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(57) ABSTRACT 

Lid for a well plate having wells therein having pin-like 
members which project downwardly into the wells of said 
well plate. The invention has means and pins associated with 
each means for causing the pins to change temperature or 
Vibrate ultraSonically or control the polarity and magnitude 
of an electrical charge placed on the pins. The means can, 
respectively, alter the temperature of a fluid contained in the 
Wells or Sever material contained in the liquid or attract or 
repel particles Suspended in the liquid. 
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RAPID THERMAL CYCLING DEVICE 

FIELD OF THE INVENTION 

0001. This is a continuation-in-part application based 
upon U.S. Patent Application entitled Rapid Thermal 
Cycling Device, application Ser. No. 09/655,021, filed on 
Sep. 5, 2000. 

0002 This invention relates generally to a thermal 
cycling device and, more specifically, to an apparatus for the 
rapid heating and cooling of liquid Samples. 

BACKGROUND OF THE INVENTION 

0003) A thermal cycling device is an apparatus used to 
continuously change the temperature of a liquid Sample. AS 
used herein, the term “liquid” refers to pure liquids, as well 
as liquids containing particulate matter (especially biologi 
cal material) and Solvents containing Solute. 
0004. Thermal cycling devices are well-known in the art 
and Specific embodiments have been described in the Sci 
entific and patent literature. These devices fall into two 
general categories. 

0005 The first category is a system based on the heating 
or cooling of a metal block typically either by moving a fluid 
through the block or by the addition of peltier heating 
directly to the block. A number of individual plastic tubes, 
a well plate (or a microliter plate which consists, essentially, 
of a number of plastic tubes connected together in a rect 
angular array) are used to hold the liquid Samples. The 
plastic tubes are placed in the block and the temperature of 
the Sample is regulated by changing the temperature of the 
metal block. The rate at which the temperature can be 
changed is limited by the relatively large thermal mass of the 
metal block. This being the case, the maximal rate of 
temperature change is relatively slow due to the fact that 
heat has to be added or removed from a relatively large 
thermal mass and this mass takes a Significant time to reach 
thermal equilibrium. A Second disadvantage of this category 
of thermal cyclers is that the liquid Samples to be heated or 
cooled are “insulated” from the block by the plastic wall of 
the sample container (i.e., by the plastic tubes). Since plastic 
is a good insulator, not only must the heating and cooling 
Source overcome the thermal mass of the metal block, but it 
must also overcome the insulating properties of the plastic 
Sample container. 
0006 The sample containers currently in use for poly 
merase chain reaction (PCR) and Cycle Sequencing are 
either thin walled microfuge tubes, thin walled microwell 
plates-usually either 96-well or 384-well-or microcapil 
lary tubes. All of these containerS Suffer from a common 
problem in that in all cases, the Samples are heated or cooled 
from an external Source and the heating and cooling System 
must overcome the insulating properties of the container. 

0007. A related problem with these devices is that the 
plastic tubes are quite large in comparison to the liquid 
sample. For example, when a 96-well plate or 384-well plate 
is used in these Systems, the container Volume ranges from 
300 microliters (pi) to 120 ul whereas the sample volume is 
usually only 5-25 ul. When a sample is heated during a 
polymerase chain reaction (PCR) cycle, the liquid will 
evaporate and condense on the interior wall Surfaces of the 
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Sample container. LOSS of liquid from the Sample will change 
the concentrations of the reaction components and lead to 
Spurious results. 
0008 Specific measures have been taken to overcome the 
Serious problem of evaporation and condensation. One Solu 
tion is to place a lid over the Sample container or well plate. 
A heated well-plate is placed in contact with the Sample 
container lid and heated to 20-30 C. higher than the sample 
temperature. This will minimize the condensation of the 
liquid on the walls and Surface of the container but does 
nothing for the total evaporation Since the air Volume within 
the Sample container is large and can hold a significant 
amount of liquid vapor (from 0.06-0.15 ul), especially at 
these elevated temperatures. In a 25 ul reaction volume, this 
liquid loSS may not have a significant effect, however, when 
the reaction volume approaches 1 ul, a loSS of 15% of the 
liquid volume will adversely affect the reaction. 
0009. A number of manufacturers currently produce ther 
mal cyclers that utilize a metal block for heating and cooling 
liquid samples. These include MJ Research, Techne, Lab 
Line, Thermolyne, Corbett Research, and Hybaid. 
0010. The second type of thermal cycling device involves 
the use of microcapillary tubes that are placed in a chamber, 
and heating the chamber by forcing hot air or cold air into 
the chamber. This method is somewhat similar to heating the 
Samples with a convection oven and cooling the Samples 
with a refrigeration System. A current manufacturer of this 
type of thermal cycler is Idaho Technologies. 
0011. This second type of thermal cycling device has the 
advantage that the thermal mass that needs to be heated is 
relatively Small, i.e., the capillary tube, Sample, and the 
interior of the chamber. However, this system has a number 
of limitations. First, the Samples need to be Sealed within a 
glass capillary tube. This requires that the Sample be drawn 
into the tube via capillary action then the end of the tube has 
to be sealed with a flame hot enough to melt the glass. 
Capillary tubes by their very nature are difficult to manipu 
late and are not Suitable to robotic automation. That is, while 
a limited number of Samples can be prepared in this fashion, 
it would be extremely difficult, if not impossible to process 
the number of Samples per day (usually on the order of 
100,000 that are usually necessary for a particular study). 
Second, glass is a fairly good insulator So, Similar to the 
problem described above with the plastic tubes, this system 
is also limited in that in order to heat or cool the Sample, the 
insulating properties of the container must be overcome. 
0012 One of the biggest drawbacks of the commonly 
used polypropylene microwell plates is that the material 
changes shape upon repeated heating and cooling cycles. 
For example, upon heating a Standard polypropylene 
microwell plate to 95 C. and cooling back to room tem 
perature, the plastic may deform by as much as 1 cm from 
corner to corner. The result of this is that the plate cannot be 
used directly on Standard laboratory automation-for 
example, a 96 or 384 channel pipettor would hit the bottom 
of the Wells on one corner of the plate yet remain up to 1 cm 
from the bottom of the other corner of the plate. To com 
pensate for this, the Samples are typically moved, Singly, into 
a plate that has not been Subjected to thermal cycling or the 
plate is forced into a retaining device that will hold the plate 
in the proper shape. 
0013 Microcapillaries as a container for PCR and Cycle 
Sequencing have an associated Set of problems. First and 
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foremost is the fact that these containers are not automation 
friendly. That is, it is difficult if not impossible for robotic 
liquid handlers to place liquid within a capillary. Conse 
quently, the liquid handling is typically performed in a 
microfuge tube or microwell plate; then the capillary is 
brought into contact with the liquid and the liquid is drawn 
into the capillary by capillary action. This negates one of the 
presumed advantages of the capillary System in that a 
Significantly larger Volume of reagent must be prepared even 
though only a Small portion of that reagent is used within the 
capillary. Another problem with capillaries is that they are 
difficult to Seal. Each capillary typically has to be heat Sealed 
to melt the glass capillary. Even if other types of materials 
are used for the capillaries, Sealing is difficult and not 
amenable to automation. Finally, after the reaction has taken 
place, the capillary must be broken or cut and the reaction 
product removed. Since the sample is held within the 
capillary by capillary action, the removal of the Sample is 
difficult at best. 

0.014. In order to increase throughput and decrease the 
Volume of the reaction, there is a desire to move from 
384-well plates to 1536-well plates. This will allow a 
four-fold increase in density and throughput and, because 
the volume of the well is much smaller (75 microliters in a 
384-well plate vs. 6 microliters in a 1536 well plate) the 
reactions can be performed at 1 microliter VS. the typical 
5-25 microliters that is currently performed in 384-well 
plates. The miniaturization from a 384-well system to a 
1536-well system will yield about a 5-25 fold reagent 
Savings. These two advancements over the current methods 
will yield nearly a 100-fold improvement in reagent Savings 
and throughput. 

0.015 Commercially available 1536-well plates are not 
conducive to the current methods of thermal cycling. There 
are several reasons for this. With a very high well density 
and a center to center Spacing of 2.25 millimeters the 
inter-well distance is approximately 0.5 millimeters. This 
Small distance makes it nearly impossible to Surround each 
well with a heating/cooling unit as is currently done in 
96-well or 384-well systems. Also, the plastic surface area to 
Volume ratio is approximately 7-fold higher than in a 
96-well plate or 384-well plate. With the increased plastic 
area, the insulating properties of the plastic that comprise the 
well is very difficult to overcome. Heating the plate from just 
the bottom is not practical Since this causes temperature 
gradients within the well and consequently non-uniform 
heating. 

0016 Typically, PCR and other methods have involved 
placing the Samples in a Small microtube and then placing 
the microtube in a water bath or heat block for temperature 
regulation. This method of controlling the temperature of the 
reaction has been Successfully used on Single tubes, 96-well 
plates, and 384-well plates. However, as the well density 
increases, it becomes difficult to Surround each well with 
uniform temperature control. Moreover, plastics typically 
act as excellent insulators So the external heating and 
cooling System has to overcome the insulating properties of 
the plastic before an effect on the solution is observed. An 
additional problem is that the solution volume is very small 
in comparison to the total well Volume. Consequently, when 
the well is heated, the Solution tends to evaporate and then 
condense on the cover of the well. This causes the concen 
tration of the various components in the well to change and 
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can adversely affect the reaction. To compensate for this 
problem, many Systems heat the coverS So that condensation 
on this Surface is limited. An additional problem is that as the 
well density increases from 96-well plates to 384-well 
plates, the plates tend to warp and become misshapen during 
the heating and cooling cycles. This warping of the plates 
makes it difficult for them to be handled effectively by 
robotic or automated Systems-an absolute requirement for 
high throughput. 

SUMMARY OF THE INVENTION 

0017. The present invention can be divided into two 
embodiments. The first embodiment consists of a device for 
heating and cooling a lid that is designed to fit over a well 
plate. There are two variations for this lid heating/cooling 
System. First, one air Source passing over a heating coil and 
another air Source passing over a cooling unit (air condi 
tioning) are proportionally mixed in order to regulate the 
temperature. The mixed air is directed via a Series of ducts 
Such that it heats or cools the Surface of the lid in a uniform 
and highly controlled fashion. The Second method is to bring 
a heating/cooling Source, Such as a Peltier device or heat/ 
cold block in direct contact with the Surface of the lid. The 
large thermal mass of the heat/cold block will rapidly add or 
remove heat from the samples via pins connected to the lid 
which project into the Sample. 

0018. The second embodiment is a device, in particular a 
well-plate containing, for example, 1536-wells with each 
well having a volume of approximately 6 ul, and a mating 
plate lid. The lid to this plate may have a copper clad Surface 
and may contain a rubber Seal on the other Surface. Protrud 
ing through this lid is a Series of “pins' that extend approxi 
mately from the rubber Surface and which communicate 
with the copper clad Surface for transferring heat from the 
lid. The device in the first embodiment heats or cools the 
copper clad Surface and pins of the device in the Second 
embodiment. The copper clad Surface and pins rapidly 
transferS heat or removes heat from the pins. The pins in turn 
transfer heat or remove heat from the Sample. 
0019. The present invention describes a device whereby 
the wells of a 1536-well plate, for example, can be uniformly 
heated by applying a heating or cooling Source directly into 
the well via the lid; the pins are either in direct contact with 
the liquid Sample(s) or near the liquid Sample(s) Such that it 
can conduct heat into or out of the Sample. 

0020. The well plate lid of the present invention may be 
used for other purposes. The members which project down 
wardly from the lid into the wells of the well plate can be 
caused to vibrate ultraSonically by operably connecting them 
to an ultraSonic horn. The Vibrating members can be used to 
Sever molecules Suspended in a liquid contained in the Wells 
into Smaller Segments. The lid of the present invention can 
also be used to Segregate ions having different electrical 
charges by appropriately altering the polarity and magnitude 
of an electrical charge on the downwardly projecting mem 
bers; this can be used to purify the liquid by removing 
undesirable material in the liquid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The accompanying drawings, which are incorpo 
rated in and form a part of the Specification, illustrate the 
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embodiments of the present invention and, together with the 
description, Serve to explain the principles of the invention. 
0022 FIG. 1 illustrates a lid having a copper clad surface 
on one side in accordance with the present invention. 
0023 FIG. 2A illustrates a lid, in accordance with the 
present invention, having a copper Silicone rubber layer 
applied to the bottom Surface and pins through the lid. 
0024 FIG. 2B is an enlarged view of the lid illustrated in 
FIG. 2A. 

0025 FIG. 3 is a side view similar to FIG. 2 illustrating 
the position of the lid with pins with respect to the well 
plate. 

0.026 FIG. 4 is a hole positioning on the lid for insertion 
of the 32 by 48 pin array and locators for the plate posi 
tioning component. 
0.027 FIG. 5 illustrates a compression fitting of the pin 
such that it is firmly seated in the hole in the lid and in direct 
contact with the copper clad Surface. 
0028 FIG. 6 is a perspective view of a plate positioning 
component and its role in protecting the pin array from 
damage. 

0029 FIG. 7 is a perspective view of a means that can 
apply heat or remove heat from the lids. 
0030 FIG. 8 is a perspective view of a means for 
applying a charge to the pins Such that they can be used in 
the purification of Samples from the wells. 
0031 FIG. 9 is a perspective view of a means for 
transferring Sonic energy through the pins and into the liquid 
Sample. 
0.032 FIG. 10 is a schematic representation of a tech 
nique for purification of a liquid using the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0033. In describing a embodiment of the invention, spe 
cific terminology will be selected for the Sake of clarity. 
However, the invention is not intended to be limited to the 
Specific terms So Selected, and it is to be understood that each 
Specific term includes all technical equivalents that operate 
in a similar manner to accomplish a similar purpose. 
0034) Referring to FIG. 1, the subject invention consists 
of a lid 10 that transmits heat to liquid samples 95 that are 
stored in a well 97 in a well-plate 99. A means for regulating 
the temperature of the lid 10 may be included in or con 
nected to the heat-transmitting lid. 
0035) The lid 10 must be able to conduct heat. In a first 
embodiment, the lid 10 is constructed from a circuit board 
type material, which gives the lid rigidity. A circuit board is 
typically made of a polymer base 12 and may have a copper 
clad layer 14 as illustrated in FIG. 1. In actuality, the clad 
layer may be any Suitable material and, preferably, is a metal 
that has excellent heat conducting properties. 
0036) The lid 10 is preferably adapted to be frictionally or 
matingly fitted over a well-plate 99. A means for heating and 
cooling the lid is applied to the lid 10. The close proximity 
of the lid 10 to the liquid samples 95 in the well-plate 99 
controls the temperature of the liquid Samples. This embodi 
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ment is the most basic embodiment in accordance with the 
present invention. If the lid has a cooper clad Surface it is on 
the “top” side of the lid, away from the liquid samples. The 
cooper clad Surface may distribute the heat more evenly over 
the lid 10 but is not crucial to this embodiment. 

0037 Referring now to FIGS. 2A, 2B and 3, a second 
embodiment is illustrated. The base 12 of the lid 10 has a 
copper clad upper or top layer 14. AS discussed before, the 
copper clad layer 14 is useful in evenly distributing heat 
across the entire upper surface of the lid 10. The side 
opposite of the copper clad may be coated with a thin layer 
of silicone rubber 16 or a similar material. The silicone 
rubber coating 16 helps to seal the lid onto the well-plate 99 
thereby inhibiting water loss (evaporation) of the Solution 
during the repeated heating and cooling cycles. However, if 
the lid 10 is designed to frictionally engage the well-plate 
99, only a perimeter coating of silicone rubber or no silicone 
rubber may be needed. One or more pins 18 communicate 
with the copper clad surface 14 of the lid 10 in order to 
transmit heat from the top of the lid along the length of the 
pins 18. 

0038 A plurality of holes, substantially the diameter of 
the pins 18 that will be used, are drilled into the lid 10 on a 
dimensional array that corresponds to the dimensions of the 
well plate 99 that will be used. For example, for a 1536-well 
plate having a 32 by 48 array of wells, the holes would be 
drilled in a 32 by 48 array with a center to center spacing of 
2.25 millimeters as illustrated in FIG. 4. The 1536 pins 18 
are then inserted through these holes Such that they protrude 
beyond the silicone seal as illustrated in FIGS. 2A, 2B and 
3. Based on the depth of a standard 1536-well plate, the pins 
will protrude approximately 3 mm from the bottom surface 
of the lid 10. 

0039 The pins are compression fit into the lid 10 such 
that each pin 18 is in direct contact with the copper clad 14 
as illustrated in FIG. 5. In order to achieve this, Knurls or 
heads 19 may be formed on or near the top of each pin 18. 
In addition, a head or a knurl(s) on each pin 18 may prevent 
it from sliding completely through the hole. It will be 
appreciated by those skilled in the art that other means for 
attaching the pins may be used, for example, Soldering the 
top of each pin to the copper clad Surface 14. 
0040. The pins may or may not protrude from the side 
with the copper clad (i.e., the top side of the lid). If the pins 
do protrude above the copper clad Surface of the lid, it 
should preferably not exceed 0.2 mm. 

0041. The pins can be constructed from any material that 
is capable of conducting heat. In the preferred embodiment, 
the pins are constructed from tin/lead coated brass wire. 
Other materials Such as aluminum, gold, copper, or other 
metals could be used along with certain ceramics and 
plastics. 

0042 A portion of the pin 18 that extends from the 
bottom Side of the lid is designed to make contact with the 
sample stored in the respective well as shown in FIG. 3. It 
would be obvious to one skilled in the art that the pin lengths 
and the amount of liquid Sample may be adjusted to ensure 
that the pins are at least partially Submerged in the liquid 
Sample. Accordingly, as the temperature of the lid is 
changed, the temperature of the pins change, thereby 
directly heating or cooling the Sample. 
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0.043 An advantage of this system is the volume of the 
heating/cooling device, "pin, Versus the Volume of the 
Sample. In this System, the heating/cooling device that is 
inserted directly into the Sample has a Volume of approxi 
mately 10% of the liquid volume. This comparatively large 
Volume pin insures rapid temperature equilibrium in the 
Sample. Also, the pin 18 can be designed to maximize 
Surface area Such that heat transfer between the liquid 
Sample and the pin is optimized. The larger the pin croSS 
Sectional area, the faster the heat transfer. 

0044) It would be understood by one skilled in the art that 
if the pin 18 directly contacts the liquid sample, then the 
temperature of the Sample may be more quickly brought to 
a desired temperature. However, if the pins are designed So 
that they do not directly contact the liquid Sample, the 
temperature of the Sample will Still change because of each 
Sample's proximity to its respective pin 18. 

0.045. In some circumstances, the metal pins may need to 
be coated with a plastic or other inert material So that the 
metal will not interfere with the reaction that is to occur in 
the Samples. If this is the case, the pins can be coated with 
gold, polypropylene, polystyrene, or other metals, plastics or 
ceramics that are biologically inert. 
0046) The pins in the preferred embodiment are cylindri 
cal in Shape. However, rectangular, hexagonal, elliptical, Star 
or other shaped rods could also be used. 
0047 The tip of the pin that protrudes into the liquid can 
be concave or convex, have ridges or other Structures that 
can trap Small quantities of liquid. One advantage of this 
System is that after the PCR or cycle Sequencing reaction is 
complete, the lid can be removed and used as a Storage 
device for a small amount of the material in the well. If the 
reaction needs to be repeated the lid can be reused to 
generate a new Sample by the Small quantities of the Samples 
attached to the pins. The lid 10 can also be used to place 
Small amounts of Sample onto other SubStrates. 
0.048 If the lid 10 is clad in metal, then the pins can be 
heated either by row, column, or individually, simply by 
cutting the metal clad Such that there are two or more 
Separate areas that can be heated or cooled individually. In 
this case, the thermal cycler could be constructed in the form 
of a Peltier device such that the Peltier could be brought into 
direct contact with a row or column of pins. 
0049 Referring to FIG. 6, the lid 10 includes two or 
more plastic ears 90 that serve several purposes. First, these 
plastic pieces are used to position the lid on the plate Such 
that the pins are inserted directly into the corresponding 
well. These plastic ears 90 also serve to protect the pins both 
from contamination and from potential damage as illustrated 
in FIG. 6. 

0050. The actual thermal mass that needs to be heated or 
cooled in this device is very Small and includes the thin sheet 
of copper clad on the Surface of the lid and the pin array. This 
low thermal mass allows the temperature of the System to be 
changed very rapidly and thermal equilibrium will be 
reached rapidly. 

0051) The 1536-well plate is constructed based on the 
Proposed Society for Biomolecular Screening (SBS) stan 
dard plate configuration. The overall dimensions of the plate 
are: 85.48 mm in width, 127.76 mm in length, and 14.35 mm 
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in height. The well-to-well spacing on the 1536-well plate is 
2.25 mm center to center and on the 384-well plate is 4.5 mm 
center to center. The plate meets the SBS standard in all 
aspects except for the positioning slots 80 illustrated in FIG. 
4 to accept the PCR lid. On both short sides of the plate, 
positioning slots are formed such that the lid 10 can be 
positioned directly upon the plate without the heating/ 
cooling pins contacting the Side walls of the Wells. 
0052 An automated device for positioning the lid over 
the well-plate by aligning the pins with its corresponding 
well is easily designed as illustrated in FIG. 7. As long as the 
Same rectangular array of pins that correspond to the rect 
angular array of Wells is used, a lid 10 can be designed for 
use with any well-plate. 
0053. In a preferred embodiment, the thermal cycler is 
designed to accept from one to Six plates: the plates may 
have either 96, 384, or 1536 wells. When fully loaded with 
six 1536-well plates, the system can process >9000 samples 
at one time. 

0054 The thermal cycler tray, onto which the plates will 
be placed, contains an interlock System that positions each 
plate precisely in the cycler. This tray indexes out to the user 
and can be loaded either manually or robotically with plates 
as illustrated in FIG. 7. When the tray is moved back into 
the thermal cycler, a compression Screen is brought down 
into contact with the lid. This compression Screen applies a 
Slight pressure to the lid 10 causing it to be compressed onto 
the plate 99. This action compresses the rubber seal 16 
around each of the Wells thus making each well air and 
liquid tight. 
0055 Temperature control within the thermal cycler can 
be performed by the mixing of two air sources. The first, or 
“hot”, air Source is produced passing air over a resistive 
heating coil to bring the air temperature up to >250° C. The 
Second, or “cold', air Source is produced by passing air over 
a refrigeration unit cooling the air to 10° C. These two air 
Sources are then mixed in the proper proportions in the 
Vortex chamber to create air at the proper temperature. Air 
from the Vortex chamber is then passed over the copper clad 
surface of the lids 10 in the sample chamber. This condi 
tioned air then either heats or cools the copper clad Surface 
14 and copper pins 18 of the lid 10. As the pins heat or cool, 
heat is either added directly to the Samples through the pins 
or removed directly from the Samples through the pins and 
dissipated at the copper clad surface 14 of the lid 10. 
0056 Temperature control can also be achieved by the 
application of a Peltier device directly to the copper clad 
Surface of the lid. In this case, the heating/cooling System is 
incorporated directly into the clamping device Such that 
when the lid is clamped onto the plate, the Peltier device is 
compressed onto the copper clad Surface of the lid. The 
application of current to the Peltier device will then heat one 
surface of the Peltier device while cooling the other side. 
Reversing the current flow will reverse the hot and cold 
Surfaces. 

0057. As the peltier device heats up, the heat energy is 
transferred to the copper clad portion of the lid. Similar to 
the embodiment that uses air to regulate the temperature of 
the Samples, the lid transmits its energy to the pins and 
eventually to the Samples. 
0.058 Referring now to FIG. 9, the lid 10 device could 
also be used as a means to transfer Sonic wave energy 
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directly into each well of the well plate. In this case, a Sonic 
horn 22 or other such device would be brought into direct 
contact with pins 18. Sonic energy could then be transferred 
from the Sonic Horn directly into the well 97 in the well 
plate. The primary uses of this device would be to shear 
large molecules Such as nucleic acids or proteins into Smaller 
molecules. The device could also be used to help solubilize 
particulate matter Such as Small organic or inorganic mol 
ecules. In this case, the pins would need to be constructed 
from a material that would be capable of transferring Sonic 
Wave energy. 

0059. This lid can be used for several other purposes as 
well. For example, the lid, may be constructed Such that it 
has a copper clad Surface or other electrically conductive 
Surface, which may or may not be overlaid with Solder, and 
has pins also constructed from an electrically conductive 
material. A positive charge can then be placed on the Surface 
of the lid and consequently, on the Surface of the pins. This 
positive charge would then attract negatively charged mol 
ecules in the Solution in which the pins were placed. The 
more negatively charged the molecule, the higher the bind 
ing affinity to the pin. The lid and the pins with negatively 
charged molecules thereon may then be removed from the 
original Solution and placed in a new liquid and the charge 
on the pin can be changed to negative thereby transfusing the 
molecules to the new liquid. In this way, negatively charged 
molecules can be rapidly removed from the original Solution 
thus resulting in a purified Solution. The pin could also 
initially have a negative charge and thus be used to purify 
positively charged molecules from the initial liquid. The 
primary use of this “charged” device could, for example, be 
used as a purification System after a nucleic acid amplifica 
tion event. The purification could be directly, rapidly, and 
efficiently be accomplished in conjunction with amplifica 
tion. In this case, a positive charge would be placed on the 
pins whereby the negatively charged nucleic acid would 
bind to the pin. The pin could then be removed from the 
Solution and placed in a “new” Solution. The charge on the 
pin would then be reversed and the bound nucleic acid 
would be driven into the new Solution. 

0060) Ion Exchange may be defined as the reversible 
eXchange of ions in Solution with ions that are electroStati 
cally bound to some sort of insoluble support. The net 
Surface charge on the current ion eXchange resins cannot be 
changed. However, their net Surface charge can be “masked” 
by the addition of counter ions in Solution. These counter 
ions bind to the Surface of the Support material, thus masking 
the charge. Nucleic Acids, including Deoxyribonucleic Acid 
(DNA) and Ribonucleic Acid (RNA), are polymericanions. 
As such, they will be attracted by insoluble supports that 
contain a positive charge (cathodes) and repelled by 
insoluble Supports that contain a negative charge (anodes). 
Nucleic Acids have been successfully purified from hetero 
geneous Solutions by ion eXchange chromatography using 
various types of insoluble Support materials. Typically, this 
is done through the addition of an ion eXchange material into 
the Solution containing the nucleic acid and manipulation of 
the ionic Strength of the Solution through the addition of 
Small inorganic ions to allow binding of the nucleic acid to 
the insoluble Support. Once binding of the nucleic acid to the 
insoluble Support has occurred, the Solution, and hence the 
“impurities”, are removed from the soluble support by 
Sequential “washing” of the Support. By manipulating the 
ionic Strength of the wash Solution, Some means of control 
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over the size (length) of the nucleic acid polymer that 
remains attached to the Support can be achieved. The ions in 
the wash Solution compete for binding to the Surface charge 
on the insoluble Support with the nucleic acid and hence, the 
degree of nucleic acid binding can be crudely regulated by 
changing the concentration of ion in the wash Solution. At a 
relatively low ionic strength (eg. Distilled water) nucleic 
acid binding to the insoluble Support is nearly independent 
of size. AS the ionic strength of the wash Solution increases, 
the shorter length nucleic acid polymers will elute from the 
Support first, followed by longer polymers as the ionic 
Strength of the wash Solution increases. 

0061. One of the major problems with the current meth 
ods and devices for purification by ionic interaction is that 
the Support materials have a fixed Surface charge. These are 
usually described in terms of “weak”, “moderate”, or strong 
anion/cation eXchange resins. Each of these “resins” is 
actually a different material with different physical proper 
ties. In order to change the Surface charge, the different 
materials need to be used as the Support, or counter ions are 
used to effectively mask the charge. 

0062). It would be beneficial to be able to perform both 
nucleic acid amplification and purification in the same well 
serially and without further additions to the well of the 
microwell plate. Nucleic acid amplification is typically 
performed by thermal cycling reactions in the presence of a 
thermostable DNA polymerase such as Taq Polymerase. The 
Solution where this amplification occurs typically contains 
many different components including but not limited to, a 
buffer, nucleotide triphosphates, magnesium chloride, potas 
sium chloride, dithiothreotol, DNA, oligonucleotides, and 
the DNA polymerase (eg. Taq). Once the amplification 
process of the DNA is complete, the reaction Solution 
contains not only the components listed above but reaction 
byproducts as well. The amplified nucleic acid must then be 
purified from this mixture before additional steps can be 
performed. 

0063. The thermal cycling reaction can be performed as 
previously described herein. One of the embodiments of this 
patent application is using a lid 10 and well plate 99 having 
a “grid” of thermally conductive pins. This grid, in the 
preferred embodiment, is a regular array of either 16x24 or 
32x48 pins. These pins are inserted into the liquid that is to 
be thermally cycled. A peltier device is brought into contact 
with the array of pins in order to rapidly change the 
temperature of the pins, and consequently, the liquid into 
which they are inserted. In one of the embodiments previ 
ously referred to, the pins are constructed from a metal that 
is thermally conductive. This metal pin is also capable of 
carrying either a positive or negative charge. 

0064. As shown in FIG. 10 after amplification of the 
nucleic acid has been performed, a positive charge can be 
applied to the pins that are inserted into the liquid thus 
effectively turning the probe into a cathode. The net charge 
on this cathode can be precisely regulated to control the 
binding of anions to its Surface. Unlike typical ion eXchange 
resins that have a fixed net Surface charge, the net Surface 
charge on the pin can be easily changed by varying the 
applied charge. At a very high Surface density of positive 
charge, many different anions will bind to the probe. AS the 
Surface density of positive charge is decreased, the more 
weakly bound anions will be released into solution. By 
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varying the net Surface density of positive charge, purifica 
tion of the nucleic acid can be achieved. Very precise control 
of the Surface charge will allow Separation of nucleic acids 
that vary only slightly in their net charge (size). 
0065 Experimentally, the nucleic acid purification would 
occur by first placing a very high density of positive charge 
on the surface of the pin. This would allow very rapid 
binding of anions (including the nucleic acids to be "puri 
fied”) to the surface of the pin. The charge density would 
then be decreased until molecules of only the desired charge 
(size) remained bound to the pin. The pin would then be 
removed from the Solution and placed into another well 
containing a different Solution. The charge on the pin would 
then be reversed Such that the pin becomes an anode. Thus, 
the pin would now contain a net negative charge. The 
negative charge on the pin would repel the negatively 
charged nucleic acid, and the nucleic acid would be repelled 
into the Solution and hence, isolated from the reaction 
products. Additionally, when the pin is placed into the 
Second Solution, the net positive Surface charge could be 
decreased but not eliminated entirely. This would cause 
Smaller nucleic acid fragments to be eluted from the pin. By 
gradually changing the Surface charge, a Serial purification 
of nucleic acid fragments based on their relative charge 
density (size) could be achieved. 
0.066 Other means of heating and cooling the lid may be 
used. For example, applying a metal block that has either 
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been heated or cooled to the appropriate temperature may be 
used to regulate the temperature of the lid 10 and ultimately 
the liquid Samples. 
0067. Although this invention has been described and 
illustrated by reference to specific embodiments, it will be 
apparent to those skilled in the art that various changes and 
modifications may be made which clearly fall within the 
Scope of this invention. The present invention is intended to 
be protected broadly within the spirit and scope of the 
appended claims. 
What is claimed is: 

1. An apparatus for altering the characteristics of a liquid 
Sample or material contained therein, Stored in at least one 
well in a well plate Said apparatus comprising a lid made of 
heat retaining material, Said lid sized to cover the top of a 
well plate having wells therein, Said lid having a down 
Wardly projecting member which protrudes into Said well 

2. The apparatus of claim 1 which includes means for 
altering the temperature of Said downwardly projecting 
member. 

3. The apparatus of claim 1 which further includes means 
adapted to cause Said downwardly projecting member to 
Vibrate ultraSonically. 

4. The apparatus of claim 1 which includes means for 
controlling the polarity and magnitude of an electrical 
charge on Said downwardly projecting member. 
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