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ABOUT THE INSTITUTE FOR SERVICES TO EprATEON ; B o
oo I ) - ) N
Tﬁé Institute for Services to Cduéation vias incorporated as a non-prof it ’

organization in 1966 and received*a basic grant.from the Carnegie Corporation |, .
of New York. The organization is foundcd on the principle that ‘education

today requires a fresh examination of wrat .is worth teaching and how to .teach
Jdt. ISE undertakes a variety of educational tasks, working cooperatively with -
other educational institutions, undei grants from government aggncies and .. e
private foundations. ISE is a catalyst for change. It does, not just produce '
educational materials or techniques that are innovative; it develops, in
coopgrajion with teachers and administrators, procedures for effective in-

stallatjon of successful m@terialsbgnd techniques in 'the colleges,
3 . 3!

ISE is headed by Dr. Elias Blake, Jr., a forﬁgr teacher and is staffed
by:college teachers with experience in working with disadvantaged .youth and
3lack youth in educational settings both in predomifantly Black and predominantly -

.white colleges and schools. , ‘ )

ISE's Board of :Directors consists of persons in the higher education
system with histories of involvement in curriculum change. The Board members

are. . . *
N\ . Herman Branson . . President, Lincoin Wniversity - - - ’
Kingman Brewster, Jr. | ’ President, Yale University
Donald Brown The Center for Research on Learning
) ‘ : and Teaching, University of Michiggn
Arthur P, Davis . Graduate Professor, English, Howard
. : ' " University < ‘ .
Alexander Heard Chancellor, Vanderbilt, ‘University :
Vivian Henderson + President, Clark College , .
C. Vann Woodward . Professor of History, Yale Univensity
Carl J. Dolce . ' Dean, School of Education, North Caro-
: . lina State Undversity )
, Martin Jenkins * Director, Urban Affairs, American Council
. ~ . on Education . '
Herbert Longnecker . - President, Tulane University .
Samuel Nabrit . txecutive Director, Southern Fellow-
. . + ship Fund, Atlanta, Georgia
Otis Singletary Ch.irman of the Board, The Boston Com-
. . ' N pany, Boston, Massachusetts .
— Franklin Ford Dean, Faculty of Arts and Sciences,
‘ ) Harvard University '
Arthur Singer . President, Sloan Egyndation, New York,
R . . & New York . - . )
Stephen Wright * Consultant to President of CEEB +
Jerrold Zacharias ~ Professor of Physics, Massachusetts 3

Institute of Technology

s )
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ABOUT THC THIRTEEN CULLEGE CURRICULUM PROGRAM

e ' .

From 1967 to the present, ISE has been working cooperat1ve1y with th |

Thir to+n-College Consortium in develop1n%‘*he Thirteen-College Curriculum |

rograr. | The Thirteen- Cotlege Curriculunl Program is an educational experiment |

¢ 1t includes deve]op1ng new curricular materials for the entire freshmen . |
v-ar of college in the areas of English, mathematics, social sciende, physical
.c1ence,xvand biolory and two sophomore year courses, humanities and ph1losophy
The program is designed ‘to reduce the attrition rate of - enter1ng freshmen ,

| *“rough well thought-out, new curricular materials, new teaching styles, -

and new faculty arrangements for instruction. In addition, the program seeks
to alter the educational pattern of the'institutions 1nvo]ved by changing
blocks of cobrses rather .than by deve]op1ng single courses. In this sense,
the Thirteen-College Curriculum Program is viewed not only as a curriculum
program with a consistent set of-academic goals.for the separate courses, hut
also as a vehicle to produce new and pertinent educational’ changes within the
consort ium 1nst1tut1ons At ISE, the program*is directed. by Dr. Frederick S.
Humphries, Vice- Pres1dent The curr1cu1ar developments for the spec1f1c
courses of the program are prov1ded by the following pers ons

H

. Course - . ISE STAFF ., ST )
. . s - .
English ’ Miss Carolyn Fitchett
. \ ' Miss Joan Murrell
. Social Science Dr. George King
Mathematics ‘ . Dr. Beauregard Stubb]eﬁ1e1d
. ) " . Mr. Bernis Barnes
Physical Science Dr.” Leroy Colquitt .
Biologyv. ', Dr. Charles Goolsby .
: ’ g Mr. Daniel Obasun
Humanities ° ' Mr. Clifford Johpson
Philosophy ‘ . Mr. Conrad Snowden

' M1ss Valerie Simms
The curriculum staff is assisted in the generation of new educational
ideas and teaching strategies by teachers in the participating colleges and - .
outside consultants. Each of the curriculum areas has its own advisory )
committee, with members drawn from distinguished scholars ip the field but _
outs1de the program. \

<|he number  of colleges participatind in the'program has grown from the
original thirteen of 1967 to n1ne§een in 1970 The original thirteen colleges
are: o

Alabama A and M College . Hun%svi]le, Alabama |, . .
Bennett College , ‘ Greensboro, North Caroiina “-

Bishop College . Dallas, Texas . .
Clark College . Atlanta, Georgia '

Florida A and M University : Ta]lahassgd Florida

Jackson State College = o , Jackson, Mississippi

Lincoln University : " Lincoln University, Pennsylvania




<4 A .
I " . .
\/, . . . - 7 / b ]
Norfolk State College Norfolk, Virginia 0
, "North Carolina A and T State ) ) ’ !
. _ University ‘ Greensboro, North Carolina ' . !
» * Southern Upniversity -« Baton Rouge, Louisiana Y o
: Talladega“Cot]ege o Talladega fflabama _ N
Tennessee State University _Nashville, Tennessee T '
Voorhees- College - ) X Denmark, South Carolina’
A fourteenth college joined this consortium in 1968, although..it is
still called the Thirteen-Cullege Consortium. The fourteenth member.is .
. . yary Holmes Junior College . "wgst Point, Mississippi _ '3
|
« - -In 1970, five more colleges joined the effort although Tinking up as a
separate coﬁsortéum. The members of the Five-College Copsortium aré:
Elizdbeth City State University _ Elizabeth City, North Carolina’
Langston Univérsity ' . lLangston, Oklahoma .
Southern University at o -
J Shreveport - . - Shreveport, Louisiana .
Saint Augustine's College B Raleigh, North Carolina
Texas Southern -University . Houston, Texas

.




PARTICIPATING TEACHERS . -

y

-

The biolosy teechere who have particpeted in this development through the
. summer of 1970 are:

"ALABAMA A & M COLLEGE: Jimmle L. Cal, M.Ed. (1967-1970), Rather Brown, M.S.
(1970~ ), George Grayson, M.S. (1970S)

-

[y . *
" BENNETT COLLEGE: Perry V. Mack, M.S. (1967 ) '

A

.

BISHOP COLLEGE: Willie M. Clark, M.S. (1967-1970), Mrs. Versia Lindsay Lacy, |
M.S. (1970- ), In the Modified-ISE course: Wasi M. Siddigui,
Ph.D. (1969- ), Herbert Alexander, M.S. (1969- ), Ehsan A. |
Syed, M.S., M.S. (1969- ), Mrs. Rose W. Burke, M.A. (1969-
. 1970). . . K
4

. . \ N
CLARK COLLEGE: Martin J. Carey, M.S. (1967- ), F. Rusinko, M.S. ,(1970S)

FLORIDA A & M UNIVERSITY: L6uis Stallworth, 4.S. (1967—£969), Purcell 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. (197OS) ' . w

-

*LINCOLN UNIVERSITY: Harold C. Bénké, M.S. (1967-1968, 1969- )

NORFOLK STATE COLLEGE: Ruth E. Churwin, M.A. (1967-1969), Mrs. Irene R.
Clark, M.’Ed. (1969-1970), Mrs. Robin M. Griffith, M.A.} )
M.A.T. (1970- ) j :

NORTH CAROLINA A & T STATE UNIVERSITY ‘Mrs.- Elizabeth D. Clark, M.S.
(1967~ ) ' ; s

4

SOUTHERN UNIVERSITY, Bacon Rouge, Louisiana Robert H. Cobbins, M.S.
(l96°— ) . ’ "

A

TALLADEGA COLLEGE: Muriel E;.Taylor; M.A..(1967- ), 'Mrs. Mae i;_GrovggL
M.S. (1970= ) = . )

TENNESSEE STATE UNIVERSITY: Mrs. Alice C. Smith, M.S. (1967- )
. o : . . T ¢

PR N .. 3 .
_ Beginning with the summer of 1970 teachers from six additional institu-
tions’ 4dre participating in the curriculum development program. They are:

‘" 'ELIZABETH, CIT.Y éTATl-; UNIVER‘SZETY: Thacideus y. Beaélez, M.S. K j/
, "FAYE'TTEVILLE'STATI:: UNIVERSITY: Mrs. Valerte L/Flemirm, M.s. " A
I.ANG‘STON {JNIVERSI.TY Haro].d W.' Toliver, Mos. « a N
' SAINT AUGUSTINE' s COLLEGE:.‘Chandra P. Misra, Ph.D. ' ' ,
] FY - "

SOUTHERN UNIVERSITY, Shreveport, Loulsiana: Mrs. Rebecca B. Anderson, M.S.T.

'TEXAS SOUTHERN UNIVERSITY: Charles H. Bemnett, M.S. ~
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UNITS OF THE I'SE TEACHER'S GUIDE TO0 CLASSROOM DISCGSSIONS FOR BIOLOGY -

L] '3

3 *

, The CRG Bidlogy Teacher's Curriculum Guide for the TCCP was written
during the summer of 1969 and field-tested by participating teachers during
the 1969-1970 school year. At the 1970 summer conference these units were
revised and extended in rough form and during the school year 1970-1971 they
were re-edited by Charles M. Goolsby and Dan A. Obasun as the ISE TEACHER'S

. GUILE TO CLASSROOM DISCUSSIONS FOR BIOLOGY. The unit titles ana ~riters are
as' fgllows: . e ’ o
" ;

Unit 1 -~ The Nature of Science By Robert J. Anthony, Harold E. Banks, Willie

M. Clark, George Grayson, Charles H. Bennett and Versia L. Lacy
, Foreword by Lewis L. White- ) '

-~
L )

. 0 ' l . .
- , Ynit 2 -~ Evolution By Martdin J. Catey, Irenme R. Clark, Wasi M. Siddiqud, Mae |
" ' T. Groves, F. Rusinko and Ehsan Syed Foreword by Samuel Moyer

Unit 3 — The Cell By Alice C. Smith, Wasi M. Siddiqui, Irene R. Clark,
" Martin J. Carey, Ta& Vernan Beasley, Charles H. Bennett prorewora
by Reid Jackson: .

Unit 4 ~-~ Reproduction, Growth and Development By Elj.zabeth P. Clark, Muriel
E. Taylor, Jimmie.L. Cal, T. Vernon Beasley,. Valerie L. Fleming,
Kobin M. Griffith and Chandra P. Misra Foreword by Hilton A. R
\Salhanigk .

Unit 5 -- Genetics By Robert H. Cobbins, Alice &% Smith, Purcell B. Bowser, °
Perry V. Mack, Rebecca B. Anderson, B. Henderson, and Harqld W.
Toliver Foreword yy Dan A. Obasun

-
?

Unit 6 -- Metabolism and Regulatory Mechanisms By Muriel E. Taylor, £lizabeth e
: D. Clark, Purcell B. Bowser, Valerie L. Fleming, B. Henderson, . .
' Versié,L.‘Lacy and F. Rusinko Foreword\by C. M. Goolsby {(
‘ Unit 7 -- The Vh}iety of Living Things By Harold E. Banks;~Robert H. Cobbins, . . e
Pefry'V. Mack, Rebecca B. Anderson, Chandra P. Misra and Harold W. . >
Toliver' Foreword by Nathan W. Riser . , . L .
gy M. Clark, Jimmie . Cal, - - .
Unit 8 —-- Ecolo By Robert J. Apnthony, Willie M. C s n '
Robin M. Griffith, Mae T. Groves, and thaﬁ Syed_ Féreword by ;q)
. ~ Ernest Ruber T . N . o
{ A ‘ . {
' ¢ ; v /
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. . . . . .
DEVELOPMENT OF THE BIOLOGY PROGRAM IN THE THIRTEEN COLLEGE CURRLCULUM PROGRAM

- .
L)

14

T ' ) ’ . - ' ] /

"We hope to answer many questions through the essays” that”make up the first
sectlon of this Tefcher's Guide, and perhaps raise some others by implication .
which we may not answer. Some questions which the reader may ask after having
read these first fow pageés ,might be what were the events and experiments which
brought these people and this program along so far, apd what activities form
the basis .of the prcsent course and of this Guide? L

LY

S

An the summér of 1967 the Institute’ for Services to Education (ISE) and’ .
the institutlons tonsortlng to. undertake the Terteen College Curriculum Program
(TCCP) set out to design courses for college freshmen which would take into ac-
count the interests of students, which would be stimulating to them, modern in
method and content, and of a distinctive pattern. Courses were planned in Eng-'
lish, Mathematics, Social Science,’and Natural Science. It'was to be standard, .
among the courses, that the enrollment would be small, about 25 students per
class, to permit more individualization of instruction. Leciures were largely
replaced by discussions in an effort to involve the student,.as much as possible, o

“in the teaching-learning processes. Inductive teachlng me thods were preferred.

%he use of audio and/or visual aids in teaching the discussion sessions do not
give -students the kind of direct experlenoes which biological materials needed

to transfer non-verbal 1mages'yh1ch dgfine a'great many biological terms. There-
fore, laboratory work was considered important:. The prospect of using these

. methods brought teachers to that first summer conference, filled with exciter

" known .to many sthdents, even to some who-were not taking biology, that it was:

-

ment and with great expectations.' . S

' ~ .2 »
AN
Tie plan {n the summer of 1967 was to design 3 naturat science course

which included phySlCS, chemistry &nd biology.. Several units of study were out-
lined around such areas as the physi¢s of light «and photosyntehsis, the mechanics v
of levers and animal movement, and so forth. The physics was to be taught by °
teachers with backgrounds in physics or chemistry and the biology was to be” .

taught by biologists, In general, this was a large task for which there was 14
sufficient planning and traiming.” The\physlcﬂsts and biologistes needed more time

to express thdir points ofy view and the biophysics content was not worked- -out ' "
sufficiently for' the .freshman level. 1In lipe with the expef“mental nature of
the program at ‘that, time, a commitment to develop toward the best courses, and = 77,
other .cons‘deratiofis, the integrated science approach was abandoned at midyeér\ .

and separa courses in Physical.§fience and in Biology were established.

The ISE staff and the bialogy teachers of the TCCP then began to explore \
the usefulness of other materialS\as models, such. as thosedeveloped by the N " \,
Biolog*cal Sciences Curriculum Study (BSCS) fcr seconidary schooks. These mate-
rials were up-to- date and lent themselves well to discovery apprpaches in the
laboratory. However, sigce they were prepared for secondary schools, many of

heir considerations were too .superfigial for the college freshman level. Al-
though thexe were many good ideas in the BSCS Blue Version, it was already well-

a text they used ih high school.’ ' N -

'
. -

k During the{ pring there were not particular designated BSCS materials )
assigned to teachersfor study, use, and evaluation, and a,more unified direction
was needed in o¥der to develop the effort into a program. The ISE organized an
Advisory Committee of teachers, staff memberd and consultants to formulate a . .
pldn for the upcoming 1968 Summer Conference, and conseluently for the’ folldwing
sciiool year. It was the Advis:ry "Committee plan approved by a meetiig of tea-
chers, that during the, summer teacheps would attend‘seminars on ‘the use of \

rd . " ’ ; LN




. o . . - .
- original scientific reports as the basis of classroom-discussic i, and they would .

try to rewrite the expériments most popular with their students .: a level'

suitable for college freshmen. The seminars were organized by tlie Biology Depart-

ment staff at Brandeis University. A group of pre~freshmen from several of the .
. participating thirteen colleges formed a class for the demonstration of inductive .

teaching methods and they allso worked in the laboratory as.juajor consultants. )

Of the eleven biology teachers involved, three based the discussion ﬂart
of their courses for the 1968-1969 scnool year entirely upon the use of original
scientific papers. The others used papers in addition to a standard textbook.
The papgers were short, and therefore not emptionally threatgnihg to the
. student uncomitted to the avid study of science, they did not’seem to "talk down"
to studen.s, and they were logical(the inductive reasoning was apparent and the ..
conclusions reached were less mysterious than those in standard textbooks) .
Efforts to arrive at a group of ‘core topics failed in this summer copfereénce.
During the 1968-1269 school year some 75.original papers wete used and ove¥ 90 ,
topics .were diccussed by thg teachers with about a 25% coprdination of -effort.

In the laboratory 70 exercises were used by the various’ teachers. , . -
4 .

. . N .

) * ~:
The case method .inherent in the original gapers approach to teaching‘bad -
+  worked well during the summer when discussions were, being led by-scientists with
considerable reséarch experience. When teachers wére on their own they found ¢
it easy enough to ingegrate the information concérning the various areas of
. bioiosgy and bi&themistry confained in eagh,report. They. did not mind that thev - .
often found it necessary to defineLa'large number of words.and terms for, students

P so that they céq@@'&ead the reports. However, they did not like it much’when ¢ . .

Students or, papers led “them into Lopics with which éhéy were not familiar. At

the evdluation conference held in Atlanta, Georgia %n March, 1969,, it waSwabba—

rent ,that the case approach being used would not be the final answer for a

freshman-level course and so the issye of a group of unit topics was tonfronted.

Teachers suggested” titles which they felt would best contain the areas of infor. -

o ,t%pn that 'they had explored during the two schoo{?yearsl967—l969 and agreed- .

) to ‘summarize théir eXperiénce§’under these unit topics durjing the ensuing suume:r
* ' conferefce. . : : B ) o

e - ) .. ) . ot _ ‘ -~

51 ( " Each teacher worket in two unit-writing groups?whicﬁ reported to the whole .

)3, group, of Hiology teachersy and includeq,suggestigns from:the whole group in the .

) “units for,'téaching.- The objective was to bring together a.list of all of.the o e
resources that @ teacher would peed in order to teach a unit or “whole subject S
for about three weeks. This included an outline, referendes ror student and ~ .
teachers, |Ja progress inventory, objective and’ discygskion qu.stions, lists of ’

* audio and for vzihal aids, and sonfe appropriate laboratory . «ercises: The ISE N
staff considered it %f great importance that the material should reflect as many ,
as possible of the items whicﬁnwere of high interest .to the.stud. ts. Then’ ! -
teachers, working with ‘their consuleamrs, supplied enougl continuity of material

. to make the whoiE*"rational". This—ts an aspect of coutse development mist dften

. iculum wozrkers since theyﬁgguaif§ fail to include the igterestq

: 1 3

choice of materials. . J «

nggiected by cu
of the students iq'their
€ o . $ S .
,/ At ah evaluation conference held at Alexandria, Virginia in March, 1970, .
a reuiew of reports submitted by teachers to the writing groups indicated that’
the" materials of the ISE Biology Teacher's Curriculum Guide for t?e TCGP had coL

worked outrwell, with all of the teachers reporting success with the materials -

dealing with discussions., HoweVer, some laboratory exercises had not ‘been rated
; } conference * .

high. in ‘the reéortp. The p%?n, put forth at that time;’io; the summe \\

s - < -
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vas to extend the unit outlifles into sentence form, and to more cearly indicate
what concepts and information Limitations were 1ntended for each lopic. Student
references*were no longer to be taken from the standard freshman blology
extbouks\but were to be drawn from original papers and paper-bound baoks of
shcre length. More examples.of classroom incident§ which showed how students

reached enlighténment from the approaCnesxln the units were to be included.
. 'R )

During the spriny the ISK staff déveloped and’student-tested an additional
group of laboratory activities suitable for, an introductory course. Some of ~
these, and the exarcises from the teaching units which had been rated highly
and of college freshman level were ass.mbled and’ rewritten as a laboratory
manual for students~-Laboratory Activities for Biology for the Thirteen College
Curriculum Program. Because most of the experiments and exercises had. been
appended to the eight teaching units, there had been some similarity between
those placed in different units. In the seorganization, these were grouped
together. In all, 18 new exercises and 28 from the Teacher's Curriculum Guide
were rewritten and grouped into the 42 exercises of the manual. N

v

o

- *

o Despite problems, the aevelopment of * the courses in the TCCP galned
consideration fogm other institutions not in” the program. Starting with the
spring of 1970 a new Five College Cordsoertium (FCC) was formed and its biology
and other teaihers attended the summer cqonference, whlch was held at Pine Manor
Junior College, Chestnut Hill, Massachusetts during July and Ahgust._, The ob-
jectives of the conference were to try to-Jjntrtduce the new teachers in the TCCP
and in the FCC to the philpsophies "and _practices that underlay ‘the blology
course,,to familiarizé them as much as possible in that dength of timé with the
content of the units, and to have them. partlcfbate with the more experienced
program teachers in wrlting the proposed extensions of the units. This. was a
large okder to orieht ‘new people into a group of teachers Eﬂgl had gone through
the development of the pro%;am without much personnel change, and to acquaint
.the new teachers with out v1ewpolan and 1nterests. ’

Tasks that were projected for the fall term of the 1Y70-1971 school year
included The accpmulation of more classroom experiences by teachers which showed
how students arrived at the moments of enlightenment so that these could be in-~
cluded §n the revised units. The job of re-editing the curriculum material fell
to the I staff since ’dltlng is their responsibility. Also, during the end
of .the summer ‘conference 'it developed thit there was a need for a tracher's’
gulde”to the use of the laboratory manual to supoort the flexibl wusage of the,
manual ) -

s
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' A STATEMENT. OF ‘PURPOSES

N N - . ' " v
. ~ ] d - N

- . -

-
This Guide isxprepared for teachers who have students using the

. marual Laboratory Activities for Blology, preparéd and published by
P - .

. the Institute for Sérvices to Edufatioh.' The Guide contains some intro-

13

L . / .
ductory remarks for teachers, l}sts of materials and equipment, methods,
- . . 5., , . .

of making solutions and other preparations, suggestions for introductory

*

discussions with the glass, and procedures for doing the various exer-

cises. Tt also contains answers to discussion question,’ but does not
give sample data for the experiments. The “tudent manual is not>-the
14 N
place for chh of this information because the thrust of the teaching
- ' . ’

in these laboratory classes should be to let the student find out most

of this information‘through his owﬁ efforts. We hope that the maqgrial :
‘Las eﬁough tlexibilit§ fz allow the téachpr to é#press his or ﬁer ovn " . ,
) creativi%y! yet structured’enough to give the st;dént a feeling that he.
“ ig proceedingbﬁroper;y through the aétivities. 4 ’

This Guide is prepared vecduse biology teachers have varied ‘backgrounds

-

and some may have more information in some areas than in others. If this
¢ ; .

Guide can help reduce the time necessary to prepare for laboratory classes,

w2 hope tﬂét the time gained will be devoted to teaching activitjes as such,

5

. The second Section of this compilation is devoted to a guide to

the experiments in the student manual, but the actual directions shouid be \
\ . ~ . -

.consulted when following this teacher's guide for amy particular exercise.

3 - * +

Charles M. soolsby

o’

Dan A. Obasun

 Washington, D. C.

.. . ! December, 1970
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SOME WAYS OF USING THE STUDENT MANUAL "LABORATORY ACTIVITIES FOR BIOLOGY"

Y

* L]

The' student manual is a compilation of directions for doing class
laboratory exercises. The, number of ways then that the directions
be used is probably limited only by the creativity and imagination’of the
teachers using it. o ) ' . -

* . .

The directions are constructed to 3ive instructions to the student
in easy steps so that he will gain some satisfaction each time he does a
step correctly. . In this way he will be rewarded many times as he proceeds
through an exercise or experiment. Teacher approval for completing certain
parts of the exercise constitutes a non-grade regard, but of course,
the kind of evaluation (grade) given for the completed exercise is the
standard reward usually received by students. 1In most instances, the Student
completing these exercises should have gained satisfactions far exceeding his
usual emotional responses to a grade. . \_

The directions are not written to explain the activities to® the_student
(as a rule). Explanations may.be required.

+

1) by acquiring of the teacher. \
\ 2) by the teac¢her drawing-out of the student the infdrmation for answers
\\ arrived at inductively, or .

3) by the teacher directing the student to appropriate res0urce
materials in the field, in the laboratorv (books, specimens,
models, etc.) or in ‘the library or museum.

The teacher must decide which mode he wishes to use at the moment of
questioning in order to bring out the fullest development of the student at
that point. To say the least, a teacher who offers to give explanations
before the question is asked resumes that the Egperiment is unnecessary for

-~

generating the kind of.experiences that cause curiosities and qﬁestions

to arisé «in the minds of the students. Teache s .who answer every question
directly, without referring students td resources get a lot of self-satis-
faction out of displaying their knowledge but fail to stimulate the student
to use the full extent,of his’ investigative powers. Teachers, therefore,
must evaluate the laboratory situations for each .question and select the
answering style which will further the objective of the activity and of the
development of the student‘ .

1
.

Many exercises and experiments are divided into parts (e.g., Part A,
B, €, etc.). Where this is so the teacher may select one or more parts
of the exercise to be done by the glass. The teacher may announce tha't
the class will start with a part, for example Part B, "but when that is
finished and checked by the .teacher (orassistant) the student may proceed
to the.next part, e. g., Part A or D.. .Teachbrs may select parts of different
exercises to be done at the same period and treat them as abovc. Sometimes®
students may be asked to proceed through thelselected parts in a specific
order, or sometimes each working group may proceed through the sequence in
the order of its own choice.” Whatever method is useéd, the teacher should
require that the completed part have his or her approval before proceeding
to work toward the next check point. This also serves as an opportunity to



«

[+]
reward the student with a non~grade. Thi® approval should be given only to
S "passing" work. Point out the improvements needed if the work is not
** "passing". : ) . ( - .
» Y

s .

The order in which exercises are done should take into consideration .the
prerequisites designated for many of the exercises. The first five exercises X
are introductory and are designed to help the student to ldarn techniques.or to
have him demonstrate to the teacher that he has the included knowledge or
skill. ., . . .

. - .

-

Different students or gréups of students in the.class may-~be assigned
the same experiment, but with different materials. For examples see Exer-
cise 7, where different groups titrate different buffers, or Exercise 14,
where the oxygen uptake may be measured for such widely divergent organisms
as mice, sprouting beans, fermenting yeast, three or four large cockroaches,
or ‘many other similar materials that may be available. )

Another flexible arrangement is for different groups of students to
carry out differnt proceddres on the same material, as for example in Exercise
14, where different memberls of a team'working on this exercise as a special
project may perform certain-specifi. tests.to reduce variation in the tech-
nique that would be certain if different members of the team carried out the
assays at different timeg.

Some exercises will lend themselves to unassembled presentation, that is,
they may be done when the whole class 1s not assembled. Exercise 15 déals
with models of chromosome patterns during mitosis and méiosis. The paper.
plaies,,models of the nuclear structures and of the chromosomes may be placed
on work tables together with .copies of the directions so that the student may
carry out designated steps at each work station. This is.sometimes called

""programmed" laboratory procedure. ., . o

’
a
-

.For greatest effectiveness, a laboratory assistant should be present if
a programmed or unassembled laboratory.' Sometimes they can be present only
during certain hours, or perhaps they won't be available at 411--the labora- ~
tory being left open for students to‘work alone. Where students work alone
or at their o¥m rates, they should be examined by the teacher or assistant to
satisfy themselves tHat the students did the work that is being reported.
Ability to pass such examination adds the reward of teacher approval, wHere it
is given. ' . . .
The Report Sheet 'is provided as & data-collecting deJicé which insists
that the student look for certain informationt Many exercises contain ques-
‘tions to be answered. The teacher can feel free to alter the number or even
- ask different questions. At tdimes an exercise may .be more in the mature{ef
an ‘experiment. In some cases, and especially where they are done as special
projects, the teacher may ask the reprts for experiments to be in regular
& scientific report (paper) form, with Introduction, Materihls anhd Methods, ¢
Results, Discussion, Conclusions, and Reference sections. In such cases the
report sheet can be used to record data and even be included in the report as

the Results section.
t




+ THE LABORATORY,AS A PLACE TO "FIND OUT" THIN’G’S\ , > .
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We would. liKe to recognize a seeming shortcoming, but one that can be

overcome. Laboratory Activities for Biology contains directions for investi-

gdting several questions. How can this be reconciled with the ideal of the _

laboratory being not just a big visual aid to repeat and redemonstrate prin-

,ciples already discussed elsewhere, but as a place where students can !'find .

out'" things about’ blology by inyestigating questions arising out of their own )

curiosity? We have partly met this kind of question by trying to avoid tel-

ling the student what should or would happen in the exercise so that perhaps

he will be a lltLle curious about the outcome. The second approach to a posi- v -

tive soiution is that there,is a conscious effort made to have the student be-

come aware of the. ‘pattern of the scientific method, not only.in the class ex-.

. periments, but also by encouraging the reading of scientific reports. After
. the introductoiy exercises are done to assure the teacher that the class has .

certain skills (how to weigh, measure, observe, sterilize, .etc.), the class ) -
may devise a controlled experlmept to test an hypothesis growing fu ut of (for
example) a classroom discussion. The teacher should give advice at this.
level (the freshman level) about the experimental design and procedure, a2bout
where or how best to ‘get,biological materials and supplies, and about the
length and scope of the proposed project(s). The teacher. should have enough
flexibility "in the laboratof& sGhedule to'enable him to suspend part of the
projecﬁed list of class laboxatory, exercises to permit one :or a few periods
for a class-designed project-related to the content of the! course.

Oertain exercises are disignated as speclalpprojects for two or more,
students where these Goincide with student interest. . These exercises are
conceived as being carried out,on an undssembled basis at the convenience. of .
teacher and students. Tf they can be done in the.class laboratdry room,.the
activity will be more easily shared with the rest of the class. Sometimes a .
student may suggest a good experiment growing out’ of either discussion or
laboratory observations. Teachers should offer thé same kind of help indicated
for class-designed experiments abore. A note of caution, however. Sometimes
students who seem to be barely passing have some’ of the more expansive ideas
about achieving fame, fortune, and a better grade through the performance of<a .
grandiose piece of work. The participation of students in special projects
will probably be most profltably pursued. if the student is d01ng 'passing"
work' in the regular assignments ‘of the class.

. »
L4 4

. There is a complication involved here for the teacher in that in an intro-
ductory course, energy and precept must be used to convey a real feel for what
fs an experiment, for the evaluation of data, for the development of inductive
R reasoning about the results, and for showing the relatigonsh# of student re-
sults with those reported in the literature.. However, the involvement of the
students in a meaningful way with the pursuit of an inquiry, the lure of a

. discovery, and the satisfaction of solving a problem, is one of the best possi- .
ble uses of -Course time. .
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. BEHAVIOkAL OBJECT1VES FOR STUDENTS AND GOALS FOR TEACHERS®

. [ Al
T ' * . o

" All of the events, equipment, materials, people and terms used in the
course helped to evolve certain goals to be set for students which are, in
fact, behavioral objéctives to be reached uring the course. These are
givep below as a group and not in the order of their importance.

1. 'Seeing biology,*and science in general, as a process which not-only
solves problems, but which also creates new things.

-

¢

~ 2. Arriving at an attitude of objectivity through gritical thinking and

inductive reasoning about that which would be a scientific fact.

. .

3. Having an appreciation for the laws of random events and how, through the
proper philosophical readgness, scientists make their discoverie§,

N A Y -

4, Having a genéral knowledge of the wurld ¢f living things and man's relation-
ship to its various levels.
5. Bettering the understanding of natural occurrences by the application of
biological principles. ;

4 °
6. Developing observational skills through active participation in acientific
experiments and exercises, and arriving at generaliyations through inductive
reasoning. ’
7. Being able to read the scientific ljiterature in biology with a reasonable
understanding of the basic écientific terminology. . ..
8. Encouraging good study habits, budgeting of tjime for the course work and
high performance in the course growing out of good preparation.

.
N N

i ’ .
Moreover, we developed goals for teachers which are oriented toward de-
sirable teacher-student :elationships in teh course.

"l. Using inductive reasoning for teaching generalizations wherever possible.

&

2. Using inductive .teaching methods as much as possible.

3. Invilving the student in the learning process as much as possible.
4, Helping students to learn by giving them advice, self-helps, and opportuni-
ties to learn about the world of living things through readings, discussions in
class and during conferences, and through laboratory and field experiences,
allowing the student some choices, yet maintaining some discipline without
authoritarianism.

e

N

5. Developing an attitued of quiet conficence in their own preparatlons o
that they do not display behavior in class which would indicate an ‘anxiet
about their information nor embarassment at not know every fact.. .

.
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6. Being sensitive to topics in hiology which are of interest to students so

' that classfoom experinces will be made as meaningful in student's lives as o ¥
. " possible and relevant to _the goal of’ having some~application in modern life
situations. . i

N . .

L4 . -

7. .Being able to enter creatiVe states oﬁ mi{nd so that curreat materials may

_ be improved to bring out the most useful experiences to the student for under-"

vstanding biological concepts. . . N
N Reading at least one basic’ science journal ahd one science teaching

" journal regularly so that they may keep abreast of current publications

of interest to them persondlly and applicable to course content “and 'that ’ .C
gome ideas about current teaching technidues may be apprecﬁated in relation
. “ 4
ito the teaching program 'in wkich they are engaged - . . ‘
@ \ . 4 » . T ;

'9. .Becoming skilleg reporters of student reactionS'to teaching materials and ’ :
methods and to subsequently write these reactions in repogts and publioations.

¢ »
10. * Learning to make their presentations in such a way asg to Egouse the
» . curiosity of 8tudents, and motivate them to further study and wotrk within and

t

outside of the classrogm. > ) o .
v ‘ “ " ue s oo g

11 Extending the attitudevof the scientist, that any good or worthwhile
discovery not become the secret property of its discoverer byt that it be ;
. freely shared with colleages inside of and outside of the consortium. v

- ) . ‘_.‘\ - . _
A ! . T -
. P ’ * . . N

L]

“. ,» THE SCIENTIFIC METHOD AND MOTIVATION - ' o '
i ) N . \ . ’ M

Cer . . - i B ~gt

While the goals above can be reached individually, they should be worked A

toward collectively since they have become collectively the crux of the uses
and further development of this material. Furthermores¥they must be viewed .
as a means for developing the scientific method of pro 1em—solving and for -
. sustaining, student (and perhaps teacher) interest and motivation. [he version

of the scientific methodto which the Biology Section at the ISE gubscribes is

as follows: * . . .

1. Obseruating in the field or laboratory an event that stirs the curiogity.

3, e . ¢ %

v

2. Formulating of an hypothesis’about the observed pehnomenon.: .
3. Designiné a controiled experiment.to test the hyposthsis. , . X
L b Cofiecting and analyaing the data. ’ ‘
. ‘ s
‘\ ' %:A Reaching conclusions by ifductive reasoning.. \i
i, 6. Accepting.or rejecting the starting hypothesié. - . :, »

7. vForpuiating of continuation hypotheses.




The scientific method is a method of dealing logically‘and systematically
with natural-type activities and of demonstrating the correctness or incorrect-
ness of ideas, &ssumptions, guesses, and the like, which are of scientifice in-
terest First, however) there mugt be an idea, a question or an agsumption

_about something natural (as distinguished from the supernatural) Since some '
conaepts, ideas and questions have been demonstrated many times to be true or ’
¢orrect (or untrue and incorrect, as*the case may be) it is not really worth- |
while to repeat the proof unless the idea is one of great importance in the
structure of the organized- knowledge part of 8cience. * .

4 Inquiry has recently become a popular wofd used. in’liscussions pn the
' teaching of science. What it means, basically, is to dpply the scientific -
method when investigating the correctnessLor trueness of concepts, ideas, and
assumptions. That is, the sciéntific method is a way of dealing logically and
systematically with inquiries. For the scientistythis is done by carrying out

. experiments that are well-designed to answer one or more questions raised by .
the inquiry. rhe well-designed experiment leads to the generatjon of valid

date and the data in turn leads to discoveries. . ' ’ .

Psychologically, the inquiry arises because the curiosity of an obsérver
has been aroused by what he has seen or experienced in the laboratory or in
nature. Luriosity sets off a psychological\drive which may be described as a
physiological imbalance. If the imbalance is slight the drive force is not * .
intense. If it is great, the drive may become so stropg as to be ' conspming
This curiosity-inspired drive,” like other psychological drives, will "be termi—
& nated by an adequate resolution of the curr9s1ty,.lead1ng to satisfaction. °.
Since curiosity is psychological, one could be rational and expect the aeward "
to be psychological. ; It usually lS, being the insight gained about the curio- ’
sity-indicing phenomena. That is to say, the insight gained when generaliza—
N tions (valid or not) are reasored.from the experimental nesults. . ¢ . .
v In order to get some results, biological matenial may Pave to be SubJected |
to conditions unlike any the material encounters in nature. The experimentor
may .have to create special environments, apparatuses, methodsfof detecting/
changes, recdrding methods or data-processing devices. He may, in fact,
create combinations unknown in nature, but which are useful for demonstrating |
|
|

-
»

Lcreate
the correctness of .assumptions and concepts, and in answering questions. It
U follows, then, tq say that if inquiry, discovery and creativity occur as the
scientific method,is pursued, then inquiry, discovery, and creativity are

elements to be .found in every good scientific experiment. . . id

. * ) N
" The gaining of an insight into the causes of the original, curiosity-
inducing experience is perhaps the satisfying event that retukns the .psychic
and physiologic imbalance to zero on that question. It is usual to find that
during a genuine inquiry new questicns are raised and new motivations activa-
. . *%ed, so that a spiral of knowledge- seeking and knowledge»generation 4is develo-
‘ ped. - . . ‘e

. .
-

"Discovery'" at too low a level is unacceptable to most students. To,
“discover" that an everyday item is "alive", ot that it has "insides" is to
1 'operate far below the intelligence of college freshmen. They expect some | i)
challenge, and a synthesis from discovered facts to discovered truth. It is, *
this latter challenge that .makes research an interesting and consuming endeavor

¢ ! , ? - ¥
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Ih,fact,'during the caurse the student shd@ld progféss from being a stu- .ot

dent in the biology laborébdf& to being, a biologist in the laboratory and .
finally to being a scientist At wark-in a biological, laboratory~~inquiring
into the secrets of nature, discovefing facts and, being ahle to make generali-

.~ zatiops, ° L - .
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Despite the fad® tha¢ different people identify and mame the approaches )
used in ISE courses differently, ISE identifies the.biology course laboratory  °
as being '"object-centered", very much in the sense that John Dewey wrote about
the word "object". For clarity thig térm should be defended and compared yiEE

some others 4n common use. )
A -

Dewey's essay on the "Use of the Word 'Object'" is not' an easy one to read
"jand understand the first time. Ft requiresigev ral readings to gain®the fyll
sense of whaQ\De?ey is trying to say.; so we have inclffed it on pagé 8. ¢!

. \ . N
The object is the thing to be thought about~-a specimen, picture: labora- .

\ tory experience, movie, or other non—abstractlixaﬁgible, real thing'. Ideas

are built up around the concrete object. Therefore, concepts of such things

as cells, independent assortment of genes, cellulat metabolism, etc., are more

eas%ly'grasped by students. if these abstractigns car be related to a real ob-

ject. ” . T -

* z
)

. Object-centered describes the way biology gets taught ‘because the defini-
tions of "the terms are very often the biologidal structures and processes
othemselves Other‘terms sometimes mis-applied to the way biology gets taught _ -
are "laboratory—cquered", "student~centered", a?a "open-ended".
‘ hY “ 7
Laboratory-centexad, as used, means that there is a Jaboratory component

to the course~ In non-science courses wheréTlaborétogy eﬁpefiepces have been
introduced, this term may have distinguishing significance as a term denoting
difference or innovation«in' teaching method. * This is nofk so in the sciences. ¢
Chemistwy and physics developed in laboratoriesin the 17th and’?&th Centuries.
Biologv bétame a separate study from medicine in the mid-19th C tury, fol-

lowing a long \tradition of object-centered a?tivitf by physicians. Since the '
sciences have been built around labordtory experjimentation, laboratory-cen-

tered does not describe anything But_ the most'cyassical traditions in science.

- Student~centered, as' used in educational circles, indicates that a stu- ) .
dent "is presepgyd with several chojces of activity from which he may alect.
e may also klect not to select (provided he is willing to suffer the conse-
quences, if any). Because of the amount of preparative work necessary for
most biological experiments, it is not practdcal to use this design as a usual
thing. A modification can be useful--thdt is, several experiments may be set .
up at different stations and each student asked to perfoxm some study at each
one as they become:-available (or a ceritain number or kind of them):«

o v .

- ¢ "~ , \
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~ Because biplogical materials grow, age, and die with time, they must

either be replaced with fresh material from time ‘to time or the biologiéal
state of the material must be knowmat the time the experiment is dome in or-
der to correctly interpret the results. Therefore, instead of working on the °
student to show an interest in some perishable laboratory experiences, which he
may elect not to be interested in, the student is presented with the material

and his interest stimulated to .study that thing or process. Therefore, .l"

motivation is an important <ofipnent.in such object-centered study.
t * . e = '
.Open-ended is a much-bandied-about term which has somewhat vague '

meanings. Baskcally, it implies that nothidg will bé decided because, per )

haps, nothing can be decided. Usually a step or experimental group is omi-

ted from thllexperiment, yielding inconclusive results. The game here is to .
identify the missing link and then to do the experiment properly. The idea ,

of the open-ended experiment is generally contradictory to the ideas of the
"scientific methpd. If a proper experiment has been done and the data accura-

tely collected énd evaluated, then a tonclusion is almost certain. It is N
true that sometimes the data are insufficient to permit one to draw definite;
conclusions, but In a real experiment this is more by happenstance than. by
design. Open-endedness is good when perfofming some orientation experiments
“as wher generating a problem by the so-called "open-inductive' method, where -
domething is isolated from a mixture and then characterized. Eventyally,
however, this approach must give way to conclusive reasoning--either linear
(sequential), or confluent (integrative) reasoning--resulting in one or more
generalizations. )

1
w/

“ \ ' JOHN DEWEY ~—~ - \
. : . . ON THE USE OF THE WORD “OBJECT” '
IT is not a new discovery ‘that the word “object”” is highly ) ~

ambiguous, being used for the sticks and the stones, the

cats and the dogs, the chairs and tables of ordinary exper-

iences, for the atoms and electrons of physics, and for any.
kind of “entity” that has logical subsistence—as in math-

*  ematics. In spite of the recognized ambiguity, "orie\ whole
branch of modern epistemology is derived from the assump-
tion .that in the case of at least the first two cases, the word
“object” has the same general meaning. For otherwise the

. X subject matter of physics and the things of everyday exper-

. ! ience would not have precented themselves as rivals, and

) philosophy would not have felt an obligation to decide which

is “real” and which is “appearance,”-or at least an obliga-
tion to set up a scheme in which-they are “reconciled.” The
place occupied in modern philosophy by the problem of .
the relation of the so-called, “scientific objects” and ‘“‘com-
monysense objects” is proof, in‘any case, of the dominating

. presence of a distinction between thé “objective” and the
“subjective” which was unknown in ancient philosophy. It

: ' indicates that at least in_the sense of awareness of an ever-

present problem, modern philosophy is’ “objective-subjec-

»
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tive,” not just subjective. I suggest that if we give up calling.

the distinctive materiel of the physical sciences by the name
“objects” and employ instead the neutral term ‘“scientific
subject matter,” the génuine nature of the problemn would
be greatly clarified. It would not of itself be solved. But at

“#east we should be rid of the implication which now pre-

vents reaching a solution, We should be prepared to consider
on its merits the hypathesis. here advanced: namely, that
scientific subject matter represents the conditions for having
and not-having. things of direct experience. '
Genuinely complete empirical philosophy requires that
there be a determinajion in terms.of experience of the rela-
tion that exists between physical subject-matter and the things
of direct perception, "use,. and enjoymient. It would seem
rclear that hisioric empiricism, because of its commitment
to sensationalism, failed to meet this.need. The obvious way
of meeting the requirement is through explicit acknowledge-
ment that direct gxperiencg oontains, as a highly important
direct ingredient.of itself, a wealth of possible objects. There
is no inconsistency between the idea of direct experience and
the idea of objects,of that experience which are as yet un-

realized. ‘Far these latter objécts are directly exnerienced as .-

possibilities. Every plan, every protection, yks, every fore-
cast and anticipation, is an experience in which some non-
directly experienced- object is directly experienced as a
possibility. And, as previously suggested,‘modern experience
is marked by the extent to which directly perceived, enjoyed,
and suﬂ'ere§ objects are treated as signs, indications, of
what has not been experienced in and of itself, or/and are
treated as means for the realization of these things of pos-
sible experience. Because historic empirical philosophy
failed to take cognizance of this fact, it was not able to, ac-
count for one of the most striking features of scientific
method and scientific conclusions—preoccupation with gen-
erality as such. .

For scientific methods and scientific subject matter com-
bine highly abstract ¢r “theoretical” considerations with
directly present concreté sensible material, and the general-
ity of .conclusions reached is directly dependent upon the
presence of the first-named type of considerations. Now in
modern philosophy, just as scientific “objects” .have, been
set over against objects in direct experience, thereby occasion-
ing the ontological problem of modern philosophy’ (the prob-
lem of where “reality” is to be found) so identification of
the experimental with but one of the two factors of the
method of knowing has created :the epistemological problem
‘of modern philosophy; the relatjon of the “conceptual” and
“perceptual”; of sense and umierstanding. In terms of our
hypothesis, the distinction and 'the connection of the dis-
tinguished aspects rests upon the fact that what is (has-been)
experienced is of cognitive importance in connection with
what can be experienced: that is, as evidenc'g, sign, test, of

. |\
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-+ » forecast, anticipation, etc. while, on the other hand, there
is no way of valid determination of objects of possible ex-~
periences save by employing what has been experienced,
and hence is sensible. Anticipation, foresight, prediction, de-
pend upon taking what is “given” (what has indubitably
been experienced) as ominous, or of prospective reference.
This is a speculative operation, a wager about the futare. But ‘ T
. the wager is subject-to certain techniques of control. Although
qery projection of a possible object of experience goes-be-
. gond what has been experienced and i is in so far risky, this =
© ' fact.does not signify that every idea or prOJectcd possibility
has an:equal claim. Techniques of observation on one side
and of calculation (in its broad sense) ‘on the other side
have been developed with a view to effective cooperation. In- A
tehctmty of the two factors constitutes the method of .sci- :
erice. Were. it not for the influence of the inertia of habit it
“would be fairly incredible that empiricists did not long ago -
perceive that material provided by direct sense,perception
y is limited and remains substantially the same from person Ty
to. person and from generation to generation. Even when we ' ‘
take’ into account the additional sehse data fumuhed by .
artificial ‘ mstrumcnts, the addition bears no proportionate .
ratio to the expansion of the subjéce matter of the sciences ¢
> thatis constmtly taking place. Were it not that “rationalist” .
. thcor;es are in no ‘better case with respect to accounting for
increase in scientific knowledge (which is: its most striking
trait in modern times), the marked impotency of sensution-
.alist empiricism would long ago have- effected’ its disap-*

* 'pearance. . . . . ‘ . o !
, . ~ [l“]
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TEACHING THE LABORATORY

»
* ]

) Up to now we have desqribed rather general aspects of teaching the labora-

tory. Gne might ask, however, "Just how should the lagofatory be conducted < 7
idéal1y?" . ‘ ‘ )

» : . « .
Laboratory Facilities ) " e .

The physical environment should be comfortable and neat, well—lighted,'
and the temperature modulated so that it is not uncomfortable in extremes of - <

heat or cold. In addition, the number of students to be accommodated should’ L .
. not exceed the number of working places. Overcrowding leaves the extra stu- .
dents feéling like setond-class members of the class when they lack seats or .

are placed at substandard workspaces. Normally this will mean about 6 to 8

i square feet of work space per student. In addition to the teacher's demon§tra—
tion table at. the front of the room there should be other counter-top spaces
where materials may be dispensed or expetimental plants or other organisms kept.
Not the least facility sheuld be adequate hooks or hangers fo6r hats and coats
brought by students when the weather is inclemert.

3

For this course there is little equipment outside of a dissection kit
which students will use repeatedly, so that drawer space will be optional.
However, attached to the laboratory there should be an adequate storage and -
preparation area for equipment not .in use, for making solutions, sterilizing
media, refrigerating materials, and storing specimens.

In cabinets, on the worktables or against the wall, there should be
storage space for pne microscope per student plus two or three others for
setting up demonstrations of materials to be .viewed. Thére must also be an
appropriate stool or chair for each student. Other items of equipment are
listed in each exercise. ) .

Didactic Teaching of Skills

One should distinguish between the didactic teaching of skills and the
carrying out of an experiment, where'experiment is defined as an investigative
procedure to prove, demonstrate, or disprove an hypothesis. Students should
understand what skills they are tying to acquire. If the skill is to be
demonstrated, the demonstration should be done in such a way that all.students
will ‘have an opportunity to observe 'what was done. It #s a common practice
for tgachers to do demonstrations (for.exampley the dissection of a frog
nerve-muscle preparation) at the demonstration tabie. Frequently all of the
students in the class crowd around, but only those in the first row can usualy,
see wnat happened. Some of them don't like being pressed in'the crowd so they
hang back until after the crowd disperses in the hope that they dEﬁ‘glean enough
from what 'is leff to be helpful to them. If one is short and unfortunate .
enough 'to not be in the first row, then that's too bad. We suggest that the
class be divided into tow or more sections, when demonstrations are planned.
While one group is being given the demonstration the other can be setting up
equipment and making other preparations for the work to fellow.

[t
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. An alternative is to let students remain in their seats and carry or pass
’ the demonstration material to the students. Perhaps, ideally, a television
camera would be trained’on small objects and enough closed-circuit monitcrs
placed in the laboratory to assure each student a clear view of the events.
) Sometimes the demonstration may be divided into steps. The teacher will
"demonstrate a step and then the students will imitate. During student activit-
ty teachers will answer questions and point out_corrections in technique.
The student shoula ‘have the opportunity to repeat the manipulation or process
enough times to internalize the skill Once is not enough. The most practical
examination for the acquisition of a skill should be the abiljity to use that
skill agaln without close supervision of the teacher, for the performance of
some subsequent task, as in an experiment. &
Successful acquisition of skills translates i@self 1nto more positive .
attitudes about scientific information, and a reduction in the feeling of
some students that science is mysterious. It also decreases the attitude that
science is done only bmdthe smartest and most-gifted of people (but having
acquired such skills, these students have Joined the ‘ranks ot the smartest and
most-gifted.) %g\mq .

. LN K4
-Doing Experiments
t All of the materials and equiphent needed should be conveniently located
.in the laboratqry. As much individual supply as practical should be provided .
at the workspaces (for individuals or for teams of two or more students) in .
order to reduce traffic jams and delays where many students crowd around to
get a supply of something from a single supply source.

Introduce the topic inductively and have the students participate in an
introductory discusgion to-be sure that they know what the objective (hypo-
thesis) is. Indicate the points at which students should have their work
checked (examined) for permission to proceed. The student should understand
the design of the experiment, that is, he should understand which group is the
control and which is the experimental component, and whether or not these
experimental component,s cover all of the questions for which d.ta 1s needed
in order to arrive at valid conclusions.

o ‘ . .

. The student ﬁ%oceeds with an experiment without demonstrution and imitation.

+ The teacher or teachers may still correct technical errors, however. 1f
students are operating as a team, the responsibilities of each member of the
team should be defined before they begin to work. After the data has been
collected students should be asked to write their own reports. Sometimes they.
_may be asked to write their report individually in standard report form. A
*good student will want to discuss his ideas and interpretations about the

' _experiment with the teacher. .




. ' ON THE WEED FOR TEACHING ASSISTANTS IN FRESHMAN BIOLOGY LABORATORY CLASSéS

~

. We realize, of course, that this type of program (sponsored by the ISE)
is aimed at prsenting a better-taught, more interesting biology course (not
watered-down pap for incapable students) so that normal pexsonnel require-
ments should not be ignored. This may mean more help in the laboratory at
some ihstitutions, either from an expanded staff or by re-directing the ef- '
forts of the exisiting staff. That is to.say, there is a need for teaching
assistance in the freshman biology laboratory classes. Goolsby (1968) set
forth this view:

"One of my former teachers with a penchant for philosophical expressions
used to say to.us, "I want more labor and less oratory in this lgboratory."
One reason that there was so much conversation was that nearly everyone felt
confused at different points during the class and would ask his neighbors
about what he should be doing, should have done, or should be about to do.

In general, productive activity stopped until a teaching assistant coyld look
at the studernt s problem and suggest now he should proceed from thaxhpoint

The teaching assistants, as well as the teacher- in—charge of laboratory
classes in the bfological sciences, traditionally fil: this need in laboratory
teaching to the extent that they can. Usually there are written and oral
airections for the student to indicate to him what it is he should do or

look for and how he will make a report of, his fipdings.

"Following an introduction to the work at hand the student is asked to
use his hands tomaniplupate feel or seek ou. objects of biological interest,
sometimes with the aid of instruments. Secondly, he uses his eyes to observe,
sometimes with the aid of a lens or microscope, v Thirdly, he must make
intellectual decisions about his sensory input if he is to perceive them
in their proper perspective. Since most laboratory exercises and experiments
are basically experiences in logic, it is essential that the student use
vaiid premises in order to draw correct conclusions congerning the question
or hyposthesis under consideration. ) . »

The teacher (whether in charge or assisting)\ is mainly needed in the
laboratory for inteliectual reasons. As the student goes about discovering
facts about material objects and phenomena it is possible for him to see
things and not perceive the significance of his observation to the solution
of the problem at hand. When this is so the student will seldom know which
observation he missed but he will usually know that his reasoning is incomplete.
Leachers then become indispensible to the acquisition of good quality informa-
tion in the laboratory. The importance of this fact in arriving at good
decisions and conclusions does not need to be stated.

How many teachers are needed in a laboratory class doing moderately
challenging work? The optimalsize group usually lies between 12 and 16 stu-,
dents. Fewer than 12 students do not usually make maximal use of the teacher
at_the Freshman level. With more than 16 the following things happen at an
Goolsby, C. M. 1968 On the need for teaching assistants in freshman Biology
laboratory classes. The PHOENIX 1(1):3-4. (The PHOENIX is the monthly newslet=
ter of. the Biology Curriculum Section of, the Institute for Services to Educa-

tiopf) ‘ . L {




increasing rate:

(a) A few students will stop work until help arrives. This‘may be a

comparatively long time. During this time they frequently engage in

activitles unrelated to. the work before them. ,

(b) They will continue to work, making mistakes which have to be

corrected after the teacher arrivés and points out the error or errors.

"For a class of 25 students in a two-hour laboratory session (llO
minutes), if 10 minutes is used for orientation, an average of 4 minutes
per student remains, that is, 2.4 minutes/hour/student. Two teachers raise
this time for help to about 4 minutes per hour, which is usually adequate
in the well-planned class-with good directions.

\

]

\
"The consequences of a class larger than 16 cstudents per teacher, will be:

(a) The conscient ous teacher will give full help to each student,’
exceeding considerabl; the time allotted for the class.

' (b) * The teacher may pair-up students although they may have
, different problems.’ .

(c) The teacher will reduce the average time spent per student #n

order to respond to ,the almost continuous requests for help.
) * L 4

(d)" Some students neediné help will not receive it:

(e¢) The teacher will reduce the work expectation of the.student
so that he can cover the requests for help durinu the class even
though this dilut'es the experience of the studeut, or he will

, accomplish the same end by selecting less intellectually=-
challenging exercises and experiments for the class..

The presence of an adequate laboratory teaching staff (one per 12-16
students) not only permits better attention by. the teacher to the student

but It has a good effect on student performance.
. ! .

(1) Thé student has little excuse for not pefforming¥the prescribed
tasks on the basis that he,lost a lot of time waiting for assistance.b

(2) His performance is better because mistakes, omissions and
misinterpretations are detected earlier by the teachers so that good intellec-
tual decisions and conclusions can be reached earlier by the student."

Where will such assistants come from? Many colleges do not have*
graduate programs nor are they located in the vicinity of universities from
whom they could abtain graduate students for teaching fellowships. Where
graduate students ‘are not available, goad upperclass undergraduates can be used
with profit for preparation gnd cleanup ‘as well as fgr teaching assistance

*in the laboratory. Money for such assitance fs usdally availeble through local
college funding programs, An interesting alternative is to award an hour of

- academic credit for the teaching activity in lieu of, or in addition to mone-
tary compensations. '

'
! v

1 31




-

- the material presented here does not belong in the student

AFTERWORD

\ 20

As we sfated‘nEar the beginning.of these essays, much of’

.laboratory manual. It was written and assembled as a platform

to support the teacher who now should become the studenti--

4

a student of educational methods and a student in the argg,d%
2

.

better teaching.

It also functions as a link between’ the ISE and the teacher.

It is hoped that the contents minimize the numbér of‘fundamental

questions about the conduct of laboratory classes by the methods

&

we espouse and that the tone encourages a continuing correspon-
P . :

dence between us. Furthermore, since we have shared our experien-
¢ R . .

- s ~,
ces with you, we hope that you will share your ideas on these

matters with us. . & _ .
. r
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FORMAT OF THE TEACHER!S GUIDES . .

»

The compapion student manual, Laboratory Activities for Biology
includes some information about materials, equipment and some recipes for
stains, buffers, making temporary mounts, etc. These are usually presented to
aid the student in understanding what reagents are being used beyond the
magic names 1ike Ringer's solution, Alleh's fluid, or Kovac's reagent. The
usual written student introduction is often omitted. This is so in part be-
cause such pre-structured discussions may not bé the Jrelevant discussions.
Also, some students do not read very well and spend too long trying to under-~
stand the introduction instead of working with the material. Where intro-~
ductins are lengthy, even students who tead well may find difficulty in remem-~

,bering all they have read. The chances, then, that the salient points of the

introduction will be remembered are better if there is a discussion of the
purposes of the exercise. Teachers are provided with, two quick resources.

The first of these is the section entitled INTRODUCTORY REMARKS TO
THE TEACHER. Here important points gbout the topic of the ex rcide are reviewed.
The fourth section is entitled INTRODUCTORY BISCUSSION. It contains an approach
to discussing the main, basic ideas of the ex;}tise with the-student.

The second sectiun lists the MATERIALS AND EQUIPMENT needed for the
exercises® The quantities give are for two sections of 24 students, unless
otherwise indicated. -

; The PREPARATIONS sections contains directions for making solutions and
other theings which must be d0ue ahead of time. ‘
. LY

PROCEDURES has guggestions for more efficlent arrangements of

Exercise parts. so that time is saved: .
» f . .
the REPORT SHEET is a data collection device but usually has questions

"to be answered also. It organizes information into a format %or easy identi-~

fication by the teacher. After studetnts gain some expgrince, one can give
opportunity for-making laboratory notes without such a fo}mat

&here the data collected is to be used in a scientific report the .
data section of the report sheet can.be used for the RESULTS section. The
questions are selected to answered directly the exercise only sometimes. '
Where they are not directly answerable, answers must be looked up in reference
books provided by the teacher. Questions congtitute a simplified discussion.
Many times:the teacher will want to add his own questions or questfions
raised during the introducotry discussion. REPORT. SHEETS tear out.--just
bend the page back first. . . .

« LS
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TEACHER'S GUIDE TO ° - : \
EXERCISE 1 -- WHAT IS AN EXPERIMENT? SCIENTIFIC REPORTS ‘ )

» .
- »

? . ) . N

3

. INTRODUCTORY REMARKS TO THE TEACHER < ) ] .
Y Doing an experiment——a real inquiry into a naturahenomenon--is the essence
3 of "doing sgience Yet, because so few institutions require a research as part
of the Master's Degree requirements, many teachers of freshman biology are placed AR
in" “the position of having t'o intrpduce their students, and espec*all] the ngn-
biology majors, to the subject of what is an experiment?(that is what does it thean
to do science) when they have fiot had that experience themselves. Such a fact not-
withstanding, students in the introductory course of necessity must be introduced
to the class-laboratory type exercises and experiments in a simple and uncomplicatea )
way so that they will know when they are "doing science" and therefore, behaving in -
some measure like a scientist. :

[y

It is not practical to expect the student to discover de novo the steps in
‘the scientific metkod during the 2 or 3 hours of the laboratory session. Besides,
we 4o not_have to discover that the scientific method exists since great minds over
thetcenturies evolved the procedure. Instead, we must provide a simple experiment .
{ which involves activitie’ well within the scope of the student's previous experience,
but which has parallels to the kind of inquiries biologists, and other scientists, .
make. The object, then, is not to:d&scover that the scientific method exists, but
rather to discover how science works.
P | ‘ . N
In Part A the student is asked to do a simple bxperiment and identify which
parts of it exemplify the various steps in thé scientific method. 1In Part B he
will become introduced to the organization of an original scientific report . and
how this reflects the steps of the scientific method carried out by the experimentor.
« #

MATERIALS AND EQUIPMENT

36-48 small boxes, such as' a 25 slide box ’ ’
Double platform %alances * ' B ,
Various kinds of mall objects that wilf fit into the boxes-—cylirders, balls, blocks,
cotton, paper, etc.
24 copies of an original-type scientific report or reports. ) : Lt T
h | . ]
PREPARATIONS ' . .

. . ‘.

Everyone has guessed what wa$,inside of a wrapped gift-box. The-difference ,
hére is that the student will be asked to reason and record his reasoning leading
to his conclusions about thk zontents of the box assigned to him. Prepare’two (2)
boxes for each studeht. in the laboratory session. Although a slide box is suggested
above, any kind of container that i§ opaque, of uniform size, and regular shape
will do. Number the boxes and after they are prepared make a list of what is_in ,
each, Place them on trays under the control of the teacher to be passed out to
students at the time indicated below. , . .

. Place on the demonstration table the double platfor’ balances, an empty box,
gnd one of each kind of item enclosed in the boxes.

.
‘-
‘. -~ N ’
N N ’
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Obtain enough reprints of scientific repotts’ (not review’ articles such as N

appear in the Scientific Americidn) so that each student will have & copy. , The copies .
may be of the same paper but the experience of the class will be increased if thev . - |
_are, different. ‘ .o 3
Some questions which should bé answered during the discussion would include
" .these: . . © 7 . a
) -t - * .

+ Y N .
+ . N . 5

) How is information accumulated scientifically9

What is an experiment?
% A What, is.meant by ''doing science'?
’ Should we distinguish between exercises and experiments9

What, are some possible exercises?

* X ’ Why are all of ‘the experiments in Laboratory Activities for Biology lebelled
! “Exercise...."?
What are the steps in the scientific, method (as outlined in the laboratory -
manual)’

.l ” ) .l ’

At the end of the di% scussion pass out the numberad boxes contaiﬁing'an object
"(perhaps) to each student. Have the student’s write down their observations on page
1-5 of the manual and answer the first question. However,. ask them not to opén

their boxes uptil asked to do so. . - \

When sufficient time has been used for most students to make comparisons with .
the known (controls), ascertain what conclusions have been drawn by a few students.
,Then, have everyone open their boxes and complete the rest of the questions on
page 1-5 of the laboratory manual. If any students made an error in his inference ‘
about the contents of his box, have him select awother numbered box and proceed
before, writing his observations on the back of pagekl -5. ) .

. t
Payt B —- Scientiﬁic.ReportA < .

On a.separate piece of paper have the students write tlie name(s) of the - .
author(s) and the title of the article. Only the first word and proper nouns are
capitalized. Have them devise a suitable, reasonable abbreyiation for the journal 0
title (it may be the standard bbreviation) Later, tell them, or write on their
papers, the correct standard abbreviation. Then have them write “the volume, number

(if given), inclusive pages, and the date. Example._

Brant, J. W. A. and A. V. Nalbandov." Role of sex hormones in albumen secre-
tion by the oviduct of chickens. Foulsry Science, 35:692- 700 1956,

Have)students fdentify the hypothesis being investigated. Thds is normally
at.the end of the introduction. 'Also have them identify the organism and tissue

being used. | T

- 1

.. They should report .on what kind or kinds of data are being reported. That is,
is it descriptive mdrphology, qualitative data, as for color or consistency changes,
or quanitative data (values for weights, volumes, temperatures, acidity, salinity,

heights, etc.) ' <

)
1
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Have them decide’ which of the conclusions reached, seem to be of the greatest
»probabde significance. : ’ {

-
How many reference sources are listed ﬁ} the writer(s)?
¢
Have sQudents ‘hand in this report at the end of today s laboratory session.
Give students 3 iibrary assignment. They may be ‘asked to look up and ahstract”
information from an article or artitcles for which the teacher gives the reference
or’ the .teaches may ask students to'look up references written by specific authors
or on specific topics. This would involve using the indices to abstract journals
such as Chemfical Abgtracts or Biological Abstracts. To ask students to select a
topic at this point would™be premature and therefore, frustrating, as his interests
in a topic may not be well-developed. However, if some students have strong in-
terests let them bring in references accordingly..

References .
* - ¢ * . .ot 4

Anthony, R. J., et al, Biology Teachers Curriculum Guide, Unit 1--Nature of Science
Goolsby, c. M., Evolution of Modern Cell Study, Chapter 1.
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7 . Intevest centered about classifying 4rid naming structures’ on the basis of their
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TEACHER'S CUIDE TO -y ' by -

. . 'h ‘] P 7 . . s
FXERCISE 2 —— WBEGHING AMD MEASURING . “_— ' .
) :- . .-ﬁ - * b L)
4 Yo x . . ~ ~ . 7
J . . . - . - .
INTRODUCTORY REMARKS TO THE TEACHER 2 S
7 v . - * ) N ' b

A few decades ago Biology was largel concernéd with morphology and counting
shapes and counting up the number of kinds of things--bones, chromosomes, species,.
gtcd Today, much more physiology is included in biology, and in this course it is
an important component the laboratory work. -Ability to weigh and to measure
sizes and volumes acc ately becomes an important skill in working with the small
quantities usually enountéréd in the,class laboratory. S

I

Most nof-science college freshmen are as unacquainted»with making scientific
measurements as they are with microsope operation. Teachers are perhaps prone
to place more emphasis on the use of the microscope. As important as the microscope
is for the study of minute morphology, it must share importance with weighing and
measuring in the modern study of,biology. .,

. { .

.The introduction to'tHis exercise explains that' the 'units of ‘measurement and
volume usgd In the laboratory aré arbicrary, but mutually-agreed upon standards.
Although this is an exercise in Physics, it deals with skills necessary for the
'successful study of modern biology. .

A LT e .
QATERIALS AND EQUIPMENT . -
vt '
Chemicals !
~aemacale

s ¢ . 3 = S
200 cc. Ethauol A P g - ‘ '——\\‘\\\““

200 cc.. Glycerol - . " ' . "

!ascic & Glass Wa;ef Lo S

%% 10 nl. pipettes .
+ 24 1 ml. pipettes oo
(24 10 ml. grad. cylinders
“96 small, beakers o - /
"t B .‘ hY ‘}*\
Others . ; . ",
r"g’ - - '.\"t . \‘, -~ . i" .- 3 . -
24 15 cm. rule’ ] N, . 67/‘ "

i

e 9? triple: beam balance o - , ' . ’

rolls.alumnium weighing Ypans" A ot s
24 physiological weights (5- lO gn®) ., . N
24 large nails : . l ’

’ . 3 . - _,. . .
¢

PREPARATIONS

/~

£ ‘ ¢

, .
Balances. Be sure that balance pans are clean, that the balfinces are levelled and
that they are in balance when)all weighfs are set’ to ZERO.
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Pipettes. _ If glass pipets are used, the clean pipets should be distributedLIn
pipets cans, or placed in central containers which keep the mouthpieces off of

the table tops. Students Should not be asked to put glassware into their mouths
that has been on the laboratory table tops. The same rules apply to the sanitation
of pipets as to dinner tableware. A convehient solution to'tfis situation is the’
individually-wrapped glass or plastic pipet which assures a clean mouthpiece to
each student. Containers should be placed on each work bench to.receive used
pipets. If glass graduated cylinders (1000 ml.) are used as receptacles scme

paper towelling should be placed in the bottom. About a liter of detergent solu-
tion should be placed in the graduate. Pipets should be placed in these containers
with tip down. It has been a wide practice_to put pipets into such containers
with the mouthpiece down because sometimes the tips got chipped, making the pipet
useless. However, in order to do this, any potentially dangerous material con-
tained in the pipette will get on the hands.

. AL i . .
INTRdDUCTORY DISCUSSION S /
. P4
The objective of this discussion is tg emphasize the importance of quantity
in making descripticnms.
*Some questions that'should be answered in the discussion irdclude:
How high is high up? , 4 - .
How big ig big? . : g
How Small is small? tiny? real tiny°
Contrast the English and metkic systems of measurements. .
Can the class suggest any better systems for weights.and measures?
. PROCEDURES - P ' P -
\/ . a .
, Assign Part A %wglghing) and reqdire that the teacher or teaching assistant
check the weighing technique and the4ualues~obtained before permitting the student

to proceed to Part B: Thus—the teacher can satisfy himself that the student did
in fact do his weighing and computing. There is also a motivational factor in- '
volving teacher-approval (as a reward) fgr completing Part A, Permission to do
Part B becomes an indication, too, of teacher approval and thus has a reinforcement
effect on learning
It would be good to have a student demoastrate pipeting tecghique in front
of the class. If this is to be done, the teacher should satisfy himself that the
student can pipet accurately and properly at some time before class begins. The
event may be introduced simply, f?r example:’

Teacher: Jim Jones will now giverus a demonstration. .
(Jim Jones demonstrates pipetting without comment. Have him do both .
the methods using the index finger, then the nlethod using the thumb
. to close the pipetd) . L

”

REPORT SHEET

-

Factors affecting the accuricy of the measurement of a physiologl¢al weight
with a mm. ruler are that such a weight is relatively small and. one may have to

Y L]
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estimate fractions of a mm. Alsé, the corneré are often removed from the weight ‘
so that it is not a complete rectangular block. Temperature effect on a 10 gram .
welght is probably neglible. ’ ,

s ‘. .

In measuring volume in a graduated cylinder the object being measured must be °
completely submerged and the graduate must be read accurately. ' Temperaturé can be
. a factor. :

The viscosity test is not only instructive about the relative viscosity of
water, alcchol and glycerol, ‘but the emptying time is a function of the accuracy
with which the pipet was filled. Alcohol is less .viscous than water. Glycerol
approximates the viscosity of the endoplasm.

3

QUESTIONS . . s
€ ’ * : "‘(/'
. 1,2 &3. Scales make use of gravitational pull on the mass being weighed as 2
measured hy a spring. The strength of the spring may be constant or vary over a
period of ‘time. In different parts of the earth, the pull of gravity varies so - L

that ‘thé same mass will not weigh the same in all places using scales. \

Balances weigh by comparing the pull of gravity on an unknown mass with that
‘on a known mass (weight). Since the pull of gravity is the same on both pans (or
’ sides) of a balance, even if the gravity has varied from place to place, one is
assured of obtaining the same mass of material. Therefore, balances, not scales,
Iare’thé standard instrument for determining weights .in the sciéntific laboratory.
4, There are 28.4 grams per ounce
454.4 grams per pound
1000.0 grams per kilogram
2.0 pounds per kilogram
2.54 centimeters per inch
100.0 centimeRers per meter

LS ¥

14°x% 140 mm. = 14/25.4 x 140/25.4 = .551 x 5.51 inéhes

. . - - r
5. A proton weighs 1836 times more than ag electron and therefore accounts for
most of, the atomic weight. . ot .

[ ' - . N \

6.. One cc of protons would weigh many tons.,,

7. The mass is the amount of material. A given mdss may'weigh different amounts
on scales but on balances the mass and the weight are the same. ,

-

NOTE:

\

/Th

L]

. B e

lculation of
]

the standard deviation and

of the standard error is

given on page 9-1 of the’

manual.
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TEACHER'S GUIDE TO

EXERCISE 3 »~ DIFFRACTION OF LIGHT INTO LTS SPECTRUM

»

1 k]

INTRODUCTORY REMARKS TO THE TEACHER , .

A knowledge of the physics of light behavior is useful to the student for
understanding the microscope and the miscroscopy of various biological materials,
and for understanding colorimeters and spectrophotometers. Visible light is a
§mall part of the electromagnetic spectrum which begins with sounds, goes through
radio, progresses to heat and passes through the infra-red into the longer wave-
lengths of visible light. Radiations just shorter than visible light lie in the
ultra-violet, and as wavelengths shorten, the radiations becomes actinic (photo-
chemically dctive) as the spectrum passes through ultraviolet "light" through
X-ray (and gamma-ray) emmission and ends with the shortest waveleagths and the
highest frequency per second in thg cosmic rays.

White light, as comes from the sun or from incandescent lamps, contains .
lights of all-the visi.le wavelengths. Only when the light is diffracted does it
become apparent that it is made up of lights of different frequencies_(colors.)
Sometimes this color is very helpful, as when determining what elements are being
burned to give the light, and sometimes it is not desirable, as when lenses are
chromatic not achromaticc That is, in microscopy, the ljght must be diffracted

_in such a way 48 to not give rainbows around all of the images seen.

’

Prisms are very.old in the culture, just as apples are old in human culture.
Apples were not invented by Newton to explain gravity. Everybody already knew
that apples fell to the ground, but no ore had thought out loud about the attrac-
tion between large and small masses. Similarly, prisms were objects for enjoyment.
(lass and gem cutters made use of the reflective and refractive light-splitting
properties of prisms from ancient times. Newton, however, put a prism into a beam
of sunlight in 1666 and made the first scientific analysis of the colors in sun~
light. In 1800 Sir William Herschel measured the temperature in the region of the
spectrum just beyond thé visible red (78008) and found it higher there than in the
visible red portion of the spectrum. Thus, infra-red radiation was discovered.

It seemed & natural consequence for the scientifically curious to investigate the
other end of the spectrum. J. W. Ritter (1801) did not find it warmer or cooler
thire, but he did discover '"light" with photochemical properties in the ultra-
violet, )

By the béginnfng of the twentieth century it was concluded that visible,
ultraviolet, and infra-red lights were part of the continuous electromagnetic spec-
trum. The portions of the spectrum mbst-used by biologists are visible light
(3800 to 7800&) and ultraviolet light (1000 to 3800&). The ultra-violet region is
subdividéd into three ranges, based in part upon the fact that this range of radia-
tion is largely absorbed by the air and water. 1IN the extreme or vacuum ultra-
violet region (1000 to 1900R) experiments must be done in a vacuum. The far ultra-
violet reglon (1900 tc 3000R) is (filtered out of sunlight by atmospheric ozone.

Tt is interesting to note that, this range, which denatures proteifls and breaks
apart nucleic acids, ends precisely at the point (30008) where they are no longer
seriously affected. The near-ultraviolet (3000 to 3800&) radiation passes through

the atmosphere but, like the other ranges, can be stopped by most kinds of glass.
However, ultraviolet light is easily transmitted through quartz.
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“ATERTALS AND EQUIPMENT

0 oright lignt sources of high intensity .
* viewing boxes (described below) .
12 ‘triangular prisms - .

I'ne viewing box is mainly a device for shading the refracted lighi so that it
can be seen. A darkcne! 08m accomplishes the same end, but this is not practical
for a class. One sidc of the box is open. Une end of it has a circular openfhg“”/
cut and a piece of opzaquc (cardboard) tubing inserted. This"iswcoveredw;ith opaque

- paper on the inside end and a verticgl slit is cutainto‘ihé>paper. The high-inten-
sity light source, or 2 » 2 slide projector, is abutte. to or inserted into the

outside end of the tuve. The prism will have to be supported on some movable object

which will bring it up ‘to the right height to intercépt the beam of intense light

\ piece of white paper can be used as a screen inside of the box. © .

Brigl 7 A Sheet of white paper .
‘right . . -
light - - —’ ) A &, .
source —3 \ _—‘=‘ ) .
- Prism
—1 .
Upen side of box ’ .
PREPARATION - {
¢ Y . )
. One such viewiny bLox should be prepared for each four studznts and set up
at thelr workspace before class ?eecq.
- * : ‘ ‘
LHTRODLCIVRY DISCUSSION ,

Present a beaker partly filled with with water. Insert a glass rod. It has
Leen thie common cusurvation of students since childhood that this refractive quality
of -water would make a straigit object appear bent, but now the question is, .hy?
Ask if auyone can explain why the rod appears bent. (There is a difference in .
the speud of light pas.iny thiough the air and passing through the watér.) If no
one can explaii., then .ce what they know about light.

What is the usual speed of light? (186,000 miles/second). Can it be slowed
down? (Yes) What could slow ghu speced of 1'ght? (A transparent substance with a
density greater than air). 1hat makes it sound like light might be slowed down by
somethiny dense like glass or plastic so that the ultimate amount of slowing would
dupend .upon iow wuch of the material was involved. Hove the rod slowly toward and
away from the observur.. The more water is between the rod and the observer, the
larger it will appear. Why? Because the more the light is refracted the larger
or smaller will be the image. In this case it is larger because the mass of water
is cylindrical and acts as a convex lens. The degree to which light is bent de=
pends upon the Jdensity, and this is expressed in a ratio called the index of re- .
fraction. In microscopy, distortion of the image at high magmification is reduced '
by eliminating a layer of air between the lenses of the microscope and the object
observed. Uil with an index of refraction about the same as that for glass is
used and such let,os 51+ called oil immersion lenses because they have been de-

%
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signed in such a way that the index of re‘raction for air must be‘eliminated.

Today we want Lo study the way liéht t~haves when it passes through one or
two pFisms and then compare the prisms witn a diffraction grating in their re-
spective abilities to refract light into its spectrum.

PROCEDURE

Do Part A then Part B. 1In Part A measure the distance from prism to screen
and of the screen with the various arrangements of the prisms. .

REPORT SHEET . |
Part A -- Diffraction by Prisms
1) 1If red is 1, the order for the other colors is 1, 5, 2, 6, 3, and 4.

The colors produced by the wavelengths of light (in Angstrlms) is 4, 5, 1, 2,
3, and 6.

] 2) Lights of different wavelengths are bent different amounts by the glass.
The shortest wavelengths (violet) are .bent the least.

3) Light diffracted by he first prism is refracted back by the second.

4) There is a point where reverse spegira fall together. This is literally
the "focal point" although no focus exists with these prisms. )

Part B -- Diffraction Gratings . -
. 4

'1) The spectra of sunlight and of a tungsten lamp are the same.

2) Mercury gives a number of emission lines. Those in the visible spectrum
lie in the blue, the green and two very close together in the yellow.

3) A spectrophotometer is an instrument for measuring the intensity of light
in the various parts of the visible spectrum. ,A colorimeter uses filters and
measures light at specific wavelengths. A spectrophotometer can measure light
transmission or absorption over a continuous segment of the spectrum.

T
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TEACHER'S GUIDE TO .

EXERCISE 4 -- USE OF THE MICROSCOPE

~

INTRODUCTORY REMARKS TO THE TEACHER

Of all the sensory receptors, perhéps the eye contributes most information t;#
the brain concerning the biological environment. The nicroscope is unnecessary for
looking at big things, but it is indispensable for looking at minute things, and
iz just happens that there are a lot of minute things to be seen. In the modern
biology laboratory the microscope share$ importance with the balance, the pipet,
the spectrophotometer and the centrifuge. Microscopes range in cost with analytical
balances, spectrophotometers, and centrifuges and make their own unique ‘contribution
to the study of biology by helping the eye to see minute structures. The investment
in microscopes, howevar is generally much greater than in other instruments because
each student must have one, and sometimes two such ihstruments, and they really
cannot be shared if the kind of careful study is done that ought to be done.

Despite the long-time fact that the microscope has been considered an important
physical tool of the biologist, perhaps no other important instrument is used by
students with less understanding of what it does and what it is supposed to do. It
is not infrequent that the student is asked to learn to operate the microscope
without knowing what it is doing, and at the same time study some fast-moving pro-
tozoan culture organisms because they are "fascinating”. The result is that neither
of these objectives is fully met and the teacher seldom returns to the topic again.
The main objective in doing this exercise Is to have the student understand what it
is that the microscope is doing, how he should care for it, and what he can expect
out of,it. -

LY

MATERIALS AND EQUIPMENT . .

Biological

24 liver
24- kidney
24 simple epithelium S '

Other
24 compqund.microscopes ¢ | ) . N

24 stereoscopic micrgscopes '

24 bottles of immersion oil

24 15 cm. rule lens paper

24 stage micrometers . _ ' {-

PREPARATIONS

r

Select a student beforehand to,demonstrate the proper way to carry the micro-
scope. Ferhaps ‘another student can be used to demonstrate the proper method of
cleaning the microscope before and after use. Review the procedures with these
students go that the demonstrations will. be ‘correct.

44
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INTRODUCTORY DISCUSSION AND PROCEDURE ‘

Have the students study the diagram on’ page 4-2 of the manual and identify the
eye¢plece, body tube, arm, objective lerces, condenser and base. The teacher
should then give an oral practical examination on these parts and then introduce
the demonstration on transporting the nicroscope. This should be done with a

*minimum of initial comment. For example:

Teacher: , John Jones will now give ds a demonstration.

, John Jones goes ;to the microscope.cabinet and transports a micro-

sc0pe to the de&%nstration table whgre he sits it gently down.
Teacher® We have just seen John Jones demonstrate the_correct way to carry
the microscope from the cabinet to your desk. Let ds see if we can
tell what it was that John Jones did. When the teacher has satis-
fied himself that students understand why the microscope muyst be
handled carefully, he will ask them to each get the microscope ass-
igned for their workspace from the cabinet. If cladsical compound
micyoscopes are being used the sgudent should complete the identi-
fication of the parts on the didgram on page 4-2 of the student
manual, or if zoom type microscopes are being used, then use the .
diagram on page 4-7. Wher all parts have been identified, have )

. students complete the seif-test, labelling on pages 4-10 and 4-12
as appropriate. -
Cleaning the microscope. . ’ "‘//

We have another demonstration, this time by Mary 8mith. .
Mary Smith has been selected to demonstrate the proper way to clean the optical
surfaces which students should clean before beginning to use the instrument. Lens
paper may have been provided at each workspace, but if.not, pass it out at this
time and students should proceed to clean their microscopes; either surface by
surface following demonstration of each step or doing it after having completed
watching the demonstration.

. Making anNObservation.

|

Xerox copy of mm. rulers mounted on microscope .slides are not as satisfaCuuLy
as stage micrometers. The mm. ruler has a rather wide rule that is hard to make
an accurate measurement with under high power, so that the estimates made with it
are somewhat rough. Stage wicrometers are expensive, but there should be enough
in the department to supply the laboratory session. It is best tn have them use
the micrometer only on low power and on high dry power at first. After some ex-
perience has been gained on other slides with focussing, using the oil immersion
objective, should that measurement under oil immersion be attempted by students.
Students, therefore will learn to get the rulings of the stage micrometer in focus.
It stands still. 1t has meaning.

l t
Plane of Foous. -

-

[

Microscopes can not be focussed. Both classical compound and zoom-type micro=
scopes are always in focus. These two types of instrument differ, however, in that
the plane of focus of the zoom microscope is fixed at the top of a standard glass
microscope slide. Objects placed higher or lower than that position will lie out-

~——
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side of the plane of focus and therefore, will not be clearly seen. If the lenses
are jarred out of place the objecs cannot be focussed. .

The plane of focus for a classical compound microscope is a fixed distance
below the objective. This is called the "working distance" and is raised or loweted
when the body tube and objective is raised and lowered. Thérefore, the task is to
bring the plane of focus to lie in.the plane of the object to be observed.. If the
plane of focus lies slightly above or below the object to be studied, it will be
fuzzy and not ‘clearly seen. 'If the plane of focus is somewhat removed from the
object it will not be seen at all.

Sometimes, after'having wiped the lenses, a gtudent may still not be able
to see through his microscope. The most usual cause seems to be that the instrument
was used to observe scmething in a salt solution and because of poor technique and
failure” to clean the lenses after such use, an encrustation of salt is left thereon,
obscuring vision most effectively. Wet a piece of lens paper in clear water and
wipe the objective clean. Complete cleaning with a piece of dry lens paper.

v

REPORT SHEET
Part A

1. The correct order for a classical light microscope is:

-

3. condenser iris 4. Abbe' condenser lens
nosepiece 7. body tube and draw tube

1. lamp 2. mirro
5. objective lens
8. eyepiece lenses

6.

4

2. The iris diaphragm control is located on the Abbe' condenser.

3. The condensér-raising head is located on the side of the base.

1

Al

5. The image moves in the opposite direction as the slide on the stage.
7. One focuses upward on higher magnifications so that if, the plane of focus
passes through the object too rapidly, the objective will not be driven
down  on the slide with resultant damage to the slide and to the objective
lens.

High-dry and oil immersion magnification§ require more light because the size
of the field is smaller, so more light is needed to keep the levgb of illumination
bright. . . N . ¢

»
1

Part G

t 3. No. If the nucleus is sphericalso that its width is the same as its
height, then this distance can be related to the numbers on the fine adjustment
head so that the number of microns of vertical movement can be assigned to the
numbers on the fine adjustment head. .

4b
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 Part T (eye) .
" 1, 1s the image reversed? No .
2. How did cells in a slide of tissue look? They could not be resolved. )
X . . . - \ ’ . .
A penny was magnified so that the small letters could be plainly read.
<
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TEACHER'S GUIDE TO » . .
: 1

. A : * {
FXERCISE<5 -~ STERILIZING AND STERILE TEGHNIQUE

14

‘ . |
Introductory to Exercises 6, 30 and 42 g ‘ !

: - "

INTRODUCTORY REMARKS TO T?E TEACHER .

There are only a few exercises in this manual that make use of microbial
cultures; but these are very interesting experiments and attack some very fundamental
questions in biology. In order to do them the student must have some understanding
of what sterility means and how it can be produced and maintained. The techniques
are not difficult but muyst be done carefully if contamination of cultures is to . b
avoided. Since the bacteria find the same kinds of food nutritious as do higher
organisms, there are times when foods must be protected from infection by bacteria.

. Similarly, if one is doing an- éxperiment with g microorganism, the results can- .
not be accepted as representative of the organism under study if the culture has, been
contahida;;d with other microbes. Bacteria are cells and therefore, are killed by
the same factors that kill other cells. Sometimes an antibiotic against bacteria
can be found which does rot harm some other organisms or cell types in the culture,

+ but usually it is easieg and less muddy if the culture can be maintained as a "pure

culture”, .

,+ In this regard, we might mention that the orgapisms used here are not spore-
formers so that they are easily killed. One does not have to worry about spores
contaminating the labgratory go infect accidental wounds long after the bacterial
experiment is over. The coliformg do not survive when dry. Buﬁ on the other hand,
.800d: microbiologists do not accept the idea of a "harmless™ culture. A few E. coli
organisms may not be harmful but a big slug of them, bbtained, for exampleé, by /
pipetting carelessly and sucking the culture into the mouth, can lead to severe

‘ diarrhea and even septicemia. Also, plate cultures should not be exposed and waved
around. While we may assume the culture to be "pure" one never knows wheén a con-
taminating pathogen or spore-forming bacteriug i's present or if a mutation has, A
occurred that is potentially pathogenic. We, therefore, recommend that cultures
be kept closed until they have been sterilized, even though the organism is "harmless'.

Bacteriz’offer many advantages as expérimental organisms. They survive well,
divide~frequently so that many generations can be obtained in & ghort time, and
excdpt for the extremely fastidious species, they are easy to culture.

Bacteria are usually killed by one of several techniques. These would include
poisoning, incineration, lysis, extremes of pH or salinity and exposure to ultravio-
let and other short wavelength radiations. We will yse the first three of these in
‘this exercise. The lagt part of .this activity deals with serial dilution of a cul-
,ture sample and the subsequent enumeration of colonies that grow out of a given
amount of diluted material. Other mgthods of estimating the number of cells per ml.
include nephelomegry (dispersion of light), use of counting chambers (the visible
number of cells per small, fixed volume), and by tube cultures statistically con-
sidered '( the most probable number method.) ’

' ' .
* ]
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MATERIALS AND EQUIPMENT
Chemicals LN

1/4 1b., Mércuric chloride ‘ :
25 gm. Bromthymol blue ‘ ‘ ' . N
5x1 1b. Glucose peptone .
5x1 1b. Koser's citrate ) i (
5x1 1b. Tryptone broth ’ .
1/4 --1/2 Titer of Ether

2 liters Amyl Alcohol or Bntyl alcohol

1 gallon conc. HCl : "

4503gm. p-di ethyl—aminobenzaldehyde

5x1 1b. LidZus milk

5 1b. Sucr , , o
10x1 1b. Agar ﬁer/ﬁlating . B L N
+3 1b. KHyPO, ' ) ‘ SN ” .
25 gm. Methylf red N :

35 gms. alphg-napthol \

1 drum 100% Kthanol .

Biologicals . ‘ T ’

) v ) . t

E. coli culture or Aerobacter aerogenes

. .
.

Plastic and glassware .

550 test tubes or culture tubes (.16x150mm.) .

168 4 oz. nursing bottles oL

25 100ml. graduate cylinders ' : . .
96 10 ml. sterile pipettes (individually wrapped) : M

200 1 ml. pipettes:
1 box Pasteur "Pipettas ’ :
1 box Petri dishes with plate c0unt1ng giid '

150 250ml. flasks ) b .
24 2-litrer suction flasks - . .
1 box glass wool e . o
Spectronic 20 cuvettes

Others

%4 Bunsen burners R *
24 Nichrome wire loops with handle ' .

48 Test tube racks . ' « .

24 Test tube brushes .
24 Triple beam balances (See Ex. 2) oL \
1 or 2 Autoclaves

6 Pipette jars .
24 B & L Spectronic 20 or 34 spectro-photometers
48 1 hole rubber stoppers

6 rolls of aluminium foil

24 pH paper rolls .

1000 plastic slip-on gaps

£
o
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PREPARATTONS , - S ’ g
Pure cultures of E. coli or A. aerogenes should be obtained beforehand either , )

from the microbiology course se br from a supply house such as the Midwest Culture

Service. The organisms should be suspended in sterile broth and streaked to ascer-=

tiin the purity of the preparation. Use a sterile loop td transfer some organisms .

from a single, pure-looking colony to a tube of nutrient broth.' This culture shou. 3
then be used for the IMViC tests .on page 53 of the .manual. These tests are for

indole (I); methyl red (M), the Voges-Proskauer reaction for acetylpethylcabinol

(V) and for ability to grow in citrate as the sole gource of carbon (1C). These

tests should be done before the class starts' this exercise.

Methods of making‘closures . R .. . ‘
{7 . hes
'V Cotton plugs. Culture tubes and flasks can be plugged with non—absorbant cottun.
This comes in unsterilized rolls. A pledget of cotton aboyt 1 1/2 inches in diameter v
is grasped with forceps and pushed ifito the mouth of the tube. About half of the
(otton remains on the outside. The rule is that the plug should be firm enough 80
that it will support a tube of medium without pulling cur. In plugging ‘flasks fold
an approximate square of cotton 2.1/2 to 3 inches on a side, and insert Lt into .
the mouth of the flask with a twist. As with tubes, there should be enough cottop
outside to cover the lip of the flask.
- k]
To increase the sterile area around the mouth of the tube or flask cut 6- ~inchy
squares of aluminum foil and place one on top of a tube or, flask. Fit it to the top
of the tube or flask by bringing the thumb and forefinger down around the neck of
* the container so that at least 1 to Z inches is covered ’

\

2) Sponge plugs. geveral types of spongy plastic tibe and flask closures are ’
available commercially at low cost.* These are great time-savers, since they4don't
have to be formed to fit the neck of the container. While it is sometimes optional
whether one covers a cotton plug, it,isfstrongly recommended that sponge plugs be
_covered since this will also help prevent the plug from blowing out at the end of ,
the autoclaving cycle. , \ i

. .

3) Metal and Plastic¢ Closures. Metal and plastic” tube closures are available
commercially. These protect the mouth of test tubes from contamination without b Mng
11y id-tight. These types of closures also do a good job of conserving the med1um
‘rum evaporation. . =

TNTRODUCTORY DISCUSSION ‘ ° ‘ .
Teacher: What are the causative agents of infectious diseases (as distinguished
from disorders such as diabetes or near-sightedness which are non-infec-
tions? (Bacteria, molds, protozoa, viruses.)
. * - . ¢ 1.
How could one kill these.infectious agents? (Starvation, electrocution, .
burning; poisons and antibiotics, _excess radiation)
‘ If .we were to restrict our attentitn to the bacteria which of these (above)
methods might work best’ [Check items in list]
]
The project for today is to learn some procedures for keeping a culture pure, _
that is, uncontaminated with other bacteria or molds. This means that the glassware,

-~ '
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medium, pipets, and wire loops must all be sterile. Sterile means to be cowpletely
free of living bacteria, whereas sanitized means ,that a few bacteria are still pre~
sent. One thing thattneeds to'be done (hold up pure culture) is to take a pure °
culture like this one, and transfer some of it to other tubes without contamination
from bacteria in the environment. Where in the environment would the bacteria be
that would contaminate the culture? {In the air, on the table, on hands, in watef,
on any unsterilized.object.) How, then, can they be tr;nsferred with out contamina-
tion? ' (Wait for opinions, GCollect suggestions from the class.)

At this point the teacher should demonstrate the method of flaming a nichrome
or platinum wire loop, of flaming a tube, and of making a loop transfer, includdng
closing the tubes again. .

PROCEDURE «/ e ) a
Part A -- Making A Sterile Transfer With-A Wire Loop
. 0o

Have the class follow the procedures as demongtrated again by the teacher,
step by step in the exercise, correcting any errors made by students. It is not
noted in the directions that the tube closure should not be contaminated by letting
it touch objects which are not sterile. The closure must mnot be contaminated where
it is inserted into a tube or flask. Metal closures can be flamed.

{ .

Beginning at Step 4 and continuing through 9 is a simple experiment. Which
is the control in this .experiment? Tube A~3 is called the sterility control tube.

The protedure for .asceptic transfer of a pure culture with the wire loop is
checked by doing the IMVIC tests on medium from the transferred organisms after 24
to 48 hours. The outcome of the student tests should conform with the tests tle

. teacher has previously done. The teacher's results should be made available before
" the students ‘begin their own confirmatory tests. If the tests come out differently

than the teacher has indicated, that would be presumptive eviance of contaminatiqn,
and therefore of failure to transfer the cultures asceptically. If contaminations
occur, students should be given added instruction in sterile transfer andrrepeat
these transfers and tests. . .-

.

Part B —-- Making and Autoclaving Media

The object .in using 40z. nursing bottles is that they are containers commonly
sterilized in the home where there are children. The experiment in this section is
a. comparison of chemically clean, "thorobghly~-washed" glassware with sterilized
glassware. The making (reconstitution) of the powdered milk that has some litmus
dd@ed is another use of the weighing skill. The amount used is not critical, but
the student should weigh accurately as a matter of practice. It is not practical to
let each student operate the autoclave for their individual bottles, it would take
all day and then some. Have the students place bottles for sterilization in a
central place and then the teacher will place them in the autoclave, explaining to

 the class what the’ autoclaving procedure is. ) . -

Part C -- Making a Pinet Transfer “and Spreading a Petri Plate

v

If’you do noé have individually-wrapped, sterile pipets, then glass pipets
.~terilized in pipet cans can be used. The same rules apply, the can is opened in
the horizontal position to prevent microbes and spores from falling intp it.* The

il




same rules apply, the can is opened in the horizontal position to preﬁent mierobee
and spores from falling into it. The pipets dre shaken out a, little, grasped just
below the mouthpiece, and withdrawn in such a way as to not let the tip come into
contract with the edge of the c?n or the table -top. \ (', . .

Part D -- Making a Serial Dilution and Plating S . ‘
The water hlanks must be prepared ahead of time and, allowed to cool. Once
prepared, as directed above they are good for several weeks. Pipetting accurately
and asceptically is essential for the successful pursuit of this part of the exercis.
When culture is transferred from one flask to another, the pipet must be thoroughly
rinsed with the. rgceiving solution.. The neéwly made mixture must be thorpughly mixed
in order to assure a fairly even distribution of the organisms throughout the diluted
mixture. It truly does require more than a caSual shaking, the twenty vigorous
shakes are needed. )
The agar plates used here should have been made at least two or three days
" ahead and allowed to 'Wry" right side up at room temperature. This is so that the
1 ml. of dilutgyf medium will be absorbed in a reasonable time. Freshly made plates
generally do not absorb the water very well resulting in coalescent colonies or a
" £ilm of bacteria instead‘of discrete.colonies . !

REPORT SHEET - ' . v
Part A. . . , 3

Some growth will have occured in tube A-1 but not in tube A-2 if the technique
has been properly performed. Tube A-1 was flamed so. that the experimentor (the
Student) could .be sure that any growth that occurred was from the loop and not.from
accidental cpntamination. Tube A-3 serves as the sterile control to. show that if' . *

. nothing was done, there would be.no growth, that is, that the medium itself was
sterile. b

Part B. .
1. The 'source of litmus is a lichen, the natural dye being considered superic to
synthetic preparations I¢ has a pKa of about pH.6.4 (red at pH /4.5 and blue at
pH 8.3). . .

d
2. .Decoloration may not ¢ccur in 2 days. If not, let the bottles atand a while
longer. It occurs because in addition to being a pH indicator, lfitmuk is also an
oxidation-reduction indicator. When litmus is reduced it begpmes colorless.

3. The curd and dﬁey together have the same volume as the starting milk, but after
a while the curd alqne has less volude, (relative proportion depending on the obser- .
vation). This shrinkage of the milk proteins is called syneresis.

e b
)

4. The possible sources of bacteria in bottle 2 are: l) some bacteria werernot
removed by washing. 2) tap water is not sterile. "3) the bottles were exposed to the
air. #) he litmus milk powder (or even plain milk .powder) is not sterile. Milk
. is pasteur}zed to remove harmful bacteria, such as those of bovine tuberculosis,

but it .does not kill the lactic acid bacteria which cause the souring of unrefrige-
rated milk. The lactic acid bacteria in certified milk do not exceed 10, OOO/ml

and for Grade A milk they do not exceed 30,000/ml. ‘

~
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5. Litmus pilknwill support growth after being autoclaved as indicated byl bottle 3,
- ) ) ’ B ‘ ) ~

6. The control group or sample in an experiment shows what would happen if the

experimental procedure were not done.

Part C! : 7

’, ~ ’,

4

3. An uneven spread would mean that the whole plate would have to’'be counted
whereas if the plate were fairly evenly spread one might count only 1/4 of it and
multiply by 4. This is not important where there are only a few colonies, but it

there are several hundred it saves a lot of time making an estimate. . -
(] .

~~/
, -

ParF D. i ’ .
1y ’ l * . ,
Colonies on crowded plates are generally smaller than on sparse ones because

the amount of food diffusing to the cblony is less and therefore, the size of the
colony is limited. ) L s '

A o
Every viable bacterium on the plate will not give rige to a discrete colony.
Sometimes two or more organisms will lie ver}y close qﬁgethgr so that only one colony

results. . .
. - A -

Disposal of plates, etc.

' . : .3, )
Remember that autoclaving kills the bacteria and spores ,on the plate, but if °
the medium is left open to the air then it will become contaminated. with some molds
and bacteria that will make it not only unsightly and smelly, but actually dangerous
to be near. Such a mess must be autoclaved again. We recommend that as soon as the
autoclaved, used matérials are cool that they be placed in a plastfc bag 'and, tied
well\before being disposed of in the trash. This way, any new contaminants are

kept in the bag. . !
- t ~
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TEACHER'S GUIDE TO

. "EXERCISE 6 --_BACTERIAL MUTATIONS )
f

. . Prerequisites: Exercises 2 and 5

- ‘ A
INTRODUCTORY REMARKS TO THE TEACHER . 2 .

|

\

|

i
Sometimes dn organism, such as a bacterium, will adapt to a change in the )

environment and sometimes the environment will bring about a change in the organism

(See Teacher's Guide to Exercise 30). This can be in the natuge of an impairment

leading to changes in morphology, or changes in function, etc., that is, non-adaptive ‘

responses to changes in the environment which are reversible when conditions are

more favorable again. However, it may lead to a genetic change (mutation) which is

transmissible to later generations of the organism or give rise to a changed organ- .

ism, that is, a new strain, a new species, or, in the scale of evolution, to a new

Phylum. ‘

It is relatively easy to obtain experimental mutations ﬁith a number of
chemical and physical agents, collectively called mutagens. Of these, the actinic
radiations (ultraviolet light and shorter wavelengths) are probably the natural
mutagens most commonly responsible for genetic changes. Actually, very few chemical
agents occur in nature as widely distributed or in sufficient dgncentrations to
cause an increased frequency of mutants in a given population. Ultraviolet light
from the sun and isotopic radiation from thee®arth have the greatest likelihood of
modifying genes in localized geographic areas. Therefore, populations of the same .
species in isolated areas, delimited by natural barriers such as wide rivers, high’
mountains, or stretches of open sea, tend tQ change from their close relatives in
the adjacent demes., It is this isolation and radiation of the gene pool that can
cause a human population in a politically delimited area (a country) to develop
different, but minor, changes in physical characteristics nct attributable to avail-
able food ar to clothing habits, yielding "national" types.

N

In 1901 Max Planck published a theory that would acgount for the continuous
emission of the electromagnetic spectrumm. He held that an "ideal" hot object
(which he called a "black body") possesses.a large number of minute oscillating

.systems. TQgse oscillators:

1) Have a, discrete number of energy levels..
2) The emission and .absorption of oscillations occur ‘when transitions occur

- Jbetween two- levels of energy.

The energy lost .is emitged as quanta, (photons) of light,.or quanta of

enezgy are absorbed, if dn energy. gain is needed. ‘A quantum is a unit-of .

energy and may be applied to kinetic, potential, or electromagnetic energy, Ve

or to angiular momentum. However, a photon refers only to a quantum 'of

electromagnetic,cifrgy (Iight): It has an energy, (E) e e -
4 - - ] .

g " E = hw Vv = the Greek lettew nu. | : A

" where h is the Planck constant (6.624 x 10'24 érgg seconds) and v is the fréquency

of the oscillation. . .

»
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It is characteristic for the frequency to be faster as the wavelength shortens
so that the speed of light is maintained. Consequently,

*

v = v/A
where lambda €the wavelerigth and v is the 'épeed of light.
If - E=hv '
then‘ v = E/h and E/h = v/A

so that the energy of the radiation (photon) is inversely proportional to the
wavelength. - Therefore, ultra violet X-rays, and isotopic radiations have more
energy- than white light of equal intensity, so they are called actinic.

p actlnic.

.Atoms, molecules and ions were later shown to be the oscillators in Planck's
systems. ,

The spectrum of the emission and the intensity are more important than the
size of the source. Under 30008 most glasses and plastics do not transmit UV
light. Therefore;the petri dishes to be irradiated must be uncovered. Arrange
this for the least exposure to the air: The bottom of the Macalaster radiator
should be wiped with a disinfectant just before covering the sample to be treated.
The guartz of the lamp envelop should be cleaned periodically. Disconnect the
lamp apd clean the surface with soap and water. Alcohol and lens paper can be used
to clean. tenacious dirt.

~

To reduce photoreactivation, avoid working in sunlight or near sunny windows
since daylight contains photoreactivatinglight. Room lights are not so bad, but
fluorescent lamps are worse than incandescent ones in this regard. Samples may be
protected before and after treatment by covering with opaque cloth or storinz in a
dark cabinet. They should-be incubated in unlit ovens.

Common measures of biological effects are based on the expressions of modified
bivlogical activity produced by the treatments. For bacteria and fungi the ability
to grow (viability) is a convenient measure, but one may need to distinguish between
" olony-forming-ability", (which is macroscopic) and "ability to divide once" (which
{» microscopic) as measurus of survival.” Growth may be measured by increased optical
density, confirmed by serial dilution and plating. Mutations can be identified by
Su( eatures as changes in colony morphology,need for certain substrates in the
meaium, susceptability to antibiotics or to viruses, and the like. The ultraviolet
radiation which brings about’ the mutations also kills the cells, so that it will

also kill some of the mutants. If mutants are plotted as "mutants/100 original cells" .

a curve parallel to the ‘survival curve is seen at all but low dosages (short expo-
sures). Therefore, "mutation frequency", that is, the number of mutants/100 survi-
vors should be used. It is not clearly understood why mutation reaches a plateau
at higher dosages of UV light since this does not happen with X-rays. It seems to
be related to UVL-sensitivity and resistance of the mutants.

Ultraviolet light has two major effects on organisms. First it denatures
proteins, breaking their hydrogen bonds and leaving them in the primary form so
that they cannot function as enzymes. It is this activity that encourages arc welders
to wear eye shields lest the ultraviolet radiation from their torches coagulate the
proteins of the cornea of the eye. The second effect is upon the nucleic acid. It

1
o

*
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has been found to cause intrastrand dimerization of thymine and the hydration of
cvtosine. If the damage is small, the chromosome can bring about a healing of the
break with some changes in sequence (mutation) but, if it is extensive, the discup-
tion, together with the denaturation of the protein, will bring about the death of
the cells. )

In this exercise the experiment could be carried out with a number of
microorganisms, but Serratia marcescens has been selected because it is brightly
colored (red) when grown in the temperature range 28-30°C. This not only makes it
easy to spot colorless mutants, but adds interest to the cultures for the student.

The asceptic techniques required to pursue this experiment are introduced in
Fxercise 5. The aliduots of culture are irradfated for various amounts of time. This
helps determine the LD., (the lethal dose for 50% of hhe organism) and at the
same time should show increasing mutant colonies with increasing irradiation. Une
can, thus apply the inductive canon which says that if the cause and the effect
vary together, they must be related. In any event, it would not be very convincing
evidence if the experimentor only irradiated one aliquot for one amount of time, at
least no more convincing than the average value of a single item. Since the cultures
normally will be colorless if ‘grown at 37°C., the appearance of colorless colonies
at 28°C. would be one kind of mutant and the appearance of red colonies when cul-
tured at 37°C. would be another kind of mutant. Organisms from each of these kinds
nf colonies are subcultured in milk (an easy culture medium to prepare) to check for
adaptation vs. mutation. An alternative would be to transfer colonies from the -
plate to sterile brdth and then streak other agar plates. *This would produce dis~
crete colonies.
£y /—‘ .

Eyes must be protected from exposure to the UV light. The Macalaster unit
has the radiant source in a housing supported by a clear plastic cup. When the lamp
is on, the unit must always remain with the plastic cup down. It is also best to
place the unit in a container which absorbs UV light to reduce reflection. A white
porcelain pan, a glass plate, or a large fingerb&®l is ggod. The plastic cover
will absorb all of the UV light. Metal surfaces give high percentages of reflection.
In fact, the white procelain will reflect about 63% of the UV light at 36508, so
it can only be used at the,shorter wavelengths (25378). Flat black Egyptian lacquer
reflects 5%, glass 4% and human skin 3.5% at (23578). If possible, UV~absorbent
goggles, or regular glasses should be worn when near the lighted lamp.

MATERIALS AND EQUIPMENT
Chemical

Milk (fresh or reconstituted from dry powder) .
Nutrient broth or trypticase glucose broth

Trypticase glucose afar

Disinfectant (Mercuric chloride for tables, detergent for pipets).

Biologicals"

Culture of Serratia marcescens

Plastic and Glass Ware

Pasteur pipets

Q
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Measuring pipets (sterile, disposable, individually-wrapped) in these sizes:’

144 10-ml. in 1/100 ml. marking
! 144 5-ml., ia 1/100 ml. marking
144 1-ml. in 1/100 wl. marking
1 casé Petri dishes (disposable plastic preferred)
240 Test tubes with plastic slip-on caps

Other

Macalaster Ultraviplet Germicidal Lamp (2537 &)

Autoclave -
Incubator cabinets at 30 and 37°C. (30°C. is near room temperature)
Pipet cans (if glass pipets are used) .

Pipet jars for recelving used pipets,(even if'disposable pipets are used)

PREPARATIONS

L4

Agar Slarts. Dissolve nutrient agar or trypticase glucose agar according to the
directions on the container. If heating is necessary (and it usually is), do so in
a double boiler. Dispense into culture tubes, filling them about half way.. Plug
and autoclave. On removal from the autoclave lean the tubes agaigst a rod or other
culture tubes so that a slanted surface is formed. When cool, store in the refri-
gerator. Streak one with bacteria for each‘'student team. )

Water blanks. It will be noted that water blanks accurately measured before agto— .
.claving usually end up short about 5-10%. Check the volume of a tube containing
9.5ml. water before autoclaving and after autoclaving and make the water blanks so
that they will come close to having 9.0 ml. (and a few with 10 ml. of water in
them.

Agar Plates. The materflal listed in the exercise ipcludes some bottles. These
were to be filled with agar and sterilized, then made available to students at 45°C.
so that they could pour their own plates. This is good experience, but we have not
included directions for doing it. For this course it will be considerably more con-
venient and efficient to hive the nutrient or trypticgse glucose agar plates pre-
pared by an assistant a few days ahead of their scheduled use so that they can "dry"
a little before being used for plating.
»

§preading rod. See Exercise 5.

Sterile milk medium is made from powdered milk to avoid the fat that will come out
of some skimmed milk.

I

For othef techniﬂues,see Teacher's Guide to Exercise §.

LINTRODUCTORY DISCUSSION

Teacher: Which came first, the chicken of the egg? (This may result in a
debate hetween the more-informed and the less-informed students.)

N . (0f course genetic changes in a pre- chicken egg vresulted in an off-
spring that had mutated to a chicken.)

Q : ' I
“ (-\ j




' Teacﬁér: Do yau think that the genes are unvarying determinants of our

) inherited characteristics? (This*is opinion. They may not know.
If they have considered the evolution of the cell, then draw out
of them that the environment exercises an influence on the expression
of genes. They should be able 'to tell what sort of chémical and
physical factors are mutagenic.)

Teacher: If we were interested in following the effect of a possible muta-
genic agent, how do you think we could do it most easily? (Use a
common mutagenic agent and use organisms that grow rapidly and are
generally susceptable to the mutagenic agent we choose.) ‘

The mutagenic agent we will use today is ultraviolet light, and the organisms
are bacteria (hold up a tube of red S. marcescens). Now there are some precautions
that must be observed if we are going to be successful. What are some of them?
fThe transfers must be made without contamination. Eyes must-'be protected from the
ultgviolet light source, mainly by keeping it in an upright positiun.. To reduce
reflection ask them to work in the porcelain or glass receptacle provided when
irradiating. If there are any techniques called fot which you don't quite remember,
refer to Exercise 5. If you still think you have a problem ask for help from the
teacher or the assistant. ) N

PROCEDURE

One of the problems of doing an experiment like this with a large _lass is’
that movement has’ to be reduced to a minimum in order to reduce contami.ation from
the air to a minimum. Therefore, it is quite essential that as many of the items
as possiblé that each team needs to work with be placed at their workspace. There
is also the problem of ventilation and temperature control. On windy days the wind-
ows cannot be open because drafts of ¥ir will contaminate the plates. One help is
to keep bunsen burner flames at a small size and turn them-out when not in use for
a long time.

This *exercise also calls for a considerable quantity of glassware, and that
may be a consideration in doing the experiment. Ways of using less glassware are
to increase the size of the working teams to four members. However, do not make them
larger than that because the extras will be deprived of opportunities to participate
in the work. A second way to reduce the glassware problem is to assign a zero time
and one other time of irradiation to each group. Keep in mind that the objective
in this activity is not to just show that some mutant may result if bacteria are
irradiated, but to quantitate the numbers that are killed and the number of living

mutants on the plates as a functfon of radiation time.’ :

»

Remember to pfovide receptacles for used pipets (glass or disposable ones,
since all pipets have to be disinfected). Follow the same procedure for making the
workspace sterile as used in Exercise 5 (mercuric chloride or detergent). Provide
" receptacles for the used petri plates so that they, too, can be autoclaved before
disposal. Remember, autoclaving kills the bacteria and spores on the plate, but
if after sterilizing the medium is left open to the air, then a number of possibili-
ties exist for the culture of dangerous organisms. Therefore, when the used,
sterilized plates are cooled, place them in a plastic bag and ‘tie 1t well before
dropping it into ‘the trash can.

-1
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EXERCISE 7 -- BUFFERS AND INDICATORS

~

5 Prerequisite: Exercise 2

INTRODUCTORY REMARKS TO THE TEACHER
v

This is an excellent follow-up exercise to a discussion of the early oceans,
which, buffered by salts and amino acids locally, could influence the shapes of
proteins and thus make them active or inactive enzymes. The conditions under which .
the living state arose, must still be closely approximated in most (if not all) cells.

_Thus, protection from wide variations in pH, as well as in salinity, temperature,
and radiation, is essential to the maintenance of life activities inside of cells.~

In the main, the ability of cells to withstand external pH values outside of
the range pH 7 to 8 depends upon the ability of the plasma membrane to pump hydro-
gen ions and hydroxyl ions out of the cytoplasm if they accumulate to excess of
buffering capacity from diffusion inward. Many protozoa will not survive a pH

"value outside of 6 to 8. Bacteria do best in a pH of 4 to 8, whereas yeasts and
molds prefer pH 2 to 4. In man, if the normal blood pH (7.35-7.40) falls to 7.0,
"acidosis" and nerve dysfunction (coma) occur.

4

The fluid surrounding cells constitute the milieu interieur (internal mixture;

of Claude Bernard in multicellular plants and animals. It can vary in its properties
more than can the molecular composition inside of the cell, but less than the medium

\ exterior to the multicellular body, the external mixture or miliell exterieur.

" This exercise should be used be%ore Ex. 8A (Coacervate$), Ex. 10. 7(Pelomyxa),

Ex. 13 (Activities of Enzymes), Ex. 14 (Fermentation etc.) and Ex. 40 (Effects of
Physical and Chemical Factors en Animals.)

MATERIALS AND EQUIPMENT ; Ly

Chemicals )

S 1b.  Phosphoric acid (85%)
1 1b. Sodium acid phthalate
5 1b.  Dibasic sodium phosphate

+ 5 1b. ' Monobasic Potassium acid phosphate
1 1b. Tris - Tris (hydroxymethyl)(aminomethane) or THAM (Fisher) . ,
5 1b.  Glycine (alpha amino acetic ac}d) : .

25 gh. Congo red
25 gm. Neutral red
25 gm. Bromthymol blue
25 gp.  Methylene blue
5 ggr‘ .1N"NaOH (Commercial preparation)
- 5 gal. .IN HCl1 (Commercial preparation) !
» 2 1b. ‘NaCl

-

| Biologicals

100 ml. of the following: b . ' -
blood plasma

\ a9




milk , : »
urine . - o '
egg white ‘
lemon juice

tea ° : '
apple juice !
carrot juice ‘

carbOﬂated beverage

Saliva is obtained by having the students chew paraffin.

Plastic and Glass Ware \
24 stirring rods

24 burettes (50 ml.)

24 100 ml. graduated cylinders : -* . i
96 100 ml. beakers . '

48 50-75 mm. funnels

120 dropping bottles (Barnes type) "
960 test tubes, 16 x .30 mm. (
" Other

24 burette clamps or 12 double burette holders ,
24 support stands :
Filter paper \ -
24 Wax pencils '
24 pH paper kits (pHydrion pH 2-12 preferred)
24 test tube brushes
~ 24 test tube racks (vinyl-coated)

PREPARATIONS

Part B. To prepare 0.1M buffer solutions ude these amounts of salts diluted to
1 liter with di;ctlled water:

a) Phosphoric acid (ACS Reagent) 98.6?2:25 ) ‘

or ‘
Phosphoricd‘cid (85%) 115.35 gm. .
b) Sodium acetate 8.20 ém:

c) Sodium phosphate
(See page 7-3)

, d) Boric acid ‘ 4.81 gm. -
. e) Tris : 12.1 gm. _
£) Glycine ° S 7.51 gm.’ . "
(refrigerate)
’ .
35 Phtgalate, sodium acid 20.41 gm.

L
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The buffer solutions are 0.1 Molar and should be prebareq’ahead of time.
Potassium Phthalate Buffers (.1M) -

Phthalate Buffer pH2. To 50 ml. .2 M potassiuﬁ acid phthalate (40.83 gm./liter)
add 28 ml. .4 N HCl and dilute to 100 ml. with dietilled water.

Phthalate Buffer pH3., To 50 ml. 2 M potassium acid phthalate add 21.5 ml. )
of .1 N HC1l and dilute to 100 ml. with'distilled water.

Phthalate Buffer pH4. To 50 ml. .2 M potassium acid phthalate add 50 ml. of
distilled water.
Phthalate Buffer pH5. To 50 ml. .2 M potassium acid phthalate add 22.5.ml. of
-2 N NaOH and dilute to 100 ml. with distilled water. '
Phosphate Buffers (.1M)
Prepare ..1 M dibasic sodium phosphate (NayHPO,) and .1 M potassium acid
phosphate (KH2P04) Use these amounts. per liteér, depending upon the salt used:

v

; KH2'PO4 13.61 gm.
NaZHPO4 .2H20 17.80 gm. ‘
Na, PO, .7H0 26.81 gm.
. 0
N32P04 o12H20 35.81 gm. "_ .

Phosphate Buffer pH 6. To 88 ml. of .1 M potassium acid phosphate add 12 ml.
of .1 M sodium phosphate. . -

Phosphate Buffer pH 7. To 40 ml. of .1 M potassium acid phosphate add 60 ml.
of .1 M sodium phosphate. K ..

Phosphate Buffer pH 8. To 6 ml. of .1 M potassium acf¥ phosphate add 94 ml.
of .1 M sodium phosphate. ¢ ‘

Glycine Buffer pH 9. Dissolve 7.51 gm. glycine in about 500 ml. distilled
water. Adjust the pH with NaOH to pH 9 and dilute to 1 liter.

Glycine Buffer pH 10. Bring .1 M glycine to.pH 10 with NaOH.

1

IﬁTRODUCfORY DISCUSSION

(Write on the chalkboard: "A constant environment for a constant function.'--
Claude Bernard) ’

'Tegcher: This idea is one of the great principles in physiology. What can you ,
say about this from your own experiences? (Wait for contributions.)

Teacher: Today we want to Jook at some ways in which the environment of mole-
cules within cells, and the environment around cells are kept from wide-ranging

variations as a result of relatively small changes in hydrogen ion concentration,.
[
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denoted [H ]. . )
(Name) , can y;u tell us the formula for water and how it decomposes into its
ions? ’ . ' - ! )
L3 -— ’ 1
. Ans. HOH ——3 HY + OH (1)
lhe ratio of deéomposed to undecomposed molecules reaches a constant value so we
» mavy write this ratio as: ' .
[H+][on'] Sk = 10 = 1:100,000,000,000,000 : (2)
W g
g Y " [How \ . .
Tuacher: What is the ratlo of [H ] tgk[OH 1?
g
[ . _ -7 —
Angwer: They are the same (1), so [H*] = 10 7 and [OH ]= I0 ‘

‘ N ’
Teacher:* It seems a bit awkard to me for us to have to keep working with the ex-

+ ponents. How could we‘write these expressions so as to get rid of the ex-
ponents? . , N

.

Answer: The logarithm (to Lhe base 10) of an exponent is that number, so 1og
"[H*] = log -7 and log [OH"] = log -7 .o : (3)

Teacher: To avoid having to dexl with a negative number like -7 what can be done?

Answer: Multiply botﬁffig;s by -1 so that .

" —10%‘[H ] = log 7 and -log [OH] =~1og 7 (4)
Teacher: Since.(t is‘the [H*] we are usually interested in what we can designate .
* s ’—1og [ T =p, and since it is the concentration of hydrogen ions,
t (w3, being considered, we may write
' = -log [t ;nd pOH = -log [OH"]., ‘ . ' (5)

"When the log of the concentration of H" and OH~ are the same, -7, a solution is
neutral and tRe pH = 7 and the pOH =7, and the pH = 14 -pOH or pOH =14-pH.

Teacher: Since the pH value is the power of the base 10, the number of hydrogen
ions vary by 10-fold multiples for each whole unit Therefore, pH 6 has
what number of hydrogen ions as pH 77 .

Answer: THere are 10 times more at pﬁ'6'than at pH 7.
1 . R '
Teacher: Now that we understand that pH means the negative log of the hydrogen ion
concentration, we can go on to try to understand pK, the negative log of
the dissociation constant.

,Let HA represent an acid which dissociates incompletely, viz:

HA »——> H + A <. (6)
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—so that the ratio of dissociated to undissociated acid can be represented as

+o - .
(H7] [A) :
WA—]—— = Ka‘ (.Ka for acid, Kb for base) ,
may then také the logarithm of both sides
6] (A1 = "log K |
log “Tma] 2
so that '
log (5 + log [A] - log [HA] = 1log K, . &
log [H+] = log K, -log [A"] + log [HA)
1f we multiply both sides by ~1, then : . ] ‘
+log [H+] = -log K, + log.[AT] - log [HA]
and if -log [ ] = p, then A .
pH = pK, + log % _ (4]
THA]
: ciated with a cation Iike Ne or K 80 thdt
The A will usually be asso )
. N log ([A"]/ [HA]) - represents the log {sa t%

Formula (12) is used in Method 3 in the manual for\:ha determination of the
pK where the amount of acid or base needed to titrate the buffer from the point
where it is mostly acid to the point where it is known to be fiostly salt. For
example, when there are 10 parts of salt to one part of acid then log ([10]/{1]) =
log 10 = +1. When.the reverse is true so that log ([1]/[10]) = log .1 = -1. So
the effective range of a buffer will be plus 1 to minus 1 pH unit (above and below
the pH) of the PK value. Knowing the pK values for a buffering material makes it
easy to select one which will be effective at the pH one might like to buffer a
solution.

Student: But how does a buffer work? ] é

Teacher: Amind acids and proteins exist in solution as amphoteric substances
(also called zwitterions in this case), that is, having both acidic
and alkaline properties., viz:

' HN-R--COO 4 H* = th-R—COOH

swittetion

+ .
HO 4+ HN- -R—COOT = HN--R~ COO" + H,0 ’

-

. switterion \

The valence of the nitrogen is 3 and 5.
| .

‘When acid is added, the CO0 groups are reduced to carboxyl groups (CUOH).
When base is added, the hydrogen from the NH3 .group is combined with it so that
water is formed until all of the --N H3 are used up.

[

»

[Kc - . B

wll Toxt Provided by ERIC

‘ ’
(7)

(8)

(12)

(13)




When a weakly ionizing salt is the buffer,‘the mechanism is somewhat different
but the final effect is the same.

] L")
. + o4 o=
——y ——, 4 HPO
KH2POA K + BQPO H 4
* ) - + .
OH"| H .
Hydroxyl (OH ) ions. can ve added and will form
, water. _rhe H* ions added willdrive HPO“ back _ '
7 toHPO 4 . HOH H PO .

2 4

PROCEDURE
Part A.. Titration of .1N NaCl with .lN'HCi)and .1IN NaOH
The burettes may be labelled by marking a piece of filter paper with the

materisl in the burette, then tearing two slits so that it will fit onto the burette
tube. .

A\

To fill the burette: (1)'Close the stop-cock. (2) Add a little of the
solution to be used. (3) Let some of the solution run through into a container
(beaker) so that a continuous column is established. (4) Close the stopcock and
f11l to the desired height. The reading is taken from the bottom of the fluid
meniscus as in reading graduated cyclinders and pipettes (See Ex. 2).

Using pH paper. The pH paper recommended for this experiment is "pHydrion"
brand, to cover the range pH 1 to pH 12, This comes in.two rolls or vials--one
.with odd-numbered and the other with even-numbered pH values. The paper contains
several pH indicators. If the paper is dipped into the solution being tested the

\
‘ ' 6341 . 3




indicators will wash out of the paper and still be so dilute in thk solutipon.as to*
not be seen. Therefore, a drop or two of the test solution.is placed on a piece
of the pHydrion paper and the color then compared with the scale provided on the
container.

Data and Graphing., After the data on the volumes titrated and the resultant
plis has been obtained, have students graph the data. The starting pH should be, -
indicated on the O line. Label the line "0.1 N NaCl". . N

~

Part B -- Titration of a Buffer with‘.l N HCl and .1 N NaOH
N - \

The title to part A obviously is too in¢lusive since the actual titration of
the buffer occurs in Part B.
>

PROCEDURE ¢
~ . .
We suggest that a sufficient quantity of the buffer assigned befplaced at each
workspace or on each worktable (100 ml./pair of students). The use of different
" buffers for different groups provides a widened opportunity to observe ‘the different

shapes which titration curves will take. It also reduced the probability, of "dry-
labing". ’

After the titration data has been accumulated, it should be graphed on the
same graph as the .1 N NaCl, and the line labelled with the buffer used.

[}

’ Determination,of the pK. Method 1 is to find the slopes of the unbuffered

part of the curve and determining the midpoint. .
Method‘} ’ ) Method 2
/ / A —
plt - / . pH
/ \

/ ) / _HM/K
/) | .
| L/ : )

Ml. of acid/and base added ' M1, of acid and Base added

In method 2 horizontal lines are drawn through the end of the unbuffered
portion of the curve and the line midway between these pass through the pH of the
pK.

Method 3 can only be used where the cufve is not completely flat. If the"
total amount of acid and base needed to get from the acid form to the salt form
is known, then the log of the ratio of salt to acid falls on the buffered part
of the curve if the Henederson-Hasselbalch equation (Equation 12) is applied:

{




7-8

9.0

pH ' , |

6.7

|

| ‘

l v
|

I

5 7 ‘16 27

Ml.°of acid and base’'added ., .

[} 4 ) J N ' \
} ’ . o
Example. A total of 27 ml. of .1 N acid and base was needed to get from the acid
to the salt end of the buffered curve. Let us .agssume that the inflection of the
curve began after the titration of 5 ml. of base. After 7 ml. the pH was 7.0.

S »

Then - . * u.‘;:

- LN
.

pKé = pH + log [salt]/[acid]

= 7.0 + log [7-5 ml]/[27 -7]

7.0 + log [2]/[20] = 7.0 +;log 1/10

.

=7.0+1.0 =7.0 + 1.0

PKa' = pH 8.0 , -

Part C -- Pot Pouril

Buffer solutions for Part C can be placed on the central supply table. The
dyes (.5% Congo- Red, .5% Neutral Red, 1.6% Bromthymol Blue and .05% Methylene Blue
are most convenlently used when placed in labelled Barnes-type dropping bottles and .
a set provided at-each workspace (pa%r of students).

In Step 4 use 1% dry egg albumen. Fresh egg white diluted 5 parts distilled
water to 1 part albumen may be used. . .

Mix and filter albumen through cheese cloth or cotton to remove strands of
insoluble material. The isoelectric point (pI) for egg albumen is at pH 4.7.

Part'D =- The pH of Common Fluids of Biological Interest

After the strips of pH paper have been dried, they should be cemented ta the
repurt sheet with rubber cement. Rubber cement contains no water to dissolve or
«hange the materials (colors) in the strips. Also the strips can be removed.
LExcess cement 1s easlly rubbed away. . .

66




TEACHER'S GUIDE TO
- . , |
EXERCISE 8 ~- COACERVATES AND EMULSIONS )

Prerequisite: Exercises 2, 4 and 7
. .

\

INTRODUCTORY REMARKS TO THE TEACHER . . P

»

This, s an- "excellent follow-up to a discussion of_-how proteins and nucleic
aclds in the primitive oceans could have formed coacerates. Proteins are charged
molecules which become electroiraticallv neutral at their isoelectric points (I,)
that is, the pH at-which the H* in the medium hqlance off the -CO0 ions -that
contribute to negativity of charge. If a protein is positively charged due to an
excess 0f,"§H ) groups, -OH~ groups will neutralize them at rhe I

L3 Ld

P’
<

N

There is normally a shell of water, molecules around charged proteins. At the

Tp this shell is reduced enough to allpw protein macromo%[cules to come close enough
to agglutinate. This phenomenon 1s very much dependent upon being at. the isolecric
point of the propein. " y

-

2

a. A charged protcin or ather colloid will attract a cloud of \Eggr dipoles )
about it. b, At the Lp the protein is electrostatically neutral Y4 that less ¢
water ls held about it. It is literdlly dehydrated. c: Several colloidal
partlclcs have begn Jbrought close _nough together.to be held by short range -
forces and tﬁeir water shells coalesce to form a coacervate. 2

. i
M .

) e (}




‘ Mﬁl‘ERIALS AND -EQUIPMENT — ¢

’Cnemicals o . ‘ \' (‘

[N ' » . * b ’ ‘é" ’
.IN HCl (S€e Ex. 7) . -
1 1b. Gelatin .

1.1b. -Gum arabic . . . »
1 pt. corn or other _vegetable oil P . .
5 gm. Sudan'III or Sudan Black B . - ” . .

2% lime Whter (calcium hyd;dxide) 100 ml. ~

soap solution :

~ -
Biologicals . . ' . ' ‘ s b .

milk SR . o » . - A
butter

,

Plastic and Glass Ware k o ,
. ‘~ :v s N ¥ . .I,
Microscope slides and coverglasses : - e
48'10-ml. or 5-ml, pipets \;* ‘e N
24 medicine droppers . . ~ -
144 test tubes :
“ L A |
Others )* ) . b ’ o :

24 Microscopes with lamps . * 4
144 test tube closures (Ex. 5) ’

24 test tube racks - [ . . .
Y, - ‘
PREPARATIONS:. (: - / e
. ”~
5% Gelatin (for the cla . Soak 10 grams of gelatin in 200 ml /ébld Irqom tempera-
ture) distilled water for 15 minutes, then heat In'double boiler .until dissolved
Gelatin'is a protein and, therefore, '"relished® b acteria. When not in use, store
it in the refrigerator. . N . vt
(‘ g }0 . {' # . . ».\’ /n .
5% Guin Arabic.’ Grind 10 grams off gum arabic in a mortar. Mix wftb\cold (room
temperature) distilled water and let soak for; 15 minutes. Warm in a double boiler
to dissolve. e af ' . ‘o
. . i .
'Suhan III. Prepare a saturatéed solution ff dye in acetone,” . . .
" N . - . / - {‘ *
INTROCUTORY DISCUSSION St ) .
: . 3 - . B 4
The bbjective‘of this discussion should he to illustrate how sone bodies are
attracted and others repelled by electrostatic forces, This is very well—aemon-
strated by an electrogcope (You may have to borrow such a device from the Physics
Department). When both leaves of the electroscope have the same electrostatic
charge they are repelled, if they are uncharged, they will be attracted to each
other. Demorigtrate these phenomena for the class without. explanation and ask them
how it works. ! w_//n

- - - )
3

\(o N : 6;‘ T )
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For a more biological example, obtain an overhead projector. Place two
S¢racuse watch glasses thereon. Add some blood (of type A or B ) that has been
diluted with 9 parts of s.line to one of blood, to each dish. Add some anti-A
tvping serum to one dish and some anti-B typing serum to the qther. Stir with an
applicator stick or stirring rod. One will agglutinate and the other will not.
et reacrvions from the class as to what is 1t that makes the agglutination reaction
occur (but accept nothing as simple as the "the antibodies make the cells stick
together, rather, why do the antibodies make the cells stick together?) Would
it be possible to find a pH at which the red blood cells might stick together
without the aid of antibodies? As a matter of fact, the antibody protein provides
the neutralizing charges that permit attraction of the cells.

The concept of attraction and repulsion is also applicable to the behavior
vf materials in the formation of emulsions where charge also determines which will

be the disper§éq phase.

PROCEDURE
Part A

In preparing the coacervate suspension, add the acid dropwise. Look carefully,
the cloudiness may be very slight. 1In any event, don't look for a heavy precipi-
tate. Shaking vigorously denatures proteins, but in this case it will also disa-
sgrepate the coacervates. These are little globules about 10 microns across. They
seem to have an interfacial membrane, but it may be difficult to decide about that.
Thev look verv much like small bubbles, but bubbles are not usually so evenly dis-
tributed in the liquid medium, nor are they usually so small. The coacervated
miterial mav be seen better if the iris on the microscope is closed somewhat to
reduce the amount of light.

In Part B the Sudan stains work as colorants and not as dyes. They are more

~ ~luble in fats than they are in acetone so that they accumulate in fatty materials.

the presence, then, of Sudan stain localizes lipid material and makes it possible
to see whether the oil is in the aggregated or dispersed phase.

ALPORT SHEET
Part A -- Coacervates

2. Gelatin and gum arabic most likely were absent from the early oceans, but
other amino acid polymers (proteins) and carbohydrate polyncers as well as nu-
cleic acids were present and could aggregate into coacerVates since the laws
governing that behavior have not changed.

5. The isco-electric point is the pH at which a protein is electrostatically
neutral because Hpor OH " ions in solution balance off the excess positive
or negative charges on the protein. At the Ip conductivity is least, precip-
tation is greatest, electrophoretic mobility is zero




TEACHER'S GUIDE TO

EXERCISE 9 -- WATER CONTENT OF TISSUES AND CELLS

¥

Prerequisite: Exercise 2

INTRODUCTORY REMARKS TO THE TEACHER

-

The determination of water content of biological materials is-a routine bio-
chemical procedure. Living cells originated in the sea and even to this day are
predominantly water. Some connective tissues, such as adipose and bony tissue
bhave low water content as a whole, but their cell cytoplasm per se is comparable
with other cells. Water is important because:

1) it ionizes and therefore contributes to pH.

" 2) n~any substances dissolve in water.
3) it holds and conducts heat.

Water has a high specific heat.

4) it is a poor conductor of electricity in its pure form but solutions
of salt are good conductors.

Many living organisms cannot tolerate more than about a 25-33% water loss.

. In this exercise the class wiil investigate and compare the amounts of water
to be found in animal, plant and microbial tissues.

Sume of the properties of water are currently explained on the basis of what
we know abéut the structure of water molecules. The shape of the wsater molecule
is that of an isosceles triangle with the oxygen at the apex. The sides, leading
to the hydrogen atoms, forming an angle of 105° have a length of nearly .99
Angstrom units. The valence charge of +2 on the oxygen atom tends to draw the
electrons from the two hydrogen atoms into its outer shell so that these electrons
become 'shared between the atoms and thus form hydrogen bonds with the oxygen. This
is the water dipole. .The powerful attraction that the oxygen nucleus has for the
electrons of the hydrogens leave it more’'megatively charged and thus most of the
positivity of the hydrogen proton becomes apparent. The positive and negative
regions of adjacent water molecules are attracted to each other so that they tend
to become arranged intotetrahedrons with an oxygen atom at each apex. The distance
between the oxygen atoms, as determined by X-ray crystallography is 2.76 A,

When water is frozen, nearly all of the water molecules are arranged in these
The heat of fusion (80 calories/gram of ice) measures the
energy needed to break about 15% of the bonds forming the lattice work of tetra-

continuous tetrahedrerns.

hedrons neld tougether by the hydrogen bonds.

The hydrogen bonds between the water

molecules are also responsible for the phenomemon of gurface tension and many of

them persist right up to the boiling point.

The heat of vaporization at sea level

and atmuspheric pressure is about 520 calories/gram, that is, some energy is needed
at builing to break intermolecular hydrogen bonds which still persist at that tem-

perature.

1y




HYDROGEN

O E A} i OOXYGEN

il s CHEMICAL BONDS
1
]

o t :+~ 2 HYDROGEN BONDS

4
A tetrahedron of diplar water molicules bonded by short range forces to a
proton. This results in the ions Hg0; and OH

Frank, Henry S. The structure of.ordinary water. Science 169:635-641, 1970
64 references. (14 August 1970)

The structure of cold water.seems likely to consist, for the most part, of
hydrogen-bonded, four-coordinated, framework regions, with interstial monomers
occupying some fraction of the cavities the framework encloses. The electrons
may be represented by a charge cloud which has, in addition td the apprdbriate den-
sity along the bonds, lobes comprising the so~called lone pairs, which extend
above and below the H~O-H plane and are directed sumewhat backward away from the
hydrogens so that the whole structure can be represented by a somewhat distorted
tetrahedron, the protons directed toward two of the vertices, and the lone pairs
toward the other two. ) .
Allen, Leland C. and Peter A. Kollman, A theory of anomalous water.

Science 167:443-1454, 1970. 46 references (13 March 1970)

" The principal structural unit of anomalous' water is a symmetrical 0-H-0 bond
with a "strength" very close to that of the hydrogen bond in liquid water ( 5 kcal)

and a 0* * *M yeparation of 2.30 to 2.40 Angstroms. These structural units are
combined into sheets of hexagons and the sheets in turn are interconnected by 0~H-0

bonds of slightly less strength and 15 percent greater length to form a neutral
three-dimensional lattice. All the oxygens are four-coordinate.

MATERTALS AND EQUIPMENT

&ggﬁgiqql
carrots. potatoes, onions, spinach leaves, dry beans, bean sprouts, yeast cake,
liver, kidney, tallow, bone, heart (30-50 grams of one of these for each student)




Other “~ :

6 kitchen knives
? bhcne saws
6 triple beam balances (Ex. 2)
Aluminum weighing pans (Ex. 2) .
~ Drying ovens at 100-110°C .

PREPARATIONS “

. .
M . .

Teachers can make substitutions of other materials available locally. However,
the materials should be representative of animal, plant and-microbial material and
have included among them some low-water-content items such as seeds, nuts, dormant
twigs, bone, or adipose tissue (suet, tallow, etc.) When buying bone, ask for
soup bone and have the butcher cut it into one inch, pleces.. The student should
remove the marrow beforé weighing. The water content of bone marrow may also be
determined. . R

Leafy materials (spinach, grass, etc.) should be fresh and unwilteq.

L

TINTRODUCTORY DISCUSSION .

True Story: Al Capp in his comic strip "Li'l Abner" once had all of Dogpatch
fighting over a chegt which Li'l Abner claimed had the most valuable thing in the
world inside. Aftﬁi Injun Joe and his pals had devastated everybody else, they
forced the chest open. '

/
What do you (th¢ students) think was inside? (They will probably say money, jewels,
kickapoo joy juice, etc.) Actually the chest seemed empty, so they asked Li'l
Abner wheretqés the most valuable thing? He told them that it was air!

Miestion: Is air the most important thing for life on earth? (For higher organisms
modern air 'is very important, but there are many anaerobic organisms.) Is there
anyv one §y%stance needed by all living things that are alive? (Water) Why is
this so? ' (Because living material originated in the sea.) If that is so, .how
tuch wagér would you expect living tissues to contain? (They should not know.
Perhaps/someone will guess in the range 70 to.80%.) o .

Now fill a beaker nearly full of tap water and place it where all can see.
"There it is, the 'most valuable thing in the world'. But, what do we know about
water?" ' '

3

Probabie answers may include:

It freezes,

It will evaporate,

It boils.

It quenches thirst,

Things dissolve in it,

It is a compoung made of hvdrogen and.oxygen.

Tt lonizes to H and OH. . “

This is a good point to introduce information abouut the lattice-work structure
of ordinary water and how it excludes solutes frow the lattice when water freezes.

' ]

» a0




9-4

PROCEDURE .

Since the weights will be taken only to the nearest milligram, it is not
necessary to handle weighed cortainers with forceps or_to keep them in a desiccator
when cvoling them, as done whe. doing moré careful analytical work. Each student
should use the same balance for making all of his weighings. For this reason, !
balances should be conspicuously numbered and the student should record the number
on his Report Sheet. . N )

{

The temperature of the oven should not exceed 110°C. or the materiais may
char, that is, materials other’' taan water will be given off and thus modify the
weight. Some items, like spinach leaves, will dry within 2 hours, but most things
should be left overnight. Have students come back, perhaps at noon the next day,
or at some other.convenient time, to take the dry weights of their samples.

Each student should prepare three samples of the same material and compute
the standard error (of the mean deviation) of the water dontent for his three
samples. With such small numbers of replications, the mean values may not always
fall within the standard error for all the groups of the same materidl because of
individual differences in welghing skill and also perhaps because of systematic y
errors due to the working performances of different balances.
; [d

. At the next laboratory meeting have students put the information called for

on the answer sheet on the chalk board, and then copy the class results on page
. 9-3 of the manual.

. v S

REPORT SHEET
Que?tions ‘ :

|
.1. (Cells originated in the anrient oceans where water formed the major phase
. for their assemny Since the couditions for the living state could not vary

much from the original, the concentration of other components remains low. Water

is needed for buffer formation, for dissolving compounds, for absorbing heat, for

transporting heat (especially for cooling), and it has other functions. Water

is also a necessary component for enzyme &.tiom, and enzyme action is essential

fur storing and réleasing energy in foods. This energy in turn is needed for life

activities.

2. Whag is meant by bow.. and free water? Bound water is associated electro-
statically with pﬂpteins and other molecules and doéS™nQt evaporute easily. Free
water evaporates easily because it only fills spaces between the other molecules in
the tissue. . /’

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

Water molecules are dipoles which form hydrogen bonds with each other resulting

in a lattice work. When the temperature is above freezing most of the lattice

1s broken and the solutes are held in solution by suall aggregates of water dipoles.
When water freezes, the water lattice is almost complete, leaving no place for
solutes to be held. Solutes, therefore, are excluded from the lattice and are

"out of 'solution”. Solutes redissolve when the ice melts.

-

.
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TEACHER'S GUIDE TO °

EXERCISE 10 -- CELL TYPES ’ ¢ A

Prerequisices: Exercises 4 and 7 .

-

. 5
INTRODUCTORY REMARKS
y
This is an exercise which requiresthat the student gain some skill in the use
of the microscope before he attempts to use that instrument as a tool to aid him.
.in the study of cells (Ex. 4 and 8). It should be emphasized that the student

must learn how to handle, manipulate and vidy materials in the microscope before

beginning this study. It has been a common €xror to to have students learn to

operate the microscope (without understanding i lso’ trying to study live,

fast-moving protozoan cultures. The result is that in most cases the student
\
|

neither learns how to make observations through the microscope nor does he learn
much about the objects he is asked to look at and study. The study of cells in
this exercise requires that the student manipulate his microscope with knowledge
,and confidence in order o girect his dttantion to the study of the .cells.

MATERIALS AND EQUIPMENT,

.

~ Chemicals, .
1. 1b. Petrolatum % -
. ~7%  -Janus Green B,
" 100 "ml. Methyl celluloee« -
Neutral red -«
95%  Alcohol N K
Biologicals * . N ' )
. N e
12 slides of mammalian liver. .
12 slides -of m1tochondr18~(1iv?r) )
12 slides of. Golgi complex . . .
12 slides of Ledf types .~~~ - . ’ t '
12 glides of sea urchin eggs (developing) 7 . ) 2
12*bull sperm ' . ,
12 slides Ascaris megalocephla, Sperm entranca )
\Living cultures for class of 25 v ~ ' .
‘Elodea sprigs . ©
Nitella , '3 -
Pelomyxa (Chaos chaos) * . ot
Stentor o .
E. coli
Fresh onions . * \

' N
Baker's yeast \ oo N
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Plastic and Glass Ware ’ /

2 gross clean slides and coverglasses (see Ex. 4)

24 syracuse watch glasses )
- 24 medicine droppers
12 2-cc syringes without needle (for petrolatum gun) -
) Other ' '

-24 microscopes and lamps
24 camel hair brushes (small) ’ -
12 bunsen burners
24 nichrome wire loops
24 forceps and disseciting needles
12 single-edged razor blades ’
pieces of bibulous paper or paper towelling

PREPARATIONS )

Microscope slides and coverglasses. Some slides are sold pre-cleaned, others
are coated to prevent them from sticking together. These latter should be washed
in detergent and rinsed 'two or three times in tap water to remove all detergent.
Both kinds of slides should be handled at the edges and on one end (later used for
labelling). Coverglasses are treated ia a simi%ar way. \

Vaseline guns are made by melting petrolatum (e.g. Vaseline) and drawing it -
up into a 2-ml. syringe (without needle.) With a little practice a.neat line of
‘petrolatum can be squeezed out. The preferred way of holding the syringe is by
placing the thumb and first two fingers on the barrel with the plunger operated
bv pushing back against the palmkgf the hand. . i

¢ r
* Supravital Staining. Some species of amoeba do not tolerate Janus Green dye very
well. Check’your culture on a slide prepared for this activity before the class
. meets. If it is killed by Janus Green, use only the neutral red..

PROCEDURES

Begin by demonstrating for the class the various ways of making the temporary
. slide preparations to be used this laboratory period. The film loops, Ealing 81-080
and 81-0879* should be used at this time and the students given instructions for
the operation of the film loop projector.

The prepared slides should be assembled in a.small slide box and made available,
one per student or one per two students if theyv are in short supply. Point out the
location in the laboratory of the various cultures (especially if they are somewhere °
other than on the demonstration table). ’ .

Drawing should be big enough to show details easily. Labelling should be
printed by hand, usually to the right of the drawing, and gupide lines should end
exactly on the structures they are intended to help identify. However, do not put

so much gtress on these mechanical aspects of making and labelling the drawing that
the overriding importance of making careful and accurate observations is diminished.

~* Ealing 81-080 (Histological Techniques - WEt Modnts)
Ealing 81-0879 (Microscopic Technique Using A Microscope)
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Finally, have a student bring a microscope from the cabinet, clean the glass
surfaces before Instructing the clas$ to obtain their assigned microscopes.

Have the students do the libing material first. Then if they do not finish
the prepared slide material they may return at some convenient time for further
study. ’

REPORT SHEET

Drawings should be placed above the legends. The numbers correspond with
the items in the exercise. Students should indicate the magification of the
microscope at which the observations were made.

4

Questio

-~

1. The cell theory states that "all living things are célls or made of cells (and
their products) which come from pre-existing cells."

2. The implicdtion of the cell theory are:

(a) 1life is found only in 1liVing cells as a whole. No cell part can carry
{ on all the functions of aliveness by itself.

Y

(b) all present day organisms have come down from or evolved from the first
real cell or cells.

(c) even the first real cells cdme from pre-cells.

3. The course definition should be ag inclusive as possible of all structures
accepted as being cells by the great majority of biologists. This, or some other
equally inclusive statement should be used: ‘

f

"A cell is a more-or-less enclosed mass of protoplasm containing nuclear

material.'" Note: Such a definition or description does not include the

viruses, nor does it include cell fragments such as mammalian blood plateles
L4

and red blood corpuscles.

All known cell's conform with this description (Viruses do not contain proto-
plasm; red blood corpuscles have lost their nuclei as Have some of the cells in the
outer layers of stratified squamous epithelium).

4. The arguments for -calling bull sperm-'cells' are:
(a) they have nuclear material. . , /
(b) they have a limiting membrane.
. ’
(c) th;y are alive (when alive)

(d) they aslo have other cell parts--cytoplasm, mitochondr%a, ribosomes,
Golgl apparatus and centrioles.

There are no centrioles in unfertilized animal eggs. They are present in

~

(%2
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fertilized eggs. These normally come from sperm, but experimentally they may come
from other cells. For example, if a frog ‘egg is pricked in the presence of frog
blood a blood cell centriole will.trigger mitosis and "parthenogenetic" development.

6. Lxplanations of streaming in Nitella (or other cells). The transformation of
rroteins from the tertiary to the secondary form and vice versa seems to be the
bacis for this pehnomenon. b

S‘ ¥
/VW\M/\/\J\/UULWM(\MAM/\W\.» .

7. Amoeboid movement also depends upon the transformation of protg{ns from the
secondary to the tertiary forms and back again.
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&EACﬂER'S GUIDE TO
EXERCISE 11 ~~ TYPES OF FOODS FOUND IN CELLS ANU’TISSUES

rrerequisite: Exercises 1 and 2

INTRODUCTORY KEMARKS TO THE TEACHE}
_— v ~ Pl

When the food mahufactured by cells, or when the amount taken in is, in
cither case, more than is metabolized by the cell for energy release, the excesss
is usually stored in the same cells or transported in simple form to some other
cells for storage. Plant cells usually have a vacuole and the food is stored by
secreting it through the vacuolar membrane, and it accumulates in the vacuole in
sxmnle form, as a rule. Consequently, we can extract fructose from the juice of
fruits and sucrose from cane, sorghum and sugar beets. Many times, however, a
polymerizing enzyme is secreted into the vacuole to order the polymerization of glu-
cose into amylose and amylopectins, and finally into starches. 1In animals’ the in-
austion of an excess of starch leads to the accumulation of glycerol and fatty acids
and their combination into fats. Feeding livestock starth-laden grain is a tradi- H
tional folkway of getting them fat and thus improving the flavor of the meat. The
basic fuel that these foods provide is an energized hydrogen atom. As the hydrogen
is oxidized to water it gives up its energy in the respiratory chain to energize
adcnosine diphosphate (ADP) to adenosine triphosphate (ATP). This<ATP is used in
a variety of ways to provide energy for such cell processes as osmotic work, muscular
contraction, and the activation of chemical reactants. People, and other hetero-
trophic organisms eat these stored foods and break them down to their simplified
components before absorbing them for their own nutrition.

In this exercise the student i$§ asked to find out what kinds of foods do
Jdifferent dictary items contain, and to determine which tests may be diFferentiating
between these various foodstuffs.

MATERIALS AND EQUIPMENT

Chemicals

1% glucose

17 stavch

1% egg albumin \\_ ? : -
17 glycine ‘
corn oil

magnesium sulfate T ‘
sea sand (fired) _ ‘ o
acetone

Lugol's iodine solution

Benedict's quantitative solution :

.25% Ninhydrin in 1 M Phosphate buffer

Biuret reagent haaS

Biologicals
irish potato
Inrnips
Peanuts

[iver b
Chicken breast muscle
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" MATERIALS AND EQUIPMENT (Cont.)

Glass and Plastic Ware
36 Test tubes

400-600 ml. beaker
Mortar and pestle

250 ml. flask

Small funnel

Pipets

Dtopping bottles

Other
Test tube racks
llot plate (or Bunsen burners) :

PREPARATTIONS,

Lugol's Iodine Solution , : !

-

‘To a 1% KI solution add 1l gram of.iodine crystals for eacthOQ ml.

"Benedict's Quantitative Sugar Reagent ' N

this may be obtained commercially prepared or made up by mixing:

- Copper sulfate (crystallized) 18.0 gm. !

“ Sodium,carbonate 200.0 gm. ]
Sodium or potassium citrate 200.0 gm. :
Potassium thjocyanate © 125.0 gm. ‘
Potassium ferrocyanide (5% solution) 5.0 ml. :
Distilled water to make -1000 m]l. . ‘ ~

Y
Buffered Ninhydrin Reagent

-~ Buffer. Mix & parts 1 M K BO, with 6 parts of 1 M Na HPO / Check the
oH and adjust it to 7 with KCL or Naoﬂ 24 ‘

‘. ’ t

~

14
3

To 100 ml. pH 7 buffer add 0425 gm. ninhydrln Store in a brown bottle
covered with aluminum foid and keep in the refrigerator whem not in use..

Biuret Reagent

Add 1% copper sulfate dropwiSe with constant stirring to some 40%
sodium hydroxide solution until the mixture takes on a dark blue color. If
stored 'in a bottle with ground glass top, apply petrolatum to the stopper to
prevent it from sticking.

X In séggé?g up the work stations, supply one boiling water bath (large
beaker of wafel™ on an electric hot plate) for each two pair (4) students to keep
lrum overneating the laboratory. Reagents, too,.can be supplied at the workspace
at the rate of one bottle for each two pair of students.
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Jther maﬁerials, such as test tubes, racks, etc., should be supplied for each pair
of- students. The solutions of starch, glycine, egg albumin should be supplied for
each two pair of students in order to prevent traffic jams at the demonstration table.
Since groups will finish Part A at different times, the potatoes, turhips, peanuts,
Lliver and chicken muscle cut into small bits, can be placed on the demonstration
table for the convenience of the teacher.
. ’

Many teachers will be familiar with these tests and with the fact that
they are almost always presented to the student as a test for one or two iteme
which react positively to the reagents. In this exercise the student will be
doing the test on certain food items in an attempt to discover which procedures
give diagnostic tests for which food items.

LNTRODYC LORYT D ISTUSSTON -
]

Place a candle in a pneumatic trough. Let it burn in th; open for a minute
or so and then ask students what is going on. Talk out the fact that the heat
melts the paraffin or wax and that the flame ignites the resulting oil. Burning
is a condition of rapid oxidation. Now place a glass cover over the eandle so
that it extends into the water. As the candle burns up the oxygen in the contained  °
air, the water will rise in the glass. The flame finally goes out. Discuss this
effedt. Now uncover the candle and relight it. Just as the clandle must have
paraffin, so the cell mugt have foods. Later we shall see that this is really so
when we do Txercise 41, or 32 to 34. 1In this exercise we will try to find out which
forns of fuel are to be found in cells and what are some of the tests for determining
their presence, ’

PROCEDURE v+ ) ' . 3

Proceed as indicated in the student manual.

2EPORT SHEET"

Nuestions X A

1. 1In what forms will food be stored in cells and tissues?

(Carbohydrates will be stored as free sugar, starch, or glycogen. To some extent as
gums, pectins and cellulose in plants. Proteins may sometimes be stored as crystilline
protein, although some free amino acids occur in tissues and in tissue fluid and

i1 ,od. Fats will be stored as fat, phosphlipid, or cholesterol and cholesterolesters.
secause carbohydrates, fats and proteins can be converted to each other by the
cellular metabolism some excess food may be stored in other than its original group.
For example, too much carbohydrate may be stored in part as fat, and less of it may

be converted to amino acids and proteins.)

. 2.  ‘nimal starch" is also called glycogen.

3.  An excess of carbohydrate in animals most usually is deposited as fat, but
also some will be deposited as glycogen or as protein.
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EXERCISE 12 -~ DIFFUSION, OSMOSIS AND ACTLVE TRANSPORT ’

Prerequisite: Exercise 2; 4, 7 ard 10 e 1

INTRODUCTORY REMARKS TO THE TEACHER 't ’ .
The "invention'" of the plasma membrane (or unit membrane) conveited the

community of proteins, nucleif acids and other molecules in the ancient oceans into

a real cell. Where before this mixture of molecules carried out metabolism and

reproduction held together only by the short-range forces between molecules, now

there was a membrane to prevent the scattering of vital enzymes and -genes. ‘- The

precell was in the environment and the énvironmental fluids permeated the community

nf molecules that made up the precell. The membrane, .however, was not a simple

sieve. Whole molecules pass it better®than do ions in general, and’ some molecules ]

in the fatty acid series are more easily passed than are some other smaller ones.

This exercise deals with evidences of passive and active passage of materials
across cell membranes and its major objective is to leave the student with data
, to support the idea that the cell membranes are not the same as' non-living mem-
" branes, such as a cellophane sheet. P - !
What makes one substance diffuse through amother? What is the driving force
that makes perfume pervade a room, smoke disappear (?) into the air or salt to
season food? The Kinetic The®dry says that molecules are moving with an energy
(the gas constant, R = .82 degfee/mole) that increases with the absolute tempera~
ture. This movement occurs in all directions but there is a greatér movement away
from higher concentrations with some molécules "pioneering" through the medium
until they reach a barrier they cannot pass. Then, after a time, the concentration
of the solute will become uniform throughout the mixture and the molecules move
still in all directions but the concentration.becomes uniform and diffusion (a
‘dynamic process) becomes zero.’ '

Cell membranes are barriers to some substances but not to others, that is,
thev are permeable to some substances but are impermeable to' those they do not
pass. Therefore, diffusion will occur through a membfane if it is permeable to a
solute because the membrane presents no barrier to it. . o

The cell membrane is not a simple sieve, although it behayes as if it has
holes about 38 in diameter so that hydrated potassium ions (K') which are about
2.8R pass easily, but hydrated sodium ions (Na') with diameter of 3.4A do not.

When membranes are "at rest" they are very busy pumping Na' out of the cell and
thenegatively-charged cell proteins are electrostatically balanced by the passive
inflow of K'. When membrants are adequately stimulated the sodium pump is reversed
by the stimulus sc that sodium ions enter the cell and potassium ions leave pass-
ively, but within milliseconds the pump operates again and the sodium ions are
dispatched into the surrounding medium. N )

The membrane in living cells uses energy.stored in energy~rich phosphate bonds
for this work. Phosphatidyl seririe and other amino acid-phospholipid compounds are
the carriers for ionms. A%%gdosine triphosphate activates amino acid and sugars

for passage. R

.

81
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for 6assage.

In this exercise the student will make observations on osmosis .and diffusion
using a pH indicator dy®, and follow the degree of water loss from potato pllgs
by weighing and measuring their volumes. A qualitative demonstration of exclusion
of a dye molecule is used by showing that by depriving the membrane of its energy
sources the membrane will permit the dye to pass.

MATERIALS AND EQUIPMENT
Chemicals

Gelatin (ex. 8) .

Bromthymol (blue)

0.1N HCl

NaCl ' P

Lugols iodine

KCN 3-5 gms.

Congo Red (ex. 7) . .

Potatoes (white)

\\‘ Yeast, dry
Elodea leaf o

[ Biologicals . ) / .

Plastic ‘& Glass Ware .

250 ml. Beakers ‘ -
180 Test tubes
24 10 ml. grad.
2 pks. Cover glasses
= 24 Syracuse watch glass

Others
6 12" or 6" ruler
2 rolls 1" cellophane
4 “
“6 cork borers size 6
Bunsen burners
1 box Filter paper .

PREPARATIONS ‘ )
Part B ~ Osmosis
Salt Solutions. A 1% salt i% prepared by adding 2 gm. NaCl to about 170 ml.

distilled water, and after solution is diluted to 200 ml. Make 200 ml. of 1, 2,,
3, 4, and 5% but 300 or 400 ml., of 10% NaCl. )

Potato plugs. Use a kitchen knife and cut enough off of two slides of a
potato to prisent a uniform thickness, This will then make it easy to obtain
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plugs of uniform length. Plugs should be placed between damp paper towels to
prevent moisture loss until they can be weighed and their volumes determined.
Follow the directions for using the balances giver in Exercise 2. The techrique
of determining volume by fluid displacement is also given in Exercise 2. If the
laboratory period is only two hours long expose the potato plugs to the salt so-
lutions for about 1 hour, but indicate the minutes exposed in the blank space pro-
vided on the Report Sheet.

Part C - Plasmolyses in Elodea Leaf

Fresh Elodea sprigs are needed since dying cells wili not behave uniformly.
If sprigs are to be kept in the laboratory they should be included in an aguarium
with some fish, and suails to keep things cleaned up. A well-balanced aquarium
does not need an air pump.

Part D - Active Exclusion of a Substance

Yeast Culture. Prepare culture medium ahead.

Tryptone broth 10 gm,
KH, PO, 5 gms.
Glucose lb gms.

Water to make 10q0 ml.

Dispense about 150 ml. into 250 ml. flasks and a?COLlave for 15 minutes
See Exercise 5). Store in refrigerator or at room temparature, -
!
For use. Tear open the end of an a2luminum foil envelopeof dry baker's yeast.
Flame the end for 1-2 seconds, then pour yeast into flasks. Place flasks at 37°C

{

for 1 to several hours. i

The KCN and iodoacetate should be welphed out in 2 well-ventilated but not
windy place. Frepare about 100 ml of solution. Dispense into dropping bottles
and label with the substance and "Poison". These materials are weak enough to
handle without extra precautions put hands should be washed afterward and any
spills should be washed up immediatelv to prevent drying to a powder and mixing
with dust.

Q f%;‘
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INTRODUCTORY "DISCUSSION

1 hec: (Place a crystal of a colorful, soluble salt such as copper sulta.e
or cobalt chloride, in the bettom of a 100-ml. or larger graduated cylirder,
and in front of the class, pour gently down the side enough water to fill the
cvlinder. Mear the crystal there will be more color than at the top. Asl if
the solution will become uniform in color. How may this thorough mixing e
speeded up? Students should know "by stirring" but may not know about hcating.
Do students know why the molecules move (diffuse) through the water? 1In what
directions do they move? FPlux is defined as the net movement in the apparent
direction of diffusion. .l
what determines the  osmotic activity of a solution? The concentration does.
ine mole of a non-ionlzing substance exerts 1 osmole of activity and raises the’
boiling point. It also lowers the freezing point 1.86°C. A highly ionized solu-~
t ion, such as NaCl, produces two ions for each molecule in 1 mole, so it has twice
the osmotic activity, as a.rule of thumb. [The "G-value" for various salts is
found in Hgjilbrunn, General Physiology or in Florey, Comparative Animal Phsiology.
~values are factors that express the observed degree of the freezing point lowering. )

Who can tell us what is meant by the term "active transport'? What energy
ource is used for this process? If we think that energy is needed to get some
things across the membrane and to keep ‘other things outside, how could we test
that idea? (get some opinions.)

Set up a demonstration of Brownian movement. Make a suspension of carmine
in in water and make a wet mount of it, observe under the high dry objective of a
mivroscope,

Part A

As directed in the manual.

.

Part B

Potatoes should be placed somewhere else besides on the demonstration table
to prevent traffic congestion. Place the kitchen kndves and cork borers with the
potatoes. Instruct students in method of making potato plugs. One student of a
pair may prepare the potato cores while the other marks the test tubes and obtaius
the salt solutions. Again, one student weighs the potato plugs while the partner
records the data. (This can be copied later.) Have the recorder for waights do
the volume determinations and the partner record che data. The same student should
do all of the weighing and on the same balance, and v. Vvs. for the volume.

Data and Graphs. To obtain the percent change divide the starting weight
or volume into the final weight or volume and multiply by 100.

¥ To plot the data, values for the percent change in weight (Graph 1) and
volume (Graph 2) must be wiitten in on the ordinates. Choose a range of values
that fits the data.

[N

The same scules of percent are to be written on graphs 3 & 4. On graph§\3fd~ )
and 4 the percent is plotted against the reciprocal of the concentration of NaCl. )
. o )
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That is, 107 is plotted at 1/10, and 5% is plotted at 1/5, etc. This converts .
the data to rate expressions. Determine the slope of the lines (units rise per
unit along the base (abscissa.)

*

Part C A
The manual directs the student to "sketch" an Elodea cell when it should ask

aim to "diagram" it in this section. The frames on page 12-8 of the manual are

for cell walls in such diagrams. A

Q

The procedures for this section can be reviewed by referring to Exercise 10.

Part D

"

The iodoacetate will turn the indicaggp dye, Congo Red, to blue.

RFPORT SHEET

After changing to NaOH a green band is seen between the blue and yellow,
indicating a neutral pH (pH7).

The hvdrogen fons move with the water as it is drawn osmotically into the
gelatin.  Therefore, hydrogen ions are used to follow the diffusion of water.

The lons are moving in all directions. «
{

The flux is the net movement of ions in a given direction.

A cellophane membrane differs from a living plasma membrane in that it is

not ys selectivelv permeable nor can it accomplish active transpbrt. It is verv much
like a dead cell membrane, however.

- N

’ 1
Part B N
Passible shapes of curves ' }

-

\

"ncreasing [HaCl)] ¥ Increasing [liaCl] —p»




At (a) the amount of water lost is always a function of NaCl concentration.

At (b) the cell resists water 1o§§\at low concentrations by pumping out the
salt that diffuses in and thereby maintaining a steady state.

At (¢) water loss is great at first but as the osmotic activity of the cell '
.vntents increases it approaches being isotonic with higher concentrations ot salt.

Part C : !

+ 1), The cvtoplasm is squeezed down but not dissolved. I

2) The cell wall did not respond to NaCl.

3) The cell membrane féllows the cytoplasm, coming free of the cell wall
during plasmoly;is.

4) The cell shagk down largelr beutause .the water in the vacuoles was with-
drawn by the high osmotic activity of the 10% NaCl. )

Part D

g

The first question should refer to Experiment 7C (page 7-6).

Students should conclude that the membrane is permeable to Congo Red if it
is allowed to diffuse into the cell (because no active transport outward is
operating.)

The cell membrane does not protect the cell from harmful substances. If it

did there would be many‘fewer poigons.

. .,
™,

[n tube B the metabolic enzymes werd=inactivated by heat so no ATP could EF
generated for active transport. A

In tube P a single metabolic enzyme (pyruvic kinase) was inactivated, shutting
down ATP production. ‘

'

—
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EXERCISE 13 -- ENZYME ACTIVITY

INTRODUCTORY REMARKS TO THE TEACHER
All known enzymes are proteins. Not all organic catalysts, however, are
enzymes. Otto Warburg showed years ago that a charcoal prepared from mammalian
blood was capable of catalyzing the reactions. )

‘ - ¢
i -2H *
R-C-COOH ———>[ R—i:—coou + H,0 ———> R-C-COOH + oH,
| . 0] .
NH NH. 0
2 v
’ {
. j'
The ability of enzymes <o lower the activation energy for the reaction or

reactions they catalyze centers on forming a jig into which. the substrate fits. 7
Where hydrolysis occurs, it is preceded by acyl formation.

~

Proteins (enzymes) first formed in the ancient seas and no enzyme reactions
occur, even today, except in water. -

2 272

|
. }\A ‘
In Part & the catalyticreaction of MnO, + H,0, is demonstrated. g
In Part B the action of a liver enzyme ( or enzymes) on peroxide is demonstrated.
* (There is ho easy qualitative color test suitable for use at this point to demon-
strate that the liver is poor in manganese dioxide.) .
Part C deals with the role of temperature and pH in enzymatically mediated
hydrolxges. This part may require equipment not available for a whole class (e.g.
spectrophotometers) and so it is designated to be done as a demonstration or as a

special project for a few faster-working students.

MATERIALS AND METHODS (Parts A and B)‘ !
Chemicals . '

Hydrogen Peroxide .
Manganese dioxide v

Sea sand (fired)
Tincture gum guiacum

Biologicals

Fresh liver . .

Plastic and Glass Ware ' \

8 Test tubes C . ' .
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1

© Other

‘Test tube rack
Hax pencil
Splints or applicator sticks .

[

PREPARATIONS (Parts A and B)

Making an Homogenate. Fresh tissue is somewhatq;llppery ard hard to grind./
fhe fired sea sand cuts the tissue under action of the pestle. The commercially
obtained sand has been burned to eliminate any organic material vhich would change
the tissue or other reactants. The sand should be allowed to settle in the mortar
befor¢ the supernate (the liquid part) is decanted (poured off.)

" Tincture Gum Guaiac.
Grind 2 gms. gum guaiac (guaiacum) in a mortar. Add 100 ml. ethahol.
[NTRODUCTORY DISCUSSION (Parts A and B)
‘ Teacher: Try this. approach:

1) If vou can handle live rats, and have one available demonstrate the
Mrighting reflex" by turning the animal over on its side. It rights itself immed-
fatelv. Now place it in a covered jar containing a piece of cotton (big as .. fist)
that his been saturated with ether for anesthesia and covered with a paper towel.
When the animal has been. anesthetized, remove it from the etherizing jar and place
it on its back. The "righting reflex' will have disappeared.

It scems that some chemical reactions are as difficult to start as it is to
keep an active rat on its back. In this case the ether is the catalyst and makes
it possible to place the animal on-its back with a great deal less energy. ' See
it vou, as teacher, can get students to develop the parallel idea from the above
-cmonstration that it jtakes some energy and effort to get the normal rat to lay on
.+ back, but much less energy to get the etherized rat to lay on its back. Ether
lowers the energy needed to make the rat lay on its back. (Note: ether is hot an
enzyme. Just as all organic catalysts are not enzymes, neither are 411 reducers of
activation energy enzymes (only the proteins.) & ’

2

PROCEDURE (Parts A and B) ‘ : )

that he has a gas test and has answered the questions foxy/Part A before going or

with Part B. Permission to proceed with the next part g ) then becomes a reward. )

¢

) ' \.
1) Have all students do Part A and demonstrate for %?b teacher or assistant

-

~ * * ‘ "h
Glowing splints are made of applicator sticks put into a Bunsen burner flame.
Ihe heat of the glowing end makes hydrogen explode with a "pop." Oxygen causes -
the splint to burst into flame. - . ! .

REPORT SHEET (Parts A and B) 3

Part A

N “.‘J u\- 20
+ 11,0, —=—Pin0y * 1,0 + 20

Reaction of MnO
oy

2
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Part B. 5¥\

Questions

e

1) Did whole liver produce gas bubbles fast as liver brei in tube 2? (No)
-

2) Which reagent, the hydrogen peroxide or the gum guaiac, turned color?

(The gum guaiac contains guaiaconic acid which will turn blue when exposed to
"active" oxygen. The enzyme releases oxygen from tE; peroxide.)

3

3) Whpt effect did boiling have on enzyme activity? . Why?

Boiling inactivated the enzyme.eliminating its activity. This is because
heat denatures proteins so they cannot fit the substrates properly.

4) * What effect did grindling have on enzyme activity? Why?

*

It increased it because a much large surface of enzyme bearing materidl was
exposed to the substrate solution (HZOZ')

5) There is the question about liver having MnO% in it. The directions do not

indicate that MnO, be boiled before HZO is added. Boiling inactivates the brei but,
not MnO2 so it must contain a heat-sens%tive protein, an enzyme. 7
)
oy
» e
v
A )
» \ .
ov
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TEACHER'S GUIDE TO ' : I
EXERCISE 13C -- EFFECT OF pH, CONCENTRATION AND TEMPERATURE ON THE RATE OF ENZYME
REACTIONS .
. o
This experiment may be done as a demonstration or as a special progect for
two or more students. )

MATERIALS AND EQUIPMENT . )
Chemicals

Alkaline Phosphatase

Acid Phosphatase

P-Nitrophenyl

phosphate - )

"Acetic Acid - NaAc buffer, pHs 3 and 5.5
Tris-HCl buffer, pH 7 and 8.5

Glycine buffer, pH 10 and 12

.0.1IN NaOl +

]

Biologicals
Liver from freshly killed and bled animals

Plastic & Glass Wares

B&L Spectronic 20 or 340 Spectrophotometer .
cuvettes
Test ‘ubes

Others
i
pH meter '
B7L spect. 20 or 340

2 water baths 27, 37, 57°C. (27°C is near "room temperature")
Mortar and pestle

Double distilled water

Test tube racks

Wax pencil

Stop clock

PREPARATIONS
Solutions for enzyme work should be made up in "glass distilled water".
If not available, ordinary distilled water can be used but with some inactivation of

the enzyme. .

}




Buffers.

Acetate Buffer. Prepare .1M Na acetate and adjust the pH to 3 or 4.5 with
HC1.

* Tris-HCl Buffen. Prepare tris buffer and adjust to pH7 with HCl or pH 8.5

¢ with NaOH.

-

Glycine Buffer. Make .1M (7.5 gm./liter)’glycine and adjust pH to 10 and 12
with strong  NaOH.

The enzymes solution should be made fresh on the day'of use.

The enzyme reaction is:

e —P03H2 \ OH

Phosphatase - + H3P04
3 ¥ -
0. ’ ho
2 2
(colorless) (yellow)

The variable factor in preparing the blank tubes is the enzyme preparation. It
is not a3 clear solution and so affects light passage (by dispevsing it.) 1If a
tissue homogenate were used the same problem.in standardization would exist. The
reagents, including the NaOH (which stops the reaction) are incubated and then the
enzyme or tissuz preparation is added. This blank mixture is then used to standar-
dize the spectrophotometer.

PROCEDURE
Experimént 1 - Effect of pH

The procedure is usually done with duplicate or triplicate sets of tubes. If
several students are working together each day may do the tests at different pH
values, with acid or alkaline phosphates, or each may db a single tube through the
whole series and then the group average its results.

Experiment 2 ~ Effect af Temperature

As directed in the manual. .

One may also carry out the procedures at 47°C. and at 57 - 70°C. if the equip-
ment and tlme is available.

REPORT SHEET

The report sheets can be used to organize most of the data generated by these

experiments. .
§
raphs. The optical density,of O should be on the bottom line and the range upward
appropriately asstgned to the other lines. “

£
i
{s

Q Ji
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In Graph 2, the O concentration (the blank) is not at the edge. The 0.D is
the measure of the velocity, and the higher values are high on the orcdinate.
Therefore, the line should slope toward the zero line and intercept the ach1sq1
at -Km = (the reciprocal optimum concentration).

Fxample: 1/.10 = Km of .1% at ;—°C.

Ouestions
The answers can be extensive. . .
1) Different proteins have their ma\imum enzyme activities at different pH

values. Therefore, their ability to use 'available substrates to extract energy for
their maintenance depended upon their activity. That depends on their shape and

their shape depends upon the pH of the solutlon they are in. -
2) The value of Q]O between 27°C. and 37°C. would be: - ‘ r
qu = (kZ/kl)lO/(t2_Ll) Where k is the rate and t is the

temperature in °C.

' 1o D (10/t~2—t1) log (kzlkl)

. 10 ‘
Since, the optical density is related to the cdoncentration of the sofute,
tae reading (or the actual amount of product) can be uscd a5 a measure of the rate o

of reaction after a given time (30 minutes in this case). So

/0D

: = = 1 log (OD
log Q) = (10/10) log (k,/k,) og ( 37°¢/ 2706

.

Between 37°C. and 57°C. it would be

log 010 = (10/202 log (k:/kl) = .5x ;yg (QDS7°C/nA}7°C)

\

3)  ves
4) A blank tube is nceded to standardize the spectrophotometer.
+ That is, it shows how much of the resultant color is due to the reagents.

( 5) Long expnanre of the photncell to light will cause it to fatique. If this
“happens time must be allowed for it to regenerate its sensitivitv.

6) The g-nitrophenyl phosphate is cvlorless but the p—nitrophenol is yellow
and part of ghé picric acid series of yellow colors.




!

7 Enzyﬁes form jigs for the substrate so that the reaction can take place

with less random
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1) A substrate contains a certain amount of energy,(but an additional amount,
‘., the activation energy is needed to bring it to (2) at which point bonds start
breaking and the reaction goes spontaneously to completion at (3) wheré the sub-
~trate has been split into A and B and the enzyme (E) has been released from the
cnzvme-substrate complex (ABE). Then, AF is the energy contained in ABAH )s the
energy released by the reaction and 1s the sum of AF + AG. .

L

o

«
{ N
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[RACHER'S GULIDE TO
EXERCISE 14 -~ FERMENTATION AND AEROBIC RESPIRATION COMPARED

This exercise will probably best be used as a demonstration or
as a special project for two or more students.

¥

! :
i .

: 2
INTRODUCTORY REMARKS TO THE TEACHER

é v S

This is a rather analytical experiment that orly the student of high ability

and interest should try, and that near the end of the course whe: he has acquired

11l EP weighing, meaSuring, pipetting, following directions, asceptic technique,

vLC. " 4 ? ’ ‘»
The experiment itself is the ‘classical Louis ‘Pasteur experiment, but the. 1

analyses make use of curreat technique and instrumlents. It should make an excellent

project for a small group of fasﬁgr—working students working at times convenient
to them., :

»

~

b}
Equipment requirements include an autoclave, air pump or supply and spectro-
nhotometer. )

v

Proceed as directed in the'manual. . v

Report sheets are provided for the collection of data but these should be” °

used as part of a larger scientific-type report which includes use of the litera-
ture in the library.

L4




TEACHER'S GUIDE TO
EXLPCISE 15 ~- CHROMOSOME MOVEMENT DURING CELL DIVISION

(Followed with chromosome models made of wire and pipe cleaner: .’

INTRODUCTORY REMARKS TO TEACHERS

The chromosomes were first described by Hoffmeister in 1848 Just before the
invenfion of the mechanical microtome in the early 1850s' and before Rudolf Virchow
related this phenomenon to cell divis1on in 1857. It was not until 1888 that
Waldever named these, structures 'chromosomes" llterally 'colored bodies". This

was a natural consequence, because phase conzéast microscopy was still a half-
century in the future and the methods of prededing fifty years (from the time of
“-hleiden and Schwann) had goncentrated on fixing and staining of smears, squashes,
rissua Spreads, and cuts made by hand~held razors. Chromosomes developed from the
somewhat "undramatic" interphosic nucleus, but except for some vacuoles and some
fat and carbohydrate inclusions which exhibited changes in distribution but no
'‘activity, contractile vacuoles excepted, the nucleus was the only other known
structure within the cell. The disf{ribution of visible chromosomes became the
basls for naming the phases with thé period between cell divisions called the

"resting period" or interphase. Gerard's book of the 1930s' entitled Unresting
Cells probablv did a lot to'change our orientation so that now we see interphase s
the period of real cell life, during which it carries out the functions for which
it was differentiated. The phases of cell division, as dramatic and as fascinating
as they are to study, represent an interruption of normal cell activity-a cha: - in
the production of nucleic acids at the chromosomes, an increase in oxygen consump-~
tion, and a cessation ofsynthetis actiyity by the DNA.

Rudolf Virchow realized as he studied his stained sections of tumors that
these threads were involved in the cell: division process and may not have fully

r21lized that in his famous saying, “All\cells come from cells", that he had ob~
s¢rved the machanism by which this evolutionary and ontological phenomena came
about. In any event, chromosome behavior became the basis for interpreting the
transmission of 1nheritable characters (by Wilson, by Tschermak and by Pfeiffer in
1901) and later for interpreting differentiation, growth and development, the re-
productive processes .and in thelr puffing and loop1ng activity, the involveme:
of specific segments containing’ the genes effecting these processes. ,

Part A of this exerelse deals with mitosis, Part B deals with meiosis as applied
to sperm production and Part C to meiogis as applied to egg production in animals
and lower plants. For the modifications appllcable to higher plants see the
introduction to Exercise 22 in the student manual. ~\

. > . ’..c
MATERIALS AND EQUIPMENT . v
i
Copper wire 20 to 24 gauge
Pipe cleaner

Paper plates, 9" diameter »
| *Wire cutters and scissors a L \
} r ’ N
} PREPARATTONS . : ™~ .

Students can cuc their ovn wire pieces and make the chrcmosome models.

ne
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INTRODUCTORY DISCUSSION
(If this exercise is to be done with the class unassembled, this d1scuss1on
stould be dod® at a previous meeting of the class.) .

Ask students for the formulae for the area of a cube and for its volume.
Have students draw a perspective view of a cube of 2 cm. per edge and then compute
its area and volume. (24 sq. cm. and 8 cc.). Now have them divide the cube into
8 cubes of 1 cm. edge and repeat the computations for these (48 sq. cm. and 8 cc.)
Point out that for an individual 1 cc. cube the area is 6 sq. cm. which increases
the ratio of surface to volume from 24:8 (3:1) to 6:1. . ,

Ask now what would happen if cells only divided but never grew? What wguld
happen if cells only grew and didn't divide? We don't know yet what is the ulti-
rite cause, or causes for cell division, but it has been observed that -each parti-
ular kind of cell grows only to be a certain size and then it divides. Some
theories about the cause{s) of cell division rest upon this observation. Ask stu- ‘
dents for some of their ideas about the causes of cell division related to the
surface to volume ratio .

A cell is determined to divide (the forces causing div1sion have been marchalled,
together). How could it divide into two cells and still keep the same number of

chromosmes Ln the resulting cells as in the starting (parent) cell? How, then,
could this process be continued to yield some cells with only half as many chro- ¢
mosomes as in the starting cell? Put their ideas on the chalk board but do not

indicate the correct answers. Let them work that out in the activity of the exercise.

~
- .

PROCEDURES ]
1. With the class assembled.
a. Let each pair of students proceed as directed in the exercise.'

=. Program the activity by dividing it up and placing it in a sequence of
stations Each student starts at the beginning of a sequence. Part A would
be a sequence and Parts B and C would be separate sequences.

2. With the class unassembled.
a. Provide materials to students and let them work through the exercise as a
home assignment.

b. Program the activity as above and let students come in at their convenience
to work through the sequences.

. -
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. EXERCISE 16 ~-~ CELL DIVISION

TEACHER'S GUIDE TO

LT f

™

Prergquisites: Exercises 4 and 10.

»

Exerqise 15 recommended *

. >
. : N,

< ! * |

INTRODUCTORY REMARKS TO THE TEACHER : )
] » .
Did the procell divide? That is, did the community of molecules which existed
before the "invention" of the cell membranes divide? If so, how could the spindle

\\ protein be protected from the environment? We can, only speculate abouf that, but

\since the discovery by Rudolph Virchow (1857) that "all cells .come from cells
‘the importance of ‘cell division for explanations of reproduction, growth, diff-
erentiation and evelution have not diminished", The result of the former view was
that division constituted the real life of the cell and all else was "interphase".
oW we consider the interphasic or metabolic dell as the form when the cell does .

the work it was designed to do and this work is temporarily interrupted during v
mitosis and meiosis. . o .

K

It is indeed remarkable that the cell.division process goes along with few
abberations, but there are aspects of cell division that are not yet exﬁlainablgz
Foremost. the division of cells taxes modern Lmagination. Causative conditions are
not known although nutrition and hormones affect the rate of division. Carcinogens,
both chemical ones such as anthracene and its derivatives, or physical ones such
as ercessive X-radiation dosages also stimulate cell division rate. A few drugs .
depress division rate. The causes of chromosomes movement are uncertain. When, J
the spindle fibers are cut, the chromosomes in the metaphase plate still move apart. .-
The cells of higher plants lack centrioles. so that these "organizers of the cell"
are not the apparent agent responsible for chromosome movements. ) P

-

Mitosis is a word from the Greek mitos’ a thread, literally full of, abounding .
in, or having threads. Fundamental ,to mitosis is the reproduction o chromosomes
and the «distribution of equivalent chromosomes as sets of chromosomes to the cells
resulting from cell division. ,(By what whimsy such resultant cells are called
"daughter" cells also taxes modern imagination.) Since chromosomes have now been
demonstrated as double structures in bacteria, protozoa and even.in the "not-quite- N
alive"” viruses, and that these move apart, the older term "fission" must .now be
dropped 4nd mitosis admitted as the process by which these cells divide.

Meiosis is from'the Greek root for " a Lessening." 'If the number of chromosomes -
in cells is lessened it is a meicsis. This usually refers to a lessening. by one ) -
or more genomes. "Chromatin diminution" is used to describe chromatin[ioss in less - ) *

~than genomes. Spindles, cefitrioles, -or cell structures other than-chromosomes are .
not essential to the description. ) )

' MATERIALS AND EQUIPMENT ) v
Chemicals , _ Q“e . }
—_— , ‘ |
50 gm. Picric acid . ' : i
500 cc. Formalin . : .
2 1litre Glacial Acetic Acid ‘ : ' . . |
5 gm. Urea. , _
2 litre Acid Alcohol Conc. HC1 '
Il litre.99% Isopropyl alcohol |




16=-2 ) :

. : ¢ .

Aceto, OrceincLight Green Stain . ) : E
5 gm. Light green sp. *

*50/ aqueous acetic acid solution
25 gm. Orcein ) ' ' .
707 Ethvl Alcohol ; - o

Carnoy's Selutidn .

Absolute Ethyl, Alcohol

Chloroform - 1 litre

-

Biologicals : )
Onions \ .
24 white fish N .
blastula slide preparations ‘ ’ !
vrepared slides of maturation in ’
Ascaris eggs. . R

Plastic and Glass Ware . p

nlass slides' & cover slips ‘ .
4 boxes & 8 boxes

(u!gﬁy

24 Micxoscope . ,
3 pks.
torceps,

Paper towels . \\\
1. chart of animal & plant mitosis : ‘ ' .
PREPARATIONS

Allen's fluid, acid alcohol and aceto-orcein light green are given on page
16-2 'of the manual.

-

A}

union roots. ‘Start onion soaking .in water (about half-way up the bulb) some 3 to
7 days ahead of use. ' .

-
v

.

Absolute alcolol 60 ml. , .
Chloroform 30 ml. ) T .
Glacial acetic acid 10 ml.

Combine just before use. - .
N ! {
INTRODUCTQRY DISCUSSTON . - N N

. 3 " \. j :

‘ Show the film loop "Mitosis" (Ealing No. 81-5340/))without comment one time.
Ask the «lass what was happening to the.cell? Whén the class has made its comments,
show the film loop again, this time explaining each sequence. *

]
Some questions:

What makes a cell start to divide? ° , N o

]




.
N .

. Uhat makes chromosomes move? . . -
What 3‘!*§he classical phases of mitosis and of meiosis? ,

'

PROCEDURE C . , S
, Proceed as indicated 'in the exercise. Root tip mitosis occurs most abundantlv

tbout midday and .midnight. Root tips may be harvested at noon and fixed with

Carnovy's fixative for 24 hours, using about 40 times as much (volume) of fixative .,

1s the volume of the tissue to prevent dilution of the fixative. 1If more than 24

hours will pass before use, transfer the tissues to 70% alcohol for indefinite

Ntorage., ] . N

L

. L REPORT SHEET - > “
I. “hv are cells stained to study mitosis if stdining them results in .their
~ath”  (Ans. Hanv times cells are studied without staining, especiallv where
nntical ‘systems such as rhe interference or phase contrast microscope are used.
Staining mav kill the cell but it makes the chromosomes and othexr materlal easily
’isible in the ordinary microscope.) .
1 /,c-

-

Y

2. If a cell has four pairs of chromosomes, how many will each daughter cell have
following mitosis. (Ans. Four pair) ! Lo
-~

3. Brieflv characterize che mitotic phases (For a description see Exercise 15A). .
4%, UWhat do vou think the role of the spindle Zibers is? -
(This quection asks an opinion. Such opinion should be based upon the qtudents"
observations. Ordinarily it should include these o
. ’ -
(a) Tt form% a guide for chromosomes movements to the equatorial plate and
to the centrioles (where present.)

.
§ .

(b) 1t appear% to move the chromosomes [Teachers mav ask for an experimental
procedure which would show whether or not the spindle caused the‘movemént of
_ the chromosomes. ] .

2

5. Hnw are plant mitosis and animal mitosis similar?. [The'question should ask
for differences.] .

(Ans. In most wavs they are different in that;

.

1) Animal cells have a cleavage furrow and do not form €quatorial plates of -
cell wall material.

2) Higher plan{\Eeils have no centrioles.

A. "hat structural differences are theré batween mitosis in onion cells and white-
b

fish blastula cells. . 5\\\_/x/~ﬂ\\
- =
?

Whitefigh nion

No cell wall . Forms cell wall
Has centrinles . No centrioles
. . .

Aruitoxt provided by Eic:
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.
. » Y , 1
.

7. (Synapsis is\thé lateral alignment.of gﬁromosomes ca%rying genes for the same
. charaéters.) - s )

.

. 1)

_8.. (Polarbody cells are small cells formed during the maturation of egg cells.) o

R i 4 .~ S -
9. [Correction] How do the final cells in male meiosis differ from those in female
meiosis? * » o '
(Ans, In males all four cells are viable and are trangformed into, sperm cells: i

In females only ‘one viable egg is formed for each ovogonium cell undergoing meiosis.,

»

.
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TEACHER'S GUIDE .TO t - i .

EXERCISE 17 -~ THE PHYLA OF THE ANIMAL AND PLANT KINGDOM ’ \ B
— . . . . . i .
’\' F o = - Xx - - .
' N ’ - ‘ : *\\
INTRODUCTORY REMARKS TO THE TEACHERS "‘ \ v

.. - The classification schpmes for plants and animals are about as Gatiéd (within
)limits) ds taxonomists who are brave enough to attempt the task of classification.
Semetimes the name of a phylum may be different and sometimes prgénisms ?ill be .
transferred from one taxonomic: grouping into a new one. ’ .- )

\ .

* Mollern biological research, especially in’biochemistry and biophysicsi,. may :
* somedimes place so much emphasis on molecular activities that the organism provid-
ing the tissue is barely mentioned. Interpretation of this kind of -data, ihowever,
: ‘inqlly,depends upon the relative position ipsthe scale of comyiexi;f of éhe organ-
i-m whose tissue activity is described. < o

The specimens provided for study in this exercise should be labelled with
/ common or trivial names eor the scientific name. (For example: sponge, cldm,
N .

7 carp,}spirogyra,'horse tail or' pine tree.) .
! v ’ .
| | N
MATERIALS AND EQUIPMENT . - / -~ / : L
A specimen representing eagch phylum or ¢lass indicated is needed. \ i

« Most oﬁ these are available somewhere in the department. Borrow théh (if nec€§saryl
and 1er the display remain available to the class for at least a week. Students
should!be asked to learn the names of the phyla and the representative Specimen§

during\thﬁt'time, . ‘ o

PROCEDRY .
A The Report Sheet has’ the phx}a and classes in ascending order according to
one ver%ion of classification, but one may proceed in at least these ways: . \

. . L
1) EDivide the specimens among the work tables, then have each arrange their ,~
‘spetimens in ascending' order of complexity. Students will move froQ one w-rk- \
table to others until all specimens have been observed and classified. \

> * \
.

2) lArrange the specimens in the ordér of their classification.: . x\

3) Prepare a sheet of characteristics for each of the taxonomic groups. Arrange \\
the specimens in random order on, the work tables. Have the student identify
typidal animals from the description sheet. . ~ *

. 4) ° 1f some spgciméns are in,display cases and it is nothonvenient to move them

to the laboratory because of size, fragility, rarity of the specimen,® etc.,

let it remain there, and have'students study them where they. are.

»

x
. 3

.
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'TNTRQDUCTORY REMARKS . TO THE TEACHER

TEACHER'S GUIDE TO . - ) .

' [ . ) ’ ~ ! #
EXERCISE 18 -- COMPARATIVE'ANATOMBpQF SOME SKELETAL FEATURES .

’ N ) ¢ . ‘

|

There are a number of anatomical features that can be compared between Speciés
to show how parts bécame progressively developed. A variety of skeletons are
usually available for study without further preparations. They are thus less time-
consuming to study, than for example, the circulatory systems or digestivé syvstems
in several anigals. Even having settled on the skeletal system one could .study the - \
jaw and teeth, thquethods of attaching the fore and hind limbs, ox the size and
qhape of the brain ¢tase. For ‘this study the forelimb_has been selefted. The extre-
mities are basically five-parted from the fish upward. At least on ,rep;esentative

skeleton from each Vertebr?te Class should be studied in th;s comparison.

HATERIALS AND “EQUIPMENT RN /

LY Q * L) \ A -
Skeletonq of f1sh Y S / . ’
Frog , ‘e . .-
.Lizzard or turtle ° . )
Bird . : ~ Va ) T
Cat . * * ' . - : ( - ‘ Lo
Horse ) . . d
Bat - . ' o
Cow or pig ‘ d
Monkev or Man > . . . o

(Others are acceptable.) .
Clipboard br other writing surface, drawing paper and pencils .

PREPARATIONS .

N

It is not necessary to bring the skaletal specimens into the;iaboratony room.
If thev are available in display cases in the hallways or other aCcessible places,
-enl the students to thp specimens. If they are located in other classrooms that,
~a_v besin use, it wouldgbe desirable tp pldce the spé¢cimens where they will be acc-
sible. (If portable, ba;tery powereu tape recordefs are available, itinerarv and
dlregtiuns can be taped, ‘and students can do the exercise at their convenience.

*

INTRODQCTORY'DISCUSSION\

{ “

.
LI
v

A

Start with a human leleton and review the major types of joints: hinge,
sliding, rotating, universal, ball and socket and cushioned ones. Do this by asking
the (Jass for the p0531b e kinds of movement each kind of articulation can make and
what it can be used for. , Caution them in making their diagrams of bone arrangements
to include each bone in the forelimb of the limb. Students will, all have prior
knowledge about what the forelimbs of the anipals are used for. Teachers may ask
1dditidnal questions aboulb the observations, Such as, "Can a lower form do anything

with its arm that a higher form camnot do?" '"What relationship is there between o

the manner of attachment 4t the pectoral girdle and the manner in which the animal

moves? \ . '
| "

}C.

\

. N \
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*

EXERCISE 19 -- [DISSECTION OF THE FETAL PIG ' ’

v, .
-

INTRODUCTORY REMARKS TO' THE TEACHER : ‘ {

IS -
4 ’

The Teacher's' Curriculum Guides for Unit 7 (Variety of Living Things) suggests
dissections of the rat ( with substitutions-of cats or other animals possible.)
Fetal pigs are easily obtainable preserved, and injected with latex if the teacher
has a budget for the more expensive preparation. They,also do not have a tough
hide to be removed if superf1c1al muscles are to be studied. Other advantages are
listed in Lxercise 19. \ ) . B ) .

The inclusion of an anatomical study such as this is to give.the student first-

Guand experience in the techniques of dissection and to trace out some of the organ -
‘ystems in which studgnts invariably have .a great interest. Very often anatomy is
erroneously displayed in commercial advertisements, .especially those for medlcines. | .
lhe presence of the beating heart is something children becomg aware of quite early, a. R
toddlers, but which few have seen in §i£2 unless chey come from a farm family or

une where hunting is popular. There is sometimes gonfu510n as to why both fvod, and

water are ingested through the mouth but the waste products are evacuated thréuph

different routes. Te&chers should,be alert for these expressions.of curiosity and N
direct students to follow their interest out, but also to be sure that the assign-

nent for the day is accomplished. Fon’examplg;yif the respiratory and c1rculatory

system are being followed and the student raises the question, "How does food and -
oxygen get to the developing fetus?", then he should be encouraged to see what the
connettions are to the uterus. ~ . . —

. s ¢ a
-Despite the popularity 3f molecular biology in recent years, anatomy is still
important to physiology ‘and biochemistry, for without it an adequate description '
of a body part could not be made by merely ment}oning its name.
MATERIALS QFD EQUIPMENT ’
Disséqring pans
* Gpins
strong,string .
Dissection instruments: scissors, blunt probe, forcepts (Note: these must not oe
thg_kame instruments used for physiological work because the fr.malin adheres
to instruments and is virtually impossible to remove. This formalln then has a
toxic effect. on living tissues. when the same instruments are used to work with
s such tissue? R .
" Fetal pigs ( with arteries and veins injected with latex, if possibie)
Hydrous lanolin
Plastic bags - e

-

"PREPARATIONS  * . ‘. - o

v . ¢ - ‘ AN .-
The fetal pigs should beaplaced in plastic bags prior tuv distribution and a tag o
suppljed so tnat each student (or pair of students) may later identify his animal. ,
e sanimals should be washed off quer rynning, cold tap water to rémove excess . ) ‘

& preservative. Students should rub their hands well with' hydrous lanolin to protect
e them from the preservative. The lanolin is later easily’ washed away. .

N
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A}

A dissection pan or dissection board should be,providzd for each p1g These*
: permit easy pinning back. of skin flaps and also permit the retraction of the ‘legs.

INTRODUCTORY DISCUSSION

"

Present the class with a metal spring, large enough to be easily seemby all
and not so strong that the teacher cannot extend it. Ask the class about he
functions 'of springs and how they work (when energy is used to extend the Sprlng
. it dtretches. When the energy is no longer expanded, the spring returns to' its
ord glnal shape.) Ask questions which expand upon the concept that form‘and function
1re usually Lnseparable Ask in what ways "does this concept work out.in the body
A main function of the respiratory system is to conduct gases, the circulatory

-vstem conducts fluids, the muscular system must have elements that are extensible |
) ind contractlle ) %

) ‘n0CEDURE o ‘ ~
L}
Two approaches to the anatomical study are available in Exercise 19. One may
make a survey of organs of the vimcera using the directions on’ page 19-2 in the ‘.
manual *without regard to particular systems. The other approach is to look for
structureq in the lists given for the various organ systems. One may begin with
the respxratorv system, then do the circulatory system and go on to the dJdigestiye

s.ste& if this exercise, is used with Unit 6 -- Me*abolism and Regulatory Methanisms
then Yo the others; or the nervous, renal and reproductive systems if used with
Unit 4 -- Reproduction, ett., and then do tlie others.

r
. »

If more than one session is to be spent on this exercise, then fetal plgs

“ should be returned to their bags and a small amount of preservative added to preveit
- molding. Identification ta é should carry the student names and section and the

animals for eath section should be kept in separate containers for easier distribu-

tion the ndxt time. '

I

REPORT SHEET

Questions :
1. wWhat structures are.seen in the fetal pig that are not present in the adult?
Relate these struciﬁ{es to prenatal function. . ¢

.
»
- . A\l

’
Umbilical cord--contains the umbilical arteries\and vein communicating with.
‘ the placenta and the fetal circulatory system.

. L} ¥

s . . The, Allantois‘mai be present (yonng fetus) or its stub. This stores
allantoic fluidyis the product of the fetal kidney.
. ' B wkwh - . . =
‘ ' ' Inside the heart one will see the foramen ovale between the right ang lefd
atria and the ductus arteriosus between the pulmonary artery and the aorta.
.. .

-

‘ 2, A&fter identifying external anatomical features.of the plg, compare\éhese
. 'feltures wlth th'e, human body. _ -

»
] o e
' N Ly

%

-

. *The external nares are in a snout used for digging and ploughing up earth. .
' ’ Eyes are mare lateral. Ears (lobes) are much larger; head shape is diff-
erent, number and kind of teeth,have a different pattern. Pig also stands on
. . : o .

‘ Y . %1‘141 ‘ : o )
ERIC ¢ . ~ ﬂ v
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two fingers (tves), and the limbs do not swing as much as in the manY‘\Dégpile .

+ 7" a1l these dxfferences, the pig is the animal most preferred for 'medical resecrch
. because it approximates the size and physiology of man mdre closely than lb true ,
with dogs. l . .

. £
1]

3. Pick out the structures you have examined that belong to a particular organ
s¥stem. Are thev all together? How are these structures related? What® func-
tional significance is there to their arrangement, structure, and location?

. z

I xample: The liver. The 1ivér belongs to the digestive system, but,also .
functivns importantly in the circulatory system. Its connection to the digestive
svatem in threugh its secretory duct, the bile duct. All of the parts of the dlges-
tive system connects to it through ducts.

v

4. Trace various pathways in the specimen, e.g., a}r, food blood, urine, eggs

. - or sporm.' .
i3 ‘ -
“(Se¢ the gystem lists.) -
L]
> v o
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lXFRCISh 20 ~- ASLXUAL AND SEXUAL REPRODUC{lOV

Prerequ151te. Exercise 4. " Exercise 10 is useful . -~

1 ‘ v
.

9 ‘

¥ . .

s, 1 s N
INTRODUCTORY REMARKS TO "THE TEACHER. .

L]

-

In thjs exercise a ng life cycles of “lower plants, animals and microbes are

presgnted  as examples of sexual ard asexual reproduttion. It is interesting to note

" that sexulalty is not limited to higher forms but is present in the most "simple"
cells (where ' simple is based upon morphologic organization). Of course, student
;nterest .about reproduction centers around human reproduction, not only its biology,
but its”psychology and sociology as well. College life probably represents, for
me .t of them, the first opportunity tolmake certain social decisions without thé’
. mediate advice and counsel of their family for ‘an area of living in which they '
J4r. capable of participation, but. this can not be done independently of other
cducaticnal and social goals. The best understanding of human-reproduction rests
upon knowing what the patterns are in nature, that what happens in mankind is part .
of, not separate from, what happens in the rest of the natural realm. . .

’ - .

! Th1r is the first of seven exercises in the student mdnuah (Ex. 20~ 26) whichi

~'deal with reproduction in animals and plants. . . \J
* ’ . s . Q.«
HATERIALS AND EQUIPMENT , . ) . . LI
..icroscopes and lamps . . S . o .
chrosc0pe ,slides and coverglasses « e ° - 3
living cultures or preserved specimens of the various organisms yséd: ' . .
~ [} oA o

" L. coli, a Bloe—green alga, Spirog/ra Paramecium, Rhizopus nigricans yeast,
Neurospora crassa -and preseryed basidiomycetes. [

’ [“7 .\‘

.
« W
.

Prepared slides containing the;stages in the life cycle (obtalned cémmerc1ally) ., * -
fora Blue-~ ~green ‘alga, a gréen ,alga, such as Spirogyra; Pardiecium (congugation),
Cw * Rhizopus nigricans, yeast (sucﬁ as Torula sp.), Neurospora crdssa, and the life * . -
}LU L cvcle of Pucinr’a graminis‘or of Psalliota campestris.- .
e _ T yE
PREPARATIONS =~ ° : ' s ,

o ’ . - Y

Selection of cycle,to be studied. Many teachérs will want to give students\thc v,

{ - «Moice of Yhich cycle they would like to do as, the reguired ‘one for this exercise.

. If so, this should be done a week. or so ahead so that sufficient matgrial for the
tycles ingicated may be accumulated. The teacher may wish to assign the cycles to
students fqor study, allowing them to do addit10nal ones of . their choige as time
permits. Prepared slides of these life.Cyclea are most likely available in the

- Department of "Biolo . It is good to obtain some living cultures.of the various™
organisms so that something of their cultural habits and smells, dan also be ex-—-
perienced by the student. It is difficult to depend upon the living culturea for
reprpductive forms since chese are often seasona1 in their appearance.. ’ ~

¥ * 4 ! ., '
INTRODUCTORY DISCUSSTION v - sa . .

I'd : - .
’

‘ <! L v ) .
Tedcher: Let me .pose a question “to you this morning (a}ternoon). Aref adult . .

‘e . . Lo . ) ' : . \




o

T

o
.

g N ) . . : » «
. . .
. people just grown-up children? (The class should bring out reasons on both sides
of this question. They will realize that while children resemble grawn-up people
in many resgects, that there are emotional, intellectual, physiological change ...
vcour in teen—aged youngsters which convert them from children to adults. This.
avtamorphosis is much more distinct and dramatic in some of the lower animals so,

. that individuals who are adults give rise to offsprings which do not resemble them-
selves very much (e.g. tadpoles). Sometimés they don't even have the same chror -
some numbers, being haploid. The 'sex" occurs in the adult stage, or to put it
another way, the stage that gives rise to the gametes or to mating (fusion, etc.) -

. «

is called the' adult stage.):*. ’ , :
: L ‘ *
. Today we want to study’ some of the kinds of offspting that get generated in
nature. (Then explain the plan for study. ) . . .’ .
. - \ .
* PROCEDURE ‘ - o , _ .
Cultures. The usual cautlo&s_must be-emphaslzed to .the effect that students must ’.
nut tak'e the pipets (dropperq) .from one cultu; and put them in another ona. It
usually won't hurt the cultures, but’it mixes ,the organisms and sometimes lefds '

tu the confusion of. others, espec1ally 1f they don t know what the organisms are.
Wt J N . b t .

N lides. If the various llfe cycles slides are obtalned from a central supply bon
T buxc% sfudgnvs should return\them Lq, the proper boxes so that otlters will be v/,
lhle to find them. Also, they shgyid remember at the close of the class to, be sure
tu check their picroscopes fOr sl}des on the stage before they put them away. !
ot : : . . PR ) < .
D ‘ Bl & .
Rl,‘l()Rl‘hllF.j.l‘ ' P . ‘.
' ' . Ay . ’ [ KT
fuyestions * . N
i 1, n, 2o'Haplontic} n, 2n Diplontic n, 2n Haplodiplontic .
v 2. The qaumber of chromosomes, in the haplontlc paitern adult is n, in the .
. .t “diplontic pattern adult it is 2n: ~ .
L R What is the number of chromosomes in the cells of these stages of the' dip-
. . Jlantic pattern’ It is 2n,for the*sporophyte and 2n for the ganetophvte.
3 . . * . N I3 s .
‘e lerms . . . . e . o ) .
) " . . . - ’ \ « . T )
[ 1Ahu0tc~-l cell which particxpates in reptaductlon by fusing with apnother cell of N
) " opposite or complem&prtary ma 1ng type, usually within the same species. NG .;\/
v 'urliliiatinn——lia a'p_chss whieh begins with sperm entrance (or its equivalent) N
.. aad ends with incorporation of the chromosomes from both.parent ells into a { o *
' . single mitoric splndl e > v > ) :,;
+ . - . <7
' aploid, The-suffix -0id means "like" so that)hgploid'has "like half" of thé
—~ normal. number of chrofosomes, most usually one set instead of two. . .
(Why i the tgrm haPloia better th?n monoploid?] e ' . !
- * R N Al 3
Diploid. llaying two sets of chromosomes. . ' ot
o » ’ / ¢
. Mitosis. Mitqeis is a form of cell dlvision 1n which the chromosdmes €having been " e

, xeproduced) becope more tontracted and* more visible, they split, and are di-
vvded between twqQ resulving cells in’ sats like those of the® parent cell Lit-

n . .

e " LAt S .
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c¢rally, mitosis meang thread (chromosome) formation.

Mdeiosis. Melosis’means a "lessening". It is used for a type of cell division
where (after. they are reproduced) the chromosomes contract and become mort !
visible. They then pair up (svnapse) pairs having thé cdrrespondlnp gene
alleles. The chromosomesfpalrs split{forming tetrads) and are divided, tw.
sets per resultant cell. These cells divide .again without fbproduc1ng the
chromosumes so that one set of chtomosomes is found in’ each of the final four
cells, s . >
. R 1

* Meiospore. A meiogpore is a spore that contains the haploid number of chromesocme
+° 7¢It germinates into a gametophyte which produces haploid gametes. Thé“gametuh
fuse at fertilization to produce diploid sporophytes. Preceding spére format.
the germ cells undergo meiosis, forming haploid spores. . _' /

-age 20—10 C ' 0

~

l. What are the qdvantages of asexual‘reproduction? - ’ , . s
ki ¢
o oa! (a) A mate or complementarV ‘gamete 1s nat needed to gec an offspring, =«
?p@CleS survival- may be bettér in .sparsely populated énvironments.

(b) '1he offspring will be genetieélly like the'parent organism.
. N . > -
2. .What are the advantages osysexual reprodiction from a‘biological point ol
RN A -
of view,

.
h

- s
. . x

2 .

It provides for gen®tic variation and. -perhaps. greater adaptabllltv to variou-
-nxnronmvntq . ' o 1
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P 4 4
’
| v o ‘
’ N .
\ . . .
¢ . ’ Q
J
N S f A \M.’ )
& ) . . -
' +
- LY ‘ .
Ve ! LN
. f - N
. —
- ) . n ¥
. . Zi . A
s LY ’ ! | v ”~
» .
-y » “
' e » ~ - . - -
. . ¢ ' ] |
. . * Iy

FRIC: Lo

Aruitoxt provided by Eic: -



TUATYRIALS AND EQUIPMENT

. - -
v ' A
.
h, .
LY ' .
% .

¢
TLACHER'S GUIDE TO ’ ) * ( .

LKERGISE 21 -- REPRODUCTIVE STRUCTURES IN FLOWERING PLANTS (ANGIOSPERMS)

|

|

I

|

) |
? » ' . -, |
T S : —
i

s
A -

» . Vv

INTRODUCTORY REHARKS TO THE TEACHER ) .

Part A ofwthis exercise deals with the asexual ways that highei plantb
rep-oduce ard Part B considers the sexual role of flowers. Just as sex is not

“limited to higher plants and animals, so asexual reprodudtion is not limited to

Fower plants and animals. We will not attempt.to cover the complete range of
rossib?lities in either mode but the stugent should be able to draw some infer-
vnces from these few examplés.

‘ Iy
/

’ b

-

et Potato

Roots of a sweet potato plant with ydung potatoes (demonstratlon)
sweet potato rvoted bv soaking in water or planted for several weeks
‘orn plants several weeks old with suckers

Irish potatd

~tish potato reoted by soaking or being planted for several weeks "~
Pats 'of Hens and Chickenhs, Strawberry plants or Bermuda graes
Yiotted saplings of woody plants )
“hicp knives 7
Soft Paraffin
Twine ' .
3lossoms of lily and sweet pea .
Preserve” arly ears of corn and' preserved (dry) tassel’ * S
tnions . . ' . * '
.- * v : . /
PREPARATIONS R ' ' A : )
‘It takes some planning ahead in order to have the rooted materials available .

for the class to Study. The sweet potato, irish potato and corn should be planted
about, three to four months before use. A greenhouse is not necessary if there is
space somewhere in the laboratory room, but a greenhouse is helpful. 1In the lavora-
Fory room plgstic sheeting can be used to cover a frame to form a miniature green-
house,

»

INTRODUCTORY DIscusgronl
. i <9

" Teacher: Does a fléwering plant have to reproduce sexually? (Of course not.)
" “lhat are éume common food-producing plants which are propagated asexually?

fNivel oranges, delicious apples, bananas. Sweet potatoes are frequently propagated

. from cuttings and irish potatoes from the potato "eyes".) The reasons for this - -
“1ry.  Navel oranges and bananas have no viable seeds, its qulcker to root cuttings.

It's also quitker and less’expen31ve for sweet potatoes. Irish potato eyes, used

1~ seed are often thrown away by the cook, anyway. Sometimes a desirable fruit

srows on ‘a sturdy twig, But thé root does poorly. In these cases cutting is graftec

to a sturdy rqot.

S
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PROCEDURE *
(As indicated in Exercise 21)

REPORT SHEET

Selected Questions .
|
|

Whit part of the plant is the irish potatc? ( a stem)
What part- of the plant is the sweet potato? ( a root)
0f what advantage is it to a flowering plant to be able to-reproduce asexually”

>

, (a) It doesn't have to wait for a fruiting and growing.season.
(b) More food can be stored (if it is) to feed the new plants than would
be contained in seeds (corms, bulbs, potato stems, carrot roots.)
What is meant by monoecious and dioecious? Monoecious plants have male and
ivniale flowers in different plants, that is, a plant has only one sex. Dioecious
pldnts have flowers with both male .and female flower parts.

%
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TEACHER'S GUIDE TO 2

LXERCISL 22 -- SEED AND FRUIT PRODUCTION IN FLOQERING PLANTS
\ N .
Prerequisite: Ex. 10 required; Exercise 20 recommended .
. 2N

o~ I

e = p e n o ww e o ——— ——— - —-

INTRODUCTORY REMARKS TO THE *TEACHER . .

The alternatipn of generations between gametophyte and sporophyte plants is u
fuscinating one to study. The student introduction to this exercise goes into some
ivtall -about the formation of the megaspore mother cell and the microspores and
spe¥m cells because these may or may not have been discussed in class by this point.
Many standard freshman bivlogy texts and standard botany, texts review these procésses

» in detail, tracing the evolution of the cycle from the md@ses and liverworts upward.
Tl anit-writing group or Reproduction did not feel that the long, detailed story
ut "the alternation of generations in higher plants needed to b% discussed at
length, but the existence of the egg and endosperm cells and. of .sperm cells help
round out the story of sexual reproduction as found in higher plangs. .

-

-

N

« Cor
It wwuld probably be very helpful to have a set of models of the germ cell P
tormation in higher plants so that the roles of the pollen tube and of the micropvle
can be more easily understood. In.Part B, the object is to study the different
seneral wavs that the ovule and receptacles develop 1n the formation of various types

of fruit. * .
. . .« . .
. Part & =- %ermination of Pollen Grains‘ . .
) M N Yy Y f
MATERIALS AND EQUIPMENT . . f’ . N
« k]

A supply of pollen or flowers.with ripe anthers ) )
107, 20%, 30%, 407 and,50% (weight/weight) solutions of Sucrose, glucose or hone
(About 10 ml./24 students) . .

57,:10%, and 20% sodium chloride solutions Iy v
Indoleacetic acid (100 mg./100 ml.) * -

* Gibberellic acid (100 mg./100 ml.) - 4 !

Pasteur pipets (one*for each solution) - ) . .
%icroscope slides -and coverglasses

Patruiatum (e.g., Vaseline) warmed just to melting on a controlled-heat hot plate.

Stall camel hair brushes (like used for handling fruit flies.) ) -
Microscope and lamp d )

g Wax pencil

PREPARATIONS < .

. 4

.

Sulutions. It is usually easier to make up the solutions on the basis of weight .

(1 ml. water. = 1 gram) because one does not have to transfer the solute from the

beaker or other container used for weighing, nor. ddes one have to dissolve the solute

in less than the desired final volume of the solvent and then bring it to volume when

it gets into sulution. Use a 150 ml. beaker for each sugar solution. Weigh out the

sugar (1, 2, etc. grams) and add the required weight of water to bring the whole to

100 prams total weight above the tare weight for the empty beaker. The hormones ]
fyiberellic or indoleacetic acids) can be weighed out and dissolved in the appropriate
cohcentration of sugar o salt solution.

?
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INTRODUCTORY DISCUSSION
Before class brepare a series of small boxes, each within the other, or a

similar series of jars. At class time, have a student come up and remove gig/nexL

tv the largest box or jar, then the, next largest, on down to the Iast. The~smaller

the last jar, the ~ore inEriguing,'especially if it is filled with coins, beads,

or the like. Two .points can be dlscussed——lst, that the smallest functional struc-

*  ture may not always be apparent from an outside examination. Sometimes the smallgst
structures may be thc most interesting or intriguing. .

LIEEN

Today, we want to study. a small thing that was among the first material in
which the nucleus was seen by Robert Brown. Browg not only discovered the nucleus
Lut, also was the firs. one to see pollen grains germinate and send.out their tubes,
which normally push dewn from the pistil, through the stigma and into the micropyle
.{ the ovary. There are, however, some questions about this whole proces. for which
wi a2y want to find answers. Are there special conditions of heat or moisture needcd
.. ¢ pollen germination? (Can known chemicals speed .up or slow down the rate of germ-
‘ination aﬁd tube extension? Is germination dge to osmotic or other couditions?

'

Students may suggest other questions. Ask them and help them to devise suitable
vaperiments to test. the material for answers to their questions. They should have
purmissivn to proceed on these experiments as long as a sufficient number of studenfs
do the basic experiment jn the ekercise for comparison.

» .

PROCEDURES . . c—

kecp the assignment of slide numbers the same as given in the .exercise although
tvery student need not be given the same series of mixtures to test. Have some
-tudents test sucrose, some glucose, some honey and have them test the corresponding
solution with one of the hormones added. Some groups may test different kinds of -
pollen. Some pollens will germinate with as little 4s 1 to 2% sugar. Will any of
the pollens in the laboratory germinate in water or in sugar solutions containing
less than 1% sugar? Have someone determine the germination rate when slides are
xept at refrigerator temperature, room temperature and at 37°C.

- The Kinds of Fruits ) .
MATERLAYS AND EQUIPMENT» . ) 3

and seeds listed for this part of the exercise. !
n knives . .
e .

PREPARATION

1f/ the materials are to be gathered locally, a program of year-round collection
started.

Milkwee. should be collected in the fall before the frost falls because that eventa
causes the pods to burst and disperse the seeds.

tapsules of okra and cotton in the closed condition should be gathered in the summer
- time with opened pods (bolls) taken from plants in the fall.

wegumes. Buy fresh green peas and beans at the grocery store and the corresponding
seeds from a seed. rack. Do not try to sprout beans or peas purchased in
food packages since these have been treated to prevent germination and to

" SR

»




T speed up éooking. . j
Dandelion ge?enes should be kept in a jar so that the seeds to not blow,@way ,

y;are unavailable only, during the snowy season.

A head of sunflower seeds.is instructiye, but seeds\fan be bought from a grocery,
seed store, -or pet shop. A - ;

Elm or maple samara should be collected in the summer time.
i
Acorns, and nuts’, can:be gathered 4n the fall. Those with the bracts still attached
- are preferred, so they should be ‘harvested with this in mind. .

The fruits listed are all commonly dvailable in larger food stores at almost any
season of the year. . . -

NTRODUCTORY DISCUSSION

*
va

Hold up a peach or apricot pit and ask if that is the seed (that is, is the
nutside covering the-seed?) Take a hammer and break open the pit to reveal the
kernel. TRemove some of the "skin" from the kernel .inside. The kernel is the seed.
The tough, woody wall of the pit is the endocarp, and the flesh of the fruit which
nnce covered it is the exocarp It is divided into the mesocarp and pericarp of,
the fruit. . d

Now ask someone to define 'dehiscent'". If no one can, have.a student look the
word up in the dlctlonary or the glossary of a book. BY what means are the simple
dry fruits dispersed? . .

& . .

v ¢

Part B

ﬂléplay the various kinds of fruits grouped according t.o kind. Students should
complete the Report Sheets following their examinations. The exercise is designed
to help the student remember the main kinds of fruits and he snould be prepared for
a brief quiz on that topic next time.<

<«
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TEACHER!S GUIDE TO -

EXERCISE 23 ~- MONOCOT AND DICOT SEEDS, SEEDLINGS AND LEAVES :

< . .
”y “ (

INTRODUCTORY REMARKS TO THE TEACHER ///
This is one of those purely morphological studies, all of which goes to show
that even though Nietsche may be dead, morphology isn't. The exercise can be used
in connection with reproduction and development of plants in Unit 4 or it may be
used effectively with the Variety of Living Things’ (Unit 7.) In any event, the
comparative anatomy of a monocot and of a dicot from seed to sprout has distinc-
tions as clear as those shown in their flowers.

. MATERIALS AND EQUIPMENT

] . s ’ v '
Tland lens dr dissecting microscope '
Bean and corn seeds

Bean: and corn seedlings . R
Prepared slides of monocot and dicot leaf cross sections ’ - -
PREPARATIONS P \

Obtain .seeds from the seed counter and not from the food shelf at the ‘grocery ‘

store or seed store.

Soak some beans and corn seeds overnight, or unti) swollen and plump.

Prepare corn and bean seedlings in this way: Place the, seeds about 1 inch
apart® between the wall of a fairly large glass jar (be sure that it has never been
_used to contain formalin) and wet, absorbent cotton or paper towelling. The seeds
are kept wet and placed in a dark’ cabinet to sprout. After a few days, when they
have developeg leaves, cover the outside of the jar to root level with aluminum °*
foil and leave in the light. -

I%TRODUCTORY DISCUSSION : N \

Teacher (holding up a jar of dry beans) asks, "Are these beans dead or alive?
what are the qualities of aliveness? {Write them on the board.) Do they stand up
to those criteria? ) . e

Hold up a jar of sprouting corn or beans. Ask, "How about these? There isn't
any doubt in anybody's mind is there, that?these are alive? Do they meet the cri-
teria we set for things being alive? . :

What made the difference? (Water). ‘But just what is it that water does.
(Probably provides a spacial |\ arrangement for the proteins so that enzymes can he-
come, active and release energy stored in the seed (endosperm) for cell growth,
differentiation and metabolism.) . e e y oo

P ! ' o,

Draw attention to the cotyledons of* a begn sprout. What ;élationéhip (seen
among all of the beap sprouts) is there betweén size of the cotyledon and differen-
tiation of leaves? Could the root system support the seedlings without the food 4
generated in the- leaves by photosynthesis? What would be an easy way to get an
answes to that question? Or, on€ could ask thekopposite question, '"Could the stem

N

-
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] . -

and leaves of the seedling survive without the roots?" What are the prihciple
functions of %ylem and phloem tissue? .

/
PROCEDURE : . ' BN

In making drawihgs, keep the outlines continuous and clear. ® Make drawings
large enough td show details easily. Veinirig patterns should be clearly shown.
Colored pencils or water paints may be used if desired, but stippling and shading
with lead pencil should be discouraged because it becomes smeared if rubbed.

Label -neatly but| remember that the report is,mainly the drawing and’' the student .
should not become so invclved with the technicalities of 12ttering and shading as
to lose sight of ‘the fact that the drawing is the report of his oHEe;vationé and -
that clarity in presentation is the equivalent of good grammar in a verbal descrip-
tion. ’ \

RE2ORT SHEET

Some drawings are to be placed on the same page with the directions so that
extensive labelling will not be necessary. The descriptions are all right there.
Some drawings, however, do require labelling. ’




//( TEACHER'S GUIDE TO

EXERCISE 24 -- H@%?O;OGICAL STUDY OF THE FEMALE REPRODUCTIVE SYSTEM
U]

Prerequisite: Exercise 4 .

N i

£l

INTRODUCTORY REMARKS TO THE %&ACHER
-

Exercise 24 and 25 are both histological studies fade from prepared slides.
The histological picture is static, but the patternd may be different from tissue to
tissie depending upon. the hormonal state of the donor. Theire is still a lot to be,
learned from the study of morphology Remember, the drawings constitute a report

(essav) on the observations’ made. » A

Exercise 26 deals with the gross physiologic responses of organs such as
cvaries and uteri to sex hormones, but they do not tell the student very much about
*what is going on inside of these organs. Histological study can provide a pictuge
¥ of some stages in the dynamics of morphologlcal change and at the same time let .
the student observe the details of the structures that exist.' . -

¢ . SR a
Vo
MATERIALS AND EQUIPMENT

. - - N -
Microscopés )

Slides of ovargy, uterus, oviduct, and vagina of the rat (or other mammal)
Immersion oil ‘ . .
Lens paper

INTRODUCTORY DISCUSSION

The student introduétion to Exercise 25, although unusually long for this “
manual, is none-the-less a brief. account of the hormonal relationships affecting
the structure of the female reproductive tract in mammals. See if students were
able to get the concept of hormonal interrelationships between the pltuitary gland
and the various ovarian and uterine structures.

PROYEDURE ~ ~ ‘ E o

Parts A, B, and C

4

Study the appropriate slides and then draw and label the underscored structures
. in, the directions.

\

4

\
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. TEACHER'S GUIDE TO ‘

EXERCISE 25 -- HISTOLOGICAL STUDY OF THE MALE REPRODUCTIVE SYSTEM

Prerequisite: Exercise 4 ' ‘

-~ . .
Y . ]

s
4

INTRODUCTORY REMARKS TO THE TEACHER . A ‘
The INTRODUCTORY REMARKS:TO THE TEACHER in Exercise 24 "also apply to Exercise
~.. IlLere is no long student introduction dealing with the hormonal control and
teodback between the inale reproductive system and the pituitary gland. Follicle
stlaulating hormgone (FSH) ie very abundant . in the male pituitary gland and functions
by stimalating spermatogenesis in the tubules of the testes. Luteinizing hormone
(LH), also callea interstitial cell stimulating hormone (ICSH) by some, acts upon -
gthe Leydig cells, which lie between the seminiferous tubules, and causes .them to
sucrete several steroid hormones, the most. potent of which is testosterone. These
male hormones (or androgens) act upon the epididymis to cause ripening of the :
spermatozoa, and act back upon the pituitary gland to cause the increased storage o
of FSH. I
3 . . .,
“ATERTALS AND EQUIPMENT
'Microscope and lamp
Lens paper and immersion oil’ ¢
Prepared slides of mammalian testis, ductus deferens, seminal vesicles and
ventral prostate gland. .

v -

INTRODUCTORY DISCUSSION .

Review Exercise 15, Part B--First Procedure for Meiosis, (Sperm Production.)
Taese stages can be identlfled in many sections of the tubules (see Ex. 25, Sectlcn
a.2f. what advantcges or benefits might .come from having a spermatogenic wave
instead of having all parts of the tubule function at the same. time but at a lower
rate of activity? Is the lack of an obvious sex cycle id the male an advantage
over the cyclic involvement of the reproductive system as seen in female mammals?

A k4 N !
Part A, B, and C
From the structure of the ductus deferens, how would you conclude that sperm
are moving along this tube?

A &
Biologists ‘'used to think that the seminal vesicles were used to store sperma-
tozoa until ready for use. Is there any evidence for this theory shown on your
slide? (No.) What function does this gland apparently serve? (It secretes part
af the qemlnal fluid.) '

-




TEACHER'S GUIDE TO P

EXERCISE 26 -- RESPONSE OF ANIMALS TO ?REGNA;iCY URINE uomng, g PR !
S (Pregnancy‘Tests) SRR - .o, ljy . ‘:“‘ ‘ ' A
. Prerequisitest.,Exercises 1, 2 ;o o, e
5 , - L. | l
’ o ' e-“‘ R ) ’ . - |
IN:I‘RODUCTORY REMARKS TO THE TEACHER- . Se T St ' ~
‘ ihe detection of pregnancy utine hormone (Pd) in the urine of a woman who ' P

suspects that she is pregnant constitutes a confirmatory test bf great interest to

such patients. The ,action of the female sex hormones on the reproductive tract had

hardly been demonstrated when iischeim and Zondek (1927) reported their technique

for the detection of pregnancy, making use’ qf’ immature female mice. . - -— "

-

'“ﬁTERIALS AND EQUIPMENT ‘ . |
ghemicals’ ' .. - ‘ ‘ \ N

Pregnancv ‘urine | - .
Urinometer (for determining specific gravity) . N . - KN
" 207 HC1 - , , : .o 7.

.04% Bromcresol green ‘indicator dye , o * '
~ Kaolin (acid washed) (commercially prepared)
= . .1 N NaOH i : T

.5% Phenolphthalein .o

"% eogsin blue  or yellow . = . : . , -

4% aniline blue ' ) . . .
. Citrate-phosphate buffer, pH 7.2 . . . .
pHdrion paper ‘ :

.
o
9

iologicals . PR o . _

mice (immature Eemaies) & v ' ) . ' N
&?rogs (male)’ " .. _ .
* . ‘ . : ’ M
k‘ Others . ‘ ]

. ) N - . ) . - Y

dLSQecting instruments ) .
slides and cover glasses . “\ Co N
pH paper oLt o o .
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PREPARATIONS o o . .

.
. .

. +

' . . K .
L4 * . . .
3 - . »
L] M - . .
. ‘

‘remains in the human oviduct about 1 week. “If it is not fertilized it ‘dies and is -
"reabsorbed and never enters the uterus because of a sphincter at the end of ‘the ovi-

. of estrogen and therefore, graded estrogen effects. An intense reaction is char—

the vaginal canal taken with a small pipet will show many cornifjed epithelial ~
- vells. Such smears may be dried in air and stained fos 30 seconds with Geimsa ] 1
(quadruple) .stain. . . A

Full Tt Provided by ERIC.

ERIC, B . '1',19 CU L |

The male frogs have bigger rhumbs than the female frog.” Place froge in a
covered 8-oz. jar in the refrlgerator in 1/2 inch of water. B

.
* 3
» R P

TNTRODUCTORY DI1SCUSSION , ] . ' '

Teacher: _What do gcvernors or mayors do when theie are unusual clvil disturbances?
(They Tall out' the national guard to take wtfer from the local police.) * And~what 5
happens when the civil situbtion seems ¥8 be back where local authorities can “handile
it? (The national. guard goes home and no longer is an organized unit.) .

’ .

v‘“
When a mammalian egg becomes fertilized and starts to develop, it grows some
membranes, the chorion, which itself is more powerful than the pituitary gland in.

causing the conpus lutem of the ovary to secrese progesterone. The egg “normally

Juct. JHowever, if it is fertilized, the embryqnlc membranes _cause enough-addltlonal
progesterone to be secreted so that the sphlncter will open, the embryo enters the
uterus, and becompes’ implanted. The pltu1tary gland can only keep the corpes luteum
functional for about 12 days, but the" luteotroplc hormone of the chorion can keep
it active for the term of the pregnancy. About the l4th day of pregnancy in higher’
mammals, then, the chorionic gonadotropin takes over from the.pituitary much like
the national guard takes over from the local gendarmes. When the pregnancv ends,
the chorion is normally removed and the ovary teturns fo _full gtimulation from the
pituitary gland once again. From this sequence, it may be more clear ,why urine
taken about two weeks after the.first missed period (that is the ;irst failuré of
menstruation to appear following 1nsem1nat10n since it may not appear for other
reasons) is best for these testg for prcgnancy. It is because at that time the
amount circulating in the blood and appearing in the urine is high enough so that
there is less doubt ghat it is present, a conditiqn which may be the case earlier.

The Ascheim-Zondek,Test. : ' .« . L o
I&‘wlli be best for beginning‘experimenters to keep mice being treated differ- -
ently ig separate cages. More eyperienced scientists may number ‘the animals. The

graded dosagé of the urine (or urine extract) will bring about graded secretion

acterized by ‘highly vascularized ovaries and uteri (hyperemia) with, numerous recent

corpora lutea protrudlng from the ovafies. These will be dark red in color; thus: ’a
the laboratory name of "mulberry' ovaries. QOther effects-not noted in the exer- ’
ise would include opening of the vaginal orifice and the fact that-washingo of




The Antiboa'y Test\for PU ‘ - Lo

Sifice the 4issues of these animals are not going'@o be” used for further
phvsiologxcal experimentation, thd animals may be- killed with ether” ok chloroform

. 'S .
before dissection. o~ . e s
" . » 'x"‘_: ) } -~ N
The Rana Pipiens Tes;t ) ., . P ’ .
» v . ._‘ - . M.‘ ." B

) The male frogs should‘be kept in the refrigerator.(between‘lo and 20°C. ) until
ready for use. This is partly bedause warm temperétures will stop spermatogenesis.
The. chorionit gonadotropin works on the male’ frog -to cause sperm release because
that is the" way it happens in natare. At fating time the\male grasps the female ¢
quite firmly and she reledSes her ripened eggs. , Within a‘few minutés, less than
10, the gonadotropin of the female triggers “the release of sperm by the male so that.
the eggs are fer ilized before their jelly coats become too toughened to permit
sperm. entfance about 15 minutes after layjng. - . X . 4

‘ »
To injert the ufine into the dorsal lymph sac use a -1-1/2 inch, 20 gauge syringe
needle. Start Wy inserting the needle under the skin back near the leg. The skin
is loose, so run the needle just under the skin fotward until it is just anterior
to. the urostyle. ™ Injection of fluid then can be seen to fill the dorsal lymph sac.
The distance between the insertiOn point and the lymph sac helps prevent the escape
of the injected fluid .

© ° ¥

4 : - e RIS : : .

X

LN 4

" Another popular modern test is quick and easy te perform but much less

"instructive about the phySiological functions of Human Chorionic Gonadotropi? (HCG) ,

which is the same as.PU. A few drops of Anti-HCG antiRody is floated on top'of a
small tube or capi¥llary of su5pected pregnancy urine  After about 30 minutes a

layer or ring of precipitate will have formed in 4 positive test. .
' .
RPPORT SHEET . . S
.o Have the &lass write an essay on the origin and' action of human chorionic
gonadotropin (HCG) to ‘be turned in at the next laboratory meeting. :
. . N\ { . . ) -
. R . g S
’ ' s ! e '
’
o ) * ) ‘ /
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EXERCISE 27- -- TRANSCRIBING DNA, mRNA AND tRNA TO SEQUENCE A PROTEIN
: . > 3 ) -
S ' : ) —3—
\-’ “ P . L.
VQ' ’ . .

REPORT SHEET . ' - _ RO ,
. ) L . ) — 4 ' ; .. .
Messages (Not in order) . . . . .
LET THERE BE LIFE.’ , L N
< P * * P L . {:‘
KNOWLEDGE IS POWER. K IEEN " - R -
I )
. . - ‘.\ ’ .
WHAT HATH GOD WROUGHT? : 5 _ v
C
LET US MAKE US A.'MAN. . ° .o .

MAKE HASTE. - - < ' - B
STUDY. NATURE NOT Boogf oNLY. . * : .

. WAKE SOME SASPARILLA.

. »
e L N * .
’ -~ i
.
- ’
«' - 1
A\l N
- ]
" - ¢ [ 4 . <
- - - » »
‘ .-—-ﬁ\
: N
. ¢
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*  _TEACHER'S GUIDE T0  ° . o . ) B
I ‘ - . S ' { .
EXERCISE 28 -- DO ENVIRONMENTAL EACTORS AFFECT THE ACTION OF GENES? ’
Vg ‘o . ' . _ - LS C 2 / >
. " Prerequisite: Exercises 2, 29 and % . N |
)2' . . . y
PR ) v _ - L ) .
- \\ ) . V . ) v . ‘ ‘ ' ) , f
INTRODUCTORY REMARKS TO THE TEACHER NN oo ~ i .
. - . . ; ‘
f ' ¢ " i {
The assertion that the actions of the individual are the product of Kis ’ .
genebic constitution was advanced in socio-political ciréles of the last decade by *

some scientists and politicians. This view tends to down-grade the effects of the - .

environment on gene action. This. experiment js designéd to find out what happens

in a situvation where there is a change in the environment, but not. in the genetic '

makeup of two different individugls. Are thére environmental effects on the
. ‘actions of genes? )

1

[y

e An important aspect of differentiation is the influence of the role of the
external environment, which can, and sometimes does, modify the develobment of
an organisn.. JQ the plant kingdom, plants of the same species growing in different
habitats often diffgnhextensively in appearance but ‘appear very much alike when
the ext@rnal environment is the same.’ Some of these plants are §nfluenced by the -
amount of sunlight while some others are sensitive to temperature and other changes.
In order to evaluate this aspect of differentiation precision accounts of the
effects of a particular,gene on'an organism require the specification of not just
the geneotype but also the environmental conditions.! , . ) .

If a gene shows incomplete penetrance, i.e., it*is not expressed in some
individuals, it is g rgflection on either the vapiability of the geneotype or the <
environment. We do not understand fully how fhe environment influences gene. activ-
ty. An example of this influence of environment can be shown with two types of
bean seeds--lightr and heavy seeds. o . ~ .

3

.
®

The li%ht seeds were planted in a vefy favorable set of conditicns whi e .the
heavy seeds were planted in an unfavorable environment. The average weighits of -
the offsprings (bean seeds) werg almost the same for the two kinds, but when they
were both grown under the same favorable conditions, the heavy seeds had a much
higher average weight than those of the lighter strain. ,

N

. In this exercise we shall test the effect of sunlight on the expression of a
" gene (for green color) and the effect of a chemical (the growth hormone, gibberelic =~  +
acid) on the rate of growth in pea plants. , . .
b \ I'd ¢ . B . x
' MATERIALS AND EQUIPMENT :
-~ .
Chemicals ' ‘ . ] . \

GCibberelic acid (100 mg./liter)

Biologicals ’ )
. >
. D . 1 -
. 30 tobacco seeds :
20 geeds each of corn and beans. AlL seeds from stocks heterozygous for albinism

(from Carolina Blological Supply Co.; Burlington, N, C.).
’ Al

-




s

Plastic and Glasg Ware
Sas3k2c ang 2 LE

12 styrofoam drinking cups or 12 flowerbed flats

Loam, sand or Vermiculite autoclaved to kill mold Spores
2 hand atomizers
Parafilm squares
rubber bands

» A

PREPARATIONS o

The seeds should be p]anted about 10 days before the flrst group of studcnts

. ~ n

_use them (sece directions on page 28-1).

2

INTRODUCTORY DISCUSSION ‘
. %

The discussion can begin by asking the students 1f they think that the environ-
ment is capable of modifying the expression of hereditary characteristics. This
can be expounded to introduce the differences between phenotype and genotype.

= %

- An alternative anproach is for the teacher to assume that the students kgow
that differences and similarities do occur in living things including students.
Are these differences due to the food we eat, genetic makeup which we inherit, to
the environment or to education, etc? At this junction the answer _may involve
some experimentation on subjects_that are identical. Self-fertildzing (selfing)
plants meet this requirement because if the parent is homozygous, then the off-
springs will be homozygotes. But, the exercise calls for the use of hybrid seeds
that are in a ratio ,of 3:1 for a characteristic. Thus, the object of part of the
exercise is to see how this genetic ratio is affected under different environments--
light and darkness. The experiment should also show how it is poss%b‘e to mimic
the genetic constitution of another seed type by maklng a change in the environment.
The gibberilin induces the elongation of the leaf internd’es thus, making dwarf
plants taller so that they look like normal plants.

'
)

PROCEDURE

When spraying the leaves with gibberelic acid, the pot should be covered with
either cellophane or Saranwrap to prevent contaminating the soil. This is to
ascertain uniform amount of the hormone per plant. The concentration of acid mav

be varied to determine the correlation between concentraticn and the increase, Ay
in growth rate. In the dark, all of the plants will ‘be yellow, but when they are

transferred to light some of them will turn green. If. there is a large population

this ratio will be about 3:1. In this respect the sum of greer and yellow plants
for all of the sections can be determinded to give the largest population possible,
which should bring the ratio closer¥o the theoretical value. The students shou%ﬁ
be asked why a large sample gives a more probable estimate of the mean than uoes,

a small sample (See 9-1). .

REPORT SHEET
The report sheet for this exercise provides charts for data collection but
no questions have been provided to probe what understanding students have of the

work they have completed. The following additional things, then, should be done:

1) A graph of the heights of plants should be plotted against days of growth.

N f « . . ].23 . K . 7




2)° A graph should be prepared showing the growth rate achieved° A% versus

the concentration of plant hormone used.
« N , 8
. t

0

3) Write a report on one of the plant growth hormones.
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TEACHER'S GUIDE TO :

EXERCLSE 29 ~- INHERITANCE OF GENETIC TRAITS -

Prepeqhisite: None

I

M 1

*

INTRODUZ?ORY REMARKS TC THE TEAéhER ’ .

Before Mendel made his studies, heredity was viewed as the direct transmission
of .characters from parent to offspring. This notion existed from the time of
Hippocrates. In 1868, Darwin suggested that all the,cells and tissues of an organ-
ism give off minute granules during development and when the organism reaches ma-
turity. These thrown off granules were supposed to circulate through the organism,
multiply and then pass on to reproductive cells. The reproductive cell would,
therefore, contain a multitude of components giveﬁ off from each individual part
of the organism. Tissues and cells are then supposed to develop these granules.

To put it in a concige way, this is close to Lamarckism. Although Mendel had
written his paper, this view of heredity was not disputed (challenged) until 1883,
when Weismann postulated the theory of Continuity of Germplasm. .

In his paper Mendel introduced symbols for characters, now interpreted
to mean factors or determinants regponsible for the manifestion of the qharacterst
Thus, he ascertained that characters are not transmitted directly from generation
to generation as the classicists believed, but as discrete particles responsible
for the appearance of particular characters. He went further to show that each
individual receives a particle from each of its two parents in respect to a parti-

. cular character, and also that the particles do not influehce one another in any -
way, but are separate and uncontaminated during the formgtion of the reproductive
cells. . ) ' -
MATERIALS AND EQUIPMENT . .

"Ears of corn (3:1,9:3:3:1, etc., ratios) |
*  The different ears of corn can be bought from Carolina Biologjcal Supply Co.,
Burlington, N. C. The ratios will depend on whether the teacher orders an F’F,>
» or a backcross. Thé number of characters will also play a role in determining the
ratios. ' It is advisable to have two, three or more characters available for the
class. The problems can be used to demonstrate the details of the mechanisms of

inhé;itance.

.

INTRODUCTORY DISCUSSION - .

The discussion can be initiated by asking the students to list different genmetic
traits. They can be asked to see if these traits are common to everybody in their
immedidte family and later to their grandparents, etc. But since human genetics is
very complex (although desirable, it is advisable that the teacher should not spend
too much time on it at this point) many other factors may also influence the ex-
pression of these traits. The discussion will show the teacher how the students

,think they come to inherit these traits, after which the teacher can introduce the
exercise. This exercise is designed to illustrate the principles of Mendellian
inheritance. It will show that heredity consists.mainly of the transfer from parent
to theeprogeny ‘of a blueprint of the organization of a particular living thing.
Thus, genetics can be defined as the science that describes how this blueprint is

« drawn, transmitted, and expressed in the construction of another living thing (progeny.)

195
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29-2 P .

The student should get the notion from this experiment that there are some
traire that are inherited as constant components that are (to a certain extent) un—
changeable. The questions are from Baker and Allen, The Study of Biology. At this
point the students should be able to identify things like nose, ears, etc., as parts
that are inheritable. The students should be curious enough at this stage to want
to know about meiosis and spermatogenesis, the principle of chance and the Punett
square can be used to explain what goes to where. This can be extended further to
what happens in the Fé generation or to inbreeds. This should no& carry a social
implication if the students choose to use human beings for explaining examples.

PPOCEDURE

Most supply houses provide Indian corn wrapped in a plastic cover. This is good
for keeping all of the kernels with the ear if they work lopse or the ear is acci-
dentally dropped. Therefore, this covering should remain. Follgw the procedure
indicated in Exercise 29A. The teams may be reduced to two students - a counter
and a recordetr, or expanded to a team of four (1 counter and 3 recorders) where
three types of kernels will be tabulated. ' S

~
»
-

-




TEACHER'S GUIDE TO )

.EXERCISE 30 -- BACTERIAL RESISTANCE TO STRAPTOMYCIN AND SALT1;

Prerequisites - Ex. 5, 6, 7, 12, 28 & 29

INTRODUCTORY REMARKS TO THE TEACHER

-

The coliform bacteria are very adaptive organisms. They are capable of main-
taining their internal ion concentration whether they live under very salty condi-
tions like the humin colon ot in the less salty environment of sewage. To achieve
this, there have to be inward concentration gradients for ehlorides and sodium ions
as well as outward gradients for potassium ions. These ions penetrate the membranes
by diffusion very slowly as the cells lose potassium ions and gain sodium and
chloride ions. The gradient is maintained by active transport (requiring the dissi-
pation of energy)and generates an'electrical gradient.

. /~

Before the advent of molecular biology, organic adaptatisn in bactéria was a
thorny subject. However, it has now been resolved into two different points of view.
One view is that.adaptive changes occur spontaneously as sporadic mutations which
are not in any specific relationship with environmental conditicns.

It is after the- mutation has occured that natural selection then functions .
to stabilize the best adapted genotypes. The second view of changes in adaptation
suggests that adaptive mutation is not spontaneous but is itself under.the.direction
of the environment. This view maintains that natural selection plays only a subt
sidiary role in the process of adaptation. In considering these two views, one
must bear in mind physiological adaptations that are not heritable'but whose, inter-
play with other heritable changes (mutations) can induce one to think that these
physiological adaptations are heritable.

The. resistance of bacteria to streptomycin has only recently bee1 more fully
understood. The study of the effects of antibiotics dn bacteria was originally car-
ried out for its medical implications. We all ‘know about the use of penicillin, but
penicillinis ineffective against gram-negative organisms and the tuberculosis organ-
ism. In 1944 Waksman and his associates discoverad an antibiotic which is highly
gelective in its activities against bacteria and is also of limited toxicity to
animals. E. coli, being gram-negative has walls that are thinner with more lipid
proportionaliy, and chemically more elaborate than the gram-positive bacterial

,walls. E. cpli has 2 layers of walls. In its actions against these organisms ,the
development of streptomycin resistance shows some unique features. Bn many species
a mutation conferring full resistance occurs at a rate of about 1071 per fission.
This overshadows the smaller step mutations characteristic of resistance to other
agents. A more profound difference is the mutation which over-adapts the cell to’
streptomycin. This over adaptation causes the tesistant mutant to be dependent upon
streptomycin for growth Tt has now been confirmed that streptomycin inhibits bac-
terial growth by acting on the ribosomes during translation of the genetic message.
It acts as a potent noncompetitive inhibitor of the, incorpdration of phenylalanine
into peptides while at the same time stimulating the incorporation of leucine and
isoleucine into the syste... Thds, streptomycin‘does not inhibit peptide (protein)
formation but introduces some changes in the ribosomal conformation so that the
translation mechanism responsible for arranging the proper sequence of amino acids
in the building peptide is changed. To do this thes streptomycin binds to the 30S

Jkuvised Title,



30-2

L} ~
: \
,ﬂyibosomes causing a primary deformation in a protein structure.
/ .

» N

’

| 0:Om00= f
. ' . - Mgﬂ' ._1 .

.2X30S + 2X508 2 X 705 100S

.

MW 085 1.80 2.8 59 xio

\
- . -

[8,is the svedberg unit, which is a measure of .the rate of sedimentation exbresqed
as the sedimentation coefficiernt. Its value is a function of both the weight and
the shape of the particle. The value 1x10713 gec, = 1 svedburg unit. Thus, 70S =
70x10 ~13 (oc - ‘
X1 sec., etc.] .

N »

The overall result'is the synthesis of’ proteins that do not contain the proper
amino acid sequences” and are, therefore, useless to the organism for growth. They
are also known to effect changes in the permeability of the cell.

Whereé; streptomycin resistance is awconsequence of alterations in the primary
structure of proteins, salt resistance can be considered as an example of physio-

v ¢ logical adaptation which interacts with the normal hereditary characters. There is l

dehydration due to exosmosis across a semipermeable membrane. This exosmosis results

' in shpinking in the cell size, and dehydration of the infernal environment accom-

& panied by a change in incapability of enzymes ta function normally. /

¢ .-
MATERIALS AND EQUIPMENT ) ' S
Chemicals

. Streptomycin 100 units/ml. or '5%.
\ 2 1b. nutrient *agar.
. Sodium chloride solutions 0 to 6%.
95% Ethanol ‘ r

[

Biologicals : , i

. .
24 hour old E. coli culture . . -,

Plastic and Glass‘Ware ; )

Petri dishes, - ‘ ’
1 ml. sterile disposable pipettes )
glass spreaders '

beakers .
slides .
sprayer nozeel oL

bottle or hand atomizer . :




/ ' ' 30-3

Other .

~i

Nichrome wire inoculating loop. \ C e .
Bunsen burner:
wa¥ pencil.

-

PREPARATTONS
See Ex. 5 & 6 for details of-making sterile plates, etc. The E. coli culture »
should be inoculated for 24 -hours in advance. '
”»
It may be more convenient to prepare the streptomycin according to units
rather than in percentages as indicated in Exercise 30. In this case, the units

. can start from 100 and by serial dilution make 5, 4, 3, 2 and l-unit solutions,

with the control serving as your zero mark.
INTRODUCTORY  DISCUSSION ™

The discussion on this exercise can be initated #y reviewing the sections oun
"mutation and inheritance in the Introductory Remarks to Teachers. It is important
to stress the differences between a true mutant and an organism which is physiu-
logically adapted. The discussion can thep lead to listing the differences between
what happens in parts A and B of the exercise.: The students should be asked to
make suggestions to show that salt resistance is different., (Streptomycin resis-
tance is heritable while salt is not ergo, it is physiological adaptation.)

The students should list as many differences between two individuals (e.g., the
corns in Ex. 28 & 29) and show whether these differences can be attributed to
mutations or just physiological adaptation. The role of mutation in evolution
should be stressed to show that natural selection acts only after mutation has '
occurred and not before. Thus, some new forms of organisms arise as a consequence.
of mutation and the environment.

It should be stressed during the discussion that these.mutations occur every
day, but selection is against them and we very rarely come into céntact with such
mutants unless the environmental factors favor their survival. '

The effects of the different concentrations of streptomycin in the media should
. be stressed. Graphically, the higher the‘concentration of the streptomycin per
wml. of medium, the lower the number of survivors. The graph would look something liwe
this: . ’
' g

LOﬁ Uumber
of survivors W T

16® N— ‘
o .A5 50 0o Unmibs of Svrap +o mycin
The curve does not reach the base line at high concentration because of the
mutants that are resistant to or dependant upon streptomycin. . -

[: (: . A¥
= | 129




TEACHER'S GUIDE TO o
BEXERCISE 31 —- THE INHERITANCE OF SPECIFIC PROTEINS

Prerequisite: Exercise 4

»
.

%

INTRODUCTORY REMARKS TO THE TEACHER

-

There is a lomg historical intraoduction to this exercise which concerns itself
mostly with the discovery of the blood factors. Ideas that it strongly attempts to
conceptualize are: , ‘

1) The blood typing-factors are proteins.

2) Like-other natural proteins, each is produced by a specific gene.

3) The presence or absence of a blood typing-protein is therefore, evidence
of the presence or absence of a certain genotype-in the individual.

This kind of. exercise is traditionally used for different purposes in different
courses. In microbiology courses it 1s sometimes used to demonstrate an antigen-
antibody reaction. In experimental embryology, it has been shown that the factors
affecting the adherence of sperm to eggs is a similar-type reaction. In physiology
courses blood typing is used to show how the agglutination caused by transfusing
the wrong type of blood can sometimes cause blockage in small vessels leading to ,
dire consequences. In evolution courses blood typing is used to show phylogenetic .
relationshipsg and out of this kind of study grew awareness of the Rh factors. In -
genetics courses it is used to follaw the inheritance of blood types (phenotypes)

* and the uses of this feature in foremsic medicine (such as in criminal and paternity ;
cases) 1is' well-known. Whatever uses are made of the exercise, the fundamental ideas
hold true--the reactdions are for specific protelns; the specific proteins are in-
herited; and the kind of protein present in cell membranes makes a difference 1if
you need a tissue transplant,‘such as a blood transfusion.

There are several views about antibody formation at the present time. These
can be grouped into two categories. The complimentariness concept was advanced by
Linus Pauling'some years ago. This, view holds that the gamma globulins in the
blood plasma of higher animals, particularly mammals, could assume shapes, compli-
mentary.to those of many foreign proteine getting into the bedy. The secodd view
does not assume that the antibody takes the ghape that is complimentary to the
antigen, but rather is complementary in its electrostatic. charge ‘distfibuted among,
perhaps three (maybe four) amino acids in the antibody protein. Winkler (1961)°
who advances this viewpoint, notes that therg are 20 amino acids normal to proteins.

If we assume that on:}y three o& them are involved, then the number of possible &om-
inations would be 20 or 8,000, which approximates Lederberg' s estimate of the
number of antibodies. .

Is ‘this war against foreign protein entering the body inexorable? WNo. The
antibody-forming capacity of the reticulo-endothelial Ssystem does not become active.
until about 6 months after human babies are born (and ‘preliminary evidence i.dicates
that a proportional period occurs in other mammals). At that time all proteins
present in the body become encoded in the nucleic acids (presumably RNA) so that a
foreign protein entering the circulation before the encoding will be encoded as
"normal" f01 that individual, but after that time foreign proteins will be phago-
cytized, '"read and computed" against theé memory bank, and if found to be "foreign ,
an antibody will he produced against it to bring about its elimination from the

1 ] i ’ ’.,
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molecular-population of the body. Another condition in which new proteins mayﬁ
- be "naturalized" occirs following "antibody anesthesia'. Steroid hormunes, such

as cortisone, dre particularly effective in suppressing the antibody—forminy Process,

Under these conditions foreign proteins can be introduced into the body without
.~ ., being attacked by antibodies (rejection) ard the usual expectation, is that it. the

anesthesia is continued long enough, when it is removed the retlculo endothelial

system will again éncode all proteins present as th®®gh they were "native". This

has been an important feature in heart and kidney transplantation tcchnlque tor LL

cnables the surgeon to use organs from genetically distant donors. .

»
Anttbodles have been chass1f1ed tradltlonally by the kind of Leactluns they ,

rroduced, as precipitins, if they preclpltated proteins; as agglutinins, if they

cause cells to stick together; as opsonins, if they made slippery, encapsu]ated

bacteria less slippefy so that they could be phagocyized; and as lysins, if they

caused the c¢ell to dissolve (lyse). Later, the unitarian view (not related to tie

Unltarian church) held that there was only one antibody for each particular antigen

(usudlly a protein) and that precipitin, agglutinin, opsonin and lysin reactions

weré all the reactions produced by a single antibody to that substance. This is

the view most widely held ‘today: It will be noted that precipitin, agglutinin and

opsonin actions result from making antigens (proteins) ''stick", that is, behavxng .
{ as though they were stlcxy :

)

2
=

-

4
»n . [

Although antibodies are generated in response to foreign protelns ana other
large molecules, some are producéd naturally in the human body. Alpha (anti-A) :
and beta (anti-B) agglutinins are such antibodies. Although the antigens (proteins)
. A and B are commonly referred to as agglutinogens, they do not act as generators or
_ stimulator of antibodies against themselves ordlnarlly because if they are absent L
the human reticulo-endgthelial system will spontaneously produce them. However,
the antigens for the Rh factors are truly agglutinogens, for in Rh- negatlve persons,
they activate new nucleic acid sequences which bring about the production of anti-
"bodies against Rh protelns
‘ The objectlve of this exercise is not simply to type the blood’ of the student,
but "to also pelp him peason about the interrelatLonships between the antigens ~
(cell proteins) and the antibodies ( in the plasma) and their specificity.
Part C contains a problem in cross—matching which underlines the relationship of
the antibody present to ability to clump or not:clump cells.

v
-

‘Part B deals with a test for s&éﬁle cells and gicklé cell trait. This
is not commonly seen in laboratdry manuals where use hy non-black students is main-
ly envisaged. Sickling is one of about 42 anamelies of the hemoglobin known in
human beings (See Ingram, Biosynthesis of Macromolecules, page: L) .
Sickling was once thought to be restricted to members of the bla¥k race, but is
now commonly diagnosed as such in Mediterranean countries. The sickling results
from low.oxygen tedsions (and also possibly high carbon dioxide tensions). Under
these conditionsg the hemoglobln‘bolymerizes into long chains, deforming the usual
disc-shaped corpuscles into elongate, banana - or sickle-shaped ones. In west
Africa and in South America thds tralt has been found useful because malaria para-
sites do not survive well in it. Urea has recently been found to effectively pre-
vent sickling ‘in sickle cell patients.

[y

The’Rh and Lewis factors have been of considerable clinical lmportance in
antiphylactic reactions caused by transfusing blood into patients with a pool of
.antibodies against the antigens in the donated cells, and also in the pre-natal
disorder, erythroblastosis fetalis.+ Today, when it is apparent that the fetal

. 1
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child i afflicted with the anemia of erythroblastosis, it is transfused while in .
utero.with cells that are not attacked by antibodies diffusing through the placenta -

from the maternal circulation. ¢
« MATERTALS AND EQUIPMENT  ° ‘ S
, f
N A xb
Chemicals . . Y e ‘
100 ml. .9% NaCl R ' o .
100 ml.t .70% ethanol, . . R
1 1b. ether ( for anesthesia) . T Co
T . e . ‘ .
Biologfeals- " , C e
- , X : -
§1ood typing antisera: Anti-A, Anti-B, Anti-D, Anti~C and Anti-E ., (
i 1 1b. cottoh (roll or balls)’ R . -~
'Glass and Plastic Ware - - = ’

[d - .

. - - ~ . . ) -
12 2 to 5 ml., syringes filled with petrolatum (such as Vaseline)
24 Test tubes 1 x 15 cm. ’
Microscope slides and coverslips ) ¢
Other )
Sterile, disvosable lancets |, - L v
Microscopes and lamps . '
Rh typing boxes . i .
_ Wax marking pencils . % ,

PREPARATIONS o _ '

The mictoscope slides should be washed and pIécéd in a container of 95%

alochol. They can be dried from the alcohol using lent-fiee paper towels or a
lint-free cloth. , . , p Y e

»
®

. ¢ . . ‘
Sbap is needed in the laboratory so that students can wash their hands before
drawing blood. . . o . .. .

-
1

INTRODUCFORY DISCUSSIONS . .

The pattern of this discussion igtto characterize the relationship of the
. government toward its citizens, natural and naturalizéd, and. toward aiiens; then
+ transfer this concept to how the body protects {ts population of molecules,aespec—
ially, proteins and tries to eliminate gny unnaturglized aliens.
. } '

Teacher: -What is‘the'ideal of the American constitution with regard to the
rights of citizehs to participate in_the public life of the country? (All
kinds' of people regardless of race religion, national origin or previous
conditions of servitude are franchised to participate'Ln the government,)
How does the government seek to ac¢omplish or work toward this ideal? (It
has organized legislatures to ericode the customS of the people into laws,
law enforcement agencies to protecj citizens against law-breakers, and courts
to judge and interpret the laws.) ‘ ,

A
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«What happens to people who enter the country illegally, ‘that is without a
passport or visa? (Sometimes they get away weth it for a while,'buc‘éventually
their, presence becomes known and agents of the Immigration Service or from the
Counter Intelligence Agency obtains ordets for their deportation gr cxpulsion.)
Spies a}lsq get this treatment but in wartime they may be executed. If there is an
invasion or dhreat of an invasion, then defenses are mobilized to keep the invaders
,out. 4 4 ’

* -
» s

Teacher: If we can go back to a sort of political comparison. During a war
what kind of actions are taken by defenders to deny any resources they might
have to leave behifd to the enemy.. (They may burn or otherwise destroy them.)
If they regain the territory would such a policy of destruction have denied
the defenders anything? (They may have destroyed some things of historical,
cultyral or sentimental value.) Back to blood. Can the agglutination of
foreign proteins be detrimental to the body? (Yes, allergic reactioms result
from the body's attempt to protect itself.) Blood clotting may prevent some
blood ‘loss from small injuries, but to have blood clots being pumped arouhd

in, the circulatory system is dangerous. Have you any idea about having blood
cells .agglutinate (or clump) in the vessels? (The.responces should show an
appreciation of the fact that such clumps can caugs¢ damage in the same way

. that clots. (emboli) do.) Today, in this exercise,’we want to observe several
things. In Par B, you will not only determine what your blood type is, but
you should loc at the reactions obtained by others so that you can see how
different bloods react differently. In Part C there is a problem in cross
matching, which could be very useful to know about in a blood-typing emergency.
In Part D, the Rh type will be determined. In all of these reactions we are
concerned with the agglytination function of antibodies.

. -

PROCEDURE oo L /

Phrt A and Part 8 may not need further explanation.

3
*

In Part C it thay be well to go through the cross—hatching of various types of‘

blood with Type A cells and serum from Type A blood. A table of antibodies is
given at the top of page 31-5 in the manual.

Case'I: Type A cells are clumped by the serum from the unknown type. This serum
must, therefore contain the antibody alpha. The blood types containing alpha
(see the table) are types B and 0. The serum from type A blood clumps the cells
of the unknown type. This serum contains the antibody beta, therefore, if cells
clump in. it, they must have the protein B present. Referring to the table, we see
that B and AB contain this protein. Now cancel out the dissimilar types we have
written d (0 for cells AB for plasma) and we see that B remains as the type for
the unknown sample. s
. - { oo
Case II: Type A cells are not clumped by the unknown serum. It must then not have
contained alpha. This is true for types A and AB. Type A plasma coqtaiﬁs beta, but
does not clump the unknown cells. They then must not have any B, so the unknown’
blood sample was of type A. .
Cases III and IV areﬁébmbinations of Cases I and 1II. . 8
P
Part D refers to an Rh-typing box. This is sold commercially as a elongate box
with a ground or milkglass top and warmed by an ordinary light bulb. It sits on a
hinged stand so that the slides placed on it can be all rocked back and forth to

LAl
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) gether. 1f you do not have any Rh~ typing boxes available, the slides can be placed ] 5

a’few inghes under® an ordinary light bulb tobrlng the temperature to about 41°C

‘and the preparation tilted by hand every 10 or.15 séconds for the 4 minutes of

the test. TInsbead of using the microscofle to determine clumping, tMe-slide is -
viewed with the naked eye for evidertces of "rivulets" that develop when the-slide
"is t'ilted and clumped blood slides across the drép.. These preparations tend to

dry out in the heat If this happens, adduanother drop’of the Rh typing serum: -

I
.

? It Ls customary to screen the b;ood first with anti-B serum. Adding the per*
“"centages, 6f Rh-positi types which are D-negative (Cde, cdE and CdE) one gets less
than 3% of the 857 ppsitive. where economy is most important, the blood is then

Fryped for B and E w en it’ shows up D—negative If the blood‘ls negative to C and
k, then the genéotype is cde and it is truly negative, For educational purposes,

~. the student” should type his blood for C, D, and E in order. to arrive at his geno-
type fot these proteins. Yy -

. - Lot t
RLPORT SHEET ) : 5

" The Report Sheet only calls for a notaLion of the résults of typing and the
‘cross—matching exercise. Teachers may wish to ask the students to answer some

quescion§ raised in the discussion preceding the exercise. , {T
. Cross—matching Results Case ) Unknown Sérum and Unknow& Type Cells .
N S Type B Cells ¢ . And Type B serum Type \
I Clumped: A @ Clumped A AP A
W II Unclumped B A# Unclumped B ¢ B
: . I1I Clumped K 0, Unclumped¥ O . 0
v 7 Unclumped ¥ AB . :Clunped & AB . AB .
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TEACHER'S GYIDE TO o

EXERCISE 32 -- PHOTOSYNTHESLS AND THE SYNTHESIS OF STARCH ’ L

' ¢

e g - - —

INTRODUCTORY REMARKS TO THE TEACHER

Exercises 32, 33, and 34 form a sequence even though they need to be used in
that order or even as a group. This exercise, as the title indicates, deals with
the photosyntheti. process which attaches energized hydrogens. to carbon dioxide.
The polymerization of the product, hexose (glucose and fructose), into starch and
other multiple sugar products. (sucrgse, ma)tose, trisaccarides, amyloses, celly-
lose, pectin, gums, and in animals and algae the production of chitin (n-acetvl-
amino sugar polymers)) is a separate but, associated process. Exercise 33 -- Digeo-
tion, deals with the depolymerization of polysaccarides, proteins and lipids so '
that the residue tholecules (building blocks) can be used in the ener y-extraction
process, and Exercise 34 -- Respiration--deals with some of the exteﬁnal evidence
that energized hydrdgens are being oxidized to water by measuring oxygen uptake.

a

The name and meaning of photosynthesis is normally introduced to students in
the Fifth Grade and it is general knowledge that light is needed‘for green plants
to perform this process. However, few have done any experiments to demonstrate
that photosynthesis 4is occurring in illuminated leaves but, not in leaves kcpt in »
the darkness. To be sure, the more conv1nc1ng demonscrations, such as Hill's
" Experiment making use of dpinach chloropldsts and iron salts, are not technically
*  feasible for most freshmen courses, although it is simple enough if the chloro-
plasts can be prepared. , . -

. ] -
'

. There are many good”accounts. of the.reactioirs In photosynthesis easily
accessible to the teacher. A summary of the.process is that water ionizes to form
¢ ions we represent assH' and OH. - In the prgsence of - chloropbyll and light the
-OH group is split to yield freg oxygen,a H jand a free electron (e ).  Light
photons strike an eleetron in-the atoms of chlorophyll, energizing it and causing
it to 'leave the atomic shell as an e.. The e produced from water then falls into
the "hole". left by the energized electron. The energized electron reduces a ‘qui-
one, such as plastiqu1none Q254, or ubiquinone, and the electron is then passed
to cytochrome enzymes which are made non-resonant and transfer some of the energy
of the electron to ADP molecules to form ATP. In bacteria and other&prlmlnlve
photosynthetic cells the electron.then combines with a proton (H ¥ to form water,
but in higher plants, light striking a second Xind of chlorophyll (chlorophvll a) i
dlsplaces another electron which is energized.to a higher level than the one from .
chlorophyll b. The electron from chlorophyll b, which has just come off of the
_/ cytochrome enzymes then falls into/the "hole' left in chlorophyll a, and the ener-
" glzed electron from chlorophyll a now reacts with ferridoxin, a non—iron—contalnlng
compound, and this in tuxn transfers the electron to NADP, which takes-up a proton
(H* to form NADPH. The ATP and the NADPH produced in these "ilght reactions"
are then used to reduce carbon dioxide in the "dark reactions" and this leads to
__the formation of glyceraldehxde (a 3-carbon. sugar) which condenses to form hexoses
"glucose and fructose. Sucrose is the transport form of sugar in higher plants and
is easily converted to glucose by intracellular enzymes in the fermentation system.
Clucode-UDP reacts with fructose to yield sucrose, whereas glucose-ADP polymerizes
té form cellulose. Glucose-UDP polymerizes to form starches, and in animals it
pulymerizes to glycogen. Only tné glucose formed in excess of the metaboli¢ necds
of the plant is stored as thesg polymers, the rest is used in the energy4extract-
ing system to get hydrogen which is oxidized to water, throwing out carbon dioxide,

vfwﬁ.
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just as-do non-photosynthetlc cells,

In this exercise students will demonstrate that starch is laid adhn in the
light and that oxygen is g;yen off by green leaves in the light. In Part C the
crude starch synthase is extracted and used. -

MATERIALS AND EQUIPMENT
Parts A apd B'

' Chemicals

95% Ethanol . . ' :
Lugol's iodine .Soln ° r '
Pyrogallol solution

Plastics: of Gléés Wares
v t

beakers ' 2SOcc
Test tubes

Biclogicals
Geranium °*
Elodea (water weed)*

Parts C

Chemicals

Sodium cyanide or sodium fluoride (0.01M)
Glucose -1- phosphate (0.01M)

Glucose or Dextrose (0.01M)

* Starch solution (0.2%

" Potassium acid phosphate (0.2M) KH2P04
Lugols iodine solution

L} ’
. .

Biologicals
Irish potato

Plastics and Glass Wares

Beaker 250 (Same as above).

Suction flask with BY¥chner funnel

Centrifuge tubes

Test tubes : . .
Disposable spot trays

Others

Knife, Food chopper
Vaccum line, Filter paper, Wax pencil . .
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INTRUODUCTORY DISCUSSION , .

‘Present the class with a burning candle. They will know it, but point out
that the heat of the flame melts the paraffin and then oxygen is used to burn it,
forming smoke, heat, light, carbon dioxide, and water. The smoke (carbon) and .
light are easily seen. The heat is easily felt, but the carbon dioxide and water, '
how can they be demonstrated? (Let the water condense on the side of a cool con-
tainei,  Pass some smoke through lime water.)
Now, according to the law of Conservation of Energy and of Matter, energy and
matter c¢an be transformed but not destroyed. So, how could the materials of burn-
ing be uged to reconstruct another candle? (The water, light, and carbon dioxide
could participate in photosynthesis in plants. The plants can then be eaten by
animals, the animal bodies extracted to obtaln the fat (tallow, suet, etc.,) and
a new candle formed by dippirgin a string for a wick.) . . * \

* Have stud¢nts describe metabolism, anabolism and catabolism. Can anabolism
and catabolism take place at the same time in the samz cell? (0f course) Photo-
synthesis (anabolism) is o.curing in the plastids of the green plant cell but,’
catabolism is taking place ingsthe rest of the cytoplasm.) . ) -
Today we want to observe the effect of light on starch build-up in leaves,
and to see if oxygen can be produced by leaves placed in the light. Then, we will
go on to take a starchy«tuber and see if the juice might contain something which
functions in assembling the starch macromolecule. )

PROCEDURE
Have students get up Part B first. The Elodea should be fresh. The tubes are
evacuated by a water aspirator or a vacuum pump to remove atmospheric oxygen. In
either case provide a trap between the vacuum source and the tubes being evacuated.
Two arrangements are ordinarily used--one for use with water aspirators, which is
self-emptying; -the othexr is not self-emptying because it is very important to
prevent water f}oq getting into the pump or vacuum line. These are diagrammed
below.

To aspirator 7 X\ i To vacuum To tube

P ( To tube "

With this arrangement water from the aspirator faucet will rush into the
flask when the water is turned. off (or almost turned off) to fill the vacuum. The
trap is needed to prevent floodiry or contaminating the tube being evacuated. Of
course, in this case, the clamp to the tube would be closed betore the vacuum is
released.” Each tube to be evacuated will need to have a piece of heavy rubper
tubing and a Hoffman clamp.

If a vacuum pump or a vacuum line is being used, the need for protection is

137 | ;
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reversed. Water must be prevented from entering the vacuum line but, there is no
danger of water contamination from the pump. The flask should be larger in capacity
than the pdssible inflow. T

«

Do Part A second. yhile the extracted leaves are being dfied, Part C can be per-
formed.

REPORT SHEET

Part A. The results obtained should‘bewthat there is no starch in leaf #1
(kept in the dark), but there is some in the same leaf kept in the light. The leaf
kept in the light originally had starch but, not after beiang kept in the dark.

A space is left for the student to "explain the above results". To be done
right would require a lengthy paper. Perhaps somg more specific questions would
be better. - :

1) What_happened to the starch in the lea$ after being left i; the dark?
Explain what catabolic steps were taken to utilize the starch for cell energy.

. \ )
2) What are the details of the steps whereby starch was synthesized and
stored in the leaf? .

Part B. Record experimental results.
Part C. What information does each tube yield in this experiment?

) Tube ¢ -
1) What color is starch in the presence of glucose and enzyme? Does it gét
more intense with time?

2) What color is obtained with starch in the presence of G-1-P and enzyme?

« 3) What color is obtained with G-1-P and enzyme withouf starch? Compare
with tube #2.) Does it give a starch test in the end? If so, synthesis has
occurred. If not, something went wrong.

4) No stagch test should have been obtained and the result would not'ghange
with time, show QF that boiling inactivates the enzyme needed for synthesis. If
synthesis occurs,} the enzyme was not inactivated. Boil it longer.

h] . »
] //
AW .
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aad "“\-/ ’

5) Does added inorganic phosphate increase the yield of starch? What diff-
erence would it make in the color obtained w}th iodine? )

. \




6) Compare with tubes f#1 and #2.
7) Compare with tube #4,

What are the final products of the reactions driven by light?

(Oxygen, NADPH, and ATP) \

What does carbon dioxide combine with the carbon dioxide fixation reaction?

iCarbon dioxide combines with the hydrogen on the NADPH yielding an unstable
product which breaks in two in the dismutase system to yield two molecules of 3-
phospho-glyceraldehyde (a 3-carbon sugar). .

How many molecules of triose sugar are formed as the result of fixing 6
moleggles of carbon dioxide? (12-3-phospho-glyceraldehyde)

What sugar is transported in plants? {(Sucrose. UDP-glucose + fructose yields
sucrose + UDP).

What is the ultimate source of the energy in glucose. (The sun. Sunlight
activates the hydrogens of chlorophyll and these activated hydrogens are then
attached to carbon dioxide. On use in the respiratory system, the hydrogens are
oxidized to water with the regeneration of ATP from ADP. The water can be split
by chlorophyll in the presence of light, and the whole cycle repeated).

-




TEACHER'S GUIDE TO

EXERCISE 33 -~ DIGESTION OF FOODS

Prerequisites: * Exerciges 2, 7, 11 and 13.

INTRODUCTORY REMARKS TO THE TEACHER.

The experimental hyéotheses for this exercise vary with the section. 1In Part
A on salivary digestion the questions are, "What effects do cold and boiling have
on enzyme activity?" Also "What effect does a low pH have on this particular
enzyme?" In Part B, Gastric Digestion, the replications ask, "What is the effect
of pH on the rate of digestion?" Acidity is also a consideration in Parts C and D.

Digestion is an hydrolysis of macromolecules to yield smaller units. It
always involves the splitting of a water molecule and the insertion of the hydrogen
onto one fragment and the hydroxyl group onto the other fragment, viz:

H H o Enzyme H 4 qQ
R--bé—g--N-lC-—E-TR - > R—-é-~8--0ﬂ + HyN--C--C—-R
b (HOH) { H
NH, NHp

¥

Glucose and other sugars are small molecules, so are amino’ acids, and fatty
aclds, (acetate, pyruvate). However, the storage forms for these small molecules
are macromolecules. Starch may contain several thousand glucose residues. In %
the polymerization of UDP-glucose to form starch, a water molecule is lost every
time a glucose molecule goes onto the amylose macromolecule which eventually grown
to be starch. This does cut down some on the weight of the stored product, but the
water taken away has to be put back again in'order to get the small molecules hydro-
lyzed out oX the larger ones.

Glucose I1s phosphorylated to glucose-6-phosphate, and with that PO, handle it
can participat® in intermediary metabolism. The amino acids enter the carbohydrate
pathways thfough alanine and glutamine, and fafty acids are finally broken down into

acetate residues’that communicate through ace{yl-CoA with pyruvate.

MATERIALS AND EQUIPMENT i .
Chemicals

Paraffin
Acetic acid (dilute)

300 ml. ,
600-1000 ml. Lugol's solution .
1000 ml. Benedicts solution .

250 Litmus solution

600 ml. 5% Pancreatin

600 ml. 5% Pepsin

1 1b. 17% Sodium bicarbonate
250 ml; chloroform

1000 ml. O0.1N HC1




33-2

1000 ml. 0.1N NaOH '
1000 ml. S% HCl
1000 ml. 5% NaOH

Biologicals - e .
Hard-boiled egg
white
\ 10-20 ml. cream :
200 ml. Starch paste ' ) / -

Plastic & Glass Wares _ >

360 15 x 150mm. Test tubes
24 100 ml. Beaker

OQqu . o
- 3 o -

24 Spot plate

3-6 Test tube bath

2% Bunsen burner

24 Thermometer Ice . S .
Litmus paper ’ ~

PREPARATIONS

Reagents are described in the Teacher's Guide to Exercise 11. Starch paste

is 0.5% solution of soluble. starch made in distilled water. Hard boiled egg white

is prepared by boiling a fresh egg about 10-12 minutes. Remove the coagulated white

(albumen) and cut into "slices 2 to 3 mm. thick with a\sharp knife. Store the slices
{ in a small amount of distilled water in the refrigerator if this is done more than

30 'minutes before use. An alternate method is to draw raw egg white up into pieces

of glass ?ubing 6 to 8 inches long. Drop these into a pan of boiling water and let
| the white'coagulate. Cool and cut the tubing into l-inch lengths, making use of a
file or a ‘glass-cutter. The student can measure in mm. the amount of digestion
that occurs with the available time, or come back later, since this preparation
presents a smailer surface area and therefore, takes 4@nger but is easier to .
measure if that is desired. These slices can replace the 5 mm. cubes called for in "
the exercise.

Fibrin 1is insoluble in water but the strands present a very large surface for
enzyme action. It 'will, therefore, be digested faster. One can estimate the tur-
bidity, or measure it in a nephelometer, if one is available in your department.
Alternatively, the amount of protein can be precipitated with 10% trichloroacetic
acid (TCA) and a qualitative judgement made of the amount of protein remaining, or
it can be centrifuged, washed, dried and weighed. The latter procedures takes
?zﬁe time\and should only be permitted the faster-working student.

The collection and filtering of saliya by students may be time—Sandming where
there is only a two-hour period for laboratory. As an-alternative 1% malt diastase
buffered at pH 7 and activated with 0.9% NaCl, or 1% malt diastase made up -in
mammalian Ringer's solution may be substituted. Filter and keep in the refrigerator
if prepared before use. Prepare fresh daily. '

x, [
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Students should work in pairs, but if equipment is in short supply they can
work in groups of four. N

‘ INTRODUCTORY DISCUSSIONS .o \

A day or so beforehand prepare some sterile broth and sterile .9% saline in
tubes. Transfer a bacterial loop of bacteria to a tube of broth and also to a.
tube. of sterile water. Label. ' M

At class time present four tubes. Inoculated broth (growing culture).
Inoculated saline, (It will not have gcown). Sterile broth, and sterile saline.
Ask the class if they can identify what is in the tubes. (They should be able to

ddentify the growing culture agd the broth, especially if they have done exercises

5. 6 or 30. and will orobablv identifv the other two as water). Tell them what
each tube ‘contains then ask why the bacteria are growing in the broth but mot in
the saline. The obvious answer is because ‘there is food there). Then inquire
how the bacteria get the food out of the broth. (They should be able to tell you
that the cells secrete enzymes that digest the food in the environment and that

the dig..: is then absorbed (by active transport) into the cell. You may get
some other stories).

Indicate that this is typical for one-cglled organisms and multicellular
animals as well as for a few meat- eating plants like the Venus flytrap or the
pitcher plant. For many of the lower organisms the size of the environment is re-
duced by phagocytizinga bit of food into a food vacuole where it is digested. Even
though books call this "intracellular digestion' the inside of the vacuole is out-
side of the cytoplasm of the cell. In the case of multicellular organism that have
digestive tracts, including man, the inside' of the tract serves as a restricted

"outside" into which digestive enzymes are secreted. That is to say, the inside of
the intestines is outside of the tissues of the body. An imtestine, however, is
much more efficient for the higher organism than having to live in the water and
exude: digestive enzymes until all of the food about Chem is digested.

What does i;‘mean, "to digest" food? (Get responses) (To break it up into
smaller chemical units). Point out that all.digests are hydrolyses, then ascertain
1f students know what "hydrolysis" means (See Ex. 13C). If another student know,
let him explain. Hydrolyses can be carried out by boiling most foods with acid”
or base. What would be wrong with trying to do that in the body?

! AY

What sort of conditions do you think ought to influehce the rate at which
foods are digested? (List) How could we go about testing some of these ideas?
(Suggestions) For convenience let's do thesge (check in the list): Effect of
temperature, and effect of pH. Then, when you have Parts B, C and D underway
check with me and we'll let you do one or more of these other suggestions. Set
up Parts B, C and D first, then do Part A.

3

PROCEDURES

\
)

%

It.would probably be most economical of time to have the class begin with
Parts B, C and D. When these are set up, then do Part A while the slower digestions
are going on. As in other chemical experiments it is important that students pipet

‘accurately or else the results will be all skewed.
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REPORT SHEET

Spaces have been provided for the experimental data. Additional information
can be requested in the form of a table containing the names of the digestive
enzymes, kinds of materials they digest, and portion of the digestive tract in
which they are secreted. Another (alternative) report suggestion would be to ask
for an essay on the hormonal control of pancreatin, gastric juice, and bile secre-
tion. Another possibility is to ask for a thumbnail summary of the work of <
Dr. William Beaumont on his patient Alexis St. Martin, certainly a classic in clin-
ical investigation on digestion. 'Peptic Ulcers" 1s another possible report topic.

-

Y \
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-stances are alive. J

EXERCISE 34 -- MEASUREMENT OF OXYGEN USE 5

INTRODUCTORY gEMARKS TO THE TEACHER »
The ability to take up oxygen is hot necessarily evidence of respiration.
There are many reducing gubstances that will reduce oxygen and remove it from
gaseous mixtures. Pyrogallol 1s a commonly used substance for this purpose.
Therefore, oxygen use, or oxygen use with carbon dioxide production, must be
correlatéd with other activities asfociated with living things--reproduction,
adaptability and irritability All sorts of birning organic material, gasoline,
paraffjin, wax, wood, etc., use oxygen in the burning process and give off
carbon dioxide as an end product, and yet, that is not evidence that these sub-.

4

N .

Measurement of oxygen use; then, is of greater use to the biologist as an
indication of the rate at which food is being metabolized. The fuel being
"burned‘,is hydrogen and the end-product of the oxidation is water, That is,.,
the main end product of organic fire is carbon dioxide and the end product of

cell oxidations is hydrogen oxide. Where does the carbon dioxide come from? -

Carbon dioxide is used as the carrier for the hydrogens energized in the

_ photosynthetic process. The food is eaten, digested and absorbed, and then -

broken down to get the ‘hydrogens out. The carbon dioxide carrier is discarded
and the hydrogens (or at least the electrons) are used to reduce the iron-
containing enzymes, located mainly in the photosynthetic and. respiratory chains.
In the process, energy is refleased and trapped in the high-energy bonds of

ensoine triphosphate, and to a lesser\extent in the triphosphates of other
purines and pyrimidines.

h )

If the respiration rate is measured when the organism is in a state of
complete rest, in a post-digestive state, and when at psycholosical ease, it is

.referred to as the basal metabolic rate. Since these conditiors are only

arranged in careful experiments or with peogle, what will be measured in this @
exercise should be called something else, perhaps-the "resting metabolic" rate

or "mild-activity" respiratory rate, whefe animals are concerned. Of course, the
matter of activity is not so variable with plant and microbial material, but
oxygen use is usually big because¢ metabolism is usually quite active in the kinds
of materials suggested for class exercise use. . A

MATERIAL AND EQUIPMENT . )

Chemicals.

Warren Colling, Co.

w

Biologicals

Dry’peas (100 grams/test)

Germinating peas (100 grams/test) ) ,
Yeast culture (thick suspension)

Mice (1 per test)

-
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Other- T ' »

I3

Other animals that can be used with the recommended apparatus would include )
small rats, frogs, cockroaches, earthworms, etc. . 4 -

Small plants with roots in a measured amount of water .
(see PROZEDURE)

Plastic and Glass Ware
Plastic pan 12" x 18" approximately '

2 quart jars or other sizes with equal volumes and wide mouths )

.2 10 mi. pipettes. , ‘ . .

2 ft. rubber tubing ‘(1/4" inside diameter) , ‘ : ’
%utting glass tub%ng .

¢ ¥
L]

2. Support stands .
2 Ring supports :
2, 2-hole rubber stoppers to fit the mouths of the jars

‘

t

PREPARATIONS }" N
There are several styles of respiromefers available and they are all ‘gful.

if the materials will fit,inside of them. The Warburg respirometer requirqs .

homogenates or cultures ‘of microbes, or tissue slices. The Shoilander rézjirb-

meter is designed primarily for insects and other small animals. The volumeter ¢

15 a simplified respirometer for homogenatés and very small objects. The

advantage, then, of the respirator model presented in this exercise is that all
types of living materials may be used in it, one has only to supply enough of
the material. ., The device deseribéd here can be used for bacteria, yeast, mice,
cockgoaches, frogs, germinating or dormant peas, and in fact for anything that
will flt inte the jar. - . \ )
The pan is used for a water bath to stabilize. the temperatur& in the jars. .
A fremperature-regulated bath may be substituted, or one can use an immersion
heater tggether with a motor-driven stirrer for better temperature control. The
economy ‘model is presented here--no temperature control and no circulating water.

- X

Colored water may be used in the manometer system, or the more elegant
Brodie's solution can be used. Fill the manometer system by injecting the
Brodie's fluid or colored water with a syringe at the bottom piece of rubber
tubing. . .

INTRODUCTORY DISCUSSION | ‘ T

-

The Apparatus . Coy

Have at least one of the apparatus set-ups assembled. Review its parts.
Explain how that the second jar balances increases and decreases in volume in
the test jar. The manometers are devised with pipets of the same size. Ten ml.
pipets are best with large users of oxygen and 1 ml. pipets are better for
slow-metabolizing organisms or materials..

~
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* dioxide is about 5% at the cell, less in the blood and low at the lungs, o

. -
The Experiment o 3 .

Put this diagram on the chalkboard: g )

L Kidney

. o
Ofoq_\k. () )

.Mc‘rabgl'lks |- ‘HF‘W

Urine.

Have the students help label the parts as far as they can, including the
functions. The teacher ought to point out that the lungs and the tubes leading
olitside are named the Respiratory System. Actually the activity that this sys-
tem performs is breathing, and’ .someday physiologists will persuade anatomists
that it should be called the Breathing ‘System. Regpiration, as the term is
used by physiologists and biochemists, refers more specifically to axygen use and
carbon dioxide production in the cells. , (Many elementary textbooks name these
processes internal and external respiration, but such names do not recognize the -~
differences in function at the lungs and at she dells )

&

The relationships in the diagram that are important for the present exercis
are the gas exchanges at the cell and at the lung. Everyone.educated above th
lower grades knows'that you breathe the air to get oxygen and you breathe out to
get rid of carbon dioxide and other things, too. Since most permeability dealt
with in considering digestion has, stressed active transport, it is good to indi-
cate that the gases, follow concentration gradiehts and behave according to
diffusipn laws. Oxygen'tension is highest in the air (21%), a little less high
in the lungs, less high in the blood and only about 5% at,the cell. Carbon o '

diffusing into the air, which contains normally about .04%.

The next question is usually where is the carbon dioxide made in the cell?
The carbon dioxide is split off of fatty acids after they leave pyruvic acid
(a fatty acid) and pass around the Krebs cycle. The hydrogens are gathered by;-
the debydrojenases, mainly with NAD or NADP coenzymes,. and are passed ‘down the )
respiratory chain. . After helping form e
the first ATP molecule in the respiratory chain, the hydrogens ionize and only
the .electrons react with the cytochrome iron atoms as the next two ATP molecules
are formed. The hydrogen ion *(proton), electrons, and oxygen from breathing
then,combine to form water. This keeéps removing the last redctants.so that the
respiratory system will not come to equilibrium and stop functioning (as is true
in cyanide poisoning). In heavy work or exercise (in higher animals) extra
hydrogens back up to pyruvate, and reduce that substance to lactic acid. At the
conclusion of the hard work, heavy breathing will continue for a’time to provide
oxygen for the hydrogens stored on lactic acid but released now because the

146 -
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system is not saturated. About 1/5 of the lactate is oxidized to yield carbon
dioxide, ATP and water; the.dther 4/5 goes back through the fermentation series
to be deposited ‘as glycogen. The extra oxygen used to oxidize the hydrogens

.

from the 1/5 part of lactic acid is called the. "oxygen debt".

REPORT SHEET

.

Results of.respiration tests are reported variously. For‘animal work the
body area is considered important, so that a formula may be used to estimate
this datum from the weight of the animal or person.* For tissues it -ds more
common to report the volume of gas (oxygen) used or given off (carbon dioxide)’
per unit of material weight--that’is, as microliters of gas per mg. weight. It
is customary to state yKether;it is wet weight or dry weight. Sometimes it is
difficult to estimate the weight, such as when migrobial cultures are used. Tn
these cases the amount of oxygen used per mg. nitrogen is a common measure. For
this exercise we-‘suggest repdrting ‘ '

,
. i’
- 2 *

-

ml. of oxigen used/gram of tissue/hour. . )

.
.
.

Three or four determinations of oxygen dpﬁake’should be made and the results
treated statistically to, find the standard error for each material.

‘ (See Exercise
9 for the method of computing the standard error.)- .

*
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EXERCISE 35'—— URINALYSIS (URINE ANALYSIS)

=

Prerequisitg/ -EXercise 2 and 4 - C
. ! - *

R N . .
- < N —
. . N
t .
- ( e '\.\ . o
.

INTRODUCTORY REMARKS TO THE TEACHER

Urine is a biological fluid of animals which reflects to some extent the
chemical condition of the blood plasma contents and also to some extent the physio-
logical state of the kidneys. The urine summarizes the conditions which are chang-
ing considerably during the time that is is accumulating in the urinary bladder.
For this reason, it is customary in the clinic to ask for.a 24-hour collection of
urine for some cases because the amodunt of any particular material may vary a
great deal between morning and evening. The examination of the urine, therefore,
gives some general insights into the way certain metabolic end-products are building
up and being removed from the circulation by the kidneys. When a 24-~hour collection
(about 1,500 ml,) cannot be made, it is customary to use a specimen collected the .
first thing i the morning, .8ince, as a rule, it has had longer to accumulate than
any other sample 1dter in the day, and also because activity is uéually limited
and food intake is small during the night

This exe!cise makes use of several simple chromogenic (color-producing) reac-
tions, some ‘of which are used to give quantitative as well as qualitative informa- .
tion. Also included is microscopic examination of the urine sediment which may

“contain a variety of cells, crystals ‘or amorphous mucqid casts from the kidney
* tubules, formed when they are at rest and flushed out when the tubule becomes

active again. - o

" MATRRIALS AND, EQUIPMENT

Chemlcalg ) B ) o \

-

Glacial acetic acid'
Benedict's Quanitative Reagent

"Concentrated nitric acid

Dilute silver nitrate

Saturated picric acid . . '

10% NaOH o ; /

3% Sulfosalicylic acid ) . ’

Albumin

Dilute nitric acid . C ’ . @
Dilute HC1 )
Dilute barium chloride
Toluene

Bidlogicals ] . *, _1

Sample of urine, about 100 ml. collected by each stuient.

Glass and Plastic Ware *
5 :

Disposatle urine cups . ’ -
Test tubes ) .

Microscope slides and coverglasses

Urinometer (with hydrometer)




. Microscppe and lamp

35-2
a < ’ , 4 \
Other, . - .- - : -
f \ * ' 5 v \ ~
. a
Teat tube racks -

pHydrion paper (pi 1 to 1?)

Centrifuge (clinical type) .

Clinistix brand glucose test strips .
Watchglass , ) ‘.
Wax pencil

PREPARATIONS 7 , ] . ! .
¥ ~ - x
] Disposable urine cups shauld be used. These usually come in cases of about
400, which isn't many for some departmentg but may be a several-years supply for
others. Squirt about half a medicine dropper of toluene into each'cup to be used
by students, then put the leak-proof gover in place. Every student should be given
such a urine cup at least the day before the exercise is to be done with instruc~

b4

“tions to collect the first urine 6f the day on the day it 1s to be used. Advise

them that the toluene is a good preservative so that the urine need not be refri-
gerated. However, if a refgigerator is available to the la oratory,‘héve them .
place their samples in it whemn they bring them to school (éspecially if the labora-
tory meets later in the day.) It 1isquite importart tq’have each student bring
his own urine sample. Nothing could be duiler than to have to do ‘these test from
a commop.sample of urine. Moréover, since every one should get the 'same resul®,
from a common specimen of urine, the te#t would get divided up, and results trans-
mitted around the class so that students would feel it unmevessary to actually do
the tests in order to get the results ( azsituation. called "dry-ldabbing").

,

Pathological Urine. This urine should be prepared before class By taking'about

100 Al. .or 8o of normal urine and adding 1 gram glucose, lml. acetone, and .5
gram of albumin. .This urine sample is then used to produce positive tests so that
the student will not have to repeat a negative test just to show that it was per-

" formed correctly. /.

INTRODUCTORY DISCUSSION 1 !
3 k4 . '\

Use a model of the mammalian kidney. Most.models avaflable .are of }he human
kidney. Can students identify the organ? Do they know ‘what its function is? How
could one determine whe%hpr or not it was working alright? Would it really matter
to one's health if the kidneys were not working? | \\ - v

Does anmyone know how urine is formed by the kidney? (Substances with-a mole-
cular weight under 70,000 are filtered out at the glomerulus and then desired Wa-
terials are reabsorbed by the tubules, leaving the urine. This is transported by
the ureters to the urinary bladder where it is stored until micturition occurs) .
What does micturition mear? What factoes, then, determine the composition of the
urjne? (The composition of/the blood plaSme and the ability of the kidney 9ephrons
to function).

TP
« (/4 L . o . a
N

-

PROCEDURE

fnitial observations. Pour urine from the collecting cup into the cylindét of the
urinometer and make the imitial observations for color, odor, transparency and 4;
sediment. Then insert the hydrometer and'defermine the gpecific gravity. From the

.
Y e >
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specific gravity determine the grams of solids per liter of urine.
Do the tests for proteins in urine on the student's sample and on the specimen

" of "pathglogic" urine provided for the class. y[Note: When heating test tubes be

‘Sure that students do not point them at each o%ﬁer. They should be heated uniformly
aldng ‘the length of the contents, not fust at the bottom. If this latter is done,
steam generated in the bottom of the tube will blow the contents out of the tube
and onto neighbors, workspaces, floors or ceiling ]. )
Indican Test. This should be' done in a hood or in a well-ventilated place at .
least 20 feet from flames, because chloroform is used.

’

“

'Sugar Tests.” The Report Sheet has a place for results from the Somogyi~Nelson
techniqua for true glucose determination. That procedure was not included in the )
“exercigse and therefore should be ignored v ’

Microscopic Examination. Each student should put exactly 10 ml. of urine in a
.tube that fits ,the cenitrifuge available to you. Some centrifuges require that the
" tubes on opposite sides of the head weigh within 0.1 gm. of each other to prevent
strong vibrations. If your ingtrument is like that, then Dbalance two beakers on.

a 2-platform balance. Place the tubes in.the beakers, weigh by adding or sub-
‘tracting urire from one of the tubes until they are in balance. The volume is not
critical for the examination, only for thegentrifugation. When the centrifugation
18 completed, decant (pbur) the supernatant (top liquid) and examine.the sediment
(in the bottom of the tube) by making a wet mount and studying it with the micro-
scope. \ \ ]

REPORT SHEET. [The teacher may want to reproduce the report sheet and have the
* student turn in a report which he may not get back He will also record his
results on page 35-6.
> ¢
No' questions are provided for this exercise so the teacher may want to havée °
the students answer some devised by the teacher or raised by students. Another
alternative would be to ask for a one-page report on a constituent of the urine,
for exampig urea, indican, Bence-Jones protein, or urinod. Diabetes mellitus,.

)

" diabetes 1 8ipidus, or ways of determining the salt content of urine and other body

fluids, ma also be' used as report topics.
e '¢ . .
References: - Hawk, Oser and Summersqn , ) ’ T . . _
B Physiological Ghemistry (3rd ed. )’The Blakiston Co. . |
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TEACHER'S GUIDE TO

EXERCISE 36 -- REFLEX ACTION

INTRbDUCTORY REMARKS TO THE TEACHER

There are about 5 (sometimes more, somet imes less) parts to a reflex arc.
Environmental changes are transduced by receptors to become a nervous impulse
(and exchange of sodium and potassium across cell membranes). This is transmitted
to the sensory neuron((actually to the dendrite of a sensory neuron. The
dendrite in this type of cell is very long.) Althougi the impulse may be trans-
mitted directly to a motor neuron, it usually will pass through at least one .
association neuron which may conmunicate with many cells at several levels on the
same side of the. nervous system -and frequently has connections to the other side,
Impulses to motor neurons are transmitted to an effector ( a muscle, gland, or
in lgwer organisms, nettling organs, trichocysts, and the Like). The effector
is then stimulated to do something. 1If it is a muscle, it contracts; if it is
a glaﬁd it secretes. Reflexes are often enhanced or inhibited by other nerve
clrcuits, some of them conscious, But for the most part reflex activities occur
without much conscious control éven though they are generally protective.

In this exercise several reflexes in man are observed. This is a convenience,
for the anatomical connections between the receptor and effector reglons cannot
be observed. Nor can the experiments of Magendie and Bell be done (cutting
the ventral and dorsal spinal roots to demonstrate the function of the sensory
and“motor neurons), but students can experience theitr non-control ower most of
this reflex activity and the fact that it occurs without the intervention of the
voluntary processes, as a rule.

\

MATERIAL AND EQUIPMENT . - o .

Sterile thread
SterMe rubber-~tipped depressor stick
Neurological hammer .

PREPARATIONS

Number 50 cotton sewing thread is suitable. Wrap the whole spool in paper
and autoclave for 15 mfngtes at 15 psi. At the same time the rubber-tipped
depressor sticks made by putting a l-inch piece of clean rubber tubing on a
depre .t . stick, are placed in test tubes with bacteriological closures and
autociaved. These precautions are taken to prevent any concurrent eye or throat
infections from being blamed on the procedure. Used tips can be collected in
containers of detergent, washed, sterilized, and re-used. v

INTRODUCTORY DISCUSSION

Prepare a frog by removing the brain (cut off the head at the ear drums) and
remove the viscera so that the sciatic nerve complex is exposed Suspend the
_preparation from a hook, formed from a bent common (straight) pin held in place
by a flat jaw clamp on a stand. Pinch the toe of one foot and it should
withdraw. If not, pinch harder. Apply a pilece of filter paper 1 cm. square,
that has been wet with 10X acetic acid to the side of the preparation. It will
reflexly try to remove it. Is this a simple spinal reflex? There will probably

151




36"2 . - ’ v

be some questions for discussion. This is not a simple reflex arc working at
the same level,

After the discussion, or at some appropriate point, diagram a simple reflex
arc working at the same level. .

PROCEDURE
Students must work in pairs. - -

REPORT SHEET ’
Questions
<
3. . How does the corneal reflex serve the body? )
(It not only includes a blinking component, it also includes a generalized
body effect, dodging. 1Its protective potential lies in helping to prevent being
hit by fast-moving flying objects.)

5. What cranial nerve causes dilation of the pupil? (The IIIrd. Contraction
1s caused by a nerve from the lst cervical ganglion, not a cranial nerve.)

«

6. Is the light reflex present during sleep? (No)

T

- . kY
7. What.is meant by a mydriatic drug? (One that causes contraction of the
pupils. Opium and its derivatives, morphine and heroin.)

8. What is meant by a meiotic drug? (One that causes dilation of the pupils.
Exampleg are atropine (dl hyoscyamine), homatropine, and adrenaline )
9. The size of the pupil is helpful in interpreting visuaL images from our
énvironment because: $
(It increases the focus (acuity) of the’ image and it acts as diaphragmatic_

opening which is attached to an "exposure meter' so that it constricts in pright
light and dilates in dfm light.)

. ~ ] .
10. A possible reflex network for accomodation.

\s:} C?Iv:ac.l Gan‘\l;on

l4. What is the relationship between the knee jerk reflex and tabes dorsalis?

(The syphillis spirochete causes lesions of the lower spinal cord, resulting
in locomotor ataxia (uneven gait) because coordinating impulses from the
cerebellum do not get through to the sciatic nerve. The knee jerk reflex is
abolished by the syphillitic lesions so that failure to elicit a response indicatecs
the possibility of such a lesion in the lower spinal cord region.)
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15. Diagram a spinal reflex arc indicating (1) the receptor, (2) sensory

neuron, (3) dorsal root ganglion, (4) cross section of the spinal cord,

(5) motor neurdn, (6) wventral root of the motor neuron, and (7) effector.
(8) Association (internuncigl) neuron

(4 | _I@ | | o .
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TEACHER'S GUIDE TO

EXERCISE 37 -- INFLUENCE OF THYROID HORMONE RATE OF DEVELOPMENT

<

. - N
(Demonstration or Special Project for ‘two or more students)

Prerequisite: Exercise 27 . . .

|

INTRODUCTORY REMARKS TO THE TEACHER L ‘ -
Other exercises in this manual dealing with hormone activities are Exer:;se 26--

Response of Animals to Pregnancy Urine Hormone, and Exercise 28--Do Environmental
Factors Affect the Action of Genes? Exercise 27, Transcribing DNA, mRNA, and
tRNA to Sequence a Protein gives the student some practice in seeing the relation—
ship between DNA, the RNAs and the protein sequence. Ip Unit 5--Genetics, the
topic of gene regulation and adaptive protein production has been introduced. The
whole-subject of what substances affect the regulator genes and their aporepressor
substances has been under investigation since Jacob and Monod dempnstrated the
validity of the concept that materials from the moletular environment can
influence the expression of genes (see also Teacher's Guide to Exercise 30). As
early as 1961, Clausen in the United States and Kalkar in Germany had developed .
the idea that steroid hormones, in particular, bring about their protein-
producing effects by acting on genes. oth men, working with the salivary gland
chromosomes of the blood worm Chironymus demonstrated that ecdyson, 4 steroid
juvenile hormone of insects, causes chromosome puffing at specific loci within
15 minutes of application to larvae. This idea has been developed fur: ier by
Williams-Ashman, Liao and by Hamilton in higher animals in recent years.
Thyroid hormone has several effects. It speeds up metabolism in generai it
speeds up metamorphosis in amphibians, and in man it is needed for the full,
development of mental ability. Like the steroids, it is a cyclic organic com-
" pound but is much simpler in structure than steroids. It seems to regulate
metabolism by affecting the ability of genes to produce certain enzymes. (See
Cohen, 1970, for a review.) .

<

Cohen,’ Philip P., Biochemical differentiation during amphibian metamorphosis,
Science, 168:533-543, 1970 . (1 May 1970)

The action of thyroxine on the genetic system to activate the enzyme carbamyl
phosphate synthase I in the  liver of metamorphosing tadpole precedes metamorphic
changes and suggests that the tadpole liver system offers some interesting
possibilities for studying how proteins are formed and transported to the
mitochodria, how the thyroxine acts and the molecular level,-the kind of
regulation and the nature of the regulators involved. Fifty references.

T L
MATERIALS AND EQUIPMENT - )

Chemicals

A

Stock solutions of the following made up 20mg. in 200 ml. pond water:

&

Thyroxine or Triiodotyrosine

Thiouracil’ J
Lugols iodine solution (1%) diluted 1:100 = 20 ml./200 ml. with pond water

Supply of pond water
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Glass Ware
7 Aquaria or one-gallon jars »
- , »
‘Other . .

7 rocks or bricks to form easily-accessible islands for young frogs.

*

PREPARATIONS

Thiouracil sometimes does not go into solution very well. In this case,
suspend the thiouracil in about half of the water for the solution and bring
the pH to the alkaline side, about pH 9, The material will go into solution,
then by judicious additions of HCl bring it back near pH 7. Use a pH meter
because just under ‘pH 7 it will come out of solution again. )

INTRODUCTORY DISCUSSION ) ’ '

Since the students have the procedure for éhe experiment in hand, ask them
what each -one of the seven groups of tadpoles will be testing in this experiment.

PROCEDURE ’ . ) ' ' °
) Stock solutions of thyroxine and thiouracil should be made up and added to
pond water on the days that aquaria must be ;2anged. \,
. >
REPORT SHEET ,
The second chart on page 37-2 is intended for use in recording the dates on
which the tail measures the indicated lengths.

\,h
There is room for one or twdrother items for the clasd. to observe according
to its interest,

Questions

1. The formula for thioyracil, thyroxine, and triiodotyrosine are given below

Thyroxine 3.5.9 triiodothyronine s
- : Thiouracil
OH (913 . M
NN . Z N
| - ;~'| HN
X » )
0 0 . H
1 1 || ‘
CH, CH, f
HCONEH, H(I‘.NH, \;
~COOH coon . ' .

? ﬂ‘{w

I 4 » A
e N
.
.
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5. What would be a good reason for having included treatment with iodine alone,‘
knowing that iodine is a constituent of the thyroid hormone?
(To show that eleméntal iodine alone does not increase the amount of thyroid
hormone available at this “stage to make much difference). . »
N L3 \
6, llow could you show that thyroxine effects are reversible? ’
“%» (Stop giving the hormone. (Give the antagonist, thiouracil, at the same time).

(3K
A A




TEACHER'S GUIDE TO

EXERCISE 38 -- A STUDY OF PLANT COMMUNITIES
<

A field exercise . 3

L]
. Prerequisites: Exercise 17 and Exercises 20 through 23 aré
. |
desirable. y
|
INTRODUCTORY REMARKS TO THE TEACHER ; h

This kind of exercise comes from an era in biology, not far gone, when the
most important thing that biologists did was to count up the number of kinds of
things there were. From that sort of knowledge it developed that some kinds of
plants grew together and some did not. Out of such a simple observation one
begins to look for causes--the amount of light available, the possible secretion R
of inhibiting chemicals, the chemical makeup of the soil (whether acid, neutral,
or alkaline), and the amount of water available. ) ¢

The most stable communities are called climax communities and may be of any >
type, but the type is regulated by the soil conditions, the climate, and }
neighboring types of communities which may contribute to its stability. Forests, . .
meadows, prairie, savannah and groves of trees may represent the climax
community.

MATERIALS AND EQUIPMENT . .

Field notebook and pencil
Tape measure dt least 33 feet long . .
Photographic exposure meter . . B

- s , ’ i
INTRODUCTORY DISCUSSION y \\\_,L. )

This is a field exercise 8o that perhaps the introductory discussion should
include what is expected in the field by way of observations, notemaking,
specimen collections (including any restriction of specimens at the trip location,
etc.) A possible lead into a discussion of the objec;iv of the exercise
might be to talk about the United States census or a loc:q census. Just as the
census involves more than just counting the number of people in the country (it .
also takes note of kinds of octupations, income levels, housing conditions,
economic factors like the number of automobiles in the family and the like). On
this field trip we will be taking a census of the plants (and to some extent
the animals) by counting the number of each species in a given area of land and
noting such factors as light, water, kind of soil, eX(c. :

/ - .

Map the area the class will cover and indicate the plots each team will work. r//ﬁ
If there is a stream or other natural reference feature, this task is greatly
simplified. . , :

REPORT SHEETS . .
The student teams .should prepare a profile of the terrain and indicate the '
kinds of vegetation making use of the symbols indicated in the exercise if a
large plot was studied, or complete the diagram of plant distribution in a small
plot, making use of the graph provided.

’ \ I
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EXERCISE 39 ~- SUCCESSION FROM ONE ENVIRONMENT TO ANOTHER, .

%

~

H

INTRODUCTQRY REMARKS TO THE' TEACHER

« It was Thomas Aquinus who is credited with first saying, as a matter of
‘philosophical observation, "Nothing ever is-but is always becoming.' We cannot’
") vouch for & term as all-inclusive (or all-exclusive) as "Nothing", but the
J statement is basically true when it comes to a discussion,of the existence of
\a closed lakes and ponds, and to bare rocks, whether in valleys or atop mountinous
upheavals of the crust of the earth. Ponds are being filled by sikt washing in.
with the stream waters, and their bottoms are being raised by decaying vegetable
. matter from plants growing near the edge of the water. Rocks are constantly ’
being weathered by heat and cold, rain, freezing and thawing, to yield finally ]
the soil in all of its'varied textures. The oceans are continuously evaporating
into the air, sometimes becoming clouds. Clouds condense into rain, hail, and
snow, and these, of course, form the waters of streams flowing back to the
- oceans to complete the cycle.
Various kinds pf‘plants like particular environments and they grow in the
environment for which they seem best suited. When we look at the plants around ~
a body of water, especially if it has been undisturbed for some time, we can see
that different kinds of Plants are found in each kind of environment.

MATERIALS AND EQUIPMENT o (
Field notebook and pencil
1 foot ruler marked in. cm. ‘ . “
small boat - .
Wading boots :
Weighted line equipped with hooks
Geotomes (shovels ‘and mattocks)
Sieves 4
. Planckton net - ——
Glass-bottomed. buckets or boxes f?r underwater observation

PREPARATIONS

i
See page 39-1 in the manual
INTRODUCTORY DISCUSSION

A long discussion is not needed for this exercise. What needs to be done here
is to organize.the class into teams and to make sure everyone knows what equip-
ment his team should take into the field and what jobs each person will perform
once the team arrives. This is'not a nature walk that students will take once
the team arrives. This is not a nature walk that students will take at their
leisure, even though that may be.very "inspirational”. It is a work and study
session in which the student will be acting as a scientist and proceeding as the
ecological scientist proceeds when he makes a study or survey. Anything less
will be non-scientific.

-~
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If this exercise is undertaken early in the course, before students have
had much opportunity to learrt about the various kinds of plants and animals
some effort should be made to have some advanced students or faculty members
who would volunteer, to accompany one or more groups to help them identify
various plants and animals. This may not be necessary, but still desirable if
the exercise does come later in the course since it does take a fairly broad
knowledge of living things to be able to identify many of them beyond the Phylum
or Class. Of course, scientific nomenclature is not the real objectivé of the
trip, but rather to know what animals and plants inhabit which environments.

The teacher may not want the teams to bring back a speEi%en of everything
that they\eaz;“Good ways to do this. is to ask each group, to identify everything,
: but only bring back specific things--one, examples of aquatic plants for
the aquarium; another, leaves of deciduous trees to be pressed and mounted for
the clags use at other times during the year. Others may collect bugs, beetles,
. and worms~from the wet soil, and still others may collect geeds, fruits, or
flowering plants for preservation and use in the laboratory. Termites, needed
for Exercise 41, may be collected at this time. , ’ v
Each team should know beforehand thag\it is responsible for cleaning its

tools and preserving its specimens in appropriate ways at the conclusion of the
trip.
v

PROCEDURE ' : ‘ ’
As indicated in Exercise 39.

REPORT SHEETS

Each team should report a list of the organisms it. observed and also
describe the locations where they were observed if different from the plotted
area. In addition, each student ghould write a report on succession in the

environments studied (open water to land, bare rock to soil, abandoned farm or
Veorest cutting.)

b
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EXERéISE 40 -- EFFECT OF4§§E§ICAL AND CHEMICAL FACTORS ON ANIMALS
. - . :
Prerequisite: Exerciges 2, 7

\]

INTRODUCTORY REMARKS TO THE TEACHER [\

During the evolution of the cell the materials (proteins, nucleic acids,
metabolites were aggregated in the environment, the ancient oceans, where they were
directly subjected to the charnges in temperature, salinity, radiation, and pH.

The development of the cell membranes tended to keep the large molecules from
getting lost from the community, but had the Job also of keeping the salt content
inside somephat like the outside in those ancient seas. Yet, when conditions
change the fembrane must be able to pump ions in and out gso that the outside gets
to the insjde and the inside briefly is pumped to the outside. This is the basis
of 1ir lity. The impulses generated by irritability let the organism know
that environmental conditions (for the organism, or even for a few of its ‘cells)

have changed. The'reversible responses that the organism makes, either by a change °

in location, rate of metabolism or movement, is called adaptation. Organisms can
adapt to small variations in the environment (as a rule) but are killed by large

changes. The 01d Darwinian concept that organisms "struggle with their environment"

has long ago been deemed untenable. Today we know that organisms must adapt or
die. (See Introductory Remarks in Exercise Teacher's Guide to Exercise 30).

This exercise looks at the way‘some organisns may adapt to two of the above
environmental factors, radiation (light and heat) and hydrogen ion concentration
(pH) .

MATERIALS AND .EQUIPMENT
Chemicals N

. 1N Hydrochloric-acid
.1IN Sodium hydroxide

Biologicals

Ants

Paramecium

Rana pipiens

Daphnia

Cyclops -

Plastic and Glass Ware . . .

J’Absprbent cotton

- Medicine .droppers v
Ehrlenmeyver flasks
1 liter beaker .
Other

pHydrion . paper
Thermometers

wll Toxt Provided by ERIC
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INTRODUCTORY DISCUSZIONS (I 2

- ¥ *
What does i&/é;an tc "be sick"? (This term may be defined by students as
"not well", "an infectious bacteria Ras a hold in you", etc.) Point out that it
only takes one or a few dysentery organisms to make one verv sick with dysentery,
buttwe may have fair-sized Staphylococcus infections resulting in boils or pus in
wounds without actuallv feeling sick. At what point, then, does one become "sick'? -
A person suffering from untreated diabetes mellitus may not feel "sick", Jjust tired
. and weak. Then, {f the plt of his blood- falls from pH 7.35 to pH 7.0 he will go
into a coma. When is he "sick"? See if you can get the class to come to the point
where "sick" implies an abnormal condition. Tiley then will have to define normal
' (usual). 1Is°it the same for gveryone? (Indeed, there is a range for the normal).
"Sick', therufoxe muqt describe conditions where the body las not been able to
keep its processes "normal” when challenged with a change in conditions that shifts
the internal or external environment tco far from "normal".
~
In this exercise there is a demonstration of what happens tof the breathing rate
of a frog (or other animal that makes breathing movements), when the temperature
. s changed; the movement activity of an ant with changes in temperature, and the
effect of pH changes on the survival of Paramecium, Daphnia or Cyclops. At what
points may they be "sick"?

PROCEDURE

Part A. The f{rog may be placed in the respiration apparatus used in Exercise 134
A beaker, however, is alright. The instruction to keep records until the tempera~
ture no longer drops should ask instead that the rate of buccal pumping be deter-
mined for each 5°C. as_ the temperature falls or rises. It is not necessarv to L
count for a full minute. Count for 15 seconds and multiply bv 4 to get counts per
minutén

. -In the experiment with the ant, do not add the cold tap water tp the inside
f of the flask.  Rather, the flask should be placed in a container of ice water. You
may have to add some salt to the ice water’ to cool things down to '5°C.

Part B
If time permits, the endpoints of the range may be determined. That is,.as a
first approximation® one mav get results like:

0 0 0 4 15 30 + 15 4 0. 0

One could say from <uch data that the range ended between pH 4 and 5.5 on
the acidic side, - and bctween pH 9.0 and 10.0 on the alkaline side. Now trv some
pHt values like 4.4 4.6 4.8 5.0 5.2 5.4. It will probably be better for the
teacher or preparfitor to prepare such solutions, making use of the pH meter, since
pll paper is not this sensitive. The .same would be done for the alkaline end of thé
range. One may us
cell pH.

p 2.2 3 4 5.5 6.0 7.0 8.0 9.0 10 11
the vital dye, Neutral Red, to get an indication of the internal

REPORT SHEETS , ' .

Charts are ﬁrovlded for the c<illection of data. The teacher may, however,

Q . ’ ‘ ,a e
ERIC | - _ 301




/. require additional features, such as graphic reﬁresentation of the data and
statistical treatment where more than one replication per treatment has been done.
Teachers may also ask for a paragraph or an essay on the natural habitat
of any of these organisms and how the data geperated in tnis experiment might relate i
to what happer in: the natural habitat.
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TEACHER' GUIDE TO -
EXERCISE 41 -- TERMITE-FLAGELLATE INTERACTION e

Prerequisites: Exercise h and 10. Exercise 16 is helpful.
2 - N, . N

INTRODUCTORY REMARKS TO THE TEACHER - o -
This exercise is a good éequel to a field trip on. which termites wefe'discovered
and collected. Althongh termites can be obtained from ‘biological supply houses,

collecting lets the student see gome thing of the natural habits and habitats of
termites. . ooy ' -
t

The Integument 6f termites is soft and delicate, so that water loss from
even a brief exposure tp drying conditions\will be fatal'. Therefore, they are

. found in demp earth and wood.. They make their entxance to wooden structures

/‘\

from the ground, but if they must go above ground, they will build tunnels of

mud and their excreta across rocks, cement, etc., to get to wood. They are
characterized as miners, b&rrowing channels and chambers th;ough the wocd. Walls,
furniture, fenceposts ang support beams for houses are often attacked. Ordinarily
these insects seem to be _ghle to sense. the strength of the material ‘and the .stress
produced by, the load it bears so that if ig is not increased (as by a.person walking
across a floor, for example) the, §tructures hold. E#entually they‘excavate too

much and coalapse’ of the wood ensuee.
. ¢ -
-.ﬂ\ . o
Most "flying ants" are termites, and they are also -commonly known as "white .
ants". They are not’ ants but like ants, they are social insects, living in large

" colonies. A king and a queen are the parents of the,colony, “with.sterile males

and females making up the workers. .Some individuals, become soldfers. These have
large heads and unuSually large pincer- ~1ike jaws. The q;fen or ¥ertile female,
may be 1000 times larger than a worker, or about 2 to 5 nches in length. There
are at least 36 Species In North Amperica north of- Mexico,~ : f

Living termites (im a jar)

' MATERIALS AND EQUIPMENT | / » . ‘ \ PR
j .

«7% sodium chloride ’ S . L
Forceps and dissecting needl£ - .
Microsocope and lamp . ¢
Microscope slides and coverglasses <

! Lot . : -
INTRODUCTORY’ DISCUSSION< ) ‘ ' . ‘ :

o, P ~ M -

The termite will be the object for discussion. Hold the jar up and ask the
class if everyone knows yhat is in it., If not,, let one of the students tell.
Have someone tell where termites may be found and what the conditions areéée such
locations. Everyone will know that termites eat wocd, but gauge their redotion
when you tell them that researchers have foun that termjtes cannot digest wood.
Then, ask how they think that the wooJ can act'ag food if termites cannot digest )
it. Get some reactions but do not draw a conclusion. It you have a film or film
loop to show, ghow,it.at this polnt.

3
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. Some words mnot asked for or defined in this exercise include those related , R
to parabltism. parasitism, symbiont,comensal, predator, infestation, infection.,.; .
What is obligatory mutualism?® If by now it has developed .that the class, vealizds R
that there dre protozoa in the intestinal\ tracts of termites, raise the possibility
that there may even be smaller oxganisms oy the protozoa (such as bacteria). Llow
Could it be determined if bacteria were present? (Stain smear with crystal vidlet
or make a sterile dissection and t#ansfer to Sterile culture medium.),

4 14
S

Y . YL
PROCEDURE . //’ ‘ :
o ’ ! : . . A \
77 ’ .
' Obtain a termite from the jar and place it on the slide. If £he insecfs-are
Jery active, carbon d'ioxide _gas 1s a good anesthetic. One may force the abdominal
contents ontu the slide or use a razor blade to®dissect out the. intestine, which
can then be squashed as in making onion root tip or salivary glad chromasome
preparations (see Exercise 16), .
If there is a problem.with;evaporation, seal the edges of the sllde with « v’
melted petrolatum. , , . ey .

o : . - -~ , .
' N 4

© N \\ S .

It it is desired ta demonstrate the presence of bacteria,*let.the smear dry
in air, then stain with Hucker's crystal violet .for about 30 seconds. Rinse with.
.a gentle stream of tap water. Dry in a%t and clear with a drog of immersion oil- .
rubbed gently}oVEr the smear. ; 5 v o Cy
. REPORT SHEET ' . ’ . 4 C Lo

This ls an excellent subject*qp which one or more students may write a
report, Termites hgvf a well-organized social life. . They are of great economic ’
meortance. In thik {regard a student max/vmsiE-a termite-exterminating company,
it thnre is‘one in th locale, gathe some/éamples of termite damage, and find

out "the trade and chem .al names of insecticides used to kill termites and L
materials used to blodk their mining. L L

! . o . .
QUESTIONS . ; ' o

\ . y , P *
{ # ~ 2 .

!. What is the pésblble retatlonshlp between the termite and these micro-
organisms? A : ) . e

\ i .

¢ ., 1 -
(The flagellates which inhabit the intestinal tract of the termite form .
. a celluslase which will digest cellulose to maltose. However, the termite does
not secrete a maltase so 'bacleria on the flagellates and.in the tract complete
the digestion of maltose to glucose. The glucose is then absorbed as food'.)
4. How could you test the hypothesis that “the relationshlp is an obligatory S
mutualism? - . N s
a h"l ’ oo v L v ¢
The various oréanisms can be (have heen) isolated and their ability to
digest cellulose and its intermediates to glucose tested. -From thi’s it could be
dueduced that they are thcrc in order to do this sarvxef in return for the wood

which termite cats, ‘ ’—// ) . . .

Q . \ . ' . . R « : .
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intestinal bacteria in higher animals, such as the sulfa drugs, sulfanilamide

or splfathjozole. Start with lower concentrations and give higher ones until
. ' .
sterile quashes can be obtained from live termites.” Such termites could then

be fed ster.lized wood and kept In sterilized cefitainers and their longevity,
vigor, etc.,, compared with termites kept in & normal culture.

/
e

5. What does a termite eat? (Wood,.thatis,cc(ubbsg, Can you eat this?
(Yes, but not digest it.) Can many .animals eat this substance? (Yes, but they
depend on bacteria to digest it.), How do animals get nutrients out of this
substance. Besides the termite; the shipworm (which is the clam, Toredo) has a
cellulase in its digestive tract (in the crystallive style) and this is also
true for a few othcr animals. The ungulates, particularly cows, chew their food
and store it in the abogaéum where bacteria begins its digestirn. This partly

C41-3
Another approach would be to feed the termites some drugs known to kill
disgested cud is then re-chewed. The f£inal nutrient obtained is slucose.

o 160




