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varieus sirategies that have been conserved through evolition to caplure, vse, and store

x—mé‘{'}i‘,mpma GF 331}13%}13 capiure free LORrEY from the environment t‘m{mgh

;

gﬁéaumw nthesis and chemoeynthesis, whereas heterotrophic organisms harvest free

4

energy from carbon compounds produced by other organisms, The process of cellular

Ty
[R5

respiration harvests the energy in carbon compounds to produce ATF that powers most

of

he vital cellular proc ochon

In eukaryotes, respiration oconrs in the mi
within cells.

It sufficient oxvgen is avatlable, glucose may be oxidized completely in a series of

ne-miediared steps, as summarized by the following reaction

+ 6.0 5 enerey

st the messurement of

ihe chemical oxtaation of ghucose has important im géi
atton, From the eauation, 11 glucose &s the energy souree, t%wgé for every moi grnle

e

consumed, ane .m.@'i:jc;i'i‘aﬁ* of

bon dioxide 1s prody

ed o measare the overall rate of cellular respirmtion.

far respiration by usin
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ace). These measure relative volume (cha
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ter, i 48 normally
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}

replaced by CO, gas at a ratio of one mwolecule of GO for each molecule of O Thas,

Yot W%}um expect oo change in gas volume to result from this experiment. However, in
Lhc following proceduere ié‘& CO, produced is removed by pa tassturn hydroxide {KOH

KOH reacts with CO, to form the solid poiassium carbona CO,) through the
following reaction:

+ 2KOH 5 K,CO, + HO

This, as (}; is consurned, the overall gas volume in the respirometer decreases, The
change i volume can be used o determine the rate of cellidar respiration. Because
respirameters ave sensitive (o changes i gag v‘{::iumf—:, ihag% 2 also sensitive to changes
in temperature and air pressure; thus, vou need to use 2 etﬂ-f}t;‘s;}i respirometer. What
would be a good control far this procedure? Talk with another student for a minute, and

came up with at least one possible control you could use.

As you work through Procedures, think about this question: What factors can affe
the rate of cellular resp

ration? In I.}eengz i

I

b
(e
G

ana Conducting Your lnvestigation, you
will design and conduct an experiment{s) to investigate at least one of vour TESPOnSes

to this question or some ofher question vou have. Your exploration will likely genera;
even move quastions aboul collular resy

siration.

The investigation also provides an opportunity for you to a

v and review concepts
that you have studied previously, including the relationship between cell stracture and
function {mitoc

hondria); enzymatic activity; strategies for capture, storape, and use of

free energy; diffusion of gases across cell membranes; and the physical laws pertaining

to the properties and behaviors

FAses.

n how a resplrometer system can be used 1o measur ttan raies in

plant
seeds or small %.f‘r’-m"?,é-:%fsa"a%.cs,. such as insects or earthworms

# To design and conduct an experiment to expiore the elfect of ceriair
incleding environmental

variamies, a3 the vate of “cetinlar E“J‘zg““”&i}i}b

To connect and apply concepts, including the refs

ionship between coll struciure

d function {mitochondrin); sirategies for capture, \amag:f:) and use of free energy;

.
P
diffusion of gases across cell membranes; and the phy:
{

ical laws pertaindng o the
properiies and behaviors of gases

e €
(L7

Yos mussst wear safety goggles or aprons, and gloves during thie r;zwwfw-siz{‘sﬁ{x}
because KOH {or the alternative, MaO® in stic. Follow your teacher’s

A RO | LAE

instructions when wsing the hot glue gun o seal microrespirometers. Do not work in
the laboratory withoul your teacher’s superviston.



THE INVESTIGATIONS

Your teacher may assign the following questions 1o see how much you understand

concepts refated to respiration ﬁ”it‘idi‘ﬁ? vou design and condacl vour own investigation:

¥ is it necessary to correct the readings of the vespirometers containing seeds

oW
s

with the readings faken from 1

irometers (rﬁi?ﬁ]ﬂi]'ﬁ” (;TNV J2 |<§S‘> beads? Your

:
answer should refer to the concepts derved {rom the

general gas law:

PV =nRT

Where

P = pressure of the gas

Y= vohume of the gas

e number of moles of the ges

H = the gas constant (its value {8 Axed)

Tt

mperature of the gas

e £ the volume of the gas being measured (O

2. What ho

}32.‘6}{%_&3(2fjf.{}.l}.} when the tem

eraluye OF pressure (.I‘J.Eﬁ.“}.f‘m; durin 1 the experiment?
if sressure and %cmycx‘num remnain constant, will the volume of gasin the

eters incrense o Gecrpase? Please explain.

als and animations explaining the general gos |
fhwewrwy nclark petiGasLows)

Iagine that vou are

watey oy v
Predict the rate of oxyg

ernplaln vour reasoma.

ine that vou are asked 0 messure the rate of respiration |

or & 25 g reptile and
srnal wt 10700 Predict how the vesults would compare, and justify vour

DBEECICTION.

il

Linagine that vou are

conswmplion, bul al g lemperalure z@ﬁ 2270, Precict ow these results would differ

¢ reptile/manmal comp

from the measarements made ai 10°0, and explain vour prediction in terms of the

Bodismm of the animals,

I

§. What difitcaliies would there be i vou used a living green plant in this nvesti
instead o

’I\z
3

of germinating seeds?




FonnoBTes
The rate of cellular respiration can be measured by several imethods, and two reliable
methods are detailed below, Your teacher will el you which method vou will use w
measure the rate of respiralion in germinating plant seeds at room temperature.

Option 1: Using Microrespirometers to Measure the Rate
of Cellular Respiration

TG

Figure 1, Material

Figure 2. Microrespirometer Assembly



hatlenging than many lab

asuring the rate of respiration is more % ]
procedires becanse there are meny places lor potential error in the assembly and use of

equipment. The advaniages of the microrespirometer method as described b‘; Richard
E. Lee in American Biology Teacher include low cost, reliabifity, simnplicity, and rapid
response. A& modibcation of the Lee method is described at Atip /iwww eibiology.
com tabiooisiMicrorespirometers htmd Fowever, for the sake of convenionoe, the
procedure is cutlined below, Bint Read sach step before doing it You nead 1o assemble
s one for meassuring the rate of respivation in germinating seads

YW micTares plromnater

anidd the other for t

gf&*g} ip vﬂ in the het gue gun and allow i to heat up,

Step £ Take 2 tuberculin sy ithout a needle) and malke sure that its plunger is

pushed all the wav in.
b }

Step 3 Carefully insert 2 40 L plastic capillary tube into the syringe where the needle
normaelly would be. Insert it as far as the plunger tip but no farther. This will help prevent
ihe capillary from becoming plugged with gine.

Step & while holding the capillary tube straight up, add a small amount of hot glue
arcund its base (where it meets the syringe) to seal the capillary to the svringe. Keep the
etnted straight up until the ghie cools — this should not ke long. Fneed

o

epsurs an airtight seal between the capillary and svringe, (See

capillary

add & bl more

Figure 3.}

Figure 3. Hot Glue Added to Capillary Tube Base




Step B Afier the glue has cooled, pull back on the phunger and make sure that the glue

has not plugged the capillary. If the capillary is plugged, carefully remove

capiliary and stast over,

ne glue and

g%%%ﬁ} 1 Draw a small quantity of manometer fluid {soapy water with red food color ing)
inte the full length of the microvespirometer’s gszgﬂHm tubre. Then elect the fluid back
out of the capillary. This coats the inside of the tube with a thin scapy film that helps
prevent the manometer fluid from sticking. -

Step 2 Carefully insert a small plug of absorhent cotion into the barrel of the
microrespirometers, all the way into the ¢ mL or co mark. You can pack this cotion to the

;

end with the barrel of a clean thin-stem pipette. (See Figure 4.)

Figure 4. Cotton inserted into Mi mroresplrometer Barrel

. k) o
Sﬁﬁ@% & Add one small drop of 15% KOH (or NaOH, Drano) Lo the cotton in the
microrespircmeters. Do not add ¢

i Male sure vou sre wearing

sloves and safety goggles to protect your eves becanse KO is caustic,

3%%;%3 4 n_«"ir:e 2 small plug of nonabsarbent cotton on top of the absorbent cotron plug

i

side the barvel of the microvespirometers, You can pack the cotton o the end

m-stem pipetie, (This nonabsorbent plug is ne

with ﬁ,he ha}
the seeds fr

tClean

2 o protect

o the canstic KOHD

Step 5 slowly reinsert the svringe plunger. CAUTION: Be sure to point the capilizry

%

tip inte o sink oy mm:a;m:;x There may be encess KO in the syr

inge that might squirs
capiliary. Push the plunger inoantld i reaches the &

ofton so that ALY

removed.

Step 6 Remove the plunger to add seeds,



Step 7 Add 0.5 ml of germinating seeds to the ;tzzfzgii"ma-tsp'ira’}rzwi:@ﬁ:e;. Push the plunger

!
X

intothe Lo z‘L mark. This crestes & sealed microrespirometer chamber with a L0 mL

voltrme,

Step 8 Dlace three 1o four washers around the barrel of the micror S EPITem

‘f

washers provide weight so that the microrespirometers will sink,

lage the microrespirometers In a2 room temperature {about 20°0) water bath, You

Step S
must matntain the temperature of the water bath for the experiment, Adjust the level of
the water bath so that the capillary tube s sticking out of the water while the barrel of the
microrespiromerers is z:c»mp’%eteiv submerged. You will not be able to read the capillary

ater. Make sure e top end of the capillary rube i

s

Becanse a microrespirometer i sensitive fo changes in gas volume, B s also sensitive
@ changes in temperature and air pressure. To compensate for any changes, vou

will use control microrespirometers. The conirol respirometer is set

pfust fike the

s

nuncrorespirometer excent that it contains nonliving mzt'?
H P &

gliss beads or

dry, baked seeds) instead of germinating seeds.

sirometer VO

§fﬁ§§3 1 Add 0.5 mE of beads or baked seeds to (he secor a}; TWHCTOT
assembled. Relnsert the syringe plunger ;

e 1.0l mark. This s

the chamber and creates a d‘imé%mf i:i"jaé: has the same Miét? me as the experimental

HIC ”C}‘C‘%“E’”{sﬁl {er.

gi%ﬁ”’@ 2 Place three to four w

@

ce the assembled contrp! e waler I Lih nexl to the 5\:;}@"

MHLTOYes ;}; iNSisel
of the water while th

read the capilla
tube ks open (not sealed ]'

The respirometers amst be girtight, and they are rensiilve o envirenmental ch

ding bumping the lab table. Onee the respiroimeters hay

fin]

: 3‘@;1-"??’

sl e%a_g_aﬁé%}riméa i

> b adder

Sé“ﬁ‘}ﬁiﬁf mest be wmim 4 or maoved, not xf.z.;';az.uﬁ. 'd}(}.}’.aﬁ"

te | to record vour data and ohservations in your

S ‘M LW z? mm data for both the experimental and contrel

ot iers.




Table 1. Results for Option 1, Using Microrespirometers

B TR
o Wates Bath Total Distan noe Flui
Temperaturs (26°C) %ag f*ﬁm f fom)

Total Time (Min]

Y

% Ly J— S Talira 4L
Step Z Place the experimental and control 1 sicrorespirometers ot the 20°C water batk
Wait &

minutes to allow the temperature in the microrespirometers i equalize.

Step 3 Use a dropping pipetie to add one small drop of manometer fuid 1o the ipofeach
capiliary tubs. If ave

vihing is working properly, the drop will be sucked down info the

capitlary tube, 'é.‘

he manometer uid will seal the chamber of the microrespiromet
wineter

{(You should use the plunger on the control microrespirometers o get the me
fHuid into the g:grs;ﬁ&: y. Pull on the plunger until the manometer drop is about
dow the capi See Figure 5.) ' '

Figure 5. Manometer Fluid Added to Capillary Tube Tip

o

sivation, the manometer i

s oxygen is consumed by celhylar re

phag will move

Iy

¢ of the plug. These are vour
£- ;

toward the chamber Record the starting position of each plug ‘mf rarking

the capillary with & marker. Be sure to mark the bottom o

position on

Thme 6 marks. Begin Gming once vou have made the Time § mar



Step B At 5-minute intervals, mark the pasition of the munometer fiuid for each capillary

bottomn edge of the fluid plug. Continue marking the positions
aniil the fuid in the microrespirometers has traveled the e

25 minuates have passed,

Step 6 At theen : .

vend of 25 minutes, remove the microraspirometers from the wa
a centimeter ruler to measure the distance from the initial mark (T

fube. Be sure $o marl the

ntire fength of the capillary, or

er bath. Use
12 0 mark) to each
bocapiilary tube. Réﬁﬁ?{;‘i’éi YOUr measurements in

of the S-minute intervals marked on eac

the corract colurnn of your data wble.

Step 7 Calculate the change in fluid P position durls

1 each time inferval To do this,
subtract the Guid 4

the beginnlng of the 1

mie nterval from the fluid position at
the end of the f:imc interval Record vour values.

%’ﬁ&*p 8 Repeat the calculations for your control microrespirometer,

giﬁgﬁ & Using the values vou abtained for the contn

]

microrespirometer, correct {or any

changes in volume that vou measure thaf may be altributed 1o changes in temperature

Figure 6 shows how the microrespirometer works.

: G,
The micrarespirameter is placed

in & water bath tp help maintain
a constant tamperature.

=0y combings with KOH to form 2 sofid
KoCOz. As & result, the GO, is removed
from the air in the microrespirometer.

== Cotton profests the ryanism &t the battom
of the microrespirometer from corrosive KOH,

—— 0,

~The air is a mixture
of 0y and other gases.

""""" — Living organism

Figure 6. Microrespirometer




1. Use your data table to construct a graph, Your goal is to determine respiration rale.

Howr s ;,ir ? voe plot vour data? Which variable will be on the x-axis, and which will
be on the y-axis?

%"‘é

From the graph, determine the rate of respiration for the germinating seeds at
207C. Hiat: Go back and think about whal the units of measurement would be for
respivation. How can you gel a value with those units from vour graph?

4. What additional questions curs vou explore about cellular respiration asing the same

res E?%i’(?%hbi“% fronn this t}i}l‘”ii‘é“ﬁ““ 4

&. inthe next part of this investigation, vou will design and conduct vour own
experiments to answer questions that vou ralsed in Procedures. Do you have any

>“i£§§§_{lw“§€}ﬂ‘i for 31?”“11 “}‘J‘;?}% the Q‘&Ség'ﬁ of I?E“i(if@f(;&}:ETUH“%{,?,{?‘?,S [$21 EZI!.E.UC{?CLH?E for

T

measuring oxyvgen consumption/cellular resplration?

£

(ras PrEssyre seis0rs can be used to measure the rate rss'a'ebiﬁui-!z' m‘-zgpﬁmiicm by
tuced, or both
e rna,zimz}f‘oush "‘mw m;a,f'm-:' mi? z:n{}auck‘ written instructions or perhaps ask vou to

dowrload information Trom the manufaciurer’s website or another online resource, 1§

vou are unfamiliar with the use of probes with a computer inferface, vou will need to
spend i ng how to coliect data using the eguipment.

1. Use a gas pressure sensor (o measure (he rate of celiular respiration in germinating

seeds at 20°C over & 25-minute time interval or as per insiructed by yous teacher,

i

£, What additional questions

1LY ou

plore abon cespivation from this

gxperiment?

Cpart of this investigation, vou w.%%j destgn and conduct your own

Lo vou have any wuggwé 18 §<3z“ ampsmznﬂ ‘i!:m proc aduzw provided im“ measning

oxvgen consumption/cellular respiration wsing a gas pressure sensor with compuler

interface?



ot

at

L

Neow é}ma you have learned how 0 measure the vate of cellular respiration in

germinating seeds, you have & ool for exploring Qae:%m;:;}s o vour owi Think shous!
the process of {;‘el'éuiar respiration.
® When does it ocoar? Are there any sttuations when Tiving cefls are not reapirving?

g7

= Why might some living cells respire more than ott

® Are there differences between major groups of erganisins in how fast they respire?

® What is the difference, if any, in the rate of celludar respiration between germinaii ng

seeds az‘:{d rongermainating seeds?

o
et

®  Dyoes the temperalure of varz}zm&‘zmg sc:’:fis; atfect the rate of cellular respiration?

ires than at lower

® o gerind eds fust starting o germinale CONSUmMe GYyELn ata greater rafe

than seeds €

e been germinating for several davs {age c%@pt.smfﬁm:at-}?
i Eﬁk'
different rate from small grags seeds {(which store energy as starc

I

ant seeds (which store ener

2 Dy geeds such as Wisconsis

gy as :nE espire al a

rent rate from

& Uiy small seeds of ag i g,, dowers, wee
all,

& Tig seeds from monocot piz};“zi:ﬁ respire at differ “ot plants?

® Do availzble nufrients affect the rate of respriration In germinating seeds?

spirorneter gystern be used to mewsure the rate of vespiration in &

& (Can the wame

i or carthwaorms?

hrates, such as ins

o guestions about cellular
wonmelers oF gas pressure

e {oiowing:

mptions are made about the question(s} being adds

v chioese to make provide the necessary

qiiffsié(‘:gé zmdm‘ .f-;‘é’u.c.i;:?

s Did vou include a control in vour experiment?

PR

possibie sources of error i the ’32’(‘;?{“3’333(3(1.(?3?§.’i=’ gy7

® What are

oy Py 1 B B H . oy
step 2 Make a hypothesis, which should inchude 2 prediction about the effect of the
factor(s) vou chose to investigate on the rate of celluhr respiration,

g%@;gﬁ 3 Conduct vour ex
vour faboratory notebook or

reriment{s) and record 4

BIEWETS T YOuT questions in

5 per instructed by your teacher,




%ﬁ@gﬁ% & Yecord vour data using

, 1o example table provided
in Procedurss. Then gmji

AN

tors/variables vou

fvestigated on the rate « (5] of cellular respiration

for each factorfvariable,

1. Your teacher may suggest that vou perform statistical analysis of vour GKL&

cornparing resulty of the experimental vaviable{s} o the controls. You she

express the uncertainty of your measurements with error bars. You may

47

ew Chapter 3 for more information aboul statistical analysis.

£, How was the rate of celhular resps
chose as compared to the control s}?

n atfected by the experimental va

Cormpare class data to explain how different variables affect rates of cellular

f

regpiration.

T Was your initial hypothesis oh

& rate of cellular

respiration supported? Why o

& What were some chellenges vou had i performing your experiment? Did vou make

any Incorrect assumplions

anas( enging or “f’t“iééi?fcaj. h_e}p fromm

vour

I timne is available, xz:s& OUr Leacbsﬁ‘" vou can extend the investigation o explore

answers o other wedl g YU conducted VU

Qx‘f“»»f?”ﬂff'“i'{ﬁ.i‘a o

O PV ight want |

as the aff j
ar earthworms, or the relationship between the mags of ar

ratbe ?!T nlart seeds

tof *’;an*zpe'r;ztu're Al zcmm fcra

respiration.



