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ABSTRACT
THE EFFECTS GF MANUFACTURI NG AND CONCENTRATI ON CF
BASI C FUCHSI N ON THE QUANTI TATI VE ASPECTS CF
THE FUELGEN REACTI ON
Sam L Penza
Master of Science

Youngstown State University, 1985

Four separate preparations of basic fuchsin were
conpared in order to study the effects if any that
manuf acturing and concentration nay have on the quantitative
aspects of the Feul gen reaction. The two wavel ength net hod
of m crospectrophotonetry was enpl oyed to anal yze nmaxi mal DNA
stai ning of chicken erythrocytes, nyxanoeba, and pl asnodi um
It was determned that all preparations of the stains
were able to yield valid quantitative data in relative val ues
regardl ess of concentration, whereas naxi num staini ng was
affected by both differences in chem cal nmakeup of the
i ndi vidual stains and differences in the manufacturing

processes.



To obtain accurate quantitative absolute val ues of
DNA, the stain of choice should have the col or index number

of 42510 and should be manufactured by Fisher Scientific.
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CHAPTER |

| nt roducti on

The nyxonycete represents a group of ideal "node
organi sns" for research in cell biology. Its relatively
short life cycle has both plant and ani nal
characteristics. In addition, it presents several
Interesting and di stinct norphol ogical fornms and is easily
cultured and naintai ned upon artificial nedia; therefore,
it allows one to performvarious studies on its growh and
differentiation throughout its cell cycle. The life cycle

of Didymum iridis, used throughout this study, involves an

alternation of unicellular haploid and mul tinucl eate

di pl oi d stages and has been well defined and di scussed in
the literature by GQuttes, Quttes and Rusch (1961),

Al exopoul os and Koevenig (1962), and G- ay and A exopoul os
(1968) (see Figure 1).

Cerm nation of a spore into a single protopl ast
signifies the energence of the nyxanoebal stage (Collins,
1961). This nyxanmoebal formis readily interconverted to a
biflagell ated form known as a swarnmer. This change is
sol el y dependent upon the presence or absence of an agueous

environnent. The nyxanoeba feed by ingestion through



Figure L

Life Cycle of a Myxomycete, by C J. Al exopoul os,
1962, Introductory Mcol oqy, by John wiley and
Sons, Inc., New York, p. 72
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pseudopodi a and utilize as a food source various bacteria

strai ns such as Escherichia coli and Aerobactor aerogenes.

Wien the food source becones depleted the cells are capabl e
of encystnent until environnmental conditions once again
becone favorable. Plasnodia are forned in heterothallic
strains, including D iridis, by crossing sexually
conpati bl e nyxanoebal clones. (O o0ssing conpetancy requires
that cells be in the log phase of growh and that at |east
105 cells of each mating type be present in culture

(Yemma, 1985 in press Cytobios). Follow ng cell fusion
(syngany) between pairs of nyxanoeba, karyogany occurs and
the zygotes devel op and grow into plasnodia (Yemma, 1985 in
press Cytobios). After plasnodial formation, the organi sm
will continue to grow w th synchronous nucl ear divisions
(Rausch, 1969) until it encounters unfavorable
environnental conditions. Wen this occurs the plasnodi um
devel ops into either a hard-wal |l ed resistant formknown as
a sclerotium or it may encyst. It will remainin this
dormant stage until nore favorable conditions are once
agai n obtai ned. This phenonenon is al so observed

t hr oughout the true fungi taxonony (Moore-Landecker,

1982). The cycle is conpleted when the plasnodia give rise
to spores (location where neiosis occurs). Sporulationis

essential to the mai ntenance of the nyxonycete species in



that it allows for genetic reassortnent and ganete
formation. Spores can renain viable for nonths or even
years. The hapl oi d spores, when dispersed to favorable
growth environnents by wind or water, can germnate to
produce nore nyxanoeba; therefore, the life cycle continues
(Al exopoul os 1962, 1963 and Gray and Al exopoul os 1968).
M/xanoeba differentiate into plasnodia by one of
two nodes: sexual or clonal. Sexual reproduction in the
nyxonycete life cycle is subdivided into two categories:
heterothal |l i sm(those possessing a conpatibility system
and honot hal li sm(those |acking a conpatibility system
(Therrien et al., 1977). donal reproduction, on the other
hand, is non-sexual. The mechani smof clonal plasnodi um
formation has been shown to be either honothallic or
apomctic (Gay and A exopoul os, 1968). In this study, an
apom ctic plasnodiumwas utilized and presented several
di stinct experinmental advantages. Therefore, hetero-
thallismand honothallismw |l only briefly be explained.
Heterothallic mating is genetically controlled by
a single locus on a chronosone and contains nmultiple
allelic possibilities (Collins, 1963; Collins and Ling,
1968) . This process involves syngany and karyogany
(nucl ear fusion) between two sexually conpatible mating

types of nyxanoeba. The resulting diploid zygote undergoes



mtotic nuclear divisions wthout correspondi ng

cytoki nesis. This continued grow h, acconpani ed by nucl ear
divisions, results in the formati on of a multinucl eat ed

pl asnmodi um (Therrien and Col i ns, 1976).

Honot hal I i smis observed when nonosporous cul tures
of nyxanoeba undergo syngany and karyogany prior to the
formati on of plasnodi a; consequently, nyxanoeba whi ch arise
from such cultures need not bear different mating all el es.
For exanple, any two cells froma single clone may fuse to
forma zygote which will then forma plasnodium (Therrien
and Yemma, 1974). A later paper by Yemma, Therrien and
Jakupcin (1980) refers this to be a condition by which sone
nyxanoeba replicate their DNA but do not undergo subsequent
di vi si ons.

Apogam ¢ devel opnent of plasnodia can result in an
anonal ous cell ploidy. Apomictic devel opnent of pl asnodi a
in D iridis has been well documented in the literature
(Therrien and Col l'ins, 1976; Anderson, Cooke, and Dee,

1976; and Mulleavy and Col lins, 1979). Periodically,
mtotic karyogany in nyxanoeba results in an uneven divi -
sion of chronosones through non-disjunction; therefore,
produci ng aneuploid cells. For exanple, sone cells nay be
N - Xand others may be N + X If non-disjunction involves

the mating | ocus, plasnodia wll devel op without benefit of



cross. The resulting clonally-forned plasnodia are thus
hapl oi d (Mohberg and Rusch, 1971; Mhberg et al., 1973;
Cooke and Dee, 1974). In sexual plasnodi umformation,
hapl oi d nyxanoeba yield diploid plasnodia. Therefore, a
di stinction between sexual and clonally formed plasnodi um
can be nmade. In a honothallic isolate, the nyxanoebal
nucl ei contain one-half the anount of DNA as do the diploid
pl asnodi al nuclei. In contrast, an apogam c isol ate woul d
not display an alternation of haploid and diploid
generations; thus, the DNA in apogam c pl asnodi a have the
same DNA content as the nyxanoeba (Therrien et al., 1977).
DNA content is neasured by neans of the Feul gen
reaction. This reaction is a quantitative cytochem cal
procedure. The procedure requires the utilization of
t echni ques which permt the localization and quantitative
measur ement of macronol ecules in an individual cell in a
cytol ogi cal preparation (DiStefano, 1948). For the
cytochem cal determnation of a substance certain
conditions nust be fulfilled: (A) The substance nust be
I mmobi lized at its original |ocation. (B) The substance
nmust be identified by a procedure that is specific for it,
or for the chemcal group for which it belongs. This

Identification can be made by: (1) chem cal reactions



simlar to those used in analytical chem stry, but adapted
to tissue, (2) reactions that are specific for certain
groups of substances, and (3) physical nethods (DeRobertis
and DeRobertis, 1980).

The vast and frequent application of the Feul gen
reaction for mcroscopic |localization and quantitative
cytochem cal determ nation of deoxyribonucleic acid (DNA)
by cytophotonetry attests to the general acceptance and
I mportance of this colorinmetric reaction in biological
research (Kasten, 1960). The cytol ogi cal method was
devel oped by Feul gen and Rossenbeck (1924), as an
application of the fornmer's discovery that the product of
mld acid hydrolysis of thymus nucleic acid gives a
positive Schiff's test for al dehydes (general property of
al dehydes to regenerate the col or of fuchsin-sulfurous
acid) (DiStefano, 1948). The chemcal basis for the
breaki ng of only the purine-sugar bond as the result of
mld acid hydrolysis comes fromthe old di scovery of
Gsborne and Heyl (1908). The treatnent of nucleic acids
r enoved

wth a two percent solution of H,SO

2774
specifically and quantitatively the purine bases, while the
pyri m di ne-sugar |inkage was broken only after very drastic
acid hydrolysis with 20 percent sulfuric acid at 150

degrees Centigrade. Despite the overwhel mng evi dence



supporting the cytochem cal specificity and quantitative
application of the reaction (summarized in Swift, 1955 and
Leucht enberger, 1958), the reaction mechanismis conpl ex
and i nconpl etely understood (Kasten, 1960).

According to Andersson and Kjellstrand (1972), nu-
cleic aci ds possess two types of easily hydrol yzed chem -
cal bonds: the glycosidic |inkage between the purines and
the sugars and the phosphodi ester |inkage between the sug-
gars. Schrammet al. (1961) denonstrated that the former
bond type broke about 120 tines faster than the latter in
DNA QO hers (Andersson and Kjellstrand, 1972) have shown
that the breakage of the glycosidic |inkage between the
purine and deoxyribose is a nacronol ecul ar reacti on.

The accepted view of the general nechanism of the
Feul gen reaction (DiStefano, 1948; Lessler, 1953; Kasten,
1960) is that the reaction occurs in two separate and dis-
tinct steps (Figure 2). First, acid hydrolysis renoves the
purines at the |evel of the purine-deoxyribose glucosidic
bond of DNA (depurination): thus, unmasking the al dehyde
groups of deoxyribose, wherein lies the specificity of the
reaction. The second step involves a chemcal reaction
bet ween t he exposed al dehyde group and the Schiff's reagent
(leukofuchsin), which results in the synthesis of a new dye

conpound.



Figure 2

Mechani sm of Feul gen Reaction, by F. H Kasten, 1960,
The Chemistry of Schiff's Reagent, Intern. Rev.
Cytol., Vol. 10, p.69.
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Wien the Feul gen nucleal reaction is used as a
quantitative cytochemcal determnation of DNA, as is the
case in the present study, it nust be shown (1) that the
reaction is specific for localizing DNAwithin the cell,
(2) that the intensity of colored product produced is
proportional to the anount of DNA present, and (3) that the
m cr ospect rophot onetri c determ nati ons are accurate.

In the past, nmany papers have been published which
chal l enged the specificity of the Feul gen reaction for DNA
(Carr, 1945; Stedman and Stedman, 1943, 1947). However,
the vast najority of investigators have proven the stain's
specificity for DNA to exist (Stowell, 1945; Ely, 1949;

Si batani, 1953; Lessler, 1953). At present, nost
cytochem sts agree that under proper conditions wth
appropriate controls, the reliability of the Feul gen
reaction for localizing DNAwithin the cell can be
uni versal ly accepted as a valid procedure.

Skeptici smconcerning the quantitative phase of
t he Feul gen reaction has arisen (Ely, 1949; Stednman and
St edman, 1947) despite the weal th of evidence supporting
the useful ness of the reaction in this regard (Sw ft, 1955;
Leucht enberger, 1958). R's and Mrsky (1949) denonstrated
that in nuclei, the intensity of the nucleal reaction was

proportional to the DNA content. This was acconplished by
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conparing the absorption of nuclei at 546 nmw th the DNA
per nucl eus as determ ned by i ndependent chem cal
determ nati on on a known nunber of nuclei. Another study
whi ch further substantiates the stain's quantitative
capability was carried out by Swft (1950), who neasured
the nucl ear DNA content in mce and ot her aninal nuclei
He showed that the nurine spermatid nucl ei possessed hal f
the DNA content of nurine somatic nuclei. As a result of
t hese studies and others (Pollister et al., 1949; Moore,
1951; Lessler, 1953), it is generally agreed that under
properly controlled conditions the intensity of the Feul gen
colored product is proportional to the anount of DNA
present in the nucl eus.

DiStefano (1948) and Ris and Mrsky (1949) have
provi ded convi nci ng evi dence concerning the accuracy of
m cr ospectrophotonetric anal ysis by neasuring the rel ative
DNA content in several different species of aninals using
bot h bi ochem cal and spectrophotonetric methods. The two
nmet hods yi el ded val ues which fell within ten percent of one
another. Working independently, Onstein (1952) and Patau
(1952) established the validity of the two-wavel ength
nmet hod of m crospectrophotonetry which was used excl usively

In this study.



A nunber of conditions are known to influence the
intensity of the Feul gen reaction or final dye product(s).
Jordanov (1963) and others (lthawa and Ogura, 1953; DeCosse
and Aiello, 1966) have substituted the conventi onal
hydrolysis in 1N hydrochloric acid at 60 degrees Centi grade
with hydrolysis in 5N hydrochloric acid at room
tenperature. This prolongs the period of maxi mal Feul gen
intensity. Obtaining maxi num col or devel opnent for the
reaction product is necessary since the dye bound is
t hought to be proportional to the DNA content of a given
type of cell (Deitch et al., 1968).

M crospect rophotonetric anal ysis of nuclear DNA is
performed at the point of acid hydrolysis yielding nmaxi nal
color intensity of the Feul gen dye product (Deitch et al.,
1968). The type of fixative used and its effect on tissues
I's another procedural detail affecting the intensity of the
Feul gen reaction (Swift, 1955; Dietch et al., 1968; Kell ey,
1984). Studies have been carried out which have
denonstrated that fixatives do interact with

pol ynucl eoti des and nucl ei ¢ aci ds (Hasel korn and Doty,
1961). Pearse (1968) has noted that changes occur in the
physical state of nucleic acids using different nethods of
fixation. |In viewof this, the best fixatives for Feul gen

reacti on procedures woul d be ones that render high



chromatin stability toward acid hydrol ysis, thus allow ng
maxi mal staining intensity over extended periods of
hydrol ysis. In Feul gen m crospectrophotonetry, formalin
fixation of tissue has been recommended by several authors
to acconplish these objectives (Kelley, 1984; Kurnich,
1955; Ruch, 1966; Swift, 1966). Formalin fixation invol ves
the formati on of a network between fibrous proteins of the
cell nuclei and amno groups of the DNA bases. This
stabilizes the nolecule to a nuch greater degree than nost
fixatives. Experinentation by G eenwood and Berlyn (1968)
al so showed the ability of formalin to stabilize
chromatin. In addition to the choice of fixative, other
preparation procedures are known to influence the intensity
of the Feul gen reaction. The pH and sulfite content of the
Schiff's reagent, the presence of dye inpurities, the
length of tinme in the bl each, dehydration steps, and
di fferent sequences of washing stained cells are sone
factors known to affect its intensity (Swift, 1955; Kasten
1960, 1964). To mnimze such errors all slides containing
cells which were to be quantitatively studied and conpared
wer e sinultaneously subjected to the staining procedure.
The objective of this investigationwas to nmake a
guantitative conparison between four different and separate

dye preparations of Schiff's reagent at optinmal staining
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intensity in order to determne if there were significant
differences in their dye binding properties. To acconplish
this, absorption mcrospectrophotometry was enployed to
measure and conpare quantitatively the nuclear

deoxyri bonucleic acid content of nyxamoeba, plasnmodium and
chicken erythrocyte smears. Al were stained using the

Feul gen met hod.



CHAPTER 11
Mat eri al s and Met hods

Ti ssue Preparation

Al isolates of Ddymumiridis used in this

I nvestigation were supplied by Or. John J. Yermma, Depart nent
of Bi ol ogy, Youngstown State University. The isolates used
were designated as Honduran 1-2 A' (Hon 1-2) and Panamani an
2-7 a% (Pan 2-7).

Cul tivation of Anoeba

The original single spore isolates of D dym um
iridis were permtted to germnate and provi ded cl ones of
nyxanoeba. These nyxanoebal clones were grown on a |awn of

Escherichia coli that had been previously inocul ated upon a

solid growth nedia consisting of half strength (2% cornnea
agar (Table 1) according to the methods of Yenmma and
Therrien, 1972. In this two-nenbered culture system the E
coli netabolize the cornnmeal while the nyxanoeba utilize the
bacteria as a food source.

Myxanoebal cul tures were obtai ned by inocul ating
CM/2 agar with two drops of dilute E coli suspension and
spreading it over the entire nedia surface with a sterile

glass rod. The nedia was then incubated in an inverted



TABLE 1
MEDI A*

Gowh Media (Half-Strength 2% Cornmeal Agar = CM/2)
80 grans Difco Agar
8.5 grans Difco Cornneal Agar
10 liter Dstilled Vater
(Collins, 1963; Yemma et al., 1974)

Pl asnodi um Medi a

50 grans D fco Agar
10 gram D fco Peptone Agar
1.0 gram Lactose
1.0 liter Dstilled Water

*Al media was autoclaved at 121° at 15 psi for 15 nmin

and then di spensed in approximately 25 ml aliquots to

sterile petri plates. Tﬁe pl ates were then refrigerated
until needed.



position in a 21°c incubator for 24 hours to ensure a

confl uent bacterial growh or lawn. The nedia was then

I nocul ated with the respective nyxanoebal clones fromthe
original stock culture slants and incubated at 21°c. The
nyxanoeba fromthe initial stock isolate transfers were then
allowed to attain the log phase of growh in order to

subcul ture themto several other cM/2 agar plates previously
inoculated with E coli. Subcultures of the two clones to
fresh media were nade every 5-7 days post-transfer. Al
nyxanoebal cultures were naintained in an i ncubator at

21° (Yemma and Therrien, 1972; Yenma et al., 1974).

Cul tivation of Pl asnodi um

The plasnodi al cul tures were obtained by taking
agar plugs (~1 cmXx 1 cm containing nyxanoeba of the
Honduran 1-2 a' and Panamani an 2-7 a® subcul tures and
placing themin close proximty on cM/2 growt h nedi a
previously inoculated wth E coli. The plate was then
i ncubated at 21°c until a significant plasnodial growh
was obtained (usually 6 to 8 days). The plasnodia was then
further subcultured onto plasnodial growh nmedia (Table 1)
whi ch was sprinkled with flakes of sterilized oats. This
nmethod permtted the plasnodiumto growinto |arge workable
organi sns within 7 to 10 days incubation. Pooled Pl asnodi a

for Stains A, B Cand D were all subcul tured from



one original plasnmodium Plasnodiumfor Stain D was
subcul tured though at a later date than plasnodia for Stains
A B, and C

Cul tures of both the anoeba and pl asnodi umwere
periodi cal |y exam ned m croscopically for fungal and
bacterial contamnants. Any plates that were contam nated
were i medi at el y di scarded.

Slide Preparation for. Cytochem cal Study

The procedure of harvesting, fixating and preparing
the slides was identically performed upon the nyxanoeba and
pl asnodi um and was as fol |l ows:

1) The plates were flooded with commercially

prepared 10% buffered formalin (pH 7.0) .

2) The cells were "washed" fromthe nedia

surface by suction of a pasteur pipet and
gentle agitation by a rubber policenan.

3) The cells were transferred to conical centri-

fuge tubes and spun at 750 rev/min for 10
mn on an Adans Dynac sw ngi ng bucket centri -
f uge.

4) The supernatant (containing nostly bacteria)

was di scarded and the pellet was agai n washed

2 or 3times nore in order to conpletely



5)

6)

7)

8)

9)

10)

Cyt ochem ca

clear the pellet frombacterial contam -

nati on.

The cells were then allowed to fix for 24
hours in 10% buffered formalin (pH 7.0).
After fixation, the cells were again cen-
trifuged but now at 2,500 rev/min for 5

mn in order to re-wash the cells 3 tines

I n 70% et hanol .

After the third washing, the cells were
allowed to post-fix in 70% et hanol for 12
hour s.

After post-fixation, the cells were centri -

fuged at 2,500 rev/min for 5 mn and the
super nat ant di scar ded.

Finally 70% et hanol was added a little above
the pellet and the suspension was thoroughly
m xed.

A drop of the suspension was then applied

to | abel ed albuminized sli des.

Met hods

The
into 4 sets,

preparation

nyxanoebal and pl asnodi al slides were divided
each set being stained by a different

of Schiff's reagent. The reagents differed

with regard to the commercial source and the concentration
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of the basic fuchsin. The stains used were |abeled as
follows and are listed wth their respective concentrations

and certification nunbers (Q) :

Total Dye
Stain Cont ent Cl- Conmer ci al _Sour ce
A 99% 42510 Har | eco
B 93% 42510 Fi sher Scientific
C 91% 42500 Fi sher Scientific
D 88% 42500 Manuf act uri ng

Chem st s

Most basic fuchsins are mxtures of pararosanalin,
rosanal in, and magenta II (see Figure 3). Many of the basic
fuchsins prove to be fairly pure pararosanalin, whereas
others are deeper in hue than rosanalin and presumably
contai n appreci able quantities of magenta 11. This is
accountable to the general rule regarding alkyl substitution
I n which pararosanalin is the lightest, rosanalin is darker,
and magenta II is the darkest. Pararosanalin
(triam notri phenyl met hane chloride) is the chief constituent
of all basic fuchsins which have the col or index nunber of
42500. Basic fuchsins which have the A nunber of 42510
have rosanalin (magenta 1) as the najor constituent wth
magenta II probably being present in market sanples of the

dye (Conn, 1977). The basic fuchsin for Stain D even though



it had the A nunber of 42500 had triam notri phenyl car bi nol
chloride as a slight nodification from
triam notri phenyl net hane chl ori de.

Before slides are stained, it is first essential to
find the optimum hydrolysis tine that would yield the
greatest stain intensity. As previously described, this is
obt ai ned when all the purine bases have been renoved thereby
exposi ng the reactive al dehyde groups (DiStefano, 1948). In
addition, to facilitate DNA neasurenents for the production
of hydrolysis curves, a cell type that does not undergo DNA
synthesi s was needed to avoid a w de dispersion of val ues.
Finally, it was beneficial to choose a cell type that could
be standardi zed agai nst the nyxanoeba and pl asnodi um f or
future studies that may require absol ute DNA val ues.

Chi cken erythrocytes satisfied these requirenments since
nucl eated mature avian erythrocytes are not engaged in DNA
synt hesi s (Andersson and Kjellstrand, 1975). As a result
there is both a constant and simlar anmount of nucl ear DNA
material in these erythrocytes.

Hydrol ysis curves were carried out at predeterm ned
time intervals of 30, 45, 60, and 90 mn in 5 N hydrochl oric
acid (HC1l) at roomtenperature. The 5N hydrochloric acid
hydrol ysis at room tenperature was used as a substitute for

the nore conventional "hot" hydrolysis in 1N hydrochloric



Fi gure 3.

Formul ati ons of pararosanalin, rosanalin, and
magenta II; all are constituents of basic
fuchsi n.



PARAROSANILIN (MAGENTA O) C.l. 42500

(C.1. Basic Red 9)

triaminotriphenylmethane chloride.

NH,

s Qc\

C1sH1sN;Cl mol. wt. 323.828

ROSANILIN (MAGENTA 1)
(C.l. Basic Violet 14)

Rosanilin
CH;

NH,

H,N \

\e—/
CaoH2oN5Cl mol. wt. 337.855

+ -
=NH, (Cl)

NH, (Cl)

MAGENTA 1i C.l. 42510
Magenta !l
CH,
NH,
H.C

“2“Q \

C,1H2,N;Cl; mol. wt. 351.883

NH, (Cl
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acid at 60° in order to prolong the period of naxi nal

Feul gen intensity (Iti kawa and Qgura, 1953; Jordanov, 1963;
and DeCosse and Aiello, 1966). Chicken red blood cells
obtained fromthe develand Ainic were used in order to
generate hydrolysis curves for Stains B and C (see Figure

8. In addition, because Stains B and C were produced by the
sanme manufacturer, snears of the chicken red blood cells were
al so stained along with the nyxanoeba and pl asnodi umso t hat
an additional conparison could be nade relating to dye
concentration (see Figure 13).

Feul gen Reacti on

The Feul gen nucl ear reaction (Feul gen and
Rossenbeck, 1924; as nodified by Bryant and Howard, 1969) was
used to |l ocalize and quantify deoxyribonucleic acid (DNA) in
bot h the nyxanoebal, plasnodi al and chi cken red bl ood cells.
The reaction invol ves basically two stages:

1) MId acid hydrolysis renoves the purines at

the level of the purine - deoxyribose
gl ycosi di ¢ bond of DNA, thereby unnasking
t he al dehyde groups of deoxyri bose.
2) Schiff's reagent reacts wth the free al de-

hyde groups to yield a col ored conpl ex.
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Schiff's reagent is nade by changing a red dye
basi ¢ fuchsin, which generally consists of a mxture of
par arosanal i n, rosanalin, and magenta 1I (Conn, 1977) to the
col orl ess conpound bis-N am nosul fonic acid by the addition
of sulfurous acid. This colorless conpound is better known
as Schiff's reagent or |eucofuchsin (DeRobertis &
DeRobertis, 1980). The Schiff's reagent, upon conbi ning
with the free al dehyde groups of the deoxyribose sugar,
forns a deep nagenta col or which can be neasured by
absor ption spectrophotonetry. The quantitative basis for
the Feul gen reaction is due to the stable bond forned in a
stoichionetric rati o between the Schiff's reagent and the
pol yal dehyde nature of hydrolyzed DNA  The bond between the
dye and the deoxyri bose sugar has been shown to be of an
al kyl -sul fonic acid nature (Nauman, West, et al., 1960).
This bond stability allows for the quantitation of relative
DNA content in individual nuclei (Kasten, 1967; R s and
M rsky, 1949).

St ai ni ng Procedure

Control slides, hydrolyzed for 15 mnutes at 90
degrees Centigrade in five percent trichloroacetic acid
(TCA) in order to renbve the DNA, were run through the
staining procedure along with the cells to be stained to

ensure that the stain was al ways DNA specific. The control



slides did not stain indicating the absence of DNA and the
specificity of the Feul gen stain for DNA.
The staining procedure carried out sinultaneously
on all sets of snears was as follows:
1) The snears were rinsed in distilled water
prior to and after being hydrolyzed in 5N
HC1l for 60 mn at room tenperature.
2) The snears were stained 1 hour in Schiff's
reagent (Lillie, 1951) freshly fortified
with 10 percent potassium netabisulfite in
aratioof 1 to 4 with the reagent (10 ml
to 40 ml of Schiff's reagent). Each set
of snears was stained with a different prep-
aration of Schiff's reagent (see Table 2).
3) The snears were rinsed three tines for 5
m nutes each in a sulfurous acid rinse solution
(see Table 2).
4) The smears were rinsed in distilled water and
dehydrated in a graded ethanol series.
5) Finally, the snears were cleared in xyl ene
and nounted in pernount.

Cyt ophotonetri ¢ Det erm nati ons

A Zeiss Type 01 m crospectrophotoneter was used for

all cytophotonetric determ nations enpl oying a Pl anachr omat

and staining were done at the sanme +ime (Quif+ =nA Dan~n



oi | immersion objection, NA 1.30 x 100 at an optovar
setting of 1.25 x. A Zeiss continuous interference filter
nonochromator (No, 47 43 10) was used for isolation of
chosed wavel engths of light, Instrument alignnment and
linearity of the phototube were checked each tine prior to
the instrunment's use.

The two-wavel ength nethod for quantitati ve DNA
neasur enment (Patau, 1952; Ornstein, 1952; Mendel sohn, 1961)
was used in this investigation. This nmethod m nimzes the
distributional error in optical density measurenents that
result from heterogeneous staining within a specimen.
Elimnation of the need for direct neasurenment of the
nucl ear area is al so provided for when enpl oyi ng this nethod
(Mayall and Mendel sohn, 1970). The reliable estination of
the absorbing material is ensured by the selection of the
two wavel engt hs. These wavel engt hs were chosen for each
stain by naki ng several absorption curves for the Feul gen
stained nmaterial representing the different preparations of
Feul gen stain (see Figures 4-7), The optical density (QD
at kz = 2 XOD of \;. The wavel engths shoul d give
specific absorptivities at a 2:1 ratio since all hydrolysis
and staining were done at the sane time (Swi ft and Rasch,
1956). Het erogeneous dye distributions can be nmeasured once

t he proper wavel engths are chosen.
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TABLE 2
STAI N NG REACGENTS

Schiff's reagent - Add 20 g Basic Fuchsin and 4.4 g K-
nmetabi sulfite to 200 m1 of 0.2 N HC1, stir nechanically
for 2 hours, let stand overnight in a dark place, then
mx with activated charcoal and filter. Use approxi-
mately 200 ng of activated charcoal (Norit A) for each
100 ml of Schiff's reagent. The Schiff's reagent nust
be water clear. If it is not water clear after the
first fllterlng, add nore Norit A and refilter. Store
Schiff's reagent in a dark bottle at 5 °Cin arefrig-
erator. It is stable for approximately 2 weeks.

10% K-netabi sulfite - 10 g K-netabi sulfite and bring
volume to 100 ml with dH,O.

Sul furous Acid Rnse - 10 ml1 of 1N HC1
10 m1 of 10% K- netabi sulfite
sol ution
200 ml of dH,0



The two wavel engt hs (Xl and kz) wer e chosen
conformng to the extinction requirenents of the nmethod. The
photonetric field was adjusted to circunscribe the nucl eus
with a mninal anmount of unoccupi ed space around its border,
and the absorbi ng nol ecul es were measured by transm ssion at
the two reference wavel engths. The amount of chronophore (M)
to be determned within the nmeasured area (A) was cal cul at ed
using the equation M= KAL, Q. The constant, K, was
elimnated fromthis investigation since only arbitrary
val ues of M, and not absol ute val ues, were necessary.

Transm ssions (T; and T,) were taken at wavel engths 1 and

2 for each nucl eus. T, = I,/I and T, = I_/I

wher e I, is the transmtted fl ux and I Is the flux of

phot ons on the chronophore. Fromthese val ues, L, and L,
were cal cul ated by the equations L1 =(1 - T,) and L, =
(1-1,. The ratio, L,/L,, which corresponds to Q can

be used to determne C, the correction factor for the
distributional error (Swi ft and Rasch, 1956; Leuchtenberger,
1958) , where C = (2 - ™! 1n (Q - 1)7t. The C val ue and
correspondi ng Q value were found in a table formul ated by

Patau (1952).
Statistical Mthods and Conput ati ons

To ensure accuracy all relative DNA cal cul ati ons and

statistical analyses were carried out on the main conputer at
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Youngstown State University through a programwitten by D.

John J. Yenm.
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CHAPTER 111
Resul ts

Spectral Absorption Curves far. Feul gen-IDNA Stains

The two wavel ength nethod of m crospectrophotonetry
requires the establishnment of absorption curves for each
particul ar chronophore-nol ecul ar conpl ex bei ng
Investigated. 1In this study, stained chicken red blood cel
nucl ei were used to establish the spectral absorption curves
for each of the four stains since DNA values for these cells
are relatively constant and upon maturity represent a
non-di vidi ng popul ation of cells. The tw wavel engt hs were
cal cul ated for each of the individual stains as previously
described fromthe absorption curves (Figures 4-7) and are

listed as foll ows:

Conmrer ci al Cl. A at nax. A at 1/2 nax.
Sour ce Nunber Absorption (nm Absorption (nm
Stain A (Harl eco) 42510 560 500
Stain B (Fisher) 42510 560 500
Stain C (Fisher) 42500 555 495
Stain D ( MCB) 42500 560 497

It is interesting to note fromthe above data the

relationship of the A nunbers with the cal cul at ed



Fi gure 4.

Absorption Spectrum of Feul gen stained chicken red
bl ood cell nuclei using Stain A
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Figure 5.

Absorption Spectrum of Feulgen stained chicken red
blood cell nuclei using Stain B.
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Fi gure 6.

Absorption Spectrum of Feul gen stained chicken red
bl ood cell nuclei using Stain C
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Figure 7.

Absor ption Spectrum of Feul gen stained chicken red
bl ood cell nuclei using Stain D
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wavel engths. Specifically note that even though Stains B
and C had the same nmanufacturer, the two wavel engt hs
cal cul ated were not identical. |In addition, note that Stain
D produced two wavel engths that are different fromthat of
Stain C

The results of this study are presented in either
tabular formor graphically as histograns and hydrol ysis
curves. Al measurenments were limted to interphase nucle
(no mtotic figures were scored) and were reported in
arbitrary units as relative amounts of DNA

Hydrol ysis Curves

The hydrolysis curves illustrate not only naxinma
intensity attained but also the tine period that will yield
maxi mal intensity. The hydrol ysis curves were performned
upon chi cken red bl ood cell nuclei utilizing Stains B and
C In the generation of the curves, the relative nean
amount of cellular dye binding was plotted on the ordinate,
and the tinme period of hydrolysis (in mnutes) was plotted
on the abscissa (see Figure 8). Each point on the
hydrol ysis curve represents the rel ati ve mean DNA val ue of
25 scored chicken red blood cell nuclei and is graphed with
a 95% confidence interval. The nmean DNA val ue for each tine
period is acconpanied by its standard devi ati on and st andard

error in Table 3. In addition, a two sanple



Fi gure 8.

Hydrol ysis Curves representing Feul gen stained
chicken red blood cell nuclei using Stains
B and C
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TABLE 3

Standard Deviations and Standard Errors of Mean DNA
Val ues for Hydrolysis Curves

Hydr ol ysi s Mean St andar d St andar d
tine (mn.) DNA Devi ation Error
Stain B 30 19.77 1.54 .30
45 22.43 .53 .11
60 22.56 .92 .18
90 21.73 .51 .10
Stain C 30 17.56 .54 -1l
45 20.12 1.09 21
60 20.76 .60 12

90 20.50 .66 .13
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t-distribution conparison was perforned on the tinme periods
to the inmmediate left and right of the tine period which

yi el ded nmaxi nal absorption (Table 4). This was performed in
order to determ ne which points represented the plateau of
the curve, and thus the naxi num hydrol ysis peri od.

M cr ospectrophotonetric Anal ysis of  Nucl ear DNA in

Ddymumiridis.

The anal yses of nuclear DNA in the nyxanoeba and
pl asnodiumof D iridis are illustrated as histograns for
each of the individual stains. H stograns are convenient,
for they represent nucl ear DNA frequency distributions of
cell populations and facilitate the observation of even
mnor shifts of DNA that nay be due to the diffuse condition
or tenplate activity, synthetic activity, or changes in
ploidy level. The nunber of nuclei scored were plotted on
the ordinate and the rel ati ve dye concentrati ons of Feul gen
stained DNA were correspondi ngly scored on the abscissa.
One hundred nucl ei were scored in order to give an adequate
randomrepresentation of the cell population. Analyses of
Stains A, B, C and D are represented by Figure 9, 10, 11 and
12 respectively. The nean DNA val ues, standard devi ati ons,
and standard errors are al so recorded.

Swift (1950) designated a systemfor the

description of ploidy levels: C, 2c, and 4C correspondi ng



TABLE 4

Two Sanple t-Distribution Conparison of Mean DNA
Val ues for Hydrolysis Curves

Hydr ol ysis
Peri ods Si gni ficance
Conpared (Mn ) t-Value Denoted by *

Stain B

Stain C

= .1
critical value of t

45
60

60
90

45
90
45
60

60
90

45
90

.62



to unreplicated haploid, replicated hapl oid, and replicated
diploid respectively. 1In addition, the designations of
Howard and Pelc (1953) are used to describe the nuclei in
either the presynthesis (Gy) or postsynthesis (G,) phase
of the mtotic interphase.

In each case, the nean DNA content of the nyxanoeba
I's equivalent to the haploid 2C value for D. iridis.
Uni nodal hi st ograns were observed for the nyxanoeba

indicating that they are in G, since according to Cuttes,

2
Quttes, and Rusch (1961) the nyxanoebal popul ati on spends 12

hours (out of a cell cycle of about 12.5 to 13.0 hours) in
G, with no appreciable G;. In other words, these

nyxanoeba can be said to be in G, arrest wth the G

2
stage being very brief or totally absent.

1

Cenerally, plasnodia fornmed from heterothal lic
isolates of D iridis, such as those utilized in this study,
are diploid (Therrien, 1966) and the nuclei are in the
replicated diploid state (4C) 99%of the tinme (Yenma and
Therrien, 1972). In this study though, it was observed that
t he plasnodi a had the sane ploidy DNA content as the
nyxanoeba. This observation has been explained in the
literature by Yenma and Therrien (1974) in which they had
reported that self-sterile clones on occasion gave rise to

hapl oi d pl asnodi a wi thout the benefit of cross; 13.2 percent



I n Honduran 1-2 and 10.0 percent in Panamani an 2-7. Thus,

pl asnodia in this study were considered to have devel oped
apomctically and were not the results of fusion between
cells to formzygotes. Therefore, the plasnodia are also in

the haploid G, state.

2
Anal ysis aof Stain A

In Stain A both the nyxanoeba and pl asnodi a
hi st ograns show a uni nodal distribution which is expected
since the population is essentially in G, of the cell
cycle. Note that the nyxanoeba has a slightly w der range
of values and forns al nost a perfect nornal bell-shaped
curve; indicating that the nyxanoeba are a non-synchronously
di vidi ng popul ati on while the division of nuclei in the
pl asnodi a di vide synchronously (Quttes, Quttes, and Rusch,
1961). In addition, observe that the nyxanoeba had a
slightly higher nean DNA content (higher by 0.22 relative
DNA units) than the plasnodia. Both neans indicate rather
clearly that the representative cellular popul ations are of
the sane ploidy |evel
Anal ysis of Stain B

The hi stograns of the nyxanoeba and pl asnodi a of
Stain B |ikew se denonstrate a uninodal distribution. In

this case, the nyxanoeba popul ati on denonstrated a



Fi gure 9.

Hi st ogranms representing Feul gen- DNA val ues using

1

Stain A for: (A) Honduran 1-2 A~ nyxanpeba

(B) Plasmodia formed from the
cross of Honduran 1-2 a*

and Panamani an 2-7 A8.
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Fi gure 10.
Hi st ogranms representing Feul gen- DNA val ues using
Stain B for: (A) Honduran 1-2 al nmyxanoeba
(B) Plasnodia formed from the
cross of Honduran 1-2 al

and Panamani an 2-7 A8.
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Figure 11.
Hi st ogranms representing Feul gen- DNA val ues using
Stain C for: (A) Honduran 1-2 &t myxamoeba
(B) Plasmodia forned fromthe
cross of Honduran 1-2 Al

and Panamani an 2-7 A8.
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Fi gure 12.

Hi st ograms representing Feul gen- DNA val ues using

1

Stain D for: (A) Honduran 1-2 A~ myxanoeba

(B) Plasnmodia formed fromthe
cross of Honduran 1-2 Al

and Panamani an 2-7 Ag.
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hi stogramw th less variability regardi ng nuclear DNA t han
the plasnodia, But as in Stain A the nyxanoeba had a
slightly higher nean DNA content (higher by 0.24 relative
DNA units) than the plasnodi a.

Anal ysis af Stain C

Simlarly, Stain C showed uni nodal distributions
for the nyxanoeba and plasnodia, as did Stains Aand B The
spread of values for both histograns are simlar. Stain C
also follows the sane pattern as Stains Aand B in that the
nyxanoeba had a slightly higher nmean DNA content (higher by
0.22 relative DNA units) than the plasnodi a.

Anal ysis of Stain D

Results from Stain D were observed to be different
fromthe previous three stains in that here the plasnodi a
had a slightly higher nean DNA content (higher by 0.20
relative DNA units) than the nyxanoeba. Note al so that
wher eas the nyxanoeba had a uninodal distributionwth a
narrow range of val ues the plasnodi a nucl ear DNA describe a
uni nodal distribution with greater DNA variability, and thus
has a wi der dispersion of values. This could be due to the
popul ation of nuclei in plasnodia synthesizing DNA before
preparing to divide - DNA synthesis may not be synchronous
al though division is (Therrien and Yerma, 1975). Recal

that it was the plasnodia which were stained with



Stain D that had conme froma |later subculture than Stains A,
B, and C This accounts for the variation observed in the
pl asnodi a of Stain D as conpared to Stains A, B, and C
Conparison of Stain B and Stain C

Figure 13 clearly shows the conpari son anong Stain
B and Stain C using chicken erythrocytes. Because Stain B
and Stain C were produced by the sanme manufacturer, it was
possi ble to conpare these two stains relative to the
differences in G nunber and concentration. This additional
conpari son between A nunber and concentrations correl ates
well with the differences obtained using the nyxanoeba and
pl asnodi a. Note how narrow the range of values are in these
uni nodal histograns. |In addition, the standard devi ati ons
and standard errors are also remarkably small.

An anal ysis of variance was carried out on the four
stains through a SAS statistical programon the nmain
conputer at Youngstown State University. The results show
that the conparison between Stain C and Stain D in both the
nyxanoeba and plasnodia is not significant at the 0.05 |evel
of confidence. Al other conparisons are significant at the
0.05 level. The results of these statistical anal yses are
listed in Table 5 for the nyxanoeba and Table 6 for the

pl asnodi a.



Fi gure 13.

Hi st ograms representing Feul gen- DNA val ues of
chicken red blood cell nuclei conparing
Stains B and C
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TABLE 5

SAS

ANALYSIS OF VARIANCE PROCEDURE

TUKEY'S STUDENTIZED RANGE (#5D) TEST FOR VARIABLE: DYECONC
NOTE: THIS TEST CONTROLS TRE TYPE | EXPERIMENTWISE ERROR RATZ

ALPHA=0.05 CONFIDENCE=0.95 DF=396 M¥S£=2.0251
CRITICAL VALUE OF STUDEZNTIZED RANGE=3.6439
MININMU® SIGNIFICANT DIFFERENCE=0.519224

COMPARISONS SIGHIFICAHT AT THE 0.05 LEVEL ARE INDICATED BY t##&zkaxt

SIMULTANEQUS SINULTANEQUS
LOYER DIFFERENCE UPPER
STALN CONFI DENCE BETWEEN CONFIDEICE
COMPARISON LIAIT MEANS LINMIT
BPLAS - CPLAS 1.592 2.111 2.631 Riak
APLAS - BPLAS -1 .296 -00777 ‘OI 258 - ap e
APLAS - DPLBS 0.695 1.215 1.735 e
APLAS — CPLAS 0.815 14335 1.854 .
DPLAS - APLAS ‘10735 -1 0215 "0.696 oy o
pPLAS - CPLAS - 0. 400 0.119 0.638
CPLAS ~ BPLAS -2.631 -2.111 -1,592 -
CPLAS - aAPLAS -1.854 -1.335 -0.815 -

CPLAS - DPLAS -0.638 - 00119 0,400



TABLE 6

SAS

ANALYSIS OF VARIANCE PROCEDUBE

TUKEY®S STUDENTIZED RANGE (#SD) TEST FOR VAR ABLE. DYECONC
NOTE: THI S TEST CONTROLS THE TYPE | EXPERIMENTWISE ERROR RATE

ALPHA=0.05 CONFIDENCE=0.95 DF=396 NSE=1.32519
CRITICAL VALUE OF STUDENTIZED RANGE=3.849
MININUM SIGNIFICANT DIFFERENCE=0.42002

COMPARISONS SI GNI FI CANT AT THE 0.05 LEVEL ARE INDICATED BY *%%x?

SIMULTANEOQUS SIMULTAREQUS
LOWER DIFFERENCE UPPER
STAIN CONFIDENCE BETWEEN CONFIDENCE
COBPARISON LIMIT MEANS LINIT
BAMOE - AAMOE 0.379 0.799 1.219 k%
BASAOE - CAMOE 1.713 2.133 2.553 %k
BAMOE - DAMOE 2.008 2.428 2.843 kg
AAMOE -~ BAMNMOE -1.219 -0.799 -0.379 835
AAMOE - CAMOE 0.974 1.334 1754 S
AANOE - DAMNOE 1.209 1.629 2.049 TR
CAMCE - BANOE ~-2.553 -2.133 ~-1.713 FWE
CAMOE -~ AAMOE -1.754 -1.334 -0.914 BN
CAMOE -~ DAMOE -0.125 0,295 0.715
DAMOE - BANOE -2.848 -2.428 -2,008 w3
DAMOE - AANMOE -2.049 -1.629 -1.209 FRE

DANOE - CAMOE -0.715 -0.295 0.125
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CHAPTER |V
D scussi on

A quantitative conparison between four batches of
Schiff's reagent was done in order to determ ne whet her
there are any significant differences in their dye binding
properties. In order to acconplish this, quantitative
cyt ophot onetry was enpl oyed in conjunction with the Feul gen
reaction. According to Kurnich (1955), the Feul gen reaction
must satisfy the follow ng requirenents for cytophotonetric
quantitation of DNA 1) the absorbi ng chronophore nust be
specific for nucleic acids and nust localize it and remain
stable, 2) the reaction nust be stoichionetric, and 3) the
chronophore nust be suitable for photormetry. In the past,
the literature has provided abundant support concerning the
application of the Feul gen reaction for m croscopic
| ocal i zation and quantitative cytochem cal determ nation of
DNA by cytophotonetry (Ely and Ross, 1949; Sw ft, 1950,
1953; Swift and Rasch 1956; Leuchtenberger, 1958; and
Kast en, 1960; 1964).

ot ai ni ng rmaxi num chr onophor e devel opnent for the
reaction product is essential since the anount of
chronophore bound is proportional to the DNA content of a

given cell type (Deitch et al, 1967, 1968). fThus, it IS not
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only inperative that the conditions which yield maxi num
staining intensity be fulfilled but it is also of utnost
I nportance that the stains enpl oyed be subjected to
i dentical conditions. This posed a problemregarding this
study for a nunber of conditions and factors are known to
i nfluence the maxinum stain intensity and therefore naxi num
absorption of the Feul gen reaction. Sone of the conditions
or factors which are known to affect the quantitation of the
Feul gen reaction are: 1) choice and length of fixation
(Sw ft, 1966; Kurnich, 1955; Deitch, 1967), 2) tenperature,
| ength and acid concentration of hydrolysis (Ely, 1949;
Patau, 1952; DiStefano, 1948; Jordanov, 1963; DeCosse and
Aiello, 1966), 3) sulphite content, 4) inpurities present
and 5) length of tinme in bleach and dehydration steps
(Kasten, 1960, 1964). Therefore, all conditions and factors
whi ch are known to affect the quantitation of the Feul gen
reaction were precisely regulated and controlled in this
study, in order to nost effectively maximze the validity of
any conparisons nmade. Likew se, all stains were nade from
fresh stock reagents and all slides were prepared and run
t hr ough the staining procedure sinultaneously.

The absorption curves experinentally generated
(Figures 4-7) denonstrated a great deal of simlarity anmong

stains having the same G nunber. Harleco 99% and Fi sher 93%
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had the sane A nunber of 42510; |ikew se, Fi sher 91% and
MB 88% had the same A nunber of 42500. Correspondi ngly,
the two wavel engths that were calculated in order to permt
use of the two wavel ength method of m crospectrophotonetry
for the stains having the A nunber of 42510 were both
560/500. Because Fisher 91% and MB 88% al so shared a
common CI nunber it would be expected that both stains would
al so have the same wavel engt hs of maxi num absorption and
one- hal f maxi mum absorption. This however was not the case.
Fi sher 91% had wavel engt hs of 555/495, whereas MXB had

wavel engt hs of 560/497. The difference can be attri buted
nore than likely to the differing chemcal nakeup of the MXB
88% stai n whi ch contai ned triam notri phenyl car bi nol

chl ori de whereas the Fisher 91%stain contained triamnotri -
phenyl net hane chloride. The small drop just prior to

maxi num absorption of the stains with the A nunbers of
42500 is unexplainable. Note though that it did not occur
with the stains having the CI nunber of 42510. This indi-
cates that the stains having rosanalin and/or nagenta 1II
have chem cal properties that differ from pararosanalin.

The hydrol ysis curves al so support this view concerning the
di fferences between stains with A nunbers of 42500 and
42510, stains having pararosanalin and rosanalin

respectively.
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Acid hydrolysis is an essential part of the Feul gen
reacti on since unhydrol yzed tissues do not stain (Kasten,
1960). Simlarly, tissues treated with deoxyri bonucl ease do
not stain. The ascending slope of the hydrolysis curve
represents a period of mninmal hydrolysis where part of the
DNA remai ns untransformed into apurinic acid and therefore
f ew al dehyde groups are avail able for dye bindi ng (Jordanov,
1963). The absorption peak occurs during that tinme period
of hydrol ysis when the nunber of exposed al dehyde groups is
at a maxi num creating a plateau (G eenwood, 1968).

Leveling of the curve at maximum stain intensity signifies
depurini zati on wi t hout significant depol ynerization of the
DNA (Andersson and Kjellstrand, 1975). This prol ongi ng of
the period of maximal Feulgen intensity can be attributed to
the ability of formalin to render high chromatin stability
toward acid hydrolysis (Kurnich, 1955; Ruch, 1966; Swift,
1966). It is further enhanced by the use of 5N HC1l at room
tenperature rather than 1N HC1l at 60°C, which was used in
many previous studi es (Jordanov, 1963; |thawa and Qgur a,
1953; DeCosse and Aiello, 1966). Since optimum hydrolysis
times are affected by various factors such as acid
concentration, tenperature and fixation (Kasten, 1960); al

stains were subjected to identical treatnent.



The hydrolysis curves clearly denonstrate that the
Fi sher stain having the higher concentration and the G
nunber of 42510 is far superior than that having the | ower
concentration and the A nunber of 42500. A reasonable
question then arises, nanely, whether it is the
concentration or the specific chemstry of the stain that
causes differences in staining patterns between the two
stains. It is reasonable, in viewof the data presented, to
concl ude that because there is only a 2% difference in
concentration between the two Fisher stains the nost
critical factor responsible for the differences observed can
be attributed to the specific chemcal conponents conposing
each stain. Thus, rosanalin (G 42510) has a greater
affinity to bind to the hydrol yzed DNA than pararosanalin
(A 42500).

An observation that further supports the viewthat
concentration of the stains is of secondary inportance
regarding its role in the DNA differences obtained is seen
in the parallel ascending slopes for the hydrol ysis curves.
It is pertinent to recall that, as the ascendi ng sl opes of
t he hydrol ysis curves are generated, only a small proportion
of the DNA has been hydrol yzed; therefore, only a snall
proportion of reactive al dehyde groups i s exposed (Kell ey,

1984). The stains because of the high concentration of dye
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nol ecul es are al nost certainly capabl e of saturating all of
these binding sites: therefore, during this period the
concentrations of the stains are not a factor and the
differences in DNA content nust be exclusively due to the
specific dye binding capabilities of the pararosanalin (Cl
42500) and the rosanalin and nagenta 11 (Cl 42510).

Anot her interesting observation is that the 45 mn.
and 60 mn. tinme periods for the Fisher 93% stain were
statistically not significantly different while the 45 mn
and 60 mn. tine periods for the Fisher 91% stain were
significantly different and were not statistically the same
until the 60 mn. and 90 mn. tine periods were conpared.
This indicates that the rate at which the plateau and
absor ption peak was obtai ned was faster for the stain
containing rosanalin and magenta II than for the stain
contai ning pararosanalin. Thus, the concept of rosanalin
having a greater affinity and therefore binding nore rapidly
and effectively to the hydrol yzed DNA than pararosanalin is
wel | supported by the data presented in this study.

The anal yses of the stained nyxanoeba and pl asnodi a
fromthe four different preparations of Schiff's reagent
also illustrates that the stains which have rosanalin and
magenta II consistently denonstrated hi gher |evels of DNA

detection than those containing pararosanalin. As was



the case in the hydrolysis curves, it appears that the
concentration of the stain does not have a major effect on
the dye binding. This is exenplified by the observation
that the Fisher 93%stai n showed higher |evels of DNA
content than the Harleco 99% stain. This situation can nost
likely be attributed to the differences in the manufacturing
processes. The Fisher stain nust have a slightly higher
specificity for DNA than the Harleco stain and is therefore
capabl e of exhibiting the subtle variations in measurabl e
nucl ear DNA content. The differences in DNA content between
t he nyxanoeba and the apom ctic plasnodia for each specific
stain shoul d not be considered to have different nucl ear DNA
contents, but rather have a difference in the neasurable
DNA, or nore specifically in the nunber of dye binding
sites. These subtle variations in nmeasurable DNA in cells
of identical ploidy |evels have been observed by Garcia
(1969) and Noeske (1971) to be due to functional genetic

di fferences anong the cell types of a species. These
functional genetic differences relate to the condensed or

di ffuse nature of the chromatin naterial. Condensed
chromatin nmaterial (heterochromatin) provides | ess RNA
tenplate activity and therefore fewer dye binding sites are
exposed. Diffuse chromatin (euchromatin) correspondi ngly

provi des greater tenplate activity and thus enabl es
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greater dye binding. Littau et al. (1964) using

aut or adi ogr aphi ¢ studi es al so denonstrated that diffuse
chromatin provided a nore efficient tenplate for RNA
transcription than condensed chromati n.

The only two stains that statistically denonstrate
simlar DNA levels for the nyxanoeba and pl asnodia are the
Fi sher 91% stain and the MXB 88% stain. This nore than
likely indicates that the substitution of triaminotri-
phenyl car bi nol chl oride causes its staining actions to be
simlar to the pararosanalin of the Fisher 91% stain,
assum ng nmanufacturing processes are simlar and the
differences in concentration of the two stains as al ready
descri bed, is of no consequence. It is inportant however,
that one not elimnate the possibility of it being far
superior or far inferior to pararosanalin and it is
conpensated for by the differences in the manufacturing
pr ocess.

This study effectively denonstrates that the
di fferences of manufacturing and chem cal conposition of the
basi ¢ fuchsins are nost critical in the quantitative aspects
of the Feul gen reaction, whereas the differences in
concentration fromone stain to anot her appear to have
little or no effect on the neasurable DNA. The nost

significant factor one nust consi der when attenpting
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guantitative studies involving the Feul gen reaction is the
sel ection of the proper chemcal conposition of the basic
fuchsins. Stains containing nostly rosanalin and/or nmagenta
II (G nunber of 42510) are far superior in detecting
measur abl e DNA than stains containing nostly pararosanalin
(A nunber of 42500). This suggests a higher specificity or
affinity for DNA in the stains having the A nunber of 42510
as conpared to stains having the A nunber of 42500. Fisher
Sci enti fic manufacturing conpany obtai ned the highest |evels
of DNA so therefore it is the manufacturer of choice for
guantitative studies involving basic fuchsins.

In conclusion, it appears that all the stains
studi ed are capable of yielding quantitative and accurate
rel ati ve DNA neasurenents. It also appears that in order to
obtai n quantitatively accurate absol ute val ues, the stain of
choi ce should be of A 42510 and be nanufactured by Fisher
Scientific. It is also pertinent that controls be run in

order to assure constant staining capabilities.
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