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ARSTRACT

Chrmosomes specific paind prodses pro-
wiale i purwerfiel rool with wide applicaiions
in cviegenetic amnlvers, Mere, we presenl o
mew aipprodch wiing UV-laser amicnrbeam
maicrosdi e o i comebdmetion wilth faser-
pressire cortapralfing, which altoows the fosi
ivodmiton af simgle chrmmosomes for the
_j‘l\.r'rr\rrurmn 4.:.]' |||.||lr|m].|.l1rlﬂ.lr--._|'.l|‘| l_f]l Illlll'.lI]
proabes. Tivodemumitante te feasitulioe af this
r.llr.l|ln.|n|:.|||'l_ -qlrr_q.lr 1.r|IirJ.IIrJIJ|'JII1‘.'¢ were i
lected and  omplified  with  degenerae
aligenucleande-primed PCR,  hapren-fa
beled  amd  hvbeldized  oaio soemal
mctapfase spreads, Flinwesoenoe in sita 5
Brichzation sigualys revealed gpecific pala-
g of fae resperiTee CRIRTTEMITES,
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INTRODUCTION

Chromosome-specific DINA - probes
can be generuted by isolating DNA from
whule chromosomes or chromosomal
subregions and its subsequent universal
amplification by degenerate oligonu-
cleotide-primed polymerase chain reac-
tion (DOP-PCR) Such paint probes al-
low the direct visualization of specific
chromaosomes o sub-chromosomal re-
gions in metaphase spreads as well as
chromosomal territories in imerphase
nuclel by Muorescence in situ hybndiza-
uon (FISH). The wwilubiliny of such
paint probes has become an imporant
tosol Fowr cytogeneie analysis with wide
applications, ranging from  research
sudies of chromasome termitones toodi-
agnostic use in clinical penetics (1,2,

[niferent methods are available for
e collection of such samples, {§} Chro-
misomes isolivted by fow soming have
been successfully applied for the gener-
tion of whole chromosone-specific 1i-
branes from varous species, which uso-
ally originate from several hundreds of
sorted chromasomes {11,165, Flow son-
ing works best on chromosomes that
have a wide mnge of sizes or present dis-
crete differences in base pair composi-
tion. i) The conventonal micrhssec-
tion approach uses fine glass needles for
the collection of chromossmes (6,49, 10)
amd also allows the isolation of sub-

chromosomal regions of GTG (G-bands
by trypsin using Ciiemisa)-banded chro-
mesomes with high precisson (75, How-
ever, needle dissection s tedious and
needs especially skilled personnel, Fur-
ihermare, this method requires mechami-
cal contact and therefore is sensitive o
coavamination.

In this paper, we present a method
for microdissection and rapid collec-
tion of chromosomes tha is solely
based on laser micromanipulation, We
demonstrate that this approach allows
thie fast generation of chromosame-spe-
cific punt probes onginating from a
few or only one copy of & chromosoms
without mechanicil contact. The entire
approsch comiprises (i) the mounting of
metaphase spreads on ulirathin mem-
branes, (i) the optional destruction of
unwanied genctic matenial adjocent o
the target chromoesome by laser abla-
nio, (eer) the isolation of the separated
chromosomes by luser dissection of the
membrang around the target chromo-
some, {iv) the collection of the chro-
msome-membrane  siack by laser-
pressure catapulting (LPC) onto o
collection device and (v universal
DNA amplificotion of the collected
chromosomes by DOP-PCR and label-
img of the amplified probe

The chromosomal specificity of the
obtained probes was demonstrated by
hybriduzing the labeled probes foonaor
mal metaphases
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MATERIALS AND METHODS

Materials

Metaphase chromosomes were ob-
tained from cell cultures of a diploid
kidney cell line from Chinese hamsier
(kindly provided by 5, Milller, Univer-
sity of Munich, Germany) and from
short-term cultures of human lympho-
eytes according to standard procedures,

Metaphase Chromosome Spreads

A piece of a 2 % 3-cm-sized, 1.35-
Hm-thick polyethylene naphthalate
(PEN) or polyester-based (NYLA)
membrane  (provided by PALM,
GmbH, Bemried, Germany) was
placed on a pre-cleaned slide, fixed
with Scotch™ tape and UV-irmadiated
(254 num) for 30 min. Mounting was fa-
cilitated by a drop of pure ethanol
placed on the coverslip. Metaphase
chromosome suspensions from the Chi-
nese hamster cells or human lympho-
cytes fixed in 3:1 methanol:acetic acid
were dropped onto the membrane, Af-
ter 30 s, the slide was dipped briefly
into 70% acetic acid 1o obtain well-
spread metaphases, then dehydrated
through an alcohol series (70%, 90%
and 1OFS ) and wir-dried, Giemsa stain-
ing was performed in a 0.1% Giemsa
solution for 10 min, slides were thor-
oughly rinsed with sterile, filtered wa-
ter and air-dried. For GTG-banding,
slides were aged at 36°C overnight and
incubated in 0L1% rypsin for 20-40 s
before Giemsa-siaining.

Laser Microbeam Microdissection
(LMIND

A commercinlly available UV-Loser
Microbeam System  {Rosor-Micro-
Bear: PALM. GmbH) was used as
previcusly described (125, This syaliem
consists of a 337-nm nitrogen laser that
is coupled into the light path of an in-
verted microscope and focused through
an oil immiersion objective (63 or 100x
magnification, respectively) with high
nuimerical aperture 1o yield a spol size
of less than | wm in diameter (13). The
microscope stage (Robot-Stage), the
micromanipulator {Robot-Manipulaor)
and the laser micromanipalation proce-
dure are computer-controlled.  The
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microscope image is transferred by a
video camera and displayed on a video
screeh, An energy of 0.2-003 plpulse
wis used for ablation and of 0,506
Pl pulse for membrane dissection.

LPC

For catapulting, the laser was fo-
cused slightly below the membrane.
The fsolated chromosome-membrans
iskets were gjected from the object slide
with o single laser shot of 1-2 plfpulse
and catapulted onto a collection device,
held at a distance of <1 mm above the
slide by a micromanipulator as shown
in Figure 1. A and B. The collecting de-
vice consists of a small (1.5 x 3 mm)
prece of glass heat-sealed to a pipet tip.
Pure glycerol (0.1 pl) was placed on
the collection glass to improve the ad-
herence of the catapulied specimen and
to facilitate their release into a reaction
tube. Successful collecting of the cata-
pulted membranes into the glycerol
drop was monitored by focusing an ob-
pective of low magnification onto the
collecting glass.

DOP-FCR
After LPC, the glass panicle was

transferred imto o reaction tube and cen-
trifuged a1 1000« ¢ for 3 min to get the
glycerol drop with the selected chro-
mosames into the botlom of the tube,
The glass piece was then removed us-
g a clean forceps. The amplification
of the sample DNA was performed
with the partially degenerate universal
primer 6MW (5.CCG ACT COA
GNN NNN NAT GTG G-3) (15 in a
final volume of 25 uL of a PCR mix-
ture containing 60 mM Tris-HCI, pH
85, 15 mM (NHgh50, 315 mM
MgCly. 0.03% W-1-detergent (Life
Technologies, Paisley, Scotland, UK),
200 pM of each ANTP, 1.5 PM MW
primer and 1.5 U Tirg DNA Polymerase
{Life Technologies). Primary amplifi-
cation was performed on a PROGENE
Thermal Cycler (Techne, Princeton,
NJ, USA) with the following cycling
parameters: initial denaturation ot 96°C
for 3 min, 8 low-stringency cycles of
96°C for 1 min, 30°C for | min, 3-min
transition of 30% to 725C and 72°C for 2
min, followed by 35 high-stringency
cycles of #4°C for | min, $6°C for |
min, 72°C for 2 min and a final exten-
sion of 5 min at 72°C.

Two microliters of the primary am-
plification product were labeled with
digoxigenin or biotin in a secondary-
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Figure 1. Schematic disgram of the LMMLINC procedire.
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label PCR inoa volume of 50 jul of a
PCRE mixiure containing 10 mM Tris-
HCI, pH 8.3. 2 mM MgCls. 50 mM
ECIL, 200 pM of dATP. dCTP and
dGTP each, 160 pM JdTTE 40 uM
Digoxigenin-11-dUTP or Biotin-16-
dUTP i Bochringer Mannheim GmbH,
Mannheim, Germanyj, 1.5 pM 6MW
primer and 2 U Tog DMNA polymerase,
PCR conditions werne as follows: initial
denaturation af 94°C for 3 mun, 20 cy-
cles of 94°C for | min, 36°C for | min,
T25C for 30 5 and final extension 72°C
fior 3 min. The probe size, checked on a
1% agarose gel, was in the range be-
e 300 and S0 bp.

FISH

Approximately 50 ngful of the la-
beled probe with 1 pgful. of the respec-
tive Cor-1 DMNA™ (Life Technologies)
were hybrdired on metaphase chromio-
senes and detected sccording (o sian-
dard procedunes (8).

Phastographs were taken with o Ziiss
Asiophot™  Epifluorescence Micro-
scope (Carl Zeiss Jena GmbH, Jena,
Cermany ). Digital images were ob-
tained using a cooled charge-coupled
device (CCD camera (Photometrics,
Tucson, A USA) coupled 1o the mi-
croscope. Camera control and diginal
mmage wogquisition wene performed on o
Cyvtovision system (Applied Imaging,
Samda Clara, CA, LSA)

RESULTS AND DISCUSSION

The LMM technigue and the LPC
procedure were recently deseribed For
the capure of single cells {14}, howey-
er, o our knowledge, they have nod vet
been wsed for the collection of chromo-
somes and the generation of chrom-
soune-specific paint probes, The LMM/
LPC technigue utilizes the light-pres-
sure force caused by the high photon
density within the narmow focus of the
liser beam, and it differs significantly
from the “cookie-cutter” methixd 14)
wnd from the recently deseribed laser-
caplurg-microdissection {31, where an
infrared heat- generting loser is used 1o
melt the arca-al-interest omto a transfer
membrane. Figure | schemanally oue-
lines the principle of our approach.

The morphaology and Giemsa siain-
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ing of the memphase chromosomes,
spread on a UY-irradiated uhirathin sup-
porting membrane, was compurable o
those spread directly on glass slides
iFigure 2, A and E). The laser mi-
crobeam was used to first cut the mem-
brane around & chromosome-of-inter-
esd, yiclding an islet with a diameter of
S—10 pm (Figure 2, B and G Dissec-
tion of the membrane could be
achieved wsing pulse energies  of
05006 pdfpulse. Subsequently, the dis-
secied membranes were  caiapulied
right sway onto the collection device
by slightly focusing the laser below the
membrane level (Figure 2, C and H),
Using an energy of -2 plipulse, the
majority  of coapulied membrane
preces could be recovered on the col-
lection device (Figure 200, IF numierous
copies of o bomologous chromosome
were isolated, they were all cauapulicd
on one collecting device.

The chromosomal matenal could
Uhieen b transferred om the collection de-
wice to o reaction tube and released ino
the tube by centrfugation.

For a first evaluation of our oap-
proach, we selected well-spread chro-
miosomies a5 shown for o metaphase of
the Chinese hamster in Figure 2. A=,
We wanted to test whether it is possible
o panlate o single chromosome by the
nonconiact LAMMLPC procedune with-
out destroving the genetic information,

Adier optimizing the buffer conditions
in the PCE. the DNA of the captured
chromosomes was sufficiently accessi-
ble o serve as targetl DNA for a univer-
=al amiplification. In case of one single
copy, the amount of DNA for amplifi-
cutbon was less than one picogram. He-
verse-painting of the DOP-labeled
prohe on respective melaphase spreads
resulted in the specific hybndizanon
over the entire length of the captured
chromosomes ns shown for Chinese
hamster chromosomes | (Figure 3A)
and ¥ (Figure 3C), which shows a spe-
cific cross-hybndization of the homol-
opous region on Xq. Thus, our resulis
demonsirate that the lnser energy used
for membrane dissection. in a distance
of 2-5 pm around the target chromo-
some wd for the cotapulling procedure,
does not alter the target DNA, of least
niod b0 an exiend thal noticeably inter-
feres with DOP-PCR  amplification,
This is probably due to the fact that the
applied luser wavelength of 337 nm is
sufficiently distand from the absorpiion
maximum of DNA of 260 nm and that
ihe effective laser energy is limited
within a narrow focal area (5). As one
copy of a chromosome is sulficient [or
the generation of & specific pant probe,
the identification of individual chromo-
somes (e.g., by GTG banding before
mikcrodissection) is not absolutely nec-

easdry. This makes our approach espe-

Figare L Iselation of metaphase chromsmomes by LMMAPC, Pancls A<D shine 5 Chinese hamsier
mctaphiase, Panels E—H show a humas mctaghase, (A ) Cheoimosomes Tived on g FEMN mcimbranc, (B s
Istiom of hameicr chrvmosasme | by mermbrane dissection: () psolated region albor catapuliang: (011 mn
tioring i the catapuliad chmsmosme- memhmne siack o ithe colleting glass; ormow indicates spet Gl
By lasgr sbwn © Lo mapnificatimm )y TR husman meetaphuss Claoenosomes lived on g pelyeston membeane
arrows indscale chromosames 1 (F) ahlation of samerous chromosomaes around the chromswsammes 126l
wwrlaation i selevied chrmsosoemes | by membwane dissection: |H) solaied regions aller catgpiliang
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clally attractive for chromosome-spe-
cific probe generation of species where
uneguivocal dentification of specific
chromosomes by size or banding analy-
sis 15 difficult or even impossible. In
such cases, o avoid the excess collee
tHon of dentical chromosomes from
different metaphases, the preparation of
widely spresid metaphases thot allow
the isolation of numercus chromo
somes from one metaphase 15 highly
desirable. Irrespective of this applica-
ticay, the identification of chromosomes
by GTG banding wherever possible

wisild be helplul for many purposes,
Therefore, we have tested several con
ditions of banding procedures, Howey-
er, the banding guality of membrane-
meounied chromosomes was alw ays lizss
compared o chromosomes directly
spread on glass slides and did not allow
the rehiable wdentification of all chro-
MOSHES r‘l'i'lll"l sl I'Ifll,!I1I|"|Fi|:|'|1,!-r|'||H||1|l_'d
metaphase (data nol shown b,

A key feature for fuiure applications
of the LMM/LPC techmigue would be
the ability o caplure discrete subre-
grons of a chromosome as, ie., chro-

l'lg-un-.\. ":|-|II'|I‘E|I'1||||H ol INA prohes oblainod by LMMLPC, (A Hamster chromaosome | b

denved Trom one isolaied copy, detecied with anb-DNG-Cy ™3 sl counterstsined with 4°6-d

2 [‘|I|.'II:||:I|.|| v dinydrechlonde (EAF]E (B ) lnvened DAP] piciare of the same metaphase; (Ch Hamn
shéf chromosome ¥ guohe dermved [fom oo isodated copy of a GTG-banded prepantion., deseced with
amli- DHG-Cy 3 and coumterstained with DAPL: note the apeilic croas-hybendizmiosm of the hosmlapous
TEgeon oa ?‘-:|| {0 invened DAP] metarg gl the weime mctaphase; (E) hunan chromosome | o de
mved [roem |3 solsted copses deleciod wath avidin- Muorescein isothioovamate (FITC); &
hybrideeation on olher chromosomes i observed; (Fi imverted DAF Mebuie of [he same m
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masome arms of finer sub-chromoso-
mal regions. In principle, two ap-
proaches can be pursued for the isola-
tiom  of  such  sub-chromosomal
fragmenis. (i} A sub-chromosomal
fragment could be directly isolated by
cutting the underlying membrane along
the respective target fragment. Howey-
er, the dissection of membranes that are
presently available requires a laser en-
ergy of ol least 0.5 plpulse, resulting in
a culing width of approximsely 3 pm,
g luding the strocturally aliered rim as
shown in Figure 2B, Such cutting lines
are not sufficiently fine for the precise
i"'\-l:'llulllllil ‘I!‘JI:I il l,'l!ll'l!illll:'ll-\.l1|'|'|.|_| |-\.|j|'l-
fragmeni. This present limirstion could
]"L' OWVCTOOMIC 0% SO % I11|,'|1!||1r.,|r|1.,"\-| l'h:-
coune avasloble that reguire fess encrgy
for cutting and thus will allow very fine
cutting hines. (i) Altematively, the iso-
labon of chromosomal  subregions
could be achieved by preceding abla-
tron of unwanied ;;:l:ln:li-'.' milerial adyi-
cent o the target chromosomal frag-
ment before dissecting the membrane



al o wider distance. This approach
could also be used for the isolation of
chromosomes where well-spread meia-
phases could not be achieved. Figune
2F shows an example of preceding
laser-ablation of the chromosomes
around the chromosomes | of a human
metaphase spread.

What is questionable is whether the
laser-ablation procedure destrovs the
ablated chromosomal material, not only
structurally, bul to an extent that even
prevents any amplification by DOP-
PCR.

In our experiments, we used an en-
ergy of 0.2-0.3 plpulse for ablation of
chromosames, As shown in Figure 2F,
this energy resulted inoan optical de-
struction of sblated DMNA but stll lelt
the underlying membrane intact and
did nod alter the shape of the chromo-
sonves to be solated, DOP-PCR resuli-
ed in o specific punt of the respective
chromosome, as shown in Figure 3E
for chromosome |, where 15 copies
hadl been isolated after ablation of the
closely adjocent chromosomes of the
respective metaphases. Thus, ablation
of DNA matenal around the warget
DA within a distance of down to |
i chid not noticeably impair DOP am-
plification. However, i addition to the
specific hybridization pattern, some un-
specific hvbrdization signals on maost
aof the chromosomes could be seen.
Such an unspecific hybndization pat-
lern wis nol observed using probes
from sufficiently spread chromosomes,
where preceding-ablation wis not nec-
essary. We pssume that this unspecific
hybridieation 15 mest probably due o
o incomplete destruction of the ablat-
ed DA, which, although invisible on
the membrane after ablation, could sall
b DHOP-amplificd o some extent. This
assumption is supported by our finding
that DOP-PCR prosfucts of o catmpulied
membrang piece from which an entire
metiphose had been visihly ablated.
also resulted in some background hy-
bridization. Contamination  problems
could be excluled, as amplifications
from empty catapulied membrane
picces collected from ihe same slide
did nast resuln in any positive hybendiza-
tiom (dita not shown),

We are currently working on im-
proved conditions for the generation of
background-free  paint probes  from
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sub-chromosomal regions. Once these
comditions have been established, the
coanbination of LMM and LPC will be-
comw a valuable method also for the
generation of specific paint probes
frovm sub-chromosomal regions,

ACKNIWLEDGMENTS

This work was supported by the
Deutsche Forschungsgemeinschalt
(DFGH Grant Mo, He 16517 3-3 and the
Bayenische Forschungsstifiung Grant
Mo, 1535, We also thank 5. Miller
(Insutute of Anthropology and Human

Cienetics) for providing the Chinese
hivmster cell line and R. Schize (PA.
L-M., Bermned) for tiechnecal support.

HEFEREMUES

| Carter, N5 M.A. Fergason-Smith, M.T.
Perrvinan, H. Telembas, AH. Pelmar, M4,
Leversha, MUT. Glancy, S0 Wiod ol al.
1992, Keverse chromosnme  paintng: a
e thisl For the rapsd amalysis of abermant chm-
masoanes. im0 clingcal  oyiogemetics.  Med.
Ciener M 300 W17

2 Cremer, T, AL Rurs, B, Zirhel, 5, Neteel, |,
Rinke, E. Schirbck, M.H. Speicher, 1. Math-
bew ot ml. 11995, Rode of chomosome i
ries in the functional comparmentalization of
the cell naschews, p. T7T-M1. Cold Spring Har-
e .ﬁ}l‘ﬂrhnlu o Duianntative Hiology, Yol-
wme VLI CSH Labomatory Press, Cold
Spring Harbor, MY,

A Emmert-Huck, ME. RF Bonser, PRI,
Smith, BF. Chosgui, £ Fhoamg, 5.H.
Croldsiein, R.A. Welss amd 1A, [hobia,
1906, Laser capture mecmsdinasction. Science
R E R [T

4 Fukuod, K., M, Minczawa, Y. Kamisugi, M,
Ishikawa, ™. (¥hmida, T. Yanagicawa, M.
Fujichita and F. Sakal. 1992 Microdiswec-
tsoen ol plant ¢bomoanmes by argidi-ivn laser
b Theor. Appl. Genet. 84 787-791

A Gireulleh, KO0 and G Lelte. 1TFRE Light o
microsensos sl miciomaspularos: laser -
crobeams and oplical iweerers. Exp. Tech
nigque Py, Sk 1-14

foan. XY PBS Melteer and LA, Trent.
1958, Bapid peneration of whole chromsme
peisiEg peodes | W) by chisuisosame -
o imsection. Cremomecs 22: 101 - 107

T Guan, 3.5, W, hamg. M. Blimser, ¥, Jiang,
P Meltger and JLAL Teend, 1996 Chions
wame am painting probes. Nabare Genel
eI N

H Lichier. P and T, Cremier, 19952 Chinome-
some analysis by ponsitwoiopic in s hy
hridigstion, p, |5T-192 fn DE Roosey and
H.H. Crepuliawskn (Eads ). Humam Cylope-
nctics (¥l 11 A Practical Approach. 2md ed
IR Press, Oxloed, UK,

9 Liidecke, HL. G Semger, U, Clansson sl

. Horsthemke. 19849 Cloning defined re-
grons of ik human genome by micrdisses-
tion o hapded chromosomes and encymalic
amplification. Malure 358 348-3350

[ Aebieer, PS XY, Guan, A, Burpess amil
JN0. Trend. 1992 Rapid generation of region
specaibe probes by chaomosome micrsdrsec-
oy and Ieer application. Natare Genet, T:24-
=

11 Babhine, P W lmpes, A, Heppell-Partan,
. Langford, . Tease, 5. Lowe, 1) Bailey.
M. Fergusom-Smith and N. Carter. 1905
Chromimme spoce{ic paints lrom a kagh nesa-
fuison fhow karyotype of the mouse. Nature
Genel 9366175

12 Schiitee. K., L. Becker, K.F. Becker, 5. Thal-
hammer, K. Stmrk, WAL Heckl, M. Bohm
and H. Pasl. 1997, Cut ol on poke b - the
key o the world of sngle gemes: laser micn-
manipralatinn sy & vabashle 1ol on the look-
ol [ixr the owrkgin of disgase, Gonet. Anal, Rio-
maol. Eng. 1418

13 Sehditre, K. anad A, Clemeni-Sengewnbd.
1996 Calch amsd mrve-cul and fuse. Nabure
JAR: 66T

14 Setdliee, K. amid (v Lahe 1995 liennifics-
tiown of eaprevers] penes by laser-medisted ma
mipulsion i single cells. Malure Biotes bl
Ja: TR T42

15 Tebemius, M., N Caner, CE. Behh, AL
Sordembkpild, BAJ, Ponder and A, Tan-
naclifle. 1992, Drgenonate olignemcloolide
primed PCR: peneral amplification of wegel
DA b a ungk degenerale primer. Ge-
nomics {4 TIE-T72

I Telemius, H., ALH. Pelmear, A, TumnachiTe,
M Carter, A, Behmel, LA, Ferguson-
Smith, M. Nordemskjiild, K. Plrageer and
AL Pomder. 1992, Cyvingencise analysis by
chrmsosome pamling asing DO PCR ampli-
fied fMow soned chromosomes. Genes Cheo:
msones Cancer 4. 34T7- 363

Roceivwed 17 December 1998; accepted
21 April 1889,

Aulelrrsa corrrspondece Loz

35, Mariewn Ceeimer

Tesrfiute of Amifropadagy ead Human Geacnics
Leedwiy Mazimiliome Lnneermidr
Hirbarr-Wagaeritne T

280X T Meawmich, Germamny

Tedernet: s cremer® Jez sl muenches de

RioTechnsgues 367



