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AEBSTRACT

The reactions of the root-tip ceils of Alium cepa, fixed 1 Tedine-formaidehyde-
acetic aad {IL.LF A}, Acctw alcohol and Navashin’s fiud to Giemsa stamn are
compared with those obtained after starming with Methy! green—~Pyronin LF. A
gtves optimal prescrvation of the cell organelles but differs from Acetic alcoho! 1n
that it accentnates the blue colour of Giemsu and the red of Methyl green—Pyrooun
The red colour of Giemsa 1s iransient in maierial fixed 1 Navashin for one hour
and absentin those fixed for twenty-four hours The differennial staiming with
Methyl green~-Pyronin was observed only when the tume of fixation 1 MNavashin
was lunited to one hour

The nucleus and the chromosomes m prophase and lute telophases are stamed
purple red by Giemsa and bimsh green by Methyl green—Pvromn. The chromo-
somes at other phases of division have a slightly datker shade  The nuclear
membrane, the nuclesly, the cytoplasm, the achromatic figure and especially the
phragmoplast are blue in Giemsa and red i Methyl green—Pyrootn The cell
wlate which 15 unstained i sarly stages of formahon stams in late telopliase

INTRODUCTION

During an analysis of the reaction of the nucleus of living yeast cells to
various fixatives and stamns it was discovered that lodine-formaldebyde-acetic
acid (1F.A.) solution alone gave a life-hke prescrvation (Royan, 1956, 1958 a;
Thyagarajan and Subramantam, 1957 ; Aswathanarayana and Subramansam,
1958). On stang the fixed but unhydrolysed smears with Giemsa’s solution
the yeast nucleus was shown to have a blue nuclear membrane, red chromo-
centres and blue nucleolar equivalents {Royan, 1958 b ; Subramamiam ez al , 1959).
Further, the fixatives commonly employed for the study of plant nucler did not
give a life-Iike preservation of the organelles of the yeast nucleus (Subramaniam,
1960).

Till the demonstration of the nucleus n living yeast cells, the selection of
fixatives was arbitrary. Moreover, the Giemsa stamn now in vogue in yeast
cytology had rarely been tested on plant material. The life-like preservation
of the yeast nucleus, by L. F. A., a fixative not tried on plant material, and the
facitty with which the Giemsa stain could be used to stain differentially the

nuclear organelles necessitated confirmation by tests on plant material
85
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While the ubibity of I FoA ava fisaine ol he aliarad 1o sty by
studymsg the reaction of lwing cells with visiblo o {Rey !}“)‘vcv, 1938 q;
Thyagarajan and Subrumaniam, 19571 Aswathamitayan Subramaniam,
1958) the same pracedure would not be possibly s the case of the oot tips
composed of several layers of cells.

A historical account of the Gienwt stam is given by (o (140) and ity
suitability for cytological investigations 13 ndieated by Guaenby and Cowdry
(1928) and Gatenby and Pamicr (1937)  Lis use m Maenddaad catology o
reviewed by Robinow (1944, 1956), Marshak {1935), Vendichy {1955) i Royan
(1958 a)

Tacobson and Webb (1952) stained cells from tiwue culiuien m Mag-
Grunwald followed by Giemsa and observed that the deavynbonucl cprotems
were purple red while the mibonuclesproteins were blue,  Havtmau sed Puyne
(1954) obtamed comparable results m Fscherichia col ~viamed dircetly in
Giemsa.

I'mmers (1957) employed Giemsa in his investigatunms on fertilizaion and
cleavage of the sea-urchin eggs The deoxyribonucleic aenl i the pomudeus
of the unfertilized sea-urchin egg was located by Agrell (1958} using Chemsa
stain and enzymatic digestion According to Kamahory, Inamort, I urastwd und
Mori (1953) the constituents of the Giemsa stam bave differing affintties for
DNA, RNA and the protems. The pink purple of the ciromatin is s o he
a muxture of the dark blue colour mparted to the DNA by Asure T and the pink
colouration, by eosin, of the histone and non-histone proteiu~  “The aflinity of
Methylene blue for RNA would explam the blue colour of 1he nueleofus and
the cytoplasm

Giemsa stain followed by a 2 % alcoholic solution of Safranin way used by
Wright and Skoric (1928) to lacate symbiotic bacterwt in plants.  En sections,
the bacteria were deep blue, the cytoplasm of the plant calls Hght blue, the
nuclel pink, the nucleolr blue and the celt walls red. This 5 perhaps one of
the rare instances of the use of Giemsa m plant cytology, The observations
embodied i this paper attempt an evaluation of the action of 1 F. A, ay com-
pared to other fixatives on the root tips of Alliwm cepa and of the Giemst st
with conventional staiming methods

MATERIAL AND MITHoDS

The roots of freshly germinated bulbs of Allmm cepa were wiashed under
the (ap, exeised and thet transferred to the three fixatives, wz., Acetic aleobol,
Navashin's fuid and fodine-formaldehyde-acetic acid. The viale were kept
under an exhaust pump to ensure quick penetration and rapid fixation.  Good
preservation was obtamed by keepng the oot tips for two hours in Acetic
alcohol (1 :3) and for only an hour in Lodine-formaldehyde-acetc acid |CGram's
Todine [diluting 1 part of Lugol’s iodine (1% I, m 2% agueous K1) with 2 parts
of water] 8.8 cc.; Formaldehyde (B. D. H. Sample, 37.41%) 1.2 cc.; and
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Glacial acetrc acid {Anmalar quality) 0.5cc]  Maleral fixed 1 Navashin
(Darlington and La Cour, 1950, p 113) for a short pertod of one hour and for
a longer one of 24 hours exhibited differences n their reaction to the stains.
The Acetic-alcohol fixed material was down-graded while that from IF A. was
passed through two changes of 70 % alcoho!l extending for a period of 24 hours
to remove the 10dine  The Navashin material was washed under the tap for
24 to 48 hours.  After removal of traces of the fixatives the root tips were
either stored in 70 % alcohol or immediately dehydrated, cleared in mixtures of
absolute alcohol and chloroform followed by pure chloroform and then impreg-
nated and embedded in parafiin. The blocks were sectioned at 6 4 and 10 u.

!
STATNING Wit GIENSA'S SOLUTION

The sections washed well under the tap for 15-20 mmutes and kept m
distilled water for five minutes were stored in Scorensen’s phosphate buffer of
pH 70 for 10 minutes. They were then transferred to the Giemsa stain (2.5 mb
of Michrome brand (Gurr) stock solution and 47.5 ml of the buffer of pH 7.0}
and examuned periodically up to 24 hours dicectly n the stain. To gef the best
preparations il was deswable to overstan the sections and then de-stain them
carcfully in 50 % alcohol prepared m buffer.  After nnsing 1 20 % alcohol and
in buffer they were quickly dehydrated through aleohol grades, passed through
aleohol-xylol (I : 1) musture and then through two changes of xylol before being
mounted in Canada balsam. There 1s occasionally a shrnkage oa transfer of
shides from alcohol to xylol, The stain has a tendency to fade m permanent
preparations.  Observations were made on buffer mounts as well as from
permanent preparations  The former was considered necessary to evaluate the
changes that occur during dehydration.

STAINING WITH METHYL GREEN—PyRON® SOLUTION

A 1% stock solution of Methyl green—Pyronin (Gurr sample, Special for
Nucleic acids) in 0 25 % Phenol m distilled water was prepared and was diluted
with three times its volume of water just before uss. Shdes rinsed m distilled
water were stored in it for 15 to 30 mm. They were then. rinsed in distilled
water, blotted to remove the excess of water and passed through absolute
alcohol, absolute alcohiol-xylol mixtute (1 z 1), and three changes of xylol before
mounting in Canada balsam.  The overstaining, if any, was removed by abso-
lute alcohol.

Observations were made with 2 Bausch and Lomb Research Microscope
using a x 90 objective and a x 10 eye-piece and the selected stages were photo-
graphed at 1 /3 their magnification on Kodak Microfile film using a Leica attach-
ment. Colour transparencies of some of the stages were prepared on Kodak
Ektachrome film.
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OBSERVATIONS

1.  Acetic alcohol—Giemsa :—The progress of staning ou tlaasfer of sectiong
to Giemsa solution was followed. After 5 to I5 mmutes 1n the stan, the noclef
and chromosomes were greemsh blue, while the other organclies were hlue
On continued stay the blue began to be more promwment and the nucla and
chromosomes stowly stood out as deep purple structures.

Attention 13 invited to the fact that the red component of the Giemsa
stain begins to have an affinity for the structures only when the citelem hus
become decp blue,

When the sections were exammed after removal from the bath and without
ninsing, the blue coleur dominated. The nuclei were purplish ted,  Differen~
tration in alcohol removes the excess of blue and leaves the nuclear matrx
puple red. I this process is continued the purple red staning o alwo removed
by alcohol leaving the nucleus greenish blue (Subramanyam and Subsumamiam,
1957, Photo 1)  Direct exammation mn the stam does npot reveal the naclear
envelope owing to the intense stamng of the nuclens. M i only when the
nucleus 15 purple red after differentiation, that the blue nuclear menibrane could
be recognised (Photo 1), The slides were therefore differentiated 10 aleohiol to
gwe the deswed grade. When on prolonged differentiation w aleahol the
nucleus is grernish blue, the nuclear membrane sull retained the blue stuming
(Photo 23, Subramamam et ol , 1959). The nucleoli not disceruble in
overstamed nuclei became clear on differentiation in alcohol. They apprared
as blwsh organelies (Photos 1 and 2} Over-differentiation mmproved  thy
clarity of the nucleoli which appeared as 1f they had stained borders.  The
cytoplasm was generally blue.

During prophase and late telophase the chromosomes were purple red
(Photos 2 and 8). Tn prometa-(Photo 3), me[a—(l’hoto 4) and unaphases
{(Photos 5 and 6) the chromosomes were dark owing to a coupling of the
purplish red with blue  Tn carly telophase (Photo 7) the chromosomes were
deep purplish red especially when they were contracting at the poles. The
polar caps n prophase (Photo 2), the developing (Photo 3), and the fully
formed spindle at metaphase (Photo 4), the interzonal fibres and other regions
of the spindle m anaphase (Photos 5 and 6) and the phragmoplast in early
telophase {Photo 7) were stamed blue. This was particularly prommnent in
the phragmoplast, The achromatic figure, though of the same colour as the
cytoplasm, stood out owing to 1ts greater af'ﬁnity for the blue component, The
cell plate seen m early telophase as an unstamed streak (Photo 7} began to
stain blue in late telophase along with the two knob-like rempants of the phrag-
moplast at its end (Photo 8).

In using Giemsa as a regressive stain the time of stay in the staining bath
necessary o give good preparations was also explored.  Acetic alcohol marterial
stained for one hour gave good preparations on differentiation. A longer stay
in the staining bath naturally necessitated a Jonger tume of de-staining.
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Unlike the carkier workers who appear to have used Giemsa stain asa
progressive one (Iscobson and Webb, 1952) the observations reported above
arc based on the results obtained by differentiating overstamed sections. It
became interesting therefore to evaluate the utiity of Giemsa as compared to

Methyl green-Pyronm.

2. Acetic alcohol—Methyl green-Pyromn —Shimamura and Ota (1956)
offer evidence for the presence of pentose nucleic zetd 1n the achromatic figure,
They record the absence of pentose nucleic acid m the cell plate, which appeared
as an unstamned hne i the middle of the phragmoplast. Their conclusions are
drawn from sections differentially stamed with Tohudine blue, Thionin and
Methyl green-Pyromin. The fixatives used were Acetic alcohol and Telyes-
niczky’s flurd

On staining sections of Allum cepa, fixed 1in Acetic alcohol, the nuclear
membrane (Photo 16) and the nucleol: (Photos 16 and 17) were red, while the
nuclear matrix showed bluish green areas {Photo 16). The chromosomes 1
prophase (Photo 17), as well as late telophase (Photo 22) were blumish green,
while m prometa-{Photo 18), meta-(Photo 19), ana-(Photo 20) and early
telophases (Photo 21) they tended to be more bluish  The polar caps (Photo 17),
the developing spindle m promstaphase (Photo 18), the spindle at metaphase
(Photo 19), the poleward regions of the spindle (Photo 20), the phragmoplast
(Photo 21) and 1ts knob-like remnants and the cell plate (Photo 22) were all
stamed red. Tt 15 only during the eatly telophase (Photo 21) that the celi plate
remained unstamed, reminscent of a similar experience with the Giemsa stam
(Photo 7).

3. Iodine-formaldehyde-acetic acid—Giemsa *—The reaction of the cell orga-
nelles to Giemsa in matenal fixed in I F.A, was comparable to that observed
after Acetic alcohol fixation. Whereas after Acetic alcohol the chromosomes
and nuclei assumed a purplish red tuwrge after a stay of 30 to 45 minutes in the
stain, in T F A, material the 1dentical organelles became purplish red only after
a lapse of one to three hours. The blue colour of the cytoplasm appeared
more mtense when the sections were examuned directly from the stam. But
this could be removed easily during differentiation. In permanent preparations
the organelles havingan affinity for the blue component had a more intense
colour as compared to those of cells fixed i Acetic alcohol

When material over-stained in Giemsa was carefully differentiated m 50 %
alcohol, the nuclear matrix was purplish red, the nucleoli and the nuclear
membrane blue (Photo 9) The chromosomes in prophase (Photo 10) and
and late telophase (Photo 15) were purple red. But this colour appeared
deeper m prometa-(Photo 11), meta-(Photo 12), ana-(Photo 13) and early
telophases (Photo 14)  The cytoplasm and the achromatic figure (Photos
11 to 13) were stained in shades of blue The cell plate (Photo 14) appeared
unstained in early telophase The spindle fibres and especially the interzonal
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ones were clear in Acetic alcohol as well as in T F. A. Giemsa  preparations
(Photos 6 and 13).

4 Joduse-formaldehyde-acetic acid—Methy! grzfcrb}"ymnm:— The nuclear
membrane and the nucleoll were stained ted (Photos 23 und 24), The
chromatin of the resting nucler (Photo 23) and the chromosemes at prophuse
(Photo 24) and late telophase (Photo 29) were stamed blush gieen. The
chromosomes during prometa- (Photo 25), meta- (Photo 26), ana- {Photo 27)
and early telophases (Photo 28) tended more towards blue. ‘the polar caps
(Photo 24), the spindle (Photos 25 and 26), the poleward and the wmterzonal
regions of the spindle at anaphase (Photo 27) and the phragmoplast (Photo 28)
were stained red. The cell plate seen as an unstained area m early telophase
(Photo 28) appeared as a red line 1n late telophase (Photo 29) along with the
remnants of the phragmoplast at its sides. Material fixed in L F. A, had a
greater affinity for the red colour of Methyl green-Pyronin. Atiention wag
more concentrated on the contrast of the cell organelles in order to evaluate
whether Glemsa gave as specific a distinction between the chromosomes and the
achromatic figure as Methyl green-Pyronin.

$.  Navashin— Giemsa:— Unlike the two previous fixatives the cell orga-
nelles were not stained i differential colours by Giemsa in materal fixed for
24 hours mn Navashin’s fluid. All the organelles though cleur appeared in
different shades of blue. The cell plate was seen only as a stained line on the
equator of the phragmoplast. The characteristic red or purplish red staining
of the chromosomes was not observed either when over-stamed slides were
examined directly m the stain or during de-staming tn 50 % alcohol.

Such an experience led to a doubt whether the absence of affinity for the
red component of the Giemsa stain may not be due to over-fixation. There-
fore, the reaction of the cells to Giemsa after fixation for an hour in Navashin’s
fluid was tested. Direct examination in the stain showed the dark blue nuclei
and the chromosomes bemng overlaid by a slight reddish tinge after a stay mn
Giemsa’s solution for one to three hours. The red tinge was very transient
even in wet preparations and disappeared completely during the quick dehydra-
tion necessary for making the slides permanent.

6. Navashin—DMethyl green-Pyronin:—Contrary to the experience with
Giemsa where the red colour was transient, a positive differential staining with
Methyl green-Pyronm was obtained when the fixation time in Navashimn had
been limited to oné hour.

The chromatin in Photo 30 was bluish green. The nuclear boundary, the
nucleoli (Photos 30 and 31), the cytoplasm, the polar caps (Photo 31), the
spiudle (Photos 32 to 34), the phragmoplast (Photos 35 and 36) and the cell
plate with the remnants of the phragmoplast (Photo 37) were all stained in
a red colour. The cell plate was seen as an unstaned line in early telophase
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(Photo 35) only in a few instances  In many, the cell plate was stamed red
both in early as well as laic telophases {Photes 36 and 37).

The difficulty experienced m getting a differential staining of the cell orga-
nelles with Giemsa 1n matenial fixed in Navashin for 24 hours was parzalielled
by the experience in artempts to stain such sections with Methy! green-Pyronin.
Even after storage for 24 hours the nucler and ckromosomes were only red.
The bluish green colour assumed by the chromatin when Acetic alcohol or
I F. A. fixed material were stained with Methy! green-Pyronin was absent m
Navashin material fixed for 24 hours,

The reaction of the various organelles 1o staiming with Giemsa and Methyl
green-Pyrenia solutions are summanzed in Table I

Tapre I
STAINING REACTIONS

Organelles Giemsa Methyl green-Pyronin

1. Resnng cells

(1) Chromatn . Purple red Bluish green
(i1) Nuclear membrane ,
(1) Nucleolus { Blue Red

(iv) Cytoplasm

II. Dwiding cells

(i) Chromosomes

(a) Prophase and late Purple red Bluish green
telophase
' Dark Dark
() Meta-, ana-, and early Purplish red Bluish green

. telophases (Purple red + blue)

(u) Polar caps

(in) Spmdle .

(iv) Poleward regions of the Biue Red
spindle . -

(v) Phragmoplast

(vi) Cell Plate

(a) Early telophase .. Unstained Unstamed
(5) Late telophase .. Stained Stained
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DiscussioN

Todine-formaldehyde-acetic acid gave optimal preservation of the cell orga-
nelles. Material fixed 1o 1t can be sectioned with euse unhke those m Acetms
alcohol which show shrinkage as well as brittleness. The (ifference between
I, F. A and Acetic alcohol is that there is an accentuntion of he blue colour
of Giemsa and the ted of Methyl green-Pyronin 1n the former fixative.

Immers (1957) recorded his mability lo stam the resting nueler during the
first tutosis of the fertihzed sea-urchin eggs  The nuclei of the root tip cells
of Allmm cepa, however, show a clear differentmal stainiog {Photos 1 and 9).
Jacobson and Webb (1952) described the nuclear membrane as colourless while
Agrell (1958) reported 1t as famt red 1n the pronucleus of sea-urchin eggs 1o
Allium cepa the nuclear membrane has the same colour as the eytoplasm and
the nucleolus (Photos 1 and 9; ¢ / Subramanyam and Subramunsm, 1957,
Photo 1). This is reminiscent of the staining of nuclear membrane red {Photos
16, 23 and 30) by Methy! green-Pyronin and would conform to the presence of
a distimet membrane reported from electron mucrographs of plant (De, 1957)
and ammal cells (Callan and Tomlin, 1950; Watson, 1954; Kauts und De
Marsh, 1955; and Barer er al, 1959)

The slight variations m the colour of the chromosomes during the various
phases of division in 4Mum cepa (Table 1), parallel a similar observation by
Jacobson and Webb (1952) and disagree with those of fmmers (1957} who
records a uniform magenta tint during all the phases.

Jacobson and Webb {1952) suggested that the deoxyribonudeoproteins
were stained purple red by May-Grunwald-Giemsa and the ribonucieoproteins
blue (¢ /. Kamahora ef gl 1953). Conficmation for the above was offered by
them by staiming isolated nucleoproteins before and after treatment with
cnzymes  The nucleol and the cytoplasm of Aliwm which are blue tn Gremsa
(Photos 1,2, 9 and 10) are red 1n Methyl green-Pyronin (Photos 16, 17, 23, 24,
30 and 31; See Table I} 1t should be emphasized, however, that the compo-
sition of the fixative and the time of fixation are major factors in obtaiming a
polychromatic staining  This 1s evident from the transient naturs of the ied
colour of Giemsa m Navashin material and an accentuation of the blue eolour
of Giemsa and the red of Methyl green-Pyronin in 1. F. A, matenal.

Plant cells fixed in Acetic alcohol and stained with Giemsa showed the
same differential staining of the nuclear organelles as in yeast cells fixed in
1 F. A. (Sobramaniam e al. 1959). Bvidence is presented 1 this paper to show
that this similarity mn the structure of yeast and plant nuclei could be demons-
trated in material fixed in I. F, A and stained with Giemsa
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DESCRIPTION OF PHOTOMICROGRAPHS

Prate X
Photos 1-8  Sections of roats fixed v Acetic aleohol and stamned with (uentsa
1 The nuclear membrane is continuous
Prophase The polar caps merge with the nuclear membrang

Prometaphase The fibrous nature of the spindle 14 clear

a w m

spindle
Apaphase The poleward regions of the spundle are very clear
Anaphase The interzonal fibres ars blue

® g o o

1ts ends

« ea,, 1,000,

Metaphase The prommently stamed chromosomes Lie on the eytator of the

Early telophase The phragmoplast is seen with the clear unstuned cell plate.
Late tclophase The cell plate shows the remnanis of the phragmoplast at

9-12 Sections of the root tips fixed 1n Jodine-formaldehyde-acetic aeid und stained

with Giemsa X ca, 2,000
9  The nuclear membrane 15 clear

10 Prophase, The polar caps and the nuclear membrane are discernrhle

11 Prometaphase The fibrous spindle is very distinet
12 Metaphase The spmdle and the chromosomes are cleay

Pratr 11

13-13 Sections of roots fixed w Yodine-formaldebyde-acetic acrd and stained with

Giemsa  Xca., 2,000

13 Anaphase with the poleward and interzonal regions of the spindle

14 Early telophase. The phragmoplast is prominent, The cell plate 1 unstained

15 Late telophase with the stained cell plate and the knob-like remnants of the
phragmoplast

16-22 Sections of root tips fixed 1n Acetic alcohol and stained with Methyl green~
Pyrommn. X ca, 2,000

16 Resting nuclens The two nucleoli and the nuclear membrane are stained red.

17

18 The fibrous spindle stained red is clear
19 Metaphase with the spindle.

Prophase with polar caps imperceptibly merging with the nuclear raembrane.



Prare 1
Dufferential staunng of the cell organelles cf Alluni copa
using a new fixauve und 2 new stam



PraTe 1T
Differential staimng of the cel) organelles of 4//ium cepa
USING 4 new fixative and a new stain



Prate 1L

Dafferential stamning of the cell organelies of Allwm cepa
using a aew fixauve and a new stamn
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bt

The pelewmd regrons and the mterzonai purt are distinct

Early telophase  The uastained ol piate s seen along the middie of ihe
phragmoptlast

Late iclophase showing the stamed ceii pluie

Prate U1

23-25 Scctions of roots fixed mn Yodme-formaldehyde-acciic acid znd stamed with

23
p23
25
26
27

28

24

Methy] green-Pyronm » ea , 2,000

The nuclear membrane 1s as thick as in Giemsa preparations

Note the contrast hotween the polar caps and the chromosomss

Prometaghase The chromosomes ate staned darker

Metaphase  The spindle 1s obscuring the chromosomes

Anaphase The tnterzonal and the poleward remons are stamed in almost the
same intensity

Emlly tl[)lophJSC Note the unstamed cell plate on the equator of the phragmo-
plas

TLate telophase The cell plate and the temnants of the phragm oplast are
stained

30-37 Sectrons of roots fixed m Navashin’s flud und stamed with Methyl green-

30

31

33

34

33

37

Pyromn X ¢a, 2,000
Mote the nuclear membrane,
Prophase The polar cap is outside the nuclear membrane
Promectaphase The fibrous spidie can be seen distinetly
Metaphase Note the spindle fibres convergmng at the poies.
Early anaphase with the bipolar spindle convergumg at both the poles
Eatly telophase. Phragmoplast with the unstained cell plate
Early telophase Phragmoplast with the stamed cell plate
Lale telophase  The remnants of the phrgmoplast are prominent

Kry 1o LETTERING

CP, Cell Plate, CHR , Chromosomes , IZF., Interzonal fibres ; NM , Nuclear memhrane;
NU |, Nucleolns; PHR., Phragmoplast, PC, Polar cap; PRS , Poleward regions of the
spindle ; SP, Spadie



