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1

H. JOHN BURKI, T. J. REGIMBAL, JR." and H. C. MEL

Donner Laboratory, University of California,

Berkeley,>Calif. 94720, USA

SUMMARY
Cﬁineée hamSter cells in culture were synchrohized, collected
at metaphase, homogenized to releasé Lhe»chrdmpsomes, and the
chromosomes fractionated in a sucrose gradient using a zonal
‘centrifuge with an A12‘zonai'rotor. Chfohosomes in the
separated fractionsvas well as in control metaphase spreads
were quantitativelyhc1assified into fiveveasily distinguished
ngups,,according to individual'measureﬁénts ofviength andr
centromeric index. For each éonal fraction;,chemical determi-
nations were made'bf the amount of DNA per é§erage chromosome.
Using the group'composifional data for each fréction, the

amount of DNA per average chromosome in éach of the éfOups was

then’éalculated to be: Group I (chromosoﬁesvl, 2) = 1.00 +

' 0;14 pgm/chfomatid; Group II (chrqmospmes 4, X, 5) = 0.39 +
0.05 pgm/chromatid; Grouﬁ I1I (chfbmosomes Y, 6, 7, 8) = 0.24
+ 0.04 pgm/chromatid; Group IV (éhromosomes_9, 10, il) = 0.13

1 0.004 pgm/chrométid; and Group V (a small marker in this cell

line) ;,0.06'§gm/Chromatid. These'values are in good agreement



‘with‘the literature vélues for relative chromosomal DNA content
dérivéd frombcytOSpectrophotometric measurémgnts of fuelgeﬁ"
stained haﬁgter metaphase spreéds. They_indicate that unlike
tHeAcasevfof human chromatids the amount of DNA.foundvin
hamster chromatids is not directiy pféportiohal'tb the chromatid
léﬁéth. |

Estimateé of fhe DNA éontent_are also given fofrin&ividual

chromatid types.

A major purpose in preparative fractionation of ﬁammalian cell chromo-
some populations iS'té obtain chromosomal specific DNA for use in a
varie;y.of'investigations'of the genetic organiéation of the mammalian
cgll‘genome! Such étudies include organization of DNA replication,
inter- and intrachromosomal DNA-DNA hybridization, DNA-RNA hybridization
including viral RNA.lo¢a1ization, ;ﬁd'"in vitro" prbddction of chromosome
specific RNA. Such chromOSbmalvDNA sep;ratioh and anCilléry DNA studies
could éléd be épplied'to the field of'human cytogenetics £o iﬁvéstigate'
disease COnditiéns known or suspected to be associated with spécific
chromosomal imbalances. |
Recent work on frécﬁionation~of human,‘mbuse, and Chinese hamster
chrompsomes has been reported by-Méid'andechildkraut [21;‘22]~and
' Mendélsohh g&lgi. (23], based on swinging bucket centrifugation in steep
. _ N
sucrose gradients and demonstrating sﬁﬁstantial size separations of the
metaphase chromdsomeg. We have reported_siéé fractionatipnvof.Chinése
hams ter chromosomes:uSiﬁg zdﬁal centrifugatibn with an Al12 rotor [27, 28].

A cufrent'feport by Schneider and Salzman.[323 indicates that fractionation



of hqﬁanvChromosomé populations from phyﬁohaemoglutin—stimula;ed primary
lymphocyte cultures is now poSSibie.' Wé feport,here on thé analysis of
the chrqmosémes in zonal_cénfrifugeiseparated ffaétions of the phinése.
hamster metéphase complement. The approach ié first in termsiof a
elassifigatioﬁ into five Groués, defined:according to combihed parameters
of meaégred length ahd centromeric index,_and secoqd by measurements of
DNA per average chromosome in each fraction. From these a calculation

is méde §f the DNA per average»chromosqmé.in each Group, and thé results
comparéd.wiﬁh literétqre reports of relative DNA differences between

different hamster chromosome types.

MATERIALS AND METHODS

Cell culture and synchronz,methods'v

Thé M3-1 cell 1ine was.originaily isolated ffomkthé bone.marrow of a
male Chinese.hamster obtained from an inbred liné from Yerganiaq; It
is grown in medium containing 10% fetalvcaif seruﬁ, and is recﬁlfured
at 6-month or shorter time intervals by thawing from a frozen stock.
Slow f#éezing'with DMSO and rapid thawing are eﬁployéd [4]. 1In this
study the cells were grown in 20 cm diameter glass dishes, blocked‘
with IOT2 M,thymidine'for 8 hr, and‘washéd_to femqve the thymidine.
They weré'then'grown in medium containing coléhecine_(lO-A M);.add the
 mitot1c‘¢e11s'dis1o§ged by B1owing medium over the blocked cultures,
a variétion of thé method described by Téraéfma and Tolmach [36].

A typiCaivharvést is about 2 x 108 metaphése ;élls, yielding aboﬁt

4 x 109_chromosomes.



Homogenization of metaphase cells and size fractionation of metaphase

chrqmdSomés

The waéhéd'metaphase cells were added to a solution containing 0.3%
tfiton-X'lOO in a hypotonic fornafe buffer (10-3‘M MgC12-6H20; 10"3 M
‘CaCiz;'ijs N KOH; .02 N Formié Acid) and homogenized on a Virtis 23
hbmogenizér run at maximum speed for730 minutes. The mixed suspension
contéining chromosomes, nuclei, and debris was allowed to stand for a

* week or ﬁore before using to concentrate the chromosomes; Ten ml of
mixed cbromosome samplehwas layered onto a 5 to 30% sucrose gfadient and
loaded with a Beckman Model No; 141 high capacity gradienﬁ pump in an
Al2 2oﬁa1 céntrifuge roto? (International Eduipment Co.). The saﬁplev
was sedimented at 1000 rpm for 30 min and the rotor then unloaded a£

speed 1ﬁ;o 17-ml fractions in a fraction collector, using a 40% sucrose

éXpelling solution,

Preparation'of slides

Metaphase controls. - Weli-spread metaphases werevobtained by blocking
 with thymidine and adding colcemid as déscribed aﬁoﬁe. The cells were
swoliéﬁ in hypotonic solution; fixed wiéh acetic alcohol (ethyl alcohol:
acetic:acid solﬁtion L3;i] ), and sfaihed with Giemsa using MacIlvain
buffer at pH 7.6. B |

Crude zonal fractions. Chromosomes in their respective sugar

solution fractions were centrifuged for 2 hf%at:IOO g, and the super-
natant sugar solution discarded. The chromosome.pellet was then washed
once in the formate buffer plus Triton-X 100, and the pellet reSuSpeﬁded

in the formate buffer alone. The chromosomes were resuspended in the



buffer and ceotfifuged'down onto 15 mm diameter round coverslips on
size 00 rubber stopper "platforms" through a depth*of.1 cm of acetic
alcohol fixative. The coverslips were air dried, mounted onvslides, and

the chromosomes stained with Giemsa as above.

Measuremeot of chfomosomal lengﬁh ard centromeric inoex

Individual Giemsa-stained metaphase—figures; aﬁd'hiXed isolated or §ize

v froctionated chromOSom¢S'wefe projected to 3100 X using a Leitz micro-
scope with projection prism, and the "backbone" of tﬁe chromosomes
traced. The tracing was then photogfaphed and the chromosomes measured
using a high speed scanning and measuring pfogfam; “Chromd'

[13]. For compafiSOn, several_thousand'tracings were méasured by
hand using a precision map measure (Keuffel and Esser No. 6203005. From
the measurements of each of the two chromatids per metaphése chromosome
the average total arm length is divided by‘the avefage short-arm iength;

this ratio is known as the centromeric index.

Chromosome counting and collection for chemical analysis

Aliquotsszom the oolleoted fractions were counted in a'hemocytometeg.
The coocentrations werehrepeataole within.a lbz-sﬁandaodvdeviation. The
remainder of the fractioo (or the complete_crude‘fraction in somé.
oxperiments) was filtered through a Nucleooore filter of pore diameter
0.5 p (General Electric Livermore) and thorougﬁly washed, first with the
forma£e buffer then with colo 10%- TCA. This methodbof chrohosomo
collec;ion wos more feproducible in our hands thon other centrifugal

methods that were tried [Burki and Benz, unpublished observations].



Chemical determination of DNA in chromosomal fractions

From coﬁfrblvéxperimehts it was determined that théﬂoptimum DNA hydrolysis
conditions in 5% TCA at 93°vaas 30 min. The DNA was determined colori-
metr}cally using the diphenylamine reagent, by the method of Dische

[ro0]. Tﬁirty minﬁtes in the diphenylamine reégent at 93°C Qas found
to'givé ;he most reproducible results. Calf thymus DNA was used to make
DNA éténda;d solutions. The concentration of these calf thymus DNA
standérds was normalized to twice phenol extracted, prohaée treéted,

RNase trv'eated,b calf thymus DNA, 0.D. ratios (260/280)= 1.81 and

(260/230)= 2.01. This DNA was kindly supplied to us by Drs. W. Blackman
and W, Tayior'at The Pennsylvania State University (Department of

Biophysics).

RESULTS

Construction of the idiogram for the M3-1 Chinese hamster cell line

In:ordervto decide on the particular linkage gfoups of isolated chromo-
_QOmeébin_the fractibns one must have available aﬁ“"absolute idiogram”
based on measﬁrements of the chromosome arm lengths in metaphase Spréads.
Fig. la is a photomicrograbhvof an M3-1 Chinese hamster spread. Fig. 15
shows ; tracing‘of another ﬁe#aphasé spread. A distribution diagram of

centromeric indexes (irrespective of total chromosome lengths) measured

for 19 such metaphase chromosome complements is given in Fig. 2. On
this diagram a natural division exists between metacentrics and submeta-
centrics, and acrocentric chromosomes, at a centromeric index 0.35. The

apparent telocentric chromosome>group (C.I. < 0.05) is included in the

acrocentric group because of uncertainties in sketching and measuring



the short é;m 1éﬁgths. Some of the chromosomes measured in this cell
liné, however,vappear to be tfuly telocentric. |
Distribution diagrams fdrvchfomosome»1ength_are giﬁeh-in Fig{ 3a
(for acroéeﬁtrics) and Fig. 3b (for meta- and éubmetacéntrics);:AThe
chromosOpe number designations are those proposed“for thé:Chinesé hamster
by Hsu aﬁd ZenZes:tIS];"From'Figs.'Z and 3 it is evident that, despite
the vafia;ioq§ bétwéen different metaphase figureé, ma jor Groups of
chromoéomes cén be néturally défined acéording £o ﬁeasures of size éﬁd
céntromeric inde#."Specifications for the five Groups seen in Figs. 3a
-and 3b aré Summarized in.idiogram form in'Tabléflf With 3qitable pfecaur
tion (Gorrecting for length contraction in isolated chromosomes), this
same kind of classification can also be used for iﬁoléted chromos ome
fractions to obtain 5 major chromosome Groups.

‘

.Classification of‘chromoéomeSTin the homogenate and crude zonal fractions
Atfentibn'ﬁas'u3uallyhcohcéntratéd on zoﬁQI fraéﬁions 8 through 18, 26,
22, 25, 28 and 32. (The fesiduéi from the original sample was in fraction
7.) " Beyond fractioﬁ 32 were found mostlyAcluﬁps.~ Béckﬁoné traces for
3 élides in a typiéal‘zonal run are given in Figs. 4a, b and c. (Photo-
microgrébhs of various cﬁromOSOme fractions will be given élséwheres
t29]). Typicéily, at least SO‘Chromosomes are sketéﬁed and measured
from each fraction,‘o; approkimately 800 total chromosomes pef eacb
zonal ruﬁ. = |

Summary data for chromatid lehgthsvin';;ch zonal fraction; ﬁrom
tﬁrée different experiments, 5re giveh in Fig. 5. 'The avefage of ﬁhese

chromatid lengths is seen to vary from 2 to 6 microns. This measured



size and size range is less than’expecte& frém the‘metaéhase spread
idiogram (Téble 1), fdf two reasons: (1) these zonal fractions contain
miXtufésbof différent size Crbups of éhromosémes aﬁd.thus the average
chrOmafidbiength per:fraction'is reduced'due.to the preéence of small
chfomosdmes‘in zonal fractions.enriched in large‘chromosomes, and (2)
the absolute.lengths for_ail of the fféciions, howéVef, are somewhat
smaller:than those expected ffom measurements of me taphase sPreads, as
\indiéatedffor one expefiment in Fig. 6, Wherein.ﬁﬁebaverége contraction
is seen to be about 40%, | |
"To cofrect for this absolute'length,éontraétidn'the foliowiﬁg
: procedﬁre was adopted. A ngrﬁalization factor (to multiply all zonal
fraction ¢hroma£id lengths) was c0mpu£ed‘as the ratio of the évefage
length'fd;'Group IVuchrOmosomes in the metaphase épreéds (Fig. 4) to tHe
gverage chtématid length'in zonal fraction 11. .This method was chosen
because cfude’fractién 11 was'genefaliy-enricheditd at least 90i in Group
IV chromosomes. The data corrected iﬁ tﬁis wa&,'for 2800 chromosdme
_measurements in thrég different ekperiméﬁts, are given in Fig. 7.

MeaSurément of chromosomal DNA aﬁd calculation of lineaf density of DNA

‘per. chromosome

The bNA'per average chrémoSomé in each zonal fraction, i, D(i), was
'calchaﬁed by measuring the total amount of DNA in the frac%ion Dt(i)
using thevdiphenylamine ﬁeﬁhod and*determining the fota1>number of
chromdéoﬁes.in the fractibﬁ Nt(i) using a hemoéytometer. Thus, D(i) =
'Dt(i)/Nt(i)" The average amount of DNA per chrqmatid in a fraction is.

then D(1)/2. The values.of D(i) determined in five different experiments
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are given in Fig. 8. They are seen to range from about 0.2 pgm to about

1.1 pgm per average isolated chromosome, a-rahge of about 5.5-fold.

" We can now determine the average "linear density" of chromosomal

DNA by dividing each D(i) by twice the average chromatid length for that

ffaction; ﬁZ(i) (see Fig. 5), with the results given in"Fig.f9} “There

appear to be at least two discreet values. for the linear densities, i.e.

those for fractioms 8-13: 0.059 pgm/micrbn ofvéhromatid, and for fractions

14-18: 0;075_pgm/hicron; The difference between thé SE values of

linear density for fractions 8-13 and for fractions 14-18 is significant =

at fhe_,07% level. The difference between the vaiues of linear demsity

for fraction 14-18 and fraction 20-32 is probably not significant.

DNA content of the various chromosomal types

The‘classification of chrcmosdmes»in the homogepate and crude zonal
fractions permits calculating compésitional data, in termsf;f each of
the 5 size-forﬁ Groups,. for éacB of the 16 zbhai fractibné. Combining
these wifh the DNA data fér each fraction we can sét up and solve 16
simultaneous equations in 5 unknowns and arrive at figures for the DNA
content pef'average chrémosoﬁe in each’Gréup.

For example,‘in a typical experiment we have 16 equations of the

following type:
D(1) = £ ° Dp + £ry * Dpp + fryp " Dppy * fpy " Dyt

where., DI’ DII{ DIII? DIV’ DV = thevestlmated DNA content gf an.

average metaphase chromosome (2 chromatids) in each

(1)

-
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defined chromosome Group,

and, £, f _, £ __,f f = the fraction of .the total chromosomes

I’ CII’ 1D’ IV UV

in zonal fraction i which are from a specific Group.

‘ 1Initial guesses of D DIi,.etc.,‘are madenand equation (1) is solved.

I;
This willbnSually result in a D(i) value for each zonal fraction differing
from the measured value by an amount + AD(i). This procedure is iterated

using values. of D DIl’ eto.; chosen to minimize the mean square devia-

I
16 o | |
tions, mg (AD(l)) by a least squares program kindly supplied by Mr.

Fred Gey of the Lawrence Radiation Laboratory. For each experiment a
best‘estimate of pI, DII’ DIII’ DIV’ and Dv‘can then be made.

The results from three different experiments are shown in Table 2.
The DNA content expressed in molecular weight un1ts is seen to vary from
7.8 x 10 daltons for Group Iv chromosomes to 60 x 101 daltons for

Group I-chromosomes. From these values one may estimate the average

amount of DNA per metaphase cell;

Preta, = #'Dp + 3:Dpp + 7:Dppp + €:Dpy + 1°Dy
where Dy, DII’ DIII’ DIV’ and V are the average DNA/chromosome Group

values from several experiments.,

The result is D__ = 16.9 + 2.8 pgm; the diploid amount of DNA is thus

8.5 + 1.4 pgm. This value may be compared with those reported by

Stubblefield et _1. [34] for diploid Chinese hamster DON cells, of
9 pgm DNA per lnterphase cell and 16 pgm per cell in a population contain~- -
ing 90% metaphases Lett'et é_ [20] " have found a value of 8. 5 pgm.

per cell for Chlnese hamster CHO cells in: logarlthmlc growth condltlons

- The amount of DNA/cell measured in the latter two works is a functlon of
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" the life éycie States.iﬁ.their cell ﬁppulatidns,  Qur’fesﬁ1t$ with
logarithmic ce11s aQerage'to-S;A + 0.6 pgm DNA pef avgrége ééll{?'Taking
into‘accduntjlife'cycle pafaméters of our own'éuitﬁréé of M3-1 Chinésé
'hamster cells and aSSuﬁing‘a congtant rafe of DNA synthesis duriﬁg the S
périod, the DNA estimate”is 6 + 1 pgm for_Gl éellélor 12-i 2 pgm fof_:

metaphase cells.

Standardization of lingar DNA density fOr hamster metaghase.éhroﬁosﬁme'
.sEreads ' | :

The linear densityvof DNA can also be deterﬁinedbfrom our averége meta-
phase-sﬁread>chromatid length data which are siﬁflar to those of Hsu and
Zenzes [15], Table 1. The total mq;aphaée-spread cﬁromatid-length for
an individpa1v5pread may be normalized to some number which is near the
'averagé'metaphase spread chroméfia length. Theéé results are given in
column 5 of Table 3. The 3b501ute.va1ues'of the lihea: densiﬁies differ
from those QalueS'seeﬁ in.Fig. 9 because of thé previous1y discﬁssed
'contréctioﬁ effect in isolated chromosomes. Iﬁ 6rdef to.comparé thé
available literature data, relative linear deﬁsitigs (based on-nérﬁal-
ization tQFGroup IV chromosomes taken as 1.0) are élso included in Table

3 (columns 4 and 6).

DISCUSSION

. Chromosome separation and scoring

i

The yields of the different chrbmosomal Groups in our zonal fractions

demonstrate the suitability of this system for largerscale preparative

separations of defined chrfomosomes. With refractionation one may obtain
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ﬁuch}greater‘purity,'in some cases almost pure fractions of one pérticular
chromosqme fype.

'Aﬁ_impOrtant adjuhét‘of any separation proceauré is the availability
of an objective method of'scoring the results. In our case, having chosen_
size and Group type:i-V as primary éssays, we needed measurements on at
1eaSt756 chroﬁosomes per fraction, for 16 fractions per run. Although
hand measurements on tﬁe backboqe sketchés of individual chromosomes are
vfeasiﬁle,vwith'large'numbérs this method is impractical. Thus the auto-
mation prévided by the "Chromo" scanning ahd pattern recognition program
(137, 6figinaiiy.estabiished for meaSuring chromosomes in human cell
metaphase spreéds,iwas'invaluable for quickly processing our voluminous
data,'giving the composition of eégh-fraction'in e?ery experiment.

\Some additional problems are fduhd in scoring.the size and centro-
meric index of isolated mammalian métapHaSe chromosomeé. For different
métaphase spreads, lengths of iﬁdi&idual Chromﬁsomes may bé'ﬁofmalized
tovséme arbitrary total ceilular chromatid length, thus-corrécting'for
cﬁromdsomévsize'variébility due fé differing contrgctions (resultihg in
part from differing times the cells are held in mitosis by colchecine).
Such‘a'length_normalization obviously caﬁnot be éarried out direct1y for
vchromosqmes-in_isolated fractions, however.v Another contracfion problem
may arisé from the USg qf oﬁf‘acid (pH 3.7) isolation buffer [5}. As
méntionéd above we dealt with this problem by nofmalizing fraction 11,

; whichQWas_virtually alwaystquite pure in thezémallest Group IV chromo-
somes, to the averagé Size.of the chromosomé; 9, 10, and 11 obtained
_frpmvmetaphase Spreadbmeasurements. Size-variationvis a problem éven in

neutral pH, as in Maio and Schildkraut [22], in which some of the
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isolated chromosomes are larger than thé largesp'metaphqsé chrbmoéomes,
pefhaps-due to unéoiling. These authors chose to normalize their
ﬁeasﬁfemenﬁévto the mitotic figures "in which the length of the 1ongest
chromosome approximated that of the longest of the isolated chromosomes."
All normalizations, including_the.one used in this_repprc; éééuﬁe a
iinearit& of contraction ér expénsion for all chromosomes. ‘If not\cdrfect
this could'lead to an error in identifying certain‘éhromosoﬁes. It was
for this reason that the hamster karyotype was_séofed only in terms of
thé mos t obvious five_si?e Groupéa Futufe more positiQe idenpificaﬁion
procedu;es'for individual chromatids, é.g.vby cﬁaracteriétic fluorescence

N . :
patterns [8] or by specific denaturation [ Hsu, personal communication],

would be of great value.

The DNA linear density

General comparison with other chromosomal DNA data. Table 3 includes two

sets of data oh‘chromosomal DNA linear density. Qur'data are seen to
agree quite weil with those of Carlson et al. [6] whereas other .
previﬁus data for Chinese hamster metaphése chromosomes appear to be
contrary to these [23]. | |

From the cytospectrophotometric aata of Cérléon et al. [6] we
calcul&te the ratio of 1.5 for the linear DNA aensity between chromosomes
in combined Groups I, II ‘and III, and those in Group IV. The data of
Mendelsohn g&fgl,_[23] giQe a ratio of 2.4 for the same quantities.
Thi§ lattef estimate depends on the constancy of average cross sectional

al. [23] data are given in

area of chromosomes, since the Mendelsohn et al.
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. terms of relative DNA mass per chromosome Group.. - Very likely, however,

the chromosomes in the larger Groups have a larger average cross sectional

area [9] whiéh would lead to an even larger figufe than 2.4 for this

ratio.

Ohefpossible reason why the data of Mendelsohn et al. [23] differ

from the other two sets is that in their isolated fractions the smaller

_chromosomesvappear‘to be contaminated with RNA [37] and perhaps even

with adsorbed protein cbating:and dgbfis; Thus‘their meésurementstf
relative DNA content may be quite different ffom.absolute DNA measurements,
in small chfomoéomes;

A possible source of error in absolute DNA measurement would be
incomplete hydfélysis of the DNA.  If occurring preferéntially for the
smaller éhromQSOmes this would lead to an increaséd ratio of DNA'antent

of large to small chromosomes. ' To consider this possibility we looked

at the hydrolysis kinétics of tritiated thymidine labelled DNA in different

size chromosomes, but found'them.appérently to be identical [Burki and
Bénz,”ﬁnpublished.oBserVaEions]. We thérefore'bélieve the absqiute DNA
méasureﬁents reportgd heré, which agfee with dé;a obtained in.a quité
differeﬁt fashion by Carlson et al. [6] to be the moré reliable. |

Vafiations in DNA linear density. From Casperssoh_et al. [7]

(whiéh appeared during preparation of this manuscript), it is possible

to make a further analysis of the 'linear density of DNA' data. These

authors give the relative DNA distribution patferns along the length of .

thezhamster chromosdmes.v The data 1in the CaSperssoﬁ et al. -[7] report

are consistent with our data and with the following: Group IV chromosomes
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and the short arms of Group III chromosomes have a relatively lower DNA
linear dénsity;'whilebthe long arms of Group III as well as both arms of
Group IT and Group I'chrmeSOmes have abdifferent’énd higher avefage

linear density.

Cbmpérisoh witbvhuman chromosomes. The'lihear density values reported
herebiﬁdiéate a qualitative'diffefence between haﬁsterfénd human chromo- |
some DNA organization, for in human chrqﬁosomés}the average DNA ﬁer upit
length appears to be constant [11, 30]. This raises intéresting questions:
(1) Wﬁaf is the genetic'significance of the greater DNA 'linear density'
in certaih hams ter chromoéomes, and (2) do the iarger hamstef chromosomes

have a reduced susceptibility to bréakage per unit length than do Group

-1V chromosomes?

Estimate of DNA‘per iﬁdividuéi chr&mbéome‘type. In éolumné 2 and 3
in Table 4 are presente& coméarative data on the DNA content of the
different chromosome'GroupS; It ié evideﬁi.fﬁat the ﬁefhod‘of Carlson
et al. [6] and our method complement eachvotber‘in the sense that thé
spectrophdtometric measurements are most preciselfor the lafgest chfomo—
somes, whereas ours are most precise for the smaller (Group IV) chromoAl
somes. ‘

Calculated amounts of DNA per individual Ehfomosome type, based on
the Carlson et al. [6] data, are given in columns 5 and 6 in Table 4.
"Chemical vérifiéation of these values wéll égmé when "pure" individﬁal

types of chromosomes are available in sufficient quantity to measure the

DNA, using the diphehylaminevor other suitable method.’
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Fig. la.

Fig. 1b.

Fig. 2.

Fig. 3a.

Fig. 3b.
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FIGURE LEGENDS

Typical metaphase spread of the M3-1 cell line. This spread
contains 23 chromosomes, the average for this cell line (50%
' of the metaphases). Other spreads contain 22 chromosomes

’(23%) and 24 chromosomes (23%), and 47 have other chromosome

numbers, (Based on 80 metaphase»figures.)

" "Backbone'" tracing of another M3~-1 metaphase Spread; (The

number at the bottom is the tracing number for reference to

tape storage of computer measurements.)

The percentage of the total chromosomes from 19 metaphases

as a function of centromeric index.

The percentage of the acrocentric metaphase chromosomes from

19 metaphases as a function of the measured 1ehgth of the

chromosomes.

Percentage of the meta- and submetacentric chromosomes from
19 metaphases as a function of the measured lengths of the

chromosomes. (Recent analysis of 100 metaphases yields

~essentially the same distributions.)

Backgone chromosome tracings for zonal separation 445; (a)

‘zonal fraction 11; (b) zonal fraction 15; (é)ﬂéonal fraction 28.

'
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Fig. 5. Average lengths of chromatids within the different 17 ml zonal

fractions.

Fig. 6..' Cumulative. percent of the chromosomes as a function of their
aBsolute Iengths‘for metéphase céllsk(unfilled dots) and one
zonal éepération E 450 (biack dots). The isolated chromosomes
are about 40% shorter in this experimenﬁithan those measured

in metaphase spreads.

Fig. 7. The distribution of the various‘chfomoSOmal Groups within the
‘zonal fractions. (a) Group I: coﬁtainingjchromosomes 1 and 2;
(b) Group II: chromosomes 4, X, 5; (c) Group I1I: chromosomes
v;6, 7; 8, and Y; (d) Group IV: chromosomes cantaining-9, 10, 11;
(e) Group V:acrocentrié marker in this M3-1 cell line; aﬁd (£)

.unclassified chromosomes.

Fig. 8. >The DNA.per average metaphase chromosome (2 chromatids) found
for éacﬂ zonal'fracfion. Tﬁe mean énd standard errors .are
based én five experiments. starting with different initial
éhfomosoTe homogenates;

Fig. 9. = The bNA per micron of average chromosome‘for each_zonai.fraction.
This graph is ob;ained from thévdéta in Fig. 8 and Fig; 5, and

'is not normalized to metaphase chromosomal length.
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Table 1

CHINESE HAMSTER
METAPHASE CHROMOSOME GROUPS

CHROMATID CENTROMER/C

'~ GROUP CHROMOSOMES NO. LENGTH +S.E.  INDEX  DIAGRAM
1,2 4 98010 047 TS
I 4,X,5 5 58007 045 >
m vY,6,7,8 7 4.0x0.05 020 —X
v 9,110,171 6 2.7 $t0.04 0.45 >
V.  Marker1 1 1510.09 0.00 >

" DBL 704 5659
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Table 2, Average DNA Content Per Chinese Hamster Cell Chromatid®

DNA/Chromatid

Group Chromosomes :DNA/Chrométidb bNA/Ch;:omatid

‘ ___(pgm) (9@) (daltons) ‘

11,2 1.00 +.18 31 46 60 +11 x 1010
- II - 4,X,5 0.39 ‘_t.os 12 41.9 23 13_.-6'x-101.°

11T Y,6,7,8 0.24 +.05 7.4 41,6 14.4 +3.0 x 10'°

V. 9,10,11 0.13 +.005 4.0 0.2 7.8 +0.3 x 10'°

V. Marker 1 0.06 1.9 3.6 x 10°°

8The results are the means of three different experiments + the standard

-error.

'bAssuming 31 cm double stranded DNA/picogram DNA.

1 %4
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Table 3.

A Comparison of Data on DNA Content in Chromosomes

" Carlson et al., (1963)

-V

8Extinction coefficient.

bThe relatiVellinear density is with respect to chromosomes.in group 1V,

cStand‘ard‘deviation'.'

Chromosomes Burki et al. (1970)
o a : Relative ' . Relative" b
"E.C. " /micron Linear Density |DNA/micron Linear Density

1 1,2 1.02 +.08° 1.7 +.2 0.10 +0.014 2.1 +0.3
11 4,X,5 1.03 +.14 1.7 4.2 ) 1.5  |0.067 £0.009 1.4 +0.2 ) 1.6
I11 Y,6,7,8 0.74 +.10 1.2 +.2 0.060 +0.01  1.25 0.2
IV 9,10,11 0.61.+.08 1.0 0.048 +0,002 1.0 |

Marker 1 P e 0.04 0.9

v



Table 4. Amount of DNA in Chinese Hamster Chromosomes®

Ave. DNA/

Group | DNA/Chrom | DNA/Chrom (pgm) Individual Ch:omoﬁomes
L (pgm) this based on Carlson | Chrom (pgm) chromosomal |
report et al, data . ' DNAD (pem)
o - . 0.98 1
1.00 + .14 | 0.79 + .07 0.90. o 83 5
: . . 0.45 4
IT | 0.39 + .05 0.40 + .05 0.40 0.41 X
: ‘ 0.34 5
enst ——— ———— Y
S ' . n , 0.28 6
IIT | 0.24 % .04 | 0.27 + .03 0.26 0.26 5
' 0.24 8
o . o 0.16 9
IV. 0.13 + .004 0.13 + .02 . 0.13 0.13 10
: S ' 0.10 11

gAssuming diploid amount of DNA per cell is 8.0 picograms,

bCalculation is based on the assumption that the DNA content for individual

chromosomes within a group reflects the total extinction coefficient

measured by Carlson et al. (1963).

CThe Carlson et al. (1963) data was based on female cells.

S¢
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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