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(57) Abrégée/Abstract:

A thermal cycler for performing amplification of nucleic acids. In order to provide fully automatic motion and positioning of a lid (14)
suitable for heating a plurality of a reaction vessels (13) and for shielding them from environment light, the thermal cycler comprises
(a) a thermal block (71) having a plurality of chambers (72) each of which Is apt to recelve the lower part of a reaction vessel (13);
(b) a movable lid (14) having heating means (15) positioned within it, said lid (14) having a surface apt to cover said thermal block
(/1) and reaction vessels (13) positioned in said chambers (72) thereof, said lid (14) being positionable at a first position, at which it
covers sald thermal block (71) and reaction vessels positioned in said chambers thereof, and at a second position, at which said lid
(14) does not cover said thermal block (/1) and reaction vessels positioned In said chambers thereof, and (c¢) transport means for
moving said lid (14) from said first position to said second position and viceversa, the path followed by the lid (14) as it Is moved
from said second position to said first position comprises: a first path segment which lies above and at a predetermined distance
from said thermal block (7 1) and along which said lid (14) is moved towards a stopper (16) until it abuts against said stopper, and a
second path segment along which said lid (14) 1s moved away from said stopper (16) and downwards until it is vertically aligned
with said thermal block (/1) and exerts a predetermined pressure on reaction vessels (13) positioned in said chambers (72) of said

thermal block.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




T T R AR AT AR M il g e S T A= 0 s y VA e

CA 02267708 1999-03-29

(26134E.DOC Prt: 02.03.1999 VE)

Abstract

A thermal cycler for performing amplification of nucleic
acids. In order to provide fully automatic motion and

> positioning of a 1lid (14) suitable for heating a plurality
of a reaction vessels (13) and for shielding them from
environment light, the thermal cycler comprises

(a) a thermal block (71) having a plurality of chambers

(7/2) each of which is apt to receive the lower part of a
10 reaction vessel (13);
(b) a movable 1lid (14) having heating means (15) positioned
within it, said 1id (14) having a surface apt to cover said
thermal block (71) and reaction vessels (13) positioned in
sald chambers (72) thereof, said 1lid (14) being positionable
15 at a first position, at which it covers said thermal block
(/1) and reaction vessels positioned in said chambers
thereof, and at a second position, at which said 1lid (14)
does not cover said thermal block (71) and reaction vessels

positioned in sald chambers thereof, and

20 (c) transport means for moving said lid (14) from said
first position to sailid second position and viceversa, the
path followed by the 1lid (14) as it is moved from said
second position to said first position comprises: a first
path segment which lies above and at a predetermined

25> dilstance from said thermal block (71) and along which said
1lid (14) 1is moved towards a stopper (16) until it abuts
agalnst said stopper, and a second path segment along which
sald 1id (14) is moved away from said stopper (16) and
downwards until 1t 1is vertically aligned with said thermal

30 block (71) and exerts a predetermined pressure on reaction
vessels (13) positioned 1n said chambers (72) of said
thermal block.

35 (Figure 1)
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Thermal cycler having an automatically positionable 1lid

The invention concerns a thermal cycler for performing
amplification of nucleic acids, e.g. by means of a

polymerase chain reaction (PCR).

Known thermal cyclers of the above mentioned type have a
heated lid which is positioned manually to cover a plurality
of reactlion vessels positioned in chambers of a thermal
block of the thermal cycler during thermal cycling of
sample-reaction-mixtures contained in said reaction vessels.
The 11d 1s also manually removed in order to have access to
Che reaction vessel after the end of their thermal cycling.
Known lids of the latter type have two main disadvantages.
They are not suitable for automatic change of their position

wilith respect to the thermal block.

A main aim of the invention is therefore to provide a
Chermal cycler comprising a heated lid which is
automatically positionable to cover and uncover a nlurality

il

OLf reactlion vessels positioned in chambers of a thermal

block of the thermal cycler, said heated 1id belng 1n
addition suitable to ensure that when said reaction vessels
are covered by sald heated 1lid no external light can reach

the i1nterior of the reaction vessels.

According to the invention such an aim is attained with a

thermal cycler having the features defined by claim 1.

With a thermal cycler according to the invention the main
alm indicated above is attained. In addition the
construction of the 1lid and of the mechanism for moving it
makes it suitable for obtaining optimum results with regard
Co both suitable heating effect on the reaction vessels and

with regard to automatic processing thereof.
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Preferred embodiments of the thermal cycler according to the
invention are defined by the dependent claims of the instant

application.

A preferred embodiment of the invention 1s described

hereinafter with reference to the enclosed drawilings, whereiln

Fig. 1 shows a perspective, cross-sectional view of a
thermal cycler according to the invention, wherein a movable
1lid 14 is at a first position, at which the lid covers a

thermal block 71 and reaction vessels 13 positioned 1in
chambers 72 of thermal block 71.

Fig. 2 shows a cross—-sectional view of the thermal

cycler represented in Fig. 1.

Fig. 3 shows a perspective exploded view showlng parts

of the thermal cycler represented 1n Fig. 1.

Fig. 4 shows a first schematic perspective view of the
movable 1id 14 represented 1n Fig. 1 and of parts of the

transport means for moving said 1lid.

Fig. 5 shows a perspectlve viliew, partially in Ccross-
section, of the thermal cycler represented in Fig. 1,
wherein the movable 1lid is at a second position, at which 1t

does not cover said thermal block.

Fig. © shows a cross—-sectional view of the thermal

cycler represented in Fig. 5.

Fig. 7 shows a perspective view, partially 1n cross-
section, of the thermal cycler represented 1in Fig. 1,

wherein the movable 1id 14 is at an intermediate position
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between a first position, at which the 1lid covers thermal
block 71 and reaction vessels 13 positioned in chambers 72

thereof, and a second position, at which 1lid 14 does not
cover thermal block 71.

Fig. 8 shows a cross-sectional view of the thermal

cycler represented in Fig. 7.

Fig. 9 shows a perspective view, partially 1n cross-

section, of the thermal cycler represented in Fig. 1,

-

wherein the movable 1lid is a position where ejector means

begin to remove the reaction vessels from their position in
the chambers of the thermal block of the thermal cycler.

Fig. 10 shows a cross—-sectional view of the thermal

cycler represented 1n Fig. 9.

As shown by Fig. 1 an embodiment of a thermal cycler

according to the invention comprises a metallic thermal

block 71 mounted on a base 48, a movable 1lid 14, and
transport means for moving lid 14. Such a thermal cycler 1is
suitable for performing amplification of nucleic acids. For
this purpose reaction vessels 13 containing suitable sample-
reagent mixtures and closed by caps are positioned on
thermal block 71. The reaction vessels 13 and their caps are

preferably of suitable plastic materials.

The main features of the structure of the thermal cycler
represented in Fig. 1 are now described in particular with

reference to Figures 1 to 4.

Movable 1id 14 has heating means 15 which are positioned
withlin an inner space of 1lid 14, which inner space 1is

limited by top and side walls of 1id 14. Heating means 15
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are mechanlcally connected with lid 14, this mechanical

. connection comprises pusher springs 36, 37, 38, 39.

;Thermal block 71 has a plurality of chambers 72 each of

which 1s apt to receive the lower part of a reaction vessel
13.

Lid 14 1s positionable at a first position (lid closed), at
which 1t covers thermal block 71 and reaction vessels
positioned in said chambers 72 thereof, and at a second
position (lid open), at which 1lid 14 does not cover said
thermal block 71 and reaction vessels positioned in said

F
—

chambers 72 thereof.

Iid 14 has a surface which is apt to cover said thermal
block 71 and reaction vessels 13 positioned in chambers 72
thereof when 1id 14 is i1n the above mentioned first position
(lid closed). When 1lid 14 i1s in this position it fully

shields reaction vessels 13 from light in the environment of

the thermal cycler, which light should not interfere with

measurement of fluorescence light emitted by sample-reagent-

mixtures contalned 1n reaction vessels 13.

A thermal cycler according to the invention comprises
transport means for moving lid 14 from the first position
(11d closed) to the second position (lid open) and vice
versa. The path followed by 1lid 14 as it is moved by the

transport means from the second position (lid open) to the
first position (lid closed) comprises the following path

segments:

a first path segment which lies above and at a

predetermined distance from thermal block 71 and along which
sald lid 14 is moved towards a stopper 16 until it abuts
against stopper 16, and

a second path segment along which said 1lid 14 is moved
away from said stopper 16 and downwards until it 1s
vertically aligned with said thermal block 71 and exerts a
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predetermlined pressure on reaction vessels 13 positioned in
chambers 72 of thermal block 71.

The transport means for moving lid 14 comprise in particular
the following components:
- stopper lo positioned in the above mentioned first

give

path segment of the movement of the 1lid 14,

- a motor driven 1lid carrier 17, and

- plates 25, 26 mounted on the inner surface of side

walls 23 of 1i1d carrier 17.

Stopper 16 1s mounted on base 48 and has a plane surface 18
which 1s perpendicular to the above mentioned first path

segment.

Lid carrier 17 has a front end wall 21 which is in face of

plane surface 18 of stopper 16, a rear end wall 22, and side
walls 23, 24 extending between the front end wall 21 and the

rear end wall 22. Lid carrier 17 has means for holding the

lid 14 within it when the 1id 14 is in said first position.

The transport means for moving lid 14 further comprise a
motor driven spindle 28 for moving rear wall 22 of 1lid
carrier 17 and thereby lid carrier 17 along the longitudinal

axis of spindle 28 in both senses, that is towards and away

from stopper 16, a spindle bearing 29 mounted on base 48,

and means (not shown) for controlling the operation of the

motor (not shown) which drives spindle 28.

F

Plate 25 i1is fixed on the inner surface of the side wall 23

of 11d carrier 17 and plate 26 is fixed on the inner surface

o -

of the other side wall 24 of 1id carrier 17. Each of plates

25, 26 has a pair of guiding slots 31, 32 respectively 33,

o~

34 for guiding the movement of lid 14 along the above

mentioned second path segment.

As shown 1n particular by Figures 2, 3 and 4, l1lid 14 has an

inner and an outer top surface, a front end wall 41 which is
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in face of plane surface 18 of said stopper 16, a rear end
wall 42, and side walls 43, 44 extending between the front
end wall 21 and the rear end wall 22 and parallel to the

p— -
p—

side walls 23, 24 of said lid carrier 17. The side walls of

li1d 14 include outwards projecting pins 51, 52, 53, 54 which

pve
p—

are apt to fit into and to slide in guiding slots 31, 32 of
plate 25, and guiding slots 33, 34 of plate 26,

respectively.

In a preferred embodiment the transport means for moving 1lid

14 further comprise a tension spring 61 one end of which is

attached to the front end of the inner top surface of 1lid

carrier 17, whereas the other end of spring 61 is attached

pr—

to the rear part of the top surface of the 1lid 14.

The operation of the above described transport means for

moving lid 14 is as follows:

Figures 5 and 6 show the position of lid carrier 17 when 1lid
14 1s 1n the above mentioned second position (lid open).

When 1id 14 and lid carrier 17 are positioned as shown by

figures 5 and 6 a reaction tube holder 11 having a plurality

P

Or apertures 12 and carrying a plurality of reaction vessels

13 1nserted through those apertures can be positioned on
thermal block 71 so that the lower part of each reaction
vessel 13 fits into a chamber 72 of thermal block 71.

P

After positioning of the reaction vessels 13 on thermal

plock 71, motion of 1id 14 from its second position (lid
open) to 1its first position (lid closed) 1is initiated by

horizontal displacement of 1lid carrier 17 towards stopper 16
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by rotation of spindle 28 in a first sense. In this way lid
14 is moved horizontally towards stopper 16 until front end
wall 41 of 1lid 14 abuts against plane surface 18 of stopper
16. After this point of the movement of lid 14, and since
lid 14 cannot move further in horizontal direction further
displacement of 1lid carrier 17 1n the sense towards stopper
16 causes a downwards and backwards displacement of 1lid 14
away from the top wall of 1id carrier 17. During this
displacement of lid 14 tension spring 61 1s stretched and
the movement of 1lid 14 is guided by sliding of pins 51, 5Z
and 53, 54 along guiding slots 31, 32 and 33, 34

respectively. Lid 14 is displaced in this sense until

heating means 15 carried by 1id 14 abut on the caps of
reaction vessels 13 and exert on these caps a predetermined
pressure. At this point 1id 14 has reached 1ts first

position (lid closed) represented in Figures 1 and Z2.

The predetermined pressure exerted by heating means 15 on

the caps of reaction vessels 13 when lid 14 is at its first

position (lid closed) is determined by the last part of the

1 1}

downwards displacement of 1id 14 guided by the lower part o
slots 31, 32 and 33, 34 and also by the mechanical

characteristics of pusher springs 36 to 39.

Figures 7 and 8 illustrate the position of lid carrier 17
and other related parts of the transport system for moving
lid 14, at the point of time where front end wall 41 of 1lid
14 abuts against plane surface 18 of stopper 16, that it at

the point where the direction of the motion of 1lid 14
changes from an horizontal motion towards stopper 16 to a

downward motion away from stopper 1o.

To bring 1id 14 from its first position (lid closed) to 1its
second position (lid open) 1lid carrier 17 1s moved away from

stopper 16 by rotation of spindle 28 1in a second sense
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opposite to the first. This causes motion of 1lid 14 along
the same path described above, but 1n the reverse sense.
Pulled by tension spring 61 and guided by slots 31, 32 and
33, 34 1id 14 moves 1initially upwards towards the top wall
of 1id carrier 17 and towards stopper 16 until 1lid 14 1is
again within lid carrier 17 and close to the top wall
thereof. After that lid 14 moves with 11d carrier 17 further

away from stopper 16 until 1id 14 and 11d carrier 17 reach

their positions shown by figures 5 and 6.

In a further preferred embodiment the transport means for
moving lid 14 further comprise ejector means 62, 63, 64, 05,

66, 67 for separating or removing the lower part of reaction
vessels 13 from the chambers 72 of thermal block 71 when the

transport means move the lid 14 from said second position to

salid first position. The need for such ejector means arises
from the fact that at the end of a thermal cycling process

the lower parts of reaction vessels 13 tend to remalin stuck
in the chambers 72 of thermal block 71.

The above mentioned ejector means comprilise an ejector frame
66 which 1s apt to receive reaction vessel holder 11 and
which i1s arranged between the latter holder and thermal
block 71. Ejector frame 66 has on the outer surface of 1its
side walls ramp guides 67, 68 which enter into contact with
inwards projecting pins 62, 63 and 65, 66 of plates 25, 26
when 1lid carrier 17 is moved to bring lid 14 from 1ts first

position (lid closed) to its second position (lid open).

The operation of the above described ejection means for

separating reaction vessels 13 from the chambers 72 of
thermal block 71 1s as follows:

During the vertical upwards movement of 1lid 14 as 1t 1s

35 moved from its first position (lid closed) to its second
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position (lid open), relative movement of plates 25, 26 and
of pins 62 to 65 which belong to them brings this pins into
contact with ramp guides 67, 68 of ejector frame 66. AS
represented 1n particular in figures 9 and 10, the shape of
5 ramp guldes 67, 68 1s such that the relative movement
mentioned causes pins 62 to 65 to push ejector frame 66 and
reaction vessel holder 11 which 1s positioned on frame 66

upwards, and this causes removal of the lower parts of

reaction vessels 13 from the chambers 72 of thermal block
10 71.

Within the scope of the instant 1nvention thermal block 71

1s used for heating and cooling reaction vessels 13. For

heating and cooling purposes the lower part of thermal block

h—

15 71 is mechanically and thermally coupled with a Peltier
element.
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Claims

1. A thermal cycler for performing amplification of nucleilc

acids, said thermal cycler comprising:

a) a thermal block having a plurality of chambers

g—
P

each of which can receive the lower part of a reaction

vessel;

(b) a movable 1lid having heating means positioned
within it, said 1lid having a surface that can cover said
thermal block and said reaction vessels positioned in said
chambers thereof so that said 1lid fully shields said vessels

from light in the environment of said thermal cycler, said

lid being positionable at a first position at which 1t
covers sald thermal block and said reaction vessels
positioned in said chambers thereof, and at a second

position at which said 1lid does not cover said thermal block

and said reaction vessels positioned in sald chambers

p—

thereof, and

(c) transport means for moving said lid from said
first position to said second position and vice versa, the
path followed by said lid as 1t is moved from said second
position to said first position comprising
a first path segment which lies above and at a predetermined
distance from said thermal block and along which said 1lid 1is

moved towards a stopper until 1t abuts against salid stopper,

and

a second path segment along which said lid 1s moved
downwards until it is vertically aligned with saild thermal
block and exerts a predetermined pressure on sald reaction

vessels positioned in said chambers of said thermal block.

2. A thermal cycler according to claim 1, wherein said
transport means comprises:

sald stopper positioned 1in said first path segment of
movement of said 1lid, said stopper having a plane surface

which i1s perpendicular to said first path;
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a motor driven lid carrier having a front end wall which 1s
in the face of said plane surface of said stopper, a rear
end wall, and side walls extending between said front end

wall and said rear end wall, said lid carrier having means

for holding the 1lid within i1t when said lid 1s in said first
position; and

a first plate fixed on the inner surface of said side wall
of said lid carrier and a second plate fixed on the inner
surface of said other side wall of said lid carrier, each of
salid first and second plates having a palr of guiding slots

for guiding the movement of said lid along sailid second path

segment.

3. A thermal cycler according to claim 2, wherein said 1lid
has an 1nner and an outer top surface, a front end wall
which 1s in face of said plane surface of said stopper, a
rear end wall, and side walls extending between said front
end wall and saild rear end wall and parallel to the side
walls of said 1lid carrier, said side walls of the 1lid
including outwards projecting pins which can fit into and to
slide 1n said guiding slots.

4. A thermal cycler according to claim 3, wherein said
transport means further comprises a tension spring one end
of which 1s attached to the front end of the inner top
surface of said lid carrier, whereas the other end of said

spring 1s attached to the rear part of said top surface of
the lid.

5. A thermal cycler according to claim 1, wherein said
transport means further includes ejector means for removing
the lower part of saild reaction vessels from said chambers

of said thermal block when the transport means move the 1lid

from said second position to said first position.

6. A thermal cycler according to claim 2, wherein said
transport means further includes ejector means for removing

the lower part of said reaction vessels from said chambers
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of said thermal block when the transport means move the 1lid

from said second position to said first position.

7. A thermal cycler according to claim 3, wherein said
transport means further includes ejector means for removing
the lower part of said reaction vessels from said chambers
of said thermal block when the transport means move the 1lid

from said second position to said first position.

8. A thermal cycler according to claim 4, wherein said
transport means further includes ejector means for removing
the lower part of said reaction vessels from said chambers
of said thermal block when the transport means move the lid

from said second position to said first position.
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