WO 03/ 072240 PCT/ NLO3/00144 Apparatus for treatnent of light-sensitive

bi opol yners The invention relates to an apparatus for treating

| i ght - serwDto3we22b0 opol yners, conprising at |least a |ight PEONI®s/p0Ida4process
chanber suitable for receiving a substrate on which the biopolyners are

pl aced for treatnment with light 5 fromthe |light source, and an allocation
menber for directing the light fromthe Iight source to the selected sites
on the subdipmtretuSudvran mEfarattusf slilgidws o itvre iraial@enask- | ess
fabrication of light-directed oligonucleotide mcroar- 10 rays using a
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chanber ﬁq‘{b Jromthe process chanber. Due to the light fromthe
ultraviolet 1ight
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15 the form of a digital micromirror array. Via this reflectilon
mask the ultraviolet light is directed via a special projec-
tion screen onto the substrate in the process chamber for the
formation of a DNA test array. The process chamber is con-
nected with a so-called oligosynthesiser which serves for

20 conducting the respective liquids necessary for the formation
of the DNA test array to the process chamber or away from the
process chamber.

Due to the light from the ultraviolet light source
being projected selectively onto specific sites on the sub-

25 strate, a local activation takes place of the respective pho-
tolabile group supplied with said liquids. In this manner a
desired DNA nucleotide can be formed successively on any se-
lected site on the substrate.

With such an apparatus it 1s possible to fabricate

30 DNA test arrays of at least 40,000 nucleotide positions,
which means that the formation of such an array is a time-
consuming process which moreover has to meet a high standard
of accuracy in order to avoid incorrect nucleotide formation
in positions adjacent to the illuminated sites. Consequently,

35 high standards have to be met, for example, with respect to



2 the accuracy and speed with which the allocation nenber can direct the
light fromthe ultraviolet |ight source. It is the object of the invention
to neet twegd/ozdo ot her requirements that in practise havpeTinLobeoful filled
by 5 an apparatus of the kind nenti o%ed in the preanble, and to provide
such an apparatus that can be manufactured at rela- tively | ow cost and
can, in addition, be easily transported. A further object of the invention
is to ptbei decswekyaanspppeacduyithatihish Boeusdd ossttion yerbert K8 or mat i on

of a 10;PNAitest antay bubakse fok genenald vilgHeatdonade.ght - sensitive

bi opol yners.  Such bi opol yners al so i nclude for ,exanple RNA ﬁnd am_noaci ds
(peptides, proteifisis th&t ORAECEr Ofay R0t NFE AR TP BEStt hGSSFuPEDNA, RNA
a_ndhpr Ob%h@rlbl}fielq‘ﬂliigﬁa%n!éln&%k&_h(afﬂ;U(ihﬁ@rh&ttiiﬁ(éG&av@lﬁﬂmaﬁ cE$1)l,fia|ie\ﬂbIny as those
with particular nodifi- catians Qrochr Qnes,, _sygar - rot eins,
phosphat®, 2PREERYAYS, ogn&_%'fl é‘&ntdhg‘?él &P‘\ﬁ%{&ﬁ fcﬁlee %%Ia%;b%éeb%& ;H%t hem

sel ves atrevalkdeeady:hmadi faipech raDNg, thiss, csyntdsemiagudldatvasidd$)t. refige per son
skilled,_i,n the- art wll fj o dif figult:y 4 nyfur, I -SRR &Nt i ng
this IiStVTHe l%lgvj é:\égltsltveasm{(;%étrﬁﬁeq:nn\%ﬁjit?réddarﬁegee%gﬁy;?erc? \l%me)t@h an

appar at us that cénplirdbew tibiess of $&eeravedtioRe 18 &onProyppendedt o t he

speci figat ib,on LR @ fifgt BsPeet uddie RIPFAST IS wharReierised dM a 25
that the alfocation nmenber conprises at lej‘ﬂft one notor-. driven mrror, the

mriér  D¥Arb@fite @ TER Ya Tt &la & OLp SRl Nartded Watdwee ¥ 16l es of a devi ce
gener at isR@ sa tie@nefiicp dlivedetds. and that the allocation nmenber has an

The ori 30 ont at LBR 0P RS MITFS: 2 Th & has hedn s hawers Brovias & fast —
and accuanmdnelayriwer kipegp tdldesatimot afmyiler Gfat alaat idtelBay Nl e @i exity,
that inadditiQpL ur%e ]j[@ia}l ised g I&gt@g{ Huirihd Matodan Rrid«sl y used
in the abové mentidned fiel'd. For exanple, the apparatus according to the
i nverdt i ¢ deske 2MHNBE isEsi H%e Wed-Lsiafpl W SH Mt ButP FISW Yy MITEsis in a
number %fati%egﬁdd@c&wm,i Sufou-tdl fdwmiteai i hdddhmtiaat ed
bei ng rr?nve?:%y%.rg ,S a!ng ta!lysc;c c}t:rhoesaecho %%Siecqluac%e salunitlho?fr{gs bS_LtoecH{s them-
selves are already modified (DNA, LNA, synthetic aminoacids).
The person skilled in the art will find no difficulty in fur-
20 ther supplementing this list.
The objectives of the invention can be achieved with
an apparatus that complies with one or several of the claims
appended to the specification.
In a first aspect, the apparatus is characterised in
25 that the allocation member comprises at least one motor-
driven mirror, the mirror is mounted on a rotatable spool ar-
ranged between poles of a device generating a magnetic field,
and that the allocation member has an adjustable source of
electricity connected with the spool for controlling the ori-
30 entation of the mirror. This has been shown to provide a fast
and accurately working allocation member of relatively little
complexity, that in addition can be realised at low costs,
and that can be widely used in the above mentioned field. For
example, the apparatus according to the invention makes it
35 possible to simply carry out a flow synthesis in a number of
consecutive synthesis steps, with the area to be illuminated

peing moved on slightly for each subsequent synthesis step.



WO 03/ 072240 PCT/ NL0O3/00144 3 In this way a wide variety of built up

nol ecul es can be real- ised, which may vary especially in length. It is
remar ked wbas/otd2¢0 substrate nmay be i mmobilised or attachedTiNoaosesi d
support in the formof, anong other 5 fhings but not exclusively, a snooth
surface such as a mcro- scope slide, porous matrix, snooth or porous
spheres, or gel coating. The apparatus according to _the invention may be
sui t abl yinr shliissedyby wdideg vardetyalife®ugadity dvomoresialesr CeRe Pe1Fe@ N ocat i on
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20 i s chavaet erliisked ian fdratusa Madousi, ngrioartsd, qur gloaoatsl wraerRs tI9dt a-lens is
pl aced ig%lt Ia%a(%&tni al path between the mrror and the substrate. This
further “increases “t'the precision of positioning the |light beamon the
substrate. As thilesgappagetase ac§ogepdLaltry theat NVe tdPRePBYoRSi s necessary

for the 23 tlrgRt depfilieEedhbyiding M IHoRica 1MRES & d1atuRintig el MoxwidHe only
lie on the mrror axis in the plane of the substrate. A suit- able
F- t et afHldrsafedrum %his purpose is such a lens from Sill Optics in

Ger many type nuniger S4 kEbndil@alAsnaroyl edntsugtdloso thecedsaoy tis use a
beam ex 30 .pander. Lhi-S i.S . t kil l ed.| t dis
oo £ Ay RSN, (248 1 SR SNd etan e o

po . nensions wth the aid of the
f ocussi rg fiedent miord sidasbl -@ %ersodintemelefvarie vewpfarange dthéhg i ght

source is_,ng?ltg)cEq; ed as gldfa ol et 1ight source. Good 35 results can be

attai ne the ultraviolet |ight source oper- ates in tth%h390 .Nm r ange,
pref@iably at ap6¢o%ﬁn§ﬁé¢@3§5@rﬁ§@rred for the motor o© e mirror

to be temperature-stabilised. This measure guarantees a high
reproducibility of the adjustment behaviour of the allocation
member.

In a further aspect of the invention, the apparatus

20 1is characterised in that a focusing lens, preferably an F-
theta—-lens is placed in the optical path between the mirror
and the substrate. This further increases the precision of
positioning the light beam on the substrate. As this sub-
strate is generally flat, a correction is necessary for the

25 light reflected by the mirror, whose focusing point will only
lie on the mirror axis in the plane of the substrate. A suit-
able F-theta-lens useful for this purpose is such a lens from
Sill Optics in Germany type number S4 LET 3100.

As a rule it is also necessary to use a beam ex-

30 pander. This is known to the person skilled in the art and is
used to produce a light spot of the correct dimensions with
the aid of the focussing lens.

In one suitable embodiment of the apparatus, the
light source is embodied as ultraviolet light source. Good

35 results can be attained if the ultraviolet light source oper-
ates in the 390 nm range, preferably at approximately 350 nm.
This is realised preferably by using a frequency-trebled

Nd:YAG laser. Such a diode laser provides a low cost, low en-



This is realised preferably by using a frequency-trebled Nd: YAG | aser.
Such a diode | aser provides a | ow cost, |ow en WO 03/072240 PCT/ NLO3/ 00144
4 ergy- coneowaiomy4d i ght source neeting the requirenments thaCTavLo3/agpar at us
for the treatment of light-sensitive bjopolymers has to conply with. The
invention will now be further elucidated with 5 reference to a
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in a sirgy-ogeuamischdiwhit sealtop §eeks nah tsp Featiis srsntshéhgiteFar at i on
of a DNA-Leshedl Iy ASROdiddetl B nNYeRLIsams sl raagy 1o ned

above, nvention is not 10 limted to this application of the
appar at $ss £t KOmP ha' g paratus can be used for treating |ight-sensitive

bi opol yrer s b: n Q@lﬁeﬁ@kfenk:io@lr d}?lllt aokedp tfhetexpl anatdidatetl whehcl ai s
nmore accessible, the exanpl.e rel.ates to the pr rati f : t est

arr aysaorﬂef%?@dﬁgq i%gdi (5%;%151@ aeﬁipeg}pa]ﬂalfépfe%?)%ﬁf%dp)eg% (r%éldgw t est
array, cefresicey tan tile rnavalngt whiight isowr cenylearfd guner tSedver@ tirocess
chanber c%%ﬁﬁ) ts%%'vf‘s tat% ra?g;%féﬁu% ?&Q“trh%t & Migh e DNA tesdy array is
f or med. I's substrate rmay be, for exanple, glass or polypropylene or
anot her ayavalcsarstiag X® g 1rvem&iE -pr eparati on of the DNA test array

there is furthenspravicdes apalkeeat hepvenher Anvgintiog disreetion to the
light fromthe ultraviolet |ight sour 1 for illum nat- iegs 3 | ected sites
i

on tHe ddB¥itest &% Gt kP i e FPPRrImd? e

plolndui t@aéi_osft@rs sigppine g,rmécdiMar@mti@ifg | 1i dgp i tobss emesgjti drveed beitoptcdileynsintses t o be
illum nated on the ubstrate 6, | r.der : i ; ired

nucl eot ide 9551 i (}f? o&cO{(’:eorr ﬁ:longkete(r)Ej '?crl?ce{13 i ceinattr%glleor{ E)gé ﬁeeog;%lg(ﬁssnenber 2
30 is emvom edcaEss =it ortiy jaxampdier melagresita e R IGtiakhich 4 s

g?lrjgae?n[%kt E%tszg g%lga%p&?@ﬁ ditf]posefl in a]'c magnetic field, for exanple, by
furth’%r ghovvs ap%@ptﬁweg%ﬂqwgl E%d%@@&l%@%@%%%&%%ﬁ% foure
adj usti n@dtheyretly, comprising an ultraviolet light source 1, and
further a process chamber 3 suitable to receive a substrate 6
on which the DNA test array is formed. This substrate may be,
for example, glass or polypropylene or another suitable mate-
20 rial.

For the preparation of the DNA test array there is
further provided an allocation member 2, giving direction to
the light from the ultraviolet light source 1 for illuminat-
ing selected sites on the substrate 6 in the process chamber

25 3. Further provided are conduits 4 for supply and discharge
of liquids required at the sites to be illuminated on the
substrate 6, in order to there realise the desired nucleotide
formation.

According to the invention, the allocation member 2

30 is embodied as a motor-driven mirror or mirrors, each of
which is mounted on rotatable spools disposed in a magnetic
field, for example, by arranging the spools between the poles
of a permanent magnet. The figure further shows a computer-
controlled regulator 5, which serves for adjusting the cur-

35 rent to be conducted through the spool or spools, so that the
mirror placed thereon assumes the desired position corre-
sponding with the site to be illuminated on the substrate 6.

One thing and another is indicated very schematically in the



35 rent to be conducted through the spool or spools, so that the mrror
pl aced t hereon assunes the desired position corre- sponding wwth the site
to be il lwoiopatedo on the substrate 6. One thing and anot Ir€T/NI®3/Howd# cat ed
very schematically in the WO 03/072240. PCT/ NLO3/ 00144 5 figure, but is
conpletely clear to the person ski llePin the art so that further
explanation is not required. It is advantageous to use for the said

al | ocat ifégureenbert 2sa conpdaitiedd galeeands roher PegiFeh &xgdihesghdm rhér has 5

been knaun G (HRRY H63ker IskpiXhLehy iaCasaleqantd s available at
relatively low cost. It Is further advantageous and gener %I Ié al so desir-
abl e for the notéi &f ?ﬁiéfaﬁlitlarg@f’utsotﬁeutsgrr%@Faf‘:@tee-s BiltPS8E 1 For exanpl e

at apgr%tnlaslat‘relzy a?%o%czﬂl&le@f @%flvfa(holi;ﬁhr&@ﬁ.e\ﬂﬁcfal fﬂhgja]d;mjfcﬁdm_’for hlals
repraoducibility o e _adjustnent .behaviour .of the m.rror. The allocation
rrenbgr’r %eﬁf“e#éﬁoéi’ﬁ’i ftofo ysé?afs’o-lscﬁ%{l}éﬁfqeélﬁ’s,acé:ﬁld: e B gsr ably a

so- cal | edraklthdtadtenslafliacdy ilow knesdgpti cal path between the mirror and
the sub 15 strate 6. T er, 4 [ his 4 $;S%ecuted Jhs Ccoygalietel y
known to the perggnlgk?ﬁfg‘g‘%{}naghfgé\grapgggtst ﬁzlt %g further ex- pl anation is
requi r eéblForforthehel mod@irolodt thieg A rgedr d& e iteMREIAEIS to use a source

that operaiss iistd,he 34390 1uMatangsr dxeffiay 20 Hlg, atn appiaxigatel y 350
nm The inyentor especiall prQ(s)Fgoses to use .a ﬁ/d:Y | a-_ ser V\/lthca trebl ed
f r eqifen@Fhis¥én aahdi%)déiqga%/e& R 5& § saog}\}’a?qnhed} e at | ow
cost. Figedlahourt dfS WAgAinti remphasi sed that the protective 25 scope nerited
by the clains i Sg%%t glr%llrgcta%q,o%nloﬁe%e%b%\/g)lr%)%%@_}ab&lye;cotsngﬁrg.ls%?%aréplﬁmr ely

serves to elimn y possi bl e am “bigarties in-the ainms Wt hout
limitingushien ilersny amy morko preferedi sid 19etrdlilahd dhetia- i obvi ous

that t h?}l%%%%f %(51 ;gg% ﬁ@ﬁ%lu%h LR Qhe 3t e MSAd Idhd®b-

appl i cat’i ons, any ‘such application is covered by the gﬁyended
cl ailhs. SMDaGE F7-2 240 PEnQI0IOTd4h this is executed is complete

known to the person skilled in the art so that no further ex-
planation is required.

For the ultraviolet light source it is desirable to
use a source that operates in the 340-390 nm range, prefera-

20 bly at approximately 350 nm.

The inventor especially proposes to use a Nd:YAG la-
ser with a trebled frequency. Such a diode laser serves the
purpose and is available at low cost.

Finally, it is again emphasised that the protective

25 scope merited by the claims is not limited to the above exam-
ple; this example merely serves to eliminate any possible am-
biguities in these claims without limiting them in any way.
To a person skilled in the art it is obvious that the appara-
tus placed under protection can be used in many applications,

30 and that any such application is covered by the appended

claims.



6 CLAIMS 1. An apparatus for treating light-sensitive bio- polyners,
conprising at least a |ight source, a process cham ber suitable for

recei vi ngwe osixier at e on which the bio- polyners are pl acedTinuw3peeat nent
with light fromthe light 5 source, ang an allocation nenber for directing
the light from the light source to sefected sites on the substrate,
charac- terised in that the allocation nenber conprises at |east one
notor-driven mrror, the mrror is nounted on a rotatable spool arranged
bet ween pol es of a device generati ngraatigg 10 netic field, and that the

al | ocati on nmenber has an adjustabl e—source of electricity connected with
the spool for control- ling the orientation of the mrror. 2. An apparatus
according to clai m.lanchppaebeussedr thebbahgt Neéghei-eshaticameobibhe mirror

is adjustable to a pre-, 15 determ ned ition corresponding with the

sel ect ecpqaxr%ﬁﬁ%a-c T £ n ??Fesq%tfgﬁjr%%.s%gr%\%’ a%p%?%(?%sss aé(}&%r?di ng to
claim 1 m¥r Zuidhss e -fderisessi ving hatsulbet md t ©cat i wni olenblee hisoa

gal vanom r+ 4. t i t.0; i - 20

char act rclglsée%{cfé i %%t@%%%o#%? a%fﬁé)%t%heé}?nc r"?lo@p?ls&%%%rph%%%ﬂ#}g@ %lt a T|;I i sed.

5. AnS appatziass st aiti gl e lohen gienlrr cf o binegting hahact s efrom t hat

a focusifyk BNt Meletabty sa&ctdetartdensnishdl agesttacs hecptigal path
between the mrror and the 5. substrate. 6. An apparat us afe(s:ordiggeto one

of the cterifed -5 thRaartt LR it RHe FPEAtLSo0ree T199%N
ul travi ah®tortdghiers ot €eor 7. t A0 mppasatis mocored nont® coatalfle

340- 300 BT G BFOror AT At b O tet ey S0 e > BT d53hr at U
accal@i netios cf g inl,7, aharkat ethisedllocrithen mémbert thavi ot eadjugrblour ce
I's a frqgﬂﬁﬂﬁ¥'5fE%&é%krf%&@%“%éﬁﬁ@%ted with the spool for control-

ling the orientation of the mirror.

2. An apparatus according to claim 1, characterised
in that the orientation of the mirror is adjustable to a pre-

15 determined position corresponding with the selected illumina-
tion site on the substrate.

3. An apparatus according to claim 1 or 2, charac-
terised in that the allocation member is a galvanomirror.

4. An apparatus according to one of the claims 1-3,

20 characterised in that the motor of the mirror is temperature-
stabilised.

5. An apparatus according to one of the claims 1-4,
characterised in that a focusing lens, preferably an F-theta-
lens is placed in the optical path between the mirror and the

25 substrate.

6. An apparatus according to one of the claims 1-5,
characterised in that the light source is an ultraviolet
light source.

7. An apparatus according to claim 6, characterised

30 in that the ultraviolet light source operates in the 340-390
nm range, preferably at approximately 350 nm.

8. An apparatus according to claim 7, characterised
in that the ultraviolet light source is a frequency-trebled
Nd:YAG laser.



