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TECHNICAL NOTE

Improved Resolution of Flow Cytometric Measurements of
Hoechst- and Chromomycin-A3-Stained Human
Chromosomes After Addition of Citrate and Sulfite!
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The esoiation ul bivariate flow Karsolypes
of human chromosomes stained with Heechst
3323% and chromomicin A% can e incereased
by adding sodium citrate and sediom sulfite
to the chromosomes shortly before measure-
ment. A flow kanvotype of a patient with
chrenic myeloceytic leubemia is shown to il-

Human chromosomes stained with the fluorescent dyes
Haoechst #3258 and chromoemyein A3 can be analyred for
theeir pelative TINA content and base pasy composicion
by flow cyvtometry. This approach bas been vsed to detect
and disgnose karyatypic abertalions such u1s ancuplod-
dies and chromoszomal reasranpements (3.5 The prae-
tical value of chromosome analvsis by flow crtometry,
or fow karveiyping, depends on the peliability of the
methods for prepanng chromesome suspensions from
chinically relevant samples. Much offort has been put
into improving procedures for chromosome isolation.
Several methods are available for preparing chroma-
somes {rom fibroblast cultures, amniocytic cell cul-
turca. and coltures of peripheral blood lymphocytes
01.4,78.9,12:

We have gheerved that che resnlution of a flow karvo-
type is alse greatly influenced by the creatment of the
chromosomes: after they have been ohtained in suspen-
sinn. Mamipulation of the feee divalent cation coneentra-
tion hy the addition of chelating apents chunges the
compaction of DNA and modiflies the atfinity of flueres-
cont DIMNA dyes 19,100 Agents that control the redox
state of the chromoseme suspension can be expected to
affret the deprec of photo-hleaching that accurs during
measurement, We report here LThat the addition of twa
such substances (sodium citrate and sodium  solfitet
shortly before chromostmes are megsured can sipmifi-
cantly imprnse the guality of o flow karvotype.

lusirale that the addition of these compounds
Mlorws high-resolulion measorements to he
made and evajuated reliably from clinical
samples.

Kex terms: Flow karyotype, chronic myveloid
leukemin

MATERIALS AND METHOIXS

Chromosomes are prepared from cells that have acew.
rmglated nomptnsis throueh o coleemid Block (12, O
ppepil coleemidy The cells wre swollen inoa low ionic
strength buffor. After swelling, the vell membranes oo
mechanically sheared o che presence of a detergent.
The isolution buffer contams ingredieats that stabalize
the chromosemes after they have boon jeleased Gom the
cells. [noo buffer deseribed by van deo Engh et al 139,
M lons serve to stabilize che chromosomes (340 mh]
K1, 10 mbd Mpsd,, 3 mM dithiothreiw], 5 mM HEPES,
pH 0, 0257 Tricon X-1000 An alternative peocedure
emplovs plyanimes to stabilize the chromosomes 120
endd KOL 20 mM Nall, 14 M domervaptoetnanal . 15
md Trie-HCL pH 7.2, 2 mM EDTA, 05 mM EGTA 012
mM spermine. 0.5 mM spermidine, 1% digitonm T
The: chromasomes are stained with Hloechat 33258 ipref.
erence for A-T base pairst and chyomomycin A3 vprefer-
ence for (303 base pairs) Chromomyein requires divalent
cations for binding to DNA 11 In the polyamine pro-
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Chromamyon Meorescene g intersny
Fu: 1 Bivarate flow karvotrpe of chromosomes trom a karvorypi- oM chromomyein A% The lett panel abows the disceibucion of un

cally normal male human {ieoblast cell line (tHSF-L Riedly provedyedl
by LS. Cram, Loa Alabonst isnlabed 1o the gresence of MgBck, o8 The
choomazomues hove been staomed with 8 L3 Haachat 35208 and 17

tremted chromosomes. The middle panel shows the preparacwen alme-r
addition of 10 m3 Nacitrace. The raght panel shews the kaevns pe of
Lhe sareue szspensian aller further addition of 25 mM No-sulfite.

prac

Hoechst fluaregeence [au)

9

chrgmermesn

Fu:, 2 Bivaruie flow karroorpe of chromasomes of a kar neypically
moeral male Buman eompheblos ocil hne <G0M21844, Human Genetwe
Mutint Coll Bepository, Camden. MNJlisalated anthe presence nf poly
amines i 75 The ehromasomes Jave heser stayned with 2 6 o3 Hoochst
AEnd and 0 oM chrienomyoin A, The chromomyeln selution was

cedure, M * jons are added to the chromosome suspen.
sipn with the stain. To improve karyotype resolution,
MNa-citrate ang MNa-sulfite were added to the chromo-
somes 15-30 minules before measurement ftom a 0=
gtock solution (100 mb Na-citrate, 260 mM MNa-sulfite,

Heoraseance (A )

mtde it MU heoancainime buffes 112 b SN HPO,, SmM clioe acal,
25 mM M., pH T resulbing in o final concentraton of 905 =M
.'\-'[;gi Uabter stainiop The bt pamel shaws the dastribution of unreaeed
chromaosornes The distmbutien o the rght represents the suwspension
alter addition i 1 mM Nacsteane and 25 mibd NaoAulfee

pH 101 The Mnal pH of the stained chromosomes in
MpS50, and polyamine was 8.1 and 7.4, respectively. The
suspenstons are analyzed in a2 duzl-beam flow cytometer
2} Une laser is tuned to emit light at 458 nm 1400 mW% 1.
The second laser emits light in the IV (351-364 nm, 1
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Fu: 3 Flow kaeyotype of oells fram o male pacent with chronic
myeloid leukemia ofer oddition of Naoirate wpd Ma-sulfite. The
chrgmesn s wore solated using the MeSr, provedure. The peak near
the wtigin represents the smodl derivative 22, or Philadelphia, chro

Wi, The intensitises of the fluorescence pulses from the
individual chromesomes are processed by a fast data
acyuisition system 1van den Engh and Stokdijk. in prep-
aration]. The measurements are stored as a list by a
Hewlott Packard 2000 computer. The flow karvotypes
are presepted as 3686 % 256 channel bivadate distri-
butions.

RESULTS

Human chromogsome suspensions that are measured
by duzi-beam flow cytomerry ¥ield bivariate distribu-
tivns In which most of the chromosomes can be pecog-
nized asz well-separated clusters. The peak width and
cluster separaiion can be improved by adding sodiutm
citrate and sodium =ulfite to the suspension shortly be-
[ore analysis. Fipures 1 apd 2 show bivariate distribu-
tions of preparations of human chremosomes belpre and
after the addivion of 10 mM Na-citrate and 25 mM Na-
sulfite. The chromosomes of Figure 1| were prepared
using the MgS0, procedurs. The harvotypes in Figure 2

chramomycin 255

mycmorny, The penk 1o the right of Lhe 9-12 proup copreannte Lhie derry
uleve ¥ chromasome Al her homelogs are nnemal wasiations tha
are o bsnpresent oo normeal cells of Lhe soeme paticat

sre from chromosomes prepared using the polvamine
method. In both cases, karyotypes measured in the pres
gnce of citrate and seifite show a marked tightening of
the peaka. The chanmes in the conthicients of variation
Vel the chromosome peaks are sumemarized in Table
1. The CVs of the Hoechat Querescence improve from 2-
4% e 1-2%. The UVs of the chromomycin fluorescence
reasurements peove Mo approXimately 4% to %
Chromosomes 1hat have overlapping distribotions inthe
ubsence of citrate and sulfite. such as those in the 14- L7
group, usually become clearty separated when the twa
comprunds are added. In the preparation with additives.
the 9-12 proup also shows some Aructure (ndica s
that the small ditfergnces in DNA content and base
composition amonyt these chromosomes are Bepinning te
be resolved. With the low peak CVe after citrate jand
sulfite addition, the two homologs of many of the human
chromosomes can be resolved

The eflects of citrate and sulfite are observed within a
few minutes after their addition. Best resalis are ob.
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Talde 1
Coeffretent of Yarintion 7 of meani of Selected Chromasome Peaks Fefore ard After Additean
. PR M NoCitrats and 25 mM N Suifiret

M5l isolation Polvainine ssolatiom

Barfare After Botore Adter

Hoechest tTuotescemenr

chremnsames 1-F a1 [ AL 1.5

chroosmres 14,17 2.4 1.4 A 2.1

chromosames TR 180000 14 2.0 B a8
Chrormromyein tlaorogrenog

clhramosomis 1-6 R 2.3 0 AN

chramogomes 1317 4.0 2.1 1.2 18

chrumr:h'nr:u_:*h' 1:411!3[].33:1 A6 3.4_ 16 31

* TR coefficienes of variation win derermined for various peaks o the Gow Karyotype
Twi univariate (hassian digteipucions with equal aren nod sgqund variance ieepresenting the
twedt honoologs: et 10 W each peak sing an iterative least squanes fitting powcedure. Wien
dividuul chromosore peaks could not be resolved, Lwo peaks were treated as ong and it
with fiuy wravapiate distributians, The UVs woere caleulated as the warianoemean = LT

The C¥u dizplayed hero reprosent tne average O for Lhe chiromozomes in cach groop

tained after the chroomosoemes have equilibrated with
citrate and sulfite for 15-30 mn and persist for several
hours. Addition of citrate done poticeably improves flow
karyotype resolution. In contrast, 1he improverment by
sulfite s moee subtle and 15 only observed in the pres-
ence of cllrate. A similar nevease ol karvotype resalu-
tion is ubserved when citrate and sulfite are added to
chromosomes that have been stained with DAPL instead
of Hoechsl,

The additien of ¢itrate and sulfite is particularly ben-
ofictal in the analysis of chromoseme preparations that
contain a large amount of small purticle delris or chro.
mogeme clumps. The tightening of the peaks increases
their heights relative 1o the background continuam of
the particles. This improvemgnt may make it possible
Le derive information from clinical samples that may be
otherwise impaessible to interpret. An example 15 piven
in Figure 4. This flow karvatvpe shows the chromosomes
of leukemic cells from o patient with chroniec myeloid
leukemia (CML: The lrukemic cells were cultured for 5
d in the presence of PHA-stimulated leakooyte -condi-
tioned medium. This iwedium contains growth stimuba-
tore that are required by the leukemic cells, The culture
was ot up at the British Columbia Cancer Research
Centre in Vancouver, sent to Livermore by overnight
mail, and cullured ancther 24 h before coloemid addi
tion. The culture had 3 low wmitotic index inpproximately
4% ). The resuiting chromosoms preparation contained
nucled, dead vells and small Quorescont debris and, with-
out citrate and sulfite addition, was unsuitable for flow
faryotyping. Afler cilrate and sulfite addition, the peak
CVs were reduced to approximately 1- 2%, and ehe chro-
mosomes becarme well resnlved above the undertying:
debris distributien. Homolog differcnces of chromosemes
L. L3, 14, 15, 18, 19, and 21 became distinguishable. The
same homolog differences were observed 1 a chromo-
some preparation of an KBV transformed bymphoblast
culture of normat cells from the same patient idata not

shown!, Two peuks, which were not scon n the flow
karvotype of the normad cells, were present in the karvo-
type of the leukemic cells. These peaks were produecd
b the twn devived chromosemes that resulled (rom the
H9 22 iranslocation that is diagnostic for CXIL 6

DISCSSION

The additinn of eitrate and sulfite hoas sigmlwent!s
increased our ability to produce and evalunte Now
karvotypes from amnioeyvte coboores, peripheral hlood
cultures, and leukemice celf cullures. Karyotype qualits
as ohserved 1n Figures Tand 2 is routine. The resolutinn
of these karvotypes seoms to be determined by the pro-
cizion of the measuring equipmoent rather than the qual
ity of the stained chromoseme preparation. This siate
ment s supported by the following obaeevations:

1. The alignment of the oprcal componenss of the
cytorneter is eriticn]. During measurements, o cradus
inas of resolution i= often observed. Readjustment of the
How chamber and illumination oprics restores the dow
Raryntype quality.

2 Flow karyotvpe resolution is relaled o the intenary
of the illumination beams. The meszurements deseribed
hewe were muide with $00 mW ol 457-nm excitation lipht
and 1 W of LIV, Flow karvotype eeeolution deceeases at
lower Hipght intensitios,

The mechanizms of the citrate and sulfite effects are
unclear. Citrute huas previously beso shown noaffect
DM Adve Inleractions and DNA compaction (10 Acdde
tion of citrate chanpges the absolute fluorescence ol
sities of Hoechst tincreases) and chromomyein 1de
eredzesh Ioalso reduces the amount of energy transfer
between the two dyes (100, Ciurate may exert i1s activizs
through its moderate chelating properties. s affimey
for divalent cations may be strong enough to affect dve
DNA binding, bt not strong enough to nagatively affect
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DNA stability, The effect of sulfile may be due to the
reduction of oxveen andfor other slectron acceptors that
may cause flucrochrome bleaching. These effects can be
cxpected to be small and, therefore, would be noticeable
only under ideal staining and measuring conditions.
Preliminary evidence suggests that addition of citrate
andfor sulfite may also be beneficial for other types of
flow cytometric measurements. Considering the dra-
matic improvements that have been chserved in flow
Lkaryvotyping, it seems worthwhile to test these cotn-
pounds in other assays in which histagram resolution or
signal intensity is a problem.

ACKNOWLEDGIMENTS
The authors would like to chank Mury Luedeman Lo Ada-
meas Mational Laboratorvs, wha kindly provided the suspen-
sion of pelvamine chromosomes, and Charlotte Lozes, bor
maintaining the cell culbares.

LITERATURE {ITED

1. Collird 4G, Tulp A. Hallander JH, Bauwer FW. Boczeman J: Sapa-
ration of Large quanstilivs of chromaosomes by velpcity sedimenta-
tion at unat grovily. Fup Cell Res 126:991-187. 19840,

2 Tiean P, Pinkel U High resolution dual laser flow cylometey.
Histoehem Cytochetn GEGEL-627, 1978,

% irwy J Trask B. vaoo den Engh ¢ Silva A0 Lomes O, Grell 5,
Schonbery 5 Yu LOC. Goibua 35 Application of flow kuryntyplng

Lt

FAN DEN EMOGH ET AL

in prenata] ditection of chromédgome aberratione. Am J Hum te-
et 424%-39. 1858,

- Matteon P Rrdberg. Aralysis of chromnsomea from human periph-

pral lymphoovtes For flow evtametry. Cylomerey LIIG9-472 1961

. Lebo BY, Cmlbus M5, Chewng MU Detectiog vhrormal human

chromossme conpstitucion by dual laser fow ertopenotics. Am -
Med frenct 25:0 19-5149. 1955,

. Rewley A0 A pew cunsiatent chromosemal abnormahty 10 chronie

myelogemns leukomia wentified by quineceioe luorescence und
Giem=a stoiming, Mature 4020293, 1973

. Hillar X, Young BD; A oew mechod for the prepavation of metn-

phast: ehromusiges fre flow anulvsis, 3 Histachem Crtochemn
2E-T4-Th, 1ML,

. van den Engh (1], Trask B, Crem 5. Batholdi M: Propartion nf

cheemoseme suspensieas Tor flow orlometey. Crtometry 501065
12]. 1584

Cvan den Enph (L), Trask BJ. Gear JW Lapgieis HOG, Yo Lo

Preparation and hivaraes analvsis of suapensions of hurwas cboe.
mensaned. Cvtometoy S:92 100, 1903,

. van den Engh (30, Trask BJ. Gray W The tandiey kineties and

ieteeactinn aff DMA flugkoahromes wsed in the analysis of nucei
and cheamnsames b Mow oybomatry, Hislochemiatey 54:500- 508,
1958,
Wired D, Heich B, Goldberg H: Buse specifizity 1o the miersction
of pelynuclentides with untihiotic drogs. Scieoes L9 1058-1263.
L5,

. ¥u LG, Aten J, Greay W, Carrono AT Human ehromosome i

Linn frof short-term lemphoovte culture G flow cetomotey Ma
tuare 236 155, 1961



