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. 1 4
Laburalur) Aunuzes juE‘. Btmugy has J’)een testéd by some I SOO studcnts dunihg the
I970 1971 schoot yeay. and” w,as very suwessfully sed _by teachers in the ThirteenCollege Curric-
" ulum Program and in f Five College Consottium. Thls cdition reflec tsethe changés that tcd\.hua
felt would improve the usefu‘i{{e» of this workbook in guldmg students through laboratory expesi-
“ . ences in_ the biology course. Teachers use this manual together with the new Teacher's Guide To
) Labordtory Actuities for Bwlugy and Teacher" s Cuzde tu Classrdm Dis usStons fur Blolug) both

being plﬁhcathr;’s of the Institate for Servnces R Educauon

~ -
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; The Thirteen Collcgu Cumuﬂum Ptogram was started 1in 1967 "as -a Looperatlw untun T

. curriculum development between the vojleges and “the lnsutuu for Services to Education through
its Gurriculum, Resources Group, When the Biology Loqrsc became defined 1t sought to provide *
laboratory experiences which were relevant to students and which captured their interests and

, curiosi#y. By the sumiher of 1969 teachersin thd Biology pragram were able to mduatg concretely
the kipd of laboratory expeniments which were of most interest, The present series of laboratory

« actvaties §s based upon the Rinds of exercises and experiments that they indicated as being 4ppro-
pnate and interesting to the bcgmmng wollege student. Because the expenments and exercises were
appended toseight separate units of study there was some’overlap of experiments and of units to

v which they pwvere rclatcd In’ Many #ases related exeruises and experyments werg hrought together as
parts of aAingle exefune. A few new extruses have been added: In the Table of Contents the unitss

. of the 1969 CRG Biology Tcauhcr s, Curniculum Guide to which the_exercise 1s Telated has been )
indicated. . oA LT
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- The biology teachers"who have participated “in this development through the summer oI' 1970

'are: ‘ . T N <o . 7
ALABAMA A & M COLLEGE Jimmie L. Cal, M Ed. (I967 1970), Rather Brown MS. (1970; ),

‘e .. _ George Graysoa M.S. (1970S) «
BENNETT COLLEGE PerryV Mack, M.S. (1967- ) - T -

c .BISHOP COLLEGE erhe M. Clark, M S. 41967-1970), Mrs Versia Lindsay Lacy, M S. (1970- )

*In the Modified-ISE course: Wasi M. 'Siddiqui, Ph.D. (1969- ), Herbert
Alexander, M.S. (1969- ), Ehsan“A. Syed, M.S. (1969- ) Mrs. Rose W.
Burke. M.A. (1969-1970) . .

CLA_RK COLLEGE Martm] Carey, M.S. (1967- ), F. Rusmko M.S. (I970S)

¥
FLORIDA A & M. UNIVERSITY: Louis Stallworth M.S. (1967-1969), PurceII B. Bowser, M.S.
(1969-1970), Mrs’Irene R, Clark. M. Ed (1970-,) .

'JACKSON STATE COLLEGE: Robert J. Anthony, M. S M. Ed (1967- ), Mrs. B. Henderson M.S.

( 19705) - »’ \‘ '

LINCOLN UNIVERSITY Harold C. Banks, M.S. (1967- 1968 1969- 9 '

l

NORFO,LK STATE COLLEGE: Ruth E, Churwin, M.A. (1967 1969), Mr9=~lrene R. Clark, M: Ed
v (19%9- 1970) Mis. _Robin M. Griffith, M.A., M AT (1970- ) :

NORTH CAROLINA A & T STATE UNIVERSITY Mrs Elizabeth D. CIark ‘MS. (1967- )
SOUTHERN UNIVERSITY. _Baton Rouge. "Louisiana. Robert H. Cobbins, M.S. (I967- ) . .
TALLADEGA COLLEGE Muriel E. Tay]or M.A. (1967-, ) Mrs. Mae T. Groves, M.S. (1970- ).
TENNESSEE STATE UNIVERSITY Mrs. Alice C. Smith, M.S. (1967- ) ) N

] N -— —. * s
. ) ) o
. LI '
Beginning with the summer of 1970 teachers from six additional institutions are participating
in the curnculum development program. They are: ‘. }

: : .o

ELIZABETH CITY 'STATE UgIIVERSITY' Thaddeus'V Beﬁsley MS.”

) FAYETTEVILLE STATE UNIVERSITY Mrs. VaIerre L. Fleming, M.S. T

e L4

LANGSTON UNIVERSITY: Harold W. Tohver M.S. +

TEXAS SOUTﬂ,F/RN UNIVERSITY Charles H. Bennett MS - - . ) o,
, Program Associates from the INSTITUTE FOR SERVICES T® EDUCATION . '
) Charles M. GooIsby Ph.D. (1968- ), Dan A. Obaspn, Ph.D. (19(29- ) .
: Paris M' Allen, Ph.D. (1969-1970)
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ABOUT THE INSTITUTE FOR SERVIEES TO EDUCATION |

The Institute for Servicesto Education was incorporated asa non-profit organnzatién in 1965
afd received a basic grant from the Carnegie Corporation of New Yprk. The organization 1s foundey
on the prnnciple that education today requires a fresh examination of what 1s worth teaching and
how to teach 1t. ISE undertakes a vanety of edu\.atlona,l tasks, working coopergtively with other

. ¢
educational institutiens, under grants from government agencies and private foundations. ISE i a

catalyst for change. It does not just produce educationdl matenals or techniques that are m,nOvdtlxe
it develops, 1n cooperation with teachers and administrators, procedures for effective installation of
successful matmals and techmqnesm the colleges. "N

lSEJsLhca ed by Dr. Ehas Blake, Jr., a former teacher and 1s statfed by college teachers with
éxperience in working w1th dlsad\antaged youth and Black youth in educational setgngs both in
predominantly Black and predominan(ly white colleges and schools

[SE's Board of Directors consists of persons in the higher education system with histories of

involvément in curriculum change. The Board members are: .
Vernon Alden. . Chairman of the Board, The Boston Comba"ny. Boston, Massac'huse.tts ]
Herman Branson | Pregident, Lincoln University
Kingman Brewster, Jr. = President, Yale University - ‘
Denald Brown -———TtreCenter for Researgh, on Learnmg and Tea«.hmg Unwersny of

. ' . ) v Michigan

—Arthur . Davis Graduate Professor in English, Howard University

Carl J. Dolce Dean, School of Education, North Caroliha State Umversny
Adexander Heard Chancellor, Vanderbilt University » ,
Vivian Henderson President, Clark College |
Martin Jenkins " Director, Urban Affairs, ACE .
Samuel Nabrig " Executive Durector, Southern Fellowship Fund, Atlanta Georgia
Arthur Singer Vice President, Slban Foundation, New York New York .
Otis Singletary - President, University of Kentucky ‘ . ’
C. Vanp Woodward Professor.af History, Yale University . \
Stephen Wright ~,Consultant to President of CEEB T )
Jerrotd Zachanas Professor of.Physics,;Massachusetts Institute of Technology

H
” . . - »

. . ~
ABQUT-THE THIRTEEN-COLLEGE CURRICULUM PROGRAM .
. - " . ¢ . . . . ~
From 1967 to the present, ISE has been working dqoperatively with the Thirteen-College
Consortium 1n developmg the Thirteen-College Curriculum Program. The Thirteen-College
Curnculum Program 1s an edu;ahonal experiment that includes developing new curricular materials
for the entfre freshgan year of college in the areas-of English, mathematics, social science, physn.al

suun&. and* biolofyg angd two sophpmore year ourses, humanities and philosophy. The program 1.
dcslgncd to rgdu\.c the-attntion rate of entenng freshmen through well thought-out, new curricular .

maternals, new teaghmg styles, and new “faculty arrangements for instruction. In addition, the
program seeks tq alter the educational pattem of the institutions involved by changing blocks of
courses rather than by.developing single’ courses. In this sense, the Thirteen-Coflege Curriculum
Program iis viewed not only as a curriculum program with a consistent set of academjc goals for the
sgpdrate LoYrses, bgt also as a vehicle to produce new and pertinent educatignal changes within the
/onsortlum istitutions. At ISE, the program 1s directed by Dr. Frederick S. Humphries,

. 3
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Vlce Pres:dent The curricular developments for the speuﬁe courses and evaluahon of the program
are. prQVlded by the following persons: - . \

. . ~ . -

o Coursg,_ . " ISESTAFF ' ' \ -

, English ‘. Miss Joan Murrell, Senior Program Assocnate \
' Miss Carolyn F:tchett,_Program Associate L S
Mr. Sloan Wiltiams, Program Associate =  * I y
. - o, Miss Tiveeda Williams, Research Assnstanl\ . S
. "Miss Ernestine Brown, Secretary ., ~
h . “ , .
. ‘. \ Social Science * Dr. George King, Semor Program Assocrate . . . )
' . ’ . Dr. William J. Massie, Jr., Program Associate . >
. " Miss Nancy seymour Research Assistant o
Miss Qjona Lowe, Secretary . . ¢

Mathematics " Dri Beauregard Stubblefield, Senior Prdgram Associate )

. »' Mr. Berrfis Barnes, Program Asséciate - . .
B ' .. Dr. Phillip McNejl, Program ‘Associate : ’ .

Dr. Walter Talbot, Consultant . - < T

£+ . Mrs. Debrah Johnson, Sécretary .- Lo

L . v

: Pﬁysi.cal Sciencerr Dr. Leroy Colquitt, S\e.n"lor- Program Associaté ) .

Dr. Ralph Turner, Consultant . ' -

> ' Mrs, Cynthia Paig‘e,':Se'cretary

P ' . )

. Biology = * Dr. Charles Goolsby, Senior Program Assqciate :
e L Dr. baniel Obasun, Program Associate

Dr. Paul Brown, Consultant , _ 4
A . . P - .

Humartities *  Mr. Qlifford Johnson, Senior Program Assbciate ‘

~. " Miss Marguerite Willett,-Secrctary

K Philosophy Dr. Conrad Snowden, Serior Program Associate -
T Dr. Henry Qléla, Program Associate .

-, C e T Miss Valerie 8imms, Program Associate ..

s® Miss Judith Burke. Research,kss*stant

( MlSS Faith Halper, Secretary : .

. Evaluation ©  Dr Thamas Parmeter, Senior Resgarch Associate T
: " Dr. Joseph Turner, Senior Researéh Associate - N
. - Mr. John Faxio, Research Assistant ' ‘
* . Mrs. Judith Rogers, Secretgry . v ! .
In-addition, Miss Patrieia Parrish serves as general editor of the curriculum matenals as well as .
an Admlhxstranve Assistant to ‘the Dll‘CLtOl‘ Mrs Joan Cooke is-Secretasy to the Dlreetor

The eumeulum staff is assisted in the generation of new educational ideas. and teadnng
strategies by teachers in the partlupatmg calleges and outside consultants. Eaeh of the curriculun T
* " areas has its own advisory committee, W|th members drawn from dnstmgunshed scholars in.the field = - .
“but outsnde the program. . A .

., Yy




The numbcr of LOIILgbb partnupatmg in the program has grown trpm tlkiongm_dl thyrteen of ¢
1967 to ningteen in 1970. Thc original thirteen colleges are: .« A '

N y N » * . . *
. Alabama A arid M University . Huntsville, Alabama -
) " Bennett College - Greensboro, North Garolina -/* + .«
. . Bishop CoHege ] Dallas, Texas . :
" Clark Collgge * | . Atlanta, Geo;ﬁtl“& . R
: Florida-A ‘mg M University Tallahassee, FloM LT
Jackson ‘Stdte College v o, - Jackson, MissisSippi, ’
. + Lincoln Universit : vmeoIn Umversnty Pénnsylvama .
L. Norfolk State College . Norfolk, Virginia .
s .7 North Carolina A and T State University . Greensboro, North Carolina
, " Southern University .~ .~ Baton Rouge, Louisiana -
*  Talladega College . «  Talladega, Alabama
*~ Tennessee-State University, ‘. Nashville, Ténnessee - ' !
Voorhees College , . Denmark, South Carolina .
. ‘_ 4 o ', . ﬁ . . ’ . ,-‘.
N L s v
4 « A fourteenth college joined tins Lonsortlum in 1968, although, it is still called the
. Thirteen- Cpllcge Consortlum The fourtcenth mempber i |s :
. Mary l;folmes Junior College L S Wes.'a Point, Mi'ssissippi . ) A

o« ¢ . .,
- .

~ Y

In 1970. five morc u.oUegu; j’omm ‘the effort althbugh Ilnkmg up as'd separatc Lonsortlum, The

mcmbers of the Fwe-CoI]ege Conso,rtlum are: - . - . .
OF Elizabeth Clty'State Umversnty - . Elizabeth City, North Carolna, ‘
. Langston Umversnty . L . Langston, Oklahoma ) .
) | Southern “University at Shreveport *  .Shreveport, Louisidna : .
N * . Sajnt Augustine’s College N - Raleigh, North Garolina ¢
« Texas Southern University. o " Houston;Texas *
K - R ' : * L, . .
In 1971, cight more colléges joned the «,urmulum dwdopn‘mnt ctfort a5 anotlur consortium
The lmmbcr schools of the Eight Collcgl Consortium are: . .,
Y ’ : L
. . Alcom Aand M College . ) Lorman, Mississippi » 7
» . Bethune-Cookman College ., ~ ' ’ aytona Beach, Florida
. P Grambling Colivge e ; e o Grambliyg: Louisiana T,
. * Jarvis Christian College ., 2 ot Hawkins, Texas ’
S * LeMoyne-Owen'College ., . Mermphis, Tennessee ; '
. _ Southérn University in New'Orleans' New Orleans, Louisiana s
* ' University of Maryland, Eastern Shore | * Princess Anne, Maryland ¢
N Virgiia Union Un‘versity - o - Richmond, Virginia . . v,
. The Thlrtccn-&ollcgc Curriculu'm Program has been supported by granfs from. )
) , ‘ . . . ; »
y The Office of Education, Title 111, Division of College Support ;
. The Office of Education,'Btireau of Re§darch ‘ .

,’a

' The National Science Founddtlon Divisipn of the Undergnduate Lduuatnon R - q
The Ford Foundation - -

Fhe Carnegic Corporation . | . . o,
. The Esso Foundation .o .
LI Y )
. . o ] ) ,
v >
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EXERCISE 1 - SClENTlFllC METHOD-

.

] o

-

The “scientific method™ as usu.d i biology s a tusting procedure which has come to be

. dt.u.ptt.d by suientists. It has reached its present state after men of suience in different centuries
' have found that 1ts scveral wmpomnts were neeessary in order to take wm.upts and philosophies
and use them to solve both prdctical and theoretical problems. Therefore, a scientufic o.\pmunnt i

an expenience in applied philosophy.- . r .\
Because 1t took g long time tor men to discover this aceeptable way of thinking about natural-
oceurrences, of mvestigating quustlons that made them curious, and of reasoming about the rv.sults
of their.nvestigations, we will not ‘dupx.nd upon discovery for you to find out what the steps were..

Rather we shall outhne thtm and, therf'let you discover how 1t works in a rc.ll c‘kpcfim"nt

Before we begin let us dlstmgulsh between expenments and exercises. All of: the activities in
this manual are headed “Exercise . This 1s a n.onw.nUon for teaching LUHVLIHLI]LL An CxCreise is
an actwvity where you acquire a sklU ‘that yol may need to use later. An expeniment 1s a procedure
for fmdmg out information. We wan tell you what the shill is that you should learn m an ekerdise, |
but we cannot always tell you uxautly the outecome of the prmmmt ‘

- (Y
-~

A
i . ' »

’ " Steps In The Scientific Method . ' ‘ n

. Obscrianion of a phunomunon m tlu. hLId or in the 4abordtory which stirs the umostt) of the
obscrver k!

’

Formdtlon of an Iuputlusts (or probable cause) for the pho.nomn.non This may be an “educdated
guess'’ or maybx, even a plain guess. It usually 1s expressed as’a qitestion or as d statement to be
proved right or wrong. *

3. Design of an-gxperument that will test the hypothesis. There are several wads ty sequence an
experiment but it must have one or more control groups. The Control group pepresents the
“riormal” or what would: hgppen 1f the t{ét object was not treated m any unusual wdy, as a rule.
Something will ‘be changed for the experinental groups. A drug will be given, another chemical
used, the temperature changed, or the acidity will be different. Somgtimes experimental subjects
(sux.h as a human patient, or 4 student) may not be available except one at a tiume. In suv.h cases the
same individual may be the experimental and the control for thé experiment. ,

For ¢xample, 4 small child has an eczema (rash), intense itching, and shows signs of headache
after certain meals, partiqularly lunch. Peanut butter and chocolate arce offen served for that mecal
and so they arg suspected to be the cause. That suspicion constitutes an hypothesis. Both chocolate
and peanut butter are withheld from all meals for a week, during which tune the rash, itching and
headache gradually disappear. The chuld is n the normal o.ondmon agdin and SO tli‘qs is thc caontrol.
at the end of the week. . . .

-
.

Chocolate 1s then allowed for'lunch and the itg ching returns in mmutus It willmot be given th,e
child again. After a few days when he has returned to nortal he is purmntted a'po;mut butter
sandwich (whuh he_ likes very mun.h) There are none of the undesirable reactions. On the basis of
these obscrvations one can comg. to only one position regarding the thlds sms:tmty toward
chocolate and peanut butter. The experiment 15 over and ‘one subject has s¢i rveld as bqth normal
control and abnormal experimental subject. “ o . :

A mdre usual type of expenmn.nt used in the fdboratory i5 one. that makes use of ma‘h‘y
expmmmtal subjects (animals, plants, tube test$) so that normal contml rcautlons can be detcr* )

mined at the same time as one or many prurmun(al groups,ac bung tustud ThIS.IS Om wﬁy to save

a.great deal of time. . . - S .o . - e
' ‘ ' - ‘ v [} ~ . o~ M . ¥ .
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4 Collec lzmr and A‘nalyszs ()fDala Data ma%ﬁbe observatronal (or quahfative) such as the color of a

- Ieaf or of a'test tube test. ,or |t may be measuftment data (that is size, tempgr:ature weight, etc.).

5 Reaphmg contlysions based on the data. Sometrmes an expeerent may be done to‘dcmonstrate

~a law for the class In this t,ase one tries to explarn the-results by saying, ‘The X-Law says that this

must happen, and ydu seg that. it did.” Deductron howeve!, has not led to myuch scientific .

. .distovery- The usu:d mrocedure is"to reason from the.data (facts) toward an expressron whrch e

Summarizes the activi Y Su;h a“conclusion is called a generalrzatron and this process of reasoning

from the particular (facts) to the generat (statbment) is called reasonrng by inducton in gontrast
with reasonting bty deductron s _ . @
6. Acceptapce or rc/ecrzon'qf the stamng hypothesis. | ' . ) ‘
7 FQrmuIatron of a cohtrnuatlon hypothesis t(; explain unexplained questions arrsrng from the *
experrment . NS S : » ' . - o,

Here is a simple expﬁrrment After you have done it review the steps above and see what parts of the

‘ at.trvrty eorrespond with the steps in the screntrﬁc method '

-

“The Bld(.k Box’"or “The Chrrstmas Present Exﬁ&lment m
(Suggésted by Willie M. Clark; Bishop College) ™

You wrll\be provrded with a closed box c#f smaII size coptaining an object. Your task 1s to
determine as man'y facts about the object in the box as’you ‘can and'to finally guess what 1s 1n the
box. A set of objects. some, all or fone of which may be in boxes given to members of the class are:
available There will also B’e some balances and perhaps ah empty box like yours. Write down your
observations as you g0 along and also your eonelus|<5n as to the contents. The teacher will let you
know when you can open the box. Were you rrght“‘ If you were wrong, how do youifeel about 1t? If
you were wrong, obtain a second box and see.if you can do any better Relate what you did to the

-

steps in the suentlﬁc method. ThE . Y
» -
:‘¥$

SCIENTIFIC- REPOR‘FS (ORIGINAL PAPERS)! ' . :

' .
.
. 4,‘ ’ » 3

Scientific rep‘orts in brology reflect the use of the screntrﬁt. method. Théy are usually written

*in five sections and s‘cholars and researchers have Come to look in speuﬁt. sections for the kind of

rnformatron they seek.. PN . .

The Frst section js the INTRODUCTION which gives the hrstoru.al precedents for dorng the «

§ Gﬁﬁ?mnents “The intfoduetion ends with the hy potheses or objectives of the experi-
S It then follow’s that the historical part should marshaH the evideqice that the ObjeLtIVCS are
reasonable g . . ] s

»*  The second section is caIled MATERIALS AND %ETHODS as a general fule. In this sectigh
are listed the ‘materials used, specific organs or tissues used, the organism from which they came,
and the procedure used. (This section may come from the laboratory tnstructions so that they may
* be included as they are, but with any additional items properly entered.)

The' RESULTS &ect]on is third. In this sectron report your laboratory data and the requested
- computations (as a mrnrmum) based thereon. In order to have results to report, it will be necessary
to keep a laboratory notebook The notebook is requrred of aII stuc‘rts Complete your data and
"computation$ in your notebook

-"[he REPORT SHEETS for the exercises in this workbook constitute a kind af notebook.

»
T

l'I‘his section 1s_written as directions to the student for writing up a scientific report of his own. It contamns,
however, the samg, basic directions followed by the wnters of most scientific reports in bivlogy and biochemustry.

'
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The DISCUSSION 1s thg name o the fourth section. The fundamental amm ere 1s to expiam"l

source of this information is.to be. f uhd in ongmnal papers appearing in, the suen.uﬁu joumals, .

Chemual Abstracts are by column number followed b{, P
Io;at\non letter. Startlng with Vol. 66, Chemica} Absttd«,t‘i are hsted by number B|olog|;al Abstrdgts -

\.QdUNS The abstrauv 1S an abbreviated surmmary of an
ither obtain the desired information or you may determine
whether or not you ought %o read the' nginal pdper. The standard torm for references 1s given
the next section. Other primary sOurce$ are the Ann;wwew of Physnolog) Annual Review of
Biokhemustry, and others in the Anndal Revigw seTies. "Advantes n Carboh_)dratc Chemnstry -
Advanees 1, Colloid Chcm|$tr) RecentjAdvaniés in Hormone Research are utles of otier annual |
series which seek to review recgnt deve opment A list of journals selevant to this course willbe 1°*
found oh the laboratory bulle'tm board . L - . L s
M’ .
The fifth section of the report is ‘etitled SU IﬁMARY AND CONCLUSIONS. This 1s d.short ¢
section which closes the report. I\{ote that this seguon hqs two. pa:ts The summary pr@ndus the

concluslons based gn your data. *

several suhgz(ts animals,’ organs or p
onginal artidle. By reading Jt you may

. The last part of the report 1s a list of REFERENCES used. The term “‘Bnblrography" 1s used
;only for complete hstings of booLs dnd papers on 4 given subject and thercfon. will not apply here.
References may be made several*ways in the text of the report We shaII Lonsqiér it standard in° thas

course to hist the names of the author or authors in thé same order in which t-hc.y appear under the - . .
title of thgy priginal paper, followed by the year of publuatlon gm parcnthcscs) f the same . 3
sequence of authors has more than one p'ublnatnon add~ a small a, brc, ctePgMer the ar A .
reference list ga¢ the last name’ of the first author followed by his initials. If #here 1s more tha -}é“ﬁ"".
author. those after the first are listed nitials first. After this comes the year of pubh;ahox_)hcn N
title of the paper the journal, tif€ volume and page nuxrs ‘ . " #‘ "
Examples: - ) . v T ’ ’. T v .
Clausen, H. H, 1940. The atrophy of the ‘adrenal cortex follow,’lng the administration of large T
amounts of progesteronc Endocnnology 27:989- 993. . ) .

B »

Gaunt R. G., Ic. H Tuthill, N. Antonchak J. H. Leathem 1953. Antagonists fo cortisonc. An
+ ACT?:I like action of steroids. Endocnnplogy 54:272--283. ) ) oo,

.
-

-

Here are two anmples of book rufercnces

Fieser, L. F. and M. Fieser 1949. Natural Products Related to ;’henanthrencs Amernican Chemical
Socicty monograph Rheinhold Pubhshmg Co., New York. 704 pp. Page 146.

Dorfman, R. L I948 Biochemustry o Androgens in G. Pincus and K. V. Thimann (editors). The
Hormones [, Academic Press, Inc.. NY. 886 pp: Pages 467 - 548. . "

. PN
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Notes on the Black Box (Christmas Present) Experiment
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Wﬂas do you think is m the box- (before you open lt)” ho " ,
. Were you right? .7 . g ) . . Lo e
ot - How do you feel about it? ! 8 ¢
Do you think that )ou shouid repla..e the Objeet with one you thqugllt should have been there if . o
you were wrong? 5 . s Vo
.Are you going to ¢ry the experiment agam with'another" uhkKnown box? “ ; ¢
If sc, use anot)mx sheet of paper for your notes and include it here. . ! T
A . 4
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| ¢ . . S . o» ('
. - t ~ s . - hd .
> .~ ; EXERCISE 2 — CONCEPTS OF MASS WEIGHT AND DENSITY
- R § . .
/ ) . hd - ' - - s ’. !
7 ) 4 .o \
- . 1ntroduct|on . ,
& % hd ’ ~
. Th(. commen unit of weight in tlu scientific laboratory 1s the-gram. Thls umt‘ma) be multi-
. plied to give heavur units for convenience 1n weighing heayy objects or subdivided into smaller units
© for greater accuracy 1n weighihg light objects, espccially small objects. Prefixes used to designate .
. mulliples or fractlons of a standard mass (welght) dlstame qnantlty etc. are as follows.
Prefix Mééning Numerical Value - . Symibol T
Mega — ~ .One, Million .:: 10% or 1,000.00 M
. + Kilo - ‘One Thouand’ ? 10° or 1,000 K ,
. Deci - One Tenth 100 or 10| - fod :
-, Centi - One Hundredth 102 or. 01 " ° c .
oMl - One Thousandth 10 0r 001 mo
. Micro - _One Millionth 10°¢ or ~.000001 P
» . Nano - .One, Billionth 3 "10” or 000000001 “n "%
. R > . ’-\ ] . , 14 .
, Thercforc .multiples ‘or fractions of a gram' wou‘ld be indidated by addmg tht. appropnate . ,
. !} prefix to:the term gram, vnz Kilogram, milligram, or nicrogram. N e
; - Unit of Weight Comparative-Weight Abbreviation or Symbél
! . y - N
- Kilogram 1000 Gm.- Kgm. ° ;
. ;‘/-‘ Centigram 100 Gm. Cgm. ,
o Gram : | Gm. Gm. = | ' '
J ' .Milligram 001 Gm. ‘" mg, or mgm. ‘ .
i Microgram .001 Mg. ) # g or y{(gamma) ;T
/‘ .! N ¢ ‘,‘ N v ) - . . . - - “
t . Uit of Measure Comparagye Length . Abbreviation or Symbol
. ‘(Kilometqr\ 1000 M. Km.
¢+ - Meter. .- 1 M. . M. . '
- v Centijpeter ' 0l M. cm. ./
Millimeter - - 1o hr. mm. ) 1
. ~ Micron .001 m‘m4 E #or mu
, * +Millimicron 001 micren *; . mp
0 Nanometer _ .001 micron . © M
. Angstrom unit 1 aM N ) A
s - . . , .
- ; /! PR
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' . Drawing by Dorothy D'Annl \
% Man was thé original measur}ng tool. {At one time or #nother almost every part of the human
body was used to measure length, B0t sinte one man's foot might be twice the length of his .
neighbor’s, uniform lengths had to be established. And eventually standard feet yards, etc. s
were marked on rods and bars to-servk as units of fength. - . . )

i
13 v . '

A P

v

The metric system got lts name from t‘he meter (meanmg measuge) and was uonuewed n
France in 1792, The scientists that for ulated it_based it upon what they thought were “natural
standards.”” The umit of length, the meter, was{supposedly 1,10,00Q,000th of the distance from the

. .equator to the North Pole on a hnejpassing, through Paris. "This distance was represented by a
platinym alloy cylinder kept in Paris. In*1960 the metéer was re-gefined as 1,650,763.73 wavelengths
of the reddjsh-orange light emitted by a'fam with_a krypton-86 (Kr8¢) filament at a temperature

w of -210° Celsius (farmerly CeRtigrade). The méter, theref,ore 1s not 1,10 millionth the distance from
the Pole to the Equator but so many wavelengths oi'an arbmanly selected color of Inght

A gram was defned as the weight of] 1 dubic centlmeter of water at 4° Cels:us "However, |

gram 1s smaII only’ 0.0353 or Just undef 1 ’8 ounce, 50, that the kllogram was declared the
« international standard mass. A cylinder offplatinam welghmgjust as much as I cubic deuimeter (10
cm. per side) of water at 4.0°C., was the nal standard ang, was known as the Kitogram ol the”
"Archives. It also was kept neds Pans. fFhis was replaced ‘with a harder p]atmum indium alloy
vylinder in 1889 and is ntaintained n af‘ fis as Prototype %ogram No. 1. As nearly exact
duplicates as it is possiblg for our en nedri ng tp make have been prepared dnd sent to different
countries. Prototype Knlogram No. 20 s kef)t in the National Bureau of Standards in Washington,
DXC.. and all wogking welghts in the Ynited Stétes are directly or indirectly compared with 1t Thus
4 kilogram is no onlger the weight of 1000 cubiv centimeters of pure w_a\&.{ but the weight of a
. standard piece of met'{)l ' ‘ - o
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Useful Formulae
Areaof a _ ' . R } , * ’ )
. square or rectangle = length x width , ot
™ triangle = % base x height - - ‘ - ‘ .
' trapezoid = base x altitude " ' : ' . S
circle =7 r? = Ynd? (o 3.1410) ) X '
sphere = 4 ar? : "t i
. Volume of a ’ .

S cube or rectangular block = area of .base x helght_ ‘

prism = area of base X altitude ~
cylinder = area of base X altltude . )
cone or pyramld = 1/3 area ?f base x altitude . . 5" ' ) <
sphere =43 = { : ‘ . . ¢
T E t o g ' .
l}jatenals and. qunpmen\ . o ' X .
l triple beam*balance N I I-ml. pipette J
p . I aluminum weighing pan -~ . 1 large nait . ’ -
| Physiological weight (5 or 10 gms.) - Ethyl alcohol - o
1 10:ml. graduated tylinder” * - . < . Glycerol ~. = - . b,
| mhetric ruler (¢m. and mm. ) . = " 4 smail beakers o ~
1 10-mi. pipette . - e . .
o Part A Weight of an Alummum Pan and of a Physnolbgmal Weight. - * P, ;r . “
" Be sure that the balance is fevel and that the weights are at ZERO on their Sl,alt.s ' ' ’:f

$ Place the alummum weighing pan on the balance. : .
. ) Adjust the weights.until .the beam swings equidistantly above and b;low thic index marI\> for the o

T beam ¢nd. Lo : ' - T,
5 " Record the wcnght of the pan (tare welght) ' . .
Now add the physiological weight to the weighing pan. - ‘ '
. Adjust the welghts Read-and record the gross weight. - ) )
, Return the weights'to ZERO and comput¢ the net weight of the bar. | . )
Part B. 'MeasunngASohd ' T

[y

1. Determining the volume of an object of easily measured dimensions:
Take a mm. ruler and measure the physlologual weight. estimating the fractigns of a, mm.
o alohg cach edge (length. width, depth). . , y
Record dach measurement and compute the yolume.
List on your answer shect any fagtors wlmh affegt the aceuracy of the measurcment of

“

tms‘ltcm -
* Takea 10 ml. pipette. ' ‘ ' .
Draw watér up'int8 it above the 5 ml. mark. .
’ Quickly place the index finger over the top of the plpette -,

Relcasq fluid from thc plpette untll the base of the meniscus is exactly on the 5 ml, mark.

Now, txéansﬂ.r {he water to a- 10 mi. graduated cyhnder. If the pipette has a ground glass
,rmg at ‘the mouthpleu: you must blow out the last drop of water for accurate nreasure-
' ment. Bome prpettes, called measuring plpcttes. are not graduated to the end of the tip.
- _Alwavs check the hind of pipette you' aré using, The fluid in the cylinder should come ¢
. cxactly to the 5.0 ml. mark. If it dodesn't, adjust it with a dropper and continue to.

.l . ’ :,: ' .
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2-4 .o ‘ ‘ )
-, spractice the art of nllmu and cmpt).mg youf pipette until you lmc mastered the tech-
‘mque with accuraty . o S
) . . .
: -Place tln ph)slolpgu.dl wught irto the graduated cylinder by letting 1t shde gcntly down
the side of the'cylmd;r . = - )
. .o

Read thmolunu at the base of the meniscus. Recordat.
Subtract the original volume (5.0° ml.) from the final volume.

How does this LOI)]per \M[h the volume detesitined by measuning with'a ruler’ T,
A
}
‘o Now weigh, a hard to measure object “hike a large - nanl and determme its volun;u using the
- . graduated oylmdcr > ' . ‘ .

: ~ Whats the difference between bt.dks and a balance” ;.
. "1y gravity the same strength at all points on the surface of the edrth

’ -
[} . ‘ '
]

\ R Du;\m R

Divide the weight of the ph)SloIoguaI waght by 1ts volume te determung the grams or

i milligrams per'cubic centimeter. - . .
- . Now divide the volume by the weight to determine the cubic ntm_ pcr mg. of\Vught
M ‘ Convert these values to grams,per cubic centimeter. . , b .
o What 1s the weight per unit of volume-called” . ' . Lt
© 3, Pipetting and Viséosity : ¢ - o " : .
‘ v ‘ R -, -
. Fill the pipette cxactI) to the 1.0 mb. mark with water. Determine the tnme n s»conds thatit*
‘ takc\ for the water to riim out.*Repeat this four mote nmes Average your resultg and dctermme the e,

. . 1 ’

standard ¢rror of thgmean. (See pade. 9-1 for prmedure )

Usmg the same pipétte, repeat the abow. proudurn usmg alcohql Ihendb it w:th glyccrol *

' Bcforc ‘sxahlng the trials with a new solution, rinse out the pipette with.séfife of thé hext solution | | S
I so that you will_measure the behavior of-a homogeneous mixture, Repeatabgl-;ty depends upen the ~_
i au.uracy with which you fi)l the plpettc - . v
‘ “ oL e . N )
Usmg the time that it took water to run out of the pipette asc1. 000 compute what the rclattve
," viscositles of alcohol and glycerol would be by quu‘rg the time for water into the other timés. , Ty
l‘ ! -
[ ;! . a . .
» 1 ’ . -k
a9 ) ‘
.y . .
4
,' . < ~ " .
f, . , . ! h
o ot R - ,
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, . t
Tare weight (pag alone). . —-gms.or ___—_mgms. .
Net weight of physiolagical weight —  gms.or’ mgms’
. NP } . ' ’ »
Weight of the large nail L. . — gmMS. OF _______ingms. .. : :
Part'B. Measuring a Solid , - - . .
Physiological weight: Length ______. mm. Width __ mm. Depth __ ____mm.
Volume = _ mm?® or _& em® _
Al . " . . . ’ ‘ R . . ~ . . . -
® Factors whish made the most accurate/measuremcnt ungertain were. g
. . “ N , . ¢ ~
, ] I _ ,;" .
" L 7 13 ' ’
1] T Pad - ' - - * aen . L d “.
Volume measured in a cylinder: - . . < .
. N -t .
Volume after adding the weight ml. ‘ .
Original volume of water E— | R _ . .
Volume of solid — A mlor __(__mn‘m{*.
Volume after adding the nail .~ -+ ml
. . Original volume. of water - ml .- B
* ¥olume of solid , — mlor ,Zﬁ__qnm’. \
a ‘ ! ’ ’ - : "
Factors affecting the accuracy of the measuremgnt of volumes by this fmethod include.
< . : -0 LY
1] P '{4 )
. ) : $
Y v ) - . R !
/. <
L IR M ' ! .
.o 2:+ Density S ) . .
* Physiblogical weight: d = Wt.'/voL.°= . : gms./ *__ml j'" .
. ; - «© P
- - . = ' — gm./ml. . ‘ :
L " Y. d-= Vol/Wt. = ml./ gms ’
» . . R
' . , . = ml./gm.
Large nail: d = Wt./Vol. = ‘ gms.] mi.’ . '
‘ . = ' gm./mk .
- . ' v ¢ I J
gms.’/ - ml. .

“ REPORT SHEET FOR EXERCISE 2

’ 1

Parc A. Weights

» 3 Gross weight (pan and physio'ls weight)

L}

e gMS. OF'a______mgms ,

d = Vol./Wt. =




- * LY R " I'_ N -
. . . é. " .
p . ' " ¢ « Cor N o,
P .. s
. . k) . L 4 .
_— - L] ‘. v -
REPORT SHEET FOR EXERC!S‘E 2‘(cont|nued) ;
had A ] s/
. . . .: : 4 ¥ ! . 2
3. Pnpettmg and Viscosity ' N N ) |
: N >y .
Y CTrial . 'Water ' JAlcohol - Glycerol . S
* ' .o . . ooy .
. . \ .
. . I _— L - .
3 - Vi - .
4 N N S ,
-~ 5 — —_—n .- o \ ——lﬂ‘— - - )
R TN \ Surﬁ .. ' M . o .
Y Mean : , ) k)
—Stapdard Error t + . t ~
. " . . ) ’ v -~
) . N i . " ' . A} ' . -~
. e . = ; . .
» Relative v15u0§:t’y  Water A.000 ]
T . . - Alcoho™® —_— ) .
. . - " ’ s T
, - Gfycetol ™ oo : . N
. ' . . . ' a° - . P .
Quostionsto be angwered. . ” ' . . . oy
' . ¢ ! .
. - ®
1. What s the difference betwgen scales and a balance? . e
- N —_— ‘,. . ’ R , - W
; . . : . >
. ‘. L ’ ‘ b - > a
- ‘. i - i C . "
LV 2 L -
2. Is gravnty the samc aII over the earth? 7 Coa : . L o
. .;_ . . . -
3 Why wouldat be that balancesaro used in St,lbntlﬁt, laboratorics for weight determmatlons
. mstcad of scales? . e T )
.- . .
~ -
_— ~ ' .. %
—_— N * 2 - N .
- ~ ot 'S
* s - . - . . . i‘\; ~
L[] N . ,.‘;
) . ) - ' s i < R
4" How many grams in an dunce? . o W . .
1 . - &
How many ‘gramsin a pound? v 3 i . \ )
How many grams'in a-kilegram? ~  ——_ . : ’ SIS '
How many- pounds in a kilogram? . o ‘ R ¢
- - . i e L]
) . ) . RS ‘ . .
¢ How’many centimeters in an inch? s {i' A . ..
How many untlmctcrs in a meter? . Uife ’ ' ) C
., ' ———— ) «!v?’ 4 % ]
A test tube may be |4mm. x 140mm. These measurements converted to inches would ; L
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' EXERCISE 3 - l_)lFF'RACT'ION' OF LIGHT™ -~ ° ' _ -
L A. anfractnon by Prisms ' - L .

1.+ Arrange dn mtense light source, a tube or doublc slit 1n"a box so that the column of light
falls on a prism. Observe the spectrum obtained by placing a’white ¢éard in the box as ¢

s«,reen Answer questlons bn the answer sheet.

»

2.  Row place a second prism next to the first so that the beam of light passes through both
> of them, viz: . ' !

' . How would you explain the Behavior of the beam of liglit?

.‘ 3. WRNen the size of the hght b}‘am and arrange the two prisms,so that their bases come
. together in the rmddine of the beam. This would be the bar-shaped equWaIent ofa double
. o : convex lens. . . . .

. . Move the prisms closer to and farther from the screen. What is the effect?

4.\ Now a'rrange’ghe prisms with their apices to each other in the beam of light.
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‘B. Diffraction Gratings
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Diffraction Gratings are pro
glass or plastic. There are usually

de )y cutting many fine, parallel grooves n a piece of
00 to 15.000 such grooves per inch.

‘Because these can be mg, (jﬁﬁ in plastic.such gratipgs can now be obtained relatively
inexpensively, and are used infhe student type hand spectroscopes provided in the laboratory.
These consist of a paper tubg ith a slit in the cover on one end and the diffraction grating in
the eyepiece on the other. yhén'held’ to a light source, the spectrum is seen at about 45° or 60°

* from the line of sight to thé slit, T , '

Look at sunlight (Q;'o"t'lthe sun) or a tungsten famp. Is the spectrum seen uélformly bnght,
and continuous? , j4 . . i

e M s

Y. r~ - . o
, "Loek at a mercyry vapr?g/f]uqurescént lamp. How does the spectrumsdiffer from that seen
from the white light pf inca sscént lamps? ' ‘ '

‘Many uses age imade in the laboratory of both the visible light spectrum and the invisible
(to human' eyes) spectrum in the infra-red and ultra-violet ranges. Instruments designed to
measure the ampunt of light of specific colors absorbed by liquids is_called a colorimeter if the
wavelengths are intermittent (that is, determined by filters). or a spectrophotometer if a
con m/uoqs‘ spectrum of colors is available®either from a prism or from a diffraction grating
systerfi. . - ' S
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. REPORT SHEET FOR EXERCISE 3 . .
. A. Diffraction by Prisms , )
, " "1y Ifred is number I, what is the order of the other colors in the spectrum?
| red R & ' .
o~ v 2. " blue
orange _ !
) violet
yellow
' * green .;
100K up the colors pro&uced by these wavelengths of light. Match. - 3 .
" : Angstroms ' - , £
. o~ L
, . o 4200 1. red .#“z& .
e . L. — 5600 2. -blue . . o 20
: — 6200 - 3. orange -
’ — ' 4600 -4. violet |
5900 « 3. yellow
5000 ™~ ' 6. green.
~ 2. . How~would you explain the behavior of the beam of light passing this arrangement of .,
’ prisms? > ' S A
’ \\\ -~
e’] - \
;0 ' 'o. Ne ' -
. 3. What effect did this arrangement of prisms have? "
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Part B. Transporting-the Mlcroscope

A
Thcrefure pick up the micruscope by theiarm (nel'er b} the bhody tubc) and support tlu base
. wnth your othgr han‘d ;
, 3 Carr) the _micruscope upright. Most muroscopes have loose cyepieces which wnII fall out if thL
. instrument is carried on a slant. . . Lo : G

EXERCISE 4 — USE OF THE MICROSCOPE . . : "

———

Vd -

. The microscope Is an importan{ opmal tool wlmh makes visible details of structures. both
biological and physual which otherwiss cannot be discerned with the naked eye The cost of 4
MICrOscope varies considerably, but 1n any case the mvestment is considerable Propn,r handhing
assures good service from the mstrument as well as reduces the probability of small disabling
damages,from occurping. This ¢xerase, theretore, 1s anped at mtroduuing the student to the proper
handling of the instrument and at the SdlnL time have’ lim handle the microscope with confidence
and assurance so that he can concentrate upon the matenal to be obwnud rather lhan worry about

whether he is going to damage the instrument. 1 .
. .

Part A. Parts of the Classical LightMicroscope A

Study the diagram on page -2 and identify , the cyepicve, body tube, arm."objcdncs.
condenser, and base. , , )

» Now iead Part B, § ansp(')rtmg the Microscope.”™ By the time you have fmished the teacher
will ask you to identify® the parts mentioned on, a real microscope before you dary dskud tu get the
mncroscopc assigned to you from the cabinet, . .

’

.

The muros;opc looks heavy and many of them are heavy. This feature is-for studmus when

the instrument is in usc and does not mean that thc instrument is “rugged™ in t]u usual sense.

Knd »
1. The nucruscope must not be 1arred as by droppmg onto the floor or the table top. This wil!
cause the lenses to be knocked out of alignment or even to break.

Now complete the identification of the parts of the microscope making use of the diagram on
page 4-2 and answer the.quesfions on the report sheetgy* « '

4, Place the mibroscépe_upon the table gently.

. -

Part C. Cleaning the Microscopé‘ o , . ) . o

I Always use lens paper or optical tissue. Never use handkerchiefs, facial or bathroom tissuc, papur
towels, typing paper r emery cloth. ; . . .

.

2. Wipe tl1e glts surface, changing the p’I\aLe on thc-paper after gach wipeeThis is dom 50 that if
any grit is-picked up it is not scrubbed back and forth aver the lens. If there is an ehcrusted
substance on the lens, weBa piece of lens paper with water and wash off,the Icns then dry with lens
paper. Do nat huff (blow) on the lens to moisten it because small droplets of saliva come out with

the breath and the protein it comams tends to leavessmears on the glass p .
The surfaces to be cleaned are the:  upper surface of the cycplcce '
- R objective lenses * . ' '
“ upper surface of the condenser *
P mirror SR (

. ' L, ot ° \/ - -
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o Part B Makmg an Observatron A R -

. Put the low power objective (marked 1.6 cm.) in.place. A spnng clip sé'at/s the nosepiece exactly
5o that the Ienﬁes are in line with the eyepiece. Use the ¢course adjustment head to bnng the bottom
of the objective about 1.6 cm. (A mch) above the stage ,
2 If your IMILTOSLQpe has a tondenser adjust the plam side of "the mirror so that llght 1s directed
through the condenser If your instrument does nqt have a condenser, use the concaye side of the
mlrror in drder to focus light at tire IeveI of the stage.

3 Rdls’@
<, thL <

¢ eondenser to stage IeveI “Look through the eyepiece and adjust the 1ins dlaphragm on )
er or under the stage so that thé lighted field is about the same size as the visible field.

. . ' 4" Place a slide tontarnmg a 2 mm. printed scale on the stage and secure,tt with the spring clips or -
(nethdmtal stige appardtus. Place the slide so.that the part to be observed 1s 1n the hight. Adjust the
Egotu‘s with the ¢ourse adJustment heéad so ghat the object is drstmctly seen. )

1 - ~

How does.the rmage move in the field compared wrth the way that the shde 1s actually moved on
tite stage? (Answer on the report sheet.) ) . . .o

.5 Measure the diameter of the ﬁeld to the nearest mllﬁmeter (mm.), Convert the mm. to microns
A by multlpl){lng By 1000 ({000 microns =1 mm. ).

. 6 Compute the magn#fication of the low power system by multlpl'yin'.g the rated magnificatiorr of
* the ocular (usually it is 10X, but “check yours to be sure) by the rated magnification of the low
. ‘ power Obje(.tlve usualty POX but check again to be sure).

.. 7. Now rotate the HOSLPRCLC ‘to bring tHe high-dry objective (4 mm) into place The hlgh-dry
N objective is usually rated about 45X and is marked for working about 4 mm. above the slide. Foeus_
. u/mard with the fine adjustment head. If the scale does not come into focus your microscope 1s not. .
. parf()tal if it does, it is. (There is nothing 9ou can do about this now.) To find the object, watch™ )
from the side and Iower the objeétwe to a position near the slide (” 3 mm. abbve it), but not -
touching it. Now 100k thaough t'he eyepleee and ‘focus upward wrth the Tine adjustment head. '

" ’

The course adjustmént head should not be used for focusing high-dry andioil iImmersion objectives.

L Ad}ust thé itis diaphragm so that the light jyst covers the ﬁeld ofvrew High-dry and oil immersiog
“require mereasmg amounts of Irght Why?- . ) L
It is ggod tet.hnl(]UC to keep both eyes open. Wlth a little practice ybu can mentally repress.the . »
vision in the eye not being used for microscopy, but at the sarte time you avoid the” strain of
. . kteplng cyelid muscles eontraLted for long penods of time resultingilit muscle fatigue anfl posslbly a
I|ttIe pain. . ' .

1
.

8 MeaSure the width of the ﬁeld estimating the last fraetron of amm. C0nvert your measurcments

to microns and record them on the report sheet. . T
’ 9. Repeat Steps 7 and 8 for oil immersion objective, if there is one on your microscope. Perform
' these steps: . . R > .- »
. [ ~ ' .

L 3

a.  Add a drop ¢f immersion oil to the part of ttEe slide to be observed X
b  Lower the gbjective until it touches the drop of oil. You will see a “ﬂash oflrght“ as the
drop changes shape, . ~
. L4
». ¢ Focus upward with the ﬁne adjustment head. )

. 10. Complete the computations on the answer sheet.
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Part F. Computing the Resolution )

Magnification is of importdance but of equal importance 1s the sharpness of the unage. Tlus 1s
the factor called resolution 1t 1s actually, detu.ed ds the dability to separate vnsually two Jlosely
placed pomnts This 1s a function of lens structure called its numerical aperture (N.A.) and the
wavelength (color) of the hght being used. Below‘ 15 a nomogram which relqtes these factors.

.- Compute the réesojution” tor ‘edch objective lens system on your m|croswpe .

e

- Part G. Depth of Focus and Plane of Focus

i, .
1 Obtdm a shide of a tissué eontammg a lot of sumilar cells, such as a slnde of mammallan liver or
kldmy or a slide containing mostly a ssmple ¢pithehum. * ' " s

2 Put the low power objective in place. (Always begin observations with low posver before going

to high magnifications ) Bring the slide 1into focus and adjust the light. You will note some numbers

on the fine adjustment head See how many numerical umts are included between being in focus at

. the bottom of the tissue and“at the top of the tissue (bottom and top with respect to the objectlve

: Iens) . . . . .
P - ) N ¢ R

' 3 Now go to hlgh -dry. Is the whole depth of the tissue teIIs which are about 10 microns thuk

(more or less) in focus as at one time? Is all of the nucleus of a cell in focus at once? When the.

. bottom-of the nucleus is in focus is the top of it in focus? When the bottom of the cell 1s in focus 1s
' the top of it in focus” How many numerical units on the fine adjustment héad are there between .

. having the bottom offthe cell in focus and the top of it?

The plape of focus is usually flat. The depth of t\”&:us is approximately tlie same at the various
magnifications dnd refers to the depth of the plane in focus.

Part H. Using-the Zoom Microscope \ . SN .

“1f you are to use one of the more s1mpllﬁed microseopes, you will find the jnstructions for a
classn:al light microscppe inadequate..On page 4-7 you will find a diagram of the B & L Academic -
225 Student Zoom microscope. The basic difference between this and mleroswpe tllustrated on i
* page 4-2 is'that there is no nosepiece and therefore only one objective which chianges in magnifica- * :
- tion as it moves up or down. This microscope cannot be focused- manually, for 1t has a harmonic ‘
drive fine focusing mechanism which cannot be moved out of adjustment. It thus provides a
continuous gradation of magnification by the objective between 10X and 50X. The eyepiece 1s a
. 10X w1det'e|d.|en§ system. The Numerical Aperture is 0.55. - ‘

Althopgh lt is* built of sturdy, lightweight alummum LOl’lStl’ULthﬂ, it nevertheless must be
handled carcfully or the lens system will be jarred out of focus. There is a built-in pointer.

. T ransport the microscope as described in Part B. . .
. Clean the microscope as described in Part C. Sarfaces to be cleaned are the:
. * upper surface.of the eyeplece .
objective lens
. upper surface of the light source. : : .. ~ .
Makmg an Observation . - . ’ . -
L. Raise the abjective, to its hlghest position. - . - ' Vv
Place a mm. rule or a stage mlcrometer on the stage over the condenser port and secure with
. the clips. :
.2 gileasure the width of the field at the lowest.power and again at the highest power. :
s . . 4 4
3 ' Divide the high powet into the low power measurement and multiply, by 100. How does this ¢
. J figure compare with- the rated magnifications on the instrument?
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Nomogram for Determining the Resolution of a Lens System
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'Nomogram for the resolving powe‘r of microscope ob}ecuves:

- (Tt.’Am. Micro. Soc., 1938, 57:316-318) ’
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. s, .
. - .
. - ‘-

*R = RED, O = ORANGE, Y = YELLOW, G = GREEN, B ='BLUE, V #.VIOLET

,
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Part L. Gsing the Stereoscbpic (ljissecting) Microscope

This is a low power instrument that has a 10X.gyepiece (as a rule) apnd objectives rangmg from
about .7X to 3X magnification. Most work with this mstrumentils by reflected light. that ls‘

object to be studied is lighted from above. The two eyepieces should be adjusted for the distance
between your eyes. When you look through the eyepiece with each eye singly the image should be .
in focus (after you have focused with the focusing knob). If the image is 1n focus for one eye but
not the other, turn the eyepiece adjustment band until it is. When the distance between eyes1s =~
properly spaced, the field should appear larger thén with either eye singly.
Is the image reversed?
Look at a slide of tissuel._su,éh as one of liver. Can you seg cellular details? Exarmmine a penny. \
, L ‘ -
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. . .
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REPORT SHEETS FOR EXERCISE 4 . " Name .
. < Section______ Date - ﬁ\\ _
: . - Y
" Part A. Observations on the Parts of the Microscope _ ‘

(4
) Put the following' in the correit order in which light passes on its W way from the lamp to the
eye\by numbenng 2 3 4, etc.

‘ )
< 1 lamp
. . , — nosepiece
. : eyepiece lenses
Abbe’ condenser iens
o : condenser iris
. ..+ —— " objective lenses .
) — . body tube and draw tube - ) ®
) . mifor - L s .
2. Where is the iris diaphragm c‘onotrol located?
. 3. Where is the condenser-raising head located? -
\\\4. Where is the course adjustment head found on your microscope”? ,
; E. Making An Obsirvatxon \ " N
S. ow does the image ,move in the feld «,ompared with the way that the slide is actually
ved on the stage? . - .

%
A <
] [ : N

7. Why=nhust one focus-upward on higher powers of ;nagniﬁcation?

» .
’ v - 3.

L P 5.

,o
»

Why does hlgh~dry and onl lmmerswn magmficatlons require more light than.low power?
- 9,

w

\ & . .
Part G. Resdiution o . ) s
3.. Is the bottom of the nucleus i& focus when éhe top of it is? . *, 1o
* Is the top of the cell in-focus when the bottom is? __ ~ " a e~
To what use can the numbers on the fine adjustment head be put? . :
! 1
- r ¢
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""REPORT SHEETS FOR EXERCISE 4

P

L] ' ; {

Name

ye

Section

What is the number of your microscope?

Rated Magnifi ication,, L "
e

RATED MAGNIFICATION
OBJECTIVE LENS

Iy

RATED-MAGNIFICATION
OF EYEPIECE LENSES

TOTAL RATED
MAGNIFICATION

OF OBJECTIVE

Low Power

<

High-dry

Oil Imm,

Calibration (Real Magnification)
. Al

DIAMETER OF HELD IN
mm. microns

-

—_—

“
'~ MAGNIFICATION IF

LOW POWER IS 100X*

. ' RATED
OBJECTIVE LENS WORKING DISTANRE
¥
Low Power
, High-dry )
Oil Imm. R

100X

*Divide the microns at High-dry and Oil lmmersion*&nto the microns across the Low Power field

and multiply by lOO For example: 1500 1 /1500 p x lOO
E— 1500p/3754 x 100 4 x 100 = 400X.

[ ”»

Resolution (Detérrvined from nomogram) °

] OOX Or,

,

[

OBJECTIVE LENS RATEDNA, ~ COTOR OF, LIGHT - RESOLUTION IN MICRONS
- .,
Low Power - - - i - i ;
Highdry ~ - = s e . .
L] -
Oil Imm. . ’ :
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w . v v Name !
’ J T . - U _section . Date - .
SELF-TEST ON THE MICROSCOPE , ‘f.* N . .

See how well you can name the indicated parts of the microscope without referring to the
chart on page 4-2. Afterwards check’your answers with the diagram and review those parts you
' * N

. missed. Correct any errors. - \
M . . ‘ 0‘0
‘ - : o SR
A Nt
* A3 ', 3 4
, :
n;- -
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REPORT SHEET FGR EXERCISE 4 - ,
Part H. Using the Zoom Microseope o :
What is the number of your microscope? . °
U/ . ] R -

RATED MAGNIFICATION  INDICATED MAGNIFICATION IMPLIED MAGNIFICATION v |

OF EYEPIECE LENS : - OF OBJECTIVE LENSES

. ) 10X . i — (Lowest power) '

10X - : : - (Highest power) co

Calibration of the Field (Real MaéﬁLﬁ,cation) .

DIAMETER OF FIELD IN MAGNIFICATION IF LOWEST POWER IS 100X?
’ mm, micréns . . .
. T 100X
Lowest pow
tod . .
Highest power > : i
R t T ¢
hd . } -
. N . .
=i  Resolution L% : . ) °
. " . [y «
U RATED N.A. COLOR OF "LIGHT RESOLUTION IN MICRONS . (
' . .« - - ’ . .
» Lowest power . ? . . ] ‘ °
" Highest power : . - .
' b “ L] LA ' B

-

* < Part I. Using the Steroscopic ( Dissectiné) Microscope A

1. Is the image reversed? . . », ' )
. . » g " = . i
2. How did cells in a slide of"tissue look? .
"How did a penny look? o . '
- Al * ,‘ -
" - . \ ,
L ' . : '
7 »
- . . had .
’ hd ' -
, R e.\
A} hd ,
.
] » ~ ¢
e 1
- q\? . ..
. L o .
Q A, :

Aruitoxt provided by Eic:
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EXERCISE 5 — STERILIZING AND.STERILE TECHNIQUE
v . ! = 7 — <
[
This is 4 combination of exercises and experiments to introduce the student to some of the
usual techniques used in producing and maintaining as«.eptl«. (sterile) Londltlons In certain con- |
tainers and objects such as food tins and jars, suf:«.al dressings, rocket pdrts, drugs, and baby
bottlu Corollary to these techniques 15 to know what the difference is between being chemically
cledn and biologically sterile. In this exercise living microbes will be killed with a chemical poison
(mcruum chloride), with moist heat in a pressure cooker or auto«.lave, and by muneratlon in a
' _ flame. . .
- " Part A. Making Sterile Transfers With A Wire Loop . X
L Material and Equipment (per student) ) '
-l Bunsw burner | . -
- 1. Nichrome wire transfer loop with handle ‘ o
I Cellulose Sponge or paper, towelling )
1 Test tube rack IO L
1 Clean test tube
3 tubes containing 5 ml. of sterile nutrient broth )
For each table
.- . 1 culture of Escherichia coli or Aerobacter aerogenes .
’ I bottle (gallon) of .1% mercuric chlg‘ride (markéd POISON) . . .
Procedures ‘o 7 . .
Preparation -~ - - A , ] Yo
I Wipe off the work area with 0.1% men.um. chlonde solution using a sponge or papet towelling. - .
Leave the surface damp, not wet, so that it, will dry quickly'in air. Wash your hands.
Place before you on the now self-sterilizing work surfa«.e a test tube ra«.k witha clean tube half
full of tap water and three tubes containing 5 ml. ea«.h 6f sterile nutrient broth, a nichrome wire
with a loop 2-3 mm. in diameter and-mounted in a handle, and a bunsen burner with a blue flame
about 6 inches high. ) . -~ S,
. Flamlng Tubes _ : SN
3. If you are nght -handed, take a tubc of sterile broth in your left hand. For maxlmum maneyver-
ability press the tube against the tlps of four fingers with the thumb. Hold the tube on a slant. - .
Remove the tube closure with thc back,of the 4th and .Sth fingers of the right hand. X
Keeping the tube slanted, flame one s:dc of the tube arid then the other for about 1 second (count
one- thousand~one) i Q SR
4 "Pick up the nichrome wire with the right hand. For this time onls Jo not ﬂame the wire, but put |
it into the broth andjlggle it about a bit. . .o . . '
- (Why was the tube carefully flamed if an unflamed wire was to be used?) -_
5. Again flame the mouth of the tube. ¢ , ,
Replace the. tube closure. | . ‘ ' ' - . ’
Label the tube with your name and A-1, , ' oo
Replace the tube in the test tube rack. - ' ,




' ¢ T _.:‘. . ! ° . . . L
5-2 - ‘ . T —
. . \ . * K . ,‘ N . :,' .
/ Flamrng the Transfer Loop i . s S
N * , (] :,‘

6. Dip thé wire loop-into the tube of tap water then plunge it into the ﬂame
» Is there ‘any splattering (or splutterrng)" What would be the consequences if, the quurd were from .
a culture of dangerous organisms.instead of water? - ° . . . o

)

7. Dip the wire into the water again, . . .
Hold it at about a 30° angle from the vertical above the flame todry it. " *
Now lower the wire into the flame at about the same angle and bnng it to red heat The whole

wire must be heated. ‘ : .
Allow the wire about 15 seconds to cool. . CENSL
Touch it to the water in the tube. If it sizzles, reheat the wire and wart a little longer trme ,,v«" ~

Touch it to the water. Contmue this procedure until you find dut how long it takes th;um" e

to cool down enough to not cause the srzzlrng sound on contact wrth the water

Py

Is the Loop Sterile? ' L ' .
, S . )
8. Take a tube of sterile broth in the left hand. - ’ ; .
Flame the nichrome wire loop and lef it cool.”  ° ' b .o

While the loop cools, remove the closure from the tube of broth and flame it asin Step 3,
Plunge the wire into the broth jiggle and remove it, but do not lay the wire down.

Flame the mouth of the-tube and replace the closure. '

Replace the tube in the rack. o

Dry and flame the wire.  * o ' .
You may now lay the loop down qn thé work surface. ) j
Now label the tube with your name and A-2. Label the unused tube A-3 '

9 Observe Tubes A- l and A- 2 in 24 hours at room temperature and record your results on the , }’
Report Sheet. Also observe Tube A-3. - P - . [,
~  Asceptic Transfer of Organrsms With the Wire Loop Co o [N

Each specres and sthain of bacteria can frequently be drstrngulshed by the Kinds of colomes'u(
produces and by the kind of biochemical products that it makes. E. coli and A. aerogenes belong to
the sub-group of bactena known as enteric bacteria. Members of this group can frequentl)] be

drstrngursh d by the reactrons of their products to tests for indole, acid (as measured with methyl
Jed), acetyl methyl carbindl, and the ability to use citrate as its sole source of carbon. These tests
are therefore referred to as the IMViC tests. If your transfers are done asceptically and without
contamination of other, organisms, then your tests made on the;e, transfers should be consistent

~~  with those determined for the strain. y § ,g.%’ e ‘:" e
2 ; ‘ . “," . .
In this sectron mnoculate two tubes of glucose peptone water and oneX ‘ose‘r's citrdte.

10. Hold the tube of pure culture and a tube of $terile medium both in the left hand.

11. Flame the. wire loop Whrle it is cooling remove the tube closures from both tubes (held at arl
" angle (with regard to’ the vertical), using the 4th and Sth and the 2nd and 3rd fingers. - .
When the wire has cooled (so as to not kill the bacteria in the culture), collect a loopful of
culture and" transfer it to the tube of sterile broth.
Flame the tubes agarn and rsplace the right closure to the right tube
Replace the tubes in the tube rack.
Dry and flame the wire loop. -
. Innoculate the other two tubes (one of. glucose peptone water and one of Koser' sutrate) using

the same- technrque Y . . —
' 0 /\ . » .
Label the tubes with your name, the name of the bacterium, and the medium in the tube.

.
. ¢ » .’ *e . . “
~
N ~

‘

oA

<+
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L l3 . Observe the cultures in 24 to 48 hours and perforim-the tests belo.w

(Y

@ ) Cltrate Did the organlsm grow lmthls medium? ! . '

. Indole Production. Add 1-2 ml. ot{ ether to a culture in glueosupeptone water. Mix by Jotating
) between the-palms of the hand. Let the ether separate-out. Then add down the side of the tube
- < gbout half as much Kovac’s reagent* as there 1s culture. A red eolor in the ether layer indicates .
> . . thepresence of indole. T . - '

*(Kovac s reagent contains amyl or butyl alcohol 75 ml , eoncentrated HCI. 25 mI and
- para-dimethyl- -amino-benzaldehyde, S gm.)

.

Methyl Red Test. Wlth a sterile plpette (see sections which Joljow) tranffer 1 ml. of a culture in
_ glucose-pepfone water to a clean test tube. Add a few dro of methyl red. This indicatorhas ¢
pKa of 5.0, beingred below and yellow above that pH. . I .

. Voges-Proskater Reaction for Acetyl Methyl Carbinol. From the remainder of the culturg in glu-
coa“peptone water used for the methyl red test remove | ml. to a clean test tube. Add 0.6 ml.
*  of 5% alpha napthol in absolu{e aleohol and 0.2 ml. of 407%.KOH. The development of a
: crimson to ruby red color in 2 to 4 hours is a positive - test for this product. However, the color .
. fades so the test should be-evaluated no{ longer-than 4 hours after mixing the reagents.

+ < . Record your results on-the report sheet. » ) ' N

. PartB.’ Making and Autoclaving Media

, Litmus Milk ' ’ . .
) 2 stenhzed nursing units contalmng stenle litmus milk "

.. =%+ ]'emptynursing units . S

IR " Test tube brush-and defergent N ) ) ) A

- Bunsen‘burner and wire loop . e . .

“ . . : « Triple beam balances - . .. _ : 4
Yooe 100 ml. grad’uated cylinder , ’ ) '
) - Culture o‘fE coli - ‘ , S .

™ ‘. ’ o~ * .
Procedure ) ey e - ) )

p-— —— .-

I© Wash th¢’empty nurslng bottles thoroughly with detergent and rinse eomplete'ly under runnlng
- tap wat et, dram ona clean towel * g

Welgh out 10 grams of dr) I1t'nus mllk and add to each of the cleaﬂ’bottles Then add 100 ml. of .
tap water. Replaee the mpplefand elosure ring and shake to mix. Label the bottles with self- adhesive,
labels numbered 1 and and containing your name(s) and laboratory day Place bottle No. | on the

v tray on the, teacher's table to be autoclaved. PIace bottle No. 2 on the reagent shelf over your
. . \yorksp;ce Co~ . : §

L]

-

3." Label the two bottles of stenllzed Iltmus milk 3 and 4 plus the other lnformat.lon on the other 3

- labels. Open bottle No., 3 and transfer a loopful of a pure culture df E. coli using the asceptic
teehmque used in Part A of this exercise. Reclose thm ce both bottles qn the reagent

. - shelfl | e oy . . ,
s 2 "l' | '\’ .
" 4. C0me\gk ifl pnerand two days to record calor changes in any part of the bottle Bottle No. l
will be sfenllzed and madeavailable to you by tomorrow. i s '

Auloclavmg 15, ddrie egther na pressure cooker of If an autoclave at lS pounds per squfre mcht .
{psi) steam press‘ure (126°C.) for. 1§ minutes far ordmary test tubes arid flasks under ei)O-ml, P
Larger. volumes require a longer autoclaving time. Steam pressure may not be released Suddenly

e
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- from hiquids They must be allowed to cool below 100°C. before pressure 1s released or the boiling
of the-hiquid will usually blow the closure off of the tube or flask, leaving 1t exposed for contam- . -
- pation. / : '
. : * .
Part C. Making a Pipette Transfer and Spreading a Petri Plate -
I tube of E.Coli oo « . »

1 empty sterile tesigube )
2-Bromthymol Blue-agar petri plates
I sterile 10-ml.sterile pipette

3
[y

Procedure

1 Opén the mouth end of a bag of sterile 10-ml., co'tton-plugged pipettes. Remove one without
letting the lower part make contact with the opening of the bag and it should not contact any other
non-stefile surface. R

'
2 Take the tube of E. coli culture in the left hand and remove the cap with the 4th and Sth fingers
of the right.hand. Insert the pipette an_d,withdray/6 ml. Recap.

3 Lift the cover of the Bromthymol Blue petri plates not more than to 45° on one side and pipette
in 5 mi..of buffer, being careful not to let the pipette touch the edge of the petri dish. Lower the
covers. Label them C1 and C2. Discard pipette.** :

4 Try spreading the iiquid in plate C1 by tilting the pA\gie so that the fluid moves over the surface. )
However, be careful to NOT let the liquid come in contact with the upper edge of the plate side or -
it will otfer an avenue for the inflow of organisms at the edge of the cover.,

5 Make a spreader. Take a Pasteur pipette and seal the end in a flam, and then make about a 45°

bend about 1.5 inches from the end. Let cool. : N
. ‘ ' A
6 Dip the spreader inté 95% ethanol.and light in a flame. Hold away from the flame and let the
alcohdl burn out. Lét cool for a few seconds. Raise the edge of petri dish C2 about 45° and sbrpa;i
* the puddle of buffer evenly.over-the surface with the spreader. :
Part D. Making a Serial Dilution and Plating . .. N
'Cl_un{re of E. coli, 0.D. .25 at 620 millimicrons /
6 \I>ml. sterile pipettés L ' "
4. 6 250-n® flasks containing 99.ml. water, plugged, foil-coveredmand sterilized .
8 Petri dishes with-plate count agar '
: ‘ . _ -
Procedure : \ . ,
I. Label the flasks with wax pencil 102, 10%, 10, 10%, 10" and 102 .

2 ,On the label side of the petri dish cover write your name, laboratory day, and 10 3, 10%, 10°%, .
710, 107,-10% 101°, 101% . B . -

3 Take the 10" flask. Lift the aluminum foil enoughr to remove it as a cap from the flask. Keep 1t
top side up and place it op the table top. Remove the plug and discard on the table top. Open
sterile 1-m}. pipetté casing'at the mouth end and remove the pipette. Take the culture of E. coli n
the left hand and rermove exactly 1.0 ml.,of culture with the pipette. Reclose the tube. Transfer the
E coli to the flask, rinsing the pipette out 3 times with the contents. Flame the underside of the
_aluminum foil céver and replace it on the flask. It should not be flaméd too long or 1t will melt and

ES

Jars located in the middle of the work table. In donhg SO

insert the pipette into the detergent solution with the tip DOWN. = - . o

** Discard used pipettes into the pipette




Y N .
leave a‘hole 1n the foil. Take the flask mn the right hand and shake it through an arc of 45° about. 20

" times to thoroughly mix the contents. This is a very miportant maneuver since the outcome,
depends of having a very homogenous suspension of bacteria. Discard the used pipette.

4. Take a new sterile 1-ml. plpetate the IO'4 flask and ‘the 107 _plate.

5 Transfer 0. I ml. of the 107 suspension to the 10 plate, being careful not to touch it. (Let your
partner flame @ glass spreader and spread 1t.). Now, using the same pipette, transfer 1 .Q ml. of the’
102 suspension to the 10™ flask. Discard the pxpette 1n the pipette jar. Flame the cover to the 10%
flask. Replaee it. Shake 20 times through a 45° ar¢. . .

6. Take a new sterile 1-ml. pipette, the 106 flask, and the 10™ and the 10° plates. Transfer 1.0
ml. of the 10 suspension to the 10* plate and 0.1 ml. to the 10°° plate. (Have your partner flame
the spreader and spread one plate, then flame 1t again before spreading the next. Be sure to let the
spreader vool enough so that it does not melt the agar.) Transfer 1.0 ml. of IO"T to the 10 flask.
Flame the aluminum foil cover, replace it and shake the flask 20 times through a 45° arc.

7. Continue the process. Remember that the transt:er of 1.0 ml. of a suspension goes to the plate
with the same dilution factor as the suspenslon Transfer Q,l ml. of suspension goes to a plate wrth .

the next highest negative exponent number. -
!

8. Let the plates rest upright on the table top until all of the fluid has been absorbed by the agar,
then invert the plate to conserve moisture. Leave inverted at the back of the workspaee for 18 to-24
hours at room temperature, then count the colonits according to the rules below.

9. Sterilize the dilution flasks by pouring ih about 50 ml. (.5 volume) of 0.1% mercuric chloride.
Let stand at least 10 minutes, then pour down the sink hole (not mto the lead troughs or splashed
into the sink). Rinse out the flasks. ’

[
=]
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Characteristics of Broth Cultures ” : ’
A ~ . . R . .
~ . . .ot Y A ’ '
S s . '
. -
“ F)
< ) VN £N - 1. Surface
' \ o none - B
¢ ' , A ; ! : ' ring . v ‘
A 1 - I ;T pellicle, bacterial growth forming either a  * -
o 1, i 27N . continuous or an interrupted sheet over ;
o Y oo the culture fluid ' N
g i . * flocculent, containing small adherent masses
\;/ > X y of bacteria of variqus shapes floating in )
Ring " Pellicle Hocculent . Membranous the culture fluid '
R membranous ',
v . _ < . ] 4
- 4 ° . ‘ . -
- -
% . B M °
Chatacteristics of Agar Plate Cultures T . et '
’ ’ - . >
¢ . ) .
Form .. * Elevation | - . . N
punttiform, vlry small, but , -.*
visible to naked eye; less . . ¢ flat —_— -
o than 1 mm in-diameter Punctiform . Flat ‘
circular Y raised, growth thick, with e .
. N , N abrupt or terraced edges ' Raised .
. M Circular . v S M
s v ) - .
. . ) i - convex < Convex
: ilamentous, growth compo! S .
o of long, irregularly placed ] nad . ‘ _ ‘
A or interwoven threads Filamentous pulvinate, cushion-shaped Pulvinate .
irregular T . umbonate ’ =
) * , Umbenate .
A ) = [
" lrregular . N '
o .. v
> - 3
M -
rhizoid, growth’ of an < ¢ Margin or edge L. :
X . irregular branched * * Rs ."- \. ' e - . ’
: N or raotlike charact'or . Rhizoid < _ entire Entire
. . » R undulate, ‘. ¢
spindled; larger at the . ’\ \ ‘ . Undulate' .
3 middle than at the ends . . * lobate, having lobes, ar .
. . Spindle * rounded projections —
. - . Lobate . !
. . .
. . 2 | erose, irregularly notched i - < Erog ) . '
. ’ X . ‘
~ “ L
filamentous, growth  ° ‘) o
—— ’ composed of long, 2o
T, irregularly placedor |, &ZEE q
. —_— interwoven threads | Filamentous .
. ' e N ‘
- . - curled, composed of parallel g'(\\\\\
.. . 2 ghains in wavy strands L*..L...‘» .
! . Curled
' . hd s 0
. ‘ - > ) ) b
B . Al '

>
-~

i El{lC : ° , 44 S =

r . M 4
.
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REPORT SHEET FOR EXERCISE $§ . .
* Part A. Making Sterile TransfersWith A Wire Loop. : . ¢
[ . E . . , .
ORGANISM A ‘‘METHYL VOGES- .
. . . TUBE AND MEDIUM fNNOCUL ATED fROWTH RED PROSKAUER| - INDOI:.E ’\,‘
A-1 Nutrient Broth . |Non-sterile Loop o XX XX XX
v, N . -
A-2Nubrient Broth Incinerated' Loop : XX XX . I+ XX
A N a ) i 4 ) * ]
Koser’s Citrate . . . XX XX XX
b — ' “;:. R
Glucose-Peptone . : . XX XX
. Glucose-Peptone XX . XX
Glucose-Peptone . XX XX
. ‘ . , . /
Teacher's Control Tests for This Organism ~ ) / 3 / :
4 . ?/?\‘\ ' ’ - f

Wnte a paragraph whnch anewers these questions:
What is a correct interpretation of the experiment nvolving Tubes A-1 and A- 2"

Why’was Tube A-1 flamed if a non-sterile loop was going to be mserted" = ¥ ’
Why have a tube like Tube A-3 mvolved in the expenment"

e

A 3

L) - . - )‘;‘ .
' ¢ R
&
»
1]
) &
. ) “ -
. . v
’ . ' v
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REPORT SHEET FOR EXERCISE § L R .
. fo ) ' ' ’ ) ’
Part B. Making and Autoclaving Media . - . /.
Section |-Litmus Milk \ v, , . .
. BABY BOTTLE 'CSOURCE AND |- COLOR ' COLORS AFTER
NUMBER | - :I‘REATME;N:I‘ AT START ;24 HOURS 48 HOURS
] e Your 9\'7_m mix N - ' Top .
] Sterilized ) Bottom =
2 | Yeur own‘_m_l;s o Top ~ - T,
’“ ‘ Not s‘te;xhzf:d ‘ _Botrom .
Provided sterile - . Top . .
3 E coli added ’ :
. . Bottom.
4 Provided sterile . - Top . i |
No treatment .. |Bottom .

Indicate with the letter R if rennet (curd and-whey) weré formed after 24 or 48 hours.

1. What is the source of litmus? What is its pKa as an indicator dye?

hd 1

" T ) .
2. Did you observe any decoloration? — . Why would this occur? .
' (Ifdecoloratjon did not occur in your own bottles look at someone else’s where 1t did and answer
the question.) ) : .

~ .

. -

, ;-
3. What is the relative yolume and consistency of the curd? What change in-the bottle Brings about
what change in the milk protein to produce this effect? , . .

. s
| s

. ]

. . . \‘ * B ' LI
/ ’ B 3 . i ’ 3 -
4. bid you consider the washed bottles to be clean enough for you to drink from?
What were the possible sources of bacteria in bottle 2? ,

e .

o .
'
. -

S After being autoclaved at 15 psi-for 15 ‘minutes is litmu% milk capable of supporting microbial
growth? 22 What is the basis for your ar\lswer? :

. <

.
. . ~ .
-

. -

I

6. What is meant by the control group or sample in an experiment? ‘

-
r

-




REPORT SHEET FOR EXERCISE 5 . ’ .

Part C. Making a Pipeti’e Transfer and Spreading a Petri Plate

. / Results: . ' ‘ v

1. Did the § ml. of buffered broth transferred to the sterile tube remain sterite? *

2. Did the loop of E. coli grow in the innoculated sample of broth?
Was one of these forms of surface growth seen? Ring Pellicle Fl8cculent Membrane

3 What would be the disadvantages c;f an uneven spread if you were going to have tokma_ke
bacterial colony counts? . - .

[} . “« v

. ~ -

- N N\ ' ¢
~ .
.

“ 7

Y] 4

~ . . .

Part D, Making a Serial Dilution and Plating

»

— v

- "DILUTION OF | , vyt r1cemn DILUTION ON KO. OF COLONIES'
i suspEnsion | M- USED PLATE * ON THE PLATE BACTERIA/ML. '
b EN lso.'z'r . ‘ .l . 10.3 .
10 10" 10¢
10°* . "10%, ,
10 " . 1.0° 10/ ' ol . ‘
, 10 RN - 107 y . , -
v 10° o .[. 10t
. lo-lo L‘o , l'O‘QO . g v ‘ T . ‘. N
. 102 « -] 1.0 L1072
» What were the characteristics of the colonies? Tt
Form»  Punctjform circular  filamentous Airregular rhizoid spl’naled
‘ ) - - . - -
° Elevation: * flat- convex pulvinate, cushion-shaped ‘ uimbonate , .
\ ' v T
Margin or edge: entire undulate lobaté erdse filamentous curled
Why do you suppose‘ that colonies are smaller on ¢rowded plat‘es than they are on uncrowded
plates? ' _ ' ", '
S * v
<@ N t . .

2
¢

Will every viable bacterium on the plate give rise to a discrete colony? |
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. EXERCISE 6 —“BACTERIAL MUTATIONS' - - .

4

M
.

D

In'troduction'

selection a good demonstration of this mechanism cah_be observed directly. By selecting an
outstanding trait or Character of an orgﬁrsm oqe can deteNnine by direct means the presence or
absence of the character after some external éctor is applied fo the organrsm

Ultravrolet light has been used as a substitute for certaln natural selective forces to produce
genetic mutations in bactenal cultures. Therefore, ultraviolet light should produce reproducible
alterations in a bacteria} culture that can be readily followed through successive generations.

Materials and Equipment

s Macala§ter Ultraviolet Germical Lamp’— 2537 Angstroms_

Media: ' ' : .

Milk, nutrient.broth or‘try pticase glucose broth, trypticase glucose agar §lants and bottles.

)Sterile Equipment: ’ oo S

. Pipeftes—10.0 ml, 5.0 mland 1.0 mt graduated.in 17100 ml. ’
Dispasable sterile Petri plates ¢ .
, Bent glass rod spreader

+ Test tubes—18 mm or, 16 mm. <« ¢

r Water blanks— drstrlled water 9.9 ml/tube and 9. 0 ml/tube

Ingubatron chamber or room at 30°C and 37°C
Culture . '

- . » ’

This c;rganism is in the coliform group of bacteria and is a common soil saprophyte. Sorne

" main’charactenstics are aerobx growth, peritrichous flagella, gram negative, rod-shaped, and carries .

.wrll give a 1: 10%and 1:107 drlutron when plated on the surface of-agar.

out a.butylene glyeol type end-product metabolism. It also has one oufstanding characteristic. It
produges a red pigment when grown at 28-30 degrees C. NAME. Serratza marcescens.

NOTE. The plates of agar medium should be prepared and stored at 37°C fus‘at least 48 hours before use in order
that the mcdlum will be sufficiently dry to prevent coalescence of colomcs

R -
. { <

'Procedure . -, p

Preparation of Culture ) s

Inoculate 3 tubes containing approximately 10 ml of liquid growth medium n@nent broth or
tryptrcase glucose broth from a 24-hour agar slant culture of Serratia marcescens.

Incubate at 30°C for 24 hours .

Trangfer lO ml of the 24; hour culture to a stenle Petri dish. Withdraw a 0.1 ml aliquot and ™
transfer it to a sterile 9.9 ml dls,trlled,,.water blank. This 1s an initial dilution of 1.100. Make
subsequent 1.0 ml dllutrons in transfets to 9.0 ml sterile distilled water blanks until a 0.1 ml allquot

- )

I

-
2

-

I Courtesy Dr. Paris M. Allen, ISE Staff ‘ . Co
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— “Dilution example: CoT

0.I'ml * 10ml 1.0 ml \ 1.0 ml 1.0 ml ¢
. " | /_\\
/\\/\/*\‘ 4 \é\ ~
\\ ‘.“ -

0.1 ml
0.1 ml

U U UT U WU T

24hour ~ 9.9ml 90m . .  90ml 9.0 mf, 9.0 mt ' o
culture H,0 Ho .~ H,0. HO H,0
Dilution: ~ 1:10? 1:10° -+ 1:10% 1:10° 1:108 ‘ '
S -, Y
PR— A

s a7 //// /747

‘Dilution on plates
b4 . 7

— P

Spread the suspension evénly over the agar surface’by means of a bent_gllss rod. This is the zero
time irradiation specimen. ‘ )

*+ Turn the UV lamp on approx:mately 10 min. before use, Trradiate the remaining bactepal .
suspension in the Petri plate for,3 mmutes w:thdrawmg 0.1 ml ahquots at 30-second mtervals

»

s Plate the followmg dilutions foreach time intervgl. _ ) T
. Time of Irradiatibh -4 Dilution Plated ‘
" e—80sect ¢ 100 1:0° 1:10° o
N ;L0 1et 10t
— . .90 sec. - * .10 i:10°  1:10°
N ;120 s BRSBTS B .
ST 150 sec. - L 1:'1‘0" 1:10% . “' R
' 180 sec. 100 et ‘

‘e

N . .
» M e

*Take a | ml ahquot of the madlated culture and dilute in 9 0 ml. of water to obtaun al. 10 dilution when planng
0.1 ml. .

»




-,.; . ‘ ’ i " - '\ > i 6:—3/#

Incubate all plates at 18 30C for 48 hours an(d count the number of colonies of different

colors. ., -
- - ‘ 7
. ) Count the numBer of colonies present at each lrradnatnon exposure time and record on the
. report sheet ! _
Determme the % kill'for each exposure time from the following formula: d
5 . . ' .
. . ( Number at end . . . ) . C e .
- 100- ( Number at beginning X 100 ) = % kill '
: | ' Y )

¢
[

Take an 1solate of each color of Lolony and inoculate it into a separate tube of sterile milk
. ., medwum. Make two sets. Grow one set at 30 °C and the other at 37 °C. Record any color changes in
: the. color of the milk. Use samples of your control culture (unirradiated culture) for the same test

and draw corclusions about the mutagenic effects of ultraviolet light and natural selection
pressures. . . , ’ ’

Make a graph of the number of colonies present compared to’the time of irradiation.

el
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REPORT SHEET FOR EXERCISE 6 . i .
. .éﬂ,

Growth of Ultra Violet Light Irradiated. Sertatia ‘marcescens

Cc;lors and Numbers of Colonies After __

.

Hours of Incubail:ion

: DILUTIONS - .
IRRADIATION COLONY . RS 0BEST ESTIMI;.TE
TIME COLOR . . F BATERJA/ML.
1:100 1:10% |1:10% ['1:10% | 1:10° [1:106
. ~ Red i .
Not Irradiated _ ] ~
White . f
30 sec. ‘ Refi - "
‘ < | Whate ’ '
. Red
o 60 sec. -
White
Red . '
90 sec.
Whate ' !
Red ¢
120 sec. -
White -
) Red {
150 sec. - -
v ‘4 ’ White .
~ -
. Réd >
180 sec. - N /
* | White
(3 R }t . ' b
o . lrradiation .
- . ' . Time (Secs.) ‘ e % Killed
. ‘ - . '
. ‘ ! * 30 -
;e . 60 L .
90 i
120
’ 150 . -
' 180
[ ! ~ t o
[ \’ -




s
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/ )
ORIGINAL STARTING COLOR AFTER INCUBATION FOR —_—
IRRADIATION COLOR OF HOURS IN MILK MEDIUM AT MUTANT ?
TI!!]E (SECS.) COLONIES "+ 309 370¢C
) . Red -
None - . ]
White ) - -
Red:
30 -
' White .
. Re'd o - .
‘ 60 ;
White . ‘
Ny .. .
Red .
90 -
White
. Red '
120 - -
White - ' h
. ' Red
150 : "
- Whate .
. : .
Red . ' . R
180 ,
White ’ a.
Answer these questions: - ) . :
I What conclusions would one draw if white colonies appeared when the cultures were grown at
*© 30°C after irradiation? * ‘ .

2 What conclusions would one draw if red colonies appeared when the cultures were grown at 30°C
after irradiatior? ’ . . v

3. If there are other colored colonies present what color are these colonies? . -

4 Can the mutagenic effects of ultraviolet light be compared.with natural selective forces?\lf so
- how? : ) ‘

'5 Postulate an explanation for the results obtained after irradiation of the bacterial sygpension.

-
' [y
) N - .
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EXERCISE 7 — BUFFERS AND INDICATORS

[}

Materials and Equipment . R ..
Per Class \ a _ o v
100 ml. of buffers at pHs 3,4,5,6,7,8,9and 10
50 ml. of these fluids. blood plasma. milk, saliva, urine, egg white, lemon juice, tea, apple
juice, carrot juice, carbonated beverage, tap water and distilled water

Per Pair of Students ' R \

| stand with burette f;older . | pHydrion pH paper kit, pH 1-12

2 burettes, 50 ml. | test tube brush

1 100-ml graduated cylinder . I test tube rack, yinyl covered

4 150-ml beakers = . | dropping bottle of each of these: =~
1 glass stirring rod .5% Congo Red, .5%. Neutral Red °
1 box filter. paper 1.6% Brom Thymol Blue, .05%

2 funnels . ’ methyleng blue

1 wax pencil 40 16x150 test tubes .

M 100 ml. of buffer (See Part B, Step. 7)

_Procedures , . . '

A £

Part A. Titration of .IN NaCl with .1N HCl and .IN NaOH

. Mount the burettes upright. Use a piece of filter paper to label them “HCI™ and *“NaOH.” Insert.
a small funnel into the top of the two burettes. Fill each (as appropriate) with .IN HC1 or-.IN
NaOH. Let some of the fluids run through the tip of burette to. % of air in the tip and to dssure
a patent stream of fluid. The memscus must be located on the bur e scaIe

Measure 40.0 l. of 0.1N NaCl"in a 100-ml. graduated eylmder Transfer |t to a 150*m]. bcaker

3. Take a piece of pHydrion paper aboyt 1.5 inches long. Obtain a drop of NaCI o1 a stirring rod
and determne the pH by dampenmg the test paper. Repeat for the NaOH and HCI. Record your
determmatron . . @

4. Now placg the beaker under the .IN HCI burette. Add .2 to 3 mI portions of acid, stir with the
rod and determine the pH with pHydrion paper. Record your results, When S mI have been added
in this manner. add | ml. portions until 15 ml. have been added. Then add S. “ml. Jportivns three
times. ’ i SRR F A

S. Now discard the SOIutron rinse the beaker, drain, and add another 40 ml. of . IN NaCl to the ‘

beaker Place it under the .IN NaOH burette.

3

. 6. Add .2 to .3 ml. portions cxalkali, stirring after each addition. Record the pH. When 5 ml. have"
been added add 1 ml. portionswntil 15 ml. have been added. Then add 5 ml. portions three times.
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Part B /Tltratlon ofa Buffer wrth .IN HCI and llSLNaOH~ ’ \‘ “ Vo . .

v

7 Now obtam 40 ml of . l M buffer i a clcan beaker One ofThese wxll be assigned to your,
workspace- sodlum phosphate sodium blcarbonate sonflum borate sodlum acetate glycm,e, or Tms. e

Measure the pH. . T, R _ .
. 8.Add 3 'l portions of IR _HC1, snmng adt;klng mg}asurefnynts affer eaeh-addltlon ‘untxl'42 - o

mi. of acxd have been added\ --__ - . _ .o .

9 Wash the be*ar and add another 40.ml. of buffer Repeat step 8 using . IN NaOH.
IO When complete dlscard the tltratron m}xture' and wash the glassware " Drain. “ .
C,arry out the graphmg of your results and dct’ermlne the _pKa for the, buffer by these methods

. Method I mvolves ﬁndlng the mldpomt between the unbuffered lines of the.curve. To do
* =", this extend a dotted line in the direction of the unbuffered line beyond the point where
" theline bends Find the mldlme botween these two ot wnll intersect the, buffcred area of

“- ‘thelineat the'pKa. ~ o Wt D )
- . AN
, "'Method 21 Method l turned 90 Draw lmes parallel ty the abscissa of the graph through -
< the points where the unbuffered part of the graphi liné ends. The line mldway between
: these should also mtersect the tltratlon curve at'the pKa h : N ’ .
\ : AR ) R
Method 3 takes advantage of | the Henderson Hasselbalch equatlon The change m concen.- L '
.- “tration as one proceeds ff0m the acid to the pKa lleganthmlc and again as one praceeds v o~
-7 from the pl(a to"the ‘paint where all of thi acid has been reacted to form the saft. The N
‘ amous of the acid form s equal to the amount of standard agd and base needed to TN
© pioceed, from the_lowest pH in the buffered area.of the titrafion curve to the hxghest and A
© “ “the fraction remaynng at™any point alongihe buffered area of the tltratlon cuNe is equal BN
to the total amount needed minus the amount used to convert acad to Salt at that pont. . EY )
These relatlonshl_ps arg set fortll as follows: v S ' _ “""‘ :
. . R pH‘ = pKa+ log ( lsaltl/[acld}) T ' S ST d»;
+ - SO ’ . ‘.". g ll'l"‘., .’\.\ ‘e
. , . pKa pH - Iog ([sa[t]/[écxd]) TN R, T
‘ e . This brmgs Out that when the solutlon is IO;lll aeld it is” l pH umt below the\pKa a‘hd S ‘ N
when it is lO/»ll salt it wrllbe } pH unit above,the pl('a T . ¥, . -
< a0 . \- L ) CoL . e "y o
. PartC Pot Pourri < \ o e Y ot T & L e T A
- R ‘ N ’ ' - " \ « Chd 4
T Because of the way.lt will, be necessary to set, up, tiikes of buffer it wxll he gonvenmnt oA .
to make’some observations-about the color of certain indicator dyes at. va‘nou&'pj-l valués i i ‘,Am
_as compared with a dye thd¢t miay be used lo, mdlcate' somethfng other than pH. At the same time we y
can -also make some observatlons about the pH at whlch t'ne lsoelectnc pomt 1s reache‘d for a " e
protegn b “ oA '\ ~ ‘ '. o . '., L \“‘. “"'-’
1 Label f've sets of‘tubes for each of these*pH values and al;fange them m your test tube rackls,) . . i
M pl'l3456789and|0 B TSR R ‘., S0 Jhe Ut el
‘ ~ AL . 4 . LAY .,‘.\ ’
2 Buffer solutions at the, above PH values Rave been prepared und placed on the central supply . ‘
table Obtain about l inch of the .appropriate buffer solutioh in each tybe, .that JapH 3 buffer nLthe - S
tubes Iabeled 3, pH. 4 buffer i the tubcs labeled 4 and sQ fo;th i e S : ‘

3 At your workspace find droppmg bottles contam;ng"S% Congo Red 5%-Neutral Red o

B. o Thymol BJue and .05% Methylene Blue Add 2 to 3 drops of Congo Red fo the firgt serits of ',, (
R tubes and record the coIor at each pH Repeat wrth the other three d.yes Detcrmmc where the pl\a -

o 53 R LR,
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 for each dye lies. If it looks like it might lie between two tubes, mix equal amounts from these two
““tubes and see if an intermediate color'i is obtained. The pH is in between s}nee all of the buffers are .

- the same strength (11 molar). i
N 4. To the last set of tubes add dropwise a solution of .egg albumin to the pH S tube untif a
K persnstént white precxpttate is obtdined. Now add this same amount of egg white to all the other
" tubes in the set. Let all of the tubes sit for about 15 mmutcs then record the amount of precipitate
‘f" . formed as follows-
7 0 for none + for light cIoudmess ++ for distinct cloudiness, +++ for a light precipitate and
‘ _ ‘_ +Ht for,a heavy precipitate. ‘e L .
> ‘ , )
o Part’ D "The-pH of Common Fluids of Biological Interest ' ’ )
SN
. Determme the pH of the following using pHydnon paper strips. Let the strips dry on a piece of
. paper towellmg and then glue it onto your report sheet. s : .
2 : Ammal Fl-mds . Blood plasma ' Plant Fluids: 6. Lemon juice . .
an . 2. Milk ‘ 7. Tea
- A 3. Saliva 8. Apple juice
L e 4. Urine 9. Carrot juice . S
oo U _ 5. Egg albumin , : : .
Other Fluids: 10. Tap water, . " 11. Distilled water, 12. Carbonated beverage ‘
. b Answer the remaining questions on the Report Sheet and turn in before you leave the laboratory.
. o . - . N . .
Y N [ ' \ . N
A i ‘ - - : . . Co
(. . ":' ' ' ’
. ' v,‘ . ¢
< . . .‘ .
PR \ 7 '
:“\. '\., g ' * .
O“‘-‘ " . ‘
i ,.’r. t . " ’ &
\ .'_,' e - \ ~
L } R N 2 !
N o4
Z. e )

~
. -
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* REPQRT SHEET FOR EXERCISE 7~ - - °

. . /- ‘
Buffers anid Indicators )
~ Part A. Titration of NaCl with .IN"HC1"and .IN NaOH e
*| TOTAL ML. TOTAL ML. H
ML. ADDED TAL M pH ML. aDDED | TOTAM pH
~ ‘ )
B
Y 0 .
* 1
Part B. Titration of-a Buffer with .IN HCI and .IN NaOH ‘
BUFFER USED: '
ANHC1 | TOTALML. | oy ANNaOH | TOTALML, | 4
ML, ADDED ADDED ML. ADDED ADDED




Part C. Colors of Dyes at Different pH: Values ‘ =
B . . . - [
pH . 8 (.4 |5 16 |7 8 19 | 10| —| I
N .
Dye ’
. L4
Congo Red ' ¢

Neutral FSed
Brom Thymol Blue N . )

Methylene Blue » s A N

L
o L ~
.

- The Iso-Electric Point for Egg Albumin CC ' ‘ -

N
W

ot

-2
\ o0
0

1_0

” .Amount of ppt. forme'd

‘ PH 3 4 "5 | 6

Y N —

o “

) ’?aﬁ D. The pH of Common Fluids of Biological Interest

* FLUID pH TEST PAPER

£

Blood plasma
Mitk
Saliva -
Urine

" Egg albumin
Lemon juice
Tea .
Apple juice N
Carrot juice i :
Tap water . _ )
Distilled water’
Carbonated beverage

T
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EXERCISE 8 — COACER\QATES AND EMULSIONS
Materials and Equipment  ° ) 5% gum arabic (a polysaccharide) in water
. ) ° Test tube with stopper and rack
Microscope and lamp .
. - Corn or other vegetable oil
Microscope slides and coverglasses .
. > Fat stain such as Sudan 11l
1 10-ml. pipette or 5 ml. pipette ) *
L 2% Ca(OH)
1 medicine dropper G .
.. um acacia
0.1 N Hydrochloric acid
3‘7 lati tein) i ¢ . Mortar and pestle:
o gelatin (a protein) in water 1 100-ml. graduated eyhnder
Part A. Coacervates N
b 4 >
Procedure
1] . \
1. Mix togejMer in the test tube 5 mt. of 5% gelatin and 3 ml. of 5% gum arabic. N

. Determine the pH of this mixture using pHydrion paper. Piaee a dr‘pp on a microscope slide,
cover, and observe under the microscope. . . '

3. Carefully hdd 0.IN HC], drbp by drop to the test tube. Aftér each addition of acid mix by
inverting the tube and thgn wait a few seconds tosec if the mixture becomes cloudy. If the hquid in

¢the tube remains clear, add another drop of aud\Continue adding aud a drop at a time un-til the

~

mixture becomes cloudy.,

4 When the material in the tube turns cloudy, take anothg; pH determination. Then, handling the
mixture gently, observe a drop under the microscope for the presence of Loacervates. If you do not
observe any, decrease the light or go to a higher microscopic power. If you still do not see any
coacervates then repeat the whole procedure from the beginning .You may have added the aad too
rapidly. When you ate successful record your observations and make sketches of the coacervate
droplets. . St

v

. 5..Now aa’d more acid to ‘the test tube, a drop at a timne. When the liquid bu.omes clear agam.

examine a drop under the microscope and determine the new pH

Answer the questions on the Report Sheet.

Part B. Emulsions . : ‘ .
R ‘ ) . I's
. Wash a clean hortar and pestle with acetone to remove all traces of grease. Dry.
] .
2. Grind 12.5 grams gum acacia to a powder. * : )

3. Add 50 ml. com (or other vegetable) orI Mix about 2-4 seconds to disperse the oil.

4, Add all at once 25 ml. water Whip rapidly until thick enough to crackle, then dilute wrth water
to 100 ml. (approximately).

5. Remove a small quantity of the emulsion to a watch glass.and add a drop or two of Sudan Il ot
Ponceau Red dye - enough to give good color but not too intense. Smear a thin layer on a4 micro-
scope shde and examine. Fe dyé colors the orI Which is the dispersed phase, the oil or the water?

’

/ N N




" 8. Color a little soapy solution with fat stain and examine under the microscope.

-

E

Aruitoxt provided by Eic:

8-2 .

*

6 Add a few drops of fat stain to small quantity of skimmed milk. Make a smear and ¢xamine .
under the microscope. Which s the dispersed phase, the o1l of the water?

7 Color a little butter with the fat stain. Examine under the microscope. Which s the dispersed
phase. the oil or the water?’ '

9 Place’ some of the emulsion (Step S) in a beaker and heat over a small flame. Pour into a test
tube and let stand until cool. ‘

e
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REPORT SHEET FOR EXERCISE 8 . -

-0 -~

. - .
4 : '3

Part A. Coacervates B :

. - :t»- KN

1. Sketch two or three of the coacervates that you saw in thesmicroscope.

. [N

> i -

How do the materials you used in this experiment to make coacervates compare w:th one that
mlght have been present in the ancient oceans?

M .
.

3. What is meant by the isoelectric point of a protein and what happens more easily there than
elsewhere? -

-
v L
Part B. Emulsions ’
. PREPARATION . DISPERSED PHASE .
Qil emulsion ° . '
Skimmed milk
Butter "
"Soap .
What happened to heated and cooled oil emulsion?
1}
What is the function of the gum arabic? . h ¢

. o
What is a colloid?

A
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EXERCISE 9 — WATER CONTENT OF VARIOUS TISSUES AND CELLS

s Tl

— N -

Materials and Equipment

Per Clas

Drying ove
Knives
Bone saws

Fid

1 Triple bea.rn bdlance i .

Per Student )

3 aluminum welghmg pans -_—
30-50 grams of one of these. Carrots, potatoes, onions, spinach leaves, dry beans, bean Sprouts
yeast cake, liver, kidney, tallow, bone or heart . -

- SRS

Procedure

. Take a pointed but not sharp instrument and impress your initiaI.s section and the number 1, 2
or 3. Do not use a.pencil or pen as the welght of the marking substance will rub off and change the
werght of*the pan.

.

2. Weigh eaclipan as accurately as you can and record the weights. .
3. You will be assigned an-antmal, plant or microbial cell preparation by the teacher. glaee 10 to 20
grams of the material in the weighed pans and rewelgh"Record the gross weights. f

4. Place the pans in the drying oven set “for 100- 110°C to dry. Materials will dry more quickly if
they are cut mto small_pieces. -

\

5. When your’material has dried to a eonstant weight, reweigh all the pans Su%tract the, tare
weights and determine the net dry weights. ,

6. Compute the per cent water by dividing the wet weight of eaeh tissue into the dry wenght and
multlplymgby 100.

7. Compt]te the mean and standard error for your data. One method is glven below

% Water 2 Deviation from Mean - (Deviation)

77 2" -, 4 n = number of pans, in this case, 3
73 ¥ 2 - 4 ’ '

s 0 o -

225 Sum 0— ) 8 = Sum of devnatnons squared S(d)

75 Mean ’

4.0 = Variance = S(d)2 /(number pans minus,1)
1.33 = (Standard deviation of the mean)? = s? /n

\ T 1.15 = Standard Error = square root of s*/n
Therefore the mean + S.E.= 75 ¢ 1.15 '

The standard error estimates the range from the sample mean within which the mean for a large
number of samples should fall. . : '

+*
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REPORT SHEET FOR EXERCISE 9

. -

', The Wate

What material did you use?

r Content of Various Tissues

-

Gross Wet Weight

Targ

)

Net Wet Weight

Gross Dry Weight

Tare

% Water

Computation of the Mean and Standard Error

Pan

Net Dry Wéight /

% Water.

A}

.Pan 1

Pan 2
h ] o,
—_.
d2

Deviation (d)

1

2

3

Sum

Mean

Questions

1

—— = Standard deviation squared '

{

. = Standard error

»

1. Why do tissues contain so much water as compared with other components?

" 2. What is meant by bound and free water?

\

3. Why do solutes come out of water solutions.when they freeze?

<«

J
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EXERCISE 10 — CELL TYPES

- 4 |

Pl
- e ]

. ltphas been a frequent custom in the past to draw a diagram“of a cell which would
indlude as many features as desired from the study of a variety of cells at different magnifica-
tions, and then label this a “typical cell.” Of course, such a‘cell _diagram would hardly be
typical. There are instead a number of cell varieties, each one typical of the variations on that
type: Yet, they all seem to hold a number of structures in common. We shall look at several
types of cells in this exercise. The student should study each one and then reach some gen-
eralizations (conclusions) about what is typical of living and preserved cells.

Materials und Equipment

icroscope and lamp
Microscope slides and. coverglasses (coverslips) ) *

Petrolatum (Vaseline) gun (a 2 cc. syringe without needle) )
Melted petrolatum and small camel hair brush ) '
Syracuse watch glass o " AN
Medicine dropper

125 mg% Neutral Red in 95% alcohol v ’

100 mg% Janus Green B in 95% alcohol

Forceps, scissors, dissecting needle and single- edged razor blade .

5% methyl cellulose ’

L‘lvmg ‘ultures. Fresh onions, Elodea sprigs, NiteHa, baker's yeast, Escherichia coli, Pelomyxa or
Chaos chaos (Amoeba), Stentor .

¥ .
Prepared slides. Mammalian liver stained with haematoxylin and eosin, mitochondria in liver cells,
Golgi complex, lcaf types, sea urchin eggs, bull sperm, Ascaris megalocephala sperm entrance

1
-

Slide Preparations .

‘Two precautions in making, temporary mounts. | -The coverglass must be supported a slight
distance above the specimen so as not to mash it. 2 The specimen must be kept wet. This may be
done by adding more fluid to the edge of the coverglass or by sealing the fluid under the coverglass
by using a petrolatum barrier to prevent evaporation.
Simple wet mount -« -

Lay down a spiral of petrolatum about the size of a dime using the petrolatum gun. The
opening of the spiral permits excess fluid to escape as the coverglass is pushed close to the sllde The

specimen is transferred to the splral in a small drop of fluid and coverslipped.

Open-ended Wet mount

‘
<

Lay down two parallel lines of petrolatum the length of the coverglass. Transfer the specimen
to the included space with a dropper to Coverslip. Fluids bene%gl the coverglass can then be
exchanged by applying a drop to one side, and removing excess fluid with d bit of paper towelling
._(or bibulous paper) from the opposite 51de Fluids must be replaeed often to prevent the specimen
from drying out , . ‘

. -
Elther SImple wet mounts or vpen-ended wet mounts may be kept longer (for hours) by sealing
* around the edges with melted petrolatum applled with a small camel hair brush.

o=

- . .
- ., . .
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Hanging drop preparation

[f*the specimen would normally float, then a hanging drop preparation is in order for uprnight
mlcroscopes The specimen is dropped onto the coverglass. The surface around the excavation on a
depression slide is greased lightly with petrolatum and then plaeed over the coverglass on the table
top. The whole assembly is lifted and turned over quickly so as to not allow the drop to run. AIIow

a few seconds for the specimen to rise against the coverglass. (Note If the specimen drop runs, staft
over.)’ . .
Supravital Staining -

bl

Vital staining is a pro% whereby living cells and tissues are stained in the anlmal body by
dyes that do not significantly interfere with their vital processes. Supravital stainihg involves the
staining of c¥lls amd tissues that have been removed from the body and stained while yet alive. The

most commonly used vital dyes include Nile BIue A (or sulfate), Bismarck Brown, Janus Green B,
Neutral Red and Methylene Blue.

1

The foIIowmg procedure permits the staining of cells in their undiluted natural medwm. This 1s
accomplished by the application of an alcoholic solution of the dyes to a slide and then letting the

alcohol evaporate. To do this; ' . @/

I Wash several microscope slides In detergent. Rinse thoroughly in tap and dnstnlled 'waters aid
finalty dry them from 95% alcohol with A2 lint-free cloth. Handle the slides with forceps or by the

edges. Flame them over a bunsen burner to remove an ces of lint and grease and store'in a’
dust-free, covered box. ”

2 Stock Solutlons Dissolve I"S mg. Neutral Red in SO)mI 95% alcohol. Dissolve IOO mg. Janus
Green B in 50 ml. 95% alcohol.”

»

-For use: Mix 8 ml. of the Neutral Red solunon with 42 ml. 95% aIcohoI then add 8 ml. of the
" Janus Green B stock. Use lmmedlately as the dyes will preupltate on, standmg for a short time,

Flood the cleaned, dry slldes with the stain mlxture Drain quickly. Dye films prepared on a

J humid day will not be as even as those made on dry days. The slides wil] keep indefimitely \f
protected frgm dust. . .

+ Sketches-and Drawings ) Co . :

- Place sketches and drawings above the legends provided. . . . J/‘. .
2 Place drawings to the left and label neatlyto the right side. v T .
3 Make drawings and sketches Iarge enough to show details easily. Most drawings should be at least
' 1%z inches across. B ) . c
Plant Celis " . . o . -

~ o ,’}

I Onion Epidermal Cells Remove - a fresh scale from an onion and with razor blade and forceps

* femove the inner epidermal layer. Transfer to water in a Syracuse watch glass. Cut into suitable.

"~ pieces with sharp scissors and transfer to an open-endedl wet mount. Observe unstalned with low
illumination. You should be able to see the cell wall, eentral vacuole and perhaps the thm layer of
-cytoplasm adjacent to the cell wall. Now draw some acetocarmine or methylene blue stmn under

. . the coverslip followed by several drops of tap water to wash away the.excess stain..You should now )

be able £ see The nucleus. Sketch one cell and label the cell wall, -.thpIasm nueleus and vaehole

2 Streaming in Nitella cytoplasm, Make a snmple wet mount of a few ﬁlaments of the alga Nllt.“a

Observe under high dry magnification with dim illumination. Is there any movunent to be seen in

thcse cells? Dlagrafh a cell, labeling its parts, and indicate the dtreetlon ofany movement observed
the cytoplasm. . .

N -
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- ’ . 1 e ) .
3. Streaming in Elodea. Choose a young leaf near the ¢nd of a spng of Elodea (the water weed).
Remqve it with forceps, being careful to Ieave’the_ tip of the leaf unbruised. Make a simple wet:
mount ard observe under the microscope with bright illumination. Sketch two or three contiguous

cells and indicate in which directions movement 1s observed. Label the vacuole, cytoplasm, chioro- -

plasts and the cell wall. \ <. ) v .

. 4. Palisade celb from a green Ieaf In your slide eolleetlon find the shde labeled “Leaf Types.”
. Study and compare the structure of these three types of leaves. Sketih a palisade cell from a dicot

leaf. Label the nucleus, chloroplasts, cytoplasm and vacuole.

o
]

Microbial Cells . : . L co ©

.

5. Yeast Cells. To a drop of active yeast culture on a mleroswpe slide add a drop of 05%
methylene blue. Add, a coverslip and sedl with petrolatum Sketch a cell and label the features
: demonstrated. - . :

.
»

8 E. coli. Flame and vool a nichrome, wire loop and transfer a Ioopful of E. coli culture™o a clean
iroscope slide. Spread the drop and let it dry"1n air. Fix the slide by passing the shde, cell side. up,
through a small flame two or three times (until ,just warm to the back of the hand). Stain’ by
applying 4 drop of Hucker's crystal violet for about 30 seconds. Rinse” with a gentle stream of tap.
water and let dry in air. Cleat the preparation with a drop of immersion oit. Find the field under
low power, then high-dry power. When you have seleyted a good area of the sllde for study, one not
too crowded with cells, go to ¢il immersion. Sketch two or three cells. -
Animal Cells , “ '

AY

7. PeIomy)&a or Chaos chaos (a giant amoeba). These organisms appear as white specks on the
bottom of the culture dish. Use a medicine dropper to aspirate ene or more and transfer them to a
Syracuse watch glass Obtain a slide tTlat has been, treated with Neutral Red as described on page
4-2. Prepare a simple wet mount and transfer the cell to the stained slide. From your knowledge of
the colors of Neutral Red in acid, neutral and alkaline media estimate the pH in various components
of the cell. Note also the way iiﬁ which amoebd moves. S. O. Mast has described the components of
-amoeboid movement as follows:

Movement of the plasmasol toward a pseudopod (anteriad)
Gelationcanteriad

Solation posteriad with a slight contraction

Movement of the plasmalemma over the whole

Can you verify Mast’s observations? How can th® movement of the amoeba be explained?.

Make a sketch of the amoeba indicating the following. The plasmalemma, the plasmagel, the
plasma sol, pseudopods. Indicate with arrows the direction in which the cytoplasm is moving.

Set the slide aside and look at it again in about 10 minutes and again 1n about 20 minutes, Where is
the Neutral Red dye located in the cell? How can this be eprained"

8. Stentor. Pregare a simple wet mougt. Place 4 small drop of 5% methyl eeIIquse in the center of .
the slide and transfer onto that a speilmen of Stentor coereleus. Note the eoordmatlon of the
. ciliary movement. Tap the slide gently. Does this-animal contract? Can you see any longitudinal ’
' filaments called myonemes? The blue-green color comes from the color of numerous algal cells that
embedded themselves in the wall of Stentor These are commensals. What benetits does Stentor
derive fromtheir being there? What benefit do the algal cells denve frc;\m bemng there?

’

L2
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.- 9 An ‘An'jmﬁl. EggyCelt. Find a slide of Ascaris eggs (spgym entfance). These are probably the most
T+ idealized-of the cells we will look at today. They are protected by. a gelatinous coat. The cell himit s
to visible. The eccentric nucleus has’a distinct nucleolus or two. Since this 1s ¢ microlecrthal egg the
yolk granules may be difficult to see. However, cytoplasm containing yolk 1s called deutoplasm

Tas I)a’rq.w an‘egg: Label all of its parts. # - - _ ' e

~ -~ d

, Sat

10 A Sperm Cell. Fl'in(?the slide labeled “Buli Sperm."’ These are rather typical mammalian sperm
cells - Study them under oil immersion andbentify the acrosome (Golgl material), the head (nuclear
. '+ * material), the ring centriole, the midpiece Which coritains.many mitochondria, and the4ail filament

which is a-long flagellum arising from a centriole. o , L

]

- e ~
-~

. Digi yo‘p‘see a centriole in the egg cell? Look again. e A
Find the slide labeled Ascaris megalocephala, sperm entrance. Can you dentify the sperm cel of .
Ascaris? How is it differeyt from bull sperm? Does it have a centriole? Do, Ascaris eggs have a -
~entriole? Find an example where the sperm has cntered an egg. Does such an egg have centrioles?

Il Look at a slide of mammalian Tiver. There are many similar{"ell?iin a tissue hke this. Make a
large drawing of a single cell: Label the cell limit, the cytoplasm, the nucleus, and any other features
you can identify. *o <o . - - . ,

. [

12. Find the slide labeled “Mi;ochc')ndri'a.“ Mgke a drawing of similar size to that in 11, indicating
s the'loeale of the mitochondria and therr shape. '

= .13 "f}olgi Apparatus: This controversial cell organelle is located near the nucleus. Sketch the cell
_+ and draw in the ¢olg§ material. ., =

- RN ) . . : 1) . N ’
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Cell Types . -
.
- 1]
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.« L. Onion Epidermal Cells taken from the inner surface of an onion scale and stained with _____
.. ) , .
y o ‘ Drawn from ________ X. <
L ‘ ¢
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. 2. Nitella-Cell. The arrows indicate the direction of movement observed. .
] " . *
Drawn from = X. . S ) : ‘
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3. Elodea: Leaf Cells.. Afrows indicate tf;le ldirec:ﬁ(;“n of movement observed.

' . Drawpfrom " 'X o, e -

. \)‘ ‘5 o : , y -' . r . 1 ; }‘J' . -, . . \

ERICT o . . SRR R .

‘ 2 - oot L AR v ' -
. - ‘ ‘

’ -~ . ’ .
d




> < ) ¢
.

4. Palisade Cell from the mesophyil layer of a green leaf. Drawn from ___ X,

L
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* 3. Yeast Cells stained with methylene blue.* Drawn from X ’ B
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6. E. coli stained with Hucker’s crystal violet. Drawn from __ ____ " X. )
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L ] . .
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7a. Pelomyxa (Chaos chaos) supravitally
stained with Neutral Red )
Arrows indicate the'direction of move-
ments seen in the cell.
Drawnfrom X

8. Stentor, a free-living ciliate.
Drawn from . X,

=N

»

L

:

- .
r .t . ’
|

,

7b. Pelomyxa _________ minutes after being
stained with Neutral Red.
Drawn from X,

S Iy
" 9. Egg cell of

Drawn from ___ * X,

. » »
10. Bull spermatozoan cell. Drawn from . X.

-
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11 Parenchymal cells from the mammalian liver. Fixed and stained with haematoxylin and eosin.

Drawn from X. - .
¢ k!
. e .
./ . , [ 4
- " ) -
e s ! ’ * . 4
0 N ) t’ ° " . ' 1
> . k - N . s
P ' - . & . . .
12. Mitochondria demogstrated in the liver of the ! using the technique
of Bensley. - Draw®from _____ ' X. v
\ ~
' . ”
. .;,. ’ » <
. i
. L% e
13. Golgi Apparatus demonstrated ina, : _ . cell of the )

'Drawt{ from___',ﬁx. - ¢ . . .

’ . ¢ .
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Cell Types
Qu'estioné a ‘

1. State the Cell Theory. ‘ .
¢ 2. What are the imiplications of the Cell Theory? '
3. What is our course description of a cell? Do all cells studigd today cox\form with thxs descrip-
tion?
4. Bull spermatozoa do not divide and they have an “odd™ shape. What arngments can be made for
calling them cells within our course definition? .
5. Were you able to see a centnole in an unfertilized Ascaris egg? Ina femhzed egg? Where did 1t
come from? !
How can one explain the streammg of the cytoplasm observed in Nitella? *
How can the form of proteins be related to movement in amogeba? Would the location of
¥ Neutral Red staining after several minutes back up this view?

o

%
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EXERCISE 11 — TYPES OF FOODS FOUND IN CELLS AND TISSUES )’
Matetlrials and Equipment . . ,
Boiling water bath (heater Chicken breast muscle ¢
or burner and beaker) Mortar and pestle
36 test tubes and rack Sea sand (fired)
1% glucose Flask, 250 ml. -
1% starch Magnesium sulfate '
1% egg albumin . Petroleum ether
1% glycine . Acetone
Com_oil Small tunnel and filterpaper R
Irish potato Lugol’s iodine solution
Turnip : ‘ Benedict’s Quantitative solution
Peanuts . .25% Ninhydrin in 1 M Phosphate buffer
Liveg, \ Biuret reagent \
Part A. Test for Various Foods g i
l.’roc:edure
1

\

" Set up the water bath and start the water to heating.
Number the tubes appropriately with a wax pencil, marking near the fops.
Ascertain where the things are that you need to work with beforg. you begin.
Arrange test tubes in your test tubesack, . '

[N
.

—
.

Place about 1 ml. of 1% glucose in four tubes numbered 1, 11, 21, 31.

Place apout 1 ml of 1% starch in four tubes numbered 2,12,22,32. : |

Do the same fi r 1% egg albumin (tubes 3, 13, 23, 33), fo(f% glycine (tubes 4, 14, 24, and 34)
" and com oil (T#®es 5, 15, 25mad 35). .

2. Take tubes.l, 2 3,4and>5s.
Add 3 drops of Lugol’s iodine solution (1% iodine in 1% KI).
Record the colors produced on the report sheet., '
Which of these reactions might be an identification tegt?

3. Taketubes 11,12, 13,14 and 15. :
" Add an equal volumae of Benedict’s solution. . -
Place in the boiling water bath for 3 minutes. Tyt
Record the colors observed. .

Which of these reactions might be an identification test?

4. Take tubes 21, 22, 23, 24'and 25. : . S
Add 1 ml. of .25% ninhydrin solution buffered at pH 7. «
Heat in boiling water for 10 minutes. ~
LCool. Add 5 ml. of 95% alcohol to each tube.
Which of these reactions might be an identification test?’ s

4
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¢ Take tubes 31, 32, 33, 34 and 35. G L.
To tube 33 add biuret reagent dropwise until a definite color develops.
Add the same amount of biuret reagent dropwise to tubes 31, 32, 34 and 35. o
Record the reactions. . :
Which of these reactions rmght be an identification test” - ‘

6. Rub each substance mtov a clean piece of paper. Fats will produce a singular effect.
Part B. Foods in Cells and Tissues b

1. Cut plugs of white potato with a size 1, 2 or 3 cork borer.
Pldce the plugs in tubes numbered 6, 16, 26 and 36.
Place plugs of turnip in tubes numbered 7, 17, 27 and 37.
Place a skinned peanut in tubes 8, 18, 28 and 38,
‘Place a small piece of chicken breast muscle in tubes 9,19,29and 39. - -
Place a piece of liver about the size of a pea in tubes 10, 20, 30 and 40.

2. Take tubes 6, 7, 8, 9 and 10. Add three drops of" 1odme ’
* Record your observations. '
3. Take tubes 16, 17, 18, 19 and 20. . )

* Add ! ml of Benedict’s solution.
Place in the ‘boiling water bath for 3 minutes.
Record your observations.

4. Take tubes 26, 27, 28, 29 and 30. - -
‘Add 1 ml. of .25% ninhydrin solution buffered at pH 7. ’ .
Place in the boiling water bath for 10 minutes. - - . =- -
Cool. Add 5 ml. of 95% alcohol. ' . ’
Record your observations.

5. Take tubes 36, 37, 38, 39 and 40.
Add the same amount of biuret reagent dropwise used in Part AS.
Record the reactions. y

6. Extraction of lipid (fat). _
Grind about 1 gram of potato with sea sand in a mortar with the pestle. -
. Add about an equal amount of magnesium sulfate to absorb water..
Grind well, into a paste. ‘ j
Add 5 ml. of gcetone and 5 ml. of petroleum ether {measured in a graduate).
_ Make a good shirty. Filter. .
Evaporate the filtrate in the hood or in a well ventilated place over a boiling water bath (makmg
use of a hot plate). Keep the acetone and ether at least 25 feet away from flames in a
well-ventilated room -

Repeat for each of the other foods being tested. ‘/ )

When the residue is obtained from evaporation, rub some of it into clean paper.
Rate the various substances as +++ (very oily), ++ (slighitly oily), + (a trace of oil) or 0.(no oil).

Q ’,'~ ‘ )78




REPORT SHEET FOR EXERCISE 11

Foods Stored in Cells and Tissues

Y

NINHY-
DRIN
TEST

BIURET
TEST

PAPER
TEST

BENEDICT’S

LUGOL’S TEST

PART A IODINE

—t »

1% Glucose

1% Starch

1% Egg albumin

2

1% Glycine

1% Peanut oil

. PART B ' . o ‘ ©

. 2 L4
.

Irish Potato

" Turnip : ' "] ;

Peanut

Liver

Chicken Breast Musele

In Part A of the cl;art circle those reactions which are identifications.

1.

S,)\

A

) . o
Questions ’ - ‘ N .
In, what forms will foods .bé stored in cells ‘and tissues? “

What is the more usual name for “an'lm'al starch”? . . ,
4 -

———

)

What effect wlll {eedmg much more carbohydrate than can be used for energy nceds have on

" the composition of food stored in cells? -~ . : O

P
/.
4 ,/ .

. 1y
S ' . ~ N )
. d




EXERCISE 12 _ DIFFUSION, OSMOSIS AND ACTIVE TRANSPORT

}

Part A. Diffusion of Hydrogen and Hydroxyl Ions Through Gelatin
\ H
. Cut a 12-inch length of Ya-inch cellophane dialysis tubing and soak it in a beaker of water for a
few minutes until it becomes soft. Work open the ends, insert a small funnel, and fill with tap water.
Hold the ends and squeeze the water toward the center of the loop. If there are any holes in the
tubing a fine stream of water will be expelled. Such a piece of tubing must be replaced. '

2. To a hole-free piece of*tubing add about 6 inches of melted 0% gelatin containiﬁg enough
bromthymol blue (0.016%) to give it a definite color. Center the gelatin in the tubing and insert
Into a beaker containing .I1N HC1. Note the time you put the tube into the acid and the time until
it has all turned one color. What is the color?

»

3. Remove the bag of gelatin from the acid. Rinse it off in tap water and-transfer it to a beaker of
.IN NaOH. Note the time and the‘approximate time for it all to change color. What would a green
band indicate? What is the finai color?

4. Answer the questions for the section on the Report Sheet.
Part B. Osmosis

. Obtain 7 test tubes and mark them 0% 1%, 2%, 3%, 4%, 5% and 10%. Fiil them about 3/4 full of
the correspondmg concentration of NaCl solution. o s :

. Cut six plugs of white potato with a cork borer. Size /-3 is suggested. The plug must ﬁt easily
mto the 10 ml. graduated cylinders you will use to measure the volume of each plug.

3. Measure the volume (using tap water) and weigh each plug, then transfer it to a tube of NaCl,
Record the weight, volume, tube numbe&nd starting time on your Report Sheet

4, After 90 to 120 minutes recover the potato plugs from each tube (oné at a time so that they do
not get mixed up.) Blot away the excess solution with a damp (not wet) piece of paper towelling
and determine 1ts weight and volume again. How does each plug feel? Record your data. Return the
plugs from 0% and 10% to their tubes of NaCl for use in the next section of this exercise. Discard
the -others. ‘

5. Plot the data for volume and weight on the graphs provided (Graphs | and 2).

6. Plot. the data fm percent change.in weight against the reciprocal of the NaCl «.oneentratlon
(Graph 3). Do the:same for the percent change in volume (Graph 4).

" . . )
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Part C. Plasmolysis in Elodea Leaf L

I Make an open-ended wet’ mount of-an Elodea leaf so that fluids can be exchanged under the
coverglass (see Exercise 10). ) D o

2. Finda gr;:'en cell and sketchit. *~ = ‘ ¢

3 Draw a IO%‘ NaCl solution under the _coverglass., drawing water off the other side with a bit of
paper towelling. i

. 4 Sketch the same cell at 1 minute intervals, for 5 minutes. What happens to the vacuole? The

' plasma membrane? The cell wall?

5 Now add water to one side qf the slide and draw off the salt solution. Wash the leaf weli n this
way. Now sketch the cell.at | minute intervals for 5 minutes. ’ '

{
6 Take a single-edged razor blade and cut a thin wedge fromo the potato plug in water (0% NaCl ).
Add a drop of Lugol’s iodine solution to it in a Syracuse watch glass. Drain and rinse with water.
Make a wet mount and observe under the microscope. The iodine will have stained the starch grains

" dark blue or black. Identify the cell wall, vacuole and the starch grains. Sketch: Repeat this

procedure with the potato plug in 10% NaCl, remembering to use 10% NaCl to rinse awaysthe
Lugol’s solution. Sketch a cell and label as above. o '

7. Answer the questions on this section in the Report.

. é
Part D. Active Exlusion of a Substance

1. Label 3 test tubes: N (normal), B (bbiled) and P (poisoned).

LS

. . . a
2. Add about 5 ml. of a growing yeast suspension to each.

3 Plage tube B in a container of boiling water or heat over a bunsen burner until the tube. contents
boil for at least 15 seconds. This will kill the cells.

4 Add 5 drops of 0.01 M KCN and 5 drops of | M jodoacetate fo the tube labeled P. (REMEM-
BER" Both KCN and jodoacetate are poison. If you get any,on your hands, wash them immedi-
ately.)

5 Now to each tube add enough .5% Cong\c@kRed to give a good color. Record the color in each
tube on your report sheet. o

6 Examine a drop of each suspension under the microscope starting with tube N. What colors are
the cells in-each tube? Are all of those in tube N stained? How about tubes B and P?

7 Place a small funnel into each of three clean test tubes. Prepare a filter paper for each. Filter the

remaining contents of each tube. Record the color of'the cell on the filger paper and the filtrate that
comes throygh. " .

R - * o .w , ’ o L
Turn ia your Report before you leave for the day" _ C e
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REPORT SHEET FOR EXERCISE 12 / .
Diffusion, Osmosis and Active Transport
Part A. Diffusion of Hydrogen and Hydroxyl Ions Thrgugh Gelatin oo
Starting color: | Color in .IN HCI: i
Time into the acid ___________ Time color complete ,Minutes
Radius of the tubingis — inches or cm. or mm,
What is the approximate diffusion rate? mm./sec. or _5_.__' cm./min,, '
Color in alkali ‘ ' coT e T T
Time into .1N NaOH Time color complete ___ Minutes
Approximate diffusion rate is _ . mm./sec. or cm./min,’
Did you observe.a green band? ) ’ o ‘
What did it indicate? T
What caused the hydrogen ions to move into the gelatin? ’ ' '
e 4 e ’ . N !
According to the kinetic theory;:{ﬁ what directions are the ions moving? T ) - ‘
[ . ¢ S
What is meant by the flux of ar ion? - ° . \ ' o e )
lt . ' Yy i K ‘ "1 S - L ) [N
~ : ' - ’ ! . . ¢ o
* . 2 : - ] ’..
In what ways does a cellophane (cellulose acetate) membrane differ in its properties from a plasma ,
membrane? S, . X .
T e
: Ce ' ) . EN ‘ ) o
Part B. Osmosis . ' A Yo )
Why does the curve have the shape it does in Graphs 1 and 2? CoL




. Part B. Osmosis - L

-
- 3 "

c N Ci' . TIME EXPOSEQ TO NaCi: , MINUTES . ‘
onc. of abl: 0% < 1% i 3% 4% 5% 10%

Startings weight of , i

potato plug in mg. ' ) N j

Final weight of

@o plug in mg. . . {

Change in wt..(mg.) '

% Change in weight *

Starting volume of ¥
N potato plug in cc. s . .
Final volume of -
Qotato plua in cg,
. Change in vol. (cc.) -

% Ch'ange in volume

» - V) -
How does the plug v \\ - -

feel at the end of . ' ,
.the experiment? )

.~ Part C. Plasmolysis _ ' ) '
. ) : '/)/ [
> Questions A
? . o
+ 1. Plasmolysis means literally to dissolve the cytoplasm. Did that occur? .

‘ 3
. - v .
[}

PO 2. How did the cell wall respond to NaCl?

»
©

$

' 3: What response or what behavior was exhibited by the plasma membrane (cell limit)?

¢
. ’ B .
- .
v ~ [ » 3
N
! . . o [N

4, Why~d§§l, the vacular contents®ehave as they did?

~t

. . .
v ) . u )
) '
.
. .
&
1 ¢ N
. .
» , « .
» * b
v
[ - ”
[y . ~
¢
¢ . - :
N
i
.
" 3
’ .§ ' 'S .
5 4 -
N “ ’ » 3
>
.
N * - . i
.
r Ne ’ 8§ o .
: A
) * ’ >
\‘ .

! g ) . -
‘ , ' ' : ‘o ' - vt
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. ‘Active ’Exolusxon of a Subs&loe

‘ 4

H L

TUBE N

TUBE B

TUBE P

* | Percent of cells 1n the field that are stained

* | Color of cells staned undey the microscope

hE 4

' Color of the tube~contents i

—

;| cotor of the ultrate )

A

. »J Color of cells on the filter paper

’

»
N Semag—

“
[y

v T < - -~

-
. -
-, v i
o
e -

How do yoﬁ explain the number of cells stained in Tube B?

.
.
LIS ! B
. .. .

How do you explain the ﬁum_ber‘of cells stained in Tube P?

‘.
N ’ .
N 7
a . . \\1

of yeast? Why" .
N ' Lt ) ". ’ . A
o~ Yoy “ *
: . , ) »P_ \ o 4 . .
. . . r. " N i * * ” , .
. * Did.the_gell membrane protect the oell from a harmful substance (KCN)?
X v 'S . <
N e A . . Y ¥ . .
, ;‘ n . . ’m,. . .
. . ., 4 s * »
- L
- ’- What 1s the dlfPFrence m the mechanisms-operating # Tubes B and P?
)
“ . 'f’ .
A IS . ’ ~ had . ® -
-, " b w, - ’ —
. . . e R
. L, S . K ! .
» - -y
- [} .-‘ 1KY . - % ) - '
) ‘ , o
¢ LY - * . * ..\
. ' A ' . J
. <ot -t ’
, » ¢ “ n 7 . .
‘[MC“. ‘ e . O .
. N . . . &

How do you explain the nuniber of.cells stained in Tube N?

Wha( color changes did you ﬁnd thh change'm pH for Congo Red in Expenment 3"

.
»

A

(2

Woulgl you conclude from §our observatloLs that Congo Red can pass through the cell membranes .

Y
.
‘.
-
£ *
\
»
»
4
4
L4
R L4
1
. .
t
oo
.~
.
.
"0
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l_’lasmoiysis in Elodea Leaf
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EXERCISE 13 — ACTIVITIES OF ENZYMES *
-Materials and Equnpment forParts ‘A and B . I
8 Test 'tubes and.rack . Tincture Gum Guaiac in
.- Wax pencil - 3 . dropping bottle X
* Mortar and Pestle DU G Splints . )
. Sea;sand (firsd),. S Liver from freshly killed ;o
Mapganese dloxxde e P and bled animal -« - ‘
ydrogenperok:deﬁ% el L ' -
% J N 4:_" ) - ,
ProcedUre X SR ' ' : oL

Mark tWO test t.’ubes ! and 2. Into No l add about 2 cm. of water. Put about 2 cm. of hydrogen
, peroxndemto tubi:;’No 2.0 [

To each tube add a plneh (about g gm )of manganese dioxide (MnO, )and shake to mix.
/3 A;e any bubbles generated" Take a glong spllpt and lnsert it 1nto tube No. 1, then 1nt(;(ube

Not2. ‘ ' R
4, Record your observattons PR S N
I-’art‘B AnEnzyme in leer o i o L. ' |
- s R N )

S Catalase is an enzyme that is abundant mthe liver.

"Label ﬁv‘test twbesl 2 3, 4and 5.

. ..'
.. .

2 Obtam a pxece of fresh llver abqut the sizé of a, green pea and place 1t in tube No, l

30 Obtaln a pleee of fresh, llver about the size ot‘ 2 or 3 peas and place it in a clean mortar. Add a

" little fired sea sand and grlnd the tissue to a paste with the pestle. Add about 5 ml. of .9% NaC I,
“mix well, and pour the suspension into a beaker. Such a ground bit of tissue is called a homogenate
1f the eells are brdken up, and. sometlmes a‘brez . ‘

Add |_ml. of the brel to tubes 2,3 andu} Heat tube No. 4 over a flame untll it boils for about 15
seconds Cool

) * . ’ ' .
4. T0'tube No. 5 add some: firéd sea'sand to about adepthof .5tp 1 cm. B ‘
© 5. AddS drops of tm;ture gum guaiac-to each fest tube. - . \ ;

6. Add about | cm. of water to tube No. 3 and about 1 cm. of hydrogen peroxide to tubes Nos. 2,
“4 and 5. Usésthe glowing splint test on all tybes to see if the.gas generated will support combustion.

o

5 e
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Part C. Effect of pH, Concenfration and Temperature on the Rate of Emyme Reactions

student
4

.

This q{eriment may bg done as a demonstration,or as a special project by two or moye

Material and Equipment

’ . .

B&L Spectronic 20 or 3t;0\§pectrophotometer

2 B&L Spectronic 20 tubes :

Water baths at 27°, 37" and 57°C. o ' ! l ‘

Alkaline Phosphatase, .5% in double-distilled water ' '

Acid Phos%lilgtase .5% in double-distilled water and .2% para-Nitrophenyl phosphate .

0.1 M bufferss follows. HAc-NaAc at pH 3 and 5.5, Tris-HC1 at,pH 7.0 and 8.5 and éﬁff‘eme at pH
10. d-12.0 \ 4,

Test tube rack and 30 test tubes

Wax pencil . :

0.IN NaOH ‘ o ot

1 Stop clock

. ‘ . /
Experiment 1-Effect of pH on Alkaline and Acid Phosphatase
Consideration of an Hypothesis. Do these proteins.behave the same at all pH values? Write an
hypothesis for this experiment on your report sheet.

©

Design of a Controlled Experiment. A control group or tube is needed in order to know what
would have happened if the experimental procedure had not been carried out on the material under
study In this case it is called a *“blank,” that is, at least one tube is prepared with all of the
components under circumstances where no reaction occurs so that the color generated by the
components can be negated when the blank is set for ZERO optical density (O.D.) in the spectro-

photometer. See directions at the end of this exercnse for operation of the B&L Speetromc 20 or
340.

3

.
- . v

: L E
1. Mark two sets of 6 test tubes for pH 3, 5.5, 7, 8.5, 10 and 12. Mark one set Alk. and the other

Acid. Mark a tube “Alk. Blank” and another “Ac:d Blank ” Add I ml.of pH 5SS buffer to the Acid
Blank and | ml. of pH 10 buffer to the other. .

.

2 Add | ml. of p-nitrophenylphosphate solution (o each tube.

3 Add 1 ml. of .5% alkaline phofphatase to the “Alk " -series of tubes and 1 ml. of . S% acid
phosphatase to the “Acid™ series of tubes. Do-not add enzyme to the two blanks. Start the timer.
Rt.cord the temperature. : : .

. <} At the end of 30 mlnutes add 4 0 ml of .IN NaOH to each tube in the acid series and 10 mI of

I\ NaOH to each tube in the afkaline series. Proceed in the same order as in adding the enzyme.

- Add 4 ml of NaOH to the Acid Blank and IO ml to the Alkaline Blank, Now add 1 ml. o each

enzyme to. the proper blank.

' < Read thegplor developed in the spe%trophotome,ter, setting the Q.D. t0"ZERO with the Acd
%

Blank for the¥id phosphatase sene}s and sétting to ZERQ with 1 the ATkalme Blank for the alkalme
phosphatase sems The amount ¢f eolor that is developed.is dlreetly proportnonal to the amount of
paraznitrophenol released«by the’ enZymes

6. Record your O.D. readings and plot them ori‘GraPh I..

L]
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Experiment 2 Effect of Temperature and ConcentratiJ:l On Reaction Rate
.9
l .
Consideration of an Hypothesis. What effect will temperature and concentration have on the rate
of reaction? Write an hypothesis for this ex'peﬁmgnt on your Report Sheet. . ) ,

_Procedure(

. Mark 5 test tubes for each of these temperatures. 1°, 27°, 37° and 57°. Mark two tubes at each
temperature “0.2%"” and two *“0.5%."” Mark the 5th one “Blank.” TTTT T T T

(9
2 Add | ml of pH 5.5 buffer and 1 ml. of p-nitrophenylphosphate solution. Then add 1 ml. of
acid phospha‘tasc togach tube except the blanks.

3 Place th® 1° tubes in the cold room and the others in water baths at the indicated temiperatures.
Start the timer.

4. At the end of 30 minutes stop the reauuons by addmg 4.0 ml. of . IN NaOH to each tube
including the blanks. Then add 1 ml. of acid phosphatase (.5%) to each blank.
5 Set the O.D. to ZERO with the blank for each temperature group. Read the 0.D. at 405
millimicrons and record your data on the Report Sheet. Plot.your data on Graphs 2 ar]d 3.
Operation of the B&L Spectronic 20 or 340 Spectrophotometer »
“ kd -
: % N b4
c fl_o /_l O “ R ]
1 . 2 -
? ’ B ’ " (\@ /
; v N
- > " ' &‘
. 13
L]

S .
I. Turn the spectrophotometer ON using knob A. -
Let the instrument warm up for at least 10- -minutes.’ )
" Adjust the meter needle to an Optical Density (0.D.) of 2. Oiwlmh is at the far left of tln
meter. Note that it is not the same as 0% transmission. . ) .o .
2. Select the desired wavelength with the dial D. ’ .

This operates a diffraction grating which diffracts white light to give the various colors (wave-
lengths) of the spcctrum Wavcelengths above 650 millimicrons wide require the use of a spuual
infra-red phototube and filter which are inserted through 4 trap door in the bottom of the
instrument when the current is OFF. A

w
‘-

Fill a special B&L test {ube with water or blank test solution. )
Wipe the tube clean with optical tissue, such as Kimwipe (not Wipettes).
Inscrt the tube into the tube adapter (B) with the tube mark faung the mark on the front side

.of the adapter. . '
CLOSE thu.,,,ada[.)tgr cover. /
s ' . .

‘e

‘



4. Adjust the meter needle to ZERO optical density (100% transmittance) using knob E.
5. Repeat the adjustment to O.D. 2.0 and to O.D. 0.0 until the adjustment is stable.

"7+ 6. Theinstrument is now ready to read unknowns at this wavelength.
If the B&L tubes are not matched, use the same tube for all measurements.
Rinse, after emptying, with a little of the next solution. ‘ . .

7 VIf the wavelength \is to be changed more than a few millimicrons, reduce the transmittance
T 77777 (increase the O.D. ) usmg knob E before makmg the change. Afterward reset the mstrument to
Q.D. 20andOD 0.0. (See Steps 1 and 4.) . !

8. Do not turn the instrument OFF until the end of the period or end of the day, or else Steps 1
through 3 must be repeated. However, do not leave tubes in the adapter. The adapter containg ,
a shutter that is closed when the tube is removed and thus the life of the phototube is
conserved.” g~

(Vg

.
3
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Enzyme Activity

Part A. Action of An Inorganic 'E-:atalyst'
Tube 1 H,0 plus MnO, Gas?_______ Did splint flame? _____ What gas?
Tube 2 H, O plus MnO, Gas? _______ Did splint flame? ___ What gas?
-Write the chemieal reaction for the production of the gis. _ 3
[TaN -
1, S A R TR
Part B. d LR L. ,”,’:.,g' ,: e e
TUBE  CONTENT COLOR AT END DID SPLINT FLAME ° RATE OF BUBGHNG »
1°  Whole liver + H,0, + GG* ' : L R L .
2 Liver brei + H,Q, + GG* _ , S S ,
3 Liver brei + water + GG* * e j;_ . '
. , - & .

4 Bpiled brei + H,0, + GG* . : -
s saHO+GGr ¢ ~

*Gum guaic ’

. - .
Questions .
1. Did whole liver produce gagbubbles as fast as liver brei in tube No. 2? A

e

2. Which reagent, thcohydrogen pefoxide or the gum gualac‘ turned’color? L .

3. What effect did boiling have on thé enzyme 'agtivity? Wﬁy?= . ; ’
4. -\\l/~hat effect did grinding have, onh the.enz;me activity‘." B Why? N ‘ / '
5 Co. " ¢
5. Show what reasoning would go into arnvmg at'a conclusion, about the presence of an enzyme
which acts on hydrogen perpx?de bemg present inliver. . 7 ' p
f . . / 2 | ) - ) .
. A . : . ‘,, . . | )
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v Effect of pH, Concentration and Temperature on the Rate of Enzyme Reactions .
Experiment 1-Effect of pH on AlKaline and Acid Phosphatase Activity
L
Hypothesis: s ) )
-5, - ' N
. ;-A, . © ) 4 s o
S o - '
vetee U Resilts: L -0 T
S IRNCEINLIRE S H LSS o Optcal Degsities at 405°um,
, o P R ACID PHOSPHATASE ALKALINE PHOSPHATASE .
o "L 30 T : )
R 3.5, | - . - ) ™ .
A - N N - . i *
7.0 o . ) - - .
. ~x O = — M %
¢ . 85 1S ? . . '
v - <. p - . % ‘\A
100 RS . : . ‘
12.0 ° o, . R ~ * '
v A < < R F3 . "~
. o IR N : . , i
‘ - . . "GRAPH 1~ Effect of pH on Enzyme Activities .
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Experiment 2-Effect of Temperature’and Cqncentration on Reaction Rate
. . N . .
. " Hypothesis: ' ) -
13 . . - .
< - . »
. . K o . . “ . ‘
3 ! - N
> - ] .
- ' 'Y 2 - AY
’
. ! . . ! L' . "‘ . Y -
o Results: L .
. - . . ~ * ’ ; .
l"“
S TEMPERATURE AND” : OPTICAL DENSITIES
CONCENTRATION OF - —
ENZYME TUBE1 TUBE 2
. It ;' . K , N : N . : ‘
0°C. 2z 5% - 1 ‘ -
. . - . 3 N ) -
[ . " LN . - "N, -
. " ’ ‘. Y ’
© o, . . 2%, ) ] A -
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* . . ’ . 4 .
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A - 2% - . L
« . . . - .- ,
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Questlons . N
5 o O Pl M e - ¢ Ed
.. L Based on the results of Expenment 1, what importance can be plaued en buffers in thd” pnmeval y
. oceans from which the living state arose and what is its significance in modern uells" - T
s to ‘ .t . ! . . - ¢
. ) o < . - v e : [
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Questions : ' L . " -
. 3, Would performing thid test for 30 mmutes form the basis.for a reasondble assay of the amount of ]
. 9 . -,
enzyme present (within limits)? o ‘ - - ) .
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5 Why is it lmportant not to leave tubes ‘in .the well of,the Spectronu, spectrophotometer for very
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7. What 1s the action of enzymes on their substrates? Find ¢ diagram which summarizes the éncrgy'
relationships of a non-catalyzed and a catalyzed reaction mediated by an c¢nzyme in a text and

. reproduce it here. . .
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EXERCISE, 14 - FERMENTATION AND AEROBIC RESPIRATION COMPARED

)

= : e ‘Thls exercise will probably best-be used as a demonstration
' . or as a special project for two or more students

f

' Part A. Stdrting Materials and Getting Started” - 0

Materials-and Equi'pn'lént . ._— -

»

- .
gt . ’ -
R M “‘;‘ .
* - - . e
n . .o
s -
. . o
B " y Y
L} P .
.
PR
. .
’ - .

~ 2 2-liter flasks of yeast medium, Glass wool ) ey
. sterile (prepared in Exescise 7) Rubber tubing '
(Per 8 students) . | and 3-hole-rubber-stoppers =~ -
I Triple*beam balance * » 2 250 ml. flasks
"3 Aluminum weighing pans « 250 ml. 0.IN NaOH /ﬂ - .
Actively growing yeast culture . Brom-Thymol Blue 1n _— ) o
2 150-ml. beakers ’ . 3 10-ml. sterile pipette (md,wndqally ﬂ' PR
, 1 Burette and stand . wrapped) S
« 1 B&L Spectronic, 20 or. 34 ‘Spectro- Test tubes and rack
‘ . 'photometer and cuvettes . Reagents fo/ glucose determination by the
1 box Kimwipes (optu.al tissue) : héx Kmase method (such as the Gluc0v )
. Glass tubes .o e S klt from Calblochem ) .
Procedure o, o Yoo L Al
. . 1. Each palr of students should welgh the alumdnum pans on their tnple beam b.:lamg. as ac;urately
. . . as possnble Record the weights. (Number and 1mitial the pans with some clean, sﬁarp Objed but nat
N . -
- pencil or pen.) ° - , - e e, {‘ /| ; .,
. With a 10-ml. plpette as;eptn,ally t'r;nsfer 5 ml. of medium to an alummutn pan, and 20ml toa
. ' beaker Be careful not to let the pipet tou,ch rion-sterile things, . } o
. - ' 3. Equip the two ﬂasks wrth stenl tubes and filters qs shown below as Form 1 and Form 2. '
. 4. Take a new sterile 10 ml. pip te. i 4
N L As»eptually tmﬁsfer 20 ml/of an at.tnely gr,owmg yeaSt culture to each ﬂask Swirl to mix well.| .
s '5..Take anew stenle 10 mi. lpette ' EEN i ’ ,

, .~ Withdraw 10.0 ml. of the flask mlxture and dmde it between two welghed aluminum weighing .
Y, .pans- Place all three pans,of liquid in the drying oyen at 100-110°C uotlfdned to a onstant weight .
" _Record the dry weight’ { the yeast (net welght.»oé‘ the yeast samples,less twue the wenght of the

" broth sample) L P 'y . e

6. Prepare carbon di xide traps by addmgQOG lﬁj of 0 l\ NJOH and enough brom thymol blue to
give 1t a definite cojot. Start a slow “stream ?f afz (about 3 bubbles/sec ) through the Form 2 flask.

7. Transfer 10 ml, of medium from the bmke {Step 2o another 150 ml. beaker. Tltrate it to.
s neutrahity wiath O.IN NaOH. You may have ¢, nse pHydnon paper.nstead of bromthymol blue

. ;.) ) indicator because of the amber color’of t}}é b’zci .,Record the result. 1 .
,/', o . .8 Dilute | n{l of the broth (in the b;aker fra éStep 2).to $0.0 mi: with water. This should reduce
, S the conuentratlon froln 1% to .1% (100 m Determme the amount f glucose 1n the diluted

sample using the hexokinase mcthod (Thé pro'ce(mre i prowded separately’) Regord your results.

e

‘ s '
*9. Hold your results fdr use next week Y
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»

- ' . BARALYME ANDy . I
GLASS,WOOL . N GLASS WOOL , GLASSwodL ..
FILTER . .- FILTER . . ' FILTER -

200 ml. .IN NaOH
with BTB

FORM 1 . : - FORM 2~ .
, . hl A ’
. Part B, Produets of Fermcntanon and Aeroblc Metabolism, (Work in pairs) |
"1 cuIture each ofan aeragic and.an anauroble preparatxon of yea% I week old .
1 Tnple beam balance B

4 Aluminum welghmg. ;{ms . oot . ) ‘\.-<+

I Fluid trap to vacuumgiitie™ .. : AR ' .
(NOTE: Please do ﬁlfn’\onnect suction ﬂasks directly tothe vacuum llm )

1 Suction flask with ﬁb ner funnels and filter paper. & - s ' >

2

. 1 Burette and stand o34, . R . ‘
1 B&L Spectronic 2G: "}?MO Spectrophoto'metcr with cuvettes” K - g
Test tubes and rack 5 o . . ' . .

¥

1 250 ml. graduatéd gifinder and alcohol hydrometer R e . - R

Reagents for the dote} ination of ghicose bry the hexokinase method .
v 2 Warburg flasks and ;‘gpnqmgéx? Warburg bath | .

I Thermometpr( Cy .« | . . . .

2N Sulfuric acjd ’ b . "" ’ ; oo \

- A

Reagmts for,the dgurmm‘tmn ot mohol with'alcohol dehy’drog;nase smh as the STAT- PAR from
" Calbiochem. . ' K

10-ml. pipettes” * Y ¢ T b

. 1-ml. pipettes . : . . '~ .. "
Alcoholﬁwlromc_tbr . © - -

Prowdu;es . ’ F . L T . .
[ Miirl\ ‘the alumipum pans w;th ;our mmals and numbef them. Weigh them as awuratcly dayQu -
‘¢an’. Remove {0 ml of each Lu!tux‘c and divide it between: two weighed pans Place*the pans inthe -

drymg‘ov;n 4t 100- ¥ IO Caid dry‘ioa constant wught R ’ . )

-

Fxltcr the cells out of the Luﬂuk medium usmg the Buchner funnul on a suetion ﬂask uonnu,ted
to vaguum throu;_.h a ﬂwd lrap D;s»ard the xdls mrp the contauaer provided.

3 Detzrmmg thc ,pcrccm alcéhﬁ by »olume by. ﬁumg. a 250 ml. graduated cyhindér with the .o

ﬁltrates and ‘inserting the al»ohd Inygimmekr (Rinse and dry 1t between determinaiions so as not - .
to Lomammah the fluids wnth gach othfir,) Return the fliuds. o, the appropnate ﬂask .

X ~ . . o .

s ¥




*
.

_ frdqm the

NaOH Record your tesult.

- L]

S. Determiné the slucose concentration using the hexokmasé me,thod.'

* ’. . . o, - ) ) ki ’
6. Dg?ermnnc the alcohol concentration in both flasks ysing the a]

GThe procedure is provided separately.)

.
. .

s

" system.”

.

e

Determmatxon of Carbon DIOdee (Optlonal)

7 Determine the: 4muunt of L.rrbun dioxide. trapped n th; II7ﬁaOH usmg a Warburg manpmeter

) R

Medsun. the volumc of-the .IN NaOH in the Larbon dyoxide traps (flasks) and bnngthe volume
to 200 my. if there has begn any evaporetlon . .

Obum 2 Warburg flasks (one for the ﬂutd in each
for the eomspondmg"ly numbered manorﬁeter The fla
boarm‘_. . L

ap). These arc numbered and are calibrated
constant can be obtamned from the bu_IIetm

medlately with springs or. rubber vdb (The fla
Howeverf don't feave it or the flask will fall off and bre_ak. Open the stopcock at”the top of th'e -
manomefer,(blue spot to the nght) I . .

5. Plag the manometer system on the bath su port so that the flask 15 |mmersed Let 1t equilsbrate
for abouit 5 minutes. . AR > .
6. Clgse the stopcock and adjust the manom ﬂuld to 150 mm. with the reservoir knob. .

7. Rgmove the Manomcter system from the bath and tip in. the sulfuric acid. Return to the bath. - L

overflow, adjust theclpsed arm penodlcally back to 150 mm.

hcn gas generation is Lomplete adjust the glosed,arm to 150 mm. and read the open arm. If .

the fluid 1s above the scale (oyer 300 mm) raise the night hand arm readmg so that the left falls to

" 300§ Divide the difference betfween 150 and the reading-on the right arm by 2 and add the quotient

to readlhg on the nght side. .

L] . v
fl sk Lonstant 1s 4 factor which converts the readmg in mm. to microliters of gas at standard
dmon of temperature and pressure. Therefore

{ ~

Ccof -

‘m crohters CO, = Change in mm x flask cpnstant
Multiply by’ I00 to get thetvolume of CO, trappcd in 00 ml. of \lN NaOH.

8. [When ithe determmat.non has been Lompleted open the stopuo\.k then remove the manometer

ath and rinse out the flask. ' S

L
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REPORT SHEETS FOR EXERCISE 14

14-5

S 4

Fermentation a"nd Aerobic Respiration Compared

Y,
Dry Weight of Yeast per 10 ml.
‘ ~

in Starting Culture

1)

N . -
' GROSS DRY TARE WEIGHT NET DRY
PAN " WEIGHT (Gm.) OF PAN (Gm.) WEIGHT (Gm.) .
i 2 ) -
3 . ’ , Y
' SUM | . .
1
. s‘ . Net Dry Weight of Yeast '(Pans‘Z + 3 minus 2 x Pan 1) s

¢

L
’ -

ve
.

R . .« 7 . . . .
Dry Weight of Yeast per 10 Ml. in Final Anaerobic'Cul’t’um\-

LI

b GROSSDRY *| TARE WEIGHT NET'DRY -
AN WEIGHT (Gm.) | OF PAN(Gm.) - | WEIGHT (Gm.) ~
IL ¢ I :
w2 i ! ,
, SUM g
_3 . Ad ’( v "

4

|

4

L4
‘

\

Net Dry Weight of Yeast'(Pans 1 + 2 rjrinus 2\15 Pan 3)

Gairi in Weight (Gm:)

Dry Weight of Yeast per 10 ml. in Final Afiaerobic Culture .

4

’

2 . *
b P AN GROSS DRY TARE WEIGHT NET DRY
. | WEIGHT (Gm.) OF PAN (Gm.) WEIGHT (Cnt.)
2 P . . TT ’
. ", SUM C .

E L —

T

‘P

Net Dry Weight of Yeast (Pans l + 2 minus 2 x Pan 3)
. _Gain in Wiight (GmJ))

; -
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Titratable Acldity e - ) .

.

| 0 ml. of AoH . cMLof .IN MILLEQUIVALENTS .
o e A ToH, NaOH USED ACID PRESENT ‘ »

- L4 -
- d

. . " » . N
¢ }Starting medum T . X . ) ]
~ . ; . ‘\,«
. 0 ~ r3 a3 n
. - ..? . . M . ’ L.
Final Anaerobic Filtrate - / N .,
/ -\ . LY
L { €«
iy ., »
L, < . . . ' s

Gam (+) or los§c(—) . .
Y \ 1 .

~
L . L)

.| Final Aerobic Filtrate ' \ /s ,
Gain (+) or loss (=) . - FER -
Spegific Gravity by Alcohol Hydrometer' v ' ’
. . % VOLUME . AMOUNT IN WHOLE FILTRATE .
7 « . B .
- : . . Joo- ]
Anaerobic Final Filtrate . . . !’ P
- + " f ° 4 v
- , : . - . . -
# Aerobic Final Filtrate ) u
i g - ! .
Yo, 1, . p . : . . - .
Anaerobic Fin?/ﬁltram ’ .
— 5 ‘ SRR
- l . ! ‘ . ‘ “ ‘ ' FN.‘._,‘ [ s
Carbon Dioxide Collected in Traps N .
P . . m » t )
| : | ussp | FLASK | FLASK |ULlTERS| TOTAL | MOLES' SR
. . F‘ILTRA’I‘E ‘ mL USED NO. . kcoz | 002‘ ] CO2 CO2 y 8 .
R " - [TRAPPED| -VOL/22.4 { .
] . g ~ » \
. . A " . ¢ )
.| From Aerobic Flask i . . )
. OB . ! . . 7
From Anaerobic Flask . y . . . .
.f’ v ' ' » : ) “ 2 R
L ; e i 4 -
3 R fl . - ) .
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- . . . ) . . / ,,-'
(Glucose Content of Mixtures £
. A / +
" 0.B! READINGS MINUTES AFTER MIXING e
. ' ‘ 7 .GLUCOSE.
. ' - AO T™— 2 B 3., 4 5ﬁ .
. , T - : =
- ‘Anaerobic , .
- 1 Starting Medium " o = .
' - Aerobic ‘ ’
- _ L4 » 4 ; T ;i
Anaerobic , ) ' ‘ i
.., Filtrate - Method 11 — e s
- R = h ’
. Aerobic ot .
Filtrate Method I : ‘ o
» . * - ’ . — - ‘e : ‘
‘ \..;_, . . . . . v . .
// . “ Alcohol Dehydrogenase Assay for Al}cohol in Media and Filtrates .
/. ' . v
i . j 0. D. READINGS MINUTES AFTER MIXING, (| .
P — . - AMOUNT
y y |7 i Ag.| 1 2 3 4 5, '
Anjerobic Filtrate to. _ vl o . .
Aerobic Filtrate /*”" ) 2




EXERCISE 15 -~ CHROMOSOME MOVEMENTS DURING ‘CELL DIVISION

PR N

© .

(Followed with chroosome models made of wire and pipe cleaners)

> “ : , ] - ) i , )‘ ]
‘e This activity can be assigned for completion before coming to class. - Time—30 min.
' Materials T ) N : '
) .
Copper Jﬁ'e (20 to 24 gauge) )
Pipe cleaners (may be different colors) . . '
« . *  Paper plates (6-in. diameter or larger) - , v ¥ )
' Preparations ) - ! ) - ’

'
.

. Cut 8 preces of pipe eaner wire about 2 inches long and 8 pieces of 20 to 24 fauge copper wire

- ‘ about 4 inches long. Bend half of these into V shapes and half into J shapes with & small loop at the
bend to represent the géntromcrc (where the chromosomal spindle fibers are attached). R
2. Cut out the models of the cellular structures provided with &his exercise.
" Part A. Procedure for Miiosis ’ ‘ )
/, _ ',
. Mntosn.» is & form of cell division in which the chromosbmes (after replication or dupluatlon)
shorten and become more visible 1n the microscope. They split and are distributed to the resultant”
cells in sets like those of the parent cell. .
While the process is continuous. certa parts of the proEess are named to help identify the . .
. sequences of the process so that scnent)lsts may study and discuss them conveniently. )
. Interphase B ‘ 3 -
Place the niodel of the mterphasw nucleas (No. 1) in a paper plate. . . R
- ' Place two copfer wire V- and two, J-shaped moles of interphasic chromosomes at random in .
the nuclBus. Thls nprescnts-earl) nterphase. During interphase the cell, will be doing the -
work it was deSIgned to 'do so that the chromosomes will largely be concerned with .
making vanous kinds of RNA. As readiness for LC" division approaches, the chromosomes
switch from RNA production to DNA produc ion. This results in' the repllcatlon r. « ,,
duplication) of each chrorfiosome, ¢ va licate lying beside the original.
I"Iage a second (opper wire V- and J-shabPed chfomosome model on the others to form 4 palrs
o of strands. This represents late mierphase and indicates readiness for the nucleus to ¢
ugdergo dwvision. ' ’
Prophase Q_ - - ,
. [ - ’ . K .
Place the model of the prophase nucleus (No. 2) in another plate. S y
: Place two pair of J- and two Vishaped pipe cleaner models of chromosomes at random in the
. . , nuufeus Jowards the end ofprophase the nuclear envelope breaks, exposing the nuclear
. ' sap taa change in acidity and salimty. This causes the spindle proteins to elongate into

" the spmdk while the prophawmomosomes are still scattered. The time until the chro-
mosomes move to the equator is uually called prometaphase

.

. e " Metaphase

Place the model of the' metaphase spindle,(No. 3) in a plate. - . * -
. Place two pair of V and J-shaped pipe cleaner chromosome modcls in the spm\?k: so that the ,
small loops r\%prescntmg—thecentromeres are on the equator. ' . |

\.. .

T

. ¢ . ‘ ‘




~ 13 . ) - -. .
Anaphase’ ) . . : . . ..

Usmg the same plate as for metaphase, arrange the chromosome models so that the bends
point toward the ‘centrioles but leave the distal tips in touch with the equator. When all
have been arranged so that each member. of a pair of chromosome models point toward
oppgsite poles, move both sets to the aster on that side. - . . .

.
l

Te)ophase .. PR ST

« * Place two models ot‘the telophglse nucleus (No 4)ina pl§te * .
©  Transfer the Lhromosome,s from the anaphase model to these nuclei. Note that.the aster is not
v fuIIy withdrawn  The beginnings of cytoplasmic division can be seen in cells at this stage.
In“animal cells a cleavage furrow develops around the equator of the parent céll. In plant
cells new cell wall matenals are secreted m[o the equatorial plate so that a dmsron plate 1s
- formed there., ' J

t

i,
Interphase II. ' . R

[ ] , '

L4 ¢
W .

Place two mterphasnc nuclear models (No. 1) in two paper plates.
Supply #H& nucleus” of* each with two -paifs of copper wires (2 J- and 2 V-shaped models),
unpaired at random in the nuclei. The division cycle is thus completed and the cell may
return to doing whatever work its hew condition is designed to do 1
5 / . 4
. PartB. Flrst Procedure, for Meiosis (Spermwhoductlon) - ¢

~

Mexosxs i3 a form of celldivision ih which the chromosomes (after rephaatlon) shorten and pan’
* 'up After possible breaks and recombinations the tetrads split apart in pairs and are distnibuted to
résultant cells ip double homologops sets The telophase becomes the prophase of a second division -
. during which chromesomes do not break but are dlstnbutedﬁo the final cells so that each has a —
single set of homologous chromosomes. . . . . ~

L In sperm formation (spermatogenesis) all of “the resultang cells are transformed into survwmg
sperm cells, which is,in contrast with what happens in egg productlon

%
-

In terphase I . P

—~ .

Place the model ofthe mterphasnc nucleus (No'l/m a paper plate.

Place twp pair of copper wire J- and V-shaped models at random in the nucleus. This repre-
sents early interphase. As readiness to divide approau.hes these strdnds are duplicated W‘
place similar-models on the original ones and the’ plate now represents late z\nterphase A

o’

Prophase . . oL ' .
h 4

) 7

* Place the model of the prophase nucleus (No. 2) in a plate. . -

* Place a bundle of 4 J- and a bundle of 4 V-skaped cltromosome models in the nucleus. These
bundles of 4 are called tetrads and result from the matu.hmg up of the two pairs of the
same form of chromosome (homologous u.hromosomes) which'is a process ..alled synapsis.

Metaphasel ' ) _ K} ’ .

- Place the model of the Metaphase spindle in a plate.

Arrange two tetrads of J- and V-shaped chromosomes on the equator.

I
Anaphase | ‘
Use the same plate as for Mctaphase 1. * v
- Divide the bundles so that the centromeres of two ehromoeomes in each bundle are diregted
' toward opposnte asters. Move them to the aster end of the spmdle - .

.
0

\‘l‘ . ) . ) )q.\/’ " \ s l- )
RIC - L | |

- . o

!
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- ’
K Telophase I ) ' . ..
Place two telophase nucleus models (No. 4) in a plate. -
Place a palr of J- and a pair of V-shaped «.hrorposome models at random in each nucleus.
Prophase IR : ‘ o ' . .
’ Telophase I is also Prophase II. except that the cytoplasm has to dmde .
Place a prqphase nucleus model (No. 2) in each of two plates. : \ )
Transfer the chromosomes from Telophase I to the‘n'aclﬁs o . .
’ Metap}ﬁse 1. ' ) ) el .o .
s o ”
" T Place models of the metaphase spindle (No. 3) in each of two plates.
Transfer the chromosome models from Prophase 11 placing their centromeres on the equator.
~~ [} v . - . “. ’ .
* . Anaphasell. T . ‘e : .
- “ - N . N .
Separate each pair of chromosome models so that the centromeres are directed toward oppo-
. v srte asters. Move Ehe chromosomes to the asters. , - - .
Telophase i ' ) . i ; -
’ Place two models of telophase nuclei (No. 4) in each of two platesw ) o T
* .. Transfer the chromosome models from Anaphase 1l to the nuclei. - , ‘)
. ’ Ihterphase Il . Lo e R Lo
| ’ .
Transfer each of the Telophase II nuclei to a separate plavte ’ <
Replace, each pipe cleaner model of.a chromgsome with a copper wire model to indicate the
interphasic condition of these nuiclei. . .
In some animals (Ascans. Lobster, etc.) the spermatozoan may be amoeboid. However, most *
. males form tailed spermatozoa which are formed frorh these hagloid cells. The centriole generates a
R long ﬂagellum and the mitochondria become concentrated m the cell so that it ig Ilke an ATP- )
: « + powered torpedo carrymg a warhead of one set of chromosomes B -~ '
a N ,
. , Part C: Second Procedure for Meloms (Egg Productlon) AN ," . ..
- e .. - ]
. In most developmg ggg cells the spmdle size is much reduced in relative size when compared
2 .. with a developing spermatocyte. However, we will use full-sized spmdle models since the process is
-, - the same and lt’ will’be more convenient workmg with fhe larger siZe. . R
» ) l * . - .- » . ’
v- Interphasel /'«,_, - ;s .
.- Place the modelpf the ‘inter»p‘hasrc nucleus (No. 1) in a paper plate - "
g o Place two pair of copper wire J- and V-shaped models at random in the nucleus. This repre-
» sents early interphase. ‘As readihess to divide approaches, these strands are dupln.ated sQ
"’ . place slmrlar models on the origmal ones and the plate now represents late interphase. "
' Prophas'e L* ‘ . S S
" S Place the model of the prophase nucleus (No.,2) in a plate. »
.* . Place a bundje of 4 J- and a bundle of 4 V-shaped chromosome models in the nucleus. These
) . bundles of 4 are called tx:trads and result from synapsis of pairs of homologous chromo-

’ somes. ¢ N




. 105_4 - > \ - ' l .

Metaphasel ' N | i . \

lace the model of the metaphase spindle in a plite. , ..Q
ange t ‘two tetrads of J- and V-shaped chromosomes on the equator '

 Usg'the same plate as for Metaphase . C
. ‘Di ide the fbundles so that the centromeres of two chromosomes in each bundle ark dlrected
' . towards opposite asters. Move thém to the aster end of the spindle,

. - .
* L) . .

TeIOphaS'e I s ’ . o . . .o
PIace one‘telophase,nucleus model (No. 4) in a plate and place a modeI of the polar body cell . -
> (No. §) at the oppdsnte pole outside the plate. - . . .

PIace one’ set of, chromdsome models from Anaphase '3t random in the Rucleus 1n the pIate S
Jt, and the other set in thé nucleus of the polar body-cell.

" Prophase . - : R P

- N ‘ .

“» . Telophase I for the cell in the plate is also Prophase II.

v

’ i AN | ‘
Place a spindlg,model (Nb 3)ina'plate. , ~ . ’
., Transfer the ‘chromosomes from the p]ate used for Telophase I’ to the Metaphase modeI

Metaphasa II. '

placing the centrome(e Ioops on the equator. - '
Anaphase II. .o T - . ) L . ) '
Separate the pair pf chromdsomes in both the J- and V- shaped groups. These same changes are A
, taking place }) in the polar body. Move the chromosome models to the.aster end of the
. spindle. Y . A . e "/
' Telophase 1L . ‘ ’ ) ) 7
-~ Place a telophase nucfeus model (No.-4) in a plate. o " S v
’ Transfe. one set of chromosomes from Anaphase II to thls nucleus. Tl;ansfer the other set to a .
’ . 7 polar body cell model (No. 5) beside the plate. Place two more polar body cell models .
_(No. §) beside the polar body cell modei for Telophase 1. Divide the chromosome pairs
"and put one set in one of the‘polar body models and the other set in the other. ~ ( . .
Interphase II, ’ ' » . : '
. ) e . \ - . .
The plate model in Telophase II is'a model of an ovum. You will have noted that as in sperm | .

formation there are now four cells, but three of them are somewhat redyced in size and | m
fact they are not functional as eggs, because they lack cytoplasm to store food for ’

developing embryos The model now represents the egg pronucleus. The chromosomes .
will 8o immediately to prophase as will the chromosomes of the sperm profiucleus. The

sperm pronucleus has the centrioles for the' zygotic spindle. The pronuclei will not

¢ “fuse,” but rather the Chromosomes of the female pronuuleus will enter the spindlé of the

} o male pronucleus, and, the yoking (zygote formation) of the two sets of chromosomes is
completed.

. - ! -

*x
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Microscope.slides and coverslips * Chloroform H g i .
Forceps, dropper and, dissection neede . ‘Absolute alcohol 5, .
Chart of animal and plant mitosis , . ) Glaciat acetic acid ce R o
= Aceto-orcein Irght green stain _« . “Allen’s Fluid , e LT
epared slrdes 'of whitefish blastula o Acnd alcohol , g %o
' Part A. Demonstratlon of Mrtotrc’Frgures in Omon Root Tlp ; i , i
14 ,zj' ‘i 4
. These shdes can be prepared in as Iwﬂe/s three minutes. ° ;{’
— Step I. Cut off I/8 lnLh of the root tip with 4 pair of scissors: Plt.k up the tlpﬁ:{h the‘,foh.eps (It
1s best to select small onions for growing the roots and to allow the fgots to grow .dver
3/4 of an “inch .‘n length before cutting the tip.) These roots must be grOWrng vigorously.
i Step 2.. "Pface the tip in AIIet4 N Flund for%5-40 seconds; then blot. 5 _ '
\ Step 3. Then place the tip in Acrd-AIcohoI for 35-40 seconds bIot AN ]
., ﬁhﬁ Step 4. From the Acd- Alcohol place the trp.on a slide and then add seyeral drops of Aceto-
ST ¢ Orceln Light Green stain on the tlp S, ;
S?epﬁi Wiﬁ\ a glass "coverslip apply pressure on the tip untll it beeomqs’ speared thlnly Then
¢ slowly lift the eoverglgss off the slide, add more stgin, and allow the stain to' get t,o the
s sméared portions. Press on the smear, again. This hftmgand pressmg shoul,d be dongthree
Ty o times. C ' ) .&)‘ L] S
, Step 6. £ Leave the smeared root tip in the stam approx,:matelyi3-4 mmutes Within ten mmutes
s of hunhhg-)'student S'hould find good mitotic figures. : X .
'Allens Fluid (leatrve and }V‘Iordant) . . ’ : u * e
- - Saturated solution of plcnc; acid in water .. ..... R Jo 3;,*% ' . 5 ce
" Formalin, USP. t .. 1. .. OIS | 15 ¢c
v Acetic Acrd Glacial | . . i~ . . . . . e ...... S, .10 cc
Ured . . .o. .o e R S S S I gm.
. . : . P ) I .
. Acid Alcohol (Softener}- ‘ . £ o
. Concentrated Hydrochloric Acd ... ... f: o 100 c¢
s " Iso-propyl Aléohot, 99% \v4 e s e e SR N uE ... 200 cc
‘ 7 . i - . " N 3 -~ )
» . 4 . ] . .
Aceto-Orcein-Light’ Green Stain . \ - ; -
Solution 1. . ........ | part ! ' . Solution 2 . ? ... +..% 1S parts
? ) .. . ; ,'. 3 g ) .. n é .. »
ve . . .t L . ] : :4 K - .
Courtcsy Reid Jackson Graduatc Schqol of .Educatron Harvard Umversrty i
- . r

t * ' v .

o \ ‘< b i . [] . * ) e, /
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EXERC[SE. 16 - CELL DlVlSlON ‘. i
b
L M e o 7 . . P ) T *
] pe »
- R o
'."Matenal and Equrbment t S e ‘. e e
Vo . .t . 4 :o “ ; b
MICTOSCOPG with lamp ’ Prepared slidés of maturatign " :

Razqr blade " in Ascans eggs

., E
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) Solhtnon 1 0"125 grams of Lrght Green S P. drssolved,,m 100 cc of a '50% Aqueous solutron of

Acetrc Acid, and filtered. R ; . I"‘..: . S

® -

Solutioh 2 0. 5 g?bms of Orcem drssoIved in IQO cC. ofSO% Aqu,eouésolqtron of Aeetu, Aerd and

filtered. | i .}g SR I

ijust before using. ' X ‘ 'f‘ e 3 L A o B

Part B MltOSlS \ ., B ) * "7* ’ N' f'

' N

+

%
. - The whole stug of mitosis is simplified and madé" more srgmﬂ%ant-r.f cértan baSre ideas are
'_kept in mind throughout’ the observations. Eyery cell, rhust descend »from a pre-e'xrstmg cell and
daughter aells resemble the' parent.cell. It follows then, that cell dmsapn is equauional 1n character,. |
the two daughter ceIIs being equal to each other and to the parent, from which they derved. Since | .
we know that the shape and the size and the activities of a cgll am.eontrollpd by faetors n they
- nucleus, we must examine cntrcally the fatg of the nueleus as it um%ergoes drvrsron.to form two }

daughter cells. ~ o ] _4 ' \1 . _ .. ‘
. It is important fo beér in mmd that the phases of mitesis you obgerwe are like the smgle shots .
in atmotion picture film. Understand’ the single dynamm of the whole prheess as it goes on 1n Irvmg2
) growing cells Observe the revev{ng character of ,mt sis ‘and that the ehanges from prophase to*
b metabhase are roughly Irke those from mefaphaseto t‘elophase roe L, L

To observe mltoS)s in Imng matenal it is necessary to, seCure/ hissue, where gro\yth 15 raprd and
cells are actrvely deridmg M\;tosLs isa umversal phcnomenoh and might be observed 1n thg Irfung 1
Iayers?f your throat or about a ht;almg wgdnd Itis generally preferable to use vegetable trsme

Nudlear material and ehrom}Jsomes have a greater afﬁnrty for the’ ‘stam than other eeII par'ts
Obsgrve the loosely compacted  cells of the root cap. Can you thm}( of a use for these in'the .
economy ot root growth" Bene &h the roat cap at the very trp of the rqot proper will be observed a
'mass of small densely cytoplasmic cells, Look for actively dividing cells with chromosaqmes 1 this

" region. ﬁack of ‘the tip wilt be seen a zone of larger and donger cells appearing more or less empty.
This is the zone of celt enlargement meludmg some merprent eondm.tmg ells with sparghke co:ls
.. of ceIl wall thickenings.

-~

‘ - .
Supplement your exammatron of the fresh root trp with prepared shdes of onion root tips ,

. showing m‘rtosrs Draw a senes‘of ﬁgures showmg what you see.in typical .onion foot cells under-

going mitosjs Arrange your drawirgs in.a series to show the true sequence -early prophase ta late
teIophasv.au esting nuelér are ehara\.tenzea by a umformly granular appearance. Duning prophase
this granular material becomes .organized into long slender much convoluted threads which become
progressively’ shorter and thrck’er Prophase nuclei also show a small dark staining spherical body—
the nucIequs This structure rslof uncértam function but drsappears at the'end of prophase

’ The pro hase figure is ucceeded by. metaphase At this stage the nuclear membrane has ..
completely diSappeared, and a ‘spindle ﬁgure has formed. The spindle is actually formed of more
denskly gelated protOpIasn'hc strands. Keep in ‘mind ifs three dimensional aspects. Note that the
chromosorpes are how obvmusl'y palred structures formed by the lengthwise splrlt’mg of the parent
thromosomes (The actual ‘splitting occurred in early prophase, but is di It to see in prophase

‘ ﬁgures ) In onion there are, ‘fo,urteen long chromosomes. You will note that they extend well up and .

down the spindle figure but that a plane passed throygh the equator 6T the spindle would touch, .

each chromosome Each cﬂromOsome has a pom of attachment to the spindle figure which in the
' metaphase figure always lies in 'this equatorial regiow..\ etaphase is a O{zewondzuqn figure. We do

not speak _of'“eaﬂy and “late’:metaphase. . . Lo .o




~ the effect of Seetlomng is to show only parts of cells 1n most cases: ¥ou could not understand the. .
shape of a whole bologna by examlr'ung a smgle slice. Examiné many cells and in your own mind
reconstruct the situation in an mtxt undamaged cel. . . .

References v N . ’ K o -
Mana, D. 1953. Cell'Division. SczentzkcAmencan August. 53—-63. “ o,
Swanson, Carl P. 1960. The Cell. bnd!ed Englewood Cliffs, New Jersey. Prentnce Hall, Inc pp. 62 ‘77 X
” i . . Y
PartC Meiosis | ‘ . i S ", ‘ iR

. the cgg. The sperm riucleus, on the 'other hand, waits in the egg cytoplasm for the meitoic dmsnon
1o be complete before the male pronut,teus fuses w1th the female pgonucleus. Find these stages.

.metaphase a;nd mones toward opposite poles of the spindle figure. The' anaphase 1 4rmic and

vfully undérstood. ‘but"it 1s thought that they are drawn along by tractile fibers which some workers .

‘changes 1n plant cells include the rgappearance of nucleol and nuclear membrane_together with

_ bet.omu the cell wall of ate telophase and eqll dmsnon 1s complete. Note that the cell plate and cell’

> ’ . . N * s 4

e . ' . . g .
sét . o . . . .- ) ‘ ‘ .16‘—3/4'
. v » . (. ) .

‘Dunng anaphase the. chromosome halves’ move apart, so that each leaves its twin of the

m&y be eonldered to last only while the chromosomes have a V-shape with The pomt directed
tuwa;d' the pdle where a daughter nucteus will be reconstituted. This chromosomal movement 1s not

belieyg 4o be pseudopozizum Izke extrusions of the chromosome uself . . ’
. 3

TelOphdSC beglns when movement of thg chromosomes stops. Dunng this phase. the two
«hromosome groups regrganize as new nuclel with the, chromosomes losing their gelatinous matnx
and becoming successively threadliKe and granular agair as in the prophase. Other telophasic

formatlon of a “cell plate” in the equatunal region. By the coalescence of drOpIets this cell plate

wall dwide the Ly toplasm In two parts There fs no eIaborate mechamism for precise equattonal
divisionhers. | | . : '

’

e

B - . - N |
Follow your Qbsenatlons of plantmntosns wnth a study of prepared slides of Whitefish blastulae

xs examples of mntosns n typical animal (ells. The blastula 1s an early embryonic stage followmg
fertilization of the ‘fish egg-,,M'ake a record of dtfferene‘es between this and division 1n a plant cell.
See aster. central bodies and try to find a centriole. Do you find any asters which have appedred
before the breakdown of the nueltaf mefnbrane Note the pinching in two of the parent cell as the
fwo daughter cells are formet{)m ‘late teiobhase khat 1s the mecharusni of such a eonstrnctlon of .
protoplasm" This questlon is stnII uhanSwered by md&em re‘searchers )

v

3

“

In using the prepared slides of both the dmon oot and the wMeﬁsh blastula remgmber that ‘ -

-

Study a shde of matunng eggs of Ascans. megaldocephala, the round worm of horses. This is .
convenicnt mgtenal because there are.only twe chromosomes to follow. These eggs, however, like
many nnvertebrate animal eggs, beeome nipe far sperm entrance before the meitoic divisions begin n

.

Gen{mza{ vesitle stage. Thls is r;;e ,egg before sperm entrance. It has a large nueleus (éermmal
vesicle) which is not usually m the’ eexster of the cell. The cell 1s surrounded by ajelly coat and there
isa penvntelhne $pace between the jeliy coat and the egg cell itself. . : 3

-

-
g

.

Pruphase Two t,hromosomes will be seen~ in the female nULICUS The sperm nut,leus isNa deep-
stammg body off to one snde ‘v . 26 o™

. . .
.~ 4 * -
. » (€Y

Mcta;/hase I, Two tetrads of ehromosomcs can be seen 1n the spindle at the edge of the ege cell: R

Metaphase 1] The first polar body cell ha: been formed and may be mashed against thé jelly coat.
Two diads (panrs) of chromosomes yvill be seen in the sptndle near the edge of the egg cell.

*

Pronuclcar Stage The seeond polar body eell will now be. pinched off the edge of the egg cell and
the egg pronudleus 1s approaching the vesiyular male pronueleus ahd its asters. The female chromo- ”.
somes will enter the spindle formed by the male pronucleus and the first mitotic division of the

zygote will ensue.  ~ , ' / oo : \( .

»
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REPORT SHEETS FOR CISE 16
4 -
ings of Onion Rpot Tip/Cells in Various Stages of Mitosis )
. - .
) Drawn from a magnifitation of X.
» : .
v 3 7
- . e
1
Y - *
- ‘e ~ *
. L.
‘. ¢ . a b M
. P M
L2 ‘ .
3 . - ¢
[] ’ . ! ),
Al .
. | ) R f~ .
. ! , ¢ .
v . -
' - 0 ) : ‘ . L
- 1
. v , . T . j
\a N . .
\ . 'n \
- . . — \. N ‘ .
. s _
AN N :
' - ’ .3 .
. . \ 2 . ¢
vy -» -
hed M
s N ~ .
. N~ .
] o ]
’ ] » -
.‘ .
< * ’ . * * d v
’ . N
’ . : . : " : . ' |
' . , |
. i . ’ ¢ |
« « N M . ¢ v L) [ .

JAFuiext provided by ERIC . .
=z . . .o t . .
. . .
. ., : ”




-
-:'I -
* " el
‘ - . -,
- Te -
AT . -
e - .
. ‘.
-
. —
’ Lol
.
. .
134 s
. . .
-
> i .
. .
-
P Ces
' e .
Ty U . O-,
“Wh e, s b e -

fi

magni

.

!

A4

Dra“fn frem

AT ..waf&
. o
. m
Yy, Q.
Y- -
R kN
A ks .c at.{.wt .
S
o0
- + 8
- [72 BN
.o 3
. A oo
-8
. > .
. R=|
S
« 8
. 8
. 0 .
K
2
- U
) =
-5

16-6

of (_Zells

wings

Dra

Stain Used

L

2

{

.
.
N .
.
' .
.= .
EAPIIN
v e on
-
/ LI
. .« .
o, hd
(e
. “—
.
-
»
~
.
- <
s
-
<
.
~—

. ° .
L 3 e
MRS
- .
L LA
LT S >
bl V'Y
.
Tk - -
Y- T s
- -
ad -
.
7/
L)
. .
- . r
, .
cdy .
EE .
.
-,
© . -
~ .
.
<
. e
°

»
. " .,
[ I .
- - -
+
N +
v
- - ~ - oL
- . ‘
. . -
- -~ .
- -
Pe - # .
. - . . RS
- .
. .
- - ’ ~ hd
. ) = .
. . .
T4
- . T e . * L4
‘* . - .
. A . f N
. . .
" -
. . .
- \ " |
. - . -
- .
« .
. . . -
. N . -
‘ -
. v .. °
- ) -
-
MU - N te - . - . e
. . ~ 5w,
¥ N /M
« o )
. . . -~
. [\ . . . L . wF
- R - .
- Lo ‘ LY . . o 41
- ~ ’ nf
’ . . - -
. - . .
. .
LT o .-
‘e . -
L - .
. o
PRS
» .
< 5
- “
13 .
. .
» e . . A -
R - .
* -
.
. B
- ' - ‘
B v
¢ * . -
- . .- . .
B - . .
-
. .
. . -~ . .
2 0
. - R ‘\’ -‘
. L4
. - . A\ .

ERIC.

Aruntoxt provided by Eic

¢




. » s 0+ ® . -
|‘ . e y 4 ‘ .
o . . .
. |' ¢ .
| T  C S e »
. *." ' Drawings of Ascaris Eggs in Differeiit Stages of Meiosis
~, i . * * .
’ ' h - 3
B ] Drawn from a magnification of e - X
$o. 4. : ‘. ) V’ { - .
- 3 " ":' . € ” . :
. : P w .
e Y : ‘ . .
' 1 N . . .
A . . .
‘ ¢ - b . Ny .
: ¢ o
. . ) '
" .
\‘ e N .
' ~ ) ) ) ‘
‘ .
. . . .
. : 1
» -
‘ . ) ¢ : 0 . :
* R o .
- . I * . §
" . . " .
L] \ . - 3 €
Lt [
<o ) I )
oY SR : . : o
\ - - ~ " . .
> » M .
'19 . N . * "~ . &
% n 1 . ¢ , .
. - . . e \
* 0
‘ ‘ - . -’
l. '
g R .
[ . -
-9 . :
' v ! < . . ©,
. LY
. .
* o -4 L - B
* ] - - .
»
¢ 4
. v . RN
’ ' . N .
- =
! -
L] » L4 .
’ PR . . .
L] . . .
L
. “. -
» N . - . »
. 5 , -
L] A
[ A M
: x . .
. ! B ’
. ‘\ﬁ.&'
: N * * . .
P * . ~
. aq=
. ' : Y

ERIC L

PR A ex Provided by emic




16-8 . ‘

Cell Division _ . .
l Why are cells stained to study mitosis if stammg ‘them results in thelr death? N
" If a cell has four pairs of chromosomes, how many pairs will each daughter cell have Tollowmg
mitosis? . - .
3. Briefly chargcterize the mitotic phases. ‘- -
4. ‘What do you think the role of spindle fibers is? "

5.7 How are plant miitosis and animal mitosis similar? | ,
6 What major structural differences are there between mjtosis 1n omon cells and whlteﬁsh blastula

“ cells? . i .

7. What is synapsis? - ) '

.8. What are polar body cells? Co ‘

9 How do the final cells in male mitosis diffgr in v1ab111ty with the final cells 1n female nme1os1s m
ammals" s ¢ *

» b4 . ’ ~ > -
Use additional sheets'of this size 'to contplete your answegs;if necessary,
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EXERCISE 17 - THE PHYLA OF THE ANIMAL AND PLAI:IT KINGDOMS

) Py

.

? —

AN

* There will be placed on demonstration a representative specimen for each of the'major phyla

in the plant and aﬁlmal kingdoms. Phylum means “tribe,” and therefore, is made up of several

. Classes, Grders, Families, Genera and Species. You will be asked in this exercise to identify the main

st;uctural charactenstics that distinguish members of one phylum from another. This is almost like

~ asking a “man from Mars” to look at you and characterize Earthmen as well as Americans as a

nation. On the other hand 1t would be ®asier for him to take you back to Mars with your character-

istics than to transport the whole city of Atlanta,.Georgia back to the red planet for the same
purpose. : e e

-
»

L4

od

-

A basic chart has been provided for your guidanee as the answer sheet for thig exercise

«ood
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REPORT SHEETS FOR EXERCISE 17

¢

e

- ’ .

»

N

ANIMAL KINGDOM_

. PHYLUM NAME OF ANIMAL
OBSERVED

STRUCTURAL CHARACTERISTICS

Porifera

s

.

l"

Coelenterata: - .-
{Cnidana)

Platyhelminthes

Nematoda ,
o
K 4

-t

Bryozoa

[ hd ’

B}achlopoda ) .

Mollusca

" Annelida . R
¥ L '

MR "Arth;‘opoda

i

\e -

Echinodermata’ .

Chordata 1

SUBPHYLUM
" VERTEBRATA

Class Elasbranchii

Class Pisces -

-

Class Amphibia

Class Reptilia N .

,Class Aves - . o

Class Mammalia .-




-

PHYLUM OR CLASS

\

PLANT KINGDOM

NAME OF ORGANISM
OBSERVED

.

-| PHYLUM THALLOPHYTA

STRUCTiJRAL CHARACTER/ISTICS ‘

Class Schizomycetes

Class Myxomycetes
xe

BE _
Glasf;‘;&gaeﬂ
AR

— %
x

Cla:ss Fung)

Class Ascomycetes

b

Class Fungi Imperfect:

-

B
.

PHYLUM TRACHEOPHYTA

Class Bryophyta

Class Pteropsida

Class Gymnospermae

Class, Anglospermae




' i waving, receiving, paddlmg, and many others.

18-1
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EXERCISE 18 — COMPARATIVE ANATOMY OF SOME SKELETAL FEATURES

Materials . ' . . '

Skeletons of fish, .ﬁBg, lizzard or turtle, bird,_ bat, cat, h'orse, cow .or pig, moql'cey -of man.
_ Clipboard with drawing paper. Pencils

Procedure

Make snmple line. diagrams (not drawings) of the bgnes in the arm, wrist an‘d hand of the
above amimals and under each tell what the appendage is used for, that is, its capabilities.

Example: . .
' ’ . " ¢ - <
>~ ="
~
! %“‘
* e~
SR S W
C’_’_. - ¢ X T VN
' Man
et

b1

The joint moves easily (the shoulder, bends together at the elbow and has universal agtion at
the wrnsts. The jointed fingers can close into™a. fist with an opposable thumb for picking up small
objects. The gdpabmtnes of this organ are throwing, swnmmmg, hammering, uaressmg, squeezmg,

A7

' .
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\ " EXERCISE 19 - DISSECTION OF THE FETAL PIG

AN

S—
>
]

-

P ' . ’ .
. Materiéls and Equipment .

Dissecting board or pan Lo

String

Dissection mstrumenis Blunt sharp scissors, blunt probe, fon.eps ‘scalpel or smgle-
. blade

Fetal pigs with vessels mjected w1th latex e

Hydrous lanolin —

Plastic bag and name tag

o/

L
Procedure . - -

-

1. Rub your hands with hydrous lanolin to protect them from the preservative.
Wash the fetal pig assxgned to you with running tap water to remove excess preservatxve
3. Secure the animal to the dlsseutlng board by placing it on its ba«.k and puttmg a loop of strmg '

around each Teg, then tie these to the board, viz:-

“

-

4, Use a s«.alpel or smgle-edged razor blade to make a crosswise cut, about an inch long and an inch
anterior (toward the head) to the §tump of the umbilical cord. Insert the blunt blade of the scissors
¢ . into the incision and cut laterally to both sndes of the abdominal cavity, .

x ’ «

v
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5. Extend the cuts anteriad (toward the head) throygh the rib cage.
Extend the cuts posteriad to the bottom of the body cavity. ° .
Reflect the anterior flap over the head and the posterior one over the tail. * -

6. Rinse the preservative with running tap water. Disturb the organs as little as possible..

7. Idéntlfx these structures and parts: C N

]

- - . .
<

- The Abdommal Cavnty ‘ - -,

»

This is lined with a thin, glistening membrane, the be}itéhe‘um which covers the walls of the
cavity and the surfaces of the visceral organs. Where these are in the cavity, the connections are
called_mesenteries The mesenteries supply the intestine, for example, wrth blooy vessels and, nerves. «

The Chest Cavities . ’ S ) oS,
. The chest cavity isseparated from the abdommal one by the dzaphmgm a de\.el'-ShapCd sheet
‘of muscle The pinkish lobes of the lungs are.easily identified. Air reaches them thiough respiratory
tubes, the bronchi and trachea. Surrounding the lungs is a thin’ membranous sac, the pleura and the
contamed pleural cavity. The membranes over the heart are ealled the pemardzum and enclose the
perzcardzal cavity. "4

The Vlscera of the Abdommal Cavnty o . : ‘ S

v

The liver is reIatlvely large and brown in color. It lies next to.the diaphragm. Next to 1t is the
stomach. The stomach empties into the convoluted small intestine, which occupies most of the right
side of the body cavity. The large. intestine emptles into the rectum and ends at the gnus. T

_pancreas is found in the angle of the stomach and the small intestine. The spIeen part of .fthe
Iymphatlc system, is an elongated, reddish-brown body next to the stomach. Without disrupting t
mesenteries, move the intestines aside to see the kidney s, two bean-shaped, brown organs embedde
in the posterior wall of the body cavity. Embedded in the fatty tissue at the top of the kidneys are

" the adrenal (or superrenal)glands Posterior to the kidneys, find the whitish urinary bladder. At the

" posterior end it narrows into a duct, the allantoic duct, whlch e;ctends into the fetal end of the

_ umbilical cord. . K .

- Y [ -

The Fetal Circulation S L . ) ‘e

»

In the cut end of the umbjlical cord identify the eollapsed umbilical vein and the open
umbilical arteries. The allantois may also be seen, depending on the age of the fetus and the distance
from thé fetus the e%d fﬁut Inside of the lower skin flap, recognize the ‘umbilical véin leading
Jorward to the liver "The umbilical vein may have been cut. Posteriorly, the umblhealartenes one
from each hind leg, enter-the stalk of the cord.

‘Organ Systems’ - ' < ' »

] ™ N

Organs seldom function independently. Therefore, those organs that function together are
grouped into organ systerhs "Each organ performs a special set of functions for the body but some
orgafis cannot do well without its system -mates. For.example, a large cut in a blood vessel (an
organ) may result in enough b&ood 1655 so that the heart doesn't have enough to pump. Since it
cannot propel blood to the lungs ajd back to the rest of the body, cells all over the body begin to
die. Below is listed th cdrgans in @’ few systems. >

v

" The organ system& of tHe human body are generally identified as the muscular, nervous
sensary, circulatory, Iymphatle, rg,zplratory, digestive, excretory, endocrine, skeletal, reproductive,
and mtegumentary systems. When “the organ systems sare morphologleally integrated and physio- *
IongalIy coordinated, that is an orgamsm

\_/ . .- '.' l ) .

(3]
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Below are lists of the organsin a few Systems.
A e ’ !

- _Integumentary System . v ) Circulatofy Syste
2 © Skin ’ . " Fetus- §
Nails Nt . . Umbilical arteries and vein to thé placenta '
Teeth e ", Heart | . s .
. Hair ' Aorta and other arteries ’ \
. - . g . # . Superiomand Inferior vena cava'and other veins'
s e - 3'{ Capillaries . > ‘ s
Respiratgry System * o nge,stive System ) : . 1y
External nares ‘ ) Mouth (buccal cavity) o .
Nasal cavity L .. Pharynx  ° ‘ ;
, L P};arynx . '+ Esophagus . . ?
. * Larynx o, e Stomach
R . Trachea _ M " Small intestine'With its glands, ",
- Bronghi and Bronchioles . " vtﬁe liver and pancreas .
6 ’ leading.to alveoli in the T4 Ljarge intestine with “
. Lobes of the lung ' " Cécum and Vermiform Appéndix . .
* o .o .\ . .'near its béginning ) ’ .
S . .« Rectym C e ) . .
.o ' : Apus " ) . *
v . : b v ) 4 < PRI .: .
. / ’ Excretory Systezn ’ : Urinary System | .
"~ ", Lungs(part of the respiratory system) *Kidneys E
, Sweat glands (part of integument) " Ureters . : .
T Urinary system - ' ) Urmary bladder . ' : N
‘Largg;intestine (digestive.systém) |~ . Urethra (t6 the outside) T
. < ¢ '

L Réproductive System (Female) Reproductive System (Male) . - ) ‘ i

) . Ovaries : ' Testes (ina scr()tum in some mammals) .

. Fallopian tubds (ov1ducts) - .7 Epididymis
« », Uterus (womb) Ductus deferens léadmg past
" Vagina . ) séminal vesicles to the
_ Vulva (external folds) \ Prostate gland -
_ _ oL . Urethm through the penis

' o) " coo kexternallgemtfl organ) S .

/f E 4 ) :o ¢ - a . - *
v . N . » ‘g & J N
. ‘Reference Humphtey, D G., H. van Dyke and D. L. Willis. 1969 Life in the Laboratory (Shorter Edition) New
T  York. Harcourt, Brace&WorId 209 pages. Pages 101-:-132




1Questions cou{rtesy Prof. Murtel E. Taylor, Talladega Eollegc.
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REPORT SHEET FOR EXERCISE 19 - = ° o Y,
Dissection of the Fetal. Pig! . ; - f o h -

L4

I What structures ar¢ seen in the fetal""pig that are not present in the adult? Relate these structgt"&c .
to prenau,functlon | '

2 After -identifying extemal anatomlcal feﬁtures of the plg, compare these features wnth the human
body. . : .

3 Pick out the structures yqu have exammed that belon (gto a })artlcular organ system. A..’re they all
together” How are these structures related? Wha’t func nal Significance 4s theré in their arrange-
. ment, structune and location?

‘
- .

I
4. Trace vanous pathways fithe spe_clmén e £ au:, food, blood urine, eggs or sperms

.
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¢ EXERCISE 20 - SEXUA} RE}:RODU(;”I‘]QN AND VEGETATIVE REPRODUCTION
; ‘., . ' (WITHOUT RESPECT TO 'SEX) . . ’ .
« 2 LN - :
.\..‘ o ¢ . . N ' . ’
‘/‘ " This exercise cqhtains a numberof parts. You will probably be asked to do ‘i)neL1 .
K _g‘w‘ of the. life cycles, “but with tkhe permission of .the teacher you may do more than o e._' i
. ' . ‘ I . ¢ i T . ke
d ‘ N & * ] . LI * » .
)~ ., Materials and Equipment . . ‘ . <
s . i;"r N : ~ 8 ' . : ' ’ : -
-Microscope and lamp - N ‘ : . . .
Microscope slides and coverslips ’ ' o Py
P . Livinggultures or preserved speciniens for the cycle(s) you will study
Lo Dissecting kit L L ‘ . .o ‘
* ar .' . t \ - . : a " .
w . Iitroduction: Life Cycles ¢ oo . '.t
. A ,' . .' ] i . _; . .
oL, . AH living organisms have come from livinig predecessors which in®turn have come ffom a long

-~ line of predecessors reaching all the way.back to the first living cell or cells. Repfodu;tlon' has been
the overall ferm used for the process whercby the living state is passed on to few generations of
cells and organisms before the parent bod¥y dies. Sexual types of reproduction mnvolve the combin-
"I ing of chroffiosomal factors from two (of more) cells to form a zygote (yoke). However, all cells
" have sex, and frequently cells divide without combining with other: cells. Therefore, mutosis in
single-celled otganisms is reproduction of “the individual. Mitosis is also the basts of budding and
. n"nany.other' forms® of vegetative ' reproduction. This phenomenon has been called “asexual™ for
& years, despite the fact that all cglls have sex. We, therefore, prefer “vegetative reproduction™ or
2 sf “reproduction wifhdut respeét te sex” for.those forms that do not involve the- combination of cells.
Tt - (sexual‘reproduction). Most organisms carry a double set of thromosomes (which, generally, do got
' " have identical materials in them), ‘There are stages in the lives of most orgamisms when some or all
cells have only one set of chrdmosomes (in the germ cells). Since the number 1s constant for each
) * *  species, under normal conditions, we denote the single set chromosomes as one genome and
- represent it by the letter n (for basic number), and then'call the double (or diploid) set 2n, 3 triple
’ set (triploid) 3n, etc. ) : -

-

| Pespité this diversity‘only three basic patterns emerg'e' into which we can fit the reproductive
o "ycles of almost all living-organisms, . . '

HAPLONTIC patterns are the most primitive.and fte the most common among the simple .
" one-celled organisms making up the Monera and Rjotists. In this pattern meiosts occurs after
“fertilization,” “syngamy,” ‘“‘conjugatien” or whatevgg term ,we apply to*the exchange of genetic
material. The haploid organisms may reproduce by any of the three basic patterns. .
¢ D{PLONT‘IC ‘patterns-gametes are produced and sexual repfodudion is usual. However, fhese
organisms may also use the other two patterns on occasion. When sexual reproduction modes are
used,_then meiosis precedes fertilization s6 that the haploid condition only fasts as long as the e

‘g'ametc_:s are not united. .

DIPLOHAPLONTIC patterns altetnate generation of haploid and diploid individuals..The dip-_
loid (2n) individual produces haploid cglls which grow inta haploid organisms. These haplowd
organisms then form reproductive cells (gamets) which fusé at feftilization to form diploid form
individuals again. *
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Part A. Reproduétion in Monera .
. R .

1. Bacteria \ t

When studied by the light microscope no chromosomes have been seen n bactena. However,
nuclear material has: been demonstrated by staining ang viewing in the light microscope and the
nuclear material is easily identified in the electron microscope. ’Many”heredlty charactenistics of
bacteria have been mapped genetically so that"the presence of gene linkages 1s certain and 1n fact

loop type chromosomes haye been photographed in the process of dividing (viewed with the
electron microscope). a\ .

~

~

. L ¥ .
Because no mitotic spindle has been seen, t':uje may ,argué that this-js not mitosis but binary
fission of the nuclear material. However,.the prdcess of separating the genic matenal into two

- equivalent parts, each going to one of the resultant cells is exactly what happens in mitosis and that »
is what the process should be called. ! A
- » . -

Bacteria of opposite. mating types ¢male-and femaleé or + and —) may male (called conjugation,
an old word meaning marry) This is accomplished by means of a fine cytoplasmic bridge across
which the “male” injects its chromosome(s}. The zygote thus formed is diploid, but soon undergoes
a meiosis resulting in new haploid cells again.’ )

-

.

. ¢ . v . - +

C

.

. . D
' @ P >G— o
o> . GD=
®-_< -~ .

A <

Reproduction in Bacteria. The conjugation of opposition mating types results in a 2n Z);gote
which undergoes meiosis to yield resultant cells of type n’. These (n’) cells show genetic vanation

-

<
~

v

because of crossing-over between the chromosome strands.
. ’-‘ N -/
2. ~Blue-Green Algae - . = ' : -
4

"The nuclear material is.not in a single mass- of material but separated into 2 number of
granules The protoplasm within the cell may be divided into many spore cells, or spores may be
formed in a lineat series at one end of a cell in sporulative types.@f reproduction. Ths 1s referred to )
as fragmentation, bu* that term.is based on now outmoded means of observation. As in-bactena, the )
algal filament can also reproduce mitotically. « N *

o
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Part B. Reproductron in Protista
. * {
. . - . ¢

1. Algae P
Spirogyra 15 a filamentous green alga which microscopic examination shows to have a large

spiral chloroplast. This alga 15 often part of the green scum seen at the edges of stagnant pools and
pond> The cells divide mntotleally dunng the.spring and summer but a$ the shorter coolet days of

fall approach they begin to conjugate and form zygospores
Examine both fving and preserved specimens. Perhaps the instructor may have a series of

prepared slides with all of the stages on them. Identify all of these stages:
Al
® .

.' L .
e . )
’ N .

<
‘

' . CONJUGATION TUBE

e

Life Cycle of Spirogyra

-~
N

¢

2. Protozoa .
\egetatwes reproduetlon by mitotic (spmdle~less) cell division 1s the prmcnple prOeess for cell

reproduction among the Protozoa. However, some:forms, especially the ciliates and flagellates may
undergo conjugation resultmg n genetic trarsfe?s resulting in organisms which may be better

adapted to thelrenvrronment ’
Exammc a slide of Paramecium showmg cells in conjugation and transverse fission. *

-

a®

-
Fl
) .
-

3. Fungi ,
Reproduction by .sporulation and.gamete formation is characteristic for the fungi. Study

matenal from a culture or a prepared shde of Rhizopus nigricans, a member of the Class Phycomy:-
cetes. You will notice that the reproduetlve structures are formed only when hy phae of the oppo-
site mating types are in close associations. . -

=
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. A, Union to Form Mating Pair ' G. Zygote Nucleus (2n) Formed by Gamere
B. Degeneration of Macronucleus . Nuclei Fusion *
‘ C. Micronucleus Divides Twice . H. Macronucleus Formed from Mucronucleus
D. Three Micronuciei Degenerate * After individuals Separate ,
’ E, Micranucisus Divides to Form Gamete Nuciei I. Each Individual Divides:by Meiosis to .
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4.  Yeasts and Other Ascomycetes .
Study a I:vmg culture of yeast and note that they can reproduce vegetatively by budding.

Study material from the reproductive cycle. Note. the hyphae producing the conidigspores’

are haploid. When male (-) and female (+) hyphae are in close association, specialized sex'stmylures

are formed. The (-) hyphae form a spermatogonium (also called an antheridium), and the (+)

hyphae form an oogonium (also called an ascogonium). A fusion of these.two sexual structures
" permits the nuclei from the spermatogonium to enter the oogonium. The two types of nuclerdo nut *
_fuse at this time. Thus, we'say plasmogamy (cytoplasmic fusnon) has occurred but not fertilization
(the fusion of male and female nuclei). . . - .

Branch hyphae develop from the‘;;gonia. Each cell of such hyphae contain a male nucleus and
a female nucleus, which are diploid and thus represent the diplo- phase of ‘the life cycle. Later the
terminal cell enlarges and the two nuclei fuse (karyogamy). The zygote thus formed undergoes . .
merosis resulting in eight haploid ascospores within the sac-like ascus. It is not infrequently seen
that the hyphae may grow around the ascus to form the ﬁmshed frultmg quy Lalled an ascocarp. .

5. Bas:dlomycetes a N\ : g . .

The Basidiomycetes include the mushrooms shelf fungi, the rusts and the smuts of grains. In
mushrooms the haploid hyphae fuse by plasmogamy to produce diploid hyphae which will turn
form the fruiting body or basidiocarp, the mus!om body The terminal éells (basidia) of the

diplqid hyphae arrange themselves on the margl of the gills. Karyogamy occurs, followed by

meiosis which produces four basidiosporés. ' - :
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« Life Cycle Among _the Mushrooms (Basidiomycetes)
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REPORT SHEETS FOR EXERCISE 20 . , : '

Vegetative and Sexial 'Reproductibn ‘ ' .

uestions raised in the Introduction: . - .
. ¢ i

. How would you describe the number of chromosomes produced by mitosis in, the juvenile or
adult forms in these reproductive patterns? - . .
Haplontic ' T ’ Y
— Diplontic <, . o ’ .

Haplodiplontic ’

,
« . B
- - ( ,

2. What 1s the number of chromosqmes in the cells of the adult organism reproducing in the
Haplontic pattern? ] _
Diplontic pattern? Lo

¢ .

3. What 1s thé number of chroimosomes in the cellsiof fhes,e,stages of the diplontic pattern?
o' 2

Sporoph&te , “ K o ;
Gametophyte . Lo . .

~

[ .
Identify or define these terms: . . : ' )

4. Gamete : R - )

5. Fertilization

- .
[ . . . 7

6. Haploid

7. Diploid ‘ L

. 4

8. Mitosis : ' ' .

PRN

9. Meiosis . . o .- . -
A}

10. Meigspore® ‘
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" " Vegetative and Sexual Reproductiort Part __
. 3 '
1. Below is depicted stages in the life cycle of . ' ’
which was studied from ) - specimens.
: (LIVING OR PRESERVED?) .t
/ , The haploid stages are indicated by n and the diploid stages by 2n. All stage.s are named. ’
] . .
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Vegetative and Sexual Reproduction * Part

In the space below write a report on the ecology, economic importance and reproduction in the

organisms whose life cycle you studied and dépicted on the previous page.

o

;
AN

LAY

See what oths,r members of the class found out about th¥ life cycles of other organisms in this

exercise. .

Answer these general questions. i

N \\
1. What are the advantages of vegetative reproduction? )
o ’ L‘

-
»
.

2. What are the advantages.of sexual reproductign from a biological point of view?

I

~
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. 'ﬁXERClSt 21 - REPRODUCTIVE STRUCTURES IN FLOWERING PLANTS
,(ANGIOSPERMS)

*. Materials and Equipment ! . . .

Sweet potato :

Roots of a sweet potato plant with young potatoes (demonstration)

Sweet potato soaked in water or planted for several weeks
. Corn plants several weeks old with suckers A

Irish potato -

Irish potato soaked or planted for several weeks

Pots of Hens and Chickens, Strawberry plants or Bermuda

Potted saplings of woody plants .

\ -

Sharp knives* . T .
' Soft paraffin , )

Blossoms of lily, and sweet pea ;

Preserved early ears of corn and preserved (dry) tassel .

Onions .

Part A. Vegetative Reproduction (Without Respect to Sex)

1. Natural Vegetati_ve Reproduction e

a  Rooting of Above-Ground Stems. Some plants\ send out stems extending over the
ground There these take root at specific places (where?), sending up leafy shoots ahd send down
into the soil a system of roots and rootlets. These s‘tems are called;_r}')nners and stolons.

-Examine a pot of Hens and Chickens, Strawberry plants or a pc';t of Bermuda grass. v

b Other plants send out stems underground, sgmetimes for consid,erablé_dist'ances. These
~  stems are called rhizomes. How do they differ from the roots? As was true for the above-ground
stolons, note that the roots and shoots occur at characteristic points. ‘

Examine the root system of an Irish potato plant. Identify rhizomes and roots. Where are the
~  potatoes forming? ’ v *

”

\ Examine an Irish potato. Look at tHe eyes with a lens. What is an eye? Sketsh one. True roots
formed along stems ahd in other unusual places (like at the base of leaf petioles) are called
.adventitious. . . . . .-

; .
, & Sometimes new plants arise from the true roots of parent plants. Examine the roots of a

sweet potato plant.‘Do you see stolons? Do sweet potatoes have the same kind of eyes as Insh

potatoes? Examine under a lens and sketch one. Examine a comn plant several weeks old which has
suckers. Do they arise from the stem or roots? : <"‘)

d  Bulbs and Corms are enlargements -of leaves and stems respectively. Examine an onion -

bulb. Find the root and radicle. Compare with the corm of gladiolus or of crocus.

2,  Artificial Asexual Reproduction ) , . -

A Washington Elm grows on the Ca;ﬁbridge, Massachusettg common. Some historians of the
tree say that this ong (1970) is a grandchild of the original tree which was destroyed in a storm. A
branch ftom that tree had been rooted to form the second Washington Elm, which finally suc-

cumbed, but before it did ‘a cutting was taken 'and rooted to form the present tree. Are these
different trees.or the same tree? ' ’ '

v
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Many plants are propagated by either taking cuttings and rootmg them, or by a process called
“Iayerlng by nurseb, men. This consists in bending a plant over to the ground and covering with

5 Soil. When' the sprout,s‘,‘am.large enough, the parent stem is cut up and the new plants potted or

transplanted to the growing field. Such a group of plants derived asexually from a single parent is
called a clone. :

Id

3, Grafting and Budding Pty 7

There are a variety of patterns for Cutting”twigs for grafting. The essential thing is to establish
good contact with the canibium layers of both™the sztock (which receives the graft) and the scion

(which is the piece grafted on). | . . .
W e wEE
a. On a plant label w‘nte your names and the date Attach toa stock twng on the saphng Cut

* the twig off a foot or so from the end. Exchange this piece with another group.

g™ v

b Cut the bottom of the scion into a wedge at the cut end;. ] ' '

c.  Spht the stock so thdt it will receive the scion. Matc'h‘up the green layers of the cambium.
Bind the stock firmly with twine and enclose the cut areas with soft paraffin (Figure 1).

d.  Cut under a bud or small twnglet R .
e. Make a T-shaped cut in the bark of the stock >

. f.. Insert the_bud into the lncmon being sure that there is contact betweasn the cambium
layers of the scion and the stock. )
A8

g. Bind ﬁrmly With twine. Apply some soft paraffin to the cuts #& prevent too much
evaporation but,.do not cover the bud (Figure 2). ' ) -

: ' F. Top yiew of graft _
/ B. Bottdm . p_efo{e-suling ' T8 !
v ; N . ’
. - ; . S E. Scion inserted in cleft . '
A. Scion, Side View ¢ C. End View D. Cleft in Stock and bound with twifle
. . , Figure 1: Cleft agating‘ - . . T )
1Y . . S, N )
e P

Tt ot
C. Bud insarted in"ths stock. The

A. The bud is cut out.

. Some-bark shopld T B
be dabndad fropm « . A T-shaped cutin the cambium fayer is exposadand  D. Bound bud graft ready
the edges of the bud. bark of the stock. .in contact with }mw piece. i sealing with paraffin.
. ) . . Figure 2. Budding * '

~~

/::ll"} * ) i Py
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\ " Part B. The Strﬁctu'rg_ of Flowers | .

General desigr of a flower'is shown in F igure 3. Flowers vary a great deal a’lo-whn
emphasized or represéed. Some will be monecious, that is, having only pistils (piltillate
‘staJnen’s (staminate flowers) among their reproductive parts. .

ANTHER ‘
I»STAMEN

FILAMENT

STIGMA

STYLE  P—pisTiL

»

, . Figure 3. Diagram Showing the Parts of a Flower (In General)
. . . s B . . Sagittal Section . :

e 1

o ~— ¥

. . - . . ' ' »

. . » w o . . .

" 1 Examine a l"ily and identify?%il of the parts in the diagram. How many of each part are there?

. » . How are théy arranged? . - 4 f . ¥ _ . L d
r . i 2 Examine a flower of the sweet pea. It is very similar 'to that of the bean but is larger and
i ) . therefpre easier to’study, The petals are somewhaf modified. The standards are the largest, forming
the back of the flower. The wings lie between the standard and the keel. All of these are attached to
‘a receptacle which is within axcalyx made of sepalg,

-~ I3
o

) lgem‘bve the keel, fevealin‘g the reproductive -stn.xcture beneath (within) it. Remove ghe;sian-
dard and'wing petals on one side and sketch the positions of the pistils and stamens in relation to
. ' . the rest of the flower. w? ~

o

[N

.
IS ' E

3. Examine a fresh or préserved spitimen of a young ear of corn. Identify the stigmas, styles and
.  ovaries 8t the flowers. Where afe the. petals, sepals and stamens? Look at some silk under the ,
* . microscop. . N b - .

»
- N 4 3

. . ‘ . ‘ ¢
Now look over a corn tassel carefully. Examine one of the pendaats of the tassel under the
-microscope. Where are the sepals, pistils, stamerts, and petals? - o

L)
.
.

Y
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"' REPORT SHEET FOR EXERCISE 21
“x . :

' /
Part A, Vegetative Reproduction
. . N N

€ .

» ~
v ~

N
\ - 0"

! Sketch of main plant-with stolon” and secondary plant.

-V
L

-

Eye of an Irish potato drawn from magnification X
What part of thg plant is the Irish potato? - - ’

P -
1
'
- Lo v
. . .
- - ' ’ Joe ’ .

Eye of a sweet potato drawn from magnification X d
' @  What part of the plant is the sweet potato? —~

H < . ’ -

« * .

" Sketch a cross section ‘ Sketch of a cross section -

-of an onion bulb. of the corm of

. ' i N
Of what advantage is it to a flowering plant to be able to reproduce vegetatively? '
5 P ble ¢ .
i ’ t

AYI] . .
. A3

N ‘ . % »
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_Part B. The Structure of Flowers " . ’ , C )
- . f »
L .
Diagram of a lily blossom seen froni the top. (Label all parts.)
.. ) ; .
Q .
~ - :
' A
. . *
, .
- . ‘ [ €
Sweet pea bloss'ém sketched from the side after removing petals from one side. (Label all parts.) .
s ’ N - .
’ J X .
' A —e . ‘
R ( .
,\——f ! ) P '“
Flowers of the female ¢orn plant. . Male ' .o .
What is meant by monecious and dioecious? . — o ‘
*® .
. A c il
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EXERCISE 22 - SEED AND FRUIT Pl{ODUCTION IN FLOWERINGYPLANTS

. .

The flower forms on the sporophyte in the life cycle of flowering plants The *“‘spores™
produced are the female megaspore, which will give rise to the female gametophyte, and the male -

microspores, which develop in the microsporangia of the anther. The spore mother cells are diploud,
but undergo meiosis to yield foyr haploid cells'(as in animals). In the case of the male the four
microspores formed stay group;i together in a tetrad. It takes oné more division to convert
microspores into pollen‘grains. Each of the four spores in the tetrad undergo,a nucleas division (not
cytoplasmlc) resulting in' two nuclel in each cell. These are differentiated so that one becomes the
genepatlve cell (sperm nucleus) and the other will becgme the cell which will extend from the top of
the stlgma on the pistil down into the ovule of the fémale gametophyte. The sperm nucleus divides
once to form two gamete nuclei.

-

5

£ In the female part Yovule) the megaspore mother cell undergoes mejosis without cytoplasmic
division, yielding four nuclei in a line. Three of these disintegrate—the one furthest from the
micropyle and nearest the source of nourishment survives. The megaspore then divides 3 times to
form the embryo sac, wnth 21 groups of 4 nuclei.’One of each group, the polar nuclei, migrate to the
center of the sac, and one near the micropyle, becomes the egs. The rest of the nuclei become

functlonless . .

When the pollen tube enters the micropyle, it release§ its two sperm nuclel One of these
combines with the egg cell nucleus to ferm the zygote and the other fuses with the two polar nuclel
in the center of the sac to form the triploid nucleus of the primary endosperm cell. Thus, 1n flowers
there is double fertilization resulting in a.diploid zygote of the next sporophyte generation and the
‘triploid endosperm cell for gathering food to feed the embryo during its early growth from seed.
The forms of the matured ovary and its protective ¢ “and Tood supplies which constitute the
seeds and ‘other partsof»the'&mt‘we”shall inquire into in this exercise. -

- Part A. Germmatlon of Pollen Grajns

Materials and Equipment

- -

A aupply of pollen or flowers with ripe anthers ,
10%, 20%, 30%, 40%, and 50% (welght/welght) solutions of sucrose, glucose or honey (abous. }0 ml.
for the class)

5%, 10% and 20% sodium chloride solutions : _ .
Indoleacetic acid (100 mg./100ml.) « ° ]
Gibberellic acid (100 mg./100 mi.) . o N
' Pasteur pipettes ,
Microscope slides and coverglasses ¥ ‘

Petrolatum (e.g., Vaselme) warmed just to melting on a controlled heat hot plate
Small caiel hair brushes (like used for handling fruit flies) *
Microscope and lamp ' ) ’

. N / R
Wax pencil . N

-

Procedure
1. Label 18 microscope slides 1 to 18 w1th wax pencxl 4

2. Add a few pollen grains to the center of each slide. e

3. Using a separatc Pasteur plpette for each ;olutlon ‘add a $mall drop of hquld t?eaeh slide. For
comparisons with the rest of the class use this series below. Remember, where 2 drops of dlfferent
solutions are used the.concentrations are halved.

Q . o’
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( SLIDE

- SOLUTION ADDED SOLUTION ADDED

SOLUYION'ADOED

SLIDE " TO POLLEN TO POLLEN ‘ SLIDE TO POLLEN- PN . S
1 ; ‘water \/ : water + hormone* 13 57; salt . -

2. 10% sugar* * g 10% sugar + hormone 14 10% salt

3 20% sugar ' 9 20% sugar + hormone 15 20% sait o

4 _30% sugar 10 . 30% sugar + hormone 16 5% salt + hormone . . -

5 40% sugar X 11 . 40%-sugar + hormone 17 10% salt + hormbne * * = .
. 6 SO%»sugér(,, : 12 50% sugar +'hormone, 18 20% salt + hormone

‘*'As ass1gned by the instructor | . ' . <

Note ~ Because NaCl dissqciates, it will provnde almost twice as many partu,les. in solutnon‘ as the
same amou@‘\t of sugar and therefore 5% NaCl Wl“ approxlmate 10% sugar, 20% NaCl approximates
- the osmotic ac!«mty of 40% sugar, etc. . I '

>

'
.'\

4. Mix the materlal on each slide with the end of a fresh toothplck or plece of appllcator stlck
Cover with a coverglass and seal by applying melted petrolatum to the edges of the coverglass t t‘jsmg
a «,amel Jhair brush. Check all of, the slides under high power of the mn,roscope at this time and

time to time during the Iaboratory period. . ) BN
Part B. The Kinds of Fruits ’ . o . A Y )
Inspect the types available in the laboratory and complete thegroper Report Sheet. " ,‘ . -
1. Simple Fruits . , * A P .
a. Simple Dry Fruits \—bjSimp‘Ie Flesh Fruits / . )
TYPE . FRUIT OF - TYPE. . FRUITOF SN
* Follicle Milkweed Berry Tomato j
~ Capsule Okra - « Bamama - )
. , Cotton Avocado® NP
Legume (Pod) Bean - Eggplant
Green Pea . Drupe Peach
Achene Dandelion ‘ : Plum
Sunflower Fibrous Drupe  Coconut , -
Strawberry Pome Apple B '
Grain * Corn : . - Quince
. Wheat , ' !
Samara Ash, Elm or Mapl_e ) !
Nuts " Acorn ‘ . . ,
English walnut (W|th brachts) ‘ ' PSRN
. Black walnut (with brachts) . ) v
. ‘ e X 5 . . , ‘ » .
2. Aggregate Fruits ! "3. Multiple Fruits ’ .
Drupelets ﬁ'aspberry ' - Pineapple
(receptacle usually dry) Osage Orange
Aggregate- Blackberry (receptacle becomes /

accessory fleshy supporting-the drupelets‘)l * S
‘ Strawberry (receptacle becomes

fleshy supporting-achenes) .

G T § TN
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REPORT SHEETS FOR EXERCISE 22 * - ) i
Part A. Germinz_ation of Pollen | i ) L. s ,
) ia 3 / . ’ ‘ i
GERMINATION OF THE POLLEN GRAINS oF__ AFTER — MINUTES IN VARIOUS MEDIA
e . )
' Slide . ¢ Approximate’% . Tube . Slide  Approximate % Tube

No. - Germination - Growth*® No.  Germination ; Growth*

1 ’ o | o :
2 ~ : -t

3 - N

4 . . 13 - .

5 14 . : .

6 ) 15 ‘

; T 16 <

9 o 17 )

» 4 [ -
10. 18

* 0 = none; + = emer.ging; ++ = some growth°'+++ = much growth )
1."Is this pollen highly selective of lts germmatmg medium?
2. Does 1t appear that germmatnon is a function of water (hydratlon) or of dehydratlon (exosmosns)"

3”7 Interpret the results that you obtained in this expenment

/'o . ° »




Drupelets
) Aggregate-
accessory

3. Multiple Fruits

Raspberry
Blackberry
Strawberry

+ . "

Pineapple
Osage Orange

)

RECEPTACLE

22-4 "
. . ’ . .
Pa'rt B. The Kinds of Fruits -
?
I. a. Simple Dry Fruits ) g
TYPE FRUIT OF DEHISCENT? HOW SPREAD? ,
Follicle Milkweed ' .
Capsule Okra B ]
. Cottgn
Follicle Milkweed , n .

. - *Okra ) -.i
Capsule Cofton -. ~ ] b
Legumé (Pod) Bean r

Green Pea .
Achene ~ ° “Dandelion )

’ Sunflower
. . Strawberry ‘ - )

Grfn . ~ Com .
_ B Wheat: : » .
Samara Ash, Elm or Maple )
" Nuts - Acorn .
ot English Walnut
Black Walnut .
1. b. Simple Fleshy Fruits . =’ What part is:mainly eaten? (Check)
v * PLACENTA |PERICARP EI;IDOCARP MESOCARP |EXOCARP
Berry - Tomato
’ ‘Banana o
Avocado ’ .
R : Eggplant ‘ -
" Drupe Peach ’
Plum , > -
Fibrous Drupe  Coconut
Pome v Apple 1
Quince ) " T
) . , -
, 2. Aggregate Fruits What part is mainly eaten?  (Check)
PERICARP ’




" into the soft inner starch endosperm and the outer °

* minute open\mg called the mlcropyle On the side- N

EXERCISE 23 — MONOCOT AND DICOT SEEDS, SEEDLINGS AND LEAVES

» .
f od LY

o’

Materfaj and Equipment

"Hand lens or dissecting microscope ) . . .

Bean and comn seeds soaked overnight - /\
Bean and corn seedlings (Sf‘eds are placed between cotton and the sides of a jar. The, eotton is wet
and watered daily and the jar is kept in a dark cabinet for a few days. After the seedlings.have
' developed leaves they may be left in the light. -
Prepared slide of monocot and dicot leaf cross sections ) {

Part A. Seeds (Combined with Report Sheet) _ .

I. Examine a corn seed that has been séaked for .
about 24 hours. On one side note the region of the~
embryo indicated by a whitish scar and just above )

it the whinkled silk scar. The seed had been at-

tached to the cob by its hilum. The outer covering

is callfd the testa, or fruit coat.

2, With a sharp-scalpel or razor blade cut the seed
longitudinally through the region of the embryo. - ,
Note that the starchy endosperm can be divided °

2 ?

yellowish horny endosperm

3. The single cotyledon of the seed lies between .
the endosperm and the embryo. The upper part of . >
the embryo or epicotyl consists of the plumule and (
coleoptlle (or plumule sheath) The lower part,or ™ —
hyppcotyl contains the radlcle with its root cap.

. 4. Draw this sagittal section through the seed in

the spacé.at the right. Label the parts.

€ .

5. Examine a bean seed that has been.soaked over- o ’ -
night. On- ope side-note the hilum and near it the ' . .

of the hilum opposite ‘the micropyle find the
chalaza, a small protuberance where the various . \ p _

_.integuments meet to form the seed.coat. ’ & .

6. Remove the testa with.a scalpel or needlé. Be- -

“neath the hilum note the pointed radicle. Separate »- .

the* two halves (each a cotyledon or seed leaf) and -
examine with a lens. In the embryo note the
plumule whlch already contains veined Ieaves and
the radicle. -

- -

7. Draw the half of the seed containing the .‘ .
embryo in the space at the right. ’ . o R

44
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Part B. Seedlings _
L. Examme a ,cormn seedlmg whlch has been . ) ‘ cov
alidwed to sprout and gro\v in cotton. Remove the ) . ' ’ '

cotton. )

2. Observe the young root with its root. hairs, the
young shoot the cotyledons and the leaves.

3. Draw the seedling in the space at the,m'ght,\ ' . . -
4 a N s ~ )
' —_—d
—_ \ {
i \
&
4. Examine a bean seedling which has been o

allowed to_spgout and grow against the side of a . ; -
jar, held in plgce by COtton Remove the cotton.

5. Observe the young root w.:th its root hairs, the L
cotyledons and the young shoot? L . ‘

.~ 6. Draw the seec}ﬁiﬁg in the space at the right, . /
B ‘ s ‘ “ ’ ' s ’ * ”

o, PartC. ﬁg?v&s i

l. Draw«a leaf- of the com seedling, paying
attentiopn to the pattern of tye veins,

#
}
Joys




Yy

2. Draw a leaf from a dicotyledonous plant, such. ¥
as the bean. Identify the margin, veins, lamina and

petiole.
v .
‘ *
.
’ ¢ )
, .
. -
kl
L ]
[
’ . N < - o
. , ‘
-Part D. Leaf Cross-sections v
Ve G - :
. 1. Study a prepared slide of cross sections through
a monocot leaf. Make a drawing through a portion
. showing a Vascular bundle and if possible a stoma.
r . * \ :
< ’ :
i o - Y
. ~
s N -
4 * .
_— o R :
. « ) “« 4 - 4
4 .
. . - . - * - -
. ‘. 5 - .
P - N - R ’ - " - .
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4 - - +
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2. Make a drawing of a.dlcot leaf including a vas- .,
cular bundle and if possible a stoma. Label the
cuticle, upper epidermis, palisade cells, air spaces,
spongy layer, a vein contammg xylem and phloem,

and the lower ep1derm1s o
d
.
. . R .
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EXERC}SE 24 — HISTOLOGICAL STUDY OF THE FEMALE REPRODUCTIVE SYSTEM

Materials and Equipment .

Microscope and lamp
Immersion oil and lens paper
Prepared slides of the following:

Rat, mouse, rabbit or human ovary v

Oviduct .

Uterus - )
Introduction ) . \

- ' ,‘ a
|

The female genital system includes the ovaries, oviducts, the uterus with its cervix (neck),
vagina (sheath) and some external folds, the vulva. The ovogonia develop in the ovary within a
group of granular cells, the granulosa. In its early stages as a “‘primordial follicle™ growth does not
depend upon pituitary gonadotropins. When an ovogonium becomes privileged to develop (primary
ovocyte), LH from the anterior pituitary gland acts to start the antrum of the Graafian follicle, after
which FSH takes over the growth-stimulation. When the follicle is large and the antrum filled with
fluid, the process of luteinization begins under the influence of LH. The conversion of the granulosa
cells which secrete estrogens (particularly estradiol, and estrone) to their luteinized form makes
them responsive to a third pituitary hormone, luteotrophin or prolactin, which then causes these
cells to secrete progesterone, a hormone needed for the maintenance of pregnancy. The estrogens
bring about growth of the reproductive tubes, which have been captures from the urinary system.
Following ovulation, which occurs accidentally during luteinization of the follicle, the progesterone
converts the enlarged tubes into a suitable environment for the development of embrygs. If preg-
nancy does not occur, the mucosa will return to the estrogenized state except amorfg the higher
primates_and women where the mucosa breaks down due to the withdrawal of hérmonat support,
and becomes quite thin before being again stimulated to growth by estrogenic hormones secreted by
new, developing Graafian follicles. This cycle of events, which is chargcterized by estrus or “heat™ at
ovulation time among the lower mammals, is called an estrous cycle and lasts about 5 days in rats
and _mice, 16_ days in guinea pigs, 3 weeks for sheep and swine. Rabbits will remain in almost
“constant estfus™ until mating occurs due to the consecutive maturation of fellicles, buf most
domestic animals - horses, cows, dogs and cats, will hdve a Week cycle about every 6 months. Since
the breakdown of the mucosa in the higher primates ag ompanied by bleeding, and since there are
no periods of ‘“heat,” the sex cycle is dated from thg onset of menstruation (bleeding) and is called
a menstrual cycle. This lasts about 27 to 32 days § ’acaque monkeys and in woriten and about 35
days in baboons. In this exercise we will ftudy spfne organs of the female reproductivé tract as they
pass through a non-pregnant cycle. < )

Procedure

A. The Ovary ' o ' R

The 6vary'in rats and mice are small, mhlberry-shaped bodies 3-6 mm. in diameter. The ovaries

of the rabbit are elongated organs.about 5 by 10-15 mm. The’human ovary is about the size and

shape of a large almond -about 1.5 to 3.0 cm. in width and 2 5 to 5.0 cm. in length. Study a section
of an ovary and observe these structures: . t

~

I.  Germinal eptthelmm The free surface of the embryonic ovary is covered by cuboidal
epithelium, whichs becomes thinner with age so that it is stretched thin or absent in the adult.

N , 148
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. 2. Cortex and medulla. The ovary is divided into a medulla and a cortex of connective
tissue, developing and mature follicles, corpora lutea and interstitial tissue which 1s probably
the residue of atretic follicles, and blood vesé:s The cortex is dividéd from the inner medulla
by a thin layer of condensed connective tisslie, the tunica albuginea. Beneath this lies a few
coiled tubules of the rete ovarii, a vestige of its connection with the embryomuqesonephros

3. Follicles. Make a drawz of a primordial folllcle, a prlmary\folllcle and a mature
Graafian follicle. Q\ ’

a. A primordial follicle has an vvogonium at its center. This is characterized by a large
nucleus, usually eccentrically located. The germ cell is surrounded by a layer of granular
cells ranging from flattened to columnar in height and is bounded on the outside by a
basement membrane, separating the follicle from the interstitial connective tissue.

b A primary follicle will have between 15 and 20 layers ofgranidosa cells and a small
cléft within the granulosa, the antrum. The ovocyte is separated from the granulosa by a
@’{;Iular zona pellucida. Beyond the basement membrane of the granulosa the sur-

rounding “interstitial stroma has become organized into anJnvesting layer, the theca

foIIzcuIz which is nchly supplied with blood vessels.

c. The mature Graafian follicle i§ much larger thdn a primary follicle. The antrum is
“filled with follicular ligyor. The granulosa is heaped up around the ovocyte to form the
cumulus oophorus which may be vacuolated across its base. Beyond the basement
membrane the theca is divided into two parts, the more definite theca mterna\and the
outer, more loosely organized theca externa, These two layers are separated by a sttatum
of blood vessels. It is the theca interna that, under the influence of FSH, secretes
cstrogens that are carried by the blgod but also accumulate i in the folllcular liquor.

" 4, Cotpora lutea. Following the action of LH the granulosa cells become swollen and
. epithelioid and are pushed into the old antrum by infoldings of the theca interna. Thus.two
types of lutein cells are distinguished, thecal lutein cells and true lutein cells developed from
the granylosa. Many blood vessels are to be seen in the corpus tuteum parenchyma. The corpus .
teum is then bounded by the old theca externa. In rat and mouse ovaries the corpora lutea
rude from the ovarian surface while in the ovaries of rabbits and women they are con-
tamed within the body of the gland. - )
B. The Oviduct (Fajlopian Tube) ® . ; - ,wrﬂ

[y

The oviduct receives the ovuIated egg elther directly froh the ovary or from the body cavnty
In rodents the ovary is usually surrounded’ by a periovarial sac to reduce the chance of fertilized ~
eggs getting lost in the peritoneum. It is a much-coiled tubule which will stogesfhe oyum for 4 to
5 days before permitting it into the uterus. During this time the uterine lining is becoming more
glandular in preparation for the blastocyst. If the egg was fertilized, it will enter and implant, if it
was not it will die and be reabsorbed before the tubo-uterine sphincter opens under the influence of
this prélonged progestational stimulation. Look for the ciliated columnar or ciliated pseudo-
stratified columnar epithelium lining £he lumen.

. N ’ 4

C. The Uterus : Y P :

. []

The uterus consists of an endometrlum or mucosa containing endometrial glands, and a

myometrium, consisting of an inner circular and an outer longitudinal muscularis. The whole is

_ bounded on the outside by a serosa. The height of the endometrium and the state of its glands

depends upon the stage of the sex cycle. Estrogens increase the height of the endometrium but leave

the glands relatively straight. Under the influence of progesterone, the grown-up epithelium does
not grow much more, but the glands become highly coiled and distended with secretion. .

. L]

o . : ’?l ng )

-

.
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REPORT SHEET FOR EXERCISE 24 ,

Histological Study of the Female Reproductive System ‘ ° ! .
. ‘ - T Co
vi -

1

A pnmordlal follicle in the ovary of a _

3a. _ .
' Drayn from study at a magnlf"catlon of ____X L, - '
. M . A :" -
' - a ". . ’
. e .
N ) @ v : \ . -
L4
" . — -
1 , . ad
~ ’
' ) v ™ '
] ; . . . R L]
3b, A pnmary folhcle in.the ovary of a . . 4
" Drawn from study at a magmt"catlon of ____X ) . .
- . ‘
.. c ‘ . . . R ) .
> ‘ . - ¢ " B
. U . )
- Tt
~ ’ - he 7
. ) . . ‘, N
, ., Y
1)

-~ * ! . “«‘#:" :
. ) ‘ '*
M <
p i i o' . .
\ . ' < -
3c. A mature Graafian follicle in the ovary of a i .
Drawn from study at a magnification qf - X. '
) ‘ { ‘8 Q {d‘U—_ . . )
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L. e o EXERCISE 25 - HISTOLOGICAL STUDY OF THE MALE REPRODUCTIVE SYSTEM
. \ . . . »
‘3‘ R - . o ‘
8 ~, Materials and Equipment =~ . ) a - '
. Mrcroscope and Lamp ' 4 o e R
. . - . Lens paper; and immersion oil 5 : ' - ' '

Prepared glides of the following: ." -
Mammalian test|s, Ductus deferens, semlnal vesicle and prostate gland

g

Procedure ) " . ~
s R R ‘ o . . .
. The testes, epididymjis, ductus deferens, urethra, and pens, together with their associated
’ . glands and other structures make up the male reproductive system
o ' A.;'i("he'l‘estls ] © e \ . X

. The testes are the parred gonads of the male and in most mammals they are suspended in an
extension of the pantoneal cavity, the cavita serosa or male vagiha. This catity is lined by a serous
membrane forming the tumca albuginea. on the testicular side and ‘the tunica vagmahs propria next
to the muscular wall of the scrotal sac. In mammals the testes are mlx,'ed glands. The exgcrine
portion 15 cytogenic' and"** ecretes,” gametes (sperm) and the endocrine p,ortlon secretes androgenic
hormofies, chrefly testosterone. - - w

ftubules there e, numerous, blood vessels and the epithelioid cells of the interstitial tissue
(Leydig cells). /The tubules are almost filled by the eomgjex seminiferous epzrheizum_whlch
rests on a distinit basement membrane. - . - .

. Vo
- 4 -f

. Draw in otifline 3 or 4 tubules ne)_&t to the tunica albuginea, indicating the lumina and |
basement membranes but omutting the details of the seminiferous epithelium. Make*your
drawing large enough so that the details of the interstitial cells can be clearly shown. The
mte,rstltral cells respond to the luteinizing hormone (LH) of the anterior pituitary gland by
secreting androgens, (male sex hormones) and a few o her $tesoids in smaller apnounts. Notg
“ that the blood vesséls tend to course through the mterstntlal tlsstre rather than  next to the

S basément membranes. Why"

0

- -,

2. Tubular .S’/ructure Study sevetal tubuIes undex high pbwer or under 011 ummersron '
Select a tubulg which shows a.variety of cell types in the seminiferous epithelium. Draw’a
section from the lumen to the basement membrane. The most basal layer will contain two
types of cells, The spermatogonia are small cells with deep-staining nuclei. The Sertoli (susten-

. tacular) cell nucle: are usually tnangular or irregularly shaped, Ilght staining, vesicular bodies
., _ with the cytoplasmic portion of .the celI extending to or near the limen. The cytoplasmic -

“portion of the Sertol. cells are easily seen in those tubule sections where most of the sperm

have matured and have been reléased. In the second layer of the s%:rqmlferous eplthellum the

primary spermatocytes have unﬂergone their growth phase and are about twice the size of
spermatogonia. The nuclei are large ‘and in various stages of prophase. The next layers of the

epithehum will have perhaps only one or twosof the following cell types. dividing primary
spermatocytes, secondary spermatocy tes (which are about the size of the spermatogonla) and

.. \spermands (which have wesicular, spherical, pale-stainipg nuclei and a.distirict centriole) and
meramorphosmg spermia and matured sperm attached to Sertoli cells. The tails of the mature
spermia are seen‘as wl‘lorlmg masses of ﬁlaments in the tybule lumepa. What is the spermato
genic wave’? . . -

.

= ' y

. -
.
L
'
, v
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/ - C. The Seminal Vesicles
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’

B.  The Ductus Deferens (Vas Deferens) .

Study a’ cross section of the‘duétus deferens (sliae No. ). Note that its mucosa consists of
pseudostratified columnar epithelium which may have stereocilia and is thrown into longitudinal
folds. Beneath -the distinct basement membrane is a_thin lamina propria of elastic tissue. The
muscularis consists of three layers, an internal longitudinal layer, a thick middle circular layer, and
an external longitudinal layer (compare with the lower ureter). The adventitia consists of connective
tissue with accompanying blood vessels and nerves. Make an oufline drawing of the ductus deferens
and label the layers. :

.

“, » These organs are evaginations of the ductus"deferer_ls although their organization differs shghtly
from the ductus deferens. They are elongate structures with a mucosa that branches and anasto-
moses so that it contains a number of acini or pockets.

-

. * 4

Study a frontal section through the seminal vesicles (slide No. ). Note the comnective tissue
capsule ‘which envelopes the musculo-connective tissue which is made up of smooth muscle,
retictilar cells and dense cannective tissue. Thete is no muscularis mucosae separating the musculo-
connective tissue and the lamina propria, but the latter tissue can be distinguished betause 1t stains
‘ m‘c_a're deeply and is filled with a prolific capillary network. There is no basement'membrane under
the epithelium, only a felt-work of connective’ tissue fibers. The epithelium 4is of the simple
columnar type in rodents but is pseudostratified in man and may even be cihated. Hematoxylin and
eosin preparations show ‘'secretion granules” in the cytoplasm. The height of the epithelium and
the nufber of secretion granules depend upon the functional state of the seminal vesicles as
regulated-by hormones from the testes and adrenal glands. Draw 2 or 3 epithelial cells showing all
details. - ~

D. The Prostate dland v,

Study a section through the ventral prostate of the rat (slide No. ). Note that this is a
.compound tubular type gland. The tubules are embedded in areolar connective tissue which con-

tains a number of Mast cells. The glandular portion of the epithelium is formed as secretory alveol: °

in the peripheral part (cortex) of the gland. These alveoli are contintous with the seeretory ducts
which have low cuboidal epithelium and are rather straight. In prostate tissue from tmddle-aged men
one can_see concretions occluding the lumens, Lamination of these concretions {corpora amylacea)

* is not ‘always evident in sections. They are,not observéd in rat material. Draw an alveol®s with some .

of its surrounding corinective tissue. . N




-~ o -

- - | 2%-3
¥ - .
REPORT SHEET FOR EXERCISE. 25 .
: -/ﬁistologiml Study of the Male .Reproductive System \

1. Interstitial cells between the tubules of the testis of the

Drawn from study at a magnificationof X ' ,
» | H N
T ¢ v A7,
’ l . 0,
' . iy
- ’ .
. )
-4 * 3 ‘ *
\
’ LY
-/ : ' /
2. The germinal epithelium Shqwing the development of spermatozoa from spennatogc;nia as |
studied in the testis of \ 3
Drawn from a magnification of ____ X B
Q } 5 3 . " .
} - Y .




"1.015 or higher diluted to 100 ml. Acidify to pH 4 using

"ICutler, J. N., Jour. Lab. and Clinical Med., 34:544-559, 1949,
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EXERCISE 26 - RESPONSE OF ANIMALS TO PREGNANCY URINE HORMONE

26-1

-

s

Pregnancy Tests ' o ‘ T

Materials 2nd Equipment ,

Pregnancy urine (preferably from the 4th to the 12th week of gestation)
Urinometer (for determihing specific gravity) ‘
20% HC1 - ' .
.04% Bromcresol green indicator dye - ’ .

Kaolin (acid washed) N .

.IN NaOH

.5% Phenolphthalein

1% eosin blue or yellow
4% aniline blue .
Citrate-phosphate buffer, pH 7.2 N

pHydrion paper -

- . N

Cutler’s' Method for Concentrating Pregnancy Urine Hormone .(PU)

Use 100 ml. of normal urine of pregnancy (sp. gr. ﬁ;()) or 50 ml. ifethe specific gravity is

HCI with 0. 04% bromcresol green as

an indicator. Then add 5§ cc. of a ,20% water suspension of kaolin that has.been acid washed (See

Hawk and Gergelm, 11th ed., pg. 263 Practical Physiol. Chem.) . -

Shake and place in the cold room for 30 minutes or until the kaolin has settled down to 15 to
20 ml, then siphon off the supernatant. Redistribute the packed kaolin in 5 cc. of N/10 NaOH.
Allow to settle. Decant supernatant and make pink with a drop of 0.5% alcohdlic phenolphthalem

Neutralize with 20% HCI. . N

~ Inject I cc. into the dorsal lymph sac of R. pipiens. In case the patient may be in menopause,

use ,rabbit or African frog (Xenopus laevis), or 2% cc. of whole urine injected in'to R. pipiens at ——.

hourly intervals. - .

Male frogs will usually release spermatozod with this prebaration in 30 to 120 minutes.

Vital Staining of Spermatozoa’ ¢

Various concentrations of dyes and buffers at different pHs were tested by Shaffer and
Almquist with the followmg glvmg the most satisfactory results for distinguishing live and dead

spermatozoa in bull semen: o

1% eosin blue (or yellow) ey,
4% aniline blue . ' .
Citrate-phosphate buffer, pH 7:2 o

This has not .bet:n modified for use with wet frog smears. Perhaps 2 drops of buffer and 1 drop

each of the stains, mixed on the slide and air-dried will give satisfactory results. .

. Reference:

Shaffer, H. E."and J. O. Almquist. Journ. Dai['y Sci. 31. (8). 677-678, 1948, p. 36 (abstracted in Section 111,

Excerpta Medica 3 (9): 362, No. 1400, 1949)

-




Aschheim-Zondek Test — AZ Test:

26-2 : ~ : :

Procedure

¢

The method employs the high titre of “LH"—really Chorienic Gonadotropin, “pyU” —present n .

pregnancy urine The ovaries of nmmature mice are ordinarily small and quiescent, but under the
stimulation of PU they ovulate and’ develop corpora hemmorrhaglea and/or. corpora lutea. A posi-
tive is obtained when a single corpus or more is discovered. - s

.

Method is as follows: - L e .

ANN

| ‘Take a moming.-sample of urine and add one drop of Toluene per 30 ml. of urine\ Acidify
slightly with a few drops of 10% acetic acid. Store in cold room when not in use. However, it 1s
better to elimipate toxins using the method of Cutler (above).

\
* *

2 Use 6 immature whnte mice (10 grams body weight) for each urine sample to be tested. The mice

are used only once.*

-

7~ ,
3 Inject tw?e a day for three days via the subcgtanequs (s/c) route according to this modification.
l ‘

> Mouse/l and 2 uninjected controls

! Mouse 3—inject 0.2 ml. urine s/c 2X danly for 3 days . .
Mouse 4—inject 0.25 ml.

Mouse 5—inject 0.3 ml. ’ !

Mouse 6—injeft 0.4 ml.

%

' . . . . . . . s
4 Kill all mice and examine the ovaries under the dissecting microscope for corpora 96 hours (four

days) after the fi f'rst mjectlon

5. A smgle corpus means a positive result. Record the resuits in your notebook. Pay particular
attention to the color of the ovanes as compared to the controls.

<

Rana Ripigns Test E \ )

Mammqhan gonadotropins have been demonstrated to affect the reproductive systems of
amphibia. The induction of spermatogenesis (rather release of sperm) by chorionic genadotropins is
used for a, positive diagnosis of pregnancy. It is to be noted that seasonal effects are important, for

the frog test daes not wark aocurately in the late summer months. We shall use the method of )

Robst

v
1. Filter an aliquot of morning urine. No other treatment is necessary. e

k3

2. Take control cloacal smears of your male frogs to insure they are not releasing sperm. Smears
may be read under reduced light in a microscope, or you may fix and stain‘them with Giemsa stain
in the same way you 'prepasg, vaginal smears for study. '

3. Inject 4to 5 rpl of urine into the dorsal lymph sac of each of four frogs. Four frogs are used
today to overcome the possible fatalities due to the toxicity of the urine. Test each sample of urine.
Only one frog is needed if concentratedPU is used. :

4. Two hours after the ipjection take cloacal smears and examine them for sperm. .

¢ ~ -
5. A positive result is indicated when sperm are detected. )
References: ’ ' ’
For AZ Test: Aschhdim, S., and B. Zondek, 1927. Ei und Hormon, Klin. Wehnschr. 6. I321
For Rana Pipicns Test Robbins, S. L. and F. Parké:. The use of the male North American frog in the diagnosis
of prégnancy. Endocrinology 42:237 (1948).
General: Hoffman, J. Female Endocrinology, p. 670 ff. '

. SR
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Pregnancy Tests '
) l :
1 ¢ .
“ L)
A ‘
* A
v C .

- ‘ v . . i - Il .
Sketch an immature mouse ovary and one following‘ovulation and corpus luteum formation in the
mouse,, - .
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Sketch a trog.spermatozoan.
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EXERCISE 27 - TRANSCRIBING DNA, mRNA AND tRNA TO SEQUENCE A PROTEIN

'

/

[}

This exercise 1s provided to help the operator gain skill in thinking about letter substitutions
(repfesenting the punmne and pyrimidine bases in nucléic acids). The base sequences presented are
.not actual ones but rather have been contrived so that when the alphabktical game equivalent is
supplied over the amino acid linkages a message is spelled out in Engllsh This, of course, doesn’t
happen in the biochemstry of cells, but 'rather the amino acid sequence is relevant and meaningful
in terms of cell functlon without resorting to translations |ntQ English.

What js supplied below are the code letters for one DNA strand. Space$ are provided for -
transmbmg the complementary DNA strand and also the mRNA and tRNA. The amino acids
associated with these tRNA sequences %58 given in a table which it may be convenient to cut out °
and placewbefore yoa The game alphabttic equivalent is suppllqd in the same table.

How would this work out given .the DNA strand sequence%

Message:
Amino acids:
't‘RNA Nodocs:
mRNA Codons:
DNA Strand I:
DNA Strand 2:

CAC

P
His
CAC
GUG
CAC
GTG

ACG

E
Thr
ACG
UGC
ACG
TGC

CAC

P
His

-CAC

GUG
CAC
GTG

s

CTG ATC GTA

I3 . S

Leu

CUG
GAC
CTG
GAC

|
Ileu
AUC
UAG
ATC
TAG

N
Val
GUA
CAU
GTA
CAT

CAA

0
Glun
CAA
GUU
CAA
GTT

ATA

.G
fleu
AUA
UAU
ATA
TAT

ACA GTA
E_/ N
Val
ACA GUA
-UGU CAU
ACA GTA
* TGT CAT
“
<4

~




\ t
Nodocs and Alphabetical Game Equivalents of Amino Acids

A
A

AAA- Lysy A . .GCA Al °L
AAG Lys A~ GCG Ala L
» LY

AAC’ Aspn B GCC Al M
AAU Aspn B GCU Ala M
AGA Arg C GUA val N
AGG Arg: C GUG Val N
AGC Ser D . GUC Val N
AGU Ser D . GUU Val N
ACA Thr E CAA Glun O
ACG Thr E CAG Glun O
ACC Thr F ° ° . CAC His P
ACU Thr F CAU His P
VA lew G o CGA Arg . Q
UG Met H CGG Arzg Q
AUC Ileu 1 s CGC Arg Q
AUU Ileu 1 CGU Arg Q
GAA Glu J CCA Pro R
GAG Glu J CCG Pro R
GAC Asp K . CCC Po R
GAU Asp K CCU Pro R
CUA Leu S

CUG Leu S

CUC Lew T~

, CUU Leu -E

UAA
UAG

UAC

. UAU

UGA
UGG

- UGC

UGU
UCA
UCG

uccC
ucu

UUA
UuG

uucC
Uuu

Space
Comma

Tyr Period
Tyr Question

Try
Try
Cys
Cys

Ser
Ser-

Ser
Ser .
Leu’
Leu

Phe
Phe

NN << XM 2 << CC
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Strand One DNA Sequences To Be Decoded .

Message: . ’ ’ —_—
Amino Acids: R .

tRNA, Nodocs: o
mRNA Codons! ‘
DNA Strand 1: GCA 'AAG GAC ACA TAA ATG AAA CTG CTT ACG
DNA Strand 2:

Message: ‘ L
Amino Acids: .

tRNA Nodocs: ; )

mRNA Codons:

DNA Strand 1: GCA ACA CTT TAA CTC ATG ACG CCC ACG TAA AAT ACA TAA GCA
DNA Strand 2:

~

Message:
Amino Acids:
tRNA Nodocs: - ~°
o mRNA Codons: - )
_ DNAStrand 1: ATC ACT ACA TAC
. DNA Strand 2: “ .

Message: ' ’ ’ ’

Amino Acids: | ‘ ’

tRNA Nodocs; ) i '

mRNA codons: ’ ’

DNA Strand 1: GCT AAA GAT ACA TAA CTA CAA GCC ACG TAA
DNA Strand 2: '
———— Message: ,
Amino Acids: .
tRNA Nodocs: . :
mRNA Codons: <« .
DNA Strand 1: CTG ‘AAG CCT CTG AAG CTA CAC AAA.CCA ATC GCA GCG AAA TAC
DNA Strand 2:

Message:n . ' . .
Amino Acids: . .
tRNA Nodocs: ) .
mRBNA Codons: . i . ‘ ot
DNA Strand 1: GCG ACA CTC TAA TGA CTG TAA GCT AAA CAT ACA TAA TGA CTA
DNA Strand 2: . s
Message: ‘-
Amino Acids: . '
tRNA Nodocs: ' ' :
* mRNA Codons: , . ‘ .
DNA Strand 1: TAA AAA TAA GCC AAG GTT TAC * a,

DNA Strand 2 — ) @




Messade:

Amino Acids:

tRNA Nodocs:

mRNA Codons: .
DNA Strand 1:
ONA Strand 2:

¥

-

1

TCA ATG AAA CTT TAA ATG AAG CTT ATG TAA ATA CAG AGT TAA TCG CCA CAA

bt
?

'

[

TGG ATA ATG CTT TAT ~ - : .

DNA Strand 1: CTA CTT TGA AGT TTA TAA GTA AAA CTC TGA CCG ACA TAA GTC

CTT TAA AAC CAA CAG GAT CTA TAA CAA GTC GCG TTA

DNA Strand 1: GAC GTT CAA TCG GCG ACG AGC ATA ACA TAA ATT CTG‘ TAA

.

.

Message:
Amino Acids:
tRNA Nodocs:
¥ mRNA Codons:
DNA Strand 1:
-+ DNA Strand 2:
Message: )
Amino Acids
tRNA Nodocs:
mRNA Codons:
DNA Strand 2:
Message:

* Amino Acids:
tRNA Nodocs:
mRNA Codons:
DNA Strand T: CAG
DNA Strand 2:

Message:
Amino Acids:
tRNA Nodocs:
-mRNA Codons:
DNA Strand 2:
. Mesagie:
Amino Acids:
- tRNA Nodocs:
mRNA Codons:
DNA Strand 1:

- DNA Strand 2:

CAT CAG TCA ACA CCA TAT v
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EXERCISE 28 - DO ENVIRONMENTAL FACTORS AFFECT THE ACTION OF GENES?

A '

(An experiment) ¢

As the procell formed in the primeval oceans, all of its parts were in direct contact with the
environment. Then came the invention and application of the cell membrane, which separated
more-or less the inside from the outside. However, we observe evidence which leads us to believe
that the conditions under which the living state is maintained are not very much different from
what they were in the “beginning.” The questiops raised are concerned with the independence of
gene action from the environment of the cells.

L3
4

Materials and Equipment (per grotlp of students)

6 Styrofoam drinking cups

Loam, sand, or vermiculite, autoclaved to kill mold spores*
Parafilm squares and rubber bands :

100 ml. of Gibberellic acid (100 mg./liter)

4

2 Hand atomgizers ‘ -
1.0~_30 tobacco seeds and 10 seeds each of corn and of beans, all from stocks heterozygous for
albmlsm N . o
. Preparations

Punch a hole in the ‘bottom of each of the cups (about % inch). Place a piece' of broken cup
curved over the hole on the inside to keep soil from spilling out but admitting water. Fill about 3/4 .
with soil. Cover with Parafilm secured with a rubber band. Place in a tray of water overnight so that
the rising water will expel large airspaces from the soil. -

v

=

'“ Procedure

3

4
Plant the seeds as follows. Sprinkle the tobacco seeds onto the surface of two pots. Do not

cover with soil. Recover with parafilm. Labelseach pot with your name and tobacco.

. Use a stick to punch a hole about %2 inch dgep in acup of soil. In fact, punch S holes and_plant a
cosn seed 1n each. Prepare two pots of corn. in a snmllar way plant two pots of beans. Label with
your name and the kind of seed. . :

" 3. Place one pot of each kind in a tray 6f water in a well- llghted place (but not in direct sunlight)
along with the pots of other members of the class. ,

4. Place one pot of each Kind in 4 cabinet or other darkened place in a tray of water (along with
similar pots belonging to other members of the class). . .

's. Allow a week to 10 days for germmatlon Do not let the trays evaporate to dryness during this ,
time. - . . ) N

6. When the seeds have germmateci count the numbers"of green and albino plants for the ‘whale
class-for those pots grown m the light. What is the appearance of pots grown in the dark?

7. Remove the plants grown in the dark to the light (but not dlreet sunllght) for several days )’;hat,,»-a A
~happens? Count the ratio of green and albino plants and x.ompare the ratlo with plants grown in"the
light. "

N ‘-

>
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' .

8 Now divide the pots into two groups, each contéining half of the plants grown n the light aﬁd
half of those grown in the dark and later in the light. Measure the height of your plants in
'_centimete(§. Designate one group Controls and the other Gibberelli¢ acid.

- Spray the control group with water from an atomizer. Spray the Gibberellic acid group with . -
the Gibberellic acid solution, using a separate atomizer. It will be good to do this at some distance .
. from the Control group. Enough solution should be sprayed on to definitely wet the leaves but
should not drip off onto the soil. LT .

9 Measure the plants for the first 4 days and again after 7 days, recording your data each time. As

plants grow, it may be necessary to place stakes in the pots and tie the plants loosely to them. How

do the albino plants get along compared with the normal ones? Determine the mean and standard

error for the measurements you make and compare with others to see whether or not their mean

standard error includes your means. Prepare a graph showin‘g the average height and the standard '

error for each kind of plant on the ordinate and the time in days since the first spraying on the .
abscissa (along the bottom). o d . '

10 Refer to ‘Exercise I to refresh your memory about scientific reports. Write a scientific report-on .
the results of these experiments, interpreting your results and stating what conclusions could be. ",
based upon your data. . :

3
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. b
Do Environmental Factors Affect the Action of Genes? . iz
* \
; DAYS AFTER
) \ \ : DARKNESS
N Light ) .
¢| Green -
. Dark ' ..
Tobacco .
) Light
Atbino
s Dark
Light [
Green ' .
Dark
Beans .
. Light
Albino -
Dark
Light
Green
Dark
Corn :
Light
Albi -
°* Dark '
: IGHT IN CM. ON DAY
PLANT | TREATMENT | PLANT NO.| COLOR HE C
- 1% 2 3 4 5
Tobacco Control 1
2
3 . .
4 >
5
.,:'f‘g: Sum
! Mean
S.E
Gibberellic 1 ) i
acid spray -2 7
3 i,
4 _ :
5 .
Sum
Mean
/ S.E.

' .

*First day of treatment
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Do Environmental Factors Affect the Action of Geneg? *
- . ‘ .
. g HEIGHT IN CM. ON DAY
PLANT TREATMENT | PLANT NO. COLOR N -
. ‘1*
Beans Control 1 )
2 -
. ! 3
4 . )
5 T
. Sum ¢ .
. ' Mean ‘ :
, ; S.E. A
i Gibberellic 1 _ )
acid spray 2 ’
\ . -8
4 -t
- ‘5
. | Sum .
"Mean
Corn Control 1
1 L~ 2 .
\ 3
N 4 ‘ .“ .
’ 5 Vp‘.“. 1 /
Sum _
s, /| Mean .
» . ﬁ .
h (.bh' S- E- .
Gibberellic gr 1 -
- acid spray . . 2
' * 3
: . Sum
Mean .
S. E. ’
*First day of treatment to- . )
T : : <
-, , .
- ' ° :
i . B
. _ ,
. 0 * |
N * , 3
. A P /n ‘ . v
1L .
v . ! » .
”~ / t . ’




EX‘El.!C_lSE 29 7 THE INHERITANCE OF GENETIC TRAITS ( .
. ¢ Part A. The Inheritance of Starch and Color in Comn Seeds \ .,
5 LI ¢ ~

“The Mendelian pnnuples are known to have wide application among many kinds of organisms.
Studying rnher.rfanu. in ¢Oxn grains has certain basic advantages. One is the speed with which the
observations can be made~because the grains are held ip place on the ear of corn and this makes .
-counting of individuals easy. .

~

Each corn grain ofi the .ea'r:you will use represents a separate offspring of a_‘.cross between the |
- .female parent (of which the ear and the corncob are part) and the male parent, yvhich supplied from -
its tassel the pollen grains that fertilized the 0vules which then grew into the corn grams (seeds).

In produung these ears, the plant breeder selected parents that were pure-breeding (homo- |
zygous) Two pure strains were crossed and the seedsMere then produced belonging to the F plants
. . wrth ‘each other producing the F, generation. The seegnd kind of cross involved an F, plant and the
: " recessive parent plant, producing a backcross generation.

. Procedure '
[N ¢ Y . .
Work in teams of three students (one eountel' and two tabulators). Each team will receive an ,
M ear of corn. You will not be told whether it is an F, earora backcross ear. This is somethlng you
must find out . ‘

Caution. Be' careful when handling the ears or the kernels wrll become loose and drop out Do

- not pick the kernels from the ears!
L

Examine the ear of,com. Classify ®he kernels and” record phenotyprc characters as follows
sjarchy (smooth), sweet(shrunken), waxy, purple yellow . v -

-

Tabulators should record- on a data sheet a column for each type of kemel. To determine
number of kernels, the counter should place.a pin in the ear at the beginning of the row of kernels
whete cqunting starts: He should then call off the p notypic character of each kernel in each row
4 ~until he returns to the' startlng point marked by. the pin. As the characters are called out, the
’ tabulato(rs stiould tally each in the appropnate colu;nn on the data sheet.

.

Total the nmber of each type of kernel bn your ear of corn. Calculate thé percentage of eaeh
type. Are the percentages close to any ratio of small whole numbers? If so, what? Is your ear of o
corn an F, generation or a baekcross generation? From your tabulations,.can you determine the
probable strain of the F, corn? The probable strainof the parent ears? What trait is dominant? What
trait 1§ recessive? Show with Bunnett squares the proRable cross which produced the progeny
represented by~ your ear «©f corn. Wnte a cleat‘ statement for eaeh otme Mendelian principles

. * illustrated’,.” . "
* . Vs . . . ) \{ ' . '
- Part B. Some‘Problems in Genetics . g - _ .
! “ - ! , .
' s » oF » e . . AT
Dominance: Mendel’s Law. . . . e
R .

T S ln peas, the gene for tallness (T) is dominant to the gene for shortness (t) What offspnng )
phenotypes would be expected from the followrng crosses, and in what’ p.ropoi‘tlons” . .

A ]

a. s heterozygous (Ft) x lleter6zygous "

~ . . . -

b. heterozygous x homozygous, tall; ) ‘ : . . |

' . * L . . . . |

° . ¢.** homozygous tall x homozygous short. . . . . . ) C .
» (: - L Y :- - ‘ o

. & . - o ' . . '
o~ 1H0 ® - R

o . ®s
[} b . .
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2. If blue eye color in man is recessive tgp other colors, could

‘a.  brown-eyed parents have a'blue-eyed ¢hild?

b. blue-eyed parents have a brown-eyed child? ) . L

-

3 Albrmsm the rnabrlrty to synthesize chlorophyll, is a recessive character in a number of plant

species. it a tobacco plant known to be heterozygous for albinism is self-pollinated and 600 of its

seeds are subseqyently germmated
a.  how many seedlings would be expected to be albino? ,
b. how many would be expegted to have the parental gehotype?

4.‘ A man and his wife can both taste phenyl thiouréa. They have four children, two of whom are
unable to taste. What are the parental genotypes? , .

.

The 1:2:1 P;renotypic Ratio .,.

5 Construct pedigree diagrams for the following families, giving the possible genotypes for each
member. Represent males with a square and females with a circle, and write the genotype alongside
or inside the symbol. .

Example. A man whoi is a taster has a non-taster wife and they have a t;ster son and two non-taster

daughters,
. 3
Tt @. 5

», "
5o o
L Y

N

a. A man and his wife are both tasters and they have two taster sons, a taster daughter and

a non-taster daughter. .

b A taster man has a taster son, a non-taster son, and a taster daughter by.his first marriage
.and two pon-taster daughters by his second marriage. His first wife was never tested but his
second wife was a non-taster. ¢

¢ The daughter of his first marriage subsequently married a non- taster and produced eight
children, all of whom were tasters. , -

Genes'Affecting Visibility

6. A farmer crossed his roan bull with three groups of cows. Cows of Group A were whrte cows,

of Group B were red; and cows of Group C were roan.

B

What proportlons of the different coat coiors would he expect in the offsprmg of each group
of cows? . 2

7. If the same farmer decided to make his Shorthorn herd exclusively roan coat by selling all
white and red calves would the color of bull he used make any difference, economically?

8. When Poggy, a colored male hamster, was mated with Zoe, a white female, the offspring were
all colored. When Zoe was later mated with Prince, who was eoIored some off this second litter were
white. Co

a  What might you conclude about the genotypes of Poggy Prince, and Zoe wrth-respect to
coat color? © _ * J

» L) ' . ~
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~ b. If an animal of the first litter were to be mated with a colored animal of the second Iltter
«  what offspring -phenotyplc ratios might be expected?

3

c. What offspring might be expectet from cross between an animal of the ﬁrst litter and a
white anjmal from the second htter" ] ) .

Observed and Expected Ratios

9. ln an investigation of the nature of Iength of legn the domestu. fowl the foIIowmg two (rosses

were made and the numbers of offspring recorded o ]
% ! NUMBER OF SP[ORT OFFSPRING NUMBER OF NORMAL OFFSPRING «
I. normal x short leg : a3 . S .
2. short leg x short leg 55 28

L4

From these figures what might be concluded about the action of this gene?

.

IO.. Brachyphalangy in man 15 a condition n which the middle bone of the fingers 15 greatly °

- shortened and usually fused to the next bone, with the result that the fingers appear to have only

two joints. A brachyphalangic person 1s heterozygous for a lcthal gene. the homozygous offspring 1s
born without digits and with gross skeletal defects which soon cause death. .

a. In a marnage. between a brachyphalangic ntah and 4 normal woman what proportlon ot
their childfén” would be expected to be brachyphalangic? ¢

b.  Show this diagrammatically.

e+ 7

\ ¢ What ratio of brachyphalangic to normal children would be expu.t‘ed na famlly m which
both parents are brachyphalangu. . .

-
d. Show this dlagrammatlcally

Pheizyotypic‘Ratios Where Both Alleles Show Dominance The 9.3.3.1 Ratio

11. If a maize plant heterozygous fof? the alleles for pigmy and crinkly-leaf* (both recessive to
normal size of plant and normal lean s self- poﬂmated and 160 of the seeds are subscquently
collected and germinated, hdw many would you expect to show

a. crinkly leaves? . . .

- ‘. , ‘.

‘ <
: b. normal size?,
¢. normal leaves and rormal size? . .

d. normal leaves and pigmy?

F, Genotypzc Ratios

2
2

I" Ina certam breed of domestic foll, pea comb 1s dominant to single comb, but feather colot.
shows absence of dommam.e black feafﬁ'ers and white feathers arg. homozygous, e.g., BB and bb
respeotlvely, whereas the' heterozygote Bb gives {‘blue’’ feather. . . s :

From crosses between birds heterozygaus for both alleles, what proportion of the offspnng
would be expected to be ) .

.

a. peacombed? . .

b. black feathered?

RIS oWy
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c. ‘blue feathered'?‘ ) - T
>

d. pea combed and blue feathered? '

e. single combed and white? .
3

13 In Drosophila. curved wmg (c) and forked bristle (f) are recessive to the normal or wild type
wing and bristle shape (expressed as + in each case) Show dlagrammatlcally the followng crosses.

a.  +c +fx ccff; )
b. ++ +fx +cff;

c. +c¢ +fx+cff. ) ‘o ,

2]

14 What proportion of the offspring from the cross in question I3e would be expected to show
the wild- type phenotypes for both alleles?

» +

The Punnett Square -

15 In" the fowl two pairs of alleles (Rr and Pp) regulate the shape of comb. Two cocks, each of
which has a pea- shaped comb, are mated to ﬁve hens as follows:

Hen Comb Offspring comb ratios
(A walnut '’ 3 walnut: 3 pea: 1 rose: | single
Cock X x (B pea ’ 3 pea: | single % o
(C * rose | walnut: | pea: | rose: | single "
‘ )D ‘single all pea . .
X a . .
o Cock Y x YE rose all walnut

What simple genetic explanation accounts for the inheritance of comb shape and what are the
genotypes of the cocks and hens above"

16 In peas the gene for round seed (R) is dominant to wrinkled (r), and yellow seed coat (Y) 1s <.
dominant to green (y) Consider a cross between peas heterozygous for both alIeIes. Py ¢
a.  what proportion of the seeds produced would be expected to be wrinkled? ) "

b.  what proportion would-be expected to be yellow? ‘
. . vu A 3

c.  what proportion would be expected to contain a homozygous pair of alleles?

.
. : . . -

) .,;‘
Significance: The Chi-Square Test / , ’ "
“17 In man a recessive gene*f&r a severe disease of the blood vessels is heterozygous in about 0.05% ° ¢
of the population A man whose brother died from the disease is contemplating marriage and f/‘\
consults a genetics counselor because he is worried about the chances of a child of his having the

disease. What advice might the counselor give? *

18 If the man in question I7 marries hlS first cousin what are his ehances of having aschild with
the discase? '

.

19, What is the probability that a family of four children will consist of

a. four boys?

i

b. three boxs,.and a girl?

¢.  two boysand two girls?

d. one boy and three girls?
’ »
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e. four gi¥ls?
What isﬁ: connectioh between this question and the previous one?

20. When pink sweet peas were self- pollmate& and the seeds were collected and sown, the follow-
ing flower colors were obtained:

“ered 3§ pink 56; white 28.

] . . .
Are these results consistent with the hypothesis that pink flowers are heterozygous for a single
pair of color alleles, showing absence of dominance?

s

" Sex Chromosomes

2 ~

21. If asex-linked gene 15 a recessive lethal, causing death and reabsorption of the embryo at an
early stage,

a. - what proportion of the offspring would be expected to be females?

b. and what proportion of the offspring would be expected to be carriegs of the gene from a
mating between two mammals the female of which games the gene in its heterozygous state?

22. lIn cats, a coat eolor gene 1s located on the non-homologus portlon of the X chromosome. BB
or B- 1s black, bb 1s yellow, and Bb 1s tortonig_shell Are these statements true or false, give the

. reasons.

T '
(1) A mating of a black tom with a yellow tabby could give female tortoiseshell kittens.
‘ @) The same mating can give male tortoiseshell kittens.
-(ui) A yeHow male mated with a torfc}iseshell female could give black male kittens.

+ ) . .
(iv) The game mating could give black female kittens.,
. .

T (v) A tortoiseshell tabby can ha\;e tortoiseshell kittens whatever color tomcat she mates with.

23. A ‘normal,\,xghted woman whose father was red-green colorblind married a man with normal
viston. What ratios of genoty¥es j:d ph’en'oty pesg would be expected among their children?

Sex Linkage ; 4 .

24. ﬂ gene for the ability to taste PTU 1s autosom% and dominant to non-tasting. Red/gr.en
colorblindness i§ sex-linked and recessive.

A man and his wife, both of whom can taste PTU and have normal vision, have a child who is
colorblind and a non-taster. )

a.  What is the child’s sex? L,
] . »
b. What 1s the probability (expe«':ted occurrence) of thigchild‘aphgnoty%e in their children?

.(‘4

" What 1s the probability that a child 4vill be a taster with normal vision, like its parents’
' d. What s the p'rbbablllty that a child will be a non-taster and colorblind, unlike its parents?

. 1 *
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25 Consider the following pedigree covering three generations of a mammal The symbol @
. depicts a female showing a certain trait in the phenotype and O represents a normal male. .
S
a.  Does this show evidence of sex-li};kage"
b  Under what conditions could this pedlgree represent the mhentance of a sex-linked gene?
c.  Cana father and his son both be haemobphiliacs? .
Skin Color In Man . ' . ' )
26 On the basis of Davenport’s findings that skin color in man depends on the plgment genes
present on two unlinked loci (two pairs of genes) and that white skin-can be represented as aaaa or
how would you describe the
a. . black skin genotype?
. b, mulatto? )
c. dark mulatto? » .
‘ d. light mulatto? . .
27. Show,algebraically, the cross between ’ ' - .

a.  two dark-mulatto people;

' - b twolight mulattos; . ' , g
. . one mulatto anti one gark mulatto. ] .

. For each, show'the algebraic expression of their possible offspring genotypes. .

28 a  What proportion of the children of a mamage between two light mulatto parents would
. " beexpected to have white skins?

b  What proportion would be expected to have thﬁ same colored skins as their parents?

29 Three.alleles for-the C locus (coat color) in the rabblt are ¢ (albino), which s recessive to ¢*
(chinchilla ceat), which in turn is recessive to C (the allele for t’ull coat color)

In a randomly mating pobulatlon of rabbits the followmg gene frequencnes were determined.
~

C 0.2 - *
. . cch . 0.5; . .
I c 0.2 . .
*What propottionis of coat color (expressed as pefcentages) would you expect to find in that .
population? . .

. v

',1)""“ . b
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30. The ty ranmc?l overlord of the planet Sirius III decided to improve the breed of his subjects
and issued a Eugenical Edict whereby all individuals having more than the customary three digits
were to be sterilized before they reached sexual maturity. This edict was made when it was found
that the frequency of polydactyly in the population was one in sixteen.

. Like all the mhabitants so far discovered 1n the galaxy these aliens showed a normal Mendelian
. I pattern of inheritance, and polydactyly was single-gene controlled and recessive.

Lo

a. Complete the following tab-l'e to show the frequency of polydactylc-ﬁs individuals in each
generation: .

NUMBER OF GENERATIONS o |2 |4 |6 |8 |10

frequency of polydactyly 0.0625

b. P:lot the frequency of polydactyly agafnst the number of generations on a graph.

c. If the time of one generation of the inhabitants of Sirius III is 25 years, how long will it
take to reduce the incidence of polydactyly to the level of one in 10,0007

-

-
, These problems are from Hattison, David (1970), Prublems in Genetics, Readu}g. Mass. Addison Wesley Publishing

Company. v

171




REPORT SHEETS FOR EXERCISE 29

Part A. Inheritance of Starch and Color in Corn Seeds N o

CHARACTERS ' TALLY - | TOTALS

7 3 A =

Starchy (smoot{:) ,

Sweet (wrinkled) - . N

Waxy -

Yellow

Purple o

Ratio of starch to sweet is ;o N

Ratio of purple to white : ) . K

Is your eaf of corn in the F, or F, generation?

.Which of the above traits are dominant and which recessive?
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Form a Punnit square for the possible genotypes producing the phenotypes observed.

. )
.

¢ . P — .
- d .0
¢ -]
N . M N N ’
»
Y .
. R T ' N _
- . What Mendelian principles are illustrated? = _
. .‘ [} ! R
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EXERCISE 30 - SEARCHING FOR B;\__CTERIA RESISTANT TO STREPTOMYCIN AND IN- ~g
CREASED SALT CONCENTRATIONS'

An hypothesis for this exercise could be the question, “Do genetlc recombinations occurring
duning meiosis result 1n offsprings that are better able to meet adversities in ‘the environment?” We
shall use an antibiotic, streptomycin, and dehydration resulting from “unphysiologically™ high
concentrations of sodium chloride as aids for the explorat}ion of this question.

Materials and £quipment

A pure culture of E. coli in broth (24 hours) . . ‘ BN
3 Nutrient agar petri plates &

2 each Nutrient agar petri plates containing .85%, 1.5%, 3% and 6% NaCl
3 -1-ml. sterile (dlsposable) pipettes d <
1 glass spreader made from a Pasteur plpette

l bunsen burner o ﬁ
1 inoculating loop

I small beaker ' ‘
| hand atomizer- '
.05% streptomycin . . ¢ <
95% alcohol .

Wax pencil - o -

Part A: Searching for Bacteria Resistant to Streptomycin . ’ .

. 2

Procedure

1. Use asceptic techniques throughout. Sge Exercise 5. SR

’

2. Mark the covers of two nutrient agar platés with your initials and E. coli. =

Partner A. Flame the chlture tube and withdraw .5 ml. of culturé with a sterile | ml. pipette. Raise
one side of the petri dish covers and pipetfe .25 ml. onto the surface of each dish.

Partner B. While the ttansfer of organisms is being made, dip the sealed and bent Pasteur pipette
into alcohol and flame. Let cool. Spread the jnoculum evenly over the surface of both plates.

3. Allow the plates to stand unt‘il the liquid 1s all absorbed by the agar, then invert the plates. They
are -then incubated at 22-28 °C (room temperature) for 6 hours to overnight. After this initial
incubation period you probably will not see the bacterial colonies due to their minute size. Sterilize
a glass spreader by flaming and letting it cool. Lift one side of one of the dishes and gently respread
the surface. Label this dish “Spread.” Label the other one “Control.” .

4. Use the atomizer to spray a fine and gentle mist over the agar surface of both plates. Be careful -
not to apply so much of the solution thamtsruns Let the plates sit upnght until liquid is absorbed,
then invert. Py

5. Incubate the plates at 22:28 C for 24 to 48 hours Count the colonies present on each plate.
Record your data. ) p ‘ .

! Part A courtesy Martin J. Carey, Clark College, Atlama Georgia.

iil‘i v

.
J \
.
- v 5 . .
\ . v . . .

-,
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6 You will no doubt ask yourself whether or not it was possnble that a drop of penicillin mist may
not have landed on some bacteria and these are the ones that grew into colonies. To test that
hypothesis, use a flamed inoculating loop and transfer some organisms from an apparently resistant .
colony to a fresh tube of broth. Respread on a nutrient agar plate and spray with .05% strepto-
mycin. What alternative methods could be used? ) . -

*X

N )
Part B. Resistance to Increased Salt Concentrationi’ ) "

>

All enzymes require water in order to work. Ifwater is rﬂ)t available then cell metabolism wili

) stop This kind of intercellular drought can be brought about by exosmosis, that 1s by sub]ectmg the

cells to a hypertonic environmental medium. Can some cells overcome this situation? If so, how do
you think that they might reasonably doit? .

&

Procedure

Use 35ceptlc technique throughout. See Exercxse 5. °

Obtain 5 petri plates containing 0, 85%, 1.5%, 3% and 6% NaCl in the agar médium. Mark them

acu)rdmgly . .

2 Flame the tube of ”4 hour culture of E. Coli and transfer .25 ml. to each plate (draw up at least .
I 256 ml) Partner B-Dip a bent glass spreader into alcohol. Flame and cool. Spread the moculum
evenly over their surface of the plates, starting with the least salt concentration and working up.
(Why would it not be advisable to start at the ighest uoncentratlon and work toward the least
concentrated?) :

3 Incubate at 22-28°C (room temperature) for 48 hours. At the end of that time rate the amount
of growth on the plates as follows: R K

v

. . 4
+++, the amount of growth on™ the control (0% NaCl) plate o .
» ¥ ++, somewhat less growth than on the control plate '
+, a trace of growth, a few colonies
0, no growth at all,

4 Transfer organisms from the colonies formeéd to fresh broth of the corresponding salt concen-
tration. Rate the amount of growth after 48 hours by the same plus-system used above.

4

ot




REPORT SHEET FOR EXERCISE 30

’ N h
.

Part A, Searching for Bacteria Resistant to Streptomycin “

¢

; TREATMENT __COLONIES"

Control 5 — )
. ) ‘ '

' Spread i
* * ' . 7 * LI
What result from reculture of an apparently resistant colony? . 8
I [y
Part B. Resistance to Increased Salt Concentration - - - ‘ ) \
[ 4 <
~ Amount o@rowth after 4 Hoursat ___ °C. -~
. in se Per Cents of NaCl - ' )
\ o Growth on Reculture ‘, ,
0 - . ' o
8 2
~ ' s , :
~ . N K -
3.0 _ ‘ .
) 6.0 —_ c : e o RN
1 * N . . % .
uestions ‘e - Cot .
Q ». \
. If more colonies appear on the spread plates than on the unspread ones, what explanatlon «.an "
one give to support that result? . .
_ 2. Did the streptomycin-resistant organisms “breed true”? ‘
\ . £ R ‘“ ' . , » o
* 3. By what mechanism can’the bacteria survive the higher concentrations of NaC1? + «




EXERCISE 31 — THE INHERITANCE OF SPECIFIC PROTEINS '

.

Bloodletting was a medical practice that extended from antiquity into the 20th Century. The
medicinal leech (Hirudo medicinalis) could be purchased in drug store’s in the United States up into
the 1920’s or thereabouts. At the turn of the century, some physicians began to wonder if bleeding
the sick might be a cause of death for many of them. They reasoned that it might be helpful to give
a patient blood instead of taking it away from him.

The first of these tissue transplants (blood being a connective tissue) was successful but those
that followed werc not. Through the pioneering work of Moss, Jansky and Landsteiner, working
independently, it was discovered that something in blood plasma was causing some blood donations
to clump (or agglutinate). They didn’t know what was causing this effect so they called it an

antlbody, a term coined by Louis Pasteur lessjhan 50 years previously.

\ .

We hve learned a great deal since 1903. We know that most of the antigens’are proteins and
that the antibodies are proteins of the gamma globulin group of bload plasma proteins. The protein
that is called A or the one that is ualled B will be present in many kinds of cells, maybe all of the ‘
cells, of the body. Some people formboth proteins A and B and others don’t form either one. ,
Antibodies react most strongly with specific proteins and as the structure f proteins begins to vary
from that, the antibody becomes less able to act upon it. Since we can stimulate the production of.',
antibody proteins in a4 number of animals - rabbnts horses, ete. -by injecting them with.the antigen. | -
protein we wish to identify, it becomes a wry convenient tool for locating spuuﬁu protun&wnhout
the longer processes. .of physical-chemical analysis. oo N

T

. 5 ™

Man forms a few antibodies spontancously. One is against Pneumococcus type 7, but the moi'é'
common is production of antibodies, against the kind of cell membrane protein (A or B) whuh Is
not made by that individual. The antibody protein against protein A is called anti-A or alpha. The
one against protein B is called anti-B or beta. People who form protein A spontaneously form ann B
or beta antibody. Those that form protein B spontancously form anti-A or alpha antibody. [I‘.hat
was what caused Drs. Moss, Jansky and Landsteiner trouble back in 1903.

About 857 of the white population in the United States, and a slightly higher percent among
Negroes and orientals, form another group of membrane protemns. These are designated C, D and E,
which constitute the Rhesus monkey factor (Rh factor). (Protemns A and B are also found among
other Primates.) Antibodies against, the Rh factor are not formed spontancously but arc formed if
Rh protein is mfus;d into the blood of an Rh-negative person, that 1s onc that ddes not form Rh
protein. e .

A uonsndera,ble list of proteins in cell mer brancs including red blood corpuscle membranes
, havc now been identified. Their names Kell, Puffy, Lewis, etc. —dcnotu the ndmes of the patients

in Whlt,h these proteins were first discovered to be missing. .

o Protcms A,B,C,D, and E are quite different. However, there are some substitutions of a single
amino acid into the hemoglobin chains which may have far reaching effects and are responsible for
such Nf)od disorders as thallasemia and sickle-cell anemida. The resulting change is not LdSlly de-

. tected with antibodies as spcuﬁu as they are. Sicke cell anemia (a homozygous uondltlon) and

sickle-cell trait (the heterozygous condition) can be detected by a simple test.

The genes | Mand 1% which regulate the prodiuction of protetns A ahd B are not dominant to
cach other. So. a person who has both genes 1"and 1% will produce both proteins A and B and
therefore be of type AB. A person who 1s homozygously recessive for these genes (1* and ") will

¢ »
-
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form neither proteln A nor B and is desngnated as type 0. Genes I* and 1® are dominant to their
recessnves of course, so that a person of type A can be either homozygous I % or heterozygous
(I*1*) or more properly

Type A Mo 1P PP .
Type B. PP Por DI .
Type AB P Por PI*P1%or 1MAP Por 11 BP

. Type O e |

There “are about 3 billion combinations for the known blood cell proteins, indicating that
each person on earth probably has a protein “fingerprint™ discernable if all the known proteins were
typed for that blood. . :

A *
Procedure

Preparations N : ‘
I Dry a clean slide from alcohol using a lint-free cloth or paper towelling. Draw two circles about
fls inch in diameter with a wax pencil. Label the left circle A and the right one B Put yourilnltlals

on-the end of the slide. ‘ N

2. Place about 1 ml (1 inch) of normal (0.89%) NaCl in a small (7 mm.) test tube and place the -
tube in a rack or other support. ' ) ‘

3. Wash your hands if you are the subject. Wipe a fingertip on the left hand (af you are nght-
handed) with some 70% alcohol on a pledget of cotfon: :

-

Y <]

Wipe the fingertip next with ethgr on a pledget of cotton. The evaporation of ﬁle ether&pelps
to rapidly remove the_alcohol (which will destroy red blood corpuscles), and at the same fme the
cooling effect draws blood into the fingertip. ) . .o

Obtaining A Few Drops of Fresh Blood ' . 4 .

4. Have your partner open a packet containing a sterile, disposable, metal lancet, viz. . \T .
— ' - ¢
¢ \. v,
=
< .

5 Place the 1éft hand palm-upward on the table with the cleaned ﬁn'gertlp extended. Have your .
partner plunge the lancet firmly into the ball of the fingertip. The skin at this point is about % inch iy
thick so the lancet should go all the way to the stop. Remove an?dlscard the lancet.

6 Two Or three drops of blood can be encouraged to flow out by gentle pressure on the ﬁngertlp ..
Add this blood to the tube, shaking to mix. Make a medium pink suspension. If it is red, add more ’
saline. How will this prevent pseudoagglutination?

a L]
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L. ;’\BO Typing’Using Anti-A and Anti-B Serum * ' . .

| 7 Take the sllde with marked circles to tﬁe teacher’s table and obtain a drop of Anti-A serum in .
" the A circle and a drop of Antl B serum in the B circle. Return to your work place with the shide

. and add a drop of 'the blood sfspension prepared in Step 6. Be careful not to let the dropper touch _
*  either of the drops of ,semm Mix each circle by stirripg wrth dlfferent ends of a toothplck or
6, . applicator stick. b- - ' . . ) ~
8 - Examine the preparations under_the low power (10X) objective of the microscope. Type A
, blood will clump on the A side and ‘Iype B blood will clump on the B side. Type O will not ¢lump . &
in either clréle but Type AB will clump in both. . \ cet
) An Altemate Procedi)rel . , S e I o C

’
L4
. L}
| .
©
: ‘
- ® -
} y
| .
]
~ .
.
R 4 N
L r . ] ‘ .‘ 4 ' het /‘/ s .
D) » '67 sy . ‘Q x N _
s M Open Slide Blood Tyging Mcthod (Hlusm;png the procedute that may be fbllowed unmood ('ypmg)
. A ¥ . 1-collecting two or three drops of Blood in 3 test tube wath a few g of nofmal sshne; -
Y $2-by means of a vaseline * ‘gun,” b, a.circle of vaseline 1s placed on each end of the shide, C, - .
. 3-the ong circle 15 labeled A dind the other 8 and a drop of A ant 8 type sera, d, ¥ added to each
<. respecively by méany of a small pipette. e; N -
v 4-3 small dfop diluted blood of unknown type n the test t&n 18 added to each drop with » . .
. . platinum wirefoop (fiame well between drops) . '
. - S--coverslipsfare placed over each to prevent evapbration. The villeline acts as a seal, of
: 6—unmluu ated blood and . N
7—aggluunlt lood s 1t appears upder the microsdope. ' ~ 'y AN .
‘ . M . . a9 .
L R : -
? : - "N b « . ° : .
| 9 - 'Fram Pacc Mc(‘ashland and Riedesel 1%[.«7[):})‘(]!:"} Manual fur lerlebrau Physxglugy Minneapolss, Burgcss .
A Jﬂ?ubhshmg Co . }58 :
‘ i LY ’ N "‘. N ;
\) ‘,' . S. s . s Q ’ ) ‘', !
. - o . o .
. ¢ ' L v
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Proceddre for Obtaining Materials. Separate the eeIIs from plasma by eentnfugatlon or from serum
by Iettmg blood samples clot. One sample here is Type A bjood. Now mix Type A cells with serum .
or plasma of the untyped blood and mix Type A serum (containing Anti-B or beta antibody) with,
t,eIIs of the untyped bIood Mix and-let stany. Look for agglutmatlon . .

mg—

Work out thlS problem usmg Type B blt)ocf ceIIs and serum to t-ype unknown’ types

CASE

BLOOD" TYPE - IYPE A E\EH.S AND UNTYPED SERUM . TYPE A SERUM‘(BETAL AND UNTYPED CELLS S
. e ~ . -~ K e .

AL
11
W

1 B

A.
0.
_AB

., Clumped BQ"
Not“Clumped A,: AB -
* "Clumped B; O '

" Clumped B, AB ) ] i

‘Not Clumped A, @
- Not Clumped 4, O

o :'A. Clumped B ‘AB _

‘e

g' - . Not Clumped A AB

. »
. ..

high enough’and there are no inhibitors (H in Type 0 bIood) Let us use Type A blood as an
example and adsume no interferenée. .

NOTE. Where th. Untyped Cells are .n Typc A Serum (beta), one must wiite down the ABO Ty pe of the blood
" with (or without)'the antibody concerned. T . .

¢ Ee)’ -,\

The Rh factors are cell protems C,/D, and E.If one'is posmve for any of'these the capltal
ters arg uSed to show its presence as’ the result of genetic dominance for the formation of these
peutu. proteins. Small letters are used to indicate the absence of. thes«, protems due "to genetic

reccssweness?Rh Negativity). =~ . e .

d ‘Rh Types gTyfpesC ¢, D

| |

A
4

(l) Dry a clean shde from aleohol using paper tow»llmg Handle the slide by its edges.

(2) . Draw three %-lnch dlameter circles, Iabel them C, D, aid E. Writg your initials on
the end of the slide and place'it onsthe Rh- typmg box for a few mmutes to wanm up. J" .

.. (3) Obtain from the teacher a drop of Anti-C, Anti-D*and Allt‘l'E seraéin_the proper
. t,m,les ‘Add a drop of kndiluted blood to cach. Mix with separate toothpn.ks and place On
'. “the Rh=typmg box -Shake for 4 minutes. observing results at+l minute intervals.

. . 12
. A4) Report your results for C, D, and E separ.ltely, usmg Lapntal letters for positive
rt.aLttonS and: small Ietters for negatwé‘ones S .ot

.
. . . 2
PO * . . RY

- — « \ . .
- d 3'1-54 ‘. .~ ) -, . . . . s . s
. R xg y . ' .
c. A P.roblem n Cross-Mdt(.hmg Tae : )
_— - ,. . ABO %PE CELL ANTIGEN ¢ PLASMA OR SERUM ANTIBODY
| * N “ s;\ ) N 4 .
< . , O Neither e alpha and ‘beta .
. "A . A . beta .
. ) ' -B B — alpha ‘
" -~ AB " " Aand B ‘ Neither : .
) Type A or Type B bIood can be used to determine any other type if the titer of antibodyds



FREQUENCY OF Rh TYPES AND GENOTYPES
IN WHITE POPULATION

-

-

Rh FREQUENCY " FREQUENCY SERUM REACTIONS
TYPE (Percent) GENOTYPE SYMBOL {Percent) Cc D .E ¢ e

", cdelede o 16.1020 © 0 o0 + +

(g
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Part B. Test for Sickling

. Mix adrop of blnod And.a dmgoi&% sodmmjulﬁte solution on ammsmpuhde Cover
with a covership and seal with meled petrolatum (petroleum jelly) applied with a small brush. Let

stand. Sickle cell disease will cause sxcklmg in about 15 minutes. Slckle cell trait wxll take about 30,
minutes or a little, Ionger .o T U . --*f'
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REPORT SHEET FOR EXERCISE 31

Reactions to_Antisera:

= - - C - 3

4

Anti-A AntiB g ° Blood Phenotype

‘O ) Anti —. Anti-D énti-E__ Phenotype ___~ .

13

e em o —— e erm—r N e

-——————— ~— Possible Genotype

% 6’5\

w + The sickling test was positive in _______ minutes negative , . (circle one)
UNKNOWN SERUM AND UNKNOWN TYPE CELLS AND SERUM .

CASE TYPE B CELLS ) FROM TYPE B (ANTI-A OR BETA) ) TYPE

1 Clumped e ‘ . " . Clumped
nm Not Clumped* Nat Clumped ]
L 1) Clumped ' Not Clumped .
IV Not Clumped - Clumped- .
, e
. :
{\ e
3 * Py ?‘
¥
R \
} ® .
, s ~—Fy
". L]
» s,
. 5
’ \l X +
. 183
!




EXERCISE 32 - PHOTOSYNTHESI.S AND THE SYNTHESIS OF STARCH“

Material and Equipment

Hot plate ' 2 Hammond clamps |

2 150-250 ml. beakers Geranium plant in the light and plant
Scissots , ‘left in the dark 48 or more hours

" 250 watt lamps on stands T ’ 95% ethanol T T
Vacuum pump or aspirator Lugol’s iodine

2 Test tubes with 1-hole stoppers, . Dilute pyrogallol solution

. : glass and rubber tubing Elodea spngs

»

PartA. Effect of Light on Photosynthetic Activity

Preparations

_Enough geranium plants have been obtained so that there are at least two leaves for éach
workmg group 1n the laboratory. These have been divided into two equal groups and Group 1
placed 1n a dark cabinet for at least 48 hours before class meets: Group plants have remained in
the light. ) ,

Take two stnips of paper about .5 x 6 inches and write your name, section, and No. 1 on one
and No. 2 on the other. .

Protedure . . ) ' . ,
1. Select a leaf on a plant in Group | and place ygy'r No. T id‘entiﬁ‘cation strip as a loose bracelet
around the petiole, fastening the ends together with a staple. Do the same for a leaf in Group 2

using your No. 2 identification strip. . / -
No

2. Using sharp scissors or a razor blade, cut off the distal half of your lea 0. 1 and the right half

of your leaf No 2. The veining patterns will lag}tlfy these for a while.

3. Place the leaves in a beaker and cover with water. Boil for 4bout 2 minutes to extract water-
soluble pigments.

L3

4. Transfer the leaves to a beaker containing 95% ethanol. Boil on a hot plate away from flames
until all of the green pigment has been extracted. Remove the leaves and blot them dry between
paper towels. . - y,

. 5. Place the leaf halves 1n a half petri dish and cover wnth Lugol' s, lodme solution. Rinse away the
excess iodine with gently running tap water. P

& . L, -
6. Dry the leaves between blotting paper or towelling in a leaf press for use in your report later.”
.7. The Group 1 plants will now be left in the hght and the Group 2 plants will be placed in a dark
cabinet for at least 48 hours .or until next laboratory period.

8. At the next laboratory period remove the other halves of the lezves from the plants and repem
- Steps 3 through 6.

9. Divide the leaves tested among the members of the group and attach ‘them with rubber cement
to the spaces provided in the Report Sheet.




Part B. Is O;;ygen A Product of Photosynthesis?

»
-

Procedure .

I Fill two test tubes about % full of a freshly prepared solution of Eyrogallol. The teacher will
provide a demonstration of what happens to pyrogallol when oxygen (from the breath for example)
is bubbled through the solution. .

[ LRd

2 Insert a fresh spﬁg of Elodea (water weed) into each test tube. Insert a rubber stopper equipped
with a glass tube, short segment of rubber tubing, and a Hammond clamp. -

3 Attach the tubes’to a vacuum pump or to a water aspirator (with a water trap interposed before
the tube) and remove as much air (oxygen) as possible. Close the, clamp before removal from the
vaguum system. N

—— e — —— [ ]

4 ﬁlgce o;1e tube in bright light (sunlight or a 250 watt bulb). Examine peniodically and compare
with the other tube which has been placed in a dark cabinet.

. L]

Attach to vacuum line
and remove as much
air as possibies

When tube is evacuated,
close clamp before remov-
ing tube from the system,

-
‘Flodea sprig in‘pyro-
gallol solution

. 4
- ’
A Y
. -
- .' d
Py . ) '
o
’ , L]
t ' . T R
. ’ . . AT .t le

L ]




Materials and Equrpment _ —_— 4
Irish potatoes 0.01 M NaCN or NaF (both are poison) .+
Knife \ Lugol’s solution .
Food chopper - ' 0.01 M Glucose-1-Phosphate
Beaker . Centrifuge tubes
Suction flask with Buchner funnel . 8 Test tubes and tesf tube_rack .~ -
Vacuum line (through water trap) Disposable spot trays . ) ; "
Centrifuge - 001'M Glucose (Dextrose) . e

- Filter paper N . .2% Starchr solution ‘ ¢
Wax pencil - .2 M Potassium acid phosphate KH; PO,

: ,m a test tube and borl about.10 minutes to inactivate theenzyme. - 4
Procedure . : . . . - ° " - .
. Number test tubes 1 through 7 with wax pencrl M%: these preparatrbns ) s

. your resultsz S ‘ R N

Part C, IN VITRO Synthecis of Starch

Crude Preparation Contaim“ng Phosphorylase

1. Wash about 100 grams of potatoes and cut into small pieces with a knife. Grind these in the food

chopper, catching the juice (which may turn brown). B

. To the chopped potato and its juices add 40 ml. of OI'M sodium’ t,yamde or of sodrum ﬂuonde, .
to inhibit other enzymes, partroularly phosphatases .

~

3. Filter the homogenate through double Iayer of eheeseeloth Thns ﬁltrate must have the starch
removed. This can be done by filterihg by suction through a double filter paper on a Buchner funnel
or by céntrifugation for 3 to 5 minutes. Test the final solution for the presence of starch by
transfernng a little' to a spot pIate or test tube and adding a few drops of Lugol s iodine solutron

4. While preparing the enzyme, start a bailing water bath. Place 10 ml. of the enzyme preparatron

Tube 1: 3ml. .0l M glucose ledrop .2% starch solution
Tube 2: 3 ml. .01 M glucose-1-phosphate, 1 drop starch .
Tube 3: 3 ml.,0} M glucose-1-phosphate Cox
Tube 4: 3 mISZOI M glucose:1-phosphate, | drop starcin o Y.
Tube 5: 3 ml. .01 M glucose-1-phosphate, | mt. .2M KH, PO4. I drop Z%starch

" Tube’: 3 ml..2%starch, 1 ml. .2 M KH, PO,
Tube T 3 ml 2% starch solutior®. | ml.#2-M KH, PO, . _

Add 4 few drops of Lugol’ s iodine selutron to7 depressions on a spot tray. , .

.
.

2. Note the time, then add 3 mI of the gnzyme preparatron to Tubes 1,2 3\5\and 6 Add 3 mI of ,
the builed enzyme preparation to Tubes 4 andsh Shake each tube to mix well. Remove a few drops
of mixture fromyeach tube and drop in the approprrately numbered depression on the spot tray. Use
a separate Paslgur pipette fur each transfer. Retyrn the pipette to the proper mixture for later tise. -

»

3. lncubate the mixtures for at least 30 mmutes‘at room temperature. t

4. At the end of that time repeat the Lugol 5 |od‘ﬂe test for stan.h on all of the mrxtures and reeord

1 - ) ‘ 'y
B .
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REPORT SHEET FOR EXERCISE 32 .~
Bact A. Effect of Light on PStosynthetic Activity. _
) Results of iodine tests on leaf fragments extracted with water and ethanol.
Piece-of Leaf No. | from Piece of same Leaf No. 1
plant after after_______days in the
days in the dark. lightj ’ : g
a0 = *
s . . ‘
T
r »
’ . Piece of Leaf No. 2 Piece of same Leaf No. 2 .
‘ .o kept in the light” © o aftér __days in the dark®
Explain the above results. - , . - .
L I ¥
[ N 5
| -4 1 . ? -y - : - . .
. » ’ *,. N < . . . :\" .
* ' - e ey - ‘e ~ ;;- - ' -
. 3 - ]
! ( ‘ -~ h :
’ r a !
‘ . ‘ ¢ > o
R . ¥ '

- . ¢ .
, ~ . L. .
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AN

TUBE

.

2 What ha

.in the dark?%

Part C. IN VITRO Synthesis of Starch -

CONTENTS *

A

ens to the pyrogallol in the tube brightly ivminated as compared with the tube kept
\ Do ’

.

/'.

1. What effect does oxygen have on the color of the pyrogallol solution?

— — - - -2

AT THE START " AFTER

N

-

’

GOLOR OF I00INE TEST -
. MINUTES

U 7 I - RO

o

v
h}

.-

Glucose + starch + enzyme i

G-1-P + starchgt enzyme

'G-1-P + enzyme

— +

G-1-P + PO, + starch + enzyme"
- ]

PO, + starch + enzyme

What information does éach tube yi

L
2
3
G-1-P + boiled enzyme ~ ° 4
5
6
7

]

% PO, + starch + boiled enzyme

<

¢
Iy

eld in this experiment?




‘Part C. IN VITRO Synthws of Starch (contmucd) Lo ' v
I [ 4 H ‘ln ‘
What is the role (or roles) of the potﬁassrum phosphate? . ’ &,
3 . ) 7 v (,F' - o)". P . . . ) . .
aN ’ K ‘
¢ \- ) . . . ~
‘ kS
COnsult your text and fi nd answers to these questions: . .
What are the fifial products of the reactlons driven by llght" : . \ G- . .
I - ) A : ’ - ! \
~ ~ What does carbon dioxide combine with in the carbon dioxide fixation réaction—— ’
. T t )
How many molecules of tnose sugar (glyceraldehyde) are formed-4s the result of fixing 6 molec. )
of COz . . ‘v N
. o ) i ‘ R .
LT S \
o R ( o . .,“ .‘_. . ‘:. ' . : .

A

ERIC .

PRI rox providea vy enic [
v -

Glucose Is a product of the reactions leading from an excess of glyceraldehyde. Yet, uﬁhke in’
N ammals glucose 1s not the sugar that is transported from the site of photosynthesis to the srte of

- food storage (usually as starch) What sugar is transported in plants? . -~
. . v o BRI . - < .o
L LT * - \
,;, . o . o b . .
. v ) ’ N R ’ .
T ' *
! To. : M ¢ TN -
i o . ’ “ ER -
N Y A A . T N
1o - . - . ‘ » s 1Y
What is the ultimate source of the energy in glucose? e . -
’ - 0: : A [ ¢
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» N . . .
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.. . , L]
\, . - :‘ o . b N N .
. . i ¥ \ - ,
L3
! © . \ N\
. '- v £ - . ’
* |

”



S

EXERCISE 33 — DIGESTION OF FOODS

. q’ v ’ LI ‘ ‘ l ) T
o 4 . 1, N - N '
Matenals aend Equipment r - "“' e
Test tubes, 15 x 150 mm (15) ¢ Lugol’s selution (30 ml) diluted 10:1 o )
Spot plate or d:spos.ible tray - . Behedict’s solution (60 ml)
- Test tube bath R | Litmuggsolution (10’ ml) . 4 -
» *Bunsen burner 2 . . "Pancreatin solution, 5% (30 ml)
Thermometer Pepsin’solution, 5% (30 ml) .
© Beaker, 1000 mi o Sodium bicarbonate solution, 1% (30 ml)
¢ lee 7o~ _ % Hydrochloric acid, 0.IN (30 m) _~
Paraffin ¢ . : Hydrochloric acid solution. 0.5% (30 ml) :
Hard-boiled egg white . Sodium hydroxide solution, 0.5% (307miy
Cream (10 ml) N Chloroform (10 ml) - )
Acetic acid, dilute (30‘mJ.) Pasteur pipettes ¢
v s Starch paste(60 ml) : . i e
) . 3 . o e
Part A. Splivary Dige's)ion o o . C e "
( * i “"
. Obtain som¢ 1% malt diastase made up in Ringer’ s solutlon ojln buffer at.pH 7.4. and ‘contain-
ing *9% NaCl as.an activator,or  * , S p

‘Chew a piece of clean .paraffin for 4 few minutes and collect the saliva produud in a clean
.bedker If your mouth feels dry. suck upon 4 piete of trcsh lemon to stimulate wn.: flow. Dilute
the saliva with an equal amount of water and fifter through cotton.

. Test the pH of the, saliva or diastase thh pHydnon paper. Rewrd your results Boxl ml. of the
cnzymc (Uiastase or salwa) and let cool for use in Step 4. NN

3. Toa sdeI portion of saliva add a few drops of 1% acetic acid. A pl’C\.lpltJtL Wil indicate the
presenwe’ of miucin (a glycoprotem lubricant). .
4. Mark five, test’ tubes with wax pencn Si, S2. S3 S4 and SS. To all tubes add 5 ml. of 0.5% starch
solution. To tubc $2 add 5 ml. of the saliva solution."To tube S3 add 5 ml. of the s.nlnd solution and

place immediately n 4 beaker of ice. To tube S4 add 5 ml. of the saliva solution that has Jbeen

. boiled and LOOILd To tube SS add 5 ml. of the saliva solution and 1 ml. .INHCIl. - o
.s. Obtam a dlspowb"le spot tray. Mark 5 columm Sl throu;,h S5 with wax pencil. » J . .
", T6. Insert a clean Pdsteur pipette into-each test tube. At three mmufe intervals transter d fcw drops

of the mmbatm;, digests to an dppl’Opl’IdtL dcpr@gsnon m the spot’ tray..Add a drop of dlluttd
I’s solution to. {he sample. . g

7 When the wdine 1s no longu hanged by the dlgcst in tube SQ, tr,mstu Jbout "“ml Qf@dbh tube
toa, clean set of marked twt tubes. : W g

-

.. Add 2 ml. of Bem.dut S rc.dgcnt to each tubu and boil for'three mmutcs Record the colors.
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Part B. Gastric Digestion . v

1. A small piece of hard boiled egg white, or preferably some purified fibrin is placed n each of 5
test tubes labeled G1, G2, G3, G4 and GS. o o -

2. To tubes G1, G2, G4 and GS add 5 ml. of a 5% solution of commercial pepsin
To tubes G2 and G3 add S ml. of water , . -
To tubes G1, G3 and G4 add S ml. of .5% HC1 - '
To tube G5 add 5 ml. of .5% NaOH. | = -

.

3. Plage the tubes in a water bath at 37-40°C and observe e;'e\ry several (20) minutes to watch the
progress of the hydrolysis.

4. Record 'youf results.

Part C. Pancreatijc. Dj estion of Egg White : .o '

A ’ ~ M-
1. Label three test tubes P1, P2, P3. Add 5 ml. of a 5% commercial pancreatin gplution to each
tube. ’ ‘

2. To tube P1 add a Smm. cube of hard boiled egg and 5 ml. of 1% sodium bicarbonate -

)

To tube P2 add a S mm. cube of hard boiled egg and S ml. of water .

To tube P3 add a S mm. cube of hard boiled egg and 5 ml. of .5% HCI.

Place in a water bath at 37-40°C and observ® every few minutes to follow the progress of the
hydrolysis. C

.

1

. o ‘D.
. .
4 »

Part D. Pancréatic Digestion of Fat P . ~

1 Add about 3 ml. o°f_ cream to a test tube. Add twice the volume of 5% pancrchtjn and a few
drops of bromthymol blue Theh add dropwise just enough -IN NaOH to turn the mixture blue.

’ - .
"2. Place in a water bath at 37-40°C and observe at intervals for two hours. ‘ L ~

4 - ’

~

[}




REPORT SHEET FOR EXERCISE 33

Part A. Salivary Digestion

" MINUTES AFTER ’
START S1 S2 . S3 S4 S5
- ‘ .
| 4
»
. - o .
Color-of Benedict's -
Test after ,.”
* : Min. .
’ Par{ B. Gastric Digestion™.
- ’ _ -«
DIGESTION :
. D TINE , Gl G2 G3 G4 G5
Part C. Pancreatic Digestion of Egg White ) \ .
- N s ~
' PER CENT DIGESTED
TIME
.. . . P1 P2, P3.?
- ' Part D. R
Color at Stért: & : .
Color after .- minutes:
' ) . . 1] “c
. ) N\
a2
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Part A. Sahvary Dngtstloﬂx . foe "
What effect did the followmg have orf the rate of staruh élgestlon as dompared with Tube ..
§2? Explam 3 ?‘, . . - -
“ . N . ) :‘ - - N - - - ‘ .
¥ Tube S3, placed in ice. - ’f:‘, |3 ’ .. ' :
: . , : ¢ ‘, P _\; ‘ ." ‘ ‘ ‘. ‘:
- ‘ . . ’ "+ » ..' \
,Tube §4, containing boiled enzyme. | |, K ( s
’ - ',& . g‘ . v ¢
Tube S5, in af:id PH. - A ‘ ' ‘ '
-, . -~ :' ; o J, . -
Part B. Gastric Digestion % . / N PR .
N ! - ’ ) . * ‘:" ' < ' * *
. Was HCI anE water effective in hydrolyzing thé protein? Why? . , , -
. - I a. 1) . ]
\ ' ° . ~ 7. :) vt °
7 . N N . ‘\ . s, i ’l rxd L
. ot ' ) . .
- WhY\fvas there digestion at one pH and not ﬁ_ﬂhe other? & . .
. . . “’
: bt . % &
N '! v -
. . , ,7'-‘6 <. {‘
s ' o4 . 24
Lt . . - % o B VN
. * PartC. “Pancreati¢ Digestion . RS
; . /o
What was. thf role’of sodium blcarbonate in tubb 35 S //
. { \ . "! M " ’ .fi :
. ) “ I i - /? » .
What effect d|d HCI have on thé dlgestIOﬁ fate" : /
.« ) lﬁ,f.. .
+ ’ /'
. N . ’/ M
*t : ’l ta c e f
' - ' X 7 E VA
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' &art D. Pancreatic Digestion of Fat . A
& .
th did the bromthymol blue mdlcalor change color’i - e
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'PIAMRETNDF . GLATID -5 &mg OF ENZYME b CLASS OF FOOD | PRODUCTS OF -
4 N ‘
' ALTRAg'? i g (S’ MATERIAL ACTED UPON .|  DIGESTION .
' ‘Parotid. . w
,Subma.le - . -
. St)x’blmgual » , .
/ 5 ;
Stomach - . / : i
v — . "
.| aver / . | Bile ‘ - 5o
) L Fats ’ )';‘7; :.
’ 'I‘r}psmogen 1° SN
r ¢ . . N * - - ;\ -
Small Intestine -P%W%S Chymotrypsinogen | . N ,
‘ . o, F Carboxyf)eptldase .
. . { Maltosé - . , .7 )
: - v - ~
- Crypts of Lot e .
! % EVRE . y Lieberkuhn Sucrose
<
3 .‘
"h
' 2
o <
.‘ . .(. e
- o "

LRIS

-
M W




- EXERCISE 34 - MEASUREMENT OF OXYGEN USE; 1.' ) . «

.

. { t

-'\' B Patt ‘A. . Assembling the Apparatus ’ ¥
P /

" Materials and Equipment ' ) : . ‘ o .

A-plastic pan 12 in. x 18 in. approxlmately . ’ T
2 Support stands . . T
. . 2 Ringsupposts S e \
2 quart or other size bottles with widé mouths and equal volumes -
O 2 2 -hgge rubber stoppers to fit-the mouths of the jar
2,/10-m1 pipettes ‘ N .
) *2 fedt of Y-inch (outside diameter) glass tubing’ )

C Rubber tubing (Y-inch inside diameter) Rt

File' ". . ‘

~

.Bunsen burner
2 .Pinch-type clamps

- :

Procedure ’ . ) '

. Place the plastic pan on the bases of thé support stands< ~ . . ,"

'S . Place the_bottles in the pan and bnng the ring suphgrts in position to hold the jars securely
agamst the bottom of the pan (to keep them from ﬂoatmg later when water will be added to the
pan.*

3\%&)“ art of the tip of the plpettes to enlarge the hole enough to permut the rapid passage of
. water. I ever, don't cut s0 much that it will be difficult to get a piece of rubber tuBing over the
' N end i . e . ‘\\

b .
4. Insert a short and a ]onger piece of glass into the two—holed stoppers being sure to lubm.ate the
stopper and the glass either with water or glyceririe. P
- 5 Bend the tubingas shown/m the l"UStl'athl'l . “& . S

6. Attach the pipettes,to the Ionget tubes coming fmm the stoppers with Short pieces of rubber
‘ . tubing and add a piece of rubber tubmg to the shorfer piece of glass Put a pinch-type clamp on the
iatter. . o R

7. Disconnect the conneetnon to the top of one of the pipettes and add water (which-may be
colored with a dye for easier readmg) making use of a Pasteur plpette Fill until the pipette is
half-full when held n posltlom When the filling 18 complete, reconnect to the rest of the apparatus. _
The manometers may also be filled by injecting the fluid into the bottom connecting tube, makmg .
use of g syrmge and a fine (25 gaUge) nieedle. .

\

°

* | . .
. » . . -
t ] | V. .

‘Al this pownt abaut .6 inch of suda lme «an be placed’in cach )3 and covered with wur«gaﬁzé ot a bag of soda hme e
N canbes pcndcd rom the tup using adhcswc tape around an inside protrus-on of the glass tub"‘g"“ T e . \"

19D
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i’ Test chamber {jar)

Wire screen ovey soda lime

H .
g‘ ?Pres'sure-volume
| contro! jar *
;b s
3 , ‘

: |

3

o Uy

Manom)e{t;r made from
1, 5,

- Water for temperdture;

. 'in .the bottf)m.of the jars " regulation
N i N R
v _ Apparatus For Making Measurements of Oxygen Use
’ . } N
1 1 g |
108 108 10 16 10"r:
1 L
o ‘5 h -4 ' 5. - r ,
0 g

NS

Q

,mm. Hg.) at %ero degrees C. .-

’

In Case I both jars have the same gas pressure and therefore the same
generated in the test jar the water level will be depressed. If the right side
but the tlosed jar keeps the pressure )
up in the testghemibeY, creating 2 'ﬁ'a?'.liﬂ"va
‘,...,,::-lsidé”ﬁeates an equal partjal vacuum on tha

CASEmMT "

L]
» i

r 10 ml. pipen&s/-\ . ‘

L4

14
unt of gas. ln‘ ¢ 11, 1f gas pressure 15
were.open to the air it might nise higher,
4, side increased the same as on the left. In Case /1 gases are being taken
cuurh aiiddrawing the water upward. The fdll of the water on the nght
t side. The pipettes ar® calibrated n ml. a
used directly For more refined work the volume would be reduced

nd so givethe-volume of gas

to standard conditions of I atiosphere {760

[ .
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Part B. Measuring Oxygen Use . ;; ]

. . 'f' ' .
This apparatus can be used to mgsure the oxygen use of 4 vanet.y of Imng things, the mamn
requirement being that there be enough mat al to get a measuremént within a reasonable time _

(laboratory- penods being what they are). Try one or more of these combinations. )

Dry peas, then gerfinating peas. (Insert an aluminum £oll liner in the test jar to keep the sodda
. Itme dry.). .

< e

. A mouse at roont temperature, at a Wwarmer-than-room temperature and In an ice-water bath

Yeast cells .n media with and without sugar. (In this case the soda lime will hive to be .

suspended: from the top of the jar.)

-~

Oxygen use or production by pIants ander strong lllummatlon and 1n darkness (Soda lime

suspended from the top of the jar.) .
. Repeat each test three trmes Average the results and find the standard error. /
Procedure ¢ ' .

. . v
. . v v

I. Place the material or organism to bé tested in the test chamber. In the case of animals cover the
jar with a wire scrgen so that the animal may have plenty of air while he calms down. Open the

) vents on both jars. When the animal is calim put the.stoppers in place and let the organisms ¢ome to

L[4

4

temperature equilibration for about $ minutes. Then, gofe the tlrr\e the level of the meniscus of the
water on the test manometer, and then close the. vents on both jars :

. Sinoe 1n this case y0u will not be able to measure the use of more than 5 m]. of oxygen "at a "time,
lt may take only a,short time for an active animal to use up, ‘that much. Mark the time 1t takes to use
5 ml. of oxygen or mark the amount of oxygen used after a given-amount oftnme say 30 minutes

the case of something with a Jow oxygen-uptake rate. When the ﬂuld reaches the top of the scale,
stop time and open the test chdmber vent . . ) .

L . . »

Examples. - : N ) ' N

A moust at 28°C used up S ml oxygen in 150 seconds. The mouse weighed ’S grams.

" Determine its use of oxygen per gram, per hour. - . o
v * 4 *
- e 4 d Vs -

ml. O, used. 5. . 60 _ ' - -
—_— X e X — 7 420 ml.-O,/hour .
timeé in min. 253 1 W \ . ‘
3 . . 3 } : ' - " '

¥

ml./hr. + body wt. = '120/25 2 ‘4.8 ml. O,'/gram.,t;o’dy'wt./hour

S
: ¥
¥ [

One hundred grams of soa'ke'é peas used up 3.0 nﬂ in 30 mlnutes Determlne its oxygen use

per gram, per hour . , . N
s ) .
ml. O, used < 60 min. = 3.0 X 29___ 180 = gmijhour
.ti)me , lhr., = 30 ] 30 )

) ! s ' . . -

ml. per hr./wt. 6/100 = .06 ml. O, /gram(hour

ro ., . f -~ - , 34_—3/4
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[ 4

. Measurerifent of f)xygen Use

‘ML.Op/GRAM/. -
PER HR HOUR . * |-, &

- - 'WHANWAS* | WT'IN | TEMP. | VOL.O,
TESTED”> | GRAMS | °C. USED

AN

=
o
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. , EXERCISE 35 - URINALYSIS (fJR-lNE ANALYSIS). - ) . ' ( ’
v : . ' > _

L R

- s . L, mm—— - = v —

Unnalysis serves an ever important :ole as an aid in, the diagnosis and prognosis o/ diseases.
However, like other labordtory tests, these analyses are supplementary, to other findings, by the
physu.ran Since unne constituents are derived from plasma by glomerular filtration or by tubular

- secretion, ‘such procedures as outljngd below grve some indication of disorders in krdney furtbtron as

. wel} as indications of plasma edﬁ%entratrons ‘A particular disease, may be characterized by (1) the’
. . presence 1n the unne of some substance not normally present or (1) a greafly increased or deereased

' amount of some normal eonstrtuént Both the quantfty and the nature of the food eaten may have a
marked influence on the composition of the unne, these must "be known_to evaluate properly the

regults of unnalyses Collect a midrning sample of about 100 ml. . -
Materrals and Equrpment (per student). _ - T ., . g
Test tube rack Clinitest brand tablets Dilute bariurh chloride solution
Test tubes’ »' 7 Albumin. . S . in droppirig bottle 5
‘/pHmdrcatOr paper ~ Saturated prcngaqrd. Acetest brand acetoneatestmg - -
Bunsen bprner " . 10% NaOH ' tablets. :
Acetic adid - Watchglass *, ° "~ " Concentrated hydrochlorrc acid
_Benedic¢t's solution . . Saturaled sodium 3% Sulfosalicylic ‘acid .
. ] Microscope slides - - bicarbonate . 5% Copper’sulfate 3" *
- - Cover glasses - Dilute nitric acid “. -Chloroform ' ot
o Microscope - ’ 1Brlute HCI ’ “Tes~Tape” for urine Sugar .
) ' Concentrated nitric acid - *,  Climical centrifuge. . .
Dilute silver nitrate solution in dropping 50tt|e oy .
] Drsposable urine cup “9' cover and a few drops of toluene -~ D
Central laboratory sup statron with centnfuge ahd pathologrcal urine .
i 'Procedure o o e ; oL .
) Physrcal Examrnatron s T '» e . o ) ) -
o Color: Colorless very pale, pale, amber(normal) or dark. .
Odor.. Odorless, aromatic (due to urinod), putrid, ammoniacal, fecal, of due to the added preserva-
. tive. :
) Transparenc_y Re«.ord as clear or cloudy. If cloudy, rndreate if w“for\yvithout a sediment ot
) macroscopic shreds. :
. pH. Usea pHydrion paper. Tear off a piece of tape about |%inches in Iength Add adrop of urine
. and compare wrth the color chart on the container. Other methods may be used.
g i Specrﬁc Gravity and Total Solids in Urine. * ° .

The specific gravity of the urine 1s proportional to the concentration of solutes. The grams of
solute per hter of unne may be calculated roughly by multiplying the second and th|rd decimal
ﬁgures of the specific gravity by 26, Long’s coefficient. Thisis, of course, an approxlmatron for'

. substances differ widely in their effect on specific gravity. The specific gravity of a liter of urine is
raised 0.001 by 3.6 grams of urea, by .47 grams of NaCl, by 3 .8 gtams of sodium aud phosphate
by 2.7 grams of glu«.OSe or by 3.9 grams of albumin. This «.oefﬁcrent is valid for urine at 25 °C. Each
3°C change from 25°C wrll lower specific gravity OOI below, or raise it .00] above 25°C. et

. . ' ;o - , ' - ) i R ‘ P R
N ¥ ’

. ._‘ g - N . . . N
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Procedure Use an urinometet. Pour enough urine jnto 'the glass cylinder to float the indicator
(hydrometer) Make sure that the indicator is not touching the side or bottom of the cylinder. Read
the number of the specific grayity scale, at the meniscus of the unine. The numbers on the urn-

recorded as I020. Recard the temperature of the specigien. . -

“‘ ‘ 4 ’

and third"decimal figures from the specific gravity reading multiplied by Long's coefficient (2.6)
+  will give-the grams of solids per liter of urine. , -’ ' ‘ T oo

’ % .

Chemical Examination ' _ . . oL oo <.
b ' . ¢ ’ o . B
] . . »
pH. See above. - | X oL : -
Tests for Proteins in-Uring s - :
" R - - > L , ) r

Principle Because it is difficult for large molecules-to pass through the membrane of the capillary

corisist'of serum atbumin, a variety of enzymes (pepsin, trypsin, lipase; amylase) and mucin denved
' from- the lower uritary tract. The following tests are designed to detéct abnormal amounts of
. protein in urine but net to react with the small amount normally présent.

The Nitric Acid Test Transfer about % inch of concentrat itric acid to a test tube. Hol,d'lng
;he tube in a slanted position sfowly and catefully add about % inch of unine in stch a way that 1t
floats on the acid Mix the layers slightly to give zones with different proportions of unne and acig,

One of these ionp,s will have the proper conditiorh for precipitating any protein present. Albuminh
wil] form a white layer. o . .

' The Suffosalicylic Acid Test (Albumin or globulin) To | ml. of urine in a test .t‘ube add 2 ml.
of 3% sulfosalicylic acid A turbidity or precipitate indicates the presence of albumin or globulin.
- » ‘Precipitation may be increased by warming the tube. r

« Acetic Acid Test 4075 ml of urine in a test tube, add one ml. of 50% acetic acid and 3 ml. of
saturated NaCl Heat the mixture gradually to boiling. lf‘glbumin or globulin is present, a white
precipitate* will appear. The presende of bile acidg or urates may yie_lg) precipitate after the

P

“Bence-Jones protein” which is found in certain pathologic conditions.

If you are in doubt as to whether a positive test was obtained, repeat the-test using a control
" mixture in which water is substituted for the urine. ’ ’

2

' C&agulation or Boiling Test. Fill a test tube about % full with urine of acid PpH. Place 1n
- beiling water bath (préferred) or incline the tube slightly and gently heat the upper layer to boiling

in the flamesof a bumer, holding the tube at the bottom. Rotate the tube gradually as the upper
Iéyef? become heated If the urine remains clear after standing for several minutes, no albumin 1s
present If an opalescence, a white cloud,’or a tutbidity forms in the heated portlo'ns, 1t may be due’

and boil.again If the'cloud clears up é_ntirely'withdut producing an effervescence, the cloud was due
to phosphates If ¢ffervescence was produced when the acid was added, the cloud was due to

carbonates “If the turbidity persists (or becomes more intensified after adding the acid and heating)
« litisdue toalbumin, « , . .

v

Acetone . Place an acetest tablet in a syraguse watch glass: Add a drop of unne. If acetoné and/or
diacetic acid are present, a purple color will develop which can be compared with the color scale
provided The color develops because of a reaction with sodium nitroprusside under alkahne condi-
tions, the color being proportioqal to the amount of nitroprusside complexed.

. -
. -

. -~
. v _&,' PR .
. e\, * X <

ometer scale fepresent the second and third decimal places of the specific gravity, that 1s, 20 1s’

walls, ‘normal urine contains only very small amounts of protein (less than 75 mg./day). This will .

tothe presence of/(1) albumin or (2).salts. Add a few drops af 1% acetic acid to the heated portion .

‘v

M

- - R . - M
L Calculate the total solids in the twenty-four hour excretion of 1500 ml. of urine. The second

"

addition of solution which goes back into solution upon ‘heating, indicates-the présence of the ,

B .
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’ \ Indican ( /ndoxy7 Sulfutic Acid) : c

.

 Principle. Trypotophan 1s degraded by intestinal bactena to indole, indoxyl, skatol and skatoxyl
which eontrlbute to the foul odor of feces. Some mdoxyl 15 absorbed and COnjugated by the Ilver
with sulfate yield indican, the potassium salt'of indoxyl sulfum, aad, which is excreted 1n the urine.
Increased urinary indican is found in constipation and lower ntestinal obstruction. In this test HCI
splits off the sulfate and the indoxyl condenses and is oxidized to indigo blue. -

Pgocedure. Place 5 ml. of urine in a test tube and add 0.5 ml. 5% copper salfate. ln the hood add
2.5 ml. chloroform (keep away frqm flames) and 6 ml. of, concentrated HC I™Mix by inverting the
tube several. times (close wikh rubber stopper) The appearange of a blue color: 1n"ﬁe Gehloroform'

- -Iayer indicates the presence of indican. The intensity of the blue color is roughly quantltatlve of the
amount of mdlcan presertt. - i v

Sagar Tests : . ' A .

Benedict's Test. T9 5 ml. of Benedigts quahtative reagent in a test fube add 8’drops of urine. Mlx

, thoroughly and boil in a boiling water bath for‘, minutes. If sugar is absent the solution will remain
blue If sugar is present, increasing quantities wilj form a’precipitate that will be opalescent green,
yellow orange, orange-brown, or bright red in color, 3

The Clmztest Tableg Test for Glucose O i . -

v
-

Place_ 10 drops bf urine and 10 drops of water in a te§t tube. Add one Clinitest tablet for

h

gluoose‘determmatlon \blue and white .in color). This i1s essentially bhe ingredients in Benedict's® . °

solution. Wait 15 seconds after boiling ceases and then mnx the contents well with shakmg, A
negative test is blue in color. If there is bfqwn, yellow, orange or red color, compare with the color
chart at the table in the front of the room. Record the mg% present. Place-2 drops of urine on a
piece of “Tes-Tape” 1% inches Iong Compare color after 1 minute with color scale, \

. ‘When you have completed the Chemical Tests, clean up your glass ware and t,heck your
matenal baekgm Spénge off the top of your work space, then go on to the mu,rosu)pu. examina-

hon - R ) . .
‘, > . . . . R . . 1 4: , . _
- . g N
MICI'OSCOPIC Examination SR <, - -
o Puf exagtly 10 ml. of urine in a test tube of the designated size and place your initials in wax

. pencil on the same. Put it in the centrifuge. When.it is properly loaded the laboratory teacher will
spin it at,2500 rpm for 4 minutes. Th;s Jow speed is to_avoid damaging the elements of the
sedlmept o : /" _: Y .

e ’

. Fo remove the sediment, decant as muCh of the unne back into she collection cup, as possible.
Prepare a hanging drop 1 in a depressloﬂ slide and observe under the mreroSeope wtth low and hfgh

- .

. -QO.¢ L
> ) '
Byt _L -

-
-~
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’ Unorganized and Chemical Sediments .
* . J " . P
: Y, 7’ _
R : '.t/ - D - =
K l’:'.,._. b v -—
) ‘Y:'}’-" e} * ’
AT ¥
B .:,; s
\) -
’ A . B "C
7 .
1. Amorphous deposits. A uric acid in acid : 7 2. Tyrosine crystals
urine, phosphate in alkaline urine. ‘ .o A. Pure
A. Uric phosphate; 8. Uric acid; C. Calcium’phosphate ) . "B. Impure

o ~

RV~

C—J

N\

&} )

3. Cl;ysta'ls of cystine, * _

N

\d

4. Crystalline phosphites . ¢5, Triple p'hosphat.es RN

+ .
AY . .
N

1. Urinary epithelial t;ells. 2. Types of Casts. A_Hyatine, cofloi <;r waxy, depending
, A Surface’ cornified type , on appéarance. B. A leucocyte cast. C. Form of blood,
. B. Deeper t);p&s oo fatty and"granular casts, depending upon the content.
- ¢ * ‘ ‘ l
L4 * ] ‘ 0

(},>Rec
o .

@, &
NUCLEUS .

3. Pus cells are teucocytes. They are ' ) ’ .
about twide as big as’red blood.corpuscles. 4. Mucoid, cylindroids 5. Spert\patozoa

Ve
-

.o T o, B | z:{zéz - ’ ‘
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. 24 Hour sollds in 1500- ml.:
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REPORT SHEET FOR EXERCISE 35

)

. . - .
Urinalysiy " . .

. - . - k v 0

Ph}sicafi Examim'ztiono . ]

Color: - . Transparency ’

Odot: . . ) Sediment:’

Specific Gravity: Time of day collected

Type of preservative addedg

Chemical Examination .

. pH . . ! . e » N M
Nitric acid test for protem N ' ., . o
Sulfosallcyllc acid test for albumin or globulin: ,
Acet1c acid test:  Albumin or globulin? : e : ;

¢ . Bile acids or urates? - ' -
. : ‘Bence-Jones protein”? ot
Congulation or Boiling Test‘ for albumin: . s ‘ !
cetone by Acetest tablet test): , , .5

Indican (Indoxyl sulfuric acid): o ) ’
Sugar (Benedict’s Test): * < . g o
Sugar (Tes-Tape Test): | , L .

Sugar (Clinitest*Tablet Test): - ' .

. .- ' . . . < .

* - . .

Microscopic Examination (Indicate whether present qr absent and how much if present)

L oD : ' " - b o
Amorphous, sediment: . ' o ‘
Bacteria: ’ e ' .
Molds and Yeasts: - . - ' ‘
Casts: )
Crystals: © - . ‘ . - .
Cylindroids: \ o , . - ’ -
Erythrocytes (RBC): v, y : ’
Leukocytes and pus cells
Epithelial cell§:
Mucus:

1 . 1 v )
- . h . -
Spennatezoa:/ . - : *

"Time of last meal: . ‘ _ .

What did you eat?:
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"EXERCISE 36 — REFLEX AC’I‘lONl : ’ -

" Sterile thread

" Part A.' Cranial Reflexes (Those Mediated Through the Brain)*

~n

. the questrons on the Report Sheet.

.
» . N N -
» L NN
v v

2
Sterile rubber-tipped depressor stick ' .
Neurological hammer

» o

1 Corneal Reflex. Tauch the cornea of your partner's eye gently with a piece of’sterile thread. Use
both a frontal and a lateral approach Is there any difference? How does such a reflex help the
individual?

-

Light Reflex. Have your partner cover one eye wit‘h his cupped hand. After a few seconds have
hrm move it away quickly. What happens to the pupil of that eye? The light is transduced at the
retina into nerve impulses which leave the eye by way of the second cranial nerve, the optic nerve.
What cranial nerves control dilation and constriction of the pupil?

3 Consenual Reflex. Cover the right eye and notg the dnlatnon of the puprl in the left one. Now
have ybur partner uncover his right eye quickly. What happens to the pupil of the left eye?

4. Accommodation Reflef. Watch the pupil of your partner’s eye while he focuses on a near object
(a few inches away) and then on a distant one (20 or more feet away). Since this deals with the
sharpness of the visual.image on the retina as interpreted at some comparator with experience on
what is sharp focus, diagram a possrble reﬂex network for eontrolhng accommodation,.

S. Pharyngeal Reflex. Touch the baek of yqur partner's pharynx with a sterile probe (a pfece‘of
clean soft rubber tubing on a narrow .depressor stick is fine because biting it will not result in
injury). Have your partner warm up the prob& by halding it in his mouth for a minute or so. Now
touch the back of the pharynx. How does he react?

N *

Part B Spinal Reflexes (Those Niediated Primurily Through the Spinal Cord)

PateIIar Reflex. This 1§ also known as the knee-jerk reflex and is typical of postural reflexes
medrated through the eord and mflueneed by impulses from the eerebellum and other braln centers.

. .Have your partner srt on the edge of a table so that the legs hang free. Stnke the patellar
thdon just below the patella (knee cap) with the edge of the hand or with a neurologjcal hammer
Repeat scveral tl\es to be sure the response is not vquntary Try it with the Imi
extended. If the Yesponse seems slight, try this mancuver. have the subject hook the ﬁngers of one
hand insidle the hooked fingers of the other hand and then pull hard, . creating strong isorgetric
contractions of the-arm muscles wh|Ie the patetlar tendon is struck. What effect docs this maneuver
 have on response? ot ]

Now change pldces with your partner so that he can_ observe the reflexes in you. Then answer

T leg partly )

RN
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*.9. Give two'reasons why.size of the pupil is helpful in interpreting visual

ment. " ., |
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images of our environ-
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.Part A, Cranial Reflexes: - ‘ ' RN
LN N . R » - N . . [
v - . - .o . . M t
.+, 1. " Describe the corneal reflgx: "« ' .. D .
.v_l"..‘ ’\\"-.'. ’ ' ’3" (" ' '
v ’ et ~ . - f
| ‘ o 7 I ‘ - C,
. . o _,,& ' . * t .t . ! ' .
» .+ 4 2% What was the difference betweenthe frontal and latéral approaches? * . .
< " « . LA . . . )
“ . ) ’ . . . ¢ i . ‘ o
Y. . 3. How does the corneal reflex serve the body? .. ’
‘) BRI R L . A ‘
o S ' : ' ) ' .
es..+-' 4  Describe the light reflex. - . . o . :
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¢ H ., X vy 4 ) . ——
AR S... .What cranial neﬁe causes dilation of the pupil? b ]
’ ° ‘ . . 7 b . * ; ) . . o - / ) ! l
o Which cranial nerve causes contraction of-the pupil? . .
o - . o : R s . .
N _\; \ N % . ! ‘. e ' : -
- ) . - .
. *-,d . .6 Is‘;l]evlg\t reflex 'present q,unng,sleep. i . . .
. What is meant by a mydriatic drug? Name one.’ ., o I S
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1 3 . Describe the pharyngeal reflex. What was the effect of warming the ﬁrobe? R ' v
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', 13 . What effect did the pdlling maneuver hayg on the reflex? Giida good reason why this is so. - _ {‘!i" .
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14" What is the relationship befween the knes jerk reflex and tabesidorsalis? s '_ v
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15 Diagram_a spinal reflex arc indicating the receptor, Sensory neuron, dorsal root ganglion,.cross .
section of@ inal cord motor neuron, ventral‘root of motor neuron, and effector. . ..
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/ . , / W’ P .
/" EXERCISE 3/— INFLUENCE OF THYROID HORMONE: ON RATE OF DEVELOPMENT
/ ’ ./ “
' . . ‘e v .
/ ’ : ' a . g . ’ P "
// ' ( Defnon‘stralior/'/ror Spetial Project for Two or More Students)
A
‘ » ’(a: . i o ' N /’
Materiafé and Equnp}nent‘ // * 4 ' ‘ S . . S
. &) " Aquéria or one-ghllon jars o < - . y o
Yo . .7 Rocks or bricks to form easily-accessible. island for frogrets \ N4 <
: « 35 or mor¢ tadpdles (jusy before or in the h)nd limb-bud stage) | Co. y .
- Supplies o{rpond. water \n ! ' NP )
‘ Stigck solitions of the ollowing Ynade up?ﬁfrn in 200 ml pond water. o Y
;" Thy}dxine,or Tm dotyrosme ; } P s / .
Thjduracil; " g c :
c L}!gol s nodme solution (1%) dl!utefl :100 = 20 mg./200 mk. in pond water . .
» / , ‘
/'Procedurc .“- h X L ~ ‘ .
) Label the aquaria from 1 to 7, Fa . . * V.
. Add a liter of pond water. Then add to - : : :
No. 1-10 KE. Thyroxine (or Tmodo‘tyrosme as dlrected‘ by the mstructor)
No. 2-10 mwrograms thyroxine (10 ml. of stock/hter pond water) ~ ., . L
. No. 3-Pond water contol . ¢ .
Y No."4-20 mlcrograms iodine (20 'ml. diluted Lugol’ s/lnter pond water) ‘ T
" No. 5-10 micrograms‘thiouracil . '
v . No. 620 micrograms thiouracil .
No. 7-20 mxcrograms thiouracil + 20 micrograms thyroxme .
l
P * . Replace the aqﬁanum solutions every'tWO or three days or as needed. '
e .
s . Things to be checked £ - . . T

Is the mbuth small with a beak-like upper lip or wide, rcaching ‘back under the eyes"
Are the intestines conled neatly or have they extended .and uncoiled? . ¢

« Are the hind limbs prescnt" . . .
The f;: limbs aré formed beneath the skin then break through an opening, Which one
riorized first, the right or left? . . ,
.Wh:it‘ the size qf the tail? ) )
Havéﬁhc ear dryms appeared” yet? * i . |

Obsé ¢ animals, every two or threc days and enter datc under fcalun. in the aiswer

" sheet whgn that feature appears. . . ,

Ren{ ve dead animals immediately but do not rcpiacc them from stock!

.f- °
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N 3-4 .,

A

. 1. Look_up the “formfila for tﬁyroxine (gr trilodotyrosine if you used it).

' Resource: a textbook of Endocfinology. i - .

Yo . o ~ B .

v . » * , / - R
.
| - . ” . ’
2. What is_the fprmula for theouracil? - il o R
o - : N
. . 8 , \
\’ - ‘ ’ . ) ' ' . . l ., \
> ' I}

»

3 What effgct was produced 'by_thyroxineg Were these}ffe-cts proportional to the dosa ‘used?

T
. ‘ , ,
. A -
-4. What feffects were produced by thiouracil? R :
. . ) C . »
'S ’ : ¢, :
. ‘ ? R ;-
‘ % : ¥
5 What would be a good reason for having included treatment with iodine algne, knowing
that iodine is a constituent of the thyrojd hormone? ’
.s ‘ “A_“ v
* : ;".‘ te
) N . L r,
. ' ‘ e
. - 2
.I %‘;‘i *
» % B N N
1 4 » ° .‘
B ’ '
6 How could you check to determine ff the changes obtained with thyroxing (or trodotyro- - .
sine) are reversible? . - '
C, (
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EXERCISE 38 - A STUDY Ol} PLANT COMMUNITIES s U
. -~ : .
‘ . . : s (A-Fleld Exercise) =~ -
o . oy
) ) If you have completed Exercise 1!1 and¥Exercises 20 through 23, you have a speaking
" acquaintange with the vanety of living things and with some of the ways in which they repro-
{ duce. That 1s, your lnformatlon mcludes something about fruits, seeds, fruiting bodies and other
reproductive structures to bg seen 1h the field. Exercises 6, 28 through 30 and;32 déalt in part with
such environmental faetorsas hght temperaturg and sahmt) on the behavior of \.CJIS and -organisms
5 ) i Therefore, this exercise. and the one that follows may ome at the end of the course where it will
hpve the effect of helpmg to Integrate a great many facts about nature, or it max come early in the
course 1n an effort to help you see some.rather generalized biological problems ‘ffcmg our society

and scientists. Scnentlsts as a group, see themselves trying to solve)such problems  *° f .

In é»lology the word »omﬁtumty has, the same meaning_it has in sociology, that is, it is
eoneeptuallze,d as several different kinds or conditions of the same speciesfand of’dlffercnt species
interacting together in such a way as to produce the phenomenon of an increasing or degfeasing
body of many parts. If we say that an organism is the associatiqn of orgar systems, morphologically
integrated- and physiologically, coordinated 1 to an individual, then a superorganism may be de-
) . " sunbed as an gssouation of lndmduals, morphologleztlly integrated and physnologu,all) coordinated

. to_dp things that the individual orgam;m cannot do.alone. In a way Gestalt concepts comé into play »
so that the whole ends up being more than just the sum of its parts, it is an organization that fits
together ina peculiar way in order to be the vital superorganism that is a commumty

- . -, - . 4 \ " N . . .
Matenals and Equipment . o . i '
-’ s ¢ o ', - g

. "‘erld notebook and pencil ' L . -
" Tape measure at least 33 feet long :
_Photographlc exposure meter C e

9 . " .
Procedures - . P

r Part A. A°Field Trip

.. The destination may be any natural area commonly calfed “grassy meadow,” “savannah,”

“evergreen forest,” ‘‘deciduous forest,” etc., or any combination of these and some ‘others. On this,
trip note the kinds of plants in each “commumty which falls into these and estimate roughly the
percentage of each. ;
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CATEGORY . - _ : SYMBOL ' _—
Canopy Layer (at ‘least 20 meters or 65 feet. talf) (P |
Subcanopy Layer {not over 65 feet tall) . 4 ’ .
Shrubs’{1-3 meters tall) - K 0 ' '
. ‘ ¥,
Herbs (non-woéody plants, many of v';hich are tall) . A . . !
Floor covering’(may be leaves, needles, etc.) n . -
. ‘ . - ' .
. PLANTTEPES - SYMBOL ,
Woody \}"eg'etation : : ) & ' . LT
DecSduous D . b . . .
' Eveigreen . E ‘ ) T ¢
, - Hertraceous Vegetation ' '
"Grasy, - G . .
Non‘grass N- -
4 *
' . . - . 1 A
\ .
& -
i i . K ' * , . e
:'s, : ° S
%, o ' ‘ .
~ » .
7 ‘ : v ., . N ! ‘ 4 ‘ .
i ' VYo . ’ ° *
F) L4 - "x ,‘. 4 ¢ .
‘. \, ) Ry -
. t?\ S “ﬁ:' = -
C Nl n g8 .
. R \1\',‘- ‘;‘ A ' '2 i
. .’:\, - g - ;: .
pu
. w L ]
“ 8 ;
. . -ﬁ
¢ ) . ’ ~
L ' . »
" . ’ .
¢ Iy - ) o ]
¢ ) DISTANCE ALONG LINE OF PROFILE ™ e
o. . . - . < . " .
« F] .

Reading from Left to"Right: 1 Evergreen, under 65 ft., 3 species of deciduous trees over 65 ft. with
a non-grass floor cover; 3 species of deciduous and 2 species of evergreens under 65 ft. on the slope;

- -2 evergreen.and 3 degiduous species ‘qf shrub are found beneath a canopy formed of a single _ -~ ’
deciduous species. Braok. Five species of grasses and 7 of non-grasses are found beneath a grove of -
tall (over 65 ft.) deciduous trees and 4 kinds of degiduous shrubs. f
. . N ’ . 4
Your-team wifl be assigned a strip about 10 to 20 yards wide extending through the com-
-munity. Prepare 2 profile of ‘the sttip using the symbols listed above: T ‘ .
» A
u“‘:’ . < - g "
‘ ; .




- | : . . sl

Part B. Study of A Site Within a Community
A plot will be laid out for the class and your team will be assngned a subplbt to mvesngate Plot
sizes will probably be as follows: - . ‘

Trees: 10 x 10 meters I \ .
Shrubs or medium-sized-végetation 2 x 2 meters ‘- - i .
Low vegetation (herbs) 1 x 1 meter : s ) -

Record the positions of various kinds of plants on a gnd representing your subplot. Also
indicate the location of ammal burrows, observed birds, insects on the ground, vegetation and m the
a,lr, etc. Don’t forget to tum over a few rocks to see what’s underneath, .

¢
_ While surveying the various types of plants use these codes for density:
.. £ = continuous growth - X - K .
mdmdual plants, usually not touching i ach other ~ L .
p patches plus woody plants scattered aldne orin groves, herbs in patches s . o
"'r = rare, but conspicuous t Aot
" b = barren—vegetation largely cr entirely missing. . - . o

]

. Laght 18 ap 1mportant physnual factor. Use a light meter to measure the amournt of hght onA
sunny areas, in shade beside “shrubs and under trées. (Measure seconds exposure at fll usmg a film .
" * speed of 25 (KodacHrome).) . oL 0L
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.+ Part A. A Field Trip -~ : )
. ‘ ~ a7 Kind of Community
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E’X‘ERCIS'E' 39 - SUCCESSION FROM ONE ENVIRONMENT TO ANOTHER .

v . .- . D C.
.. : . (A*Field.Exercise) .

ln the sfudy of developmgnt we dlstmgursh between a modulation and dlffereqtlatlons A
modulation 1s a change that 15 reversible and temporary like corttractlon and relaxation. Differentia- ’
tion 1s a ghange which 1s not reversible, or at least not easrly so. Some communities of plants, for .
example a meadow, may be subject to certain temporary changes such as the appearance of seasonal
plants, dormancy due to a lack of water, being covered with a layer of mud.by a flood, and sg forth.
These conditions are reversed wrth a feturn to *‘normal” conditions. Other environménts, sgch asa
pond and its shoreline repres‘ent two separate environmgnts whu.h grade into each other. Sometimes
the zone of gradation is wide.and at other trmes it is very narrow. ' . : .

' g

Materialsz’aﬁd Equipment S LN a T . . .
ield notebook-and pencil .. ' " Geotomes(shovels, m‘attocks) . e

1 foot ruler marked‘inem. =~ . -+ S|eve; T .

Small boat . - . f Plankton net

Wading boofts A ' ) " Glass-bottomed bu'ckets or boxes

Weighted lme equrpped with hook3\ ' . for underwater observation *

N -
. )

Procedure for Field Trip

Y0u will be divided into teams. Each member will have a specific jOb to do, such as recorder
digger, dipper, sigver, sample collector and carrier, etc. Your instructor may assign éach group in the’
class a particular kind of environment to study and afterwards arrange for notes to be compared so

* that you will get th; whole picture. An altetnative is to assign you a strip traversing all of the
envrronments in the. grade and have you study the various organisms in the suuessron .
8’ ! .

Part A. Plant Successron Starting With Open Water . . .

RN

We. shall make observatxons on the kind of biological orgamsms in and amund a. pond but

particularly plants, because they will stay put lorlger SO you can see ‘them. The environments to be

. considered will be deep water, shallow water, exposed mud (wet soil), damp soil, agd dry land (with
deeper underground water) and perhaps h.rgh ground if there is any nearby.

When you arrive at the pond ask yourself if there is any apparent arrangement of the plant
communities with regard to hght and water. Is the pond bottom near the shore sandy and clean or
covered with decaying plant material (sediment)? Is the water clean and clear or is it filled with the
bloom of algae? . . .

If there 15 oxrly, one boat, then only one team at a time will be sent to investigate the deeper
waters of the pond. Wading boots provide more protection for waders than do sneakers, byt i m\any
event one should not mvesttgate the shatlows wading barefooted .t.hercm

fn “deep waters look for ammals such as fish, shrimp, and other aquatic, crcatures Of course,
i collect and determmne the types of submerged plants. Use the plankton net for collecting more
minute meinbers of the communty. Drag the weighfed hook along thé¥bottom and see what you

<an brmg up of biwlogical mterest What similar characterlstu,s do you see among the submcrged

plants? o -t . ~

« -




39-2 ‘ , . _ .
4 * . [
In shalléwer water notice plants that are rooted in the bottom But have submerged leaves and

also thpée that have both submerged and floating leaves. Is there a limit to how far out aquatics are

found” How near to the shore? Use"the observation bucket or box and gently push back the leaf

cover What Kinds of animals do you see pass by beneath the leaves? Examine the underside of some

leaves: Are there any snails or other animals atfached? '

4

At the edge of the water there will usually be a variety of buIIrushes,‘)gr(asses of other types
including “cat sz_ﬁls," etc. Are there floating plants? *

- ‘ ’os

¥ v
. In wet sand-loam (mud) observe communities of sedge-grasses (swamp grass). Do you see any
birds in this area? Are there any herbs or shrubs? Co

On’dry and higher ground what kind of trees are to be found? Are they near the water or
_ further agway”If they are located back from the pond are there herbs and shrubs in between? Does 2
the tree community overlap herbs down to the edge of the water? The final community s called the -
clix_nax Community. It may be either trees or grassland. \:”hy should it be either of these?

-

Succession At An Abandoned Farmsite or Forest Cutting . - L
. ‘_ ’ rd - ’ - - L]
‘ Removal of the trees and underbrush during logging opgrations or the clearing of land for .
farming will bring the commuhity picture ba¢k to herbs and grass. When these sites are abandoned
then the_succession. begins back toward trees. If the class caf visit such a site, determine the state of
the site and predict what will happen in the next few years. This is more easily done if the time of

the cutting or abapdonment is known. . !
* - ‘\ Y

‘Part B. Plant Succession Starting From Bare Rock Areas . ' '

Yes ’ ‘ - ,

Outcroppings of rock of .sufficient size will provide a group of concentric communities (com-

" pare with those around ponds). Determine whether these are based upon the availability.of water or
upon the depth of the soil or both.

”

PR : i v , ’

. Plants on the Bare Rock - Examine the bare rock for the presence of living material. The crust-llke‘
~(crustose) plants here 'may be gray, green, black or yellowish-orange. What is the rock surface like |
beneath these plants? List the varieties. ) : 'ﬁf. .

Shallow Soil in Cracks and Crevices.  Such soil is made up of grains of rock,"plant litter and settled
“dust which forms a substrate which may be only a few mtillimeters deep for the rooting of plants.

List the kinds you find here. Are they like the bare-rock plants in any way? Measure the depth of
~ the soil Can you give any reason why the plants in this shallow soil should crowd out the bare rock
. plants? ' . T

Shallow .}”oil Over Rock Substrate. List the.kinds of plants to be found where the soil 1s only a few
centimeters deep.\BecaUSe of its shallowness it may not be able to kold much water and may be dry. -

Established Soil This area usually is inhabited by-associations of herbaceous plants. List the kinds
present Is there a gradation throdgh shrubs to trees or are, these kinds of communities overlapping? .
Map the areﬁs occupied by herbs, shrubs and trees. What kinds of plants form the climax com-

' munity at the site xgy,are studying? .

Re-assemble promptly on ‘call or signal from the instructor. Cap all liquids securely for trans-
port. Start preservation procedures as soon as possible after return to the laboratory. ..

‘ »
chor‘t _ . ‘ ) . '

Draw a map of the sites you have examined indicating the kinds of envifonments and the kmd§ <
of plants found within each plus any other data of interest such as birds or other anmimals associated

.with the site. Refer to Exercise | for the structure of a scientific report.
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EXERCISE 40 - EFFECT OF PHYSICAL AND CHEMICAL FACTORS ON ANIMALS

*

Materials and Equipment -

pH paper : P Living Materials '

Petri dishes C B

HCI (diluted) Ants

*Sodium hydroxide (diluted) / ", "Paramecium

Medicinedroppers Rana pipiens ) -
Ehrlenmeyer flasks . ) " Daphnia - . )
Cotton . _ Cyclops- . )

| liter beaker .o . Various other animals may Pe used

¢ 1

Procedures . . *

Part A. The Effect of Temperature‘

- .
. The effect of temperature i§ most easily demonstrated on ponknlothermnc animals such as
.4;nph|b|ans or insects.

1 A frog may be used to demonstrate tolerance tea temperature range quite simply. Place a frog In
a jar with one inch of water at about 25°C. The jar should have a perforated lid, and a thermometer
should be inserted through one of the perfotations so that the temperature of the water next to the
frog may be recorded. Place this apparatus within an ice bath (a large beaker vovered with crushed
ice and some salt on its bottom will do). Every five minutes or less (according to how rapidly the
temperature of the water changes) record the rate of buccal pumping (movement of the floor of the
mouth) of the frog. This is equivalent to measunng how often we breathe per minute. Keep records

until the temperature no_tonger drops. Observe and record the ehange in activity pattern of the frog.
’
Repeat this experiment, this time, with a hot water bath raising the temperature steadily until

50°C is reached. Repeat records of buccal pump rate and aetmty as above. Is there ever too much of
a good thmg”

2 Place one ant in the bottom of a 250cc ehr]enmeyer flask, plug the lid with cotton if necessary.
Place the ant in water both at room temperature. Record the approximate distance he walks 18 a
minute (This can be estimated if you know the distance across the bottom of the erlenmeyer flask.)
Now begin cooling the flask by addition of cold. tap water-cool it, 5°C and again record the ant’s
activity, continue cooling and recordmg Ice should be added when the tap water is no longer
adequate Record and cool until the temperature no longer deereases ‘record at several 5 minute
intervals at the lowest temperature obtamed

Now, reverse the experiment,’raising the temperature m 5°C units and recordmg drstance
traveled in a minute until a température of 90°C is reached.

NOTE; At each temperature allow a minute or two before measuring the ant’s activity.

4

. *
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Part B. The Effect of hydr’ogen Ion Concentration ('pH) _ ‘ .

All ‘organisms depend on a tolerable rangg. of hydrogen ion concentration. H is most easily
” demonstrated with small aquatic creatures. . / . .

\

I, The effects of pH on Paramecium sp is easily demonstrated. Set up a series of petri dishes
(standard size) so that each dish will have about 25cc of water (tap water will do as well as distilled
water). Obtain a dilute solution Sf HC1 -and also one of NaOH. Add acid or Base dropwnse into the
different dishes, measuring your effect with pH paper untll you have a range of pH of perhaps 2 to
12. (It is not necessary to have exactly 12 dishes nor to have pH's of any exact value, the objective
is to get the range and not make the intervals too large.) -

¢

Obtain a dense culture of Paramecium. Pipette 1 ml. of this culture into'edch of the dishes you
have prepared. At 5§ minute intervals for % hour record the percent alive and dead in éaeh dish, This
will require the use of a dissecting migroscope.

2. This same situation can be used with cultures of any microcrustacean types available (e.g.,
Daphnia, Cyclops, or other small aquatic animals such as rotifers. If Daphnia or Cyclups is used,
these are large enough so that a microscope will not be necessary. If species are available from acidic
waters (e.g., a sphagnum bog) their tolerances may be compared with those obtained from waters
approaching neutrality or perhaps being a little basic (10-20 animals/dish will be adequate, if
possible replicates should always be set-up). . - ‘

re,
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" Effect of Physical and Chemical Factors on Animals

I3

Part A. The Effect of Temperature

o . FEATURE BEING *
ANIMAL |- MEASURED TEMPERATURE )
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EXERCISE 41 — TERMITE-FLAGELLATE INTERACTION

«

A 4

< . : v
. T

Materials and Equipment

. Microscope slide . Forceps .
Tap water or saline solution Cover slip A ,
Microscope . Livé termite -

. g N . . : 5& ‘
Procedure ¢ '

- L4

Obtain a termite from the jar and place it on aslide. With a forcep or dissecting pin squeeze |ts >
abdomen until the contents are .evacuated or the abdomen is squashed. Place a drop o¥ tap water or
a shghtly saline, solutlon (why 1s the latter better?) on the abdominal contents, push the rest of the
termlte aside, and plaue a cover slip over the material. Examme under the compound microscope

- .
¢ K

Con’qlusmn: Questions for Discussion

5. What does a tcrmité eat?

<8 e et ‘ )
N 1: Are there fiving organisms present? . ’
. l' - .
e « 2. What do these organisms look like? o - ,
v [ . ‘( ) A . i . [
“', ! ‘ L} .‘ ~
WL !
3.‘ What is the possible. relationship between the termite and these microorganisms? | .
’ ‘ ‘ . »
<\ ' _ﬁ' ' -
. ot " k?f o ST e .
’ . . » ’ o a“ )
) . . . N , 9 0 .
v o '«‘ ’ . " :
4 How c6uld you test the hy/pothesns ‘that the relatmshlp is an obligatory mutualism?
. ) 7 . ?
- a ’ . ’ ‘&, A .
- ) . . ’ R . ; .
o} R v : ' Av. * T .

Can.you eat this? .Can most animals eat this? What is the nutrient? .

A}
- N >
-~ v ' . )
) / . 4 - ¢ - .
* »
- - 9
’ .
~ .
s s
¥
- . - f
& 4' ” 'S v v L )
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. ' t s \J
4 . . N
’ - .
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-
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2 Termite-Flagellate Interaction .
L o ‘ a
3 . I' ’ : '.
-, } , X ' r. . *
L L 4 " : ga
\ ;‘" \ ’ [ M ) . .
4 . . . Lot . p .
o * P‘ - - - .,

h . ’ = ’

v . '
A

/
. :Q . M ' !
L4 N - * ’ ., L] 'u L4 * ,
’ Question 2. Above are some sketches ofewhat the*organisms looked like. ’
3. What 1s the possible relationship between the termite and the\se microorganisms? |
. & e - . . .
. v T ) te J ) v’
- 12 . - . .
R L) . ) & -, '
- - » o ’ .
. 4. How could you test the-hypothesissthat the relationship is an obligatory mutalism? !
¢ * ;" o ' )
. . . , ‘ Y- I [ T .
' . ’ ‘| . N . 3 "
, . ’ . ,
) 4 /
\ . A - -
' . e . * . ’
@ ¢ - . s . . ) ) s
S T L . CoL '3
\1’: O ’ - ’ R !
© 5. What does -a termite ‘eat? Can you eat this? Can you dlgest it? Can many animals eat this
substance" How do animals get nutnents out of this substance"
> ¢ ] ~ , » .
v '? M ‘ s " .
N, W“ . , - .
* ' ) ¢ .‘ » N ) M ';

Q

B A v 7ext providea by eric D .
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. EXERCISE 42 — GROWTH OF A'POPULATION! =4 -
a - (Yeast Culture) )

’
+ t . . i ‘.

Materials 'and Equipment . oo

, Yeast (eg., llke tinfoil packages sold in grocenes) L. Soe

" Sugar - . S .
Plpettes (eye-dropper w1th narrow 'bore) . ‘

" Microscopes > _—

Distjlled water - ' 4 )

Stage rhicrometers or metric plastic rules ‘- . . -

Test tubes . L ‘ . X

Mlcroscope slides® 3 . o . : L. . F

-@overshps (macroscopé) " : ' ~ - “ S

LAY .
o, . . N

:
KR )

Procedure

1. Your teacher will,prepare a 5 to 10% agueous solution of sugar or molasses Add ong-half ofa -
package of dred yeast to S00 ml. of medmm (Bcrease growth by addmg IS to 25 beans or peas.)

2. Place most (about 475 ml.) of the culture in fermentation tubes, leaving enough for the group to
get an imitial count of yeast cells per field, (f). Place the tubes in a warm area (25 t030°C ~77to .
86°F). Wnthm 6 to 24 hours a sample of the culture should be mvestlgated for possible changes * At
this’ point data collecting may begin by periodically checkmg the culture for a change in yeast
population (every 6, 12, or 24 hours) This data collected is plotted on a graph. : e

Measuréments I .
1.~ Determine the area of a coverslip (K). - et -
Square. . .. ... ... .. sidesquared . " K _
Circle . . . . . . .. . .. pi x radius squared T, ¢ :
2. Determine the afea, of a microscopg ﬁ_eld S . : .- - -
.."Low power microscope field (A) 100X o , Do L
High dry micrascope field (By 440X - s .. '
S ° 1

The dnameter of the microscape ﬁeld can be, measured dll'eLtl)é with the aid of *age mrcrorﬁ
eter or a smgl clear plastic rule (metric): .

) . -~ . .

A
o« . . . <
R . LI

*Would the lag phase be longer or shorter if the cu]ture were placed. in a refngerator” What wOqu
be the effect on the time axis of the graph if we started the yeast wrth 120 package in 500 cc

mstead of & package" . “

'Coustesy Robert J. Anth'on'y, Jackson State Collage.
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3 Takea anWn'voI‘umc (V) of a sample. place it on a slide with an eye dropper pipette. Géntly .

© . plase a cover shp® over the sample (if liquid emerges beyond the edges of cover shp repeat the

process until it does not wécur). Count thé number of cells observed n a microscopic field. Then
L
- take simlar samples at intervals of 6, 12 or 24 hours and record your observations. .
B - « d
» . . ) NS
* 4. Let () equal the numbger of fields counted. sy —

[

S Lt (N) equal to the number of organisms c?unted pe‘r field (counted organisms/field). If the
number per ficld 1s larger than. 1 50 organisms, dilute. . .

0 The value A s the area of the low power field 1f you use high power substitute B in the place of .
A. You have calculated both in two above. :

»
ST K/IAYN (1 mIJ./\‘/) ¢qual to the number of organisms per millimeter (ml). . .
ST T : \ n T I
Himt = - * . R

-+ »A goqd rule for sample counting is to obtain N for at least 10 fields or to count as many fields
“necessary to ‘obtam an N of at least 100 if organisms are very sparse. -
. h . L4 - ’
LI « K

Cahbration : ‘ ' ’
Your tegeher will supply you with eye dropper pipettes and some graduate cylinders (10°¢cc to :

25 ¢o) Cahbrate the pipette by counting and recording the number of drops of water needed to
produce S ve of water You are now able to determine the number of drops in Lc‘_"c and thg value of
oné drop of water of yout sample taken under three above. ‘;“_’ '

[ t . - ~ .«

«

S d " “ »
Sample Problem .

“If 100 drops equal to 5 cc (100/5 ¢¢) then there a;e 20 drops 1n | gx(ZOfc'c). Therefore, 1

drop 15 equal to 1/20'of a ¢¢ or 0.05 cc. This represents the value, V, in the equag n."Suppose K =, -
400mm?- and A = S#im?;, and the total count for 10 fields, N, = 50 then by seven abave. .0
. . : ’ : ) 4
. 400 (50)1 = 8Q (50) 20 = 80:000/ml. | - . :

- s .05
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. “ -
Area of the microscope fields: LoW Power: ’
High Power:
Number of cells per field on HP after the following times
¥ . - ’ ' ' / ’
v Time i / . . Cells per Field .
‘ . ' ' :
- " N . . .
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