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The purpose ol tiiis nvesti, ation was to aevelop ana
utilize o relutively simg.le tecknique 1op stuuying the
effects of pbysiologically active chemicals on the mitotic
cycle of prolilerating cells i1 a complex tissue. The
experimental tools usea in achilevin, the goul propoused
were very youny peua seedli:gs, colchicine, «nd respiratory
polsons. The generul methouovloxy involved treating thre
primary root meristem of pea seedlings for a period of
S0 minutes wit'i un appropriate concentruation of col-
chicine. The cytologicul effect of colchicine is that of
clumping or scattering ot metuphuase chromosomes «nd the
prevention of cytokinesis by aisruption of spindle
Organization anu orientation. The tinal result of a
short time treatment with coulchicine is the proauction of
4 Small, synchronously cividing, pcpulation of tetraploic
cells. This populuation was subjected to a 15 minute
treatment with 2, 4-ainitrophlenvl, 2, 4-dichloroghencl,
pPolessium cianide, ura wotassium fiuoriue. by treating
the population when it was in early interphuse of the
mitotic cycle, it was noted that both 2, 4-dinitrophenol
&na 2, 4-ciclloroptenol improved the synchrony una delceyea

anlod 3, Whiereus
tl.e appe arance in division of the tetraploid cells,



& ;,reat aeal ol' the synchrony was desirovea woan cells
were treuted by these two chemiculs at late interphlicse.
Further, when tlie population was treated with cyarice at
eithier early or late interphase, no grect ailterence in
response was observed,

Wwhen the tetruploild cells were expused to <, 4-ui-
nitropherol, <, 4-dicl.lorogl.er.ol or cy.nide wt the 1iith
hour ufter colcl:icine trecwtment, the secona civision of
the population occirred precociously, thus inalcating that
trectment ot this hour caused a decrewse in the time re-
quired to attain mitotic competence. The nature ot the
system or systems respousible 1or the wucceleratea witotic
cycle uppeared Lo be dependent ou an increasead rate of
alinerobic g lycolyseis, since « combination ol a cytologically
inefroective concentr-tion ot fluoriue wit: either z, 4-ai-
nitrophenol or cyanide prevented to a gre.ter or lesscer
de, ree the precocious second uivision ol the marked

popuiution.
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IL T CTION

Ever since the alscovery of the cell vy Rovert Houke
in 1664 anc NMNehemial. urew in lote «ana Lhe statement o Lhe
Cell Theory by both Schlelaen ura Schwuann in the locO's,
cytologists huve been studying the pheno.enon of cell re-
production. At first most of tlie attention was cirectec
towurd the process ot mitosis with speciul emphusis on the
morphological clianges observed auwring aivision. Such
studles are continuing, ior tie pgrocess of mitosis still
remains little understooa. &an important phuase of cell re-
production that has not received much attention until re-
ceritly 1s the periou between successive mituses, called
interphuse. Interphase hus not been investigalea in the
pust for at leust two rewsons: (1) tiere wre few morpho-
logicul chunges when ile nucleus is observed with the 1i nt
microscope «na, (x) until recently few sultuble techniques
have been avuilable. & fuctor that cun Le rulea ocut with
certuinty is i ,norance, tor Virchow a century s,o st«ted
that cells origineted only irom pre-existing cells and thus
implied the presence of & mltotic cycle.

The mitotic cycle hus been detined by Wilson wnd
Morrison (1959) as those events whicli occur between the
onset of two consecutive mitoses. This cycle is a very
complex sequence of events. It includes all the syn-
chronized chang,es which occur in mitosis (wilson una Lypplo
1985) und 4ll the bioclemical syntheses which ure necessary

for cellular prowth wnd cell reproauction.
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Much informution abo.t the mitotic cycle has been ob-

teinea by stuuying, the biochemlstry and jnhysiolo.y ol syn-

chronicea pou.ulations ol micro-organisms, clewving, €ggs,

und b, observing single cells. Study of the mitotic cycle

of dividing cells in tissues of higher organisms has proven
to te more difficult. This aifriculty prob.bly arises
lar,ely from the interrelationship thut exists between
dividing cells ana the vhysiological und morphological con-
aition of the tissue us a whole.

Nevertheless, it seems lo,icul that 1f unicellular
orgunisms, cleuving egys, and single cells show biochemical
ana physiological shifts auring interph.se, similar shifts
shoula be observea in diviaing cells of & complex tissue.

However, in order to uemonstrate such chunges, 4 technique

is needed that is appropriate for the study of the mitotic

cycle unu cell proliteration in general. The purposes of

these investijutiowns were to aevelop such a technique ana

to study the effect of certain physiolog,ically active chemi-

culs on proliferating cells that are in aifferent time seg-

ments of interphuse.



WITi s ol nbVvIidbw
Laughlin in 1v¥l7 aescribed the mitotic cycle as being
the transition ol a single livinb.cell Li:rough « stuge of
high nmetavolic activiivy wna ol uivisi nal stability to a
Stuge of low metubolic activity und of aivisional instaoil-
ity. He belleved Lhat mitosis is initiuated following the
estublishment of the lutter stuge. 1t is evicent from his

description o1 the mitotic cycle that Laughlin realized

t:ut the interplhiuse nucleus 1s seldom, if ever, resting..
Sharp (19%5) also reulized tliet u nucleus seldon "rests"

and suggested thut the term "resting nucleus" ve replacea

by the term "metabolic nucleus". berrill und huskins (1996)

disa,reed with tihe term "wetabolic nucleus'", tor they felt

it implied that the nucleus waus primuarily cuncerned with

cellulur nutrition. Thre term the; proposed was "enerpgic

nucleus" which, accoraing to them, comnnotutes the lueu of &

Stutionury working unit wi:iich is concernea with the main-

tenance or ull cytoplasmic structures and tunctions, wnd cun

be contrusted with the "kinetic nucleus". 4 "kinetic

nucleus" in ti is cuse refers to a nucleus that is in thre

act of aividing. bBerrill and Huskins rowever, aild point

out thut ithe term "resting nucleus" is correct in u ae-
scriptive morphological sense thuugh quite inuaccurute in the

physiolo icul sense. ThLeir concept uf tie mitotic cycle

one ol an alternation with time between the "kinetic
riucleus" ana the "energic nucleus'".

before the idew of u "metabolic" or "energic" nucleus



was firmly established, 1livestl «tlon oi the uitotic cycle

was lor the most pwrt conl'ined to the I'raction ot the cycle

involvi: o, mitosis. The ecarly stuuents of c,tology were

quickly attraectea to this part ot the mitotic cycle, 1or it

is chaructericsed by owvvious :morpholo,ical ch.nges. san

account ol ithese chung es h.s been given by wilscn und Hyppio
(1955). They aescribed mitosis ol pea root cells us a
series ol synchronized cycles trat incluae the chienges that
occur in chromosoze morplolog,y wna chro.osome muvement; the

orientautrtion wna disorientutiorn of tlie spinale; the aissolu-

tion und reuppearance ol the nuclear boundary; the disappear

ance uana appearance of the nucleolus; «na the cleavage of

the kinetochiore.
In his book "iitosis", Schiracer (138%) hus presentea
un excellent review uf both mitosis wna the theories pro-

posed to expluin it. Becauuse the older explianations ure

either not open to experimentution or ure unsatisfoctory,

new theories continuully appeur. Aamon, the more promising

of these is thaut of Suto (1960). Sato has been using

electron microscopy to examine sub-cellulur changes during

weiosis in Liilium. He 1'inds that spindle fiber 1ormetion

egyinsg with the up,eurance of smull purticles neur the
nuclear bounduary. These particles then proceed to align
themselves Lrom the «inetochiore pcleward. diken this wli_n-
ment is coumplete, the interparticular membrane uissolves

forming u long contractile fiber. went (19€VU) using an

entizen-antiboay system somewhat corroboraces Sato's morpho-



(&

lo,ical observations. went ias vecn uble to illustrate the

existence ol «ut leust twe proteins curi.g spindle 1ormation

in sea urchin e, . s. Le hycotheslzes that trese two protelus

represent a particulute form wna a fibroia form ci spinale
protein.

becuuse ol the vuariety ot cell tyves, it 1s not sur-
prising that th.e requisites of ull cells, thouh generdally
similar, muy aifier to a greatcr or lesser degyree. For
exumple, the cell cycle of « microor unism may Le equiva-

lent to its life cycle, i.e., tiose events that occur bte-
tween sequentiul divisions include a period of airrlerentia-
tion trat is coviparable to wdulthood- (Wwilson una Morrison
1989).

hAnother vauriuble in the mitotic cy;cle is illustrated
when the process of cellular caifferentiction is considerea.
It is clear that iIf cellular uifferentiution were not
carried ovn, such systems «s cleaving €.,:8, plunt meristems,
etc., would be nothing but « aividing macs of tissue. There-

fore, to avoid this situation, « certain number of cells

must differentiute auring a certe n length or time (Gray

and Scholes, 1951). To illustrwte this point, if the ratio

rate of cell qif?erentl&tion were plottec apuinst time,
rate of cell division
the curve prouucea Would not be similar tor «ll aiviaing

systems. For examgle, in the case ol the microorganism,

the result n, curve is exponentiul ana woulu proceea to in-
finity, uassumiii,, the absence o1 limitin, factors, one of

which is "qiflerentiation" (i.e¢., spore formaiion).



As for the cleuving €., tr is plot lorms a sigmola curve
thiut rewches « limit, «f'ter which it approacles sorie number
thut 1s lesg thuan ovne ot the time of saturation. T the
plunt root meristem the curve 1s generaiiy t'iutl having a
value near .ne incicating a steaay state of growth (Gruy
and Scholes, 1951; quastler, 1360). The graph below re-

presents u plot of the curves just aliscussed.

Microorganisms

Cleaving
Les

Plant Root weristem

Lifferentiating Cells

Dividing Cells

11— ——

Time
Figure 1. Theoreticel curves of the ratio of aif-
ferentiating cells to diviaing cells versus time

for different systems.



The melotic cycle ol .emrn cells is otf'ten used us a
source of information concerning cell reproduction. The
events that occur in the meiotic cycle however, are not all
the same as those 06" the mitotic cycle. » few exazmples of
differences that exist Letween these two cycles are listed
below.

1) LDuring prophsase the chromosomes of alviding ,erm

cells go throupgph the complex manipulations involved

in pairing anu synapsis.
£) The germ cell usuully proceeus through two civisions
which result in the formuation of 1our haploid cells.
3) No deoxyribonucleic acid (DN~) synthesis tuxes
place between auivisions I ana II of meiosis

(swift, 1950).

4) All maturing primordial germ cells have a uis-

continuous cycle that 1s resumed generully Ly
either fertilization or parthenogenesis.
4L schematic representation of the mitotic cycle, cell
cycle, and the meiotic cycle are shown in Kipure <.
Between the beginning of one mitosis und the onset of

the next, a numbcr of syntheses must be carried out in oraer

to prepare the cell for its division. It 1s of interest to

the cytologist to know how long it taxes u piven cell type
to attain mitotic competence and to know the sequence wherein
these requirements are fulfilled.

Aside from those experiments performed with single cells,

most of the information concerning the questions mentionea



bifferentiati Mitosis [::]

iE; //// mitosis
o}
Synthesis 6
!
Synthesis —
Cell Cycle of Microor;anisms Kitotic Cycle
of' Somatic Cells
_ —_—— ~. Division I of jeiosis
/ Synthesis \
l'elotic \ DlVlslon II
I lleiosis
ye

) GD
///jirtiliaatlon or
Purthenogenesis

Melotic Cycle of uerm Cells

Figure 2. Liagramns representing the cell iicle gé Ti;Lu—
Orbanlaqo, the mitotic cycle of somatic cells, &
meiotic cycle of werm cells.



ubove hus cume from the stua, of syncuronous aiviuing, cells.
Theretore, before conslaeration is .iven to these questions,
synchron.us cell aivision will ve alscussec.

Some ol the wavantages of working wilh a synclhronicea
population of aiviauir, cells are that:

1) the auration of both the totazl mitotic cycle
and of mitosis cun bte aetermined,

2) when performin. an experiment, ull the cells
are more or less in tle sume segment of the
mitotic cycle at «ny given time,

3) u synchronized pootletion represents u mass
of cells that ure rclatively homo,eneous in
their physiological state,

4) the experimernter's patience is not taxed as
it is sometimes with unsynchronized celis
(Fughes, 13t%).

The experimental cytologist uses two types ol syn-
chronized cell division. The first of these ls nutural
synchrony. Natural synchrounizea cell alvision occurs in
the primary spermatocytes of wnimuls «nd in the microspore
mother cells of plunts. Cuspersson (12%2) used prasshopper
spermutocytes in his study of thce role of deoxyribonucleic
aclds in cell uivision. kicrospore mother cells were used
by Sparrow «nd Sparrow (1v49) in thelr experimentation.
Mutural synchrony also occurs in segmenting eg.s of kchino-
derms and wmphibians during che first two or three clewvuages,

ThLe advuntages of using cleuving €. s are expressed by heil-



19
brunn (19956) in his book, 1l DynanIZo oF wlviba FuaoTOF.SN.
inother form of natural synchrony exists 1n tissue tliat is
churucterizec LYy ra.ld g rowth «nd a relatively Ligh rate of
cell division. In such a tissue uw certuin purtion ol the
diviain, cells must be considered as belng reusonably well
synchronised throi.h severul aivislons. These cells are
also homopeneous with respect to treir physiological statve,
us well as to thelr position in the mitotic cycle. Tuking
advanta,e of tlils lLomopeneity wna muking use of both u rwaio-
sctive traucer wuna uutorudio, rechy, howara «nd rele (13E1)
were able to label with sz only ti.ose cells that were syn-
thesizing DNA ut the time ol trectient und Lhiercby murkea u
population o1 synchroniced cells that could be followed
througli the sutsequent aivision. The work of Howard ana
Pelc was one of the first in u serles of experiments using
autoruai ogruphy to study vboth cellular proliferation and
cellular biochemistry.

The use ot colcricine in stuayin_ cell reproauction is
founded on the sume arguments that apply to the use of rucio-
active trucers. Colchicine, becuuse of 1ts high speciticity
for cells thut pass throush metuphuse (Levun 19%9; Hadder
and %ilson, 1954), will affect only those cells tliut ure o-
ing, througl. mitosis simultuneously ut thre time of treatment.
Colchicine, theretore, uffects only a relutively homogeneous
sroup o' cells that are auiviaing s;nchiruonously.

1he secend type ol synchrony is prooucce when unicellu-

lar orgunisms ure exposed to a series of slort time physio-

g
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logical shocds (weut:en wnd Scherbaum, ldca). S;uchrony pro-
duced In this munner i1s calleu Incuced or unnatural syn-
chrony. Inuuced synclrony has been produceu successiully in
amoetue by James (1289, 1.60) wnd in bucteria by Hunter-
Szybulska et ul (1lUle). In fuct, this methoc has proven to
be so successl'ul thul u number ol systems have been develop=
ea since its origin. Campbell (135£7) mentions ei hteen sys-
tems thuat wure in existence ana many ol these are aiscussea
in « review by Scherbuum (1360).

In spite of its wide acceptunce, induced synchroniza-
tion does huve its owpponents. Therc is some ulsa,reement ws
to whetler or not the induced synchronized populuations of
unicellulur or,unisms wre¢ eguivalent to cells in the natursl
state (Mitchenson, 19£7) since synchronized cells are lurger
(Scherbaum, 1960) und have twice trne amount of DNA per cell
than thut contuainecd in cells o1 « nutural (unsynchronisedq)
povulution (Scherbawi, 1357). The guestion, taough well
founded, is ruther impractical, Ior the wdvuntages of syn-
chronizution preatly outwelilh the disadvantuges.

The auration of the mitotic cycle in sany particular
Case depends on a variety of fuctors: for cxample, Laughlin
(1819) found the duration of wanaphuse in onion to be temper-
ature dependent wna Brown (13%1) observed th.t the mitotic
cycle time of pea root cells varicd with temperature. rur-
ther, Frankland and Ward (1l€995) while measuring the time be-

tween fissions of a schizomycete, Bacillus rumosus, founa

thut cell aivision and growth were influencea by lipht and




te.perature.

The c¢uration of tle wmiiotic cycle oI clewving reiuoit
€06 S WeS measureda by Lewls wna urcgory (1229) using photo-
orupnye  Pincus (1320) wlso followecu the clewve_e vl rubbit
€..S5. Shumway (1941) has reportea the clewvege time in froyg
epks and tugl (1348) cites tne cluaviaoe time ol other om-
phiibians. seutren (1lofl) r coruec clewva e time of sea ur-
chin eg,5 in measuring tlucu.aations in oxy en consumpuiion
during the mitotic cycle.

Unlike cells ol 1.igher orgaiisms, the cycle time of
micrcorgunisms usually 1o & matter ol minuies rathier than
hours. This time cun be aeterminea by inaucca synchrony
(2euthen una Scherbuum, 1354) or Ly meusurirg cell number in-
crease aurin, the log-prhuse growth poeriod (Maalos wund Larg,
13¢£4).

In studylrn, the resviratory changes durir, mitosls,
Stern una Kirk (1940) hLuve been uwble to use anther size to
determine the avera, ¢ stu,e ol contalnea microspore mother
cells. Time in this cuse 1s o ruther poor inulcator. Never-
the less, time in most instances is the more practicul pur-
ame ter.

Cerlson wnd Holluneer (1248) tinea the mitotic cycle
0l' the yrusshopover neuroblust wura found it to ve three hours

twenty-cioht minutes. Interylivse luasted only twenty-seven
minutes wnu proved to be most sensitive to ultraviolet raai-
ation. Fell und hughes (1ld¥4s) combined phuse contrast wi-

Crography and cine-photomicrography to study the mitotic cy-
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cle in mouse cells. Trey observeu €ightecn Lutermitotic

times (interphusc) wnd itounae them to range Lros ¢ to lou
hours with wu.e moue veirn, at o hours. ulcrospectirophotome-
try, in auwuition Lo photouetry, was useu uy walker wna Yules
(1982) in thelr stuay ol DN. synthesis. Trey touanc that the
Interphuse of cl.ick reurt cells grown in tissue culiure lust-
ed for 10.7 FL.urs ana thut tre entire mitotic cycle time waus
1& to 16 hours. Cray wna Scholes (1981) calculated thie
mitotlc cycle time o1 Vicia fuba Ly celuying cells locateu
in the x-ruy sersitive se_mcnt of the mitotic cycle with x-
radiution. Using a i hly @mathcumatical upproach, they Ivuana
the mitotic cycle to lust from lc.4 1o <&.4 Lours, with .ai-
tosls being 2.6 hours ana interphiuse belng 1l€.8 to 22.8
hours. These vulues were corroboruated by Howaurd and rPelc
(19€1) usin, the wutoradlographic technique anu also by
Taylor, Wwooas, wnd liu hes (138s) whro found vctuploia cells
after 36 hours of continuous colchicinre treatment. In oraer
to be octuploia, these cells huu to complete two mitotic

cycles, thus piving an averuye mitotic cycle time of 18

hours.
Colchicine was wlso usec by kvans et al (1987) to de-
termine the mitotic cycle time of Viciu fuba. 1In this cuse

1t wus reported to be ubout <4.5 hours with interphuse veln,
20.7 of these €4.& hours.
Tritiated thymidine hus been used by wimver (1960) who

Studied the mitotic cycle time of Tradescantia root tip cells,

and by uastler wnc Sheraman (19EY) in investi_wtin. the vari-




ous sepments ol incerchuse in the mitotic cycle o6 mouse.
fadiouctive 1soloyes luve e asec b, lLornsey wnd Howard

(1296) wiu Falnter arne Drev (lofs) irn similar stuales. s

review of the proaduction wic use of tritlistea cowpouncs uy
Taylor (19<0) has recently been puolishea,

Trhie yutstions, what are wnce reg.iremonis Lor mitutic

competlonce «na in what oruer thiese Togquireaments are fullillea

(N4

My ve considered simaltuneously. The use ol Poa wiGa tri-
tlatea thyamicine plus Lie autoraeaiographic technigue les
ullowea the {ractionation ot interphuse into Gy (w rerioa
immecaiately ffollowin, telopl.ase wherein Dha synthiesis aoes
not tuke pluce), the § stuge ol interpnuse (whe.ein Lha syn-
thesis woes tuske pluce), wna uz (a periou iollowin, the o
Slugt 8nu just preceeulng mitosis wherein no DNa synthiesis

tukes pluace (Howara wnd Pelc, 13E1; Lo hes et al, luco;

—_—

"antephuse" wus pro-

uastler anu Slicraman, 1383). The term
posed ty Bullou,h (139L2) to apply to the stuce of relatively
low metubolism that exists in cells just beiore mitosis. It
is provable that Ug and "anteshase" wioe synonyms.,

The synthesis of chromosomal protein was reported to
occur durin, interphase simultaneously with Dha syuthesis by
Lowurd uud Pelce (1395<). They usea 535 anua the wutorudio-
sTeph techinique on the cells oi tlie root meristem of Viciwm

o~

Iaba  und found the 77 to Le uccumulated wbout tlhe sume
) Y
time as P which wws usea to measure DNa synthesis,
More rccently fFrescott (190)) meusurea DNa synthesis,

(nla) ribonucleic acic synthesls, wna protein synthesis in

’



syncrrunléeec opuletlioe vl Letradi mCha wc Lound Dhin syn-

thieslis to be nonlitear ana to occur first {ollowin, division.
aNA synthesils also occurred wi a non-lincar rule cut dia not
rewch. significunce until DN synthesis wus completed. DMost
of the RNA wus synthesizea just bel'ore auivision. Frotein
syntlicsis on the otlicr hinu proceedeu at a slow lineuar rate
aurinr,, the entire interpliase. rroteln synthesis therelore,
occurred simultuncously with DMNa wnc e synthiesls but never
ut the some rate.

The subjects of cellulus ener_etics, corbol.ydrute me-
tabollsm, .na resvirution huave been Investialeu Lor muny
yeurs. Tre work done Ly Swenn (1984) indicated u CO li Lt
reversiblce intitition or cleava e ol marine €,.,s. Lwann uls-
covered thul there wes o time belore which CO woula inhivit
the cleava, e immcdiutely followin, treatment. If treaztment
were perforuca after this time, only the second cleuvage
followin, treatment coulu bLe inkitited. Ewuann interpretea
these results us indicating the existence of un ATP (ude-
nosine triphos.iate) store ¢ mechunlsm which haa to ve at &
Certuin level beilore cleavu,s coula proceed. lis further
hypothesised that tiis ATP storage mechunism woula have to e
replenishec tollowing euch cleavage. This concept is sup-
ported by the work of Clowes wna Krahl(1927) und Krahl und
Clowes (19%7) whro ouserved that a ri I respiratory rate due
to uncoupling resultec¢ in the inkibition of cleavu,e in the
Séu urclin egy. They obtuined similur results with bLoth ni-

tratea and hulo enuated prenols when these comoounds were used



to iticrease OXy e€rn Uptuke . Leambur,er wna seuthen (1383) also
founa that DNP aelayed the uivision ol a synchronisea popu-

lation ol Tetral menua. Similar results were observea uy

Immers and nuwnnstrom (1960) when tlhey trectec scw urchin
€8 for only &0 minutes with o very low concentration or
DNP. The imuvortance of curbohyarate metabolism 1s empha-
sized by the work ol vullou h (1982) ana wilson, liorrison
and Knobloch (1lubfy). “These workers reporst thet trhe wuuition
of' a curvon source to a competent system ot aivicing cells
locatea in antephuse will increuse mitosis, thus sug,esting
thut untephuse is somewhut deperdent on a curbon sovurce 1or
the entrance into mitosis.

a4 compilation of the ovbscrvatlons reported concerning
the mitotic cycle wllows the construction of a mwael which
represents mosti of vhat 1ls Known Lo occur duriliy a single re-
volution ol thec cycle. Such « moael is lllustrated in Fig-
ure ¢, It shoulu be pointea out that this model is not meunt
to represent ubsolutely the relutive time of occurence o1 a

siven synthesis or rewction.

T

Interphuse ——~F—Mitosis~—4

o|lo Ol oo'

G DNA  Synthesls G

RNA Syn.

Protein LCynthesis

Higlh Carbohydruate Metabolism

Figure 3. liouel of tne Mivotic Cycle




l-ux‘l;i_:ﬂInLaS oL Aqul..['.UUS
lhinall LAFEaTinal DL PaOChou ik
The tissue used in these investijations was the Lrow-

ing root tip of risum Sativia var. rluska. fTne peas were

furnishea by the berry-iorse Seeu (ompany who touk pre-
cautions to make sure tle seeas were Glsease-free, of
relative genetic homogeneity, and hac not been treated with
any anti-fungal a;ents.

The peas used for experimentation were soaxed in cis-
tilled water tor six lours at 257G irey were then rollea
in paper toweling wnd moistenea. hext the peas, rollec in
paper towels, were pluced in an upright position in besakers
containing about one inch ot cistilled water. . sheet of’
Waxed paper wus then wruppea sbout each rollea towel after
which the peas were allowea to cerrinate in a geruinator at
25°¢. Germination continued until the pea seedlings hud
roots thut were between two and one-half to three ana one-
ball’ centimeters long. st tiis time the seeclings weie col-
¢cted for treatment.

cecalings witl: roots of the vesirea length vwere sus-
Peénced on waxed, one-quurter inch wire wmesh «wbove €CO ml.
beukers tlot contuined one-fourth strength Low.lwic's

r

- € Ve 1. )
‘e contents of one-yuarter strengih

nutrient solution.
. N N LI oon y . ith’-

Eoagluna's solution are listed below iun .ress per 1
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They remuinea in the nutrlent solution for a minicum ol four
- - ¢ gol- - 2 . 5 + o i ~ LR SN . -
hours at 22.57°C. &sll soluti.ns were scrated by a fine strean
of tubuvles of filtered air anc this aseration was continued
throughout the experiment.

followir, the stay in nutrient solution, groups of
seedlings were chemically treatea by placing them, still

suspended on the wire .esh, into beukers containing &

solution of the chemical =nd nutrients. when the cheaical

treatment had becn completecd, the seedlings eand wire mesh

were washed with cistilled water und returned to beakers con-

tairing only nutrient solution.

41l solutions usec huza a ph range cf £€.8 to &.7. 1 L ECL

and a 20 WOF solution were used 1n cuces where ph aqjust-
nents were necessary.
fhe colchicine emplcyed 1n these investigatlons was a

93.9 % pure prepuration purchused from Light's Organic
Chemicals Ltc. Its structursl formula (kulcoon, 1350) has

been deterained to be:

CH2

CHNHCOCH3

CH,0C C C
TN c/ NN oy
2 H I I
3 CH ﬁH
O:CI COCH




6ll colciiicine soloticns we.e prepured 1rive winutes ve-
fore use to insure u miniuun ol chemical aecay, since col-

Tectiveness when allowed to stegia

e

chicine lcses some ol its e
in solution too lon.. Tre cucation of trewtment with ‘hese
solutions was 20 mirutes or less.

Samplir, wuas cone utl two hour intervals unless specitieu
otherwise. In ull cases i'ive saumples were taken at ile
desilynated time.

The collected root tips were immediutely immersed in a
fixative made of three parts ethyl alcolol zna one part
glacial acetic wcid wund placed in a vacuum for about 10
minutes «nd then storea in a refrigerator.

The fixed root tips were Lydrolyzed lo to 20 minutes in
€.7 N IC1l at 609 . The ECl was then decanted and leucobasic
fuchsin \Schift's reagent) poured into the vial contalniry,
the root tips.

niter the root tips were stainea a very cark purple Dy
the Schiff's reagent, the highly stainea meristemutic region
was excised from the root ana placed in & arop of & O.lj
Fast Green in 4% acetic acia solution. The tissue wus th.en
thoroughly macerstec with the Clut end of a solla pluss roc
after which the whole mass was stirrea to ensure as eveu &

: o SR Y i O
distribution of cells as possible. & coverslip was placed on

) . 5 1 ; [Lloame .
the slide und then they were heated pently over & low [lum

P . s . 5 I'E -
ixcess muterial was renoved by firmly pressing the preps

X . \ ed in
rution between puper towels. ‘he slide wus then plac

1, 1C%
en alcohol solution of 90% tertiary butyl alcohol und 1



ethyl alcohol to weljcrane, Followir, delLyaration the sliue
WeS Mud€ permanent witl, ulaprane,

Treutment solutions were meae 1ron the tollowing chemi-

culs:
H
H o
3 P N
o \c VO, ﬁ \Tcl
c C c ///,c
\\\c5¢§? \\\\q///’
Noz cl
2y4-dinitrophlienol, 2,4-dichlorophenol,

potassium fluorice (Kb), una potussium cyanice (rol). Lhe
source of DM wus Rastmun Chemical Company; DCP was pur-
chused from Light's Orgenic Chemical Company; KB una KCN
were obtainea f'rom the Baker Chemical Company.

The DNP solutious were preparea by pouring heated uis-
tilled water intc a flask contalning a small amount of LNP.
From this solution the uesired councentrutions were mude by
ailuting with uistillea water. 1In all the experiments util-

-y ..
izing DNP, the concentration wes 4.3 A 1077 M.

Solutions of DCF were muce by adalng the welpled amount
of UCF to a flusk containing distilled water. This solutlion
was then placed on a maupnetic stirrer to assure complete ais-

solution of the LCP. Treutment solutions of DCP were pre=

* DNF - xception
pared in tne same menner s those of VNP, the one e E

ati ' , S 403)\
being that the treatment concentration ror DCP wu

10™4 M.



w1
Kb ana KCHN solutions weie mace in much the s urme manner
ss those o DNP and DCP. The use of KCN necessitatea Lle
use of the hood for all its hLandling inclucing the experi-
mentation. Wlen experiments were being carried out in the
hoovd, environmcntel cuncltions were equivalent to thiose of

experimentis not conducteu L tre hoouw.

[
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within the merlisten ¢’ o growling pes root, there is a
fruction of thre cell populution that is revolving in the mi-
totic cycle. In the presence ol ol elfvctive amount ol cul-
chicine tiiese cells as thiey puss taroagl. mitusis will Leve
clumped and/or scatterec metapieses (Eauuer ana wilson,
195s). Some of the cells huving wuerrant metuphases will in
the followin, mitosis be tetraplolc wna tierefore cistin-
pulshable from the cells not aflected by the colchicine
vii.ich remuin aiploid. In the pea reoot, uipioic cells ana
tetruploiu ceils conteln 14 ana <o chromosomes respoctively.

These l'acts present the possitillity of proaucing & te-
treploid population of cells by treating ihe meristem with
colchicine for a short perioa of time. The tetraplold or
marked cells shoula te only those thut pussea through mete-
phuse during tre time of treutment. These cells shoula also
te relutively homopeneous with respect to position in the
mitotic cycle wna counsequentl; divice somewhut synchironously
in subsequent mitoses.

To test these hLypotneses, thrce experimentis were per-
formed. The iirst is compousea ol two purts. Fart vne wes
carriea out to determine whut relationship existed between
the concentrction of cclchicine and the deygree wnd aurution
of effect. Figure 4A shiows gruphiculiy the rutes ol uppear-
ance and disappearance of clumpec w.d scattered metaphases
following a 30 minute trewtment with colchicine conceutration

of 6.26 x 10"% N (curve A), £.63 x 10™% i (curve B), £.0 x
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10'4 M (curve C), 4.236 X 107° t (curve »), «nd .76 X 1074

(curve b).

Cince the raste of uppearance ol aberrunt ietaphases is
very similur for uall concentrations used, little attention
will be given to this part of the uata. On the other hana,
the recovery curves or the rates ol alsappearance ol aberrant
nietaphuases show a great deal of cifference. between one and
two hours the curves begin to reflect the different amounts
they represent. %The number of abnormal divisions is alresdy
decreasing at this time for 4.23 & 10”4 M (curve D) and
576 X 1074 N (curve E), while the three hi,her molarities,
tizough not uecreasing, show no net gailn in clump and/or
scattered metaphiases. At three hours ull tilve concentratious
show either u decrease or no net increase in effect. iron
the general pattern of these recovery curves it can be suid
that the rate ol recovery from a 40 minute treatment with
colchicine is more or less inversely proportional to the
concentration.

It should be mentionea that the curves as shown in
Figure 44 and 4B have not Leen subjected to stutisticul
treatrnent to demonstrute a siynificant cifference vetween
them, since the existence of a statistical aifference is ir-
relavent to the more practicul purpose ol the experiment.

In addition to testing the two hypotheses mentionea pre-
Jiously, the experiment wus also performed to determine what
concentration of colchicire woula procuce a tetraploid pop-

ulation of u useble size and o minimul aistrivbution in the
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mitotic cycle. 4 populution having these characteristics
should be ezsily distinguishec because ol' 1ts pronouncec
maximur and minima. Further, colchiclne has « cytological
eiffect that changes both quealitatively and quantitatively
wlth dose. These chunges hLave been taken into account by
I'adder ana Viilson (19tob) in their analysis of the colchicine
effect on pea roct cells and by hyppio (13&4) in his oc-
servutions on the resicuual cytological effect of colchicine
al'ter short time treatments using the same material. The
cytological effect ot colchicine, as indicated by these
studies is statisticually analyzable during continuous treut-
ment, however the recovery curves observea al'ter a short
time treatment are not mathematicslly intelliguble if both
the qualitative and quantitative changes are taken into ac-
count. Figure 4i represents only the quantitative change
after treatment anu therefore does not show entirely what is
happenin;,. On the other hand, a plot of the percent of
clumps und scutters upainst tiire auppeurs to be the only
logical way to illustrate a correlation between the numuver
of cells affected by colchicine anc the tetraploia cells
originuting from the aflectea cells.

The second part of the Iirst experimenti concerns the
measurement of the number and aistribuiion of tetraploia
cells produced by the &0 minute treutment with the concentra-
tions mentioned above. [ilgure 45 represents the results of
these measurements.

Vihen considering the general pattern of the curves in



Figure 4B the followin, chuaracteristics are uapparent.
1) 411 the curves have & maximum at twelve hours.
2) The curves are more alike from eight to twelve

hours thun from twelve to eigliteen Lours.

w

The distunce between the first appearunce of tetra-
ploids at eight Lhours and the first minimum is ap-
proximately proportional to the molarity usea.

4) The uarea under the curves between eight hours and
the first minianum is also somewhat proportional to
the molarity used.

Moreover, ua comparison between the curves of Figure 4a
and the curves of ligure 4b show that the number or tetra-
ploias is proportional to the number of uwberrant metaphases
and that the alstribution of the tetraploid population re-
flects the rate of efiect ana the rate of recovery from a
treutment with & piven colchicine concentration. The slower
the rate of recovery, the grewter the aistribution of tetru-
ploids.

To determine more accurately the nature of the re-
lationship between the number of abnormal metuphases una the
number of tetraploids, the datsa shown in Figure 44 were ex-
pressed &as the number of affected cells per thousunu cells.
The conversion was done in this manner: the average mitotic
index (the number oi aividing cells per thiousana cells)'in
the pea root wus found to be about 70. One-hualf oif the 70
dividing cells were post-prophases; therefore, 1l0J0x on the

orainate of riypure 4» is equivalent to &5 uberrani metaplhases.
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ihe use ol the proportion, ——= us == , where Y is tle
/e 4

percentage 4s read form rilpure 4n ana A is tne namver of at-
fectea cells per thousuna, completes tlie conversion.
Furthier, since the polyplold inaex 1s exprescea as the
number of tetraploiou cells per thousund cells, consiceration
must be given to the relative contribution of cividing cells
to the thousand cells after one complete revolution of the
mitotic cycle. ‘the affected cells Go not unaergo cytokinesis,
hence they contribute but onec cell to thie total population
of cells in the meristem. ‘he unaffectea cells however, o
undergo cytokinesis wna thierefore each aaus two cells to
thiose of the totul meristem. The rutio of cells contributea
by affected ana unafiected cells is then 2z or 0.5. The net
result of this aifference is « ullution of the tetraploid
populution by factor of 0.5. Tuxking into account this i-
lution factor, the following relationship exists between the

affected cells anu the tetruploia cells.
Mg N

(F)(=2) (0.8) = (B) (%)

LUm Dm

WWhere P is the probability of a cell completing a revolution
of the mitotic cycle,
N, is the number of affected cells per tho.sand cells
observed from time t, to time t,,
Ny 1s the number of tetraploid cells per thousanu cel.is
counted between eight hours and the first minimum as
shown in tigure 4b,
v, i1s the length of tine a given cell i1s observed in

mitosis,



e
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to is the time the experiment wuas vegun, wnu

t] is the time the recovery curve hus & value ol vlen

affectea cells per trnousana cells.

Lp for the atfectea cells 1s approximately 1.5 hours,
while Lm for the tetraploid cells is three hours. 7The aif-
ferent values for D, sre due to the fact that colchicine af-
fects only post-prophase cells. Therefore, the amount ol
tire a given clumpea wng/or scatterea uctuphase can be oou-
served is 1.9 Lours. un the other lLana, tetruploids are
counted in uall ste.es of mitosis una thus are ouserveu
throughout the three Lour mitotic period (Hyppio, 1354).

Calculutions for i1ive molarities of colchicine sre

vlven in Tuble I.

Table I. The unelatlonshiip between Colchicirne

Concentration and N, ﬁf, and N

)

Culiv LNy TTOM e ba It
<

6.26 x 1074 N 600 300 £33

5.8% X 1074 1 534 267 250

5.0 X 1074 K 467 255 163

4.8 X 1074 N 263 141 125

3.76 X 1074 M 260 140 116

The data listed in able I suy,est that a one to one
relationship exists between the number of affectec cells ana
thie nuuber of tetraploiu cells. 4t higher concentrations

this relationship is excellent, however at lower concentra-



tions there 1s less agreement betveen the datu. This lack
of agreement is probably cue to the fact that a greater pro-
portion of uffected cells ure scattered metaphuses when
lower colchicine c¢oses uare used (ladder and Wilson, 1283),
and the probability oI a scuatltered metuphase becoming a
tetraploid cell is much less than one. (4 scatterea meta-
phase is less likely to incluce all of the chromosomes in
the reconstituted nucleus becuuse they are aistributea
throughout the cell. If a recounstitutea nucleus aoces not
include all the chromosomes 1t probably will not adivide
again). On the other hund, the probabllity of & clumpea

me taphase becoming a tetraploid cell is almost one (hyppio,
1984).

The second experiment performed to test the hypotheses
was to treat pea seedlings with the same concentration of
colchicine for various lengths of time. The molarity used
was 5.0 & 10°% M una the treatment tises were 10, 15, £0,
and 25 minutes. 1 secondary purpose of this experiment was
to determine whether or nol an improvemsent could be mace on
the rate of recovery as well as the prouuction of & tetra-
ploid population of appreciable size ana limitea aistribution
in time. Figures 5a wnu &b show the results of this experi-
ment. I'igure & inclcates that the percent of allectea
cells 1s iincreased with treutment time anu thut the rate of
recovery is approximutely inversely proporti nual to the
duration of treuatment.

rigure 5B inuicutes tlie possible exlstence of & threshola
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that must be exceedea 1n oruer to proauce & population ol
any notable size. The thresholda in this cuse wus exceeced
only by the 25 minute tre.tment.

The thiru experiment was uesignea to cetermine whetler
or not a tetraploia population woula auiviue somewhut syn=-
chronously for three rcvolutions of the mitotic cycle.
Figure 6 shows the experimental results. ‘lhe population
illustrated in Iigure 6 was forrned vy a O minute treatment
with ¢.76 X 104 M colchicine at zero hour. This population
aividea syichronously for at leust three revolutions of the
mitotic cycle. 7The synchrony, however cecreaseu with each
revolution us indicatea by both the lowerin, ol the maxima
and the increused dispersion with time of the tetraploia
cells. Inceed, i1 a curve 1s druawn from maximum to maximum
and extrapolated to include at least three .iore mitotic
cycle rcvolutions, it appears as though no synchrony remains
after this time. At this point the zurked population woula
be equally; ulstribuvea throughout the mitotic cycle.

The appeurance of two maxima auring the thira (III)
division is another interesting obtservation. Lviaently there
is beginning at this time a sepuration between cells that
are revolving about the cycle ut diffcecrent speeds. The first
maximum being the faster cells; the second being the slower
cells.

Figure 6 ylelus another very important piece of in-
formation. The aistance between the muxima of uivisions I,

IT, ana III averasges twelve lLours ana since each cuivision
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represents a complete rcvolntion ot the mltotic cycle the

twelve hour avera,e is tie total cycle time ol the meri-

. . o. O, L. .
stematic cells in the growirn, pea root at 2<.97°C, wiich is

in agreement with brown's (1lvil) estimation or' the cycle tize

in the same material.

1)

L)

4)

SvleY UF CoSEnVALTIONS I
lboses ot colechicine exceeaing a thresnola vili pro-
auce a tetraploid populution.
Thic size una cistritutlion of tle marked population
1s veterminea primarily by the rate ol recovery
from a given uvose.
The rute of recovery from a treatment ol colchici:e
1s upproximately inversely proportionual to both the
concentration and the wuration ol treatment.
A murked population of cells willl diviaue synchronous-
ly for at least three revolutions of the mitotic
cycle.
The mitotic cycle time of pea root meristem cells

i1s upproxicately twelve hours at wz.L°C.
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Originully two hypothscs were made concernli, Lhe use
of colchiciire in markin, « naturully synchronized population
of cells. 'Yhese Lypotlieses were: (1) stort time exposure to
an effective concentration of colchicline should tu, a roup
ol cells thut puss througl mitosis auring tl.e time ol treat-
ment, the ulstinguilsi.ing mark beiin, a aouvling of the nunver
of chiromosonics w.d (2) the marked populutlion shoula aiviue
somewlhiat synchironously uuring the successive mltoses.

The experiments vertormed to test these Lypothreses 1n-
dicated tliat t!eyv are reusonubly correct. In fact, the aata
presented in Fi, _ure ¢ w.prouches the ldeal curves of (uustler
(1360) for systems having a constuant speed of proliferation.
This is probubly due to the fuct thut colchicine uffects only
a smull portion ol the mitotic cycle of a cell., In psa Lhe
duration ol metuphuse is between 24 una L4 minutes (browa,
1981; typplo, 1954) t:erefore, the colchicine is etfective
auring 1/%0 to 1/12 of tre cycle timec. This mi_ht be compar-
ed with the use of the deoxyritonucleic ucid (DNA) luoclea

with, P32 S

or HY-thymicine. In mouse¢ intestine ceils the Lha
synthetic period is about 7.8 hours wuna tle totul cycle time
Is approximately 19 hours (wuastler, 196J0). The fraction of

cells lubeled would tl.en be 7.5/19. In Tradescuntia root

cells tris fruction is 10.8/20 (Wimber, 18960) und in mouse
EY rlich uscites tumor cells 1t is 12/18 (Hornsey wnd Howard,
1956). It is suspected that the smull fruction of cells

labeled by colcliicine wuccounts for its approack to lcealivy.

4



¢n

The loss ol synchrcny wna the continual rundomization
of cells in the mitotic c¢cycle Ls ulso iliustruted in rigure
6. These two pleromena are by neces:city inversely propor-
tional to euch otler. For exuample, 1I' continuel ranaomica-
tion aia not tuke pluce with time tie ulstribution oi the
gurked ponulation would te similar 1o the alstrivution of the
aftected cells (Figure 45) lor «ll successive mitoscs. Obvi-
ously this 1s not the cuse as inuilcuatea LY l'igures 44 und 4B
ana Fi,ure ©.

nandomlization is primarily duc to cells that are re-

volving in the mitotic cycle at ullierent speeas. This aif
ference in totul cycle time may bLe cue Lo un over all slow-
ing down of ull the processes of the cycle or it muy uve aue
to u delay in some particular secyment of the cycle (wuust-
ler, 1960).

In any event, ruandomization uoes tuke pluce In the pea
root und one of the factors wiuing ruandomiswaiion is w ait-
ference between cells revolvin, in the cycle at difierent
speeds. This is eviuent {rom the fact that the population
shown in bFigure 6 has o« lower maximum witl: euch successive
mitoses und therefore a wider buse between minima as well us
4 general sepurution of fust «na slow revolving cells us
shown by the two muxima in division III.

In spite o1 the effcct ol randoniszation, the technique
developed by these invesiijations aocs present un excellent
method for studying the different stayes of interphase since

sSynchronization lasts for at least three division cycles



(rigure 6).

Measurements lllustrating the «ifl'srences that occur
aquring interphuse arc significant only in teras of their
relationship to the controls. 'hese differences however,

are real and repeatuble as will te seen in the followin,

discussions.



Or&iuv . TIUNS II

The plysiolo icully aciive chemicals usea L0 investi-
pate the hypothesis that differences muy exist in cells
whiclh are in uifferent segments ol the mitotic cycie were
those that may be classified as respiratory ,oisons. The
first of these wus <, 4-ainitrophenol (uhk).

LNP was used for a4 number of reasons, some ol which
are.

1) The cytologlcul eftccts uf UNP i.au been well
aescribea by Muhling et al, (1360). for the
pea root cell. These eflects are visible wnd
Leasurable with the «ia of « li ht microscope
and wr'e representea by an unusual accumuluation
of lute-provhuses,

2) The cytolo,ical eftects of LNP are reversibie
«t non-toxic concentrations (Muhling et al,
1260) .

) The physiological wnu bioctiemical effects of
DNP are relutively well known (Simon, L1953).

4) DNP affects probubly one of the most basic
processes of living protoplasm, namel;, the
process of bioenergetics. Therefore, in se-
lecting a chemicul cupuble of showing the ex-
istence of physiologicul diiterences in the
vurious cycle segméuts, Dhkr seemea to be the
logical choice.

The t'irst experinent utiiiszing DNP was carried out in



the followin, .onrcre: o tetraploiua Jopul.tion wus foraea
by treuting pea seeclings tor ¢O minutes with ¢.7¢ & 1074 N
colchiicine. Four hours luter, vy which time nearly all the
Marked population was in early interpliase, a singile roup
of seedlings contulcing u marked population was exposea to
4.5 % 107° M DNP for 15 minutes. A similur L, POUD WaS treat-
€d r'ive hours ufter marking, still another at six hours,
«na etc., up to nine hours ufter colchicirne treatment. By
nine hours the tetraploid populaticn hua passea through the
Interphuse segment of the cycle wna was «lreacy entering
mitosis.

Fi ure 7 shows the time of appearance anc the aistvreivu-
tion Of the untreatea control population, the population
that wus treuted at I'our hours (e«riy interphuse), ana the
populution trat was treuwtca at 8 hours (late interphiase).
These curves inuicaute that a dirterence does e€xist between
eurly und late interphase. The tctraploia cells that were
treatcd ut the 4th hour sntiow voth a two hour aelu; in
dppearance in mitosis and & decreuse in aistribution of the
marked cells. On the other hand, even though the ei.ht hour
curve also shows a two hour deluy, the population hus an
increused distribution. Ir aduition to these observations,
Figure 7 sug,ests that in order to carry out investijutions
involving two cycles, only early interginase troatments
woula be prucﬁiCul, for too much synchrony is lost if ukP
treatment is given when the population is in lute inter-

phase.
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Becuuse it vw.s noteu that o 1& minute treatment with
DNP at 4 hours resulted in a two hour celuy in tre ap,.ear-
ance of the muarked population, the gquestion wrose as to
wlhether or not u series of 10 minute trecatments at two hour
intervals would cause Lhe tetraploluas to be delayed longer
thun two hours. To answer this guestion the roilowing cx-
veriment was designed. Four groups of seedlin,s were usecd.
ile Iiprst wus the cuntrol, thie sccona wus treated utl 4 hours
al'ter murking & population, the third was treutea ut 4 and 6
hours, and the fo.rth was treuted at 4, 6, ana 8 hours ufter
colchicine treatment.

The experluecntual results are illustruted in iigure c.
Tliese ugaln st.ow a uelayea sp,eurance of the trewted pogu-
lution as compured to the control. (ki ure 8 woes not con-
tuin the results oi the 4, 6, una 8 hour treated population
vecause, ws stuted previously, a populaticn treuted in late
Intervhuse is too dispersed tor any useful measurement to be
made during the seconu division). sgain the distribution
W48 decrcascd by trewtment. There are, however, two aaal-
tional obsgervations thut ure ol muajor importance. These are
(1) the celay in the tirst aivision is no greuter when a
population is exposed twice to uNP and (2) the population
that wus treutea twice with DNP appears on the uverage two
hours earlier in the secona aivision thun the single treated
population. Moreover, the cycle time i'or the 4 and 6 hour
Lreated tetruploius is oi the orucr ol ¥ hours whereus,

the cycle time tor the control ana the 4 hour trewtea cclls
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is about 10 hours. Theretore, it may Le stutea that tie

duration o. tne mitotic ¢cycle between divisions I and II

wasS aecrewsea by Lne aovuuvle Lrewtment with DNE.

Nuturally, a number ol guestions wrose concerning Lhe
cause ol the effect exhilbited by the double treatment. One
of these involved the necessity ol a double exposure in
eurly interphase. fThe accelerated cycle was possibly the
result ol treating a group of cells locuted in a purticular
part of interplicse thut cold respond aifferently thun
other interphuse cells. The argument seened probuavle, for
cells thut were exposed twice may have resumea revolving
in the cycle al'ter the 4 hour tre-tment, and tious occupled
u uifferent sepment of interphuse wnen the 6 hour tre«tment

was piven,

To unswer these questions, an eXperiment weus aesigned

thut involved the troutment of ciflerent populations at 4,

. 1] pe g s al'€ SI in
5, anG 6 hours. The experlmental results are shown 1r

Fi ure 9A, 95, unu Yo. The results ol a similar experiment

are illustrated in rigures 1Oa, 103, and 10C. In each cuse,

the experiment was carricd through two revolutions ol the
mitotic cycle.

It is evident from these data that only & single treat-

e ; ime and
ment with LNP is necessary to uecreuse the cycle time a

further, it is appurent that the cells in the tilth hour

. . N aC ‘l_
se,ment of tre cycle are the only cells thut show «n ucce

eruted second cycle.

st DN ’ 1ls
The effocts of a short time tre-tument with DiNF on ce
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in different se.ments ol thie mitotic cjcle may LG Swimeriz-
ed zs follows:
1) Cells in the tousrti,, 1ifth, «nu sixtl Lour segments
oi interpnase are, us conipurec to control,
a) ususlly deluyea two Lours velore entoring lnto
aivision und
b) generally less disperseu and therefore vetter
synchironized.
2) Cells in late interphase (eiglth ana ninth hour
seg,...nts) aiviue luss sync.ronsusly as cowmpared

with the control while,

(&)

cells of the tiitl hour sepment alviae earlier in

tl.e second division then either the control, the

fourth hour treated or the sixth hour ireatea popu-
lations.

DNP has been claussified for quite some time us an
Oxldution-phosphorylation uncoupler, that is, when living,
tissue 1s exposea to ulNk, OXy.cn counsumption usually in-
creas.s markedly while tle procuction ol" phosphoryluted com-
pounds show no parullel increuse (Loomis anc Lipman, 1344).
LEP migh.t be culled the clussical uncoupler «lthougl. there
are nmuny other similarly actir, compouncs. One ol these is
<, 4-dichloropnenol (LCr). LCPF has been shown by Krahl and
Clowes (1lud7) to allect seu urchin eges in u way similar to
LNP (Clowes wna Lprahl, 1957). DLJP Lus ulso beenreported os
having the sume cytologicul ell'ects as DNP only at greuter

concentrations (Muhling et al, 1lu60). Furthcrmore, DCP hus



been shown to exhliuvit the swne plysiolo, ical eliccts as DN
on vlent tissue (uaur anu svevers, luly). Thereiore, it
seemed lo,ical to wetermine whether or not DCr would have
the sume elfects as ulNr on cells in aifferent segments of
the mitotic cjycle. 'he resulis ol un experiment where cells
were treated at either 4, o, or © hours al'ter murging are
shown in kigures 1lla, llp, ana 11C. It is eviuent thuat the
experiment witli DCP corrovboruates tiose of DhP und that the
summary of the eftects of UNP wlso upply to LCP.

Verification of the LNy results by Lo? stimulated some
speculution as to the nature or cause of' the uccelerution
of the mitotic cycle. wLue to the interest shown in the
biochemicul activity of AP u larye number ol reports have
been publishied deuling with this subject. In cousidering
these, it appeuars thutv perhups the most generul ellect of
DNP in vivo is the uctivation of the enszyme adenosine
triphosphutuse (A1Puse) (Clooper anc Lehninger, 1307; ren-
:.1all, 1960; :.ilimun et al, 1460; Simon , 15L3). This ac-
tivaticn could result in an increuse in the intracellular
concentration of ADP (wuenosine uiphosphate) snu by (in-
organic phosphate) since ATPuse culalyzes the following
reaction:

ATP -=------- > ADP ry

The charucteristics of the DNP-stimuluaitea aTPase reaction
huve been reusonubly well uescribed by rullmen et ul, Llocy).

turther, since the rate of anaerovic glycolysis hus

been reported to Le depencent on the concentration of aup
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Chunce wna Less, lved;, wmmlot anc pos, lvcd; Lhess una

Chunce, lvol; Jolnson, lv4dl; Laucuy anu Parks, LJvo;

Lehnin, er, 1487), it is quite possible thutl the accelerutea
cycle muy be the result ol u temporary stimulation ol the
bnvden-heyerhol peathwey cue To u« momentury increuse in in-
traucellulur aupP wna ki. I{ this were sou, then a coabinuation
of un unaerobic glycoiytic inhibitor wid DIP should shiow

a aitterent response thun either the glycolytic inhivitor

or LNP used singly, rigures lon, lep, 1eC, ana lecp wnu lip
show the results of such &n experiment. In this case the
inkibitor fluoriae was usea. The use of fluoriae was based
on its ability to form « complex with mugnesium which is

4 necessury cofuctor for ernolase. Figure lZa represents
gruphiicully the effect of a 10 minute trectment at the
fif'th hoiur with 0.01 M fluoriue. 'The uuta inaicate thuat the
fluorice huaa little ini'luence on the tetraploiu population
anu its uppearuance in aivision II.

Figure lep however, shows that & similar trewtment
with 0.05 M Iluoriue voes aelay the appeurance ol the markec
cells in uivision I but does not aecreuse the cycle time be-
tween divisions I ana II.

Figure 12C supports previous observations i:. thut a 1%
minute trewtment at the 1ifth hour with uNF both celuys
division I und accelerutes the cycle leaaluy to division IIL.

Figure 12D shows the results obtained by a combined
treatment with 4.52 a 107 W LNP and 0.01 M fluorice ut

the fif th hour. The combiied trewtment obviously deluyed
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Y,
the vopulation unu cuaused aun increwse in synchrony. Kore
importunt however, the accelerating ctlect of UNP wppears
to be somewhatl dampenea b, tne 1luoriue. «» compaurlson be-
tween rlgures 1<C una lb certainl, sucgests that an in-
Libition has occurred.

The inhivitory eftect ol fluoriue 1s ruather pronouricea
when DLNP una 0.5 I f'luoriue are combined. tigure ler
shows a very pre.t uelay in the tirst civision ot the murked
population. This leng,thy deluy is probubly the rcsult of
both LNP und the 1luorice, since LNr ltsell aeluys andg,

«S rigure leo inuicates, the 0.0 M 1luoride also proauces
4 aelaying eflect.

The observations muwue on the 1ilth hour segment of
Interphuse with these experiments muy be summarized us:

1) 0.01 M fluoride appears to Lave no effect on the

population in any way,

2) 0.05 M fluoriue proauces & delay in the appeurance
01 the murked cells in aivision I vut aoes not ue-
crease the auration ol the cycle between divisions
I ana II,

%) Trluoriue when combinea with ULNF tenas to prevent
the cecreuse in cycle time between the 1irst and
secona division alrter treotment.

Tliese observations supy.ort the hypothesis that con-

aitions favoriry anaerovic piycolysis aL tne 1'itth hour
seyment tena tu uccelerwte the second mitotic cycle tollovi-

ing treutment. There is, however, some question concerning
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the specificity ol the inhivition u, I'luoride. rullmun
et ul, (1960) have shown thet potassium fluoriae will in-
hibit the uctivation ol slPuse by NP to a uegree. 7This
inhibition occurs because mu nesium is o cof'uctor in the
reaction catalyzed by attrase. The effect of fluoride
therefore, may not be the resuit ot enoluase inhibition cut
ruther the result 51 the inhibition ol AlPuse activation vy
DNF. hLence some aoubt remained as to whether or not an-
uerovic glycolysis wus favorea by a short time treatment
with LNY. It seemea quite possiuvle that voth nTruse uc-
tivuation und unaerobic glycolysis were etlectea by the
fluoriae.

pecuuse of this uncertuinty wnother series of experi-
ments involving the use ol polussium cyaniae was aesigned,
Potussium cyunide was chosen vecuuse its uce in u short
time trcutment would tena to increuse the rute of anauerobic
glycolysis. This woula presumably come about by increasing
the wmount of intracellulur sDP and Py. is pointed out
earlier, the increased avallubility of LLP «nd Py should
increase the rate ot the Lmvden-Meyerhof puathway. rotassium
cyanide, moreover, airfers ygreutl, from LNy in the moae of
inhibition. Cyunide does not uctivute aTruse nor aces it
increause oxyg,en consumption in the treuted tissue. Cyuniue
does however, inhibit oxy,en consumption wna prevents the
operation of the cytochrome system by combining with enzymes
having metalloporphyrin units.

The first series of experiments with cyaniae was de-



sighea to find out i1’ it Lhad Lhe sune eil'ect «s UNP oOn cells
that were in luate interphasce. Tne concentration used in
these e€Xxporiments was 4 A 107° M. This councentration wus
shown by rcichenberger wuna Uiimenn (1357) t. inhibit resgira-
tion in the pea. >rigure 1l siows thut a L& minute treatment
at 7, 8, or J hours celwys the cells u Little vut uoes not
uppuroach the uegree ol deluy proauceu by DNP.

Figure 14 s incdlcutes thutl a similur tre.tment wiih
cyanide at the tifth hour aoes not improve the synchrony or
the populution even though it is welayed. It is importunt
Lowever, to notice that the second appearunce ol the popu-
lution occurs before that of the control. fTherefore, «
fitth hour treutment with cywnlde prouuces the sume result
us DNP with regwra to the time ot onset of the secona ai-
vision atfter treatment (Figure 14 p). when « coagarison is
mude vetween rigures 14 a wnu 14 b, the dillerence wnu the
similurity of these two chemiculs ure well iliustratea. It
1s wlso interesting that wien the population wus treuted at
the {ifth hour by DNP anu cyanide combined, the etfect pro-
duced was neither complementury nor wuntagonistic (ligure 14
c).

The next series ol experlments involving potussium
Cyaride wus uesigneu to detecl ullferences, il uuey existea,
between the fourtl,, filtl., «nd sixth hour segncnts with rc-
spect to the proauction 0! «n acceleratea seconu cyclie. ‘the
duration oif treatment unu the concentration ol cyunide usea

in these experinents werc the same as thiose mentionecd ewrli-
i
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er.

by compuring the gerneral puttern ol the curves st.own in
Figures 1& n, 1t b, unc 15 C it is evicent thul trewtment
wiuh cyanice ot eurly interphuse csoes not proauce « aeley in
the uppearunce ol the tetraploic population wna oniy thre
'ii1th hour treutment brings about wn wccelerution ol the
second cycle following treatment. Furthermcre, rigure loc o
shows that the uccelerated secona cycle cun be prevented
somewhut by 0.01 M fluorice.

These results sugg,est turther Lthat conditions resulting
in an increase 0l snaerobic glycolyeils during the tifth hour
Secprment ol the mitotic cycle results in a cecrease of the
cycle time of the second aivision following treutment.

A summury ol Lhe observatiovns mude on the cywniae ex-
periments is outlined below.

1) Cyaniue coes not improve or secrcause the synchrony
of populatiosns treated in either lute or eurly
interphase.

2) 1he deluy proouced oy cyunide appeurs to be the
result ol « general eflect on all cells in the
population.

) Only the {irth hour segment of interphase responds
to cyaniue trestment in the production cf an uccel-

eruted second cycle.

4) 0.0l il fluoride prevented the ~cceleration of the

secona cycle prouuceud by cyaniae treatment at tie

if'th hour.



)

Pa1BRAI] (== — — —) {TOIIUON ()

*uo1y3Tndod pioTdralaq 911 JO UOTISTAID DUCOHAS DUR 3SJITI 9yl UO

SUIDTIOTOO 3 M SUTWIRM J34T8B Sanoyy § IRW ((T3T @an?1q) sptxoury % T0°0 snid
3D TURKO Wy 3-0T Y ¥ JO pug (237 2an11) sano | g ‘(4937 aan9171) sanoy 3 ¢ (V3T

SINYTT) sanoy $ 48 snTurko I 9-0T Y 7 U3 TM 3UswWlBaJI] O3NUTW GT ¥ JO 398JJ3 21

< I31 san17 NG AandTd
Sanoq 33 2 08 9T AN 3 sano [ 23 $3 02 91 ol 8
LA 7 T 7 T r - ' Y
Ln -m_ 1z
4 < -
i)
1¢ & 1¢
- TL. -
jol
15T w 13
5
L o L
o
1T > 113
{2 1L2
] i
QT ean91 7 V3T aandt1g
SdnNoll Q2 2 07?7 9T 2T 8 sanoy z¢ 83 93 02 9t 2T 3
r ! T T 1 T T v T T 1§ ¥ v v | m—} T T T T x.
o
12 2 " I 1¢
. < <
le & ]
J o @
1 g 9
c
15T 15
d =
g .
{17 % 1té
Qbm QBN

xaruT ntoTdATOd

xanul ptordL10g



5) Cyunide auna JhbP, when usea in comtination to treat
cells In the titth hour segment ol interpl.ase,
ure neither complementery nor antegunistic with
rcspect to the prouucticn o an uccelerated second

cycle.
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tsullough in 1480, al'ter stuayi~, the miitv enic actioas
ol sturch and oestrone on ewr epiaermal cells of o mouse,
was lea to concluce that cell metubolism ulters both quuanti-
tatively wand quulitatively during the mitotic cycle. He
pointea out thut this conclusion is not unexpectea since
cells ol eurly interphase must presumebly accomplish a num-
ber ot syntheses bLelore attaining mitotic coupetence. C(Cells
of laute interpl..ce, on the other hand, are either mitotically
competent or nearly so. Since these syntiieses are directly
or indirectly aependent on the wuvailabillity of 4TFP, it is not
surprising that cells in dilfferent time seyments of inter-
phiase should respona to DNPF treatment as they do. Therefore,
the delay and increuse in synchrony exhititea b, ceils when
treatea with ONF in early interphuse coulc be explcined on
the busis of a momentary aeticiency ot ATP. The improvement
o' synchrony could be brought wbout in an interesting way.
aprarently the tirst cells aliected by DNP are the leuaing
cells of the populution. These cells are olocked first and
the trailing cells proceced to the point of blockeage. This
situution is sonevliat anaulogous to the accumulation of auto-
moblles at a rea traiiic light. when the cause of celuy is
removed or overcome the cells continue revolving in the cycle
Just &s the automoviles begin to move when the truffic light
changes to green.,

This expluanution is substuntiated by the luck o1 a

noticeatle increuse 1in synchirony wi.en the tetruplcia cells






e,
are treatea witl cjauniae. Cjyunide, even thougl its overcll
eifect 1s a decreusc in werobic hil procuction, does not
disrupt respiration in the sume munner as DNF. 41l the cells
of the population ure atfectea by cywniae sirwultuneously,
thererore no wccumuluvicn of' cells occurs .na no . reat im-
provement of synchrony is proaucec. This aiftference of
eftect by DNP und cywnicde is most likely due to the lack of
ATPase uctivation by cyaunice.

The loss of synchrony by « population ol cells when
treuted with LHP at latle interphiuse may or may not be aue to
u decreuse in availuble enerygy. ..s pullouygl: (1351) pointed
out, this part of the cycle is churucterized by u decreuse iu
metubolism and a more or less successlul completion of the
syntheses necessury ror mitotic competence. Trerefore, it is
pessible that a loss of synchrony muy be due to the physio-
logicul heterogenity of thess cells, since ull syntheses
should not be expected to ue completed at the su.e time.
Further, luate interphuse cells woulu have had more time to
becomeé ranaomizea (wuastler, 13¢0).

Even though increuscd heterogenity muy Le a factor in
the loss of synchrouay, chunges in cell energetics remain the
more likely explanuation, ior wilson, uorrison, wna nnob.och
(1959) huve stown thut vea root cells in antephuase were en-
Couruaged to diviue by the addition of proper curoohyarates.
It is unlikely thut some source of energy w«s not expenued in
the uptuke of these compounus. NMNoreover, as cells wpproach

prophuse they increuse irn volume (brachet, 13957; Hughes,



1952; bLeuk und wilson, 1900) wiw ageln 1T is not improvuble
thut such « cliunge coes require a certain amount ol eneryy.
Theretore, the cilect ol DNF on late interpliase cells cun be
expluinea in terms of & uecrease in usuble energ.y.

The luck of etffect o1 0.01 N fluoride on tre first ui-
vision ot the tetruplcic population emphusizes the importunce
of ATP durling eurly interphasce. Assuming the iluoriae nomen-
turily cecreuasea snaerobic ylycolysis, the ubsence ol a deluy
is not unexpectea for a decrecse in alP procuced by this
puthwuy 1is ulmost inconsequential as compured to the amount
producea by werobic pglycolysis. Ncvertheless, the auelay pro-
Guced by 0.05 M fluoriue shows thul u more complete inhiuvi-
tion of the Emuaen-Meyerho!l pathway ulso reduces the amount
of substrute 1or uerovic plycolysis und thereriore the totul
ATP proauction.

Finally, the effect on the first aivision proauced vy a
combirnution of either LMNP and cyaniae, or uNy and fluoricue,
show that each chemical actea somewhat inaepenuently of the
otker wna that no combi.ution produced uan effect gyreater than
that observed when either DNP or cyanide was used singly.

In general it muy be suid that these observutions ayree
with those of Bullough anc Johnson (19&l) using mouse ear
epidermis, with those ot purnett (1950) on dividing unrbacia
€grs, with those of Humburger una ceuthen (1a57) on synchron-

ously uividing Tetruhymens, wnce with those ot Stich (1354) on

polychuete e, s.
consiceration ot ithe precocious seconu Givision ol the

tetraploia population when treoteu with either Link, DCr, or
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Cywniae, requirces expl.nciions waaitioial to those o1 cellu-
luar energevics. It Is ouvious that the situution «s it ex-
ists ot the 11i1th hour segment 1s uliierent from the Iourth
and sixth hour segments, since treutment at Lours other than
the 1'ifth do not res.lt in un accelerated secounc cycle.

1he facts concerning the 1'if'th Lour segment ana the pro-
duction ol wn wuccelerwiec secona cycle are these:

1) neither 0.0l M fluorice nor 0.0t . tluoriae proauuce
a4 precocious second aivision, nor o they increase
the duration of the sccond cycle,

2) DMP, LCP, unc cyunide treatment all result in  wn
accelerctcu secona cycle, and

©) 0.01 M fluoriue tencus to prevent the production of
a decrease in cycle time vy elthier wiP or cyniae.

1he eftect ol fluorice inaicates thut tne proauction of
& l'ast cycle uoes not occur wi:en anuérobic plycolysis is in-
hibitea. Moreover, tiris wulso shows that the muintenance of
the normcl cycle time is notl ultected by a decreuse in an-
aerobic glycolysis ana that the 1irtn hour se ment le in-
senslitive to a4 decrease in anaerobic ,lycolysis.

The eliects of LNk, LCE, or cyaniae, however, inaicate
that the iifth hour segment is highly responsive to an in-
creuse in rate of the bkmbauen-ieyeri.of pathway «na this sen-
sitivity is veritied by the etfect of tluorice on both LM
and cyenide treatments.

Ferhups the most im,ortunt observuation maae in these

stuaies is that a treatuent _eriormed auring s given inter-



pliuse uf'lecls not only the mitosis 1oilowin, treatusnt vul
also the secona mitosis wlter treciment (uivision LIL). Tuis
resiaucl efteci cun ve expralied 1In ounly one way; tnat 1s,

ua cell while prepurin, lor tue next mitosis 1s uls0 prepar-
irg for at leuast one mitosis veyona the next. Therelore,

any treuatment performec on aiviuing ceils will huve two et-
ects; one on the immecdiute mitosis wa anvther on the sccona
division after treatment. Tuking thilis into account, it is
not surprising that Gray ana Scholes (1351) observed a ,reat-
er effect of ruciation on cells that completea two revolu-
tions of the nitotic cycle uf'ter treatment.

Swann's (1954) work with seu urchin egys also implies
that cleuviig ey, s are preparing lor two consecutive mitoses
simultuneously. Frescott (1lv60) while stuaying the relative
rates of UNa, 1NA, und protein synthesis during interphese of

Tetruhymena ulso cume to the conclusion that the mNa syntre-

sized auring « piven interphzse has little or nothing to uo
with the functions o1 that interphucse but is produced to
function during the subsequent interphuse. Thererore, ve-
cause the resclt of un increase in anuerovic glycolysis aur-
ing the firtn hour segnent is not ovservec until-the secona
aivision following treatment, it 1s apparent thut more con-
siaeraution must be given to those systems that are more
stauble wund less susceptible to the normual chemicul fluctua-
tions of the cell.

Swunn's (1954) concept of an alP storage mechanism fits

thhese requirements. lie hypothesizes that ATP is shunteu off



somewhere in the cell and thus preventec from participating
in normul cellulaur reuctions. Swann's iceu should not oe
tuken liyhtly, Lor recently hess ana Chwunce (ldcl) presentec
evidence tliut the mitoclonuris ol tie ascites tumor cells ure
uble to retain nir. Hence, the possibility aoes exist that
the mitochonuria may tunction both as an ATP procucing pur-
ticle and un ATP storag,e unit. In terms of Swann's hypo-
tihesis, the results reported in this cissertution muy be ex-
plained in tnhie tollowing munner. poth DNP and cy«nide in-
creasea the amount ol phiosphate acceptor wnd inorgwnic phos-
pliute, thus increasing the rate ot anaerobic glycolysis. This
increase would proviae ua surplus of substrate for Kreb's
cycle wctivity which would proauce a spar« or spurt type of
reuction. This sudaen increuse in Kreb's cycle activity
would result in the production of an unusu«l umount of ATP.
~ssuming thuat uny aTP over an estublisiea limit would be par-
cellea out to be storea 1or future cycle ftunctions, the wmo-
mentary increase in A1P woulu result 1a w1 increase in the
mount of LTr contuinea in the storage mechiunism. Since the
nTF wccumulation is sheud ol schedule, a precocious second
division should come about.

another possibiliity that should be consiaered is the
chiunge in distribution of intrucellular components as a re-
sult of treatment. lréaéric (13b4) observed thut LMNF first
stimulatec wnd then inhibitea mitochonarial movements.
Kamiya (1360) concluded thut cytoplasmic streaming almost

without exception is iIncreusec with the increuse in anee-
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robic ,ljcolysis. luese two reports wre lumportsnt irom ithe
stundpoint of intrucellul.r «rcnitecuwre, 1or it is possiole
thut one form ot urchiteciure woulu fuvor one kinua ol syn-
thesis while another form muy set up conaitions fuvoring an-
other. It is not citricult to imaiine thut an increused rute
in cytoplasmic streaming «na therelfore increasea rute in subp-
strute cistrivution within a cell may ve more computwdble with
4 pur ticular type ot synthesis.

another f'actor which must ve consiaerea with those wl-
ready mentioned is the influence ol an unusu«l concentration
o' the proaucts 01 anauerocic lycolysis. These (-3 units
could well be uminuted by an aminase and eventuzlly incorpor-
ated into specitic proteins that normally are not synthesized
until « luter time.

turther, it s« G, perioa occurs in the interphuse of u
peu root meristem cell ut approximately the same time ws in
other cells, it is possible that the tifth hour se;ment re-
presents the beginning ol LNA synthesis une that an increase
in unaerovic glycolysis wt thls time benefits DNA synthesis
in some way. The work of Allirey und Mirsky (1957) suggests
a possivle connection between LNA synthesis and respiration.
They found a respiratory chain in the nuclel ol cuall thymus
cells that is sensitive to cyuanioce wnd DNP vut reucts airter-
ently to other uncouplers. It is conceivuble that this pur-
ticulur respirutory chuin is specificully linkea with the
enzymatic synthesis ol nucleosiae tripnosphutes to be used by

thhe nucleus or nucleolus in forming RNA «na DNa. Though



tlhese speculacions wie lntercsting, experivental prooif tiat
the f{wvoring o0i anuerocic (4, couly;sis rias unything to ao with
DNA synthesis remulns LO ve auGuCed.

Larly interpl.asc or @1 cells are not only alf'ected by
un increase in rate of the bmvuen-Mayerhol pathway. relce

and Lowarda (139£5) founua that root cells of Vicia fuba ia the

G, portlon of the mitotic cycle were also inhibited from syn-
thesizing vNa by low aoses 0ol radiation. YThe work ol Lajtlia
et al (19b5) substantiates the tinaings of relc und Howara.
Le una his co-workers founu thut the G; cells ol bone marrow
ure hypersensitive to low ao0ses ol raalation ana that tuey
too were inhivited from synthesising DNaA. 'lhereiore it

seems «s5 il the 1'if'th hour segment ana thlie ul rueciawtion
sensitive segment may ve one ana the sume. 1his possivility

however, remuains to re testea.



CONCLUSTIUN

The purposes of these investig.itions were, 1irst, to
develop & techrniique thut w.s wpplicuble to the stuay of c¢if-
ferences between cells in the various segments of the mitot-
ic cycle, anu sucond, to stuay the elleccts of plysiologlcally
active cl.emicals on cells in these segments.

The technique developed was uvne utilizing colchiicine us
a polyploiulsing u_ent, unu proaucing u small popalation of
tetruploiu cells thuat uivicea more or less synchrorously for
ut leustl three divisions. Using this technique ana short
time treatments with DNP and DCP, o ullference vetween early
ana late interphuse cells was aemonstrated.

Another aitterence was aeuonsirated vy the eiiect ol
WP, wCP, cyuniae ana fluoriae on the .sitth hour segment of
interphase. This segment is peculiar in thut treutment with
DNP, DCF, or cy.nide «t this time delays the first division
0ol' the populuation but accelerates the secona mitotic cycle or
the population.

The difference vetween eurly and late interphase cells
ana the aela; in «ppearuance of the tetraploias in uivision
cun e expleinea satistuctorily in terms of LTP requirements.
There 1is uncertainty however, as to the explanation of ine
responsiveness of the fif'ti: hour segment to a momentary in-

crease in anuerovic glycolysis.
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Do adue Y
A synchronously aiviaing population ol tetruploiu cells
Wus proauced in the root meristem of' pea seedlings by
a 90 minute treatment with the wppropriate concentra-
tion of colchicine.
The proper umount of colchicire wus determined by treat-
ing seeullngs 1or S0 minutes with verious concentrations
and then measuring the rate 01 disappearance ol cells
showin, un eflect ana the appeurance anu ailsappearance
01l the resulting tetruplolius in mitousis.
h QuaLtitative relutionship vetween the number oi cells
al'f'ected wna the nunber of tetraploia cells waus shown
to exist at higher colchicine concentrations.
The existence of a threshola in the prouauction of «
colchiicine ettect was aeaunstratea Ly Lreating seedlings
lor varying lengtiis of time with a piven colchicine con-
centration «nd t.en aetcrmining the size ot the tetra-
ploid population producea.
an experiment involving three revolutions of the mitot-
ic cycle inaicated thet useful synchrony remained auring
this time in spite ol an increase in the districvution ol
tlie population cue to the «iflferent speeas ol cells re-
volving in the cycle.
Treatment ol the vopulation with LNP or ulP in early
interphuse cuauseu « deluy In uppeurunce iua the suvse-
quent mitosis anu un improvement in the synchronization.

Treutment of the population with DNF or UCy when it

o



was 1n late interphase resultea in a vecrease in syn-

chrony ana & slight uelay in its entrance in aivision.

b. \When the populution wus treatea with Dhp, iy, or
cyanide at the {ifth Lour af'ter polyploiuizin,, the
second division following treatment mauce a precocious
appearance in civision as compured to the controls, thus
indicuting a decreuse in the mitotic cycle time.

9.

Neither cyanice nor fluoride in low concentratiuns

afl'ected the degree of synchrony of the population.

10. The acceleration ot the secona cycle followin, treat-

ment was preventea to a greater or lesser depree by com-

bining fluoride with either LLP or cyunice.

1ll. The decreuse in cycle time of a treated population ap-

pears to be the result of creating cellular conaitions
favorable to an increase in t:..e rate of anaerobic

plycolysis at the fifth hour segment of interphase.
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