TITLE Apparatus for repeated automatic execution of a thernal cycle for
treatnent of sanples The invention relates to apparatus for repeated
automatic execution of a thermal cycle for the treatmpnt Afg cog
sanpl es, especi al Iy biological sanples. Such an apparatus has nunerous
appllcatlons in biology in general and mcrobiology in particular. 1In
the Tatter field, the necessity of treating a biological sanple at
dlfﬁéYent tenperatures is generally dictated by two basic biol ogical
characteristics. First, the biological activity of an enzyne is greatly
dependent on the tenperature. In general, each enzyme has an opti num
operating tenperature and its activity decreases regularly if one noves
away fromthis tenperature. Curves showing the variations in

bi ol ogi cal activity as a function of tenperature may thus be obtained and
represent an inportant characteristic of each enzyne. Secondl vy, t he
reaction of nol ecul ar hybri di sati on between two sequences of nucleic
acids is directly connected to the tenperature. This hybridi sation based

on the conplenentarity of the bases between two sequences may occur
bet ween t wo nol ecul es of deoxyribonucleic acid (DNA), between two

nol ecul es of ribonucleic acid (RNA) or between one nol ecul e of DNA and one
mol ecul e of RNA. Mol ecul ar hybridi sati on enabl es one to produce either
pairing by hydIf@Eous connection between two distinct nol ecules or

i nter nol ecul ar .‘;U,: a']%.h PN peatet MDA YRLA S YRISNCETe -4y t he
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The invention relates to apparatus for repeated automatic
execuzicn ¢f£ a thermal cycle Zfzor <he <treatment of

samples, especially biological samples.

Such an apparatus has numerous applications in kiclogy in
.general and c*ob*ologv in par:icular. In <he latter
fleid, =the -ess;:y of treating a bioclogical samplie at
fferent temperatures is genera;;y'dic: ted by tTwc sasic
zicliogical characteristics. @ First, <the biclogical activisy of
an enzyme 1s ¢reatly dependent con the <temperature. In
general, each enzyme has an optinmum operating temperature
and its activity decreases regula:ly if one moves away Zrom
this ctemperature. Curves showiné the wvariati¢ns in
tiological activity as a function of temperéture may thus
te cktained ané represent an important characteristic of
each enzyme. Secondly, the reaction of molecular
nybridisation between two seguences of nucleic acids is
Zirectly connected to the <temperature. This hybridisation
zased cn <tThe complementarity of <the bases between <TWO
seguences may occur between = two molecules of
deoxyribcnucleic - acid (DNA), Dbetween <+“wo molecules of
ribonucleic acid (RNA) or between cne molecule of DNA and
one molecule of RNA. Molecular hybridisation enables one to
oroduce either pairing by hydrogenous connection between
two distinct molecules or intermolecular pairing between



the formation of a so-called secondary structure of DNA or RNA nol ecul es
. The effect of tenperature on the hybridisation reaction is
essential and each sequence of 5 DNA (or RNA) is defined by its Tm.
the tenperature at which 50% of the sequences are paired to conpl enent ary
sequences. The Tmof a precise sequence is eval uated experinentall'y
follow ng the hyperchromcity at 260 nm by spectro-photonetry, which \;;
acconpani es the unpairing (or 10 denaturing) of two conplenentary
sequences of DNA. The whol e of the DNA £eduences are in the single strand
format high tenperature [err] and the double strand format | ow
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The Tm of a DNA sequence depends essentially on the

15 following two parameters: the basic sequence and ionic
force of the medium. The Tm usually found varies between 20
and 85°C. Thus, the great majority of molecular reactions
may be produced in perfectly defined and controlled thermal
conditions. Certain of these reactions require the

20 successive use of different temperatures and may be
effected in the apparatus described in this invention. This
particularly concerns hydrolysis' using restriction enzymes,
enzyme modification reactions for DNA, cascade enzyme -/
reactions, the isolation of repetitive families of

25 sequences for DNA and the amplification by ‘'polymerase
chain reaction'. These applications will now be discussed
in greater detail. '

Hydrolysis of DNA by restriction enzyines

A restriction enzyme enables one to cut a hybridisation
30 duplex DNA/DNA at a very specific place defined by its

sequence. For the great majority of these enzymes, the

temperature of maximum ‘activity is 37°C. The incubation

time of DNA with the enzyme at 37°C varies between 30 min

and several hours . Thus, a simple method of inactivating
35 the enzyme consists of incubating the sample for several

A



and several hours . Thus, a sinple nmethod of inactivating 35 t he enzyne
.consi sts_of incubating the sanple for several -3- mnutes at [err], a
tenperature at which the enzyne is irreversibly denatured. This treatnent
is equally effective in DNA denaturation which returns to its double strand
formif it:is subjected to progressive reduction of the 5 tenperature
from™ 110C to [err]. Sudden cooling of the sanple does not enable one to
achi™ve correct renaturing of the DNA. Progressive cooling in particul ar
may proceed by stages. Ceneralisation of the set of enzyne treatnents of
DNA and 10 RNA This met hod applied for Pestriction enzynes may be
adapted for the treatnent of many enzynes, for exanple: - polynucleotic

kinases - |igaggautas ag 4B8-ES'M “’%'eaxﬁﬁ%iéﬂyﬁl ¥4 i%cﬂr §ﬂ§f % pRA

and RNA pol ynerases - endonucl eases and exonucl eases Cascade _enzy e.
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the DNA. Progressive cooling in particular may proceed by
stages. '

Generalisation of the set of enzyme treatments of DNA and

~ 10 RNA
This method applied for restriction enzymes may be adapted
for the treatment of many enzymes, for example:
- pblynucleotic kinases
- ligases
.15 - the terminal deoxynucleotidyl transferase
- DNA and RNA polymerases
- endonucleases and exonucleases
Cascade enzyme tfeatment
Many successive enzyme treatments may be necessary to
20 obtain one or more defined DNA sequences. A change of the -
_ reaction medium is generally necessary between two enzyme
~/ reactions.

Isolation of repetitive families of DNA sequences
DNA sequences in large numbers exist in complex genomes
25 (human genocme = 3.5 Xx 109 basic pairs). It is possible to
distinguish different repetitive families of sequences as a
function of the number of copies of sequences per genome.
Thus, DNA genomes totally denatured thermally are restored
in stages and in a selective manner. The very repetitive
30 sequences are_restored first (family 1), then the medium
repetitive sequences (family 2), then the hardly repetitive
sequences (family 3) and finally, the unique sedquences
(family 4). It is thus possible to isolate these




function of the nunber of copies of sequences per genone. Thus, DNA genones .
totally denatured thermally are restored in stages and in a selective

manner. The very repetitive 30 sequences are restored first.- (famly -1),
then the mediumrepetitive sequences (famly 2), then the hardly repetltlve
sequences (famly 3) and finally, the unique sequences (famly 4). I.s”
thus possible to isolate these -4- different famlies by paSS|ng thQﬁ,

sanple into affinity columms of the hydroxy-apatite type, enabling one-to
separate single strand DNA nol ecul es frofn doubl e strand DNA nol ecul es. They
are passed into the colums at a precise 5 tenperature during stage by

stage cooling, of the s l, The te eralure of the fjrst, colu s, around
the melting ‘? efitur %n'% ?‘1‘ %ﬂ?ﬁjnec n% %Pf{"ﬁ’ets’é
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10 applied for separation of families 2, 3 and 4. The - -
apparatus described in this invention is particularly well v/
adapted to carry out this thermal sequence.

Amplification of the number of DNA sequences by 'Polymerase
chain reaction' (PCR)

15 This technique enables one specifically to amplify the
number of copies of a double strand DNA sequence. The
principle of PCR (R.K. Saiki et al, Science, 230, 1985,
1350~-1354) is to use the activity of the DNA polymerase DNA
dependent initiating the  synthesis starting from

20 oligonucleotidic initial material (Pl and P2) added in the
reaction medium. An amplification cycle consists of three
successive stages:

- Stage-1
Denaturing of the DNA with double strands at 90-100°C.

25 - Stage 2 o
Hybridisation of oligonucleotidic primers (15-35
nucleotides) Pl and P2 on the target sequences.

Pl hybridizes with the (+) strand and P2 hybridizes with
the (-) strand. This stage is carried out at a temperature
30 close to the mean of the Tm's of Pl and P2.

- Stage 3 .

Synthesis of the coﬁplementary DNA'étrand by extension of
the primers Pl and P2, thanks to the activity of a DNA
polymerase. This stage takes place close to the optimum




successive stages: - Stage 1 Denaturing of the DNA with double strands at

90-[err].. 25 - Stage 2 Hybridisation of ol i gonucl eoti dic

priners (15-35 nucleotides) P1 and P2 on the target sequences. Pl
hybridizes with the (+) strand and P2 hybridizes with the (-) strand. This
stage is carried out at a tenperature 30 close to the nean of the Tm s

of Pl and P2. - Stage 3 Synthesis of the cqgnplenentary DNA strand by
extension of the primers P1 and P2, t hanks>fo the activity of a DNA
pol ymer ase. Thi spefragéntakasmperataurd 06€ tthel henpyhe uehtheapesiat B319C for
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by 4 after 2 cy , b t 3 : . 1024 10. cl by,
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1, 048,576 after cycles. Cener e rate o li'fication after
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cycles. Each thermal “st age generall | ast,s .froml t omati on
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thermal stages and one complete PCR reaction requires

about 10 to 60 cycles. Each thermal stage generally lasts

\; from 1 to 5 mins. Automation of such a technique thus

represents considerable progress.

The invention provides apparatus for the treatment of

biological and microbiological samplés comprising:

(a) a pathway which is physically closed throughout the

treatment;

(b) means for introducing one of said biological or

microbiological samples to the pathway prior to the

commencement of treatment and for removing said sample

subsequent to the completion of treatment;

(c) means for physically closing the pathway during

treatment so that nothing can be added thereto or
~/ withdrawn therefrom;

(d) a plurality of thermal means positioned along the

pathway for heating or cooling of said sample, said

thermal means providing treatment of said sample at a

temperature of from 4°C to 150°C; and

(e) means for automatically and repeatedly, through a

plurality of cycles, moving said sample between said

different thermal positions along the pathway.

The means defining the pathway preferably comprises a
capillary tube. This may be of a semi-rigid material such
as plastics material, and may be of small diameter, from
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(b) means for introducing one of said biological or mcrobiological
sanples to the pathway prior to the commencenent of treatnent and fort
renovi ng said sanpl e subsequent to the conpletion of treatnment; (c) means
for physically closing the pathway during treatnent so that nothing can
be added thereto or withdrawn therefrom (d) a plurality of thermal neans
positioned al ong the pathway for heatingfar cooling of said sanple, saing
t hermal neans providing treatnment of said sanple -at a tenperature of from
[err] to [err3RPERNLNAGElY ndads T8 tRut GPREPEKAMBECAN] 4 oF8ht eBFRIeTARAYUgh
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posi tions al on e pat hway. e neans defining the pa prefera
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ratio, and thevelpbeml tarkb! esThe rsgmple treapedatior £he zppanatussof

particularly c%gp 0s° gggj i Qea venijopal _ m tube.
The sanpl e tﬁgg e |%ﬁ?ﬂ%ﬁab%é§a usf%fgfhggﬁﬁvgn%Po%aiEgﬁgﬁgﬁFéegf from1
to 50 mcrolitres. Various spatial arrangements of the capillary tube are
envi saged. '\T’affé’usf YpdtiH12NgBral§emBne sS b f ?"thfé)rﬂb.piﬂllary tube are
éenvisaged. It may, for instance, be in a spiral form, in
a




cl osed | oop forn1or in linear form Each turn of the spiral, each turn of
.the closed oop or each passage of the length of |inear caplllary t ube
represents one thermal cycle, within which the sanple passes through two or
nore'5 thernostated zones, at different tenperatures fromf[err] to
[err]. Further thermal cycles, up to 100, conprise the next turn of spiral,
a further turn within the closed |loop, or the return of the sanple in

revéwse direction along the length of the linear capillary tube. 10 The
t her nost-ated zones nay be -arranged on a di ont| nuous systemor on a
continuous system In a discontinuous syst the zones are separated by a

physi cal barrier, crossed only by the caplllary tube. Each zone has
an aut ononobus kéasedg beomodlarmy systim liheat'ntmrn'z.onsai:ﬁ tubmr ferthe

i sol ates each g Q?a%roght:ﬁetﬁ?ﬁré@l ti5d | fdb% ?d %%%ﬁt g%%@%é%)of“&hé
conti nuous syst ere Is no physica arrie e capl e Crosses
a conti nuous aﬁ&nﬁFPec‘?foﬂe}lne{aﬁerﬁ’épléiaﬁl’erﬁ“b%mﬁrﬁﬁ?‘%ﬁ c,qfteat Ehermak
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possi bi ligy of,  a cogﬁ#g ous_ _but ar

ther mal_.gradi ent
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temperature Wl -g5 of aﬁaCha OFufEREY tlfn Zﬁ?ﬁéir?”ﬂ% a&gBEedT’ﬂgoﬁa”PJ:e

may even be stog@gd mnt %Fven zone for a eterm ne er
stabilising it§ ﬁﬁﬁ?ﬂﬁhrﬁfait¥#w&aﬁﬁlﬁhé326ﬁ@ena?t4ﬁ¥QﬁWk9“h§hE“9|Fh?he
sanpl e noves r aRindith bhrﬁuﬁhlﬁné@ﬁecaﬁimiéﬂyﬂﬁﬁﬁe,effeCt of that zone on the

sanple may be mnimsed 30 or suppressed. The novenent of the sanple in
the capillary tube nmay be
o/ 10 The thermostated zones may be arranged on a discontinuous

system or on a continuous system. In a discontinuous
system, the 2zones are separated by' a physical barrier,
crossed only by the capillary tube. Each 2zone has an
autonomous heating or cooling system. The inter-zone
15 barrier isolates each zone from the thermal effect of the
adjacent zone(s). In a cpntinuéus system there is no
physical barrier. The capillary tube crosses a continuous
and directional thermal gradient, which may be created in a
ligquid, gaseous or solid medium. A change of medium gives

20 the possibility of a continuous but irfegular thermal
gradient.
— The rate of movement of the sample through the capillary

tube has a profbund effect on the treatment. If the sample

moves very slowly through a zone, its temperature will
25 approach or reach the zone temperature. The sample may even

be stopped within a given zone for a predetermined period,

stabilising its temperature at that of the zone. On the

other hand, if the sample moves rapidly through a zone, the

thermal effect of that zone on the sample may be wminimised
30 ° or suppressed. '

The movement of the sample in the capillary tube may be

obtained in different ways: '

- by at least one peristaltic pump acting on a capillary
zone having a flexible wall;



obtained in different ways: - by at |east one periétaftic'punp acting on a:i

capillary zone having a flexible wall; - by displacenent in a magnetic
system consi sting of two parts: of a magnet and of a party respondi ng t.o
the effect of the magnet (nmetal part or second nagnet); 5 One of the

parts is solidly connected to a nmechanical drive system enabling’ it to.:

rotate (circular system) or to be displaced (linear system). The other, _rt

is situated inside the capillary and is solidly connected to the sanple

This part may consist of. at |east one 1 solid particle (gl obul e,
cylinder, suspension of mcroparticl ‘inaliquid etc) or at |east of
one liquid particle. - by the effect of at |east one punp acting on a gas:

- by passive_capi |dpdph A<t P a maghEthibe sHlshea! Hndittiig Suews9
created by thed%gnarnty of gaseous masses at different tenperatures inside

the capillary &Stovement of the sanpl e may al.so be obtainéd by a
conbi nati on of dfiva omagnet ahdt lfsa pactss sesspdinding viesrete 28f fectf ofhe

sanpl e may be %e ;g roqgnggg?ég ? §£r%£°°ﬂ-§em§‘£'% us of the invention

uses a sem -closed's r ﬁﬁ 1] ary, redUC|ng t he
risk &f nol ecr ebntthe rearteh dsrisedi &atQﬂémecd’-fEdtﬁé’b?oF‘G&héaﬂ-cé mpl e

25 The invediwg systen, ldf1agd i tVitd rotefty Qraecular ERetdaivbegs,

of whi ch: to be displaced (linear system). The other part is
situated inside the capillary and is solidly connected
to the sample. This part may consist of at least one

10 solid particle (globule, cylinder, suspension of ;‘)
microparticles in a 1liquid etc) or at least of one
liquid particle.

- by the effect of at least one pump acting on a gas:
- by passive capillary actlon.

15 - by the effect of thermal pumplng created by the proximity
of gaseous masses at different temperatures inside the
capillary. i )

The movement of the sample may also be obtained by a
combination of two or more of these processes. The movement

20 of the sample may be under microprocessof control.

The apparatus of the invention uses a semi~closed system,
represented by the capillary, reducing the risk of

molecular contamination during treatment of the biological
sample.
25 The invention 1is illustrated with reference to the

drawings, of which:

Figures 1la, 1lb and 1lc are schematic diagrams of the

apparatus of the invention, showing the helical, closed

loop and linear arrangements respectively of the capillary
30 tube; Figure 2 is a cross-sectional view according to the

section line II-II of Figure 3 of an apparatus according to

the invention in which the capillary tube is of closed loop

form:; and |

Figure 3 is a sectional view of the apparatus of Figure 2,
35 taken on the section line II-IITof Figure 2.



Fi'gures 1a, 1b and 1c are schematic diagrams of the apparatus of the
_invention, 'showing the helical, closed |oop and |inear arrangenents
respecti'vely of the capillary 30 tube; Figure 2 is a cross-sectional view
according to-:the section line Il-11 of Figure 3 of an apparatus according
to the invention in which the capiilary tube is of closed |oop form and
Figure 3 is a sectional view of the apparatus of Figure 2, 35 t aken on
thewsection line I1-111 of Figure 2. 9. Reffering first to Figure |la-c,
three schematic diagrans are presented. | ach, there are three

t hernostated zones |, Il and Il through -ch the biological sanple in the
capillary tube passes in a single thermal cycle. The thernostatic zones |,
Il and Il couRefferiagl atistkbthyta Togureudascor dizesnsthemaric hdiagtans
gradient. 'n !ReeSiildlertdl oh EaGH! Cchre! HEEC (AR ALERAYSLRORS eénér{efe

are thermal cycles_to s forme cl osed | oop faorm of gure
there is just one 1-boB"%n *EaGHrPHEFnﬁp1€9cft§elcp1°1%lst%amﬁ)lfe b‘hethe

fcn rcui ]E I:of thlﬁpl(lﬁﬁ&?d thBQE pi?é/seé he.dol al oskﬁgiesamﬂmanhn ciylgg el i ”ﬁ?éf

ormof Figure lc the first ther i the passage of
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pattern of the fidcifde afl, eprér£Ved HusPebAd loop and each thermal cycle
10 consists of one circuit of the closed loop by the
tioclogical sample. In the linear form of Figure 1lc the
Zirst cthermal cycle is completed by the passage cf the
sample Irom left to right, that is through thermcstated

o/

zone I, thermostated zone II and thermecstated zone I in

II
successicn. The second thermal cycle is ceompleted by the

L
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return rsassage of the sample frem right to left, that is

through thermcstated zone III, thermcstated zone II and

thermostated zene I in succession. Each odd numbered cycle

fsllows the pattern of the first and each even numberad

;0  cycle follows the pattern of the second. It is nctad that

the sample essentially passes thrcugh the thermcstated

.2zone II in each direction, so producing a successicn cf

| thermostated zenmes I, II, III, III, II, I, I, II, III, III,

-/ I, I..... However, the passage through thermcstated

zone II on even cycles can be completed quickly to minimise

ics effect, and the delay times in zcnes I and III adjusted

to achieve the same I, I 1zI,1,11,111,1,11,I1I... effect as
in the spiral and closed loop arrangements.

N
w

Referring now to Figures 2 and 3, the apparatus illustrated
30 shows 2 closed loop form of the apparatus of the invention,

with a magnetic displacement system 'for the biological

sample and a discontinuous system of thermostated zcnes.

The apparatus is provided with a capillary tube 6 in the
form of a closed loop. The capillary tube 6 is provided
with a branch e for entry of the sample to be treated, and
with a branch s for removal of the sample after treatment.

w
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20 cycle follows the pattern of the second. It is noted that .the sanple .
essentially passes through the therncstated zone |l in each direction, so
produci ng a succession of - thernostated zones |, I, 1Il, ©1Il, JI, &I, I,.11,
(e, e, 1,1 ..., However, the passage through thernostated 25

zone Il on even cycles can:-be conpleted quickly to mnimse its effect, and
the delay tinmes in zones | and Ill adjusted to achieve the sane —
FErrrrrerrrrrrrrrr... effect as in the spiral and cl osed | oop arrangenents.
Referring now to Figures 2 and 3, the ag@ratus ‘illustrated 30 shows a

closed | oop formof the apparatus of the invention, wth a nagnetlc
di spl acenent system for the biological sanp|e and a di sconti nuQus stem
of thernost abele¥ords isTROAIYE ALY Lthe AXEe BT (RetVeeRi | 5?91? 6 in

the form of s’zlmﬁéﬂseﬁolsﬁ)ﬁﬁ)on]'h&ncamﬂdharﬁhé Whp Al Iarprovweles 35 premédl a

b h f b
Femoval of (RESLETEI S UFTR ST pkara1i, By BRe, Yolledoll SRR RIE" |
axi s B-B bet teen capiddiaxyl ybranghes pesi andns mrqmpc:lessﬁé (%ﬁﬂ#ﬂ%ﬂ yth%ube 6

is pregsed aggbfshes wl | 1R €188 Ord {AdWA indradel %rs‘itﬁ%'t'tﬁﬁ ch iYpagp the
capillary branches e and s are %%essed ag&vpst S

1
the radial | y!PPRaf dlpotnteEiuPt ifhey QQﬁﬁESGQ ?nPnFéFFEpPgﬁn ﬁﬂrthe
branches e aadtsyammdoummdvzlemtryhanéampmevaunﬁthﬁeradnplby butwvard

radial ly out %gtPQR' {-.hgnbwﬁcﬂééggt G et & %rs%ac' aﬂadtnangaa{afgswl e

is free to c I nue cyc aroun osed Ioo
neans for mo$FAg Fmaqa&F%H?%uﬁyﬁéaﬂgrﬂﬁ°4Q¢tFbeaE§8F§9u§°GBsEPPBéHar$nd

are notygshowg,i mHeemgénd F6¥- moving the key 13 are external to the
apparatus described, and are not shown in the drawings.

For movement of the sample around the closed loop capillary
6, a magnetic system is used. This comprises a magnetic 4
carried on an arm 2 fast with a drive shaft 3. The drive

15 shaft 3 is journalled at 11 and powered by a motor 12.
Responsive to the effect of the magnetic 2 is a party
formed by metéllic micro-globules in suspension in mineral
oil. This party is in the caplllary tube 6 in abutment with
the sanple.

20 During one turn of the sample around the closed loop
capillary 6, the sample passes close. to thermostatic
compartments 7}-15 and 16. The sample is under the thermal
influence of the compartment in regard of which it finds
itself for the time being. Each of these compartments 7, 15

25 and 16 is thermally regulated at a temperature between 4°'C
and 150°*C. The compartments are isolated from a brace 10,
carried by a mounting plate 9, by an adjustable spacing 8.

The motor 12 is under the control of a programmable
microprocessor, allowing various parameters associated with
30 the movement of the sample to be fixed. These parameters
include the total number of cycles to which the sample is
subjected, the speed of movement of the samples, and the
number, position and duration of stops of the sample during

_ each cycle. The microprocessor is interfaced with a




For movenent of the sanple around the closed |oop capillary 6, a magnetic
.systemis used. This conprises a magnetic 4 carried on an arm2 fast with a
drive shaft 3. The drive 15 shaft 3 is journalled at 11 and powered by
a notor 12. Responsive to the effect of the nagnetic 2 is a party forned
by netal li.c mcro-globules in suspension in mneral oil. This party is in
the capillary tube 6 in abutnent with the sanple. 20 During one turn
of ~the sanple around the closed |oop capillary 6, the sanple passes
close to thernostatic conpartnents 7, 15 anﬁ 16. The sanple is .under the
thermal influence of the conmpartnment in reg Ld of which it finds itself for
the tinme being. Each of these conpartnents 7, 15 25 and 16 is thermally

regul ated at a eratur bet e [err rrl nents r

isolated froma %gg’&% pr tar P’ p‘by 2 'lﬁ)’?ﬂﬂ‘?"{f I ai“ﬁgﬁug%y an dj u%?glb‘%e
spacing 8. The temperatuze jp¢ theiesample mnttlhsl cmlllarmrbghamﬁabl'ﬁle
mi croprocessor, vﬂfiQMénga¥§ﬁh98§sgé%amﬁk%ﬁin&§§ﬂ§'@ﬁ@dsﬂhﬁme3gan s be

novenment of the sa These paranmeters includ he t ot al

number of cycl e%a{"be%?%hat ﬁBnE’éﬁ‘BPe°Fst§6b}“§éFBHe tREPERREYTSf Hpdehethe of
t he sanpl g¢s, angrbdeammeder, comtirolon asfl durtie on @ficzbpreceksbibe sanThe

during each cycjgs %@o&&éwrmﬁrd&aﬁﬁ 3gedol Ian %s?hgngﬁo'&Pée

whi ch conti nuous neasur es tenperat ur
the capillary tB@¢esenthe ofariths phe¥fet dds ofthevekenpespture sdmpl ethen

thus be vgrl ed é&mﬁaft'ﬂ&ﬁté’n? 0f18 hhd T8RS Wi lexERehall UnBpayaeas, t B8cR as a
pr ogr anme

under progr am‘reﬁefbﬁ%?b?"?raQuﬁ?sogﬁxe’e’ﬁﬁ%ﬁgﬁoc%%verment oF'eila sample “fn "

10 the entry and exit branches. Figure 3 shows three
— independent keys 13, each associated with a capillary
tube 6. | '
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novenent of the keys 13, the tenperature Tn Tthe CUllpaltl-lc-i"r*rS 7., 15 -

and 16 and external apparatus, such as a peri stal ri ng,the :
novenent of the sanple in 10 the entry and H"mnmﬁﬂgiuw Figure 3
M

shows three independent keys 13, each associated wth a | ary t'ube
6. 12 CLAI M5 1. Apparatus for the treatnent of biological and.
m crobi ol ogi cal sanpl es conprising: (a) a pat hway which is physically, |
cl osed throughout the treatnent; (b) s for introducing one of saro™

bi ol ogi cal ~ d&L&AMS obi ol ogi cal sanples to the pathway prior to the
commencenent of tregipRracesd OF I eABYVI RG-SR RAMbL SH?éfSQEE%ltoath&e
conpl eti on of ,treatnent;,éci . nmeans for physically closing™ the pathway
during treat Mrog{)olcpq;%.a AR IRS HAPTHEINGdded thereto or withdrawn
therefrom (dja) a @lpashiwhy ehitheigalpHRAMRINGS ¢1esed ehebdghBatpahiaway
for heating or_cooling of said sanple, said thernal neans providing
treatnent of SEFH- %’gfe at a‘tenperature of fromf[err] to [err]; and (e)
means for aut tmat i cetdys anfbr efjaatreduying hoasghoft pPEatdl Hivldgingl esr

pat huay. 2. TLGbRSIAEEEES Sl o P, | PREToaRRRRY: nB2ABEns SRer thithg

t he pat hway ceommenrcement i | argatmért FHnd Afpar aresovangorstiid) seople ai m

2 in which gidequent to the completion of treatment;
(c) means for.'_physically closing the pathway during
treatment so that nothing can be added thereto or
withdrawn therefrom; -

(d) a plurality of thermal means positioned along the
pathway for heating or cooling of said sample, said
thermal means prbviding treatment ~of said sample at a
temperature of from 4°C to 150°C; and

(e) means for automatically and repeatedly, through a
plurality of cycles, moving said sample between said
different thermal positions along the pathway.

2. Apparatus according to claim 1 in which the means
defining the pathway comprises a capillary tube.

3. . Apparat'us' according to claim 2 in which the

capillary tube is of semi-rigid plastics material. o/
4. Apparatus according to claim 2 or claim 3 in which
the capillary tube has an internal diameter of from 0.1 to
4mm. '

5. Apparatus according to any preceding claim in which

the pathway is a spiral pathway.

6. Apparatus according to any of claims 1 to 4 in which
the pathway is a closed loop pathway.




capillary tube is of sem-rigid plastics material. 4. -.Apﬁératusfl ‘
according to claim2 or claim3 in which the capillary tubé has—arm—internal _

di ameter of fromO0.1 to 4nm 5. . Appar atus according to ' :
claimin which the pathway is a spiral pathway. 6. Appaﬁm"mmt’ﬂﬁlﬂqm
to any of claims 1 to 4 in which the pathway is a closed | oop ¢pa A e

13. - 7. Appar atus according to any of claims 1 to 4 in which the pathway

is_g‘rinear pat hway. 8. Apparatus_accordfhg to any preceding claimin
whi ch the meansfor heghi-ng-aad a?:%%lfcﬂgx[gt e sgPle Qs 1 to"d Qh RRlien
path passées. 9. Ap

t her nost at ed zones through which_the way - paratus
according to &P& PRUEWAY,1is.f dAneare PAFEWRYSt at ed zones are arranged

di sconti nuously, each being separated fromthe next by a physical barrier
crossed only bysthe pg%pma and each ,eingxyrovided w th an autonqnous .

heating or cool Png sySPERTeEYS ac ABOrPFRgeding eiaim ip which
which t ge t her whet akatsz does haae iagr a:a@eﬁomrinn ¢@ieS Isumpll @n ¢ oimpe: iRRi W6
to provide a contin apd. di tjonal ther radi ent.., 11. ar at us
accgrdi ng to cl egl?m %gglgn \%ﬁ?g‘#%ﬁ%{% erﬁﬁ?eﬁ?}c}?’g‘?l’fg s Wr}’r‘ébultﬁ’feép%?t?may
Appar at us accor pasgeso. any preceding claimin which the neans for noving

the sanpl e conprises magnetic neans including a magnetic party within the

pat hway adj acent to .
9. Apparatus according to claim 8 in which the

thermostated zones are arranged discontinuously, each
being separated from the next by a physical barrier

U crossed only by the pathway and each being provided with
an autonomous heating or cooling system.

10. Apparatus according to claim 8 in which the
thermostated zones are arranged continuously along the
pathway to provide a continuous and directional thermal
gradient. '

11. Apparatus according to claim 10 in which the thermal
gradient is irregular.

12. Apparatus according to any preceding claim in which
the means for moving the sample comprises magnetic means
including a magnetic party within the pathway adjacent to
the sample and an external magnet acting on the magnetic
party to move it and hence the sample.

13. Apparatus according to claim 12 in which the
magnetic party is a solid maghet or a suspension of
magnetic microparticles in a liquid immiscible with the
sample.

14. Apparatus according to any of claims 1 to 11 in
which the means for moving the sample comprises a pump
acting on a gas.
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the sanple and an external nagnet acting on the_nngneLLc_paLLy—Le-ane |t

and hence the sanple. 13. Apparatus accordin to claim 12

I n
the magnetic party is a solid rmagnet or a suspej “ﬂﬂ"ﬂuﬂﬂ"t
mcroparticles in a liquid immscible with the ar at us

according to any of clains 1.to 11 in mhlch the means for nDV|ng t he sampl e
conprises a punp acting on.a gas. Appar at us according to any..
of clainms 1 to 11 in which the nmeans for Vlng the sanple conprises the
effect of thet$ml phppangtuseadcabidindgie tor oanyi tof oflgamsous MmPssdd &in

different tenpelaUifs m&éﬂgnf%emg@m ¥.he1§am§| 18PR3 t:li%eecc‘t@fed'é&-é&

claim2 or any o al ns ended directl Indirectly to
claim2 in whdgh thesmadanBumBingop\AuRREeR Banptee c@ﬁ'ﬂ?ﬁ%ypaggl \g@seous

capillary actf98sed’at déeeakahHStaﬁ@e&aw&ersowcilcwlm 3ner pathwaly cl ains 4
to 11 when appended directly or. indirectly to.claim3 in which the means

for noving the sanple conprises a peristaltic punp. 18. Apparatus for
repeated autogati cappieautisoaccotdiagt her kadaiay @l erf anyt kef toleditme® o a

sanpl e, the ag?gr tuszbﬁlﬁ% sglfosci éc&%y oats dRasLE g%iyheég' L4 2 in

reference to
which the means for moving the sample comprises passive

capillary action.

17. Apparatus according to claim,3 or any of claims 4 to .
11 when appended directly or indirectly to claim 3 in
which the means for moving the sample comprises a
peristaltic pump.

i8. Apparatus for repeated automatic execution of a
thermal cycle for the treatment of a sample, the apparatus
being substantially as'described herein with reference to
Figures 2 and 3 of the drawings.




