ¥ Xan e Iﬂi"'j Il Y
i |3" ':r.'ltl-"h-:'l =-1* IEI'-L'?P .r'z_""n'.:'l-h
Predict the results of the experiment based on your hypothesis {iffthen).
ol bl \gaiwl ~d {widla wilbs - aredd B |-=1;'-|--|_
H‘ B FE . .

v - plebberert! | Sk, }
|I.

A /
{ ey - Bl |

L i
e |||rJ.._:l.,_llr N = mrdey) I,
Eoutin | 1 —Q—faMd &x
] — |
| |
| |
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Mitosis and MEIEI.?.] M

& 1

. Ep';.-_-_,l\ el i | ':a-.':.._:r\-l'.
¥ L L - L I::-" Ty -....":I-':-\. ] : . R L el
: o -y Tl i "ﬂr'h"'_f"f*ﬁ'.';'f_“- e ,':K_& Cmis e :
4 54— 167 S e eIy R T
ol we ey~ =
Laboratory Objectives : %
Afier completing this lab topic, yo should be ahj, . ‘nﬁ. ; il T
s} -t ——

1. Describe the activities of chromosomes ':cﬂrrjg.]zs. ;
e » AN Micng i
MHosis and mejposie Wolexie

+ Recognize human chromosomes jn leukocytes,
. Identify the phases of mitosis i Foot tip and whigefish blastula pell
a cells,

2
3
¢. Describe dilferences in mitgsis
: and cytokinesis in ply -
5. Describe differences in mitasis agd e Piant and anirnal cells,
6 ;

Explain crossing over, and deser
: escribe how this can b i
lar arrangements of ascospores in the fungus Earﬂur]i-::ng ot

Somaric CN=pELE W, TN |
5 | . = . | _|_r|l_.l_l
Introduction Ser cell n s R R

The muclei in cells of & lic i - ]

of gmg?‘ﬁ'fﬁz"”m mﬁp&&ﬂmm corisisti ;:Emr o _

Wﬁmﬁa@ (DMA)Structural proteins in the chramosomes o o S Y

nize the DNA and participate in DNA folding arid condensation. When cells @ :

dmd:: chromasomes and genes are duplicated and passéd on 1o daughter (u [

cells. Single-celled organisms divide for reproduction: Multicellular organisms w0, —< |

have reproductive cells (eges or sperm), but they alsa have somatic body) ) | =, ,

cells that divide for growth or replacement. - {,\I I'&)

In somatic: cells and single-celled organisms, the nucleus divides by mitosis’ <) o

into two daughter nuclei, which have the same number of chromosomes and * s

.ﬂ?ﬂﬂm!:gﬂlrEEﬂlepa:Em:él]f"Fmtﬂmpk,lht:pidtiﬁrﬁs__nrumﬂ_!ajrqu | edEns

skin tissue 1s coninuously being replaced through cell reproduction involving 4B

mitosis; All of these new skin cells are genetically identical Veast and amoeba

are both single-celled Urgamsms that can reproduce asexually through mitotic . A _.l__

divisions to form additional grgan:lsms—g:neri:alhf identical clones. LA ?:J y Hm]

Cancerous cells are characterized by uncontrolled mitotic and cell division, = @ D

and therefore, the study of mitosis and its regulation is key to developing

NEW cancer treatments, [n 2009, three scientists studying chromosormes m'i

the regulation of mitosis were awarded the Nobel Prize in medicine for their
discovery of telomeres. Telomeres are DNA sequences on the ends of chros AT

" mosomes that hecorne shorter during every mitotic cycle of somatic celly 2\~
Without telomeres protecting the chromosome ends, PO GEFES located :

at the ends of chromosomes might be lost in mitosis. The loss of telomeres in

each division of somatic cells may be one of many regulatory mechanisms

151
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Lab Topic 7: Mitosis and Meiosis = \

: o
o 1) e had -'Ej (00 syl 1,5 ) R

B F' III:"III-"I'
B m AN Pl o 4 h-:r'jtrf“---'h L e Py Py
| “IﬂF”‘E-‘:".’r'rl"

l?.l'...tr g
I ':.'_|I |'\.!'.'|"'..'!..|; [&78 |:' uc | @

i J_‘-___h_"‘lI s
l A L o vitung el ek _]-.-.-\,|-'I Vit o @

that limit the number of mitatic cycles that cells can undergo, If [Elﬂmﬂ'uh I:

; frn . to shonen, eells may continue 1o divide, as in cancer cells.
s ad . rllﬂ_ﬂﬂ--:' In mh:r:dh.darurgamsms, in pre paration IPEEEMJH! reproduction, 5 type i,
o r:lr:ar division called meiosis takes place. Tn meiosis, certain cells in m&“’
(=S 5, o estes (ot sporangia in plants) divide twice, but the chromosomes only repleg
| T o T s el n b g e o
; . i St : :

| L d“mmn&fggﬁm%pﬁmﬁswm in pla_lms] are eventually anEjE

A l‘i"{:m 0 mmitasis, the process of meinsic coniributes to the EEnetis
Lo L ’r-'i "MPOTLANL in sexual reproduction Generally in both mitosis and mejs
> 8ller nuclear division the Cytoplasm divides 5 process called cytokiness |
o ey o S son o b g
1 s l,: Lfr}r led the cell cycle. The ce] cycle is divided ingg pwg maor
_ ’:"_r';'; A L. dhrisinﬁ'igﬂ_ﬁhﬂhﬁ_ﬁ and mioge phase %)) Tb.E_M_&meE represens fhe
2 " volthe nucleus ang Cyioplasm (F; gure 7.1). =
3 ﬂ '\-._—IL-'F ) - .I.-.. ' = 5 o b e
3 . de:f-’b g ¢ et
’ — __I' - [y I'-l
i | . Pl )
[ [*_f__ ;_j,:ﬂ#' ﬁ\l:,;?,ll\h_ ____;-E“L - :%EQQM
B e EXERCISE 7] |
:1 l.-"’T'F-1 ] PN, § e et MD . i,
| C .. yoeling the Celp ¢y,
it i :_IILL'L-,,.'S I'T‘DS]--E i -
i /N 1 a1 Anima] e
Materials . ; s
I R | mpn;\ﬁ;ads Ly bn ﬂ;agm [ EYpe K hu,.'g
| 'FH- ] q."\-l.l.'lln.l.t.:_ ﬁﬂ pup I:ltﬂ.dﬁ U:_- one EE‘!DI.' Fl -
' s e of an, Agnetic
K i (w4958 el Feenirigle | OMErES
| %- :l - :,.-"i | Intmd“tlj.un
! Z fhie g | 1"-.-1:._3, SCientispe '
1! 'r? / t ,'f oo stra] :15‘: odels 1 TEpresen; nay
A f their ot s B OF oo og | . 2 Stuctyres o g
' i EiF moge|s Mplex 1o ip, : PrOCesses thar are
. t Frotm g e, 1o Ervations g Vestigare dJre::[]],- Bl
i s l'_lll.-\.ilbjt g buda Vaniety of gy - Builg “XPerimen g data, g LS develog
d Fetv s o Y of scientife tk, bu g & mage| e ¥ accumulated |
i =sis that eaq g, ]thte:smdm;;hmmm rep M the culminayionof |

SENL 5 _ |
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el 3 i .
F.au]_i_ng .ﬂﬂ'l"ﬂ_ Hl .E-'I.I.‘I'_'Etsgj-ul tt[ Llh -
i anglobin was based an B.?Eﬂﬂhlthntqut of huih;lmE Topic 7. Mitosis and Meiosis 153

[ he - chernical gy 1or PIYSical |

Iﬂaﬂ,dﬂﬂ;:l?bf“;fr?ﬂﬁgg;k ;f ts_T‘:thﬁ Watson t:l:iu-g:;i m:hmqur;_mi:: ¥ Coubrose, ST £, I - cap
i " d ® & "

-[]]: E-ri-lif“ﬂ eollected b].l' many EﬁEn“;: Cn'llk ilt 5 wir e of Cpf il

! . By prese iz
sbout € ﬂmﬂl?emb?'&r DNA helixin the journal Hq]::ltd el conclusigy |‘F Fu
e qwarded t obel Prize for thejy -I:Iisr:n-,,ﬂ‘.', in llglE';Ell'l April 1953 and "
foday i 1ab you Will work with a partner 1 byjig g
mitest and Fnemfsg- “ing these models will enhance g,

behaviar of chromosomes; centrioles, membraro " Wderstandin
durifg Lhﬂ :Igﬂ. l:],rl:!r; After Eﬂ-Il‘lptElIng your model. yq <dnd mlcmmhu-h“_i
n which it is and is not an appropriare model for E"h:‘ﬂ-ill Consider y,

our partner should discuss activities in each stage of

. puild your model. Alter going through the exercice m_llhe cell eycle g you
demonstrate the model to each other 1o reinfore, you

n the model of mitosis that you will build, -
(2n) with four chromosomes, This means Ihj.faiiu ;ELT!LE‘:_ lell_:_-"id cell

irs of chromosomes: In diploid cells, homologous ch:m i
gre the same LEI'I.EII'I, have the SAME centro OTOsomes

[METE mosit 1
e i One i e o, o it .
chart chromosomes. (Haploid cells haye B e L DAL, _

of chromosomes, dencted .y ly one of each homologo

models gf Cell divigiog:

I0logous pair /

Lab Study A. Interphase |

During interphase, a cell performs its specific functions: Liver cells produce
bile; intestinal cells absorb nutrients, pancreatic cells secrete enzymes: skin cells
produce keratin, Interphase consists of three subphases, G,, 5, and G,, which
begin as a cell division ends. As interphase begins, there is approximately half
=5 mch cytoplasm in each cell as there was before division: Each new cell has . '
amuclens that 1s sumounded by a nuclear envelope and that contains chrome- ,f,!ba.a-'l,-__-,-“;-l-'ﬁ Ju ol ol glad)
somes in an uncoiled, or decondensed, state.In this uncoiled state, the mass of J--

: '!.b.l; : ....
L, Buildah 15 pair of single chromosomes using 10 beads of one ‘
color fﬂr?::?:lrigaﬂmbeprﬁuf the |IIIEI{E pair and 10 hea-:_:'ls of the mhr_;;,ﬂ;,
for the other member of the pair. Place the magnetic cgngiﬁmiﬁe EI],.
position in the chromesome, but note that it must be in -;ﬁ - E;égm_
ton on hﬂmﬂlﬂgc:m chromosomes. The EErl'[leEIE ajﬁ;dpﬁ it
stricted region when chromosomes are condensed. hu e
with the same two different colors, but use FE‘J};SI.’ z.:.;. H.m a3
have enough beads left over to duplicate each chrom

1 Mode] mt‘ﬂ"i’lhﬂ'&ﬂ ol the cell C‘fdﬂ:

4. Pile all the assembled chromosomes in 5
10 represent the decondensed chromosom

DNA 2nd protein i called chromatin. fLocated outside the mucleus s the i 2
centrosome, a granular region that contains a pair of centrioles in animal cells, | Centiosomes'| Chacanin |
The centrosome is the organizing center for microtubules (Figure 7.2). iﬂl lirsl (cupicated) |
IR 3 |

Procedure . griale ! |
!

the center of your work ared
5 @5 4 MAsS of chromatin

Hucleghus. 'y
in [ { ].:"- ) . Have the e/ T
b. P'ﬂs'ltliuiar'.ﬂru centrioles as a pait just outside your nucleus her. Figure 7.2-

right angles 10 each ot b |

Iy L| L -
two members of the centriole pair & have centricles.)

(Recall, however, that most plant eells do not

-— = it
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. 7 Mitosis and Meiosis —

mare dark, round bodies, called nucleoli (singulay, ]
visible in the mucleus. "E"-i"ﬁi
¢, Duplicate the centrioles: Add a ?ﬂtﬂnd If'ﬂi" of Centrig)y,
model; again, have the two centrioles at right angles 1, '!'-Ec]::l 1y
Centriole duplication begins in late G, or early S ppg, ™t
d. Duplicate the chromosomes in your model cell 1o rep
replication in the § (synthesis) phase: Make a secqpg St ['-Ha i
is identical to the first strand of each chromosome, Iy g ]'_” 'l
chromosomes, you will use two magnets to for utirlf-‘a%
centromere. In the living cell, the centfomere in a cel] i asing, "
until it splits in metaphase. In your model, consider Hh:'g]‘.lﬂt
riagnets (o be the single centromere. Pair of
Unique sctivities taking plice during the S phace '
the replication of chromosomal D:Ii and Em 5};!&;;!;;{&“

ﬁdﬂmﬂlﬁ:& DEM synthesis continues uni] chmmﬁsumurﬁ
Vo fﬁmﬁdxh strand of 3 duplicated chromosgme i calllg
il Sister chromatids are idengica] to each athery |
L ghtly at the centromere (Figure 7.3), §
:rlmt isturb the chromosomes 1 Tepresent G, (
& During l}ﬁt Gy phase, in addition ¢ S
||.' dij:P;E UT Mmitosis,

mmﬁﬁl}nj
z. o =5 are present in your
f
k
1 15
{: ol Cytokinesis)
! T ¥ OOt 1 o o B
;! s dided i
i 7€, &nd telophase”
!] e, leaye the by hice

m

I:"EE.I
: i tha I o and

Chenmosome, consiss o MO 2 Bht mj,. rondense.
ol two sieter U‘mlr'l:lgﬂ E ¥ :bc.Ell'ls to form kfhmtlurt tape m::'d Lu:ttux ani] Centrinles

. w Wha them 1 each hey
Figure 7.4. N b Nece o Tetlires mal, u = o, O Callad :}I Ay
Pmrlhﬂﬂz milasis. "",'1II L ;\-'.:‘- I::l- Eﬂr}r':l P thE L]:":TE_ﬂf l.ht !‘Ei F:F[Euwrﬂl
Y i g B *Pingley 7= o).

{l},eﬁ . LE €? (Chec,
o 4:1 CX texy if

35
wa
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yprometaphase, the centrioles are gy gy, poles of the 1o T il nd Meioss 153

L L actions in prometaphase, move the centromer. s ok ToTe
qomes 10 lie on an imaginary plane (the equate

Of your chpey . | a0Ment

£nes
qwo poles established by the eentrioles, ) MKWRY between, 1y s

puring prometaphase chromosomes continue
m“nrju: mclnpe_hrmk; down as e spth”;ﬁ“dﬂl-'{c {ﬁﬁuu 1.3),
gome spindle fibers become assaciated with chrg i
aructures called ki:-#. tud:mre_s. Fach m&?mﬁm dl protein
4 the centrormere. I"u:- spindle microtubylee now ex 5 mEbGiotes
d1_rnﬂlﬂ-5‘fIM5 Lo the centrosomes ar the poles. The 'end from the
spindle fibers on the chromosomes ultimately Jeads , P‘J;El and pull of
o the equator. When the centromeres lie on the ¢ o o
ends and the next phase begins (Figure 7.5) IO, prometaphase
How many duplicated chromosam i
muclens? % A€ present in your Prometaphase
ot rtchom s

FYy b | e b= 3
U = T g i
s L o - "'@-"' 5; -MB‘ Spinde

L .-l:_l I:I_n_]l"lf

2 S il Figure 7,5,

Students often find it confusing to distin guish betweer f-.rimiiﬂ]ihasn mitosis,
* chromosome number and chromatid number. To simplify this 2y R
problem, count the number of centra meres. The number of |
centromeres represents the number of chromosomes. In your
model, the pair of joined magnets represents ane centromere. B

s

- | b T
A g

_._..-.-._Inm: = - im me g

_.:'.-'- L 14 “ ey et

3. To represent et asivelstatephase;
: i i e -

In mietaphase, duplicared chromosomes lie on the equator (also called’
the metaphase plate). The two sister chromatids are held together at
the centromere. Metaphase ends as the centromere splits.

Label Figure 7.6 with chromosome, spindle fibers, centrosome, centrioles,
kinetochore, equator.

™

‘;_% A "\:

Figure 7.6
The mitotic spindle

ar metaphase,

e
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Clravas
T o

cells of anima) . LWo sema i
Muelsar St 5, fungi. and Parate cells. In cytolines
L3 B the eqiangy ; slitng mnalg 4
foriog : L;}"E' (Figure 7.9g) 4 SVenttally pinchig iy rorcc v age urrow EREC
g <AL ang 3 Parent cell cproplasm in ¥
Fignte 7.8 i, £ells, conteibye, YOS, the same mgl i 2F
S (o e e i 4 :mém - '-‘-‘-Hqun.;]} the J-'iJTfllEI.tll:l'n af the cle ECUiES [Dunﬂl'[l ==
ophase mitosis! - *Eﬁ BT hwl-'-?mi : Ihﬁﬂ;‘:hvﬂ,gr [urr::iw_ Thfp[aﬁiﬂ'
i O el lave Ty g O e EquatD
r? et = fnima L) ¥extends across: ]
Y & T ¢ o Phont o |
P W T3 ¢ hanat 8 Ced oo '
s e o ce
|3 2 s = R

i,

. Pile ':pl:.m]' chromosomes at the poles to represent telophases

“nuclesli reappear) A nuclear envelope forms around each new tﬁ&mﬁ

; smeres, pull the magnetic CENITO MR s,

Holding on to the CEDITE & ulljna This action re Ay
rd opposite P PRESEnLs anap), . 4

move them oward OF %;EEE»

eplits, sister chromatids SEpETite ang _
e e 2 O
m

Anaphase ends as the ehromosomes reach the pales (Figure 03
Dr::cpnbr. he movement of the chromosome arms as yoy Thove
centromeres to the poles. '

g

i

Certain blologists are currently investigating the role played by g, -
fibers in chromasorne movement lﬂwﬂd the poles, '-'_Ih:::!-: VOUT ey 1
-+ diccussion af one hypathests, and briefly summarize it here

F

Sy ohe,

‘As chirfosomes reach the poles; anaphase ends and telophies

' Chrom: begmm-mﬂnﬁ

The spindle begine 1o bréak down'

chromosomes, Telophase ends when the nuclear envelopes ATE L
{(Figuré 7.8).~

How many chromosomes are in each new maclens?

How many chromosomes were present in the nucleus when ke
process began?

How would the condi

el et P A lrLlll:H'- of telomeres have changed from a previos

troduction ta this lab topic.)

w..-u\

i e
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leased into the space b flﬂmﬁ?l r:;::hmm““ls k5
ing the new cell wall {Figuﬁ ?-gb1 . ranes of the

12 Topie 7: Mitosis snd Melosis 157

the ye.
ey
cell plage h:;‘%

Flgure 79,

Cytakinesis in animal and plant
I‘:"E“!- (a) In animal cells, 5 cleavage
Hrow forms st the equator and
Pinches the Cytoplasm in rwo,

{b) In plants, 3 calf plate forms in
['hl:-l:ultl:l.- of the cell and grows
umitil bt divides the cytoplasmm in two.
{c) Fhotomicragraph of cytokinesis
— n 3 plang cels,

el plate

Muchay Wl
Parent cgll s

7 Doubla membrane
1 enclosing cell plata

aw call
wall material

e T o i
EXERCISE 7.2
Observing Mitosis
and Cytokinesis in Plant Cells

1 | ——
gt

Prepared slide of anion root tip ot <
tompound microscope
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Procedure

1. Examine a prepared slide of a longirudinal section throu
root Lip using low power on the compound microscope.
2. Loeate the region most likely to have dividing cells, just behind the
cap (Figure 7.10),
AL the tip of the 1ot is & root cap that protects mﬂ_tﬁ“df:r T00l lip 3
it grows through the soil. Just behind the root cap is the zone of cef
division. Notice that rows of cells extend upward from this zeng
cells divide in the zone of cell division, the root tip is pushed far,,
into the soil. Cells produced by division begin to mature, I:]r_‘lng_aﬁng
and differentiating into specialized cells, such as those that eondyy
water and nutrients throughout the plant.

3. Focus on the zone of cell division. Then switch to the intermediae
power, focus, and switch to high power,

4. Survey the zone of cell division and locate stages of the cell cycle: inter-

phase, prophase, prometaphase, metaphase, anaphase, telophase, and
cytokinesis,

|
' Figure 7.10, 3. Asyou find a dividing cell, speculate about its stage of division, read

Ehﬂnmim

. Longitudinal section through a the qul-uv;inE ﬂﬂuip%luna given of each SEge to verify thar your
= root tip, Cells are dividing in the FJTEE s rrect, and, if necessary, confinn your conclusion with the
=" rone of cell division just behind the 5 ;::5 m::'r' .

Foat cap. © o e ceRin the appropriate boxes provided, Labe]
- c -
olus, chromosome, chromatin, mitoric spindle, and mill e, e
appropriate, : cell plate when

N maEi R

e nEaurounded by 8 fuclar sl .
“muclens Co r:-.ure:_l}', the chromosntme maes is Ak Eranules within the
e by Gl L i, T
a 5. i i
b * P, FOMOSOMmes gre replicated during iz, P}.ﬁf”""d inte
i1 mih:ﬂfr—:—m - g S J e
@n‘l { \'I =3 re II'""‘-.:"'*-;(
P | Tode e |+~
Kles a._--'-'ﬂr-'% [ Fg
I|I_ |II .J':lu_'l.l.. .‘:'"'
B Celo e
i)

___J |

1
=
Lo L— —
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W‘ a‘E‘Nﬁy:mﬁn«mmcl|u|~=:t-:-sL= 159 d
mes begin to coil and become diilm dies
C]Irﬂﬂ‘mc: widely dli:Spmsa& In the nucleys Hhﬂhh thin, thregg.
_ qruci™ centrioles in plant -:elh, a =plnd £ Drophag,. |
.'i T "Fh:”rmdu %hﬂﬂlf ht 1o fﬁmﬂk‘!{m
pETRLL intact; y
e ceM
= P
: Ll O
— --r' / “‘“-,,_‘_‘_‘H_F
e Lot
df N\ o .
3 # i i L“hlcd-‘_r
::;E H'EL"f'. -"TI,.: =
iy, Inepb - i
- @
. N ke
~w srae g N L
Prometap Ebi ._n"h-l-"___ﬁ_. ot repan 4L Tﬁjh: 41 iy i
rometap & chromosomes are thick and she i ' ¥
e e B
e [mmdgmlmn break down in promecspiase Ehtoioemest | 5.
] 1 the equator/ Prgont o e o, ) s
RS e e © T e
"?__:.H__\Il --._-'l W, J’Ld'-“-ﬂllm..-' o S L.-r' '_'ﬁ"_- “—=_-
wedl o te {*F'-’rm;' ] LL
4 i '

’ % e 1L
~ o .
% N s Gy, |
i . '-.}I" - "'- ] I

-~ 7""':I D
Q},_,»J
L%

L alipnanrt

Mmphas{ - lie on the
Metap rromeres of the chromasomEs :
Eqﬂﬂtﬂl:'azi :‘;Eglij]lwﬁi g;;t?;li the ﬂlmmF::lmugi ﬂr:ﬁ 'l'lrl-fitlmj‘f in :a
directio gp'md Pﬂrl!n.[ 5 £
hnuncll']: 2 h;ﬁﬁﬂﬁgmmdﬂund mlhtpulﬁnl'th-zcclf

res at L '
As metaphase ends and anaphase begins, the ¢
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160 Lab Topic 7: Mitosis and Meiosis

Telophase and Cytokinesis |
f Chromesomes have now reached the poles” The nuclear envelope s o

around each compact mass of chromosomes, Nucleoli reappear. Chrmy
somes begin o uncoil and become indistinct. Cytokinesis is a '
by the formation of a cell plate that begins in the center of the ﬂg;;mﬂ:

plane and grows cutward 1o the cell wall,

e general shape and form of h”ﬁ
mes and the stapes of mitat A
TMpare these chromosomes wi 4l

sion in the white[ish
plant chromgs L

! 315[: C

- Omes stud
Animals and : in Exerhics rnt |
e e bty e 72 Croncme s
chiomosames,  © ) ClUomosom are generally farger that I“'“'i
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A. Mitosis in . Lah A
Iﬂb Smd}F - Mitosis “‘rhltﬁ'-ﬁﬁh Bla stu] Ce Topic 7: Mitosis and Melosis 161

el

Fcll’mdshdt of sections of whitefish blastulas

MicTosco
oo™
ppuroduc"
o5t convenient sodrce of actively divid; _

:hﬂ;:.}ﬂ,ﬂ where cells are yrge and divide ':innﬁl;eﬂfi Li;: sms'ls the early

plastulas (a0 early embiyonic stage) 5 large o interphase
Jwiding & Ay EIVen time. By examining cross seq Eiwhfeuff ek
ks, you should be a!:-l:_ to lgcate many d'l"-"lding CERs in varioys il
nitosis and cytokinesis {Col ilat.; 12, stages of

procedure

. ine a prepared slide of whitelish blast

hEl:mstI“lE gection on the lowest power, fo
focus, and switch to high power

3 As you locate a dividing cell, idemuify thy stage of mitgsis.
recognize all stages of mitosis in these cells. @ge ol mitosis. Be able to
3. Identify the following in several cells:'

auclens, nuclear envelope, and nuc
chromosomes

mitotic spindle

asters—an array of micrombules
poles of the spindle J.-‘r

centrioles—small dots seen at thie poles around which the microtubules
of the spindle and asters appeaf to radiate

cleavage furrow

CTCSE sections, Find a

rrounding each centriole pair at the

Results

1 List several major differences you have obse
animal cells and mitosis in plant cells:

L . —_——
rved between mMIt0s1s 10

i
1
|

|

» Switch 1o intermediate -

and a cell in 1elo kinesis 1o

=] 1

|_' - 5 Ed ammh Elﬂlin mﬁphﬂﬂﬂ
! s o

| s
,_|___‘_‘______.____._-——-—'—'__'_ Telgphase/Cytokinesss
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1 Mitosly and Melcel

BT

e TEmM e T ST

== T ..
e T e - e e

—

- patient’s blood and n:u]l.ull‘ac!’hh a medium that inhibits

C 2k videos—Anima| p:
ia BioFli and a I"hlnah
ifﬁﬂlfﬂﬁwﬂ“i ] pavekpon S m"‘%‘.

Lab Study B. HumaT
in Dividing Lﬂﬂkﬂqf“‘ﬁ

Materials .
: lis
slides of human leukocytes (WS e m%%

compound mICTOScOPEs /

Introduction Y
Cytogeneticisls exanﬁrdﬂgllldiﬁding cells of humans can
chromosome abnormalities that lead to severe mental retardati
ine human chromosomes, lewkocytes are isolated from a smaf] g5,
during mitosis, As cells bcj'ginh!{;itﬂais, chromosomes mnd?rzem:nd b
distinct, but in the absence of a spindle they cannot move 10 g, g'll
anaphase. You will observe 2 shaﬁ in which many cells have chpop
IIIE'l'EerhEEE! as in prometaphase or metaphase, but they are not aligned ;
spindle equator (see Color Plate 13}, s

Procedure

L Auempt to count the chromosomes in one cell i
: in the fi '
Nnrlmn]]}r_ humans have 46 chromosomes. Persons with trisom ﬂ:lnlfim
copies of chromosome 21), or Down syndrome, have 47 chromesoms

Are the oA
nu:j btr?cej]s on |.h]__s slide [rom 2 p:rsart with a normal chromoam:

| ,
| \
1
III

2 I"-r::l!jtg tha ' 1
Chnhnatid_:. ﬁ& 3 lmmnmg s duplicated, being made up of o ssH |
ons, bands ean beleepr. by a single centromere. In very high magili
PRLEmS can glep }_.;Em o the chromosomes, Abnormalities in bandig
#N Indication of severe mental retardation.

B i o o s ol

EXERCISE 7.4

Model; -
n i
Mt g Meiosis

%0 po
gn P“E ﬁi EE Phe colog
agnetic ::mr;r;ﬁér]l? color

4 centrioles
letters B,D b, and 4 print:d an

wemd I — HoN W
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/;Nb Topic 7: Mitosis and Meiosis 163

In

s takes PIACE i1 all orgay
g&g{;ﬁsmﬂnﬂsw of bwo g E"‘H,-‘““‘-a-i% oo, il Speci g
L berween the divisiong g, - o Ei05Es and IT, wi :
Lﬂﬁ does not take F[g;‘fm Which cells dg nmgm“wr'ﬂ' a;gat}rpl":' :

.::Tﬁf'ﬂmﬂch parent cell, ezl mm;rﬁ“ﬁllq:lﬂt melosis 1 and 1 result in f
umfmmm?l:mhgmmthmu o na ! the number of chromosapes
ir of chromasomes are hapy; '

= [in males), s ha
(in males), eggs (in rtmlﬁ),mws{. s ploid cells become

%tﬂmpﬁtﬂﬂﬂ process is not always perfect, Sometimes the homalogous pairs
do not separate properly or the sister chromatids fail 1 separate. When this
happens the result is that the final nuclei may have either one 100 many chio-
mosomes of one too few: As you observed in Exereise 7.3 Lab Study B,
individuals with Drown syndrome have 47 chromosomes as a result of an
sror in meiosis, in which a gamete from one of the parents had two copies of
thromosarne 21,

Lab Study A. Interphase

ing wi ill bui Teus of a cell
Working with another student, you will build a model of the nucieus ot
'"‘intﬂnghast before meiosis. Muclear and mmmum acltl:nlu; artm;j ::mnﬁ:;z
those in mitesis, You and your partner mm;lil 35:1155 amﬂ;:ﬂ-’-ﬁl?a gt
i chrom i h Go throu exercise \
lhen mﬁﬁﬂiﬁnﬂiﬁcm other to reinforce W&ﬂ‘iﬂdﬂfﬂ“d"’%
Compare activities in meiosis with those in mitosis as you your mode

Procedure

L. Build the premeiotic interphase nU .
mml’hﬂpnﬁgfus Have two pairs ufclnnmﬂ%umﬁ[_({alze A ot
i mhummﬂd different eI F Pmtn-thm:m- different color.
mm“f et béome G55 e Insnm-EE in the center of

LT represent G, (gap 1), pile your four d‘lt’t;lm
your work area. The chromosomes are dec .

; rivities 1
Cell activities in G, are similar t9 those 3¢
phase before mitosis.
In Gy, are chromosomes single oF

n G, of the inter-

duplicated?

inye @m“ﬂﬂm&wm%@m j
unans, 23 homologous pairs, 46 chromosomes, or 82 chromarids).)
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164 Lab Topic 7: Mitosis and Meiosis _____-____..----"_'_'_ e —— !

m a1} t DNA duplication i the
9 < mo to Te {
g 4 =i 1rJ:'.' * 3. Duplicate the dmﬂmﬁt in living :l]L!ﬂ-*ﬂ magnets. Whap Lijp
inbay phage @2l {sjrmheshf.sm,'r ;I:nhnﬁﬂr ¢ model }murnrlmcachmpaiﬂ What
~F B B ) o :bﬂr
eais I 7 Mol (o should the sister chromatids be
ke y Phafe

;. fup“:;: 1:,::;?@]: F;:d in the center of the work area to repreg,,.
. Leave ' OSOIMmES

f: :[gﬂplll-_ i G, the cell prepares fﬂl‘lmﬁiDﬂSb}' synthesizing Proteig,
En&I:tr:::nmesl nECE;EEI}" for nuclear division.

Lab Study B. Meiosis I

; F:IL' r”-|.w.'1];{-‘ I '% . | T mﬂﬂﬁs_l >
(;— = Meiosis consists of two consecutive nu S AL L B
' P melasis 11, As the first division begins, the chromosomes coil and

_,-_l:- . pntiee e i
dl_ l —.I'TITLH ‘lrll'-‘.‘ il ﬂmiﬂj i:fﬂnﬂs 'I-'Ih.::'aidil:!]lj' dj[[ﬂﬁﬂ-{-'fmm mﬁﬂﬁs;!"m,ﬂd' -J.!
1 e ey, I "'i""'ljr;ﬁémnﬁippﬂm“fm your modeling, as you deteg
— X tetng e illerences, make notes n the margin of your lab manual,
LF Jls i
b Frocedure
- it 1. Meiosis | begins with the chromosomes piled in the center of your
= YNy . e of work area.
o _*n;' ﬂ':' Wbl g As chromosomes begin to eoll and condense, prophase I begins. Each
e chromosame is duplicated, made up of two sister chromatids. Twg
pairs of centrioles are located ouiside the nucleus.
* CeESive ovey & S;pamte the two centriole pairs and move them to opposite poles of the
nucleus,

The nuclear envelope breaks down and the spindle begins to form as

Xg( 4 g i icosts.

___"- 1 3 b:{ﬂ‘w Eﬂtl‘l ]'tl:'mﬁtu s d'lmm ' 5 s
| r'.q.'.-.-,..:: o S should have four $L£ds Iugethenr.m AL S Uk e
& 2Pb'C Lengbeyr  Eadyin prophase I, each ch .
340 Lot : EEn a tight Eﬁmﬂliﬂﬂ-rmi;mu?;? lm'h?Emﬂl?fE%: “_'111 e
1 ecause the chro o o DRILTINE 18 Trg _;sﬂf@h..r?
' WOGOMES. are d“'P!lEEt:d this means that each

L Ofase T How many t
} ‘}15.;;[ P‘ i) e ¥ tetrad complexes doyou have in your cell, whichis 2n =4

|II # : ﬂthmjgj-ngldﬂm Erﬂﬂ&i]]g over Iy d , ﬂ[’ld
ﬂh"u'.‘tf;'ﬂ_fui’ I s cal sc:gmgmiﬂan},nmn ey Tﬂ}rmm'i:iﬁ‘,?z%z b
I this Dricess,  segrmens - MORSISKEF Chifommatids i he ALY
E The cone SA3E¢ S segmeny opy 5 <O will break and exchangf.
—_ CIDs ¥ 3 . A Dioney by Ltk :
Wofiose T (7)) e o e St e
se : Mata).
T Dl pﬂfﬁnﬂ%l?enm Urchmrmsc:-ml! to their original chi®
/\\ Rt Emﬁﬁn@rﬂﬂr activity ;I' ?}Tgl . Step-
I1 e e
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enes (raits) are often expressed in diffurer,

when the gene lor seed color is expressed in pe
nor yellow. Alternative forms of ; :

d yellow are-alleles of thie seeducalop gor - C4 AIEIES. Gigany ) o 2o

forms, F
« mor E:l:_am 1t
a planis, the see ple,

d e ity olor gene. o
crossIng OVET Prﬂﬂuﬁfs new allelic combintign [m%;;i‘;'“‘.“]‘hﬂl Oustl o {
s chromatid, To see how new allelic combinag nes along -5 |
czed to step 6. Ations are produced, pro- |

5. Using the letters Frinttd on mailing labels, label o
on each chromatid of one chromasome B for bmi?nbﬁ:;- E_ar'f{;f ]E:LET
the beads in the same position on the two chromatids af the mh;f m :
ber of the homologous pair b for blond hair color. e

The B end b represent alleles, or alternate

caler. '

On the chromatids with the B allele, label another gene [ far dark eye
calor. On the other member of the homologous pair of chromaosomes
label the same gene d for pale eyes. In other words, one chromosome
will have BD), the other chromosome, bd (Figure 7.11)

7. Have a single crossover take place involving only two of the four chro-
matids between the loci for hair color and eye color, Remember, the
crossover must take place between nonsister chromatids,

What combinations of alleles are now present on the chromatids!?

forms of the gene for hair

8. Confimm your results with your laboratory instrucior.

2 o o
visioning the activities ©
nd understanding their

If you are having difficulty en
cuomosomes in prophase | 8
significance, discuss these eve
needed, ask questions of your
to the naxt stage of meiosis |

lab partner and, if

: ar
neehes v before proceeding

lab instructor

- n the l-.;mpnl':i

9, Move your terrads to the equaton midway -
Late in prophase 1, tetrads move 9 the eql:jmg'a-t e EqUALDT.
Tn Tepresent metaphase 1, leave the retrads - [ entromeres do

Durinig hjs phase, tegrads lie on
"0 split as they do in mitosis

—— ———e e Gy e i

Lo,
the equatorisl

Scanned by CamScanner



166 Lab Topic Tt Mitosis and Meiosis o b
-'__——-'__

1 separate each duplicated ":hl'*.‘lmn,ﬂ

11. To represent anaphas® ologue toward each Mg g
pve One Pole. I g !

'tt;_:l:lmulngut. H:li E e chmm_atidﬁ represent one cen Mgy 8
E [wo magn :ster chromatids of the chromesom, flere

wgether the wo 5 : B
ure of chromosomes 1N El'.laphase ldﬂfﬂ &%i

How does the structiir
in anaphase in mitosts!

" hate on long dnid orié short chromo

Tioinelogie frotn each pair. -
Two nuclei now form, followed by cytokinesis. How may, g
somes are in each nucleus?

ol . The number of chromosomes is equal to the number gf '
K?I\ centromeres. In this model, two magnets represent one’

centromere in duplicated chromosomes.

Would you describe the new nuclei as being diploid (2n) or hiaploid g

Eﬂtl'j‘-‘ﬂ crossing over changed the combination of alleles inthe s
i

13. o represent mej ;
il Aneiotic fnterph . —
P el AU e o g s
108 interphase | Bt
There is litle cZII ;:E::E Melosis 1 and meiosis 11 s usually S8
for a second nuclear diﬁ_‘-::d N0 synthesis of DNA, All the machine!

14, Duplicate the centriple Fairsn = Synthesized, however,

Lab Study C, Meiosis |y

" The events thy,

I E . .
Mﬂl:ﬁlsimg lee i Fmi“mtlngig = F s e
parent cel|, "l‘:l':il:Z ‘L:‘-]'_:ﬂ ntscle] wig, haJ"f H;E similar to the events aruﬁ

the number of chromosomes
MES are d'ﬂpli.tnl:td (made of two chﬂlﬂﬁ‘[ﬁ

i
Scanned by CamScanner
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he beginni '

g5 they 21 2L TRE beginning The .
g‘i@'ﬂnﬂﬂﬁﬁp EATOSOMES {10 siigle .,
* e ES

begin to form -
g + establiEh e sauhe
:I'prﬁa of chromosottes 10 each new nucleys. Ng the awe. 7.

procedur®
| T represent prophase 11,
5'|}'i|'|d|£'
evenis that take place in each-af
£ o 5 L l
~eimilar 1o those @ E*Eitlﬁﬁiﬁ*ﬁ"'"ﬁﬁi“h?'wﬂ
oles move 10 the poles, nucleal; bmaﬁ d
OWN, the nuclese enve|
r opE

breaks down, and a pew spindle forms. 1
right angle 1o the axis of the spindle m'mL‘;:_tﬂs'-’]-’ spindle forms af 5

o -lhhe M T =quator of their Tespective spindles
asthe chromosomes reach the equatar, pro :
Il begins. Prophase Il ends and metaphase
. Leave the chromosomes on the equator to rEpresent metaphase ||
Pull the two magnets of each duplicated chromosome aparl .
As mesaphase 11 ends,
begins
. Separate sister chromatids (now chromesor
opposite poles,

Separate the ;
Pl the chims . ok

5
e chromosames ]and S Up the axgg

in the cEnler of each

it prophase 11 75

Y fE”. I-h': CETITi-

the centrameres finally spliv and anaphase 11

nes) and move them 10

In 2znaphase 11, single chromosomes move 10 the pirles,

. Pile the chromosomes at the poles,

b talnpl}ﬁ_:g]thﬁns. chromosomes arrive at the poless Spindles
break down, Nucleoli reappeary Muclear envelopes {orm a

m T: Mitosis, snd Meiosis 167

Mgt
the

4

gachy

J"QFL'-F*'IE";E‘ I

&

Heto Phase I1
Bz Pl 5o 11

| "-""i."?li'-:‘;';-p;',,- ﬂ.

¢ 1..-}|=J['.F“5'-f il e LJ."-I:'.:*:.;-

T 3

L

REr A a -
Caviigh "-E.'Jr."-'i'-.l.!- A

— e - [ At [ Adsgtng
munch of chromosomes as the chromosomes uncoill. Cyroldnesisr | _ ‘.I,I_'n i ' it
Iollowis meiosis 11, / Rl | < sk Aetval 13 phedwe,
3, What 15 the total mumber of meclei and cells now presemt? - afepyal vadsbal 7
sccgin | 2 ol T
|:| i - b . Ml | i l'III'||II‘I"i.'-.|'|ri:',:\,,-,:ll J
How many chromosomes are in each: | CEdls
K]
| } 'J Swlai] §
L ¥
he entire process began? Vi (o) ok Qeag | [0my
¢. ‘How many cells were Pi‘ﬁ:ﬁfﬂl"""hf“ the entire G (T fk Loy =2 M )
|I'_|..'.'-.-l i I""I'l iy i i
] | E I-FI"I.I"._'Il.l.I|I

d. How many chromosomes were present per cell W11En.:;h: n_;n::sn:
i wIE ) T
pml:i'_ﬁ I-""CE.E"'-'-I |__|::|-|."|':1|:|.1|.|"|

— ——

- How many of the cells formed by the meiotic -:‘]'w;smn J:JJEE; n::::ﬁ
A E':H-I‘Jiga]hr identical? (Assume {hat sltermate forms ol ge
on homologues.)
e |62 v

Mutye (G v

FXc 7l

ere A2

;

—

o
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: ur rﬂsﬂ]l‘}iﬂ LErTNE of iﬁdEPEﬂdﬂnl
F' ﬁﬂfnf&eﬁr o your textbook.)

T MLOE

i

1 Resulis
. Summarize the major differences between mitesis and mejoggs %

I Table7d S . ;
Comgaring Nuclear and Chromesomal Activities in Mitosis and Meiosis

B o =

!
i B e

1|i.|'i_|_'= hﬂl:[g]""la]‘ 1
alcohol lamp Mg loop
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rion
] FHJ;:I:E}[ ﬂ{ m:iﬁSEE, ¥ou dﬂ'ﬂﬂnst

It of the excha that
;:fif i "'jum the process Efgzriﬁl;e:t l‘na[Ef::::ll i;:.:ti%mhimltnn
M"m tﬂmnhﬂ?uﬁ ch ;:-1’. ':'mﬁﬁlng Ween h't'ﬂ'-ln
in thiS COMPLEX, NONSisier chrom, i.dm“ SYnapse

exchafige Pams. A poing gy yp: o > May
P’ﬁ:;ull af this exchange is mil:':;I &‘:ilir:::-, a '?;.JE:'% ing
|j’ a {.I._'I. e ?11}- rﬂ”“n&d

slaria fimicola is a fungus that sp CLI&.

aycelium, a mass of cells arranged fn filimente, :

iyorable, cells of flaments from o dj drent mﬁ?lﬁﬁi&?“
b

figares 7.13a and bl ultimaely, the nuclei'fuse (Figure 7.13¢) and 21

zgotes are produced, each inside a structute called an ascus (plyral

asd) {Figure 7.13d). Asci are pro tected withify a perithecium, Each 2n
gpole undergoes meiosis, and the resulting cells (ascospores) remain
aigned, the position of an ascospore within the ‘gscus depending on the
orentation of separating chromosomes on the equatorial plane of meio-
@ | Aller meiosis, each resulling ascospore divides once by mitosis
(Figure 7.13¢), resnlting in eigh’ ascospores per ascus (Figure 7.13f). This
mique seuienice of events me:ins that it is easy to detect the occarrence
ifﬂ'ﬂﬁﬂng over il'l‘l-"ﬂl."-"i.ﬂg ,;:]-._mmatids E.EI!T}'THE alleles that encode for

ot of spores and mycelia.,

i v mating types of Sordaria, one with black sporks and the mh;r
Mhtan spores, are grown on the same petri dish (Caler 14}, mljr['::l! rl;
ootbe two may grow together, and certain cells may fuse. Nucﬂlf!l Eu-
™ lused cells then fuse, and the resulting Zygot contaitly one cir

he allele
o cartying the allele for black spores and “’:ﬂ;‘:'ﬁ ¥ i
0 spores. Afier meipsis takes PME'EIZEETZFMES and Ecﬂli;ralln apet

Alt 5 g ; i :
L ascus: lour | appear
"'f'"ughm?'ﬁi&ir:nﬁz‘ l?er:place.the arpangement of SpoTes flapp

igure 7.14.

mast of its life a5 5 haplaid

Scanned by CamScanner



pating LYpes fuse. (b) Omne
iIJTt:l: W nul:l'f-'i 15 formmed. (2] The
pary eucled fase, forming a 2n zygote.

() The Zygote mscheus beging meiosis,
and an ascus begins 1o form in a _
Fudmﬂmn (e) Mesosis continuwes, |
foBawed by mitacis. ([} The mature

gscus containg eight acospores.

() Micrograph of crushed

perithecium with asci containing
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Malrg

1

o Zygala

fagare T-14- ) _ / | .
smngement of spores in asel resulting from a cross between fubgi with black spores and Fungl with 1 spores
sirs po crossing over Lakes place. (a) In the zygote naclews, the Lgluhmunlngummmmhnchmrmtjidshhdd
1ad T'. Fach chromanid has identical tan alleles [ur._-r.p;rnr:mpul:ht TEMMIIW Eimﬁuﬁﬁmﬁw B
f le=. (b)) During meiosis |, the Opms mEes S&pars
ﬁfﬂmﬁnﬁimﬁ} Mesosts 11 pr:f:m o msclel, el contatning a chromasome with the wn allele and
roeaining 4 chromosome with the Black allele, still within the one ,d) I:'-hwad:.nu:h:md:l.nds brm.:‘m;.
:ﬂni yiokinesis, resulring in eighs cells, called ascospares. The aschs naw contalns eight ascospores. Four
wuiwtr:h: tan a]ltllf i their nuciel and appear tan. Four ascospares huve the hlack allele and appear black

L
[

; of spores will{differ. Maasa
HEME_ over does take ﬂ-]ﬂcl 1-h': MEE“IH dE'I':FH'.l:i" 4 that

I thie provided, using Figure 7.14 23 reference, 45

e e e S
i ¥ B

ﬁmﬁ? nd B, ()T and B', () T'and B, and ()T

d
kb il ghserve living cultures o :
-"“ihﬂni?:‘h‘fﬁuﬂll";ﬁ;k for asci with spores arranged ﬁ“‘-‘!“"“rpmdjmmﬁ”
Procedire

L Plage A drop of water on 4 clean slide.
inn table. -
2 Light the alcohol lamap and flame 3 ransfer 120F

and carry it and 2 coverslip 1o the
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Laboratory Objectives

plier completing this lab kopic, you shoy
. pi s Y ould be able 1.
- wﬂhe thE dmmg‘ﬂtﬂhlng ':har-a.‘:lﬁﬁjﬂ_' . o : |
seedless vascular plangs, 25 'of nonvaseylar Planis and -

2, Discuss the ancestral and deryed
bess vascular plants relative 1 [hm?;i:;;m:;fﬂllarp&hmsand seed-
; ancenvironment,
¥ Tepresent
nonvascular plants and sxfﬂus w:str.]:!:arn;z];b:“ O-each, ey of
4, Describe the peneral life cycle and alge |
vascular p!anl; and the seedless vageylar pl::; igﬂﬁﬂﬂﬂ" i
berween the life cycles of the 1wa groups of pls;nu using Emnpll:;smm
5. tdentify fossil membe ; in the s
MIL;,; Plﬂm;_nem rs and their extant counterpans in the seediess

. Deseribe homospory and “heterospary, including the differences in
spores and gametophytes,

7. Discuss the ecological role and econamic importance of these groups of '
plants.

Introduction i

In the history of lile on Earth, one of the most revolutionary events was the
colonization of land, first by “plants, then by animals. E_!.ridence from com-
parisons of extant land plants and phyla of algae suggests that the first land
plants shared a common ancestor with green algae, particularly the charo-
phytes. These first colonists are thought to be mast similar to the living,
branched, rmulticellular green alga Chara (studied in Lab Topic HnIl‘jmmm
and Fung). Once these simple ancestral plants arrived on :}:E_ over
75 million years ago, d‘lf_-':rr'[acgd new and extreme EhEUEnEEE- 1;; ir F::I:'J"h'
ical environment. Only individuals that sere able 10 survive the vantions
N temperature, moisture, gravitational [orces, and substrate :Fuﬂél i,

of this enormous selective regime would “”‘T :"‘Tl";
*aptations and new and different life forms: the land pla h;}d. L

B e i ies that are
| La_nd plants generally have complex, hul_lll:; F‘E]L;nléiﬂ“ EE,P_]Q_E'?
|d fora ty affuq:: |,1;H?|5 A P e eaias Chisctian o

UCL erbryos o {b-:u:!:yw olien covered —D
A 3 i —— 389
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Lab Topic 15: Plan;

t

] R B

- E Plants (Bryophytes)
" phyliim Bryophyta.—

-f phylum Hepatophyta
1+ phylum Anthocerophyta

ITEHEII;SE Planis =
1 % phylum Lycophyta —
:" phyham Pterophyta

5:;] Mants

GymnOSPErMS
Phylum Coniferophyta

Angiospertns
Phylum Anthophyta

Fiml.':nng thl‘i

x Dh"ﬁm I M -
\ /_:,h 4;;_..-#: 2Oy gy Plaggg ‘8
G
E@] n of Land Plants =) 3nd Scedless Viscular Plants 391

R ~f

#itha waxy cuticle that prtwg:s desiccation. However, the waxy covering
dw prevents gas exchange, a problem solved by the presence of openings
Wﬁe fand plants have developed vascular
4 E svernent of materials throughout these complex bod-
{ | which are no longer bathed in water. As described in the fallowing sec-
1 {tom, the I‘EPIO-&T.IELW-E. ,:}.-,:]ﬁ and mpmduﬂiwg structures of these planrs are

l@;’-ﬂﬂﬂ_ﬁ‘d'tﬂ the land environment.
hiht twp plane diueirgﬁ‘y labs, you will be investigating the diversity of land
Hinis{]'ahlig 15.1 and Figuré 3{;11 some of which will be familiar 1o you
ng plants, pine trees, and ferns) and some of which you may never

e seen hefore (whisk ferns, horsetails, and liverworts). You will study the
jLom plants and seedless vascular plants in this lab topic, Plant Di-
- "1, and seed plants n Lab Topic 16 Plant Diversity Il

b

" Figue
15.1.

: Pithing of land plants, The nonvascular plants *..mdu'a.m:ular plants probably e

o Efmnﬂmtmigmn algae over 473 nﬂliﬂlij'ﬂr%agn.kﬂd‘ l.-_f.svas-:aﬂhhmar

| Wiy Earth 300 million years ago, and represenlatives of two phy

[ iy

i - seclless plants 45 the dominin
ullhtpttsmr_SEEd pimwmplicfd“i:mimﬁmdﬂmﬂgmupm

fied in Plant Diversiy | and Il

w8540 today flowering plants are the
'E::E:im“? of habitats. The representatives
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392 Lab Topic 13: Plam Diversity I: Monvascylsr Planus w[uj and Seedless Vascular Planis

-] To maintain vour perspective in the face of all this d""‘f‘mf}'—-ﬂhdm
| major themes nju ﬂfmfi:bs-bw in mind the following questions, 0" b
I- L. What are the spatlalaﬂaplaliuﬂ!ﬂfﬂ'lﬁﬁ planis 1o the land eMviroy,
r; 2. How are specialized plant structures related 10 functions In the 1:‘?
f environment? . fig
' 3. What are the major trends in the plant kingdom as plant life Evolyeg

over the past 500 million years?
4, In particular, how has the fundamental reproductive cycle of 5

tien of generations been modified in successive groups of plane

Plant Life Cycles

" - All kind plants have a common sexual reproductive life cycle calleg
= dat _alternation of generations, in which pla Ell%rfl:la!: between 3 :
.L;'rﬂl_lt_l_ﬂgllﬂt generation and a diplold spo te Beneration (Figure 15 5

"In living land plenis, these two generations differ in their morp 4

they are sull the same species. Tn all land plants except.

AT !

] i_l-'.."‘ Oy -?:I.l..'_‘. ‘-..iér I _:‘:.d 1 ot F- o _i.

|

= =

ﬁt L;.en_ml fe.:j.t.urt.l.n |.J.1.:I=!:emmlunn ol generations lile cycle .
with the sporophyte are; hﬂgtnnmg

The diplnid..spnmph;r:: undergoes meiosis (o produce haploid Spores
ina protective, nonrepeoductive jacket of cells called the Sporangium
*  Dividing by mitasis ¢ i b
Emmg r. ; i the spores germinate to produce the haplaig
F : Laty,

g

T -y

~ _..'-"! !

Figure 15.2. PR

Alternation of generations, Tn this

| life cycle, a diplaid sparophyie plant
aliernates with 2 haploid gametophye
plani. Mote that haploid spares are

- produced an the sporophyte by

f?ﬂﬁﬂlﬂwm are i
produced in the gametophyte by

‘mitostay Lising a colored percil, indicae

the seructuwres that are baploid, and witk
ancther color, note the struchares that are :
diplaid, i
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.Mﬂj.;rm!nds in the evolution of this Jife cyele tnclude:

Lab Topic 15

Plant ni [
g angy
ﬂﬂg.mnpph}r_re Produces pameteg ir i L ) and Seedless Vascular Plants 393

are produced by mitosis in gy

' gelis forming ERMEANgia (sing,, pameqq,. n!am:nl%

that both gametes and spotes are hanto
ppte : Ploid in this g
ymal life cycle, the plant life cycle prody e e cycle, Unlike
¥ dbymeiosis. The difference htt%ﬁ%gﬂm’%ﬂ -

ct =2 SPOTES are pro-
wilh other EAMELES to form the Zygote and rut;zﬂ;:: ;:lm Gcics o

Shile haploid spores germinate 1o form g ew haploid gam?hjd number,
geview the generalized diagram of (s 1ge Ty tophyte plane,
ored P.-_rmlr. :ﬂsnngu_u!: the _s:nu:iurr.s that are diploid and Fi‘”;”'ﬂm-f. Usi]lng I;nT_

i are haploid,

' e incressed impotlance of the spao

. f TD'FF]‘.I].IT.E a5 th ,
s plant that dominatee the fifp cycle; the ridpl.!:;zg?:lnﬂ#m oy
S DF the gametophyte within the body of the sporaphyte; af:i?[f!‘:_
evolution of seeds and then flowers. plye; 3

Nonvascular Plants (Br}r{:ph};tﬁ)
and Seedless Vascular Plants 8

* In this [ab topic, temrestrial plants will be used 1o lustrate how like has

undergone dramatic changes during the past 500 million years, Mot dong afier
the transition to land, plants diverged into at least two separate lineages. One
gave Tise to the bryophyies, a group of nonvascular plants, including the
mosses, and the other 10 the vascular plants (see Figure 15.1). Monvascolar
bryophytes first appear in the fossil record dating over 420 million years ago
and remain unchanped, whereas the vascular plants have undergone enormous
diversification. As you review the evolution of land plants, refer io the geologi-
cal time chart for an overview of the history of life on Earsh (Figure 15.3).

EXERCISE 15.1
Nonvascular Plants (Bryophytes)

‘{_.____

share some Ley characteristics and include mosses (Bryophyta) and liver-

‘ The nonvascular plants are compased of three phyla of related plants that

Eive rise yo any other _ﬁ‘-"i“E- group

; hOrarwons { Anthocerophytal, will
SOEHepmenphyla). The e Fhﬂ“ﬂllﬁ.l and Table. 15:1.) The term

not be seen in lab. (See apain Figu category; Tather, bryophytes are an

brya does not 4 [AXOnOTic
Mﬂﬂ:{mgmup of nunmv[':st;j!nl plants that shaze 2 ml mmu]n aﬁir;iﬂpiz
to have evolved into several different ETOUPS 2 et STiE Peners
5 of plants. THEY AIEAFEELom e Bt

=
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{ab Topic 15: Plant Diversity I: Nonvascular Plants (Bryophytes) and Seedless Vascular Plans
394 '

—I—,Fr';-l-"_‘:‘“- : 'r L

& . Dubtefnary
L etk Recant = Origin of agriculture and arlificial
Pleistocana |  selection; H, Ba0iEns

" Tertiary
Pliocens = Large carnivores: hominoid apag

Mil:_ﬂan'na = Forests dwindle; grassland spreads

Oligocana | = Anthropold apes

- Eotcens, * Liversification of mammals angd
! flowering plants

' Paleocens | . Specialized llowers; sophisticatad
; polfinators and seed distributor s

LTy * Flowering plangs esiabfished and
f CIEIJEI:EP_B A diversified: many modarm

R S R tarnilles presant: extinction of
S many dinosaurs

* Origin of birds: reptilas
dominant; cycads an farrs
abundand: first madarn conifers
and immediate ancestors of
Nicwsering plants

* First dinosayrs and mamimals:
torasts of QYMNoSperms ang
lorng; cycads

- I:I-i_-.IEIH:gf'ﬁHinn of OYMACSpanmg-
Gngin of reptiles; amphibigne
dominang Ly

S EWampy
Areas; evalulian gf early geags

|
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Lab Topic 13: Plam Diversity 1: Monwasey

tubes appear 1o he
be vascular Yvasc,
e Bryophytes giffess frors all other Ty o020
yie is the s pleunus play

2 ominant and cons 5y
-.'nmﬁﬁ-nwm—\. - IE:LI__!;'E.& 10T 1 habi lor th
have never attained the size mﬂ@n m“t'i"a Eﬁx "ﬂ,‘l‘hﬁagr
B s/ The gametophyte plants remain close 1o (he d
e motile sperm 1o swim [rom the antheridium to (he a%rcnhth '
(ertilize the egg. They have a cuticle bur lack stomata unEJ:;
of the gametophyte thallus {(plant body), which is not argan; d
crems, and leaves. Stomata are present on the spnmlg}: .3
and homworts, < =

oot
ayeface
|_|1|:':| [.ﬂﬂlﬁr
same T0S7E3
e niot important economicaliyfwith the excepti
which inits harvested and dried form is knbm;sm

of sphag-,
WF&P&: '

. ﬂ'lﬁl- 2
:Eis-z n[__has an antibacterial agent, and was reportedly ance used
1 bandages and dizpers. Today peat moss is used in the horticultural indus-

oy, and dried pet is burned as fuel in some parts of the world. Peat lands
caver more than 1 % of the Earth surface and store 400 billion metric wons
o carbon. Harvesting end buming peat releases COy to the atmo-

of orgAmc i ;
sphere, thus comtributing to changes in the global carbon cycle.

Lab Study A. Bryophyta: Mosses

Materials

living examples of mosses

prepared stides of Mnium archegonia and antheridia
colored pencils

3 Introduction

The mosses are the most commaen grou
primarily in E:I.Ei!-_[_&ﬂti.ﬂlmrimﬁ_but also found in
periodically wet (Color Plate 30). Refer to Figure 15.4 as you
moss life cycle, which is representative of the bryophytes.

p ol nomvascular planis, occurring
dry habitats that are
investigate the

Procedure

1. Examine living colonies
will find the two generations, g2
together. e

!_ldentify the lealy gametophytes &
which zpp&af as {lé‘;gamd Etmctun?-‘- E.l'ﬂ‘-’"t"‘cﬁﬂ
at the sporophyte and notice that It is artd el
Recall that the sporophyte 'Elﬂ‘-"El"}F's"“.“d mamd nurrients from the
the gametophyte and receives its MELSHITE ar

lly you
of mosses on demonstration. Usually ¥
metaphyte and sporophyte, growing

d the dependent sporophytes,
: Eh-u-ee; them, Tug gently

4 to the gamerophyie.
Lo

Ermerophiyte.
1
(= )Figure 13,3 | ds
3. i - od it time peria
Geological time chart. The history zidli:ﬂ?;:lr:l Zﬂ:unMF[- Reeler 1o this wsble

bt reflect changes in the physical 2 i
5 F0u Teview hﬁvﬂﬁr ':flﬂnd plants in Plant Diversity 1 and

i-.[ Flit'lhg ':.E |
= %\Marﬁmu 305 i
PIESEnt in some ppace. —,

2 b |
|

- need waper R ferbiay,

# B"’j"?]“’j'rﬂ

- Efrh'l.ﬂ-i"# PI\J}" s EJEWH‘!HI"

Shall w Size '
”Dﬁf" I‘Edhf}ﬁjﬁ l

“ Plask il ( Haallis), sy
s s Mast
NG Shoimal ¢ have cilicy,

5Paf'ﬂ-“¢iium

sfovo rsle = ]

gume ko Phgbe

Mafiay
__..--——_'_—-_._-__'_h—..
ameles life eycle F%F
Lo 44

-r":“-_'-._h'-'—':_-.'..
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396 Lab Topic L5: Plant Diversity I Nonvascular Planus (Bryophytes) and Seedless Vaseyylar Plan
! ls

———

[
L
-
. |
.
s
|

[

w lwosl

3 Pothertia
wilh sparm

a ke

=D T

L

¢ Archeganis- '
i [ wilh Eggﬂ.{.."':l'"'ﬁ L |"|
| -—"F,q 4w -

Ty

sporophyte
Ln

Gameloghyte wig
'd'ﬂ'l'ﬂrl:l,ﬂ-hg' Eﬂﬂfﬂph}%

; f allermatign o
in Lab Study A, Uin [ genemtions and label the 5

& calired pencits, highlphy :
eifferent colors, Circle the processes of m.-iﬂm”"’m:}?iﬂ”““" APl structums in
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) and See
ophyte in EAMetangia b dless Vascular Plaris 397
Talisic

; - archegonial slide Tissue

um. The moss archegonium has gonial slide, look for an
stk il be difficult to find an entire “‘:hmﬂ?fim and rounded
search for a single-celled egg in the base of the are Th any one section.

- hegonium.
pefer © Figure 15.4 as you [ollow the steps of [erilization

o - thraugh
7 formation of the gametophyte in the next generation. THe speersi
ougha B of wate (0 th archgonium and v down e ek
“the €88 re lertitizalion takes place’ The diploid zygote divides by
aitosts and develops into an embryonic sporophyte within the archego-”
nium. As the sporophyte miitres, it grows out of the gametophyte but
mains attached, deriving water and nutrients from the gametophyte
body. Spores develop by meiosis in the sporangium at the end of the -~
sporophyte. The haploid spores are discharged from the sporangium and
-+ a favorable environment develop into new haploid gametophytes.

Results _
1. Review the struCTures and processes ohserved and then label the moss
lile cycle diagram in Figure 15.4.

1. Using colored pencils, indicate il structures are haploid or diploid and
-' circle the processes of mitosis and MEI0ss.

Discussion

Refer to Plant Life Cycles ’[l:l the l{um
ized diagram of the plant life cycle.

1. Are the spores pmducecll by ﬂ.;lf moss SpoT?
mitosis? Are they haplmd or

i
3. Are the gamet&s hﬁF"h:"id or dipic!

mitosis?

P 414
4. Is the dominant E‘E““ﬂ[m“

spurﬁphﬂﬂ?

- n..:-r.l“E?
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L R o

6. What feature of the life cycle differs for bryophytes com
' 'pi
other land planis?

Lab Study B. Hepatophyta: Liverworts

Materials

living liverworts

Introduction

Liverworts are so named because their bodies are flattened and ]ul;.gdm]
Plate 31), Early herbalists thought that these plants were hfﬂfﬁdalm
treatment of liver disorders, Althoy gh less common than mosses, |

can be found along streams on moist rocks, but because of thei; stmal s
you must look closely to locate them

Procedure

Examine examples of liverwarts on demonstration. Liverworts have 2l
thallus (plant body). Note the rhizoids, rootlike extensions on the loes
surface, that primarily anchor plants. Obserye the pores on the surfice

the leaflike thallus, These openings function in gas exchange: however, iy
are always open since they | '

Sketch the gvera]] structure of the liverwory i the
tory manual. Lahe] structures whery,

margin of your lib
t appropriage.
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d-.jﬁl-ﬂj?tupit'“:dhl:lhmnlu:m
1 Ff’bﬁ?ﬂm}’?ﬂ“mﬁkﬁdm ¥ 1 Laby oy and

16
to the adapuarioy, n‘:_':'mplm tahles thm) mm;hmmmt S 1
f

!
sd be asked 1 i, y
you To8Y’ 1€ EREEE L0 Compare thege goa b 0 the lang 'mnmfﬁt:m* /
Wdﬁnsﬂd ]JIII]E {ancestral) i th, amt]::r:d beatyre mmhm vl
g or nomvascular Plants, motile sparrn o0 Of lBnd plap,
feature, while the cuticle woylg be B it
ete Table 15,2, r-tla;r_ing the
(heir SUCCESS in the land cnviromme
ion for assistance.

I i i
3 le:mﬁ d:tw’”ﬁddﬁmd *h Eces
nt. Eﬁ‘es o Vascylay
BT 10 the Jajy N plants

!hnd
icig) E]S%T
.liym [l!
51'113]] 3% _
L .Sfﬁ:ll.leﬁ (aSdulay Pfauj.
:‘?Tvt : "II T e,
- == ] i
;ur]'azxf | Iﬁr’pphﬂf 15 dominents
curi‘g) - Qamete Phste yegt ctad
. Mg :
| COntajs | . ke ois} haky l'-q-|L
':;.:qu o= [EXERCISE 15:2y ' - heed laley o,
mli ﬁ—bl?ﬂu 2 - ) it
‘Seedless Vascular Plants y — Rkl
— fi b — T
labory. | SeedleSS, errestrial plants are andlogous to the firs (errestrial veribrate iny
(tmals, the amphibians, in thelr dependence on water for exemal ferilizg
ltion and development of the unprorected, free-living embryn) Both groups
Wﬂtlmpuriam in the Paleozoic era but have undergone a sready u:%ecl_m: in
importance since that time. Seedless plants were well suited for life m_lh-:
vast swampy areas that covered large areas of the Earth in the Cur’l:num.fr_r-
ous period but were not suited for the drier greas E',! the Earth " that time
or [or later climatic changes that caused the vast swamps to decline and ":h_f-'
appear. The fossilized remains of these swamp forests are the coal deposits
plai ‘:f_tﬂd“}’ (Figures 15.3 and 15.7).

Irm%h Er.dnlgfrepm&Enmti‘fES of the seedls l ._[,,:rtltjjéﬂ ]naidh::'trs:: =
| vived for millions of years, their mnmil“g:ﬂm plants have vascular - £ 9 S Fes Spee,
| ment have restricted their range/All <2 wrater, murients, and photosyn- i B s e

i lissue, which isspec_ialﬁei}lﬂe c;;duc'iﬂs of ﬂmmjn@g of gene r-ath:ms}; My 8-
: I- : Prﬂd-l.i[ﬁ. Their lile e S ]Em::a‘_he EELI'IE_[__ LyLe 15 Lol
. ”ﬁ‘m the EEEEIJEE is the -d‘*——nmmﬂr;'l:ﬁ_gﬂtgmlly have '-?En'dt"’:]':"_F"Ed
f Mﬁ%&e sporoply .;Iﬂhﬁt ral support tissue. HEEW. su;;l:
“foots ta, and structy water

4 leaves and’ foots, smmata, af e of motile Sperm. ,l.h%.[.}"fr‘q_i_.l e —

they still retair the ancestral fea ]l and resiricted to oSt RADHES:
/ “ttilization, the gametophyte i 2

i A=
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400  Lab Topie 15: Plant Diversity I: Nonvaseular Plants {Bryophytes) and Seedless Vascular Planis : I

aral resourcey

The ph,;.rla.ir.miﬁ-&;d- in the seedless vascular plants are Lyeop
phyta (see again Table 15.1 and Figure 15.1): h""" and Bigy,

The living examples of Lycophytes are small club mosses & Higesss-
quiIquIrlL%. [ﬂwﬁghnﬁn% “mnf.szg' these plants hﬂlg?aﬁﬁ %

therefore are not true mosses.} The pterophytes include ferns 1o o2

and whisk ferns, which are remarkably differentin nﬂraliappg;mh&?“ﬁ-ﬁ

rent evidence from molecular biology indicates that these ﬂl-.-em S

share a common ancestor and should all be included in the phylum

phyta, This evidence also suggests that pterophytes are more closely rely,,

o seed plants than they are to vcophytes. i
= ¥ P

— e ¥
.~ [Lab'Study A Lycophyta{CJRD MEsskg,
: b i e A

Materials I’Z !: &
_in3 G living Selaginella and Lycopodium IL} i e ';ff
Y TS preserved Selaginella with microsporangia and megasporangia i
Yo e prepated slide of Selaginella sirobilus, 1s.

;}@’i”’;d e T g L Introduction
I'II' ! _l"“-','l-....._I LI, E T er——

g 2 ﬁﬂrd‘mf- e - %ﬂmmmﬁdWMHm usually found in moist HabiaE i

o ‘ g {bogs and streamsides(Color Plates 32 and 331 DWEVET, One Epl.‘l:‘.lll':s
Selagnela, resurrection. plant, mhabits deserts. 1i remams domman

v, | - throughout petiods of low rainfall, but then comes 1o lifa- sesurreete.

M| it rains uring the Carbonilerous period. lycophytes were not inconspicu-

 TousTans of the llora but rather formed the forest canopy; they were the eco-

) e
e i bl

Q‘FJ % 1 ]ugi_:a}.e_qurﬂzm of today’ caks, hickories, and pines (Figure 15.7).

[ H':-,!I| o .:.__.- s . 13' 3 e ) A : et
B B e cecasoml xg;emﬁaeaaﬁémv&aﬁ?ﬁﬁ e S
A g N o te kinds of spores (hetexospory). Latge spores called megaspores divide
ok i I phoduc tie gametophyte, The nuImerous small spores
étr‘j_ l microspores, produce the male gametophytes by mitosis :

rate male and Temale gameophyes 7
x;ﬂ _seedless vascular plants, but characteristic of sepd-

Procedure

v 1. Examine living club mosses, Selagine]
dichotomously branched? (The hm:ﬂhig;::id
to form a Y.) Locate sporangia, which may b
at the end of the lealy stem tips, [orming strohily :
persed along the lealy stems. Mote that these pla;r_ﬁr]:;‘,mnﬁ]'] ?I te
or bracts, along the stem. i b

2. Examine preserved strobili of Selaginella. Ol
gia clustered in sporophylls (leaflike 5tmt‘“1'¢5::-'::£ :E:_L"Eﬂund Sporan-
(Figure 15.3a). These sporangla contain either fuy,, mz of the stem
numerous microspores. Can you cobserve any dilfcmngﬂspmes or
spoTangia or spores? ces {n the

Lycopodium, Are they
ldl split in two, appearing
€ Present either clustered
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3 T T OCE At ]
AT ~Slicthat pive the 5

P
b

Tame, scouring rushes, In cmlerﬂﬁj':l"jﬂ
L Ferng, e BT 35 Weeds o i (Calor
o 313 . . acgupne
WLt from rhe tttmﬁ; l ﬁfﬁm‘] seedless vascular pla lants, o

mic ares anu:l_ mggsspnrcs pq-gdu,:td b
. E;:-'izw It.fl;p]:iff: cycle in Figure 15.2 ¥ iy,

i O

Having trouble with life eycles? Return 1

: : the iﬂl'l’nﬂ'l'“.
* review the generalized life cycle in Figyre 152, Hmad 2 b
introduction to the study of seedless vaseyly, Plantg T;ia
to success is to determine where MEI0SIs ogpyp, andy, by,
remember the ploidal level for the 9ametophyte ., Ity
sporophyte.

Materials

&
living and/for preserved horsetaile (Equisetum) [
living and/or preserved whisk ferns (Psilatum)

Introducrion

If & time machine eoulg take us back 400 million years (o the Sifurisn g
niod, we would fing that veriehyare animals were confined 1o the s, ]
early vaseular plants had begun 1o diversify on Jand (Figurs ]53!:!
arooniferoug Period, fems ; : v alongside
lycophytes, Unii 2Cehly, these thyes groups of secdless vascular st
' meE]EEE& In separags phyla

In separ 3; Prerophyry terns), Sphenophyra thorei)
#nd Peilophyia f"*hiﬁk ferns), Srang evidence from molecilar HU_";E'_“"'
teveals 3 clage rc]atianship am

ITopis |
Hems with

: e
25 (horsetails)
o7 branches eir cell

5 —thug (em et IETIe, These plants were need by piotee®
o scrub dishes —ehyye ;];E-"g——“—“."': These plants we J

that lack 1

- Most ferns are small
_ I¢ 36), An excaaéhifﬁ_,_’&'?--
I-E.,}LUI!JI:‘E._EE_ _.'F-T'IEITI}I' Cultivaeg lerns are ava e for hﬂm L
Tn thig 135 o




Fpﬂmphyxels, the dom;
sl investEALE the life ¢y 0t EEMtation i g and Seediess Vascular Planis 403
alern in 1 4 Stud EiF E':"l'f" Plants, yp,,
fﬂc‘!d“ Y Fern Life Cyele.

Examing a living whm '
L. 5 e QE U-nhl' bwo k EE'H‘I {Pﬂ!ﬂ[um 'E‘ﬁ i ;
o XNt gener, of _E"H';ilum}nn demonstration, T ‘L}
rve the 5 ' = i
h Eﬂkf FHmnite; &:ELE‘“}EE On the 5Ll:m:e?i']mss|’h-lz R
branching, typical of the ol these j&HELures, Mote ILEE?EHTLE 5
Mo

2arli
3, Examine tlht. I?Eﬁ?lﬂl l::s:] __LFIHILIE - q
" ribs and ridges in the Stern = MEp.) on dem : Ee
the sterm where branchee 3
the strobili‘in the |j1.ring Ot «
These are clusters ﬂfsEﬂE’._,. :
. e ngia, which
"« 4 Examine the living ferng o dmmwg;ﬂub?n Spores.

v saatt 1E31-"E«5-. Wh!-th arise from m%m the deeply dissected.
functions like 2 1ot to anchar he S “E’;_El}ad a thizome, which
serve the dark spots, or sori { Roais arise from the rhizome. Ob-

: SIng, sorus), which are chusters
on the underside of some leaves, calleq spurnfh],rllls. ts;cmm Plate 37.)
ll'-'-\-p :-?]I

Results

i". I 'fibF 1_-1;_.31_..51." E:_E
1. SkEH‘_h the overall structure of the whisle rlﬂTl. hﬂISHﬂil, ari Beces i th :!F""“'.-""'“*""!"’ {§

; 1 W TR | o W ] '._""P
n \ L Ll o=

1. Are there any leaves on the whisk fem? On the horsetalls? 55t s &

g , fopinducha 1305 A
3. Are sporangia present on the whisk fern? On the horsetails? On the fems? | s —rae: | y }fﬁ{u:;ﬁ
D"Iﬂmmﬂn I-"ﬂ".l- ¢._-'|'.l-'i5‘l'r _.Fn_-:l‘I-E-'_-I}r.r | =] :L'I\plr.-'l:'l_l:.l‘. - I:;-i-:'l-"'rg

L . PR gy ol (¥
_ . . Ll g e - PR TR ey B il
1. Are the spores in the sporangia produced by mitosis or ngm';?m.:lfm’ ot ! 1kt conmm Ea il 2

a
ndershe g Sofi ples %.;Eﬁg 1 .I:
.'f T e st bq,': iy gl

2. e the sporangia haploid or diploid? Think sbout Which BEREER | 4127 Syrangn
produces them. et [NE T Syl
'El'-’rL{-“l'.'f:[ i iFm’thf”
tophyie ot SpoTc- ﬂ dﬂmﬂ%wﬁ
3. Once dﬁpﬂmd, will these SporES produce the gametophy sl #—HF"Q'_(‘FWH - ﬂﬁ
phyte generation? : . Ir{l!?;ifﬂ"f“

Lab Study C. Fern Life  Cycle

Materials d microscaps
comPOUE | 1e of fem
lhrill.g femns p‘:ﬂpﬂﬂ’-d 5‘:5;;; with
living fern gametophytes metop s
with archegonia and “mhtgﬂ?-..;ﬁs '
antheridis. i m'“ﬁﬂ? 1
living [ metop Prot ) ine bottle
b rnzsrnxgg:pﬂmph}“fﬁ giyoerol in SrOPPITE
attached
steregscopic microscops
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404 Lab Topic 15: Plant Diverslty 1- MNonvascylay Plants (Bryophytes) and Seedless Vascular Flants ‘7

lntrﬂdutlian —\\

In the previous Lab Study you examined the fearres of the e
phyte, In (his lah study you will examnine the fern life cytle in Moge ?:;u
i

b“ﬂiﬂhing with the dipleid sperophyte.
Procedure

I Examine the sporophyte leal with sori (sporophyll) at yoq, lab,
/ (Color Plate 37). Make 2 wet mount of a sorus, e adiopof gy,

and do not add a cover slip. Examine Lheamflﬂ using 3 disamr-",rl'

[ microscope, You will find the stalked SPOTANEIA in varjg,; Slages of

If' development, Find a sporangium still filled with Spores an by,

carefully for a few minutes, watching for movement. The *POTang

IIII open and (ling the spores into the glycerol.

2, Referio Figure 15.6 as you obhserve tllle events and imporiang 5 hires
||| in the life cycle of the fern. The haploid spores of ferns fa]] to the
Lanl= | and grow into heart-shaped gametophyte p]aqg.fﬁﬂggﬂ
L}lﬁ:' | | Plaeis an exiernal source of water fora sperm
ﬂ.ﬁli"ﬂfim 2 || EEE O £ e for Erhﬁm i

: ; 'plany The pametangia. which bear male )

o Al }:‘%’: | on the unaEErﬁH?EF%%E gamercphyle. 7 Cells are £d by misg.
) - IL—‘ | sls in urnlike structures called archegonia, and sperm celjs are oo,
R T SO duced by mitosis in globular structures called antheridia; Archege, J
V% e ‘ are usually found around the notch of the heart-shaped gaﬁﬂn%

L_{ - | while antheridia occur over most of the undersurface. '
ﬁff_-,. AL | 3. To study whaole gametophytes, make a slide of living Bametophyes
P , View them using the steTeoscopic microscope or the scanming lens gn
J J it f the compound microscope, Note their shape and color and the pres
ence of thizoids, reotlike multicellular structgres. Locate archegonia
and antheridia Which surface will you need 1o examines Sketch in the ‘

| margin of your lab manval any details not included in Figure 156
] 4. Il you have seen antheridia on g gametophyte, remave the slide from |
¥ the microscope. Gently but firmly press on the coverslip with a pencil

FI craser. View using the compound miicroscope fitst on intermediare and
| then on high power. Look for motile sperm swimming with a spiel

‘motion. Each sperm h&ﬁm_ﬂgge_ﬂg. Add a drop of Protoslo tﬁ'ﬁﬁr

down movement of Sperm,

| 3. Dhserve the cross section of a fern Eame
archegonium encloses an ege, which

6. Make a wet mount of a fern Eameto
attached, Look for a young leal angd

Share slides of living gametophyres

tophyte with archegonia. Each
may be visible on your slide,

phyte with 3 Young sporophyte

o i A
yr“’ Lo :
Y m«%ﬁ I . with archegonia, antheridia and

|
|
#
.I.‘_ L
¥ Results
L. Review the structures and processes observed, and then lahe| the STAges
| of lern sexual reproduction outlined it Figure 15 5
‘ k.

2. Using colared pencils, eircle those pans of the Wfe cyele ho are sporc-
phytic (diploid). Use anmhcr_ color to encircle the EAmetophyc {}mspﬁaﬂ:'
stages of the life cycle. Highlight the processes of Meinsis and migpsis.

Discussion

Refer to Figure 15.2, the generalized diagram of ¢k

; e plant Jife le, and
Figure 15.6, 2 representation of the fern life eycle, Cyc
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' Figare 15.6. < 5, ich alierna

557 Eerp lile cycl. The Bunilar ey fern bl pse

e Il heafi-shaped gametophyLe. T T Hral
g WGBS fna b o syrucuures and processes described in Hhalla

'k
L Calpte it
LR e allhs

I =

i T

lrrrmation of genemiwons, ; 4
Lab Study €. Using eclared pencll, highlight the hoplotd and dglokd truchures
= ¥ Jurdy®
different calars. —m O gy ok R erals 11E an e Fern
ik - L n_|
by the fern sporophyte formed by meioss or St
1 M [I'!g spoTes pmd‘l.!IId- ¥ "_.;-B‘:Q‘Il'j'ﬁ-:‘-:! P*;J_,}m,, .
mitosis? ela’ 2B g Jagens ¥
_ AN
h the sporophyte genetation? I
2. Do the spores helong to the gametophyte of the Spo T H,q_,@,l'
spata phyl

3. Are the gametes produced by mitesis 0f meiosis?
£ Gouvs 3 fﬁ-;;") clusker oF $Poroangivm

s shobivs o clubes oF SPafahanrm
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PAACTRTEE i e
Plant Diversity II: Seed Play,

L T T

F

Before lab, read the following material o
anglosperms and complate Tabla 16.1
comparing) the traits of sach,

N gymnosperms and
h“!' llsting :a,nd

o

Laboratory Objectives:

Afier completing this lab topic, you should be able o

L. Identily examples of the phyla of seed plants.

2. Describe the lile cycle of a gymnosperm (pine 1ree) and an anglosperm,

3, Describe features of lowers thar ensure pollination by insects, birds
bats, and wind. ; L F
Describe lactors inflluencing pollen germination,

. Mdemily types of fruits, recognize examples, and describe dispersal
mechanisms,

. Relate the stuctures of seed plants to their luncrions in the land

EOVIFONMENnLE,

Compare the significant leatures of hile cycles lor various land

and state their evolutionary imporiance. _ ;
Summarize major trends in the evolution of land plants and provide

evidence from your laboratory investigations.

plants

Gymnosperms )

For over 500 million years, plan
land environment. The nonvascula

s have been adapting 1o the rigots of the
¢ hrj‘ﬁph}rlEE with their small and Si'I'I.'!.'
ple bodies survived in moist habitats, habizats moist al least for part uf{henr
life cycle. During the coal Carbonilerous period, vascular 5;'5'5“'33'1 P[a:"h'i
dominated the landscape of the swamp forests o dmu :d?u the
earth. Although these plants were m;t mmﬂ::ri‘zdegﬁ;:: :? water for
t, they s g
Callngsf o ntopent ey e S
EEEHT}JD;EZ::;”‘?::HILET nd drier and the swamp forests declined, present-

: ; lants and animals. Earth at that tme
mg another challenge to tE"ES‘TrI;ﬂﬂpan vertebrates, including the (ying,

was 2 world dominated by ¥

« Gymno sPerms

wyf 4 iy

Maled - see d

- have very vEdied
‘3]"4"*:;.1.:, Plasg b i

& {:‘.ﬂira'rf;ma-l'%‘ﬁ

. M obule sPevans,,

- 2
. Wied Fﬂr‘l‘-‘hggjwﬂ -

p'a"rlr'.nﬂ-!'ﬂ*ﬂ
e sPere

e ::'ijﬂhpyz_
- e or  Shbs
- Ve eycde 1 flmlj
from feed o fee]
Vi g

.-F‘ﬁﬁtum [:pﬂ“lﬁ-sr;ﬂphﬂjl_q
e Pe (Prous )

&
Cones < 7

micssfova

- feeds s c;lﬂ'i"'m;ﬂ embryo +

Aw H’M o P'Q’.F'.-'Eis Lig
Cos
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416 Lab Topic 16: Plant Diversivy 11; Sped Plangs

i

running, and climbing dinosaurs. The la - wras

A (en j - o1 7Anely of seed-bearing plants called gymmos; dﬂm’_‘“i‘-ﬁd by 5

) y -\-'_.l'?-. . - . S n Elut'[‘l'[ Erh

2 f B L seeds") which in the Carboniferous peria BETL Testripy. O e

y oot |I o Eﬁi‘_h'lg the Mespzole, a number of distinet E}mﬂipemcltd Lo d"ﬁ'ﬂﬁi

o= W 5 e fied, and a few of the spore-bearing plants survived (see ng‘lf':'“!’ﬁ iy,

eA] i b o Table 15.1 in Lab Topic 15). As you review the evolutioy ““i:;t 151 -

- fer to the geological time char in Flgure 15,3 for : Flan:s_-:_

y ol Loty of life on Earth, b,
=y 5

an OVETiey, g['ﬂu
Vertebrate animals became fully terrestrial during ,
emergence of reptiles, which were free from a depen it [y
ual reproduction and development. The develo i i ﬂ':'_r sy
along with an internal method of fertilization made this ma-;fml““? B
pessible. The smniotic egg carries its own water supply and oAl

mitting early embryonic development to occur on dry land.an;f:ﬁg;'
¢

from external water. In an analegous manner, the
P from dependence on water through the d.-:'-r.e]n § o btcamgf“‘
W g L ) pment of a process of
ve 3 :T_E_TFE%:_I_EEIGH via the P’Eﬁﬂi grain and development ﬁHEEE:- Eiﬁﬁthrl:]nf
FIsC e Bk amn=a do ] e T - g
W g e ey ot ot nd e
T veral fealures of nos ha : :
B i Thicy Bave reduced GinalEr-ghoed) gams o poLSLe or thir succes,
% f*f-“ ¥ 2puse ~ multinucleated pollen grain, and ¢ “%:EPPM . T:_lrt_.géymemphm,-“ I
i . o e BIE, AN (e lemale gametophyte is small ang
B P& — tained within the sporangium in "IJE*?G!: of the sp i o<1 7
; i e B P . L h g{”ﬂ i |
2Ll fpee —_ pollen grain fs d Eeation resisiint and adapted for ::?nr:iﬁu ﬂﬂhr]ﬁﬁ
o R mﬁﬂ-ﬁ:ﬂﬂ@" IhrTn:rri,]jzarj.:m in 3 walery nalicn, TEmoe
- e veysihe sperm nuclews v an egg celliand the embrvsic oo o g
- TYOTiC spara evelops
Tm" the gametophyte tissues, which aré proiected by Saepn:ﬂph}rfﬁd; o
PUYLE generation. The resulting seed is not only e el froi et El:'DTT't

dETI!:E [e1a] ""l?at't

T R, SRR

0

=
e

Qﬂ;}- Angiosperms

Sy

g e (e 0 s L e e S ﬁtﬁ-i%ﬁﬁ?:

years ago, during the late Cre '
Fli S tacecus perod,
Ly . mately, these plants woold diversify ﬁuﬁ‘hﬁm]mﬂm Uitk
DY k o Widlespread; and fmparant plants on Eard: e € Most niuniendus,
o -/ - over S0% of the vegetated surface of Earth and comnt Tﬁ“ﬂ.‘_"_‘f@ﬁl. e
v of our agricultural food plants, - ﬂ““ﬂl{" i&'

The evolaticn of the flower resulted in en Mabi

i g 1y (w5 B R 3
lmn_sl'e_r and réception of pollen. Whereas g},‘,;ﬂ;;ﬂ:ﬁ 1: I::hzﬂ i df
_F_D“Jnnted, producing ENOTNOUS ATOLALS Of At Teach s LI et

i ; e T Vel pallination f= mediare .|
e e o o plnton & ety
?D-"‘-.I"-r-'.:“—ﬂ'-_ ﬁfj o o __-n'i-,":'} ;
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ﬁﬂsmmpmtﬂmd and dependent on the aduly :ml s on £17 o
e hiyte provides murients for ghe ey POTOphyte plant The ~ cly ©°
jrough 8 UNIGUE tIploid endospermy syl SEU8 SPOTODhyte e

0= & | 1.. ; H n
ry, which matures into the fruis, Thif:f:ﬁ;ﬂ:; 'ﬂEv:jtﬂF within the
,.!M dispersal of the young sporophyre o "Em;: protection
ion Lo advances m reproductive biglg A " ;
e s e

~Figwering planis, on the other hand, can be wondy |
ﬁkﬁﬁ with solt tissues that survive up 1o a few years, ._ )
SpETS 10 E0 from seed to seed in less than 1 year 45 you e:f e
ETCES in this lab, think about the significance of this fact in terms of the
prolusion of this group. How mi 1’![ EEM@UGHEIEI'IEL]'[ affect the rate of evo-
jyion? Anigiosperms also have Superior conducting tissues. Xylem tissue is
d of tracheids (as in gymnosperms), but also contains large-diameter,
w.mﬁlgd vessels. The phloem cells, called sieve-tube members, provide
mae elficient rransport of the products of photosynthesis. The cell structuze

mdargenization of plants will be investigated in Lab Topic 20 Plant Anatomy.

Review the characteristics of gymnosperms and angiosperms described in
i nroduction. and summarize in Table 16.1 the advantages of these groups
wlave i their success on land. You should be able o list several -ﬂ'lﬂl:::tpmf
ties for each. At the end of the lab, you will be qsked 1o modify and com-

pletz the table, based on your investigations,

o2 will want ta return to this table after I.Eg
lhe table is complete and that you are famnilia

labaratory 1o be sure that
¢ with all these important

Gymuosperms____——

hare masy & or Py
| Midnce giﬂf Although they 377 [uurﬁs@ﬁf:ﬁiﬁvﬁm the life

] lants that do not
4 i of seed planis BiE
jyerse group s ==r T the

| L BT gymnos refers 1o 8 diverse. ristics, 1€ -'h—‘g-__ e

ion of pollen, they EPTEE h
152, you mﬂhsEﬁTe}: ﬁnﬁﬂﬁ_ﬁﬁfﬁgﬂ% Pnﬂ};PE““j
of 3 pine, one of the most COm

s 15 the Tt The seeds of the gp : M$- L e

I
==

———
—ai. L

Io= oy =
e
el e i

i
i

¥ ﬂ”ﬂﬂﬂﬁﬂm a,

T Sidlw Ir:.rb e

w GYMND sChyigy =
brach el

ET—
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ic 16 Plant

Diversity Ii: Seed Plants

Table 16.1 :
Traits for Gymnosperms and Angiosperms

Relative 1o Their Success on Land

- Materials

livi i '
VIng or pressed examples of confers, ginkgos, cycads, and Mormon Lea
Introduction

Gymn
EnFTLnah D‘SIETJE ;tf *:T-:'I:nplgid of several phyla (see Figure 15.1 and Table 151,
which includes Eﬁ'“ﬁ%ﬁfﬁiﬁw_ghﬂum is Eﬂmfmf’gﬁ*
Plate 387 k -bearng frees and Ehrubs (Cokr
are found Fn{mﬁ] ?mermm
Plate 39). Gink .'r’{lg_lmpar:al regions scattered around the world (Color
Rative to Asig an%ﬂﬂfa;r nkgophyta), with their flat fan-shaped leaves, are
o1 herbal medicia. € prized as urban trees. An extract of Ginkgo is used 25
G"““Ph}rt.a i mmPLJI]JDr[ed Lo Improve memory (Color Plates 40 and 41).
BUetums, which posed 'D_f 'rhn.at distinet and unusyal groups of plants:
Welwitschig % ﬂt‘; primarily vines of Asia, Africa, and South America;
(Ephedra), desery <y PIAAE With two leathery leaves; and Mormon tea
» Besent shrubs of Morth and Central America (Color plage 47).

C':"mpﬂu
nds fro .
ve raised oo riu::i: Eghrdm. ephedrines, used in diet aids and decon gestants
= COncems due to cide efforte tmaliadina 1. ['I.g !
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70 Lsb Topic 1& plant Diversity 11 Seed Plants /
:Lr.‘-_ mically important 'F]'l:lducm aTe m
3. Whar econo h“nm[m?

4. What economically important products are Provideq

pymnosperms? by Ok,
5 ’
| Lab Study B. Pine Life Cycle
Materials
living or preserved pine branch, coverslips
male and [emale cones (1, 2, prepared slides of male ang femal:
and 3 years old) pine conges
fresh or dried pine pollen or colored pencils
;{',- : prepared slide of pine pollen slides
d
] ; = %
i ; gﬁ Rewview the pine life eycle (Figure 16.1) before you begin,
Follow aleng as you complete the exercise.
T e e e,
E Intraduction '
All gymnosperms are wind-polli :
8 a2 P re wind-pollinated trees or shrubs, most bearing i
}f‘ﬁ\“}r i) seiﬂlﬂlﬁm i} T@Mﬂdutﬂve STTUCTUrEs on dﬂ&ﬂﬂt—_ﬁtﬁf'ﬂ&
= Se g SEmE planl. Gﬁfﬂﬂﬂjimé are helerosporous, _p_rmmm,ms o |

spores. The megaspore develops § — e
not free-living as with Terne E]]ji‘- into the female gametophyte, which i

and nourished by the sporoph Tetaine _Fga porangiu

Bevelns atehenen SEO°PhYtE parent plant. The female garatoghy
'{#whﬁﬁﬂ%m coniaining an egg. Numerous pollen goi

e aphyles) are produced in'each microsporangivi, i

the air and conveyed by

- h T
mial
whe
hen they are mature they are released into

'j sp-wﬁﬂm.wﬂhjg’ﬂqgimu pollen, and female mega- |
I

in the formatien of M
i ient tissue ofth

. Hﬂ"nl'-ll'lg tro ublg wi u : - i
Diversiy ril re:-l:l life tyelas? Return to Lab Topic 15 (Plant
key tg EUE'I:E:ESI'H W Ihe generalized life eycle {Figure 15.2)
'S 10 determine where meiosis occurs an

rememk -
°r the ploidal level for 1he gametophyte and sporop!

———
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1%
'd '::

_Mapasporoeyte (20
(megaspare

Scele
sacioned
thrgugh
ol

POLLINATION | b
@
i PR

: EP:I}m gran

male gameiophyie) | g

Mature
sporophyte

o _,:_-..-'..":'1.’,'.'.';::;. %&
G/ (e
—" 4 Microeprees
POLLEN CONE

Wecrospaocytes (2n)
[microspore mother cells)

Megaspore
(onky one
develipng)

Seed coal
(derived from

Zygole

re 16.1, ched in Exercise 16.1.
life eycle. Observe the structures 1='=n|:;11 Pﬂit;;;iiﬁ;gid. Circle the terms

. at are
colored pencils, indicate the structitres t

Is, Meiosis. and fertilization.
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e ne SRR UM PTOCestes
g .“gd PEFI-EHS, iﬂdl{:a‘[e

ﬁl that are haploid .:,I}ﬁﬂ":l
* qiosis, and fertilizagion P

%

| peribe the structure and function of seed.

j m you think of at least two ways in which pine seeds are dispersady

b One of the major trends in plant evolution is

: the reduction in size of
Iﬂ: Emﬁﬁ:}:;sc;famnht the male and female gametophyte in terms

EXERCISE 16.2

- Angiosperms

. | . Anthophyta
Emp@!gimgiﬂﬁmj e clssfied IEPYUILT

ihiﬁu;.y‘[{m"ﬂ"}' A unigque characteristic "ﬂ e devel-
Bt 0 which ovules are enclosed. ARCEEMIEE S e o
'.:-f;:l'ff'."" /35 1IN the gy grams). W "i ol angiosperm
— ] :--... 1:“ mﬂ i[ﬂpﬂﬂm du“hl_t

I o inclyde addirional reduct e
M and an increase in the rapidity of the reproduc

-
=" e .=

i |
E

L |

\r
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* Pnayfs sy

- Fr’ur'&-

- Flowernsy Plauf- &
Puglom finbhoPhybs

Mask wide sPe, )

lm oy Fan L’ r Vumeveus

- bees . shwbs ov begl,

Fira mn

life GocleTohork 1, lowsy
4?,;“:"-"1& Jw'-.:]‘u""n 2

= Wiakey’ y WA | G flM-ﬂLJr,

FHM ¥ ."u’.‘m:h ¢ imﬂmf's.---
e t'r"'["‘ﬁulf’: ! 5
— EE} oy 5 .I.-:]-E_C].hr-'j

ﬁd@b“'n
# Ghew"y Flowpr

o
- Quﬂ_ﬂj -h FP‘"'L-I'.I'I"

¢ ol —b rature o Qe
seel

w E48050pvinm
g Nuwevaud

%

Te——

Ihe flowers of angiosperms are composed of male and female reproduc.
ti"_EEEﬂEtEm_g.__wEiﬂﬁreIrEgu_.“ﬁ surrounded by attractive or protectiy,
leallike striuctures collectively known az th eperianth {Color Plate 43), The
-llower functions both to protect the developing gametes and to e
pollination and fertilization. Although many angiospernt plants are sel-
fertile, crossfertilization is important in maintaining genetic diversity
nts, rooted and stationary, often require transfer agents to complete fer.
tlization, A variety of insects, birds, and mammals transfer pollen from
Nower to Mlower, The pollen then germinates into a pollen tube and Erows
through the female carpel to deliver the sperm to the egg,

FPlants must attract pollinators 1o the ﬂnwe[: What are some l%.@!
ﬂ?ﬂ!m._aurgcg pollinators? Color and SCETIL are Imporant, as is the
shape of the flower. Nectar and pollen provide nutritive rewards for the
pollinators as well. The shape and form of sbhme of the flowers are struc-
red to accommodate pollinatars of specific size and structure, provid-
ing landing platforms, guidelines, and even special mechanisms for the
placement of pollen on body parts. While the flower is encouraging the
visitation by ene type of pollinator, it alss may be exelu ding visitation by
others. The more specific the relationship between flower and pollinator,
the more probable that the pollen of that species will be successfully
transferred. But many successful Nowers have no specilic adaptations for
particular pollinators and are visited by a wide variety of pollinators,

‘>ome plants do nof have colorful, showy flowers and are rathier ingenspic.
-uous, often dull in color, and Jacking a perisnth. These plants are usually
wind-pallinated, producing encrmous quantities of pollen and adapred (o
caich pollenin the wind (Color Plate 44)

The orlgin and diversification o
apart from the coevolutionary ol
Coloriul petals, stTeng scenis, ne

[ angiosperms cannor he understood
¢ of animals in the reproductive process,

ctars, food bodies, and unusual perianth
shapes all relate 1o pollinatar visitation. Major trends in the evolution of

angicsperms involve the development of mechanisms tq exploit a wide
variety of pollinatars (Color Plates 45, 46, and 47).

In Lab Study A, you will investigate a varier
shape, structure, and traits that mq ght attrace

thf:r lily in L:'? Study Elﬂ[:d complete the lab by using another key 1o iden-
ury types of fmits and their dispersal mechanisms. Mote- B inni
Lab Study A, tumn to Lab Study C, Procedure slm o bc@m?ﬂg
experiments, since the
Lab Study A below.

Lab Study A. Flower Morphology

Materials

living Nlowers provided by

the instructor andy
. or
slETEOSCOpiE microscope Students
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Lab Topic 16; Plant Diversity I1: Seed planis_ 423

Figure 16.1.
Flower siruiures. Determine the
struciures of Nowers in the laboratery

by reviewing this general diagram.

wotking in eams of two students, you will investigate

: j the stracture of the
fower (Figure 16.2, Color Plate 43). The instructor will provide a variety
of lowers, and you may have brought some with you to lab. You will need '
ip talse apart each (lower carefully to determine its structure, since 1t is un- |

ilzely that all your llowers will follow the simple diagram sed 10 lhustrate
|

the structures. Your observations will be the basis for predicting probable

pallinators in Lab Study B

procedurc
|, Examine fresh flowers of four different specles.

ent floral characleristics.
1, Identify the parts of each Rower using Figure
he heading Floral Pars. ou may he able to dewerrnine the
for large, open flowers by stmply observing, However, [0

A the flower struclure, you chould remove the llower
i uter sepals and continuing toward

r i i with the @

ﬂ:& izimwﬁﬂdgﬁﬂaﬁ::g the details of smaller lowers and

srructures, use the srerposcopic micrascope. For ::-umpl:, the ovary 15
positively identified by the presence -51'[ tiny erystal-like ovules, and
these are best seen with the sterecenopic SCOpe-

3. In the margin of your |ab manual, shetch any flower shapes 0T struc

ures thag you might need 9 refer o in the futuTe.

4. Record the results of yoU 6.3, You will deter-
mine pollinators it Lab Soudy B

(j T TR ' \ Fiy e

}MP&W \ f'i'l .2 - L
S I:L'_EI_ Hiondrer-

Pt o PR e s Lo P ol
e = which mﬂh:g::nhmmm e L

| thepetals; may 3PP as small #ﬁ'ﬁhpﬂﬂ

el he sl ol 7

preferably with differ-

16.2 anid the list provided

r ghservatlons in Table

Scanned by CamScanner



426 Lab Topic 16: Plant Diversity In: Seed F.'ilanr_-s

7 etal: colored, white; or even greenishwherl of b

ﬁl / mE E‘EEEIS ...........
Corolla: a]i, the petals, mlteatflialjf

| Stamen: pollen- : structure, ‘cornposed of
Filament: thin s‘ﬁ%ﬁrﬁ the anther,
Anther: pollen-producing structure.
Cﬂrpe.L female reproductive structure, composed of the stigria: Siyle

 ovary, often : mﬂhmt:dmﬂltml’ﬂﬂfhgﬂ%
a-Stigmﬁz}m: tive : = HLED '-t‘%k%“‘-' TF.P{!E_@}&
g = Impormnt t::l «pﬂﬂm Eﬂ'mmmw Du%
'l'_}r = . E"r: lﬂﬂﬂﬂgbﬂﬂllﬂﬂg“ﬂﬂd
(it e “”mﬁ“ i
o o gy S TS PG S m‘“ﬁ%
Owvary: base of carpel; protects ovules inside,smatures 1o form the iy

auyle r => Seel)
Resulis

= T Y .-'“F e 5:‘ : -
¥y 4 Summarize your observations of flower structure in Table 163

ble 16.3
IWET MnrphﬁIngy and Pollinators

L
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#  ures or characteristics did yoy ¥

gt hat vou predi :
ns thd redict
o ) are importan,

F,tfmm
r -""’r'-'..._r._- ey =
wdent Media Videos—Ch, 3 e
30 Flqur B
loo

Ve N yoyy
L Fﬂuimﬁm&? ULhe[ "Eafﬂ.s']

T

e

ming Mime api

Q Flowering Flant Life Cycle

b seudy B. Pollinators

yaterials
o vi '

flowers. pro ded by the instructor and/or studenss
gmcﬁﬂ:'Fm MICTOSCOPE

] ™ L [ B

wmdqf'!:ﬁ'l:%ﬂ I'I”_--..i""'I"-"'_,_.-:_l f/—lf _lj:u 'II'J ¢ o
figners With mconspicuous sepals and petals are usually polli
i 0| sl el e pollinated b
1|!i,:,'[1_{f;i::ulr_w Plate 44). Most’showy llowers are pollinated bﬂ@uﬁﬁﬁi‘ .

inators tenid to be attracted to particular floral traits, and, in lurm, some
goups of plants have caevolved with a particular pollination agent that en-
s successful reproduction. Other flowers are generalists, pollinated by
s variety of organisms, and still others may be visited by only one specific
pallinatot (Color Plates 45,46, and 47). Rased on the {loral traits that st-

mact common pollinators (bees, [lies, hutterllies, and hummingbids}, you
will predict the probable pollinator for some of your flowers using 2
dichotomous key. (Rermember, dichotorious refers L0 the branching patterm

and means “divided into w0 panﬁ."} _ -
ey to syﬁtcmali-:ali}r 5Eparat§ grﬂtﬂpipuli gﬁ. i
isti ast keys are hased on

gl i ust Emse one o1 the {.’th.ﬂr‘ Ilhl.:ls. the
G hoice of characteristics i ' cou-
= {he othet choice

il g soett it no scent. ou

In biology, we use 2
based on sets of chara
of characteristics, [rom which
term dichotomous. For exarmple: el
plet might be plants with showy ﬂ g2 s picUous flowers W
e pair might be plants with 6% T P! he next steP
must choose one or the other smmm‘-:ntrd directly below qil, as in
ftom a second pair of statements 5% roup MOTE oot nt;fmm
Mth each choice, you w:j‘l.lld ['I.ﬂ-ﬁl:l-w ihehg-{ﬂuprﬂ_ ar ir ﬁﬂi:ﬂ:w

this case, the p-cﬂfizamr is idt‘.'.‘.ﬁﬁtd' e g samé etter o7 M

which }'01:: must choose will b€ identifie
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Pl Hsbe = 5\
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Lﬂh Tﬂp}c gﬂ i o " Iy Nege. .

- Uﬁqur 0

Plant Anatomy z‘f/ : “““’51‘1"”“% g

-

I
ﬂi}i "r"‘*"-" (".,- oA

| I"-‘-'-..n \Jif '.r||_.|.-|.|.l:|| sy v

Y ri-.-_ll‘hpﬂ:l.liﬂ# Fh]-’ ,h.pL
|_ |Il |:' .Llll -ll.l'-- #' C;ﬂ"_ﬂ'l.ﬂ-{

I i
- Veob ‘”ﬂ[ﬂ
- a rj:" o gl =
Lahnratnr}r D]}jﬂclwgs e s Bty g Faved o
"'::F Hha
g s e - e ST O

. L Identify and describe the

E T

and tissue type structure and function of each plan cell :rpfr. ol e v
2. Describe the af i - , "'L*'!.-' FyT S oliw
s Eanization of tssues and cells in each plant organ ,ﬁqwg bgwe 8 o Jr”f ot ¥
4I ek :ntunn of an orzan (roet, siern, and leal) 1o its strucrure. et - H Ll L

- LESINDbEe primary and secondary growth and identi : z-‘.

each in the plant. T by the bocadot of ﬁfﬂrw O

5. Relate primary and secondary growth to the hs o | 28 {5 el
growth habit (woody or ﬁ"-’}:ﬁ A gatiy

herbaceous). e
6. Discuss adaptation of land plants to the terrestrial environment as illus- r'—‘i“ Himif o oo i Loy
 trated by the structure and function of plant anatomy, TIVRE pacier
7. Apply your knowledge of planis 1o the kinds of produce you find inthe = = 5}9% , H" A e el

ETOCETY StoTe. _ -Ir‘hl"r'ﬂj J‘Iﬁ.@fﬂ‘.-!'_

“oiiy Moy ! o, 4
Introduction @] | r;;vf,-:_.fa..-'y_” Py,
Cal
have been successful on lazyd for over 420 million years, e b

?’ml.;ﬁ-:ﬁ;ﬂz:issa;i:[amd to their Edﬂﬁfiag”ﬂnilﬂ the land environment; Win. g, phpy ‘ij
An aquatic alga I lives. most often in @ contin ously homogeneous envi- = Lilafay Fhe f G i,

around fit, 50 rela-
- The re S irements for life are ev:r:.-wﬁ:r: |
Itll]':;’;rgzumr s-m:t-.mxa] adapé?mm have évolved for functions such as * Fay, bla..g

1I:I](‘.illl:lll‘.ﬁl.ll with 5
teproduction and artachment. In contrast, Ih:t:,trestml -

¥
b‘meenﬂﬂﬂtﬂﬂ“ﬂlﬂmﬂulm Fﬁst 1] a:nﬂﬂﬁﬂﬂ rﬂl'th’? : 3 (Fi:"l ﬁfﬂﬂf’

land Plﬂ“t‘-* have evolved El'l'l.'l.'-‘.lll'l'il
urvival of plants. J,..::._;.m.:quﬂnl hsorption of underground wate
adapmnuns '”“{“iﬂﬂfn;ﬂ.} E: t;;llilt_m%n hstrate, :!h: LEH:EEJ:; EE Lloren Chigma f
and nulnentsr lh: b the mnjpﬂrmt[ of materia ?,dg o .F".'lf.-l- o
a.mﬁi Iﬂmtstﬂ 1;1'3'!.1:];13“[ hedy. In anplosperms the slrierurd P R T,
the relatively

dmdr:li among three VEEELEZ & [l 00 o Ghb oy o
d other [un':“f"“ i TG HiEH ; s
required for these an
Live plant ﬂggﬂ'ﬁ Em amigué

8 PL o

‘gp,_m :, G 1. m‘ﬂ.l?arm.l;#r? = clavd
g e ang), plant o7gans -
L pre i i i Ty T

H- types l" 4 es and cell types £ ¢y
Ela;t “ﬁﬁ;iﬁuﬁ;ﬂiﬁum E;E;m;ﬂﬂﬂdﬂf;ﬁff diul"f-:rent Tunctions. e A epee] _ﬁ,ﬁ% b
Eren

theric organ and’
in different plant oTZATS = Losym e
For E:ﬁumpl'.’. it absary

generally have d%
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"// jpromote one of the roof functions
structure and function is @ major th
to explore it in this lab topic.

A U the figures in this lab Ln-p-icfﬂrurit?nminnanduastud 2
that you can idendﬂrﬂllwnﬁb}rﬂmmmirmdu]jmgm : ?MBE%E;

ndr:-g}r, ang m:ti‘ﬂ'-} y
Ty
ity

he elides, These, and not the diagrams, will he . EiSand
ﬁaﬁm. Used 0 the la}x:;:
O b e g Summary of Basic Plant Tissue Systeme '
YRR PN and Cell Types L LT
'{f, }rp ]

3 ! -

f"i_-? Few el bian \ Thie plant body E:mmwuﬁmmlembmdnnmgumml

. tural and functions] features. There are three rissye System i""'ﬂt-
-9 ? . S T grounid, and vascular—that are continuous mghﬂtl the mﬂ{m
foots,
Callef

s =stems, and leaves. The plant tissues that actively divide by mitegie
A 'p"',ﬁf*’-l"‘** - | | meristemalic tissues, These are located in specific peg i
L) .|J,.f rack tip. Following is a review of plant tissue systems and the Pede
_.fﬁ types of cells seen in plant organs, as well as their fmeggrs Eﬂnirm ool

! p ‘EE]I.S '-lri|.'| bﬂdﬁmbﬂd 35“1'3 : w
‘ : y are discussed in lab, frg
m'-:l“!' DV4dng £ ] as you work through the exercises. Mﬂb&lﬁ:mﬂtHMq,-
ik | | =T L . 1, ! s
% II\L \'4"?'- Dermal Tissue System: EEi_dt'rmisI . L
i —_— e, JlurThs
o The epidermis [ h o
. W : Orms the ouiFrmosl |av
e covering the entire plant body The emﬂﬂﬂ us"ﬂ]}‘ one eel g,
Wit feetangular in shape (Figure 20.1a and 1h)Specslisel o
=Y g, ) ottt the st cells of the stomsas, hairs callod trichons LGS

mhﬂ-ﬁtﬂﬁ,ﬂﬂﬂ q:iiii:r'mq] cells on ah“‘“'.:ﬂmﬁnﬂ Struln:fﬁ;g;"ﬁ : =

: . : Y & Waxy cuticle, which :
) Ko e~ nk § P P'EVENLS \water Joss: T i :
:"" AR LU ] i

i = nah r £ny o S B m__:-’-r
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7 s 4 1\9,}, ; i :I’ﬂ_r;nﬂamn, Cells art e ey i
: 5 ' ) }I' EIEI“'m”E-I'J 'ﬁrilh I,a ITi ":':I.I h:'l. .Flhnls Eﬂd, are {Emﬂ}
v ;S SERR, orgrts CYOIS. These cells may-fyneton jn o
/ :';_;-- Collen B bkl ---EFE_‘_“]*J%?EI-_'E! IE"EEJ :mmmqﬂﬁrﬁ?
A EI Eﬁhﬂ'ﬂ'ﬁﬂjg: e e S = LT e
,'-"5-"}?? o 0les, o vej ;lhﬁ'ﬁ'iwjhh““d"ﬂ??mﬁsuﬂmnlmm
{ LT SR cﬁumsdh?m“m“ﬁ?‘ﬂiﬂmﬂmihrm

v . 1t ko parenchyma
g €3 by supp thickening of cell walls. They pas
oy /Sl e % MrSedid
I‘(ﬁ i * Provide g Ve thickened cell walls fhaiinag it
: s o ﬁ'“"-”% mos e el
= R g ':'“ﬂl#n!u:ﬂlqr,‘ Atructures and

.. “. ically f 'El.'l:i'll 5 .. T‘; o
57 (Figure 20:1¢ and Color Plate 1)
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do
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[ several cell types) seen in the ergsg OMple.y

huumup sem
(Figure 20, le).

—=3

f( “Tracheids
are larger in dismeter,
uous
n the xylem 4
o

“ Phioem 1

/ p:ant a5 par

of living, cond
U_I_I_l;t_lells and h
throughoy ¢
more adfaedn

member funcis

D"-"h’."I@ Parpmeb

Cambium, and

-

(s Lo

:‘__ -'E'Eucg I
¥ plant. You will
§ (Figure 20.3).
4
P
Lab Study B, Figure 2
',I dividing cells thar
Jr:jf tissue. These cells d
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I

Increase in cineg
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This lab topic be
plant, then move
from apical meri
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of the vascular tissue system. This
wcng cells called sieve-tube®

ave sieve plates for end walls, The ::tl?:::}ntnad end
he lﬂ“«i}

mpanion cells,
o, Fhloem

I Lr'&l'upnnl ﬂl'lud Fhlﬂ:m

altic Tissue: Primary Meristem,

Pericycley -
NI | S
cells lacated in ds of the shont and in root 1 of plants These cell
Himary tissues along the Plant axis throughowr the

study primary meristems in (ke apical b

MEJ’SHEEHI_EH
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gins with 5 study of the shy
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oT : JJ:'I.- i L4,
jing Dean Of BEranium plag,
gt hottle of warer

]numluc[iﬂn

4o you begin your investipariy
weed A0 underﬁranding of [ o

he
LAEeTISE, you will study a bean

procedure

L H;ETHEH v::lnh another student, examine a living herbaceous (omwoody)
P entify the following struciures in the Shisoe (stems and lay -.:I:'r.
g Modes are T‘:Ei.I:II'IS of the 21em from "l"-"hi‘;hlﬂ'ﬂ'l'::ﬁ- ﬂUdhiﬂdEHI;Efl:E
arise and which comain meristemaric tissue I:EI'E:IS of cell division).
b. Taternodes are the regions of the stem located betvicen the nodes.
¢. Terminal buds are |ocated at the tips of stems and branches, They
it enclose the shaot apical merissem, which gives rise to leaves, buds,
and all primary tissue of the siem. Only stems produce buds.
d 'Axillary, or Tateral, buds are located in the leaf axes at hodes; they
may give rise to lateral branches/
e LeatesconsiseobNauened blades amachedar thenode ofastrnmhy
a stalk;or peticle.
2 Observe the root structures by gently removing the plant (o (e ot

and loosening the soil from the roat structure. You may ﬂfggﬂ‘grmx:
a few roots with water 10 nhserve the Liny, active rools. ¥

following structures. iary root is the first oot pro-

4. Primary and seco y become a longtaproct. Secondary

nd ma . ;
&uccdb_}r ; F:]ﬂ;llmgﬂmgif:;‘m (issue deep within the primary roof.
rmals arse

pral mets e O 4

e

frovm the oot p is 8 20ne

'EEII Fmt&ﬁtf -I:t.l_:il.ﬂﬁ'zt : =
of root hairs Lspeci
and mineral absorpion-

Besults

qot included in

L. Label Figure 20.2. al any features

. ur lab man ference. For example,
2 Skerch in the margit ﬂ%ﬂuﬂd:d ot ]gaj?fb:; ructures) ot the base

this diagram that I‘l‘l@ﬂ__g i hrg.l-:[s (
- have St ipules.
E;?fﬁfpt“"ﬂﬁf'}h e are calizd SUPY
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324 Lab Topic 20: Flant Anatomy

Figure 202,
A herbaceous plant. The vegetative

plant body consises of roots, stems,
and leaves. The buds are located in the
axils of the leaves and at the shoot tip.
The roots also grow from meristemn
tissues in the root tip. Label the
diagram based on your ohservations of
a living plant and the structures
named in Exercise 20.1.

Discussiop

L. Look at your plant and discyss

D R S
m%'}%ﬁg i o

;fﬂk%i \averd
i o
e
- ¥
x |_-t'-|;'.-':|

with your partner the possible Eum[;‘lf:r"j

of
in i?lihlgtml OTEan. Your discussion might include evidence ob®™
today or prior knowled

{more thap One)
Stems:

D

for each oTgan.

ge. Describe proposed funco®
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ine that you have
1 E‘“ﬂﬂc}inn SIELEh the g?;f.hﬂ m%m“"mﬂts ste
: our . i
argin Of ¥ manual, Rep,. “PE of thay m“;td .]m"?’i'-'—l‘n

| structure, I
iﬂL:ITﬂ e, just the Overg|| -'iha;:_r. You are g, Prtg?:lli.tlz t?:
t

yaterials
slides of Coleus ster

fum pound microscope (long section)

sgnts produce new cells thy
(fivisions in meristems. Tissues p
tissues, and this

2% @ resuly of cell
MEristems are called
Ty growth. Primary
d the root tip. Cerain

meristemn cells divide in such a way thahone cel ' product becomes a new

body cell and the other remains in the merigiem, Beyond the zome of active
cell division, new cells become enlarged and ialized (differentiated) for
specific functions (resulting, for example, in vessels, parenchyma, and epi-
fermis). Using the model plant, Arabadopsis, rch into the genetic and
nolecular basis of cell differentiation has rapidly adyanced,

1this exercise, you will examine a ]ﬂngir.udinal section through the tip

[ the stem, observing the youngest tissues and merib{:nm at the apex,
en moving down the stem, where you will observe migre mature cells

id tissues. , Y
| b

f "'\
|

mine i section through hittmﬁnal
bEL::i of C:kpur:lj%t:gdlil; powe . rview of the SIL'EE?;LEJ‘E:;
s magrfcstion: Lot B P, By o Lo
nestled between the leaf p:imnrdm. ?‘}":*Emﬁ ﬂiﬁm
the axillary bud primordial hm.'rem-'f B that cells may be viewed
en under the MICTOSCOPE ST 0 - s aie at the apex

Move the specim : it
at varying 51'5[311:1?5 from the “P":‘Fiﬁ?ﬁd differentiarion can be

ocedure

of the bud, and mﬁdfﬂrﬁ:ﬂ «. Follow the tﬂd}rm:: ﬁ
e

: : g i

I:_m;_]{;];i:l[he narrow, datk rracks of unditle i

o H rs

in the leaf Pﬁmﬂrfilteﬂ <ize and ﬂ;uﬂ:;m“_g df lehfsgfgjumb{: vessel

b. Observe changes i exand end WhC S ning in the older

you move away 0T 0SSR, piral cll wall K0 ehest povwer on

4 relation to the

rentiated vascular tissue

© 20: Plany Anatomy 525
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« 316 Lab Topic 20; Plant Anstomy

e

e _‘--\"\

Results ndicating the structures visible in the yoy,

1. uh;:[ﬁf::hlgii ' :ﬂ sketch details in the margin of the 1a), m;ﬂ‘xl&[&
2. Modily | . |
furure reference. . )
|I [}

Discussion and structure in the stem D, Bas;

2
| SLZE
1. Describe the changgs ID €€ Ry Bl i ;
the youngest cells 2 the aFr_z an nue P

: ' hroughout their

risterns of pl contnue Lo grcrw_% &llm:

2, I::n:“pie of lndr:tE Ec_gmﬂ‘lh. Imagine a 200-year-gld ok l;::
with active meristemy producipg new buds, leaves, and stems gqc), ond

Contrast this with le growth atiern in humans.

| \

EXERCISE 20.3
Cell Structure of Primary Tissues

—

All herbaceous (nonwoody) Noweri
bady composed of primary tissue, dérived [rom a i
. 1 , pical primary meris
This plant body consists of organs—yoots, stems, leaves, ﬂuwe:rqs' fruits a:-d
5:acd5—_-af1d tsue systems—dermal{ ground, and vascular, In Ll';is I:a:tmst
you will investigate !:l'l._E cellular stfucture and organization of plant mgam
opic slides. You will make your own thir

i prepared slides ol stemns
amined in Exercise 20.4 , roots, and leaves

plants produce a complate plant

Lab Study A. Ste

Materials

pregan'.d stide of herba
icot stem

dropper b:::-tt}c of distilfed warer he Plant for sections
small petri dish with 30% ethanoy e Agle-edged razor blade
dropper bottle of 50 glvcerine ik '

dropper boutle of .2 toluidine - micro 2 slides
blue stain

nut-and-bolt microtgme
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e 203, plant hody. (b} FhulcuniuﬂEﬂF'h ol g i

shus sepmm tip. (a) Diagram of enti _ of the growing
; : . ¢¢) Line diagram

#udinal section through the terfiinal Bt ﬂjm:l.h‘ﬂ}’ diiding zpial

he shoot and increase 11

s of ﬂl'-'t]npmr_m and diffe
H'H-"'-"J'J.]:l'ﬁ described in Exegtise 20.2.

I
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r.-F‘_-‘iJ ol
0%, Lo Gl w5 P

i

. . i AT e ... it
[ d iomn ‘I-'I -J:l"l-—"ll“"""'_J Imﬁnﬂg- Su =
R s S :gﬁ%&iﬂfﬁ;ﬁﬁfﬁha%ﬁ%ﬁ'ﬁ N
S T 5@&&%"%%5&}“: to the leaves and carbok =L
aF NOTgANic substances the roots. Most bz =i :
P -giﬂphw:;;:dmﬂs from 1 E'T'::sg ibit several interesting :;dapu_mwl ;
e l-_,,:l-t"' e i __'-:='-,:.'i:':-"--"':‘r ,.-_-:‘- . : hydrate storage in some ﬂﬁd
;,:-1.' -7.,;' t'?a‘:"x\ y 9 '511.#*— :im:!q ing water sloTage [qfcaﬁt ' :;b:vﬁel}' of plamis. o 1 |
ﬂll.- o _-"?__ 3 i thar reduce ]_-LHEIU-D]'_}" ; ; 2l - .;
.'-"i'LF :-ﬁf! -;.:H:-:I“ " g L ﬂnd £ ]1"33 : Pmpamd Jide of a cross section of a « and, ‘ﬂ-'u;[lan
-..'-'-.-__._ T, Y&Ll.‘il"[

Rt . view

e

———

i itrotome~—an ing
: will use a simple micro
with another miilirrl:-.gg’:n‘_lm for microscopic 5|;ud§f—-tﬂ- ;unake your
u]E.Eﬂ] Jar mlull:ﬂ bed the stem tissue in Pﬂrsﬂ-l_'n‘ ALy ; EE:; n S:CI_-I'D‘TL'S. "l"u-u
1 st T:u 1:1.'11: s.f:]-:::i-:nnsm:h toluidine blﬂ'—'._’-"’bm%"“'ﬂl mF;l}_!-L’:"-I distingyig,
s'liﬂf:r:al:l :?:all types. This simple procedure is analogous PTOcess yeay

to make prepared stides for subsequent lab studies.

mt

_-Ifhﬂ-n:.g.,.Eﬁ

= =1 .

Read through the procedure and set up the materialg befors
*' beginning. _
e o S e » e
Procedure

1. Embed the sections of the stem.

a. Using a new sing]
yourg bean stem_

b. Obtain a nut-and-bolt microtame The nu
inlo the first threads of (e bolt. Using
bean stem upright inside the pyt

C. Four the warm paraffin into the nut unyl ful] Continue to hold
the top of the stem until the paraffin begins to harden. While the

; paraflin completely hard

Ens, continue the exercise by examining
the prepared slide of the

stern.
2. Examine 3 Prepared slide of

dicot stem (Colgr Plate 62), A Ou study the
refer o Summary of Basic Flail Tiss S
P- 320, Figure 20,1 and Color Plage 61
 idensty el s
e coveriog he gl
cuticle’ Oceasionally, yq
the outer s

e-edged vazor blade, cut a 0.5 e section of o

t should be screwed just
forceps, carefully hold the

A CToss section through the herbaceous

tem tissues and cells,
U Systems and (ell Types,”
CoaRres

lar tissye. ldentify the cortex

S and the epidermis. fllis
the ouge, part may contaln
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| he pith region, which
ﬁﬁd o Lab Topic 20: Plan Anatomy 520

[ cascular bundles; it is Ples the cener of
o ° e cells provi o the st
i these cells provide suppoy o of parenchymg.

"u-dsni :lEﬂ jmportant in storage. hrough turgor

sl T .
gfem and the Ph!lﬂfim. Take note of the [;EE .15 situated between the
mak: yu‘ﬂf observations, OWIng information as you

em tissue is composed of three cell types:

1 []ga-d; fibrous, thick-walled sclerench
: yma cells :
for the phloem tissue and appear in a cluster as ;h;:lﬁ:lﬂlﬂ::uppm

b, gjeve-tube members, which are lar
A ge, living, elongated cell
1:_1':11 a nEzleus al ma%umy. They become vertically aghgnzn:’l: iusf;m
cieve tubes, and their cytoplasm is interconnected through sieve
plates located at the ends of the cells. Sieve plates are not usuall
<gen in CYOSS Sections. :

¢ Companion cells, which are small, nucleated parenchyma cells
connecied to sieve-tube cells by means of eytoplasmic strands.

ylem tissue is made up oL (WO cell types:/

s Tracheids, which are elongated, thick-walled cells with closed/

tapered ends' They are dead at functional maturity. and their’
hymens are interconnected through pits in the cell walls:

b. m;}mm,wﬂmmqw cdh&ﬂlmlargrhﬂimmj;i
and dead at &m:ﬁanalu@nrﬂcﬁﬂmhmmm@m#mmﬂ.w

Vascular cambium 152 q,.rpEﬂE[is'_slil‘lhat isl
the phlcem and which acrively

Jrs sectiont Al
8. ?ﬂn:ﬁggm:ﬂh;i;&;ﬁ ls;a nE D erve your own Bandmade sections of stem
preparalions. . il
9. (ut the stem section® i Lhenh:jﬂlzdnf with the bolt head down and,
2. Support I° nut-;i;ﬁ; Ea:zﬁ.:il}r dlice off any €Xes® Ei:::,h[:n?mi;
using the razot : ce i a direction h};:dg
ing above the m!'..:lr{b ® fingers way from the edge of the razol
body and to keeP

d knuckles away from the razof

a iingEFEH
7
Lo

m, inside
n herhg.

Figure 20.4.

Using the nut-and-boly microlome.

4, piece of siem is embedded in
paraffin in the bolt, As you twist the
bolt wp, slice thin sections 19 be
stained and viewed slide the entire
blade through the paraffin (© smaoothly
slice thin sections. Eollow the

35— arkeeees it Fawirrise 20.3, Lab Study
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L

P v
e ﬁr.-tﬂ’m A
. ,‘S Ir Comg

LY I
yaxulay Campes
i
ﬂ-_hh 5

' : Photomicrograph of cross section
jpure 20.7 o of whole plant. (b) e
Lf:ln anatomy: (a) :2115: of the plant. (c) Enlargement of one vascular bu ,
rough the Ezfﬂn?z of the sterme(Color Plate 62).
en in cToss
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4 (412 ome (drom)

¢ advenipiom yesl

¢ [ oo Gob)

AN
¢ 1@ Vool

—

: ¢ preceding answer, how 4 _ i
1. For the c:ll;_ﬂtf'cr:i:i Tl_: ll-}r;r:r {Emtin‘n, which iz Euppm?nm thes;

ohserved structire

1 Of hloem?
4. What ls the function of %ylem? 1 |

[ parenchyma cells. Degergl,,
+th and cortex are made up O ) the
5, Eﬁtn:;m f these cells. Relate parenchyma cell functiong to thei;

 observed struclure.

6. What differences did you cbserve in the prepared stem sepign,
and your hand sections? What factors might be responsible for these
differences? .

Lab Study B. Roots

Materials

prepared slide of by
demonstration of [jb
colored pencils

compound microscope

tercup (Ranunculus) root (cross section)
FoIs roots and taproots

Introduction

gar i
% oy lhfzmun?iht similar, except that roots grow in the

;Iq_:twr:j-'_tr, some stems (thizomes) grow
PVETLILQUS roots) grow abovegound.
Y appeay [Tlr:nilar, but they differ signifli-
tire and funetig major themes of biolopy is that sire:
Therefare, v WE:II::{: ;;:Zi}' Lcalatﬂrj At all levels of the hﬂ_:mh; oL %
diffr i e ol that the structure of stems apd roots might

h:':'}l "|"':'h:I
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- i

i what are the primary functions of steme?

1. nEHOTagE of thie Blarit in the sail
e LT AT R ——
Oy B R T

f»m:hsmragmmmngﬂ#m«ﬁtmdm&m the plant /
Hypothesis

The working hypothesis for this i '
; 5 invesd
.F}m" body is related to Fﬂﬂimlnrjun.;ﬁgﬁmn is that the structure of the

Prediction

Based on the hypothesis, make a prediction about the similarity of root and
stem structures that you expeet o observe (if/then).

You will now test your hypothesis and predictions by observing the
external structure of roots and their internal cellular structure and
organization in a prepared cross section. This activity is an example of
collecting evidence from observations rather than conducting a con-

trolled experiment.

‘Procedure

| Examine the external root structu
t—down a primary root, or radicle,
branches called lateral roots, and these in
systemn is formed.

re. When a seed germinates, it sends
into the soil. This root sends out side
turn branch out until a root

1f the primary root continues (o be the largest and most important
part of the root systemt, the plant is said to have a taproot sysiem. 1
many main roots aré formed, the plant has a fibrous root system.
"Most grasses have a fibrous o0t sysiem; as do trees with roots occur-
ﬁng'-.-.rit'h'in 1 m of the soil surface. Carrots, dandﬁllgﬂqf, and pine trees
' are examples of plants having mproots!”” T e

a. Observe examples of fibrous 100G and taproots
in the laboratory.

b. Sketch the two types of roots

2. Examine the internal root structure.
T a Study a slide of a cross section through 2 buttercup (Ranunculus)
lacks a central pith. The vascular tissue is

root. Mote that the root _
located in the center of the root and is called the vascular cylinder

(Figure 20.6b)-

on demonstration 5

in the margin of your lab manual.

 mi. enrtex is primarily composed of large
Scanned by CamScanner
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Results
1. Review Figure

Lab Topic 20; Flant Anatomy 333

this lab study do you think is related to these cortical cells and (heir
organelles?

c. Identify the following tissues and regions and label Figure 20.6b
and 20.6¢ accordingly: epidermis, parenchyma of cortex, vascular
cylinder, xylem, phloem, endodermis, and pericycle. The

. . i roots. The endodermis is
endodermis and the pericycle are unique (o roots.
3 5 of the cortex. The WEHE -I:!il-IE_I_.llﬂ-I.'Jr dﬁl[_l!ﬂl cells
the innermast cell layer of the cortex. R e

lled the Caspariam strp—imace .
.'[rTi;g'i,:rlé 20.7. This strip forms a barrier to the passage of anything

: : he endodermis. All water and
moving berween adjacent cells of t _ |
diﬁiﬂﬁfid mgte:rlalsl:hmrbﬁd by the Epide;rmﬂl oot hairs and

: the cortex must first pass through the
I .[EP”“Ed Ei:-df anrdnsdgsmﬂl cells before entering t.hE v&::i!;r
wing E}‘;EP] ericycle is a layer of dividing cells 1-I'I'IIIIIE:'F113LE1}T e}
s, -, LR it oives 1ise 10 lateral roots. Refer to “Summary o
o d Cell Types” and Figure 20.1.

Basic Plant Tissue Systems af

arable structures in Figure 20.7.

comm
20.6 and note FhE representations of structures or

a Lisklichr t

Figure 20.7. :
Root endodermis. The endodermis is

composad of cells surrounded by
band comaining suberin, called the
Casparian strip {seen in enlargement),
that prevents the maovement of
materials along the cells’ walls and
intercellular spaces tnto the vascular
cylinder. Materials must cross the cell
membeane before entering the
vascular ksque,
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uertal®
ide of -
Px?“":d slide of lilae (Syringia) 1qf dropper botes of
s ) Utles ol waier
:;“Pnﬂnd mmﬁﬂupg Eaves ':'.[ P“i'plt hean {_Sﬂq:rmsja'}
wﬂ-_;luas bin saline and DI wayer

mlﬁ.ducliﬂn %

pafsurface. Guard cells are Photosynthetic (unlike other er e g
and are capable of changi h other epidermal cells),
 Nwical fac EIE shape in response to complex environmental

wiph}"ﬁ_lﬂ Ogt tors. Cun':f:m_ research indicates that the opening of the

womata is the result of the active uptake of K* and subsequent changes in
[UgoT pressu;';_i_n_tht gu_a!_'_g _c:_;lis.- e

In this lab study, you will examine the structure of a leaf in cross section.
fou will observe stomata on the leaf epidermis and will study the activity

' of guard cells under different conditions,

Procedure
1. Before beginning your observations of the leaf cross section, compare
the shape of the leaf on your slide with Figure 20.8a and 20.8b.

2. Observe the internal leaf structure.
Fxamine a cross section through a lilac leaf and identify the [ollowing
cells or structures: cuticle (a waxy layer secreted !:r;.r the epidermis),
epidermis (upper and lower), parenchyma l'ﬂf-;fll El'ilﬂmphzsnl;
(mesophyll), vascular bundle with phloem an :?r Em‘:s 2
stomata with guard cells and substomatal chamber. Reler 10 15"1 i
mary of Basic Plant Tissue SyStems and Cell Types am_i F@Tﬁ e
; are often called veins and can be seerl

d.

i tﬁ*‘—‘ o lﬁti!chnﬂl éé:ctiﬁ'nﬁ'dﬁhé leal: Observe the
o Is xylem or phloem on top in

in both cross section and lon
structure of cells in the cent
the leaf?

1 midvein.

: the distribution of st
ﬂ I?lzsﬂﬁtrf are they moOTE abundant?

mata in the upper and lower epider-

Lﬁh Etud}' C'%ﬂﬂﬁ Lab Topic 20 Flant Anatomy 337
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340 Lab Topie 20: Plant Anatomy — he e
. ¢ Dhﬂ:m'i if 4.111}I', Lweah_ the Stomar
4. Explain the dIFeIC0 those kept in saline. Utilize youg i, 0, ™
leaves kept 0 Jaiss the changes in the guard cells. (In this Bctivigy
of osmosia 0 P al closure by changes In TUTEOT prescure dup o (0
stimula
rather than K* transpart.}

'._.i_,h . |

T L

E— T A g i
. .- >

EXERCISE 20.4
0 G Cell Structure of Tissues Produced i
VA | by Secondary Growth

Ql"w--.r-- by

— ' g =
b :l

P T
Materials *'."'J"? : by
prepared slides of hassweod (Tilia) stem e

coemnpound mictoscope Reiemry 3
o s Y,

i Ta
Introduction Ed o avad “] !
=57 i ‘Secondary” arises from meristematic tissue called ca

s

Vastllar cambium and otk cambiim are two types of cambim The
y vascular cambium is a single layer of meristematic cells located between
o the secondary phloem and secondary xylem. Dividing cambium eelis
produce a new cell at one time toward the xylem, at anather time wowand
ol the phloem, Thus, cach cambial cell produces files of cells, one toward the
. inside of the stem, another toward the outside, resulting in an increase jn
szredary g el stem circumference. The secondary phlaem cells Become diffsreniiatad:
’ P Lok - finto sclerenchyma fiber cells) sieve-tube members, and companion cells.
O ' secondary xylem cells become differentiated inio tracheids and vessel
elemenis. Centaln cambial cells produce parenchyma ray cells that can

extend radially through the xylem and phloeem of the stem.

1‘1-..;{ cu.r‘.u cambium is a type of meristematic tissue that divides, producing

e\ cork Ussue 1o the outside of the stem and other cells 1o the incide The cork
o ! | ‘:TE]'_:h“mE““d the secondary tissues derived from it are called periderm.
£ | ety ) e periderm layer replaces the epidermis and cortex in steme and roos
gk o A& i i with secondary growth. These |3 i

[ N7 75 e e yers are continually broken and sloughed
| A _ - T b, ¥ plant grows and expands in diameter,
Y pE I|

.

| Ut Wy Procedure

1. Examine a cross seetion ol 3 woa

}J o . Observe the corle camhiy

G ?n:n; The outer cork cells of the periderm have thick walls
“1 1: T waxy material called suberin. Thess cells a2

.

dy stem (Color Plate 63).

g
gl o

Tl by e
— iy g "
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relides the e, CElS s ¢ ; Teiay be vig)
3 bark s used porq s O COR N s g e THEperingremsy
woody plans. =scribe the Peride: FOEK CAMBIUT! The ter,

b. Observe the
beginning g

region., Sclere
are located inn':hl'm? fibers k,

the listed tissues or
Moving inward to the centra]

_ tal pith
ave thick, dark-stained cell 1.1.-'3115[;1111
condary phloem cells with

slmactures,

tend in la :
sy Lw}:;se 1:;:5} E:f[i:{e::;tr_al ;l:lh region. Lines of parenchyma cells
through the xylem and tr::: teral rays that radiate from the pith

foriiing a phluer 5 and to a wedge shape in the phioem,

xylem cons

2 MNote the annual ]"il'.lgﬁ. of }i}']i‘m, which make up the wood of the

Results
1.
.

3.

1.

stem surrounding the pith. Each annual ring of xylem has several
rows of early wood, thin-walled, large-diameter cells that grew in
the spring and, owside of these, a few rows of late wood, thick-
walled, smaller-diameter cells that grew in the summer, when water
is less available.

By counting the annual rings of xylem, determine the age of your stem
Mote that the phloem region is not involved with determining the age

of the tree.

Plate 63.
20,10 and Color | -
i lab manual any details not represented
i margin of your
Sketch in the

11 i [ e,

Tl hT. I'l-Ef-'l:]. Ib‘.r futuire rElErEn - |
thg [i_gurﬂ Lhﬂr. :rr i E : : : h = - E . . uu
1 e oIl !.-"D'U-[ d EIE“““ hE Eﬂ““ WHETE F'“- ary 551ES CATl 5

Review Figure

- T i T

happened 0 the several years of phloem tissue production?
P
what has

tions of the woody stetn, does xylem or phloem

gheerv® for rees?

ur
uuﬁfd ot jrfﬂnlﬂd:l sy Fpnﬂ'

Lab Topic 20; Plant Anatomy 541
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Lateral ray
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7 q'ﬁ : Figure 20010,
y 5!::l:|.:|nlj=l'}" growth. (2] Whole woody plant, (b} Fhotomictograph of a coss
. . section {l_-f.a woody stem. {c) Compare the corresponding di ith your
L observations of a prepared slide, |f e e
L 5 : -l necessary. modify the diagram o comespord
i your specimen (Coler Plate 63)
gt o TR
o=
F
Y L 4. How might 1} :
i s {;-.f‘ EBL Lhe Structure of early wood and lage wood be related 19

i Q:‘"f seasonal conditions and the §

s : :
mental conditions durin 8 the growing season

: "'1""1 St
@
erﬂrlﬂlﬁﬁf -I|I ﬂ,.-'.'\-"'-.‘r:-g’

unction of the cells? Think about envi-
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