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A new tool for the generation of genetic probes
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scanming probe microscopes nd espn-
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i specimen surface gl o sviry localieed
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Tl di=ndvaninge during imaging. bul can
Bt durmedd inbo an new application of the
WEAL besides imaging, Any  scanning
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Fig. 1: AFM-cantilever tip with extracied DNA
chromosome

Experiment

Lhe experimental set-up = howsed in oo
Meviwduomsd  (LN-C radlatlond  and
ropEisls ol n camibined inverisl micms
senger | Aviss) with an AFM D TopaSieirixh
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Fig. I: Main preparation and experimental steps

Fhe main preparatben and experd
mientil steps are outlined in the Mow
chiart nnd Fhgure: 2

Prior d0 the experioent the sl
ciquipanenl was sterilized 10 redues the
risk ol ronpaminaton and kept gnder
sterile condditions during the nunoexirne-
thiem of thee genetle materlal. Flow sartisi
chromsonies are prepared on a8 micmn-
senper iovier shide mnd localised by a com-
bliatkon af aptical and feree mirrosoeps
in e conel mode

Vin dnitrosilipee peimsers lor Gye sahses
guent POR amplilication wod do disablie
thie amoant of thrget XA to e estrneiod
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s

— R | N f—
P 2 I Ii_ E —~
r LA 1' TH nm
TRANSFER OF DNA TO VIALY F= -
wuil ﬂm-h‘-li'lﬂla

by omar Line s=can with the AFM. o “pro-
sitl” in sity hvbridiznibsn with chromio-
saine specilbe IS i8 perlormad

The AFM operated in ambbient air in
maEE -l madde aesling Ul cantilevers
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Sib. Fowr disseactbnn it foree wis Bcee asesil
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to urosaned 300 s aowd aawe Bowe sean (o dis-
siw'l (N genetle menberial, was psrformnied
I'hie 1S which il biered
(ET T Iill wis  transfivered o 4 steelles

lin ol n imidils
SNl fube containing  the Scollaetion
bulfer™, Afler thal a now cantlover was
il ik visuadbs tlee namsesiraction site
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For generating thie probs the relaxed
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Mannheim) was added 10 100 pM. Gel
electrophoresis confirmed the amplifica-
tion of the dissecied product in compari-
s bt conirol of an wsed cantilever
which was only aperated in non-contact
male,

Fluorescence in situ hybridization was
performed after standard protocols de-
seribed  elsewhere  [17] Biotinglated
probes were detected with avidin cow-
pled  with  Muoresceindsolbiocyanite
AFITCY INector), (Fla. 25,

Results and Discussion

Nanodissected chromosome  fragments
provide exirasrdinary small guantites of
teanplaie DNA for IR This places un-
usually severe regquirements on the pro-
vention of FCE contamination, Thorefsre
waorking in a clean room |5 desirable and
sterilization of the squipment is neces-
snry. Equally important ks to secouni for
the fact, that only ane line scan was per-
frmed for extracting the genetic mater-

Fig 3: Electron micrograph of matesial pick up by
the AFM nanoextraction techaigue

| ial, by Increasing the DNA amouni sl
| introducing primers by a “prieset” in site
hybridization.

The main step & howover (o ogeraie
the AFM In a true pon eontiet mode fo
prevent unwanbed oceasional pick up of
DA prior e dissectlon. As o conirol we
always PCR process and valldate a control
consisting of a AFM tip which sits umuasisd
on Uhe cantibever clidp besides the one
wiich i used For imaging and pick up,

The plek up of BNA s facilhaied by
the hydrophilic nature of the tdp matoer-

inl. Fig, 3 shows an electron micrograph
of mwroumml 2000 g of DNA as determined
by {15 apparent size or the change in res-
anance [requency of the cantilever, This
is an example that exiraordinary small
quaniities can b handled with relative
ease with applications far beyond e
biochemical use as shown here, Timas of
Flighi Secondary lon Mass Speciroscapy
may as will be used for the chemical
idenitiffeation of warget material specifi-
cally extracted on a desived sample side
afier high resolution AFM imnging for its
localieation. Different iyvpes of AFM up
shapes ishule, forceps, koifes and so
onf can be manufactured through lon
bram  deposition and - milling'plasma
elching wehnlgues even beiter sulinble
for specific turgets (Fig, 30

Anpiher imporinnt experimental siep
i the use of the AFM in a “stamping”
raiher ihan a “serniching”™ mode during
clissection and pick up of the biomaterial,
This can be seen in Fig. 4 where the com-
parison of bolh mesbes chrary shows tha
stamping. Lo, vertical vibrating the tip ia)
allows for fine cutting whereas in the case

| without vertical modulation (h) unusabls

i
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Fig. 4a: Using the AFM i a stamping mode with vertical vibeatbon



debris is created during o series of culs,
Additionally it can be seen that the forees
which are necessary for o precise AFM
chromoseme ol lay in a small range
arond 30 pN fcut pumber 9 in Fig 4a,
=it lino scank. This i doe o the elastic be-
havior of the cliromosome wihich degenads
un its proparation and especially its hy-
dration state. We have measured iypéeal
elastic modules of & human melaphese
chromosame of (L2 1o 0.3 MPa. The forees
which have bean applied are 2.8 pMN (1),
B4 pN (20 T2 pN (30 14 pN (4). 16.8 piN
150, 1900 pi (G), 224 pN 7], 252 piN (8),
amdd 28 pi (9], [Fig, 4a, 4h,

Figure 4 shows the comparison be-
iwean “nanostamping” .. culting with 5
nm z-maodulaton @ 10 Hz during the ol
with speed of 1 pmfsec and “nano-
seratching®, e, withoul z-modulation
ilrom referonce 150,

As a final step for the verificaton of
the procedure uoresscenco in-sity hy-
bridization was performed. [t showed a
distinct signal at the position of the chro-
mosome where the initisl cul was per-
formed and thus provided a proofl for the
privacol o work proaperly. Additional M-
arescenee intensliy profiles based on im-
ages ol the FISH chromosomes con-
firmed the result of the FISH cxperiment.

It is intoresting i compare the range
of differcnt techniques for the esllection
of INA-material, In the caze of the glass
needle iechnigue the cul size is around
1-5 pm  according to the limiaton in
producing glass micropipeties, Dopond-
ing on the condensatbon siate of the DNA
this allows for the exiraction of around
10-50 Megabases cqual o around  20-
1k fig of DNA, With this iechnigue usu-
ally several copies of mlcrodissecied re-
gion are needed for PCHE. UV-Laser
cuiting technigue can aid in isolation of
the desired chromosomal region which
subsaquenily must be picked up by
mechanieal means of a4 glass needle or

Flg. &h: Dissection by AFM without vertical mad-
ulation

an AFM tip. Owur experience shows that |

thir destructive ahlatlon with thls tech-
nigue allows for n minimal cut size around
1 pm e vo ihe diffeaction Hmiied focus-
ing of the laser beam [18]. Clearly its
higgest disadvaniage in comparison with
the AFM technique s that the laser per
se has no shulle functon. Therelore
AFM with demonstrated culling sizes
down o mround 50 nm with subsagquent
amplification and 5 nm {in the case of
plasmid rings, yol withoul subsogquent
amplification] is a desirable additlon o
oxisling technigues which allows for the
Mochemleal proeessing of around 2
Megabases for chromoesemes and around
200 kflobases (less than 1 fg of DNA) for
oxtended fiber chromatin,

Conclusions

Based on s working principle the sean-
ning probe microscopes canme only e
used for high resolutben Imaging of sur-
Tace wopography, but also at the same Lime
they are porfect tools on the nanometric
seale [3] With this experiment we have
demonsirated that it is possible o usoe the
AFM tip like o mechanical nanoscalpel for
nanodissection and os 8 nonoshoffle for
subsesguent namssiracion and mbcro-
cloning of genetic material from homan
chromosomes. In order o overcomse the
probloms with minute amount of material
i be processed ni a lime which is inhor-
i for o sequential method ke the sean-
ning probe technigue we comhbined the
AFM-nanoexiraction of a partleular geme
region with the biochemical pobymeras:
chain reaction (PCR)] technbque for lis
amplification.  This  combination  of
nanomechanics and molecular cytogenat-
ics may allow for ihe croation of much
smaller genetle probes In comparison b
standard microdissection techniguis v
ful for high resolution mapping of the ho-
man genems. The next goal & e imphe-
ment & nenr Beld opticnl microscope in
orider o identily & paricular genomie re-
fglon labeled with anly lew dye aulecules
for subsequent nanodissection. For this
goad an AFM hybrid tip which is a uny
light emitier hased on ihe electrolumin-
eemen of poreis gilicon as well has been
constriected [19).
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