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Potany S5 311 Racteriology

1let Exam. Juns 22nd, 1951

1. Asguming that some bacteris do have flagolle, discuass them in &
paragraph or two, telling all you can about them. (12 volnts)

P. Alternative. wxolain how microoreanlsms can be used to determine
the amount of vitamin B-1 present in "Cream of Wheat"

2. Veke n drawine of & bacterial eell and ideatify tha gellular structure
which conld be chserved with 100,000 timas megnifieation, (18)

3. 1£ you wish to start a culture froma sinsle bactarial call, what
thres methoda aras availarle for yonr research. (1)

by Whet would you do in the way of setiffe mo the necessary anvironment
in the lsboratory for the growth of the follewinz oreaniame:
a, A peychrophylic, photosynthatic, autotroph,
b, An merodie, tharmephyliec, ehemosynthetie, gram-po=itive, spore-
forning haterotronh.
¢, Peta-type strentococcus (Caunative organiem of scarlet faever)
(1# pointe)

Se Give a remsonsbla mecount for ths porsibility of oxidation oceurring
in tha absence of molecular oxygen. TUse words, or equations , or dles
grama. (9 points)

6. Which isg morA*\uifﬁxl in terms of cellular economy, ssrcbic or snasrobtilc
| respiration? Whyt (10 points)

T Name a technique, method, or instrument which would axpedite handling
of tha following problemal
a, Fow to examins living meterial whode dimenaions are less than the
lower limite of resolution of the microscope.

b, How to demonstrate motility in & microorgenism,
¢, How to measura the dimensions of a dacillus. (Total value, 9)
7-Alternative. In daternining the completa growth curva for a btacterial
culture, the method of tube allution and nlating ia mare satlafactory *
than aither volume or dry waisht measuramente. fiiva two ressons why
the volume measursmsnts are lses desirsble. Two reesomna why the dry-welght
meagurements ara lese deairatle.
LS There Ara two oond noaaitilitiss as to why brrterinl eultnras axhirit

an "Tnltial Stationary Phase? What are theraa hyosthesas and what
exmarimental avlisnca sarmorts sach? {10 vninta)

Chooae eithar (1) or (1-Alternative)s Do not do both Ui
Preat queation seven (7) in ths esms mannar.

L=y ] Turn in this vapsr with your anawsr booklat.
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BOTANY 311 BACTERIOLOGY JULY 6, 1951
1, If the following items were to be sterilized, describe how you would
do the job and why you chose the particular method,

a, A five gallon capacity glass flask containing one gallon of
nutrisnt agar (flask too large for autoclave),

b, A broth made up of complex sugars capable of being destroyed
at 95° C.

¢, Tha end of & solid steel cylinder 1 mm, in dismeter,
(30 pointas)

2, Discuss briefly the importance of time, temperature and cellular
individuality in disinfection,

(15 points)

3. Differentiate between adaptative and constitutive enszymes. Under
what conditions might each be activated or deactivated,

(20 points)
L. Explain how bacteria maintain the nitrogen cycle. Why is such a
cycle of importance to individuals not directly concerned with soil
bacteriology?

(20 points)

5. Describe fully either of the two techniques zenerally used to secure
a pure culture from a mixed suspension of bacteria,

(10 points)
6. Of what significance is the Gram stain?

(5 points)
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Bactsriology Exam Jaky 19, 1951
- %
| 3
1, What are the laboratory problems concerned with the measurement of .esstam—
—imabed air ! g (8)
2. Why a-re "Endck" and "5.M.B." medis useful in we ter bacteriology? (8)
5. As bacteriologists, cutline & set of controls (to prevent the spredd of

disesse) to be used by Zfood handlers. Outline & similar plan for grocery
stores. <0 (20)

4, Neme four pathogens which may be found in unpasteurized milk, Neme one
disease with which each is associated. 4)

5. Give two examples of self-purification( organisms being directly respon-
sible for their destruction or ramovel), (8}

6. Give two reasons why & good milk supply is often harder to attain than
e good water supply. (12)

7. What is the chemical significance of meaning of a high B,.C.D.? What is
the bacteriological significance? .(8)

&. What are the conditions necessary kxfmrexxx for use of a water supply
M without purification ? % (8)

@. Explain how the use of an enzyme can help determine the efficecy of &
germicidal process, (15)

10, What is the bacteriological significance of chemical analyses of water

with respect tb various nitrogenous components ? | B t{ga

Special for Romenko
L, Discuss the impottence of enzymes in microbial varietien.

2, ®ix Which of the following may be used to define pasteurisation:
Bacteriostat, Disinfectant, Antiseptic, Prophylactic?

5. Explain the cyclic neature of Cerbon, Nitrogen, Phosphorus and Bulfer in
soil , showing the part played in each by microorgsniems,

-
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Neoturus blood smeer

Selemander
balesmander
Salamander
Selamander
Halemander
Sal amender
Salamander
Salanander
wal emander
Sﬂlamaader
Mtosls in

Mitosls in

Oogenesis end mitosis in Ascaris (roundworn)

Bone merrow sections, cat or goat - Bouin's, H. and F i

Pollen mother cells, cora - Acatocarmine L
Cockroach (Periplenecta) ovary, sections - Bouln's IAH
Sallvary glend chromosomea
Salivery glend chrouos

Kitton overy

maturation
Rat testlis

nat teatls

Iist of slices in loen collection

- Uright's blood steln
tadpols tell, whole mount - B-3, Mayer's Haemalum E
tadpole tail, cross section - Bouin's,Hematoxylin andEosin

lung, cross section - Bouln's Hematoxylin and Losin

Kidney (Necturus) Bouin's, Iron-Alum-Hematoxylin
kifdney (Amphiuma), for mitochondria - Regaud, Aniline-Fuchsi:
kidney (Amphiuma), for Celgl - lienn-Kopsch method ol
liver (Amphiumas), for mitochondria - Formol-Zenmker, IAH
liver (Amphiuma), Golgl and mitochondrid - Champy, Osmic;
Acid Fuchsin and Anlline Blue = n
emall intestine (Amphiuma), Golgl & mitochondrias - Chempy,
Osmic, Acid Fuchsin, Liethyl Green v
pancreae (Amphiuma), Golgl & mitochondrie - seme as above |
vhitefish (Coregonus) blastule :

cleavege of Clypeestsr (echinoderm)

iSCL&T&J - Agetocermine

smes (Drosophila) - Acetocarmine

in the Pelolo worm egg (Annelid)
- Bouin's IAH

Regeud, ITAH
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Zoology L26 - Cytology

Spring, 1951

Lecture and Laboratory Schedile

I. Introduction
I1I. Terminology 1

IIT. Historieal
IV. Technical llethods

V. Oolgi-bodies and
Mitochondria

VI. DNucleus
VII. *litosis
VIII. i‘itosis
IX. Chromosomes
QuIZ
X. Endopolyploidy
XI. Chromosocme cycles
XII. “elosis
XIII. Syngamy and Apomixis

XIV. Changes in chromosome
numbor

XV. Chromoscme aberrations

XVI. Bvolution of Genetic Systems

Leok beginning
Jannary 29

February 5
February 12

February 19

February 26

March 5

March 12
March 26
April 2
April 2
April 9
Aoril 17
April 23
April 30

May 7
May 1l

May 21

Laborat
Use of micmsmrn?@guon’
measurenent

Acetocarmine smears; grasshopper
cells

Living prasshopper cells
Tadpole tail; living and fixed

Triturus tail

Golgl and Zitochondria
Mitosis

Amitosis; nucleolus
Salivary gland chromosomes

Onion root tips
Kitten ovary
Oogeneais

LUIZ; Student projects

Student projectm
Student projects
Student projects
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Zoology 426 - Cylology --Quiz - April 3, 1951

NOTE:

Undergradusates should answer three of the four questionse.
Graduate students &re asgked to arswer quecsticn 1, but need
not write on @ny of the others unless they have tire and

want ton.

It is generally concluded that the nucleus, or nuclear
material, ie of fundamental importunce to the extended
1ife of the cell. Consider the evidence for this by
discuesing the facts 1) on which this conclusicn is
bapged, and 2) which lndicate whut the function of tke
nucleus 1a.

Discuss the mitochondria, with srecia! reference to
methods of study, etructure and dietributlen in various
types of cells.

Supnose someone contended tiat the Golpl apraratue 1s
merely an artifact of fixativn and thus ie of no slg-
nificance. Organize and preeent & concise statement

of the evidence that this is not so.

In a short paragraph, distingulsh between:

a. microeome &nd centrosone

b. coencecyte and XKXEXEX eneryid
c. nucleolus and chrenocenter

d. growth and proliferatlion

e. hyaloplasm and deutoplasm
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GYTULOGY LABCRATORY SYii0PSIS page 1

Reguired Text: \Deﬂubertis, £, D. P., et. al. General Cytology
Seunders, 1943, '

Supplies: 1 pelr small forceps

1 peir small sclssors

2 teseing needles: good.teasing needles cen be made
from the ordinary wooden-handled dissscting needles
supplied with most dissecting kits. Cut off the
needle point so that it is ebout 1/2" long, then
grind them down vith a stone to en abrupt sherp
point

Small box Kleenex or similer grade tissus,

1 olean cloth (old henderkchief or shirt-teil)

Dgewing meterials:

~ 1 4H drawing pencil drawing peper
1 #2 ordinsry pencll manila folder
graser small plece of sand paper

I. T USE OF THE MICROSCOPE

Cells are such extremely smcll objects thet in order to see
thelr fine deteils, as you wlll be required to do, you must
maintain optimal microscope conditions at all times., This is

f:) easler seld than done, and expertness with the microscope comes
only #fter considerabie practice. Vhereas you mey have gotten
by so fer in your studles with the microscops without peying
particuler ettention to such things es serupulously clean lenses
end oriticully adjusted mirror, diephregm end condenser, you
must now train yourself to alweays do these things, end %o do
them autometically.

A, Observation end drawing of & microscopic object

After verbal instructions, test your microscope to sea
whetler it is pex spd parfocel end practice the use of
the oil immers! n lens, using slide #l which iz & stained smeer

© of seommmmessr blpod, lioke note cn eny individusl pecularities
which your mieroscope maey heve,

Selest an isolated and vell-steined rad blood ecell, bring

it %o oll Immersion the mlcroscope in sueh a way that
it is i p hen vou ere sure it is just right,
call m i o draving of 1t. The
type o talls only for pains=

+* 0

811, Feithfulness to
L& ulas, lumns and
t be put in Just
L mn long,

N E
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Vytology lLeboratory Synopsils 2.

Sherply-defined derk grenules or arens msy be Tinished off with

eith=r the hard or the soft pencil, Latel fully, stating actual q
lengtih in microns (if you heve not done B below, record the length @
in caulsr micromster divislons; this con be converted into miorons
leter) end the number of dlameters enlergement thet your drawing
represents. I1f = dreving is ten times as large ns the specimen in

any cnc dlmenslion, it 1ls seld to be magnified 10 diemeters or

simrlv 10X, This meens thet it is 10 vimes es long or wide as the
speciuen; 1t is much greeter then 10 timss the size of the specimen,
whicli is three-dimensionsl,

= B. THi LEASURIENT OF LICRUSCOPIC OBJIHCTS

This reguirea callbration of the mlcroscope. Two scasles are
negessery, the ocular micrometer, which 1s & giass disc bearing an

arbltrery scale of 50 or 100 divisions and a stage micrometer,
which is a slide etched with sn absolute scele 2 mm. long, sub-
divided intc units of 0,1 mm end 0.0l mm. (10 microas).

1. Progsdure for calibration:

Litra c”ulzra conteining cculer mictometer dlscs are provided.
e asuring objeects in the future, elweys use the miercmeter to
Yiieh your mloroscope 1s now to be calibrated, Bring your microscope
into focus on. the bleood smeer with the 16 mm. objective. Substitute
tha oculer contelnling the micrometer. The oculer scale obviously
remplins unclisnged vhen different objectives ere used, and must be
celivreted vith eech objective, For this purpeose the stepe mioro- C:}
sster la ussd., Substitute this sglide for the blood smeer and focus
cerefully, with 11pht cut down, on the sbsolute scsle, The smallest
divislions on this scsle r&preaant exectly 0.01 mm (10 microns).

This scele occuples the position of objects to be messures later.
Both ccular ond steage mlcrometers are now visible. Adjust the

sodles so thet tn 2y ere super-impesed upon or parallel “to each

other and ¢ ¢ivialon nesr the :end of one scale colncldes vith one

on the other. £2s for as possibls (why?) from this point of co=-
dncidence, now flind ancther polnt et vliich tle divislons colncidse,
-Count the nurber of spaces on each scsle betwesen these polnts,

and wuitiply the number of k28 on the stags scele by the length

of esch space. Thie prod ivided by the number of spaces
gounted. on the ocules - 3, glves the dlstence measured by

one speve on the goulsr escsle,

1 Ths followlnz ls an exenple of en sctuel cellbrotion of &
B & m=, .objective:
B0 apages o ooul = apacas, sach 10 microns (0.01mm)
“or 3'20 micmr.s \O.B&m) )
1« spmos on bl lor megle = 7.2 microns (0.0072mm)s
3 all o 8
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I1, LIVING CELLS AP The ACKETOSARMINS TECINIGUE V4
Ty > The purposs

!L Y#} goneists of the SHesth

vytology Laboratory Synopsle 3
vith divlsions on the oculsr scsle. ‘The celibration thus obtrined

: i's acourats only when the mloroscops ls used with the same occular
and same objactivea.

heocord the calibrations for all thres objectives on g A x 5
card acgording tg the following outline:

4

kicroscope No gﬂﬂ Ooul
Cblectives . Length msesured b ansc
16 mm (low power) 013§ mm or ierons
< mm (hlgh dry) 0 or '34gmicrons
1.9 om (oll immersion) .00 142 mm or _k orons

£, jeasurement of the sctuasl size of objects

besauwre and raecord the sctusel size (diameter or length in
miorons) of the following: (measure 4 or 5 of eesch, end average
the results) ' humen erythrooyte
. liomorize the slze of ths humen erythroeyte; it
is a classic object for size comperison, 22535!3&3E,L{:}¥Et

(- {1 E
Calibration »aoord ead’NQ:§ ma shofld b§b06b§:‘<o'.3 x 5
cerds end hended ;S\Q}ons v1th “she awing, of e ctutushary -
cyte. ¥
References: .

Allen, R. M., The Microscops, 1940

Belling, The Use of the liloroscope. 1930

iuanoz, F, J., The lderoscope and its Use, 1943
Richerds, 0., The kffective Use of the Migroscope, 1941

besn Tlxed =nd e

grasshopper) Inasect testes,
s Bre slassie objeocta for

gspsolslly th
, &85lly dlessocieted from one

stiudy becnu

l {o F:a another and ususlly some e¢2lls ore undergoing division.

ROy 414

u\u—.ﬁh G -

A, xato rolric =

imarll ol -t - LI ¢hr
e Yo 7 1
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Cytology Laboratory Synopsis . : - 4

. 1. Temporary smesr prepsrations, 'Obtain sevaral‘?{a].]..i—cleu
from e grasshonpsy testls which has been removed end placed in

dsep-velled slide full of Acotocsrmine Tor 15-60 min, = Flace in cagn

a suell drop of Acetocarmine on e clsen slide. Tesse &nd crush
the folllecles fthoroughly. Cover vith & cleen coverslip befors the
stain hes formed a dried ring around the drop. Place the slide
on the teble and cover with a blotter, enplying slicht pressure
to the cover with the fingertips through the-psper. Press verti~
gcally, so thet tlie cover does not sllp sideways. Sesl the edges
vith gum mestic-pareffin mlxture., The preparation will overstain
slowly et room tempersture, but msy be kept & vesk or more 1n the
refrigerator,

2. Permenent smeer prsperetions. Prepare several good per-
manent preparetions mccording to the following scheduls. Use
material fixed end steined es esbove. W

a. Prepere o covership es follows: Cleen end dust until lint-

free, ltlece s minute deb of lisyer's slbumen in the center of the
cover end spregd ovenly vith the 1ittle finger. The £ilm must

be very thiln and precticelly invisible. Dry over en elcchol flams,
1-2 seconds. i : ' ' ;

b, Crush end tesse 4 or & follicles in a frash ﬁ:ﬁﬁéﬂ%;?taih
on & very cleesn slide. Do not sllow evsporetlon to ocogilr, Miron -
the slbumonized cover vertically onto the drop conteinlng the
teasad follicles, Blot 1liphtly, 'q

.i'

¢, Pess the slida gulekly over en pleohol fleme 5-6 timss)
overneebting vwill yulin the prepsratlon; Jjudge the hest by draving
the slids over the bock aof your hend. It should VYe no hotter
than your skin can stendl

d. Invert slide on gless rods 1n s pstrl dish containing
10% egetic scid, The coverslip, with the ocells attnched, should
separaste from the slide after 5-20 min.

8. Keeplng the cell surfoce up, sad handling the coyer vith
foreeps, place In clian 95% saloohol Tor £2-5 min,

£, Tresh 95 slochol 2-3 min.
o Heount:-in Disphana (turn cell surface down!
1 ye \ H
[ A B "

S ULy
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Ig}éugéiigh;“i also be l o g : ¥ Lon ;f.iée
lergest cells ) l~-stoined
and isolated,

Fiuplasm, call

ma

28, oyb s
mebrene, ohroms & 8 davkly-steining
ghromcuenter (the A ch 16 ) rucleoll ere difficult
to observe in these cells., Vhat 8 res have tha greatest

affinity for the stain? Can you y structurel detell in

the cytopleam? Survey the prep under low peowsr looking
for dividing cells in which the chromosomes wlll be prominent.
These will be studled in detall letser.

Make a drewing of a single, lsclated sad well-stalned
spermatooyte, end lebel fully. MNeamsure =n? record the slze of
the nucleus end cytoplasm,

B. Living celle in pareffin oll

The study of living (or survivinz) eells las meny pit-
falls; severe degeneretlve changes set in almost lmmsdiately
when & cell dies, Careful ettention to the deteils of the
following technique le thus absolutely necessary. VFreparse a
spotlessly cleesn new slide and coverslip by breathing on them
end polishing with Kleenex or e cleen cloth. Obtain several
testie follicles in a smell drop of Ringer's solution. Rupturs
the folllcles with oleen instruments, ring vith peraffin oil
and cover immediately so that no evaporaticn of the Hlnger's
solution can occur, If properly mede, the cells may stay
alive and dividing for 5-6 hours,

Locate ell the cell tipes seen in the atained preperation,
end compare in detell the aspects of the various components of
the primery spermatocytes (they average 35-40 microns in dia.
in the unflattened state).  Can you see the chromonemata and
chromomeres? Is the chromocenter visible? What ere the vis-
ible characteristics of the membranes? O0ften very large "cella"
with two or more nueclel within one cytoplasmic mass will Dbe
sesn. How can you explain this? Give particular attentlon to
the mitochondria, which appeer as threaed-llke bodies in the
oytoplesm., Are these preserved efter scetocarmine treatment?
Deed and dying cells may be recognized in that the chrometln
of the muclel is much easier to see. This is caused by a change
in refractive index st death. The cell is probably desd when
the mitochondris have clumped into irregular masses,.

A you ere going over the preparation look cerefully for
any cells giving evidence of mitotic dlivliaion. Make & note
under low power of whers these are, The chromosomes of Chor-
tophaga and some other grasshoppers ere visible in the 1Tving
condition end in & good preperation the complete mitotlec cycle
may be observed, If you find such cells, meke sketches of
individual cells throughout the perlod,

The mitochondrias of the spermatids sggregate into a re-
factile body, the nebenkern, This behavlior 1s found in the
apermatids of many enimsle., These will be studied later in the

course,
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lake & dr ing of H X Eperg with
Lional ot
¢ respectively

"gell feature fter AC"™ and

E 3 i ance in the
1iving eall”, -F . detalls, including size, shape, mem-
brenee, chromocenter, nuelaus, chromonemats, chromomeres, mito-

chondria, etc.
References

Acetocarmine teschnique

Darlington, €. V. end L.F. LaCour 1942 The Handling of Chromo-
somes, Allen and Unwin Ltd. London

Painter, T. 1939 BSolence 90: 307-308. (mpplication to mammalien
tissues)

Living cells of the gresshopper testls: Balar, K. 1929 Roux"
Arohiv. bntwlck. Org. 118: 350-484,

I1I. Living and Tixed cells of the tadpole tell

A, Survey slide 2 (fixed and stsined whole mount of a sala-
mander tail) under the dry objectives. Note chersoter end
osition of the following cella; find snd be sble to recognize
the nuclei and the extent of the cytosome of each type: a)
epithelium of the epldermls (only the nuclel stain; the csll
bounderles are indlstinot) b) large plgment cella (chrometophores)
¢) fibroblasts (comnective-tissue cells. of the dermis) d) mscle
cells and e) blood vessels composed of endotheliel cells and
conteining bloed cells., Iihen you are femllier with the generasl
arrangement and sppserance of these cells 1n the tell, proceed
to B.

B, Obtein a small tedpole, place in e wetch gless in 1:3000

Iis 222 (en ensesthetic), Allow to stand until the animel is

gulet, then plece it 1n the well of & clean depression slide

in seversl drops of the enesesthetic solution. Orlent es

directed and cover the tail with a clsen cover slip., Do not ¢
. 8llow the preparation to dry. Lxamine with the dry objectlives
T and try to ldentify ell cells seen in the stained preparation.
Rk Qg 6 sketches of each type, noting whet can and cennot be seen
\\;_:_/ = in the living condition, Toward the end of the period, after
your observations on the li¥%¥ing are completed, remove the cover-
Blip, blot off all the excess ansesthetic with Kleensx and add
several drops of Acetocarmine, Cover and examine, Vhet 1s the
effect on the cells, especially the processes of the fibrobleste
end the striated muscle? Look for mitoses ln the epithelium,

C. TFrom sllde j#2 end from the living, moke large careful
drawings of the following; (notes under esch drawing should be
made es to whet festures sre drswn from the living animel).

1. ean epitheliael cell from the epidermis 3. a chromatophore
&, a Tiproblast 4, & portlon of a
muscle fiber
Label each drawing carefully. State
. .maptual size of each gell and the dismster snlargement, .
Digitized by the Hunt Institute for Botanical Documentation
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Zoulogy &&0 =]
noting the setion of the ectoplssm snd sndoplssm. Thls type
of ocell mevament is widely found; for instance some sperma-

o tozos, most ambryonic cells, end meuy vertsbrate cells 1n

tissue culture se well as normally in the body (lencooytes,
macrophages) move by emoebold action.

Make a lergse’ drewlug of a single advencing psuedopod
representing the oytoplesmic inclusion esccurtely. MaRe also
soparate drewlogs of the nucleus viewed from different angles.
When you heve completed observations on the living enimal,
steln the nucleus with escetocermine or methyl green. This is
best done by adding a drop of the atein to one slde of the
coverslip and drawing 1t under the cover by absorbing the water

.8t the opposite edge with 2 pleos of Kleenex, If possibba,
obaerve under the mleroscope the reaction of the animal end
its structures, as the stailn comes im contact with it.

Heferences: Chelklsy, A. W. 1936 (Mitosis in A, proteus),
J. Morph., 60: 13-29.
DeBruyn, P, 5. 1947 Quart. Rev, Blol., 2&8: 1-24
{Theorles of Amoebold movement)

V. Nitochondria and Golgi-bodies

1. Supravitsl staining of mitochondrie

Obtein & fel grasshopper testis follicles in a drop of
Kinger's solution on a slide which has bean smeered vith a thin
£41m of Jenus Green B in ebsolute slcchol end evaporated to
dryness. Teese end cover, Lxemlne inmediastely. In & short
time, the mitochondrie will be steined, but they soon lose
their color as the stein becomes reduced, Study the verlous
forms assumed and look especlally for dividing cells with
mitochondria undergoing division (chondriokinesis)., MNote the
smaller cells (spermetids) end look for the lsrge mitochondrisl
ness, bthe nebenkern. \het becomes of the nebenkern as the sperma-
tid mebamorphosss luto a mature sperm?

2, Ldtochondris
eaithelium of bhe int

nd Golpi-bodies In the superficiel

inal pucosa,

R e
Slide #10 is @ thin (4 microns) gection of the mucoa;fhzj

and sdjacent connective tissue of Amphfuma intestine. It is s 2

fixed in wodified Nessenovw’'s solution, post-osmified in 2%

osmic acld end stained with ecid fuchsin and aniline blus.

The golii is bleck, mitoohondris, ved and the mucigen of the

"goblet cells bilue. Do not confuse the spherical bleck blobs,

which are fat droplets, vith the golgl, vhilel is 4dn the form

of delicete threads Concentrete attention on a portion of the

section sdiere b : veen oub vertieslly, end the

golyd: shoys clesx m end position of the golegl

constentt. Is 4Ls il
Wy le sliot

cells? Do
1 end .an
3 clearly.
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Zoology 4&6 . 9
D, Study slide §3, o oros ae i of & sglamander

fTriturus} teil, The srrangement of cells 1s similer $0 that

geen in the living tedpole tell, end io slide #2. Orient the

section s0 that the dorsal pide is up. Find snd note the
position of: eplidermls, dermis, nerve cord, notochord,
muscles, caudel artery end vein, cepilleries contalning blood
ocells, epldermel glends and chromatophores, e this 18 &
section of a much older enimsl than the tadpoles studies, con-
slderable differentiation has cccurred. What chenges have
occurred in the epldermis? What 1s the origin of the epidermal
glands? What 1s thelr positlion? Whet changes have occurred
in the dermsl ccnnective tissue cells? What 1s the distribu-
tion of the pigment cells? How can you tell csudal artery from
caudal vein? Draw several selected smell aress in asreful de-
tail under high power; label fully.

Fixetive: Eukin's Fluld; stalns: Hematoxylin end Xosin (H & E)

References: S8peidel, 19352 J.E.Z,, 61: 279-331 (Growth of

nerve fibers in living tall)

Dawson, 1920 J. Morph., 34: 487-589 (Integument
of Necturus)

Dewson, 1937 J. Morph,, 61: 385-397 (Epidermal
glends)

Dushane, 1943 Quart. Rev. Blol., 18: 108-126
(Pigment cells)

IV THE CYTOLOGY OF AMOKBA

Amoebe proteus (Phylum Protozoa, class Sarcodina) is the
object of this study. Recall the discussion in lecture which
stressed the fect that it is ill-advised to conaider the Pro-
tozoa rigldly as primitive, single-celled orgenisms, We are
studylng amoeba in order to get a better ides of protoplasm as
the basic llving substance, but it must be remembered that the
amosba la fully es npanialized, in . its own way, as any vertebrate
cell ie in its way.

Prepare & spotlessly cleen slide and coverslip and receive
a 1ittle of the material containing Amoeba. Support the cover-
slip by means of small fragments of oovergless. Exsmine under
low power with faint illumination at first then use the higher
power. Add vater to the side of the cover if the preparation
begins to dry.

Locate en amoeba, and look for the folloving cell character-

istics: cell mombrane, oytosome, ectoplesm and endoplesm,
nuclear membrene, nuoleus. OLserve the lebter carefully as it
2 moved through the endoplasm, What is its shape? Also pre-
sent are less widely distributed cell characters such as the
gontractile vacuoles, (Is the interval between contractions
regular?) food veoucles, snd ergastic substance in the form
of crystala. What 1s the EBape of the latter? Is more than
one type present?

Study carefully the pssudopodiel locomotion of the animal ,
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Before dolng &, 4, and 5 it 1s su : e histology of
liver and pancrses be reviewed in ov Floom, Textbook of
Histology.,

3. Mitochondrias in liver cells

Sections are nrovided of Amphluma liver (ellde 8). Fixative:
Formol-Zenker, followed by & morusnt; staln: Iron-alum-lematoxylin
(IAH)., Identify liver cells, blle canslicull and sinusolds con-
teining blood cells, The mitochondris in the cells stain bleck.
Groups of heavily plgmented cells are prasent.

Pollister (1932, Amer, Journ. Anet,., 50: 170-199) found that the
mitochondrie in the liver cells vary from & sphericel shape to
short rods, but considers thls veriation to be due to fragmente-
tion of filementous types., The orlentation of the mitochondria,
accordin, to Pollister, is such thet the long exes of the mito-
chondrie are elong the line pessing from the sinusolds to the
bile caneliculi. Idtochondria ere often more ebundent nesr the
nucleus, especlally on the side towards the bile cenaliculua,
See If you can confirm these observations on this snd the fol-
loving slide

4, lLdtochondria end Golgl in Amphiuma liver cells

Use slide #9. The technique is the same as that used for the
intestine (above) except that methyl green was used instead of
enaline blue. lltochondria asre red; Golgl black; note staining
reaction of nucleus and nucleolus, Agein, the large sphericel
fat droplets heve been bleckened. Study pertlculerly the dlstri-
bution of the Golgl in the liver cells. Does 1t show = constent
errangement? Slgnificence? Draw e small group of cells, in-
cluding & bile cenaliculus. (Refer to Pollister, loc. oit.).

5. Mltochondrlia and Golgl in Amphiume pencress cells

Slide #11, Technique similer to 4. Idtochondria are red, Golgl
black end zymogen grenules orgnge. Find an scinus which has been
cut in direct cross or longitudinal section and in whilch the duct
is clesrly seen., ©Study the distribution of the c¢ytoplesmlc in-
clusions. What is the significence of the errangement of the
Golgi? Zymogen grenules? Draw one or two cells showing these
festures and indicate the position of the lumen of the duct.

VII. Mitosis

1. Amphiestral mitosis in the cells of the whiteflsh blastula
(e1lde 712)

e) Study sections through the blestula of the whitefish
(Coregonus clupeiformis). All steges of mitosis will be found
but many are obliquely cut end tierefore show an incomplete
plcture. Anelyze cerefully all of the favorable flgures on your
slide as to stage of mitosis and view represented. In this
survey, note perticulerly changes in the shape of the spindle,
the breskdown end reformation of the nuclear membrene, chenges
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furrowling, \hat parcentsage (:?

in the chromosomss oand ¢ in ta 1
of the nuclel are undergeing mitosis? Vhet is an "intsrphase
nucleus?

. 2. Study slide 13, which shows mltosis in the eerly oleevage

stages of the eggs of the echinoderm Clypeaster. Compare with
Coregonus, especially as regards the schrometic Tigure. Examine
the demonstratlion of a tripoler spindle in an eecrly cleevags stage

of Clypeaster.
3. Mitosis in the clesvege of Ascerls (slide f14),

Ascarls megelocephale 15 a nemetode perasite of the intestine of
the horee, There sre two reces: A.m. bivalens (diploid ohromosome
number, es seen in early cleaveges, = 4] and A.m. univelens
ﬂiploi& number = 2). The slides provided are of blvalens

material. Lach slide contains 5 longitudinel sectlons through
various regions of the uterus of a femsle worm; each section
shows ths heavy uterine vell ond the centrsl lumen ooﬁgg}nlns

numarous egis. 3 g — e
o Carcat w APV (k*r’f:,.’l-" B

The steges of mitosis of the early oléﬁ?géei are loceted on the

last of these sections. The other sections show melotic divisions

in the meturation of the egg, end will be studied lcter. The

mitoses ere best shown in the first and second cleavege divisions.
Identify the very thick shell (fertilization membrone), shrinkegs (::
(perivitelline) spece, cell membrane end pronuclel.

Find a zygote showing two pronucleli. One of these is the
sperm nucleus, the other the egg nucleus. Try to find o zygote
in whieh the chromosomes of the pronuclei ere delicete elongeted
prophase threads. (see demonstration).

DRAW (large) the following stages:
a) a zygote or blestomere in metaphesse, polar view
b) a zygote or blestomere in metaphase, laterel view
¢) en snaphese or a telophese, lateral view,
Label fully. Give ectuel size,

4. Anastral mitosls in the onion root tip.

Examine a longlitudinel section through a root tip of the
onion (Allfium cepa (slide #15)). Under low power, note that the
region of ective mitosls (meristem) extends back from the tip for
only a distence of one millimeter or so, ~rroximel to this reglon,
non-dividing differenticted cells are found. Art the cells at
the very tip of tho root dividingt

Study the resting nuclei carefully. To whet extend does the
nuuber of nucleoll very? Do the nucleoll have n constent posi-
tion in the nucleus? Ileterochromatic chromocenters are ob-
servable in most resting nuclel; they are smell derkly-stained
areas located principally adjecent to the nuclsolus. Study N
dividing cells. Note particulerly the orlentntion of the chromo-
somes at metaphese; propheses in which the somantic coll of the
chronosomes may b seen; teloshsses in vhich the rsapposrance
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of the micleold may be observed. What is the shaps of the metaphase and anaphase
chromosomas? Vhat are the characteristies of the centromere region? Can you find a
chremosome Showing a secondary (mucleoler) constriction? Can you find polar views of
mataphase? That features characterize an anastral mitosis such as this as opposed
to amphiastral mitosis in the whitefish blastula? Ifake notes and sketches.

S. Rapid difforential staining of onion roct-tip cells, Ks /q..a
~

=
The material consists of 2li~hour old root tips from onion sets placed in
or of root tips which were fixed in 1:3 glacial acstic acid and absolute alechol for
2l hours and stored in 703 alcohel.

1. Excise a frash tip and fix in a vial containing 3:1 sbsolute alcohol:
glacial acetic acld (Use 30 drope alechol to 10 drops acetic).

2. Let stand 1/2 hour.

3. Place in a vial containing 2:1 absolute aleohol: concentrated HCl (Use 20
drops alcohol to 10 drops HCL). MaceraZ pun

lic let stand 5 minutes (no morel).

5. Trensfer tip to vial of 705 alcohol 5-10 min.

6. Transfor tip to clean slide in large drop of acstic-orcein-fast green.

Ty Tease thorough_li with needles. Ii'
8. 2dd more stain necessary and float a coverslip on the preparation. I
9. Let stand 1/2 heur. [

10. Squash through blotter vith heavy vertical pressure with thumbs,
11. Seal with gum-mastic paraffin.

)

A good preparetion resembles closely one which has bean Prepared by the more
D selective techniques for the differential staining of ribose- and desoxyribose nucleic
. acids. The HNA of tho nucleclus and cytoplaem are stained by fast green (note that
the elongated differentiated cells have very lightly-staining cytoplasm). Orcein,
which rescubles the Feulgen technique in its specificity for DNA under these conditions,
stains the chremosomal components. Examine this preparation closely, especially for
chromonomata coils in prophase and metaphzse chromosomes.

Beferences: Darlington and Lagour, The Handling of Chromosomes,
Rurnick and Ris, Stain Technology, 23: 1948 (Aceto-orcein-fast green),

VIII. The "Resting" nucleus and nucleold.

A. The megakaryocyte nucleus (slide 15).

Study sections of the bone warrow of either the cat or goat. Identify the
megakaryocytes by thelr large size and large lobed nucled., (Compare with the classieal
illustration in Wilson)., The centiioles are difficult to see in an ordinary hematoxylin
preperation. The large nucleus apposrs to ariss by repeated mitoses without accompany-
ing cytokinesis. After each witosis, the daughter nuclei fuse together. These calls
are phagocytic, and commonly engpulf lsucocytes and worn-out erythrocytes.

B, Examine the demonstration of the ciliate protozoan. Dileptus, showing
fdistributed" nuclons: vefer to Visscher, J. Zorph. Ll 27.

o
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“@nd its relstion to a porticulfr chromosome peir (#VI). Refer to

~ tissues (e,g. brain and ganglla} throughout lervel life, vhersas
¢ mlitosis censes ab a very esrly tima and further growbh 13 by »
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¢. Prophass chenpes in nuoleolli in corn (slide 18). @

S%udy permsnant AC prepsratioce of the prophase of dividing y
pollen mother cells. Diploid number in corn 1s 20, but in these cells
the heomologues lave united in synepels so thet et metephase only
10 elexcents sre visible., Some slldes show esrly propheses, others
late, Some show metaphases. Draw two cells, one in esrly pro=-
phase end one in late prophase, showing the changes in the nuclsolus

oherp, Introduction to Cytology, pp. 11lB8-121 for a discussion of
the relation of the nucleolus to the chromoseome matrix. See also -J
. |

MeGlintock, Zeit, Wiss. Biol., 21: 19834,
D. Amitosis

study the slide of Periplanata (Cockroach) overy (slide 17). .
The developing eggs are enclosed by folllele cells which ars re-
sponsible for the production of yolk and other substences for
the meturing egg. For e while, thess divide mitotlcelly, but
leter, in the follicle oells surrounding the lerger eggs, smitosis
apperrs to set in, Drew a mitotic cell from the ro;liele vell of g
e joung egg end severel cells in which the nuclei show evidence ;#ﬁﬂ_
of amlitosis. Reference: Lurray, Blol. Bull, 50: 1886. ck

IX, Nuclaar rhenomens in fly lervae.

]
As discussed in lecturse, mitosis continues in certalin ingect (::
in others (selivary glends, midgut, Melphlglan tubules;, "ato.) d

incregse In c¢ell end nuolear size anly. The purpose of this ex-
ercise 1s to prepsre end study exemples of easch of these Lypes of
tissues, and to study exsmples of ¢lent sellvsry gland chromosomes.

Y. ©ell end nuclecr size in the salivery glends and brain of the
lervae of Drosophils robusta

g, Plece o full-grovwn lerva in the center of & ocleen slide,

b. Under the dlgsscting mircoreopé, pull off the head as
directed, 3

6, Add fmmedietely a gensrous dyrop of acebtocarmine,

d. Allow to stend sbout 2 min,, then cover with a coversliip.
Do not spply pressure Lo the preparatlion, or seal lt,

Add more steld to the side of the coverslip 1T neoces-
Sery.

or the following structures: brain,
eal Bulb, midgut, Nalphigian
1 >f these structures,
n in Perlington
aral c¢ells of —
mher of the

4.3 o B,

\E
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follows: Pull off
Locate salivary glands
from the rest of the structu
After at least 10 min. in the staln,
a diverticulum of the drop. Vipe off
a rolled-up Kleenex, Cover with = clesn coversl
even pressure to the cover through 8 blotter.
with gum mastic-paraffin.

1iy diseaot them free
LoV DRTING TO CCCUR.
e structures out into

s snd stoin vith
end apply firm,
successful, asesl

In this preperation, the sslivery gland cells should be Tlattened
and the glant chromosomes spread oub; the brein aslso should be
flattened sufficiently to ellow study of the very smell cells, Study
the brein end lock for mitoses. Note the size of the chromosomes
end their arrengement in peirs (sometic palring) et metaphase,
2n in Drosophila robusta is 8. Drew e metaphase or sketch the
one on demonstretion,

Keasure and draw in outline 4 or 5 of the dlplold nuclel
from the brain end compare the slze with thet of the selivery
gland nucli. The volume of the nucleus approximetely doubles
with easch doubling in valence (polyteny) or number (polyploidy)
of the chromosomes. On the basis of messurements of diemeters
of somewhet flettened spheres, such as you have mande, it has been
calculated that for eech doubling in yolume, the diasmeter in-
creases by a factor of aiout, 1.45, On thic besis, a nucleus with
a diameter of about 4 microns would attaslin the followlng dismeters
after a number of doubling cyales:

jof doublings dlemster 1n microns
5 25.4
6 36.8
Y4 53.4
8 77.4

Considering the individual ohromosome of e diploid cell to consist

of two chromonemeta, how many chromonemata would be present in a
single selivery glend chromosome. To whet degres of polyploidy would
this be compearable? Due to the meny scurces of error, for vhich it
1e dirficult to correct, such flgures should be used only aa rough
approximations of the s{tnetion.

2. Identification of e chromosome end. Using your own preparstion
or slide 19, find & nficleus in which the chromosomes esre well
spread out, As the chromosomes may twist on themselves or over-
lap other chromosomes, focus cerefully. Hown meny chromosomes
should therse be? Why? Note the chromastic discs arranged at
intervels along the cylindreicel chromecscmes, Thase are Feulgen
positive (see demonstration), The errsngement of these discs 1s
constant for an individuel chromosome, enabling one to recognize
that chromoscome in all individuvels of the speciss., Using the meps
and drewings on the teble, study the banding pattern of the end
of Chromosome 2, left arm, then locate 1% in your smear, Draw the
pettern of the first 8 or 10 discs. £ time allowa, identify as
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many of the other emds es you can,

References: Stru¢turc of glant chromoscmas:
lietz, Symposiuwm on tuant, Blol., v, ©: 1941
Painter, (sama)

XI. Lelosls

Fundementally, meiosis conslsts of nn elongated and specisl
prophaee (euxoeyte astapes) followed by two specinlized mitoses, the
maturation or melotic mltoses, The detalls of the process vary con-
glderebly in dirferent orgenisms, although the esssntlal festures,
inolusing synapsls, chromatld exchange and rendom segregatlon, sare
well-nigh universal. - ]

1, Ielotic prophess (primery ococytos)in the kitten ovary
(s1llde #20).

The periphery of tha overy 1s occupied by the germinel
eipthelium from which the oogonla arise by prolifsration. As it :
megures, ench oocybte becomes surrounded by folllele cells, which ere
differentiatad from the connectlve tlssue stroma of the orgen, In
general, the esrllier oooytes will be found towerd the periphery and the
more advenced ones towerd the center., Hefore starting your drawings
find ell the followlng steges end be sure you understend the changes
undergene by the chromosomss. Auxocyte steges are exceedingly dlf-
ficult to interpret, and considereble time sliould be spent in learn- (:}
ing to recognize cells which sre favorably out and stained,

Maks drawings of the rollowing:

a. late oopmonial mitosls; peripherally losabted. 2o in the 0at=36.

b. primary cocyte in leptotens tlagbo=slandar, tene=thread)
chromonecata very slender, showing chrouwomeres. Orientation
towards idlosome may have begun.

g. primary oceyte in zygotsns (zygo=union) chromonemats in
characteristic ™oquet”, orliented to idlosome, Synapsis has

* begun, : ;

d. primery cocyte in synizesls & clumping of zygotens: chromosomes
which is pertly dus to poor Tixation,

e. primery coccybs in psct & {peahy=thlck). Synapels is complste;
chromosomes shorter onc icker; haelf the number of earlier
stagea, - Orlentation to Ldicsome ie reteined for a while,

f. primery ooceyte in diplatens (diploe=double) chromosomes (tetrads)
shorter, not orientod sad visible doubley psrhaps showing
tetrapartise nat . Upsning oubt and chissama Tormation begins.
Huoleus nonsidarably largsr.

bt
-

pasiido~yasting atage of" long duration

- i
Wil i1
ok e

ensues, 5wt ts incressun enormously in size snd'is

envelopad in foildo ) {Greefisn folllola). See semonstration

of ‘gegtlon of adult: ovely., inicip=sl nd NI eocur shortly befora and-
B Ghe yytial d s 11 ] the O ial follioles [

= : o

Digitized by the Hunt Institute for Botanical Documentation




h. ijakineslis

‘-.

For the resson sbove, this lmportant stege la not shorm In the
kitten overy slldes study silde #%4 or the demonstrotion of diskinesis
tetrads from o g hopper spermatocyte. Draw several tetrads showlug

chissiata. Hoy cero ciilamma be told from a simple tvisting of the
Noriologs over one auotler? Modsl a diakinesis tetrad es lnterpreted

by the one-plans theory, using different colors of plesticene to %
distinguisk the homologues, Have your model anproved., Uhet becomes

of the chiassmata as umestephese of LI is reached?

2. The melotlc mitoses in Ascarls megalocephels. (ellide 14)

-
Drav the following steges epnd space so that they will supplement
and precede your drewings of mitosis of the Tirst cleavage.

a. an oogonium into whlch 8 sperm is just entering showing |
elso the poorly preserved tetreds in the center of the cell. How meny
tetrade? Lnv? 1s e fertilizetion membrane present at this time?

Ascenls aperm sre not typical of those generally found in eninnls.

b. & primery oocyte in some stage of the Tirst melotic
division, Select this stege carefully, trying to find a side visw \
metaphsse which shows ell four chromatids of each tetrad. '

¢, & secondery ooceyte in second maturetion division. The |
first polar body hus gsepsrated fron the egg end iies ageinst the inner
surtace of the fertilizetion membrane, Your drawing should show dyad:
chromosocies in the secondery oocyte. |

d. oolld stege. loned olromosomes remain to form the
auclaus of this stpge. These monads rether gulekly form the female
pronucleus, waile the sperm nucleus swells at this time %o form the
male pronucleus. Compers with draving 2. of mitosls.

5. The melotic mitoses in the eggs of the Pslolo worm, Lecdice.
{slide j21).

AB 1n Ascaris, meilosis is initiglsd by apern entrenmce, 12-14
minutes after insominetion, meteplecs of | is recched. MIT ocours
about 15 minutes lster. .
wing steges (do not draw the

Dray at leasl Llree of The i X
~ but be sure you see all of thaﬁ}

whole egz; end onls oytoplasmle

8 primary oooyte in metaphsac of UL {note tetradas, fertili-
getion membrone snd yolk). b

t yrimply 000¥ s 0 enéphess of LI (note dysds senarating)

v oooyse iT ] psa of I'T {nots Tornction of

1ET (&

i i 3 ooy e : or enaphese of 11T (note
prient 3 1 nerating] ’

ote 0 v reconstitution
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