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UNITED STAT%S DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA t
STRATAGENE, a California corporation, OwLm?'B(i

NNO.
Plaintiff, COMPLAINT éoggAlremcLsp )

)

;

) INFRINGEMENT
v. g % JURY TRIAL DEMANDED

)

)

)

)

)

LE W
T

THERMO LABSYSTEMS, INC., dba
THERMOQ HYBAID U.S., a Delaware
corporation,

Defendants.

Plaintiff, Stratagene, for its complaint against Defendant Thermo Labsystems,
inc., dba Thermo Hybaid U.S., (“Hybaid™), alleges as follows:
NATURE OF THE ACTION

1. This is an action under the patent laws of the United States, 35 U.S.C.
section 1 et seq., for infringement by Defendant of a patent owned by Stratagene.
THE PARTIES
2. Piaintiff Stratagene is a corporation organized under the laws of
California and has an office and place of business at 11011 N. Torrey Pines Rd.,

La Jolla, California.
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3. Upon information and belief, Defendant Hybaid is a corporation
organized under the laws of Delaware, is a corporation organized under the laws of
Delaware and has an office and place of business at 8 E Forge Parkway, Franklin,
Massachusetts.

4 Upon information and belief, Hybaid purposely manufactures, ships,
distributes, sells, imports, and/or offers for sale and promotes gradient thermal
cyclers, including its PCR Express line of thermal cycler products, throughout the
United States, including in the Southern District of California. These activities are
continuous and ongoing.

JURISDICTION AND VENUE

5. The claims asserted in this Complaint arise under the Patent Laws of the
United States, 35 U.S.C. sections 100, ef seq.

B. Subject matter jurisdiction is proper in this Court under 28 U.S.C.
sections 1331 and 1338(a).

7. Personal jurisdiction by this Court over Hybaid is proper under the
United States Constitution and because Hybaid is a foreign corporation, which has
purposely availed itself of the privilege of conducting activities, including doing
business, within this State and District.

8. Venue is proper in this Judicial District under 28 U.S.C. sections 1391(b-
d) and 1400(b).

BACKGROUND

9. Stratagene is the owner of the United States Patent No. 6,054,263 (the

"263 Patent”), entitled, “THERMAL CYCLER INCLUDING A TEMPERATURE

GRADIENT BLOCK.”
10.  The 263 Patent was duly issued on April 25, 2000, and at all times since

its issuance, has been duly and lawfully assigned to Stratagene. A copy of the 263

Patent is attached as Exhibit A.
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COUNT 1. INFRINGEMENT OF U.S. PATENT 6,054,263

11.  Plaintiff repleads and realleges each of the allegations set forth in
paragraphs 1 through 10, inclusive, of this Complaint.

12.  Upon information and belief, Hybaid has infringed and continues to
infringe one or more claims of the 263 Patent by making, using, offering for sale,
and/or selling gradient thermal cycler products, including its PCR Express line of
thermal cycler products, such activities constituting using, making, selling, importing,
and/or offering for sale and promoting use of the patented invention by or to
customers throughout the United States and will continue to do so unless enjoined by
this Court.

13.  Upon information and belief, Hybaid is actively inducing others to
infringe, and/or committing acts of contributory infringement of one or more claims of
the 263 Patent through Hybaid's activities related to using, making, selling, importing,
and/or offering for sale and promoting use of, gradient thermal cycler products,
including its PCR Express line of thermal cycler products, such activities constituting
using, making, selling, importing, and/or offering for sale and promoting use of the
patented invention by or to customers in the United States, all in violation of 35 U.S.C.
section 271.

14.  Stratagene has, on several occasions, provided actual notice to Hybaid
of its infringement of the 263 Patent. Despite such notice, Hybaid continues to
willfully infringe and/or induce or contribute to the infringement of the 263 Patent.

15.  As a consequence of Hybaid's acts of infringement, Stratagene has
been damaged in an amount not yet determined, and has been irreparably injured by
these infringing activities, and Stratagene will continue to be damaged by such acts in
the future unless Hybaid’s infringing activities are enjoined by this Court.

16.  Upon information and belief, Hybaid's infringement of the 263 Patent has

been, and continues to be, willful and deliberate.
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RELIEF REQUESTED

17. Wherefore, Plaintiff Stratagene requests the Court enter judgment:

A That Hybaid be declared to have infringed, induced, and/or
contributed to the infringement of claims of the 263 Patent;

B.  That Hybaid, its officers, agents, servants, employees, and
attorneys, and all those in active concert or participation with them or any of them
who receive actual notice of an order, be preliminarily and permanently enjoined from
further infringement of the 263 Patent;

C.  That Hybaid be ordered to account for and pay to Stratagene all
damages caused to Stratagene by reason of Hybaid's infringement of the 263 Patent:

D.  That appropriate damages be trebled by reason of the deliberate
and willful infringement of at least the 263 Patent pursuant to 35 U.S.C. section 284:

E. That Stratagene be granted prejudgment and post judgment
interest on the damages caused to it by reason of Hybaid's infringement of the 263 |
Patent;

F. That this case be declared an exceptional case pursuant to 35
U.S.C. section 285 in view of the deliberate and willful nature of the infringement by
Hybaid and that Stratagene be awarded its reasonable attorneys’ fees;

G.  That Stratagene be awarded its costs: and

H.  That the Court grant such other and further relief as the Court
may deem proper under the circumstances.

Dated: August 14, 2002 POST KIRBY NOONAN & SWEAT LLP
PATTON BOGGS LLP

, NMMK

Michael L. Kirby
Attorneys for Plalntlff
STRATAGENE
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JURY TRIAL DEMAND

—

Stratagene hereby demands a trial by jury on the above counts and all issues

triable to a jury in this matter.

Dated: August 14, 2002 POST KIRBY NOONAN & SWEAT LLP

PATTON BOGGS LLP
By: M«M W

Michael L. Kirby—  ~
Attorneys for Plaintiff
STRATAGENE
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57 ABSTRACT

A meibod ia which & temperatre gradisnt is gencrated
zcross 1 ~gradiemt” biock. and an apparatms comprising &
block across which a lemperalure gradient can be geserated.
By sering up such 3 gradivnt, muoltiple reaction mixiuces
beld in wells on the gradica: block can ke simultameously
fua at rempersvres which diffor only slighuly, thereby per
mittiae an optimum (emperature for the reaclion o be
quickly idenrified. lo a preferred embodiment the gradient
block is ittegrated into a thermal cyeler used for pucleic acid
amplificaiion reactions,
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THERMAL CYCLER INCLUDING A
TEMPERATURE GRADIENT BLOCK

This is a continuation of application Ser. No, (8/534,826,
filcd Apr, 19, 1996 (Dow ULS. Pat No. 3,779,981, issucd Jul.
13, 1998); which is a cootinuation of application $er. No.
08/139540. bled on Oct. 20. 1993 (mow US. PaL No.
5525300, issued Jun, 11, 1996).

FIELD OF THE INVENTION

The preseat ioveslivn relales 10 3 lmperature cycling
appariuy uxelul for pertorming auddeic acid amplificadon,
DNA sequencing and the like which apparatus crn {nclude
single or multiple beating and/er cooling blocks containing
sample wells wherein a temperafure gradient can be gencr-
ard across a given block.

BACKGROUND OF THE INVENTION

Sysrems which require mulrple or cyelic chemical reac-
tions 1o producs a desired product often require cazeful
temperture contm} to produce optimal results. Such reac
tions ioclude nucleic acid amplification reactions such s the
polymerase chain reaction (PCR) and the Ligase chain reac-
tion (LCR). For this reason, spparatus have been developed
which permit the accurate control of the temperarure of
reaction vosscls io which such amplification teactions arc
perfarmed,

For example, there are 2 sumber of thermal vcyclers” used
far DNA amplification and sequencing io the prior art in
which one or more temperamics conwolied clementa or
“blocks™ hold the reaction mixtare. and the temperamme of
a block is varied over time.

Another prior art sysicm is represenied by a lemperature
¢ycler in which multiple tempernture controlied blocks are
kept at different desired temperanires aud a mbotic arm is
utilized 1o mave reaction mixtures fram block 10 block

All of these systems inciida fearures which allow tha user
Io program temperalures or wemperature profiles over dme
for 2 block oa the instrument so that various processes (2.5,
depaturing, annealing and extension) caa be efficienly
accomplished onco the optimum tempormtures for thase steps
arc dewermined. Importantly, however, the dotermination of
th¢ optimum icaxperature for 2ach of the various steps in any
reaction system, agd D particular for sy avelcie amplifi-
cation or.igcubation reaction invoiving 2a anealing siep., is
Dol 3 simple task.

FCR is 3 wechaique isvolving multipls cycles thar results
in the eomewric amplification of cerain palyaucleotide
sequence cach lime e cycle is compleled. The 1=cbpique of
PCR is well knowu 10 the person of average skill in the ant
of woltcular biology, The rechoique of PCR. is described in
many boaks, including, PCR: A Practical Approach, M. 1.
McPherson, ct al.. [RL Press (1991). PCR Prowcols: A
Guide 10 Mctlods and Applications, by Tanis, ot al., A=-
demic Press (1990), and PCR Technalogy: Principals and

-Applicarions for DNA Amplificarion, H. A. Eclich, Steckgon

Press (1989). PCR is also described in many U.S. patents,
including U.S. Par. Nos,, 4,683,195; 4,683,207; 4,800,159;
4.965,188; 4,889818; 5075.216; 3,079,352 5.104,792;
5,023,171; 5,09L,310; aad 5,066,584, which arc hershy
ineorpemicd by rofcronce.

The PCR techaique typieally favolves the siep of deoa-
turing a polymuclectide. followed by Lhe step of aonealing at
feast 2 pair-of primer cligonucleotides w the denaured

polyaucleotide, i.c., bytiridizing the primer 1o 1be denaturcd

12«12=00  D3:4Zpm From=+B585350071
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polynucleolide wmplate. After the aanealing siep, ap
eazyme with polymeruse sclivity calalyzes syothesis of a
new polyaueleotide sieand that incarporales the primer oli-
gonucleotias and uses the original denatured polynucleotide
38 a syntbuesis tomplate. This serics of steps (denaturaton,
primer anoealing, and primer exteosion) constitutes 3 PCR
cycle. As cycles are repeaied, the amount of gewly synthe-

. sieed polynucleotide increasey geometrieally Dodause the

Hel

o

25

48

]

£3)

tewly syabesized palyguaicotides from 2 sarlier oyels sao
serve a5 templales [or synihesis in subsequent cycles. Primer
oligonucleotides are typically sclected in pairs that can
araeal 1o opposile sirapds of & given doublc-5ragdcd poly-
aucleatide sequenes 3o Ihat the region between the two
anoealing siles s amplificd.

The temperature of the reaction mixture must be varied
during a PCR cycle. and consequently varied many times
during 2 mullicycle PCR experiment, For example, deca-
turation of DNA typically takes place at arouad §0-05° C_,
agnealiog a primer 10 the deoatured DNA is typically
pertormed at around 40-60° C., and the step of extending the
anocaled primets with o polymerase is [ypically performed
at wound 70-75° C. Each of these steps has ag optimal
temperature for obuining the desired result Many exper-
ments are required 1o deteeming the optimal temperature for
cacn sep.

For exampls, while the témporature at which DNA denas
tres js genenally berween 90=95° €., slinht variations io the
particular tempcrature nocessary are observed depending on
the 1epgin of the DIVA and the percentage of cach of the four
deoxynuclsctides preseat (guanivc-cytosine pairs and
adeqibe-thymine muurs). Insulficient heating during the depas
turation step is 2 commoD reason for a PCR reaction 1o fail.
However, ovetbeuling during ihe densmmion step can
result in excoysive denaruradon of 1he polymerase.

Achisving ihe optimal empemturs for the PCR anncaling
siep is even mote critical, A anpealiog temperature which
is too low will result in nog-specific DNA fragments being
amplified. A oo high of sn anpealing temperature, the
primers will anucal less efSzieplly resuling in decreased
vield of the desired producs and possibly reduced pusity. In
the zonraling step, the optimal lempeeatire will depend on
many factors igcluding the leogth of the primer and the
perzatage of cach of the four deoxynucleatides preseqt
(guanine-Cywsine pairs and adeainc-bymine pairs). For a
typical 20-base oligosucluotide primer comprised aof
ouphly 50% smuaninc-cylosine. 1 temperature 0f 55° C. is 1
geod estimate for the lower cod of he temperature range.
However, as one increases the priwer leggth in orler (o
arain greawer primer specificicy, difering annealing em-
permures may be rvquired, Thus, the aumber of subile
influences oo the opumal appedline temperamre makes
difficulr the task of quickly idearifying the optimum for a
given sysiem,

Achieving the oplimal temperatre for the exicosion
Teaction is also important for obtsining the desired PCR
result. Temperature may affear both the rate and the accuracy
of the exicnsion reaction. IF lhe sue of the polymerase
reaction is oo low, hen the nowly synthesized polysucle.
oidc may ool coatain a sitc for primer aoncaling.
Additiooally, the denamred polynucleotide sequence for
amplificalion may cootin onc o mort rejogs of secoadary
stuclure tat may foon or disappear according to the
temperature sclected. Furthermore, several different
caxyme with polywemsc sctiviry may be used for PCR.
Each emytie will have i own opimum temperawwre [or
astivity, stability Jud aweummcy.

Determination of the optimal denaturing, anaraling, and
extension (emperatures [oc a particular PCR is complicated

To=POST KIRBY NOONAN & Fage 08
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by the fact that the optimum will be different for cach of the
resctions. Thus, io order 0 delcrmine the three oplimal
lemperafire @ARes, mulliple separale experiments mest be
fua where two temperatues variables are held constant whila
a third teooperamee varjable j5 changed. As a resull, deter-
mimton of the optimal temperature for munning 3 PCR
Syslem can be 2 time consyming task.

It is tnercfore an objecr of the present invention 1o provide
an eifjcient means by which oplimal reaction temperatures
cag be morc cBcently ideatfied for PCR acd ather rcac-
tons.

SUMMARY OF THE INVENTION

To achicve this object, the invention is 3 methed in which
8 (cmperanure grdient is geoerated across 3 “gradiemt”
block. “fhe invention also includes a0 spparatus comprising
1 block across which a temperature gradient can be gener-
awed, By sciiing up such a gradient, multiple ceaction mix-
tures can be simullaneously run 4t (caiperatures which differ
only slightly, thercby permiring sn optigum emperarue
for a given reaction o be quickly identified. In the most
peeferred embodiment of the invention the aradicot block is
inlegrated inte a thermal cycler. By doiny so, it is possible
1o run a scries of desired reactions usiny the thermal cycler
immediately upua identification of the oplimum reuction
lemperatrs.

Tn a fimt embodiment, the invention is a method for
simultancously reasting a plurality of teaction mixtures in an
apparatus includig 3 lempemture gradieat block compris-
ing the stzps of:

placiug reaetion mixtures in a plurality of reaciion wells

i We gravical block, the gradicot block havims a wop
porton, first end second opposing pordons, apd a
bartom portion. the plurality of reacton mixture wells
beigg formed in the block between the opposiap
pordons, and

geocratiog a temperature gradient across said pradical

block and betweon the oppesing portions.

In this embodiment, the sep of geserating a temperature
gradicnt may comprise the steps of heating the first opposing
pertion of e gradieat block, and cooling the second oppos-
ing portion of e gradjent blode The method may alsa
includa the step of conrrolling the wmperarre pradient
using a controllieg means. By usiog 2 controlling means, the
method amay further include the steps of collecting aod

' storing lemperatune a0 point aod wmal temperatre dula

fom the wells, and trensmitting that inlormation 1o 3
iCIOproCcessor.

In another [om of the method of the invention, where the
apparams funher comprises at least one addicomal beat
conducting block having 2 top portion, first and second
opposing pordoas, and a bouoes porton, and o plurality of
reaction mixture wells formed in the additiomal blosk
between the opposing portinus, the method may fucher
compnss the siep of moving the reaction mixtures between
the gradient block and ote or mose of the additional block
or blocks.

In angther form, b method employs 20 apperans com-
prising at least one heat conducting block, the block having
a plurality of sample wells spaced between first and secoad
opposiag portions and in an upper surface Uereof, aad the
mcthod compriscs

placing reaction mixtures in the walls, and

15

5

40

generiting a lemperniwre pradient across the block and

berwsen the oppasing ponions by heating the first
apposing portion 2ad cooling e second opposiag
portios.

12-12=00  03:42pm From-+8585350071
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The inveaiion also includes ap appariius comprising:

3 reaction mixrure bolder, the reactioa mixtuee boider
comprising 3 bear condueting block having a2 lop
portion, [rst ind second opposiop porions, and a
botiorm portion, a plunality of reaction mixture wolls
formed in the top portivn, and beiween the st 2pd
second opposing porlions, :

a block heater positioned adjacent to tbe first opposing
portion, and

3 block cooler positioned sdfaceqt 1o the sccond apposing
portion.

Ta another form. the apparatus of be invention comprises
boiding means for bolding 2 reaction mixture, the holding
means including a heat conducting hinck having a lop
porticn, first and sccond opposion portions, aed 4 bonom
poruon, and a phurality of reaction mixrure wells formed in
the top portion and berween the first and secand opposing
portions; aod means for geceraling 2 temperiure wradient
across the beal conducting block and betwesn the fest and
seconad opposiag portions.

In yer another form, the invention includes an 2pparatus
for pecforming molecular binlogical reactions comprisiag at
least ome temperanure conwolled bleck, the block haviag a
plurality of reaction mixture wells spaced betweea Lirst aod
$ccond opposing portions and o an upper portipn thereof,
and a block beater positioned adjacent o the first opposing
portion and capable of pencraling a wemperamre pradient
betweea the first 20d sccond opposing portions.

1a 2 prefemed embodimeny, the beat conducling block or
“grauliem” block is made substanliully of, or compriscs,
brass-

The appamtus of the inveaton can include additional
elements. Thus, in an especially preforred embodiment, the
appasws igcludes more than oge heat eouducting block
aloog wilh ubc gradient block. Tho appardfus may also
include a controller for conirolliny the (#mperarure gradient
across the gradient block, and in 2 multi-bloek apparalus, the
controller may also control the temiperarure of blocks which
ar heated or cooled 1o a Uniform lemperanure. Preferadly,
the cuotroller will ioclude o microprocessor for collesting
and storing lemperanre ser poinl and acwual temperature
data, and multiple temperature sensors for collecting the
actual temperature data from the wells apd for trammining
the information to T0¢ MICTOPTOCTSSOT.

In apother cmbodiment, the pluralily of wells in the
gradicn( block are formed ia paralicl, aligoed rows. Further,
where more (ban one block is included, the apparatus may
{nciude a robat arm for moving samples berweea blocks in
1 programimably controllable mander,

BRIEF DESCRIFTION OF THE DRAWINGS

The inventios will be better undersioed by refertace w©
the appended figures of which:

FIG. 1 = a purspective view of a thermal cycler incorpo-
fatigg the thermal gradieat block of the ioventiom

FIG. 2 is a perspective, cxploded view, of Lhe thermal
gradicat bloek, surrounding beaters and cooler according 1o
the iovention; and

FIG. 3 is a block diagrmm depicting the elements of a
thermal cycler in which the thermal gradien: apparatus and
method of the invention may be uscd.

DETAILED DESCRIFTION OF THE
ENVENTION

The preseat invenrion relates 10 4 device and method for
cresting l:!humll gradient across a block, such as a block

To-POST KIRBY NOONAN & Page 07
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in known thermal cyclers for PCR reactioas, which enables
oge 0 sipultaneously conduet & serics of cxperiments at
very close to the same temperatures. As wsed hereis. (be teno
"block™ relers 10 a strucrure, vsually meial, which caa be
remperanue controlled and is which wells have bueon
arranged to accept vessels containing reaction mixtures or
*samples.” The phrase ~gradicnl bleck” as used hersin is
intended to describe such a block, except that a pradicnt
black is & hlock across which 3 lemperature gradienl can be
exablizbed. Examples of 1he spesific magner i which such
% temperniure gradient can be cstablished are discussed
berein, though those skilled ja the art will understand that
oace the advaname of having a gradieat block & known,
many other variations of the apparatus spowi derein cag be
casily idcarificd.

One particular area of urility for the prescnt inventica is
in muluple block thermsl cyclers. By incorporating the
gradient block of the invention into a multipiz hlock thermal
cycler, it is possible w simultancously conduct a series of
reactions wher the (emperamre at which the raaiions we
proceeding §s voried scross the gradicat block, This permits
the rapid detcrmination of the oprimal tempemturs for that
particular ccaction.

FIG. 1 depicts the prior ant Stratagenc device in which a
thermal gradiens bloek 2 according to Lhe invealion has beea
incorporated.

Various compossars of the cycler depicted in greater
detail in FIGS. 2 and 3 can be seen in FIG. 1, ie. display 15,
keypad 16, additional blocks 17, 18 apd 19 and robut wm 20
(stown i cul-away view).

It wili be understood (hal a MiCIOPOGESSOL CAR De ineof-
pomicd into the contol sleswonivs of the apparatus, as is
wel] known. The microprocessor can be used 10 control the
tange of the temperamure gradicot and also 10 program the
movemenl of samples into aad out of the thermal gradient
black. The microprocessor executss commands wrilien in
=oftwaro that collect urer ioput via the keyboard, compare
the loput 10 actual tesapecamres. sod rurn off or on the
healing or cooling unils 2s apprupriate, The clscironics wlso
includes a limer, ceadable by the microprocessor. This
allows the microprocassor to compare the slapsed time bat
the reaction mixture bas been in 3 Luen block agd compare
1t to a desired time iaput by the vser,

The mictoprocessor will also control the robat arm, which
arm is operaled using, (Wo Sepper motors. Ooe motor raises
aad lowers the arm, The other rotstes the arm Frem black 10
block.

‘Thue, thoss gkilled in the at oo neadily vadersiand bow
the thermal gradicar block of the igventioa can be incorpo-
fated into known thermal cyclers,

Of course, 1he thermal gradicor block of e invention
need got gecessaily be incorporated iato 3 Known cycler 1o
be advantageously used, For example, a stasd alons ugil
incorparatiag the theemal gradien: block could be used in
cagjunction with known cyclers 50 that oplimum reaction
emperanires could be identiied and then used in thoss
cyslems.

F16G. 1 provides an exploded view of the components of
the gradieat block assembly. Thus. in FIG. 2. the praclient
block apparatus is geerally designated by reference nuymber
1. The apparatus comprises a heat conducting block 2 which
{ocorporaies o wumpber of wells 3 for boldiog reaction
mixiures or the vessals in which the mixmures cas be held. lo
a portion of black 2. heater 5 fits into opening 4. Heater 5 is
2 commonly available cylindrically shaped canndge type
resistive beater (RAMA braad, Saa Jacinio, Calif).

12=12=00  03:42em From-+8585350071
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Depending oa the temperatuse cange desired, the oppas-
iny portiva of block 2 may simulizncously be covled using
a beat sink made up of 1 abbed aluminum block 7 and a fap
9. Naturally, wheiher the beur sink is operaled or mot, a
temperature gradient will be eroated between the opposiog
portioos of the block. However, where the temperature
gradient is 10 be made larger, the heat sink can be operated.
Tu cobiunce e whilily @ oreaic and maintain o yalicot,
block 2 is preferably composed of 2 material with a3 rela-
tively low coelficient of thermal conductivity 1o reduce the
amount of heat fux occessary 1o erealc 1be \emperature
gradien: across e block. Brass is preferred.

Where 2 amltblock system is used (TTG. L) bloaks other
thun the eradient biock will be copsiructed of a rmaterial with
& felalively high coefficient of thermal conductivity. By
doing 59, the biocks can be heated or cooled w0 2 uniform
wmperanre but will act be thermally conductive engugh 1o
eequice exeess bealing or cooling o maintain a lemperature.
Alumioum is known for such uses in the prior art

Depending on the size of ihe grdieat block and the
beating and cooling capacites of e bearer and heat sink,
lemperature gradients in excess of 1 Lo 14° C. across black
2 @ be achicved. Holes 6 may be drilled in bloek 2 1o limit
thermal conductivily, such that parallel aligned rows of wells
in 1he block wod 10 be at une wmperawee, The use of boles
alsa permils the temperatum profile across the gradient
block, a6d from one row of wells to the pext, 1o be Hnear,

Heatcrs aad coolers known in ihc att may be used. For
eximple, Peltier tieMMoeieciric devices may be used, though
other passive or active heaters would also be useful (=g
chilled or heated liquids or pases).

As shown ip both FIGS. 1 and 2, gradient block 2
preferably has cight rows of sampic wells 3 equally spaced
across the block. Exch row con contain five sample wells,
05 ml mbes can be used. The pantizular aumber and design
of the samplke wells can be varied to modify copacity if
desired. If 4 wmperature gradient of 8° C. is formed berween
the hat and cald porticss of the block, cach row of sample ‘
wells will differ i tomperature by approximaely 1° C.

Returning to FIG. 2, additional beaters § aad 10 may also
be employed so that 1he sysizm can be operated in the same
manoer as blocks knowa 1n the art, Le. with uniform heating
across the entire lenpth aad width of block 2. Heaters 8 and
10 are prefesrably ihin foil typa (MINCO braod
Mioneapolis, Migoesotz). Heaters 8 and 10 can 2iso be ia
tojusction with beater 5 10 bring block 2 to at least the cool
poriion temperafure as quickly as possible whea the system
i siarted or the lmperature range over which block 2 is 1o
b operared is raised,

Wire connectors 11, 12 and 13 copnect the beaterss 1o a
power source. Apparatus 1 may also jgeluds a thermostat 14
which ean be uscd as a high temperature cut-off, which is a
desitable safety foature,

Tue block disyram of FIG. 3 depicis a gradicnl dlock
(labulled “secoad block™ of b« type showp i FIG. 2 aus
biock 2 integrated into a thermal cyeler haviog wultple
beating and cooling blocks. The labels in FIG. 3 are seif-
explinatory, and the appararus described by FIG. 2 differs
from a koown thermal cycler only with rospoc: o the
substitution of the gracdient block for 2 non-gradicnt block.
For PCR. the Arst, second apd third blocks in FIG. 3 may be
progrnmmed W be muinwined at a temperanure range of
between about 25 to 99° C., apd are used for denaturing,
soncaling aod exicosion respoctively. The founh block is
geoemlly majunioed 22 between 4 and 25° C. and is vsed for
sample sionge after the PCR reaction has completed. The
second block, made of brass, will be used for the anncaling

step.
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As can be seen in FIG. 3, more thao one thermocouple can
be used ajong the lemyth of the eradient block so that
temperatures along the block caa be caretully monitored and
uscd to feed information baek 1o the control electionics and
display.

The following cxamples are offered for the purpose of
ilustrating, aot limiting, the subject inveation.

EXAMPLE 1

USE OF THE GRADJENT THERMAL CYCLER
FOR THE POLYMERASE CHAIN REACTION

High remperature primer cxaension testing of the thermal
gradicot system aof the invention was carricd out using two
model pimcr/iemplate systems. These Iwa systems cxhibit
significontly variable cxtension product yiclds depeoding
opon Lhe anacaling temperarire vsed duriog the extension
process. Primer/lemplate scl #1 amplifies'a 105 bp region of
the byman Gaucher gepe, while scl #2 awplifics a 540 bp
region of the human fucosidase gene. The thermal gradient
syste of the igvention contains a gradiemt block that
allowed primer extensicn using as optimal anpsalivg wem-
peramre rapgpe of 42 1o 56° C.

Metbods and Materials

Primer exteasion reactions were camied oul using the
gradicnt block of the invention. Primernemplate test sei #1
consisted of 3 gesomic humyn DNA cemplate and two
22mer vligomees yielding a 105 bp extension product, The
sequence o primer A was 5' CCTGAGGGCTCCCA-
GAGAGTGG 39 (SEQ ID NO:1). The sequence of primer
B was 5" GGTTTAGCACGACCACAACAGC 3 (SEQ D
NO:2). Primet/template test set #2 coosisted of 1 genomic
buman DNAcmplate and two oligomers of 20 and 50 bascs
respectively yielding a 540 bp extension product. The
sequieace of primer A was §° AGTCAGGTATCTTTGA-
CAGT 3' (SEQ D NO:3). The sequence of primer B was 5'

AAGCTTCAGGAAAACAGTGAGCAGCGCCTC 3

(SEQ ID NO:4).

The primer extonsion reaction mixture consisted of 1x
Tag DNA polymerase buer (10 mM wis-HCl pH 8.8, 50
@M KCL 1.5 mM MgCL2, 0.001% (w/v) relatin), 25¢ uM
2ach dNTP. 250 ng each primer and emplate and 2.5 units
Taq DNA polymerase in a 100 gl reaction volume. The
reastion mixture was overlayed with 50 ul of nucleasc free
sterilc miocral ofl.

The wemperature cycling parametcrs used were as follows:

1 i g C

1 qun 4256 C, (gradtient block)

| mia e, X0 cyclcs
1 mis 94* C

1 min 44~36" C. {gradient block)

¥ qua G

Stonge $c

Eight reaction mizes were tested per primer/iemplate set—
oae per pradisnt temperarure block siot Anncaling tempera-
turcy uscd werc 42, 44, 46, 48, 50, 52, 54 and 56° C. (twe
degree C. increments acroes the gradienr block). Reactioos
were carried out in 500 ul eppeodort rubes,
Results

Eoth primertemplaie sels 1 and 2 yicKed abviously
varying results depending upon the apnealing wmperaturs
utad in the gradicot wwmpemture block. Primer axzension
products {rom st #1 varied from the desired single DNA
band af size 105 bp (desived ffom tbe cxfension reaction

12=12-00  03:42pm From-+8585350971
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using 2 56° C. annedling emperatore) o 2 reaction mix
yiclding multiply sized extrancous DNA extension products
(of approximate size 180, 220 and 800 bp) from a reackion
using 4 487 C. aposaling lemperature. Primer cxicOsion
preducty from o1 #2 voricd from the desiced single DNA
band of size 540 hp (derived from the extension reaction
using 3 42° C. aonealing temperature) 0 3 reaction mix
yielding an extraneaus DNA extension preduet of approxi-
mately 2000 bp from a reaction using 2 S6™ C. annealing

tCIpErane.
EXAMPLE 2

USE OF THE GRADIENT THERMAL CYCLER
FOR THE LIGASE CHAIN REACTION

Ligasc chein reaction (LCR) is 2 recently described DNA
amplificetion techoique that can be used to derect wace
levels of known nucieic acid scquences. LR, involves a
cyclic ™o siep reactivn whish is performed in a DNA
thermal cycler machine. The Brss s1ep is 2 high temperature |
welling step in which double strauded DNA unwiads 10
become singlo stranded. The second siop isa cooling step in
whrich rwo scts of adjacent. complementary olizooucleotides
anmeal 10 e single stranded wrpe DNA molecules and are
ligatad tgether by 2 DNA ligasa cnzyme. The products of
ligation from onc ¢yele scrve as templates for the ligation
roaction of the gext cycle. Thus, LCR results in the expo-
pential amplification of ligaticn producis,

Matzdals and Methods

The materialt uxed in this experimeat Werz obtaiacd Erom
Strarapens, La Jotla, Calif. The optimal temperature for the
second siep of the LCR cycle, in which the olizonuclcotides
are annealed 10 the DNA [arget molecules, was dolcrmined
cmpirically by 1ho use of tho gradiont thermal eysler of the
imvegtion. Two sets of reactions were set up, obe with a wild
type template to which the oligogucleotides were
complementary, and one with a gutant wmplate that differed
from the wild type lemplaic DNA scquence by ooe base
traggition. The DNA, taplawes used in this experimeat were
plasceid coosiructs costainiop the pBlueseripyl vector and
the 1 | gene. The wild-lype lempiale contzined 2 normal luc
[ sequence, and the muunt template contained a C 1o T
wagsition mulation at sife 191 within the insert, The four
oligooucleatide probes consisted of two pairs of twa oligo-
oucleonides each. The first set. A and B. were adjacent 1o
cach other and complementary 1o oe sirand of the target
DNA. The secoad set, C and D, were complemeniary o the
Grst s£1, and erefore occupied adjacent sites on the scoond
strand of be target DNA. The oligpauclectide probe
sequences (5" to 37) wees as [ollows:

A 'ITgTGCCACG COGTTGGGAA TGTA (SEQ ID

NO: ‘

B: AGCAACGACT GTTTGCCCGC CAGTTC (3EQ WD

NQ:5)

C: TACATTCCCA ACCGCGTGGC ACAAC (SEQ ID

NO:T)

D: AJ;%'I‘ GGCGGG CAAACAGTCG TIGT (SEQ ID

NO:

Oligonuclestide probes A and D were 5'-phospborviated
during syuthesis.

The sequence of the wild type lac [ insent, starting at site
161 of the insett, was as follows:

5 CTGAATTACA TTCCCAACCG COTGGCACAA
CAACTGGLGG GCAAACAGTC CTTGCTGATT 3
(SEQ ID NO:9)

The mutant sequence differed from the wild type by 2 C

to T ragsition at sile 191. The LCR cxperimeqt was per-
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formed a5 {ollows: The followiog iogredicnts were com-
bioed in 2 sterile 500-ul of 16XZ Pfu LCR bulfer, 15 ul of
stertle dH~Q, 1 gl (10 og of cach) of oligomuclestide
miziure, 1 4l (100 pg) of sither the wild-type or murant
plasmid \empliales or no Wemplate. aod 1 4l (1) of Pfu DNA
ligese enzyme. A 29-u1 overlay of sierile mineral oi] was
added [o the nybe, This procedure was cepeated so lhzt there
were 2 1061 of 5 rbes cach of cither the wild type tamplatc
reastion mixure or the muytant lemplate reacion mixture,
The tubes were pleced io the gradient thermal eycler of the
invention in posilions 1, 3, 5, 7 aod 8, so tbat al each
isothermal column in the machine, there would be a wild
Typc and a mutant templiic reaction Tue machioc was
programmed s cyele berwesa 3 high temperanie of 92° C,
and the pradient block. which was vaped in lemperanye
betwees 56° C, agd 70° C. The machine was programmed io
move to the bigh temperamire block for 4 minwes, then the
gradicnt block for 3 minuwes, then o move botwoea the kigh
tempecamire block and the gradieot bleck 25 times_ stopping
for 1 mipwe at cach block. The ligation chaig reaction
products were visalized by elecuophoresis oo a §% paly-
acrylamide get buffercd with TBE, followed by staining with
cibidivm bromide and pholography uader UV lighe
Resule

The wild 1ype remplate reaction produced the most
intense positdve signal in position 8, which comesponds 10
the coldest ($6° C.) section of the gradieat block, The usc of

§

. ]
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the gradiemt thermal cycler of the invention allowed the
cmpirical determination of the best annealing \emperature
or his tracyion in one experiment.

There are many modifcarions and variations of b thee
mal gradicq bleck which can adventageoly be incorpo-
rated oto & or related structuses, Funtber, wultiple thermal
gradient biocks could be employed as more than one block
of a multi-block thermal eycler where samples are aunlemati-
cally mowed betwern the varicus blocks, thereby auowmg
for mulriple reacticas o be aperared at multiple (smperas
ron.

Tha invention han heea described in detail with respect to
its use with PCR. However, in addition 10 beinp exception-
ally useful for the determinatinn of the optimal lemperature
bor indivirual steps in a PCR procedure, the invendan is also
useful for determining the optimal tearperanuie for gumernus
other chemizal redctions. These othor chemical reactions
include any noo-PCR nuelais acid amplification that

‘employs an aopealing siep analogovs to 3 PCR snnealing

Zep, such as ligase chain resction {LCR) and DNA cycle
sequenciog, Other types of reactiops for which the iovealien
will be u=oful include DNA 2equencing, ¢<DNA syu:hsis
using a cycling reyetion. coupicd amplification saquencing
(CAS), rapid amplification of cDNA ends (RACE) and any
othcr incubalion reaction ig which incubatdons must be

accomplished at multiple temperamres,

SEQUENCE LISTING

{l) GENERAL IMFORMATION:
{iil) NUMBER GF SEQUENCES: 9

(2) INFURMATION FOR 5EQ ID NMO:l:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 22 bacn pairs
(D) TYFE: nucleic acid
{C) STRAMDEDNESS: single
. {0) TOPOLCGY: linmer
(ii) HOLECULE TYPE: DNA {gencmic)
{&id) WYPOTHETICAL: MO
(iv) ARTI-SENGE: ¥O
{zi) SEQUEINCY DESCRIPTION: SEQ ID MO:l;

CCIGACGRET CCCAGAGAGT CC

{2) IHPCRMATION FOR SIQ ID WO:3:
(1) SEQUENGE CHARACTIALRELAL :
(A} LENGTE: 22 base pairs
{8) TYPE: ancleic acia
{C) SIRANDEDNESS: sinqgle
(D) TCPOLOCY: liness
(44) MOLECULZ TYPZ: ODWA (genomicl
{111, HYPOTHETIGAL: NO
{4v) ANTI-SENSE: BO
(=i} SRQURNGR DRECAIDTION: SEG ID MO:2:

CETTTACCAL CACCACAACY G2

Received 12-12-00 03:42pm From-+8885350071
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{2} DIPORMATION Tom xRQ ID MO:3:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 bame paire
{8} TYPE: pucleic acid
{C) STRRYOZONEDS: odngis
{D) TOFOLOGY: linaar
1ii7 MOAECTULE TYw8: DMA (gAncmic)
{iii) HYPORRETICAL: M0
(iv) AMTI-SENSE: MO
(x%; SEQUENCT DESCRIPTION: SEQ ID Ho:d:

AGTCAGCTAT CTTIGIGAGT 20

(2) INTORMAIYOW ror IIQ ID NQ:4A:
(i} SEQUENCT CHARRCTEIRISTICS!
{R) LENCTHs 30 bane pairs
{B) TYFE: nucleic agid
{€} STRANDEDNESS: sifgle
(D) TOROLOGY: linear
{il) MOLICOULE TYPI: DNA (gonomic)
{iii) HYPOTHETICAL: ®WQ
(iv) ANTI-SENSE: NO
(i) SEQURMAR DRZCRIPTION: SEQ ID MOzd:

' MAGCTTCAGG AARACLOTGN GLAGEGEST- 20

{2} TEFURRnrIom FOR L@ IP WO:5:
{i) SEQUERCE CHARACTRATSTICS:

{A) LE¥GTH: 24 bace Pﬂin!!
(B} TYPE: nucleic aeld
(€} SERANDEDNIEE: cingle
{D) TEPOLOCY: lincarx

{ii) MOLEGULE TY®¥E: UaA [gencmic)

(iii} WYPCTHETIGCAL: B0

{iv) ANTI-CEHSE: WO

{x{) SPQUENCE DESCRIPTION: SEQ LD NO:5:

TIGTGCCACG COGTICGGAA TGTA 24

[3} TNPORMATION FUR SEU 3D DOs6:
(i) SIQUENCE CHARACTERISTICS:
(b LOWGIN: 28 bana poirs
{8} TYPZ: nucleic agid
{c) STRANDEDNPSS5: aingle
(D) TOPOLOGY: lincan
(1) MoLEcOrr TYPE: DNA (genomic)
{iii) BYPOTHETICAL: RO
{iv) ANTZ.SENSE: KO
{xi) SEQUEZNCT VESCRIPTICN: SEQ ID MD:&:
AGCAMCGACT GITIGCCLES CAGTIC . H

(2) DIFORMATION FOR SE ID WOi7:

Y
L
i
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=continued

(41 SEQUENCY CHARACTERISTICS:
\A) LERCTHs 25 bamw pairs
{B) TYPE: nucleic acid
{T} STRAMDEDWESS: aingle
{D} TOPOLOCY: lineax
{ii) HOLZCULE TYPE: DNA (genomic)
{iii) BYPCTHETICAL: NO
(iv) ANTI-SENWEE: d0
(=i} SEQUENGE DRSCAZDFION: 45Q ID No:zT:

TAGATTCCCA ACCGCGTUCS ACARC

(2) INFORMAZICH FOR 5ZIQ ID mOinm:
{1} BEQUENCE CHARACTERISTICS:
{a) LENGZHr 24 baso paixa
{B) TYFE: nucleic acld
{€) STRANDEDNISS; singdle
(D) TRDPQLOSY+ linmar
{ily HOLECULE TYPE: DMA (geooomic)
{iii} HYDOTHETICAL: W0
(iv). ANTI-SENEE: NO
(x53] SEQUEIKT RIscnIpticts SPQ ID H0:6:

AACTOGLCGL CARMCAGTCG TTGT

{2) INFORMATION FCR SEQ ID NO:9:
(i) SEQUENCE CHARASTERISTICS:
{A) TZOCTA: 60 Dose pmira
{B) TYPE: puealeic acid
{1 STRANDEUNEZSS: eingle
{D} TOIOL&9¥: lincar
{ii) MOLECULE TYPE: DNA (gomomic)
(1ii) HYPOTHETICAL: N&
(iw) ANTIEENSE: RO

(ML) SEHUEOCE DEAGRIPTIOND G2§ IZD HO#54

-
L1

z4

CTCAAITACA TTCCCARCCS CCTGOCACAM CAASTOOLTS GCAAMINGTC CTTIGCIGATT 60

What is claimed is:
1. A meibod for simultascously reacting a plurality of
reacdon mixnures in Ao spparatus weluding 2 lemperature-
gradizat block and a3 uniformetemperature block, said
mcrhnd mmprlsmg INc steps of:
g\:nmung o fempomurs sradieal between opposmg ¢ud
pertions of the temmperature-pradicot block;
placing reaction mixnires ja a plurality of wells in the
temperaturc-gradient block;
generaling upfform iwmperatures ig b unifocm-
tomperature block; sod
placing the reaction mixtures ia a plurality of wells in the
uniform-temperature block,
2. A method according to claim 1 wherein the siep of
Eeocrating o temperature grudieat is performed before the
tr;l‘c:l:on mixiures arc piaced in the wmperum-gadxcnt
3. A method according o claim 1 whereip the step of
placing reaction mixTires in the temperatute-gradient block

12-12=00  03:42pm From=+8585350071

sp i performed befors the step of placing n:acqun mixtures in
Peu;:&rm. mphck.

4, Amcthodacmrdmgloclumlwhmthcswpof
placing reaction mixmues in the leoperamu ient block
s performed afer 1he step of placing roactionmixtures in the
umformetemperature block

5. An appararus for generaniog a temperaiure gradient

across 3 heal-conducting block comprising:

a reaction mixtwe holder including a heal-conducting
bloek block havine fop 30d bouom pericns, frsi and
second opposing cod pordons;

6 means for headng the fimt opposing end] portion af the
bear-coaducting block;

meaas for cooling the second opposing e
heat-copducting block:

means for bearng the bolom porrion or the beals

65 sonducting block: and

3 plurality of wells formed in the top

heat-conductiag block.

porion of the

ortion of the

|
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6. An apparams according W claim 5, whertin said
plurality of wells ia said heat-conducting block are spaced
across said lop portion [n parallel, aligncd [ows.

7. An apparatus for performing reaclions comprising:

¢ empsratwre-gradiznt block baving fArst and second

opposiog end portions;

means [or gesenuting 2 lemperature gradieal beiween the

first and sccund opposing ead porticns of 1he
temperature-gradicnt blocks

2 uaiform-temperalwe bleck: and

meaas for heating the uoiform-temperanure dblock

- B, An spparstus gecording to claim 7 wheesin the
tempermture-gradient block is comgposed of brass.

9. An apparatus according w0 claim 7 further comprisiag
3 meaas for heating 2 bottam portion of the Rmperanire-
uradicnt block,

10. Ag yppamtus acvording (0 claim 7 wherein xaid
appacuiux [uriber comprises fobol srm means. coptolled by
robol amp cootrul medns, for movisg reaction mixtures
berween the temperamurc-gradient block snd the uniform-
rempeature block

11, A method for simulrncously reacting » plurality of
reaction mixtures comprising the sieps of!

spplying a temperature pradient o the reaction mixfures

during oo= phass of a reaction by simultaceously
applying differcrit temperatures w the reaction mix-
nures; and

applying a umiform lemperature Lo the reaction mixtures

during anotber phie of the reuction.

12. Amcthud accordipg to cluim 11 further comprising the
step of analyzing the results of the reaction according o the
different temperatures applied to tbe reaclion mixures w
derermine sn optimum: lemperaturs for said one phase of the
rerciion.

13. A metbod sccording to claim 12 whercin the reacton
is 4 polymerase chain reaction.

14. A metnod accarding 10 ¢lalm 13 wherein 3aid stcp of
applying o temperature gradient is spplied 10 3 demamiriag
slep of the polymerase chain reaction,

15. A method according to claim 13 whereig said step of
applving 3 emperature gradient is applied to an annealing
step of the polymerase cnain reaction.

16. A method acsonding to claim 13 whersan £2id step of
applying a teroperature pradicne is applied 1o an extension
reaction step of the polymerase chaio eeaction.

17. A method according 1© claim 11 wherein the reaction
is & polymerasc coxin reactioa.

18. A method accerding to claim 17 wherein said step of
applying a wemperature pradicnt is applied 10 2 denaturing
step of the polymerase chain reaction.

19. A method aceording 1o claim 17 wherein said step of
applying a temperanue gradient is applicd to an anpealivg
ztcp of the polymerase chain reacsion.

2. A method acconding (o claim 17 wherein said step of
spplying a temperarre gradicar is applied to ag cxtension
reaction siep of the polymerase chaia reaction
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21, A method sccording to claim 11 wherein the reaction
is 2 ligase chaie reactian.

22, A mecthod accerding to cluim 21 wherein sajd siep of
applying a \empetatuee gradient is applied 10 2 hiph tem-
perature meling step of the ligase chain reucdon,

23, A methed sceording 10 claim 21 wherein said step ef
applying a icmperature gradieat is applicd 10 2 cooling step
of the ligase chaip reaction.

24, A metbod for simulancously rescting o plerlity of
roaction MIXTUMSS comprisiayg the sleps of:

geaerating » tlsmperalire gradicnt aemsx 3 gradicnt block:

applying a temperature geadisnt 1o Lhe raction mixturcs

duriog obe phese ol a reaction by bringiog the reaction
mixlures ioto thermal contact with the gradieat block:
and

applying 2 uniform remperature to the raction mixtures

during anotber phase of the reaction.

25. A mewod accordiog to claim 24 further comprising
the =tep of analywing the resulis of he rerction according lo
ths different rmpceratures applied to the roaction mixmres o
determine an optimurm teaperafure for said ene phase of the
reaction,

26. A method 2ccording ta claim 25 wucrfln the reaction
is a polymerasc chain reacdon.

27. A method actording to clum 26 whupm said step of
applying = tempeeature gradicnt is applicd 1o a deoatunog
step of tbe polymerase chaio ccaction. (

28, A melbod scconling lo claim 26 wherzin said siep of
applying 2’ lethperamme gradient is applied Lo ag anoncaling
siep of a palymerase chain reaciios. ;

29. A meihod according o claim 26 W said step of
applying 3 temperature gradient is applied [o an eXtension
reaction step of 2 polymerase chnio resctop.

30, A method according to claiw 24 wherein the reaction
is a polymerasc chain reaction.

31, A wethod aczoming w claim 30 whegeln said =swep of

applying 2 termperatues gradicor is applied lrm a deoaturiog -

step of 1he polymermase chain reiction.

32. A methed iccording o claim 3@ wherein said siep of
applyiog a lemperature gradient is applied 10 an annealing
step of 2 polymerase cbain reaction

33. Amethod according to claim 30 wherein said slop of
applyiog a temperatuec grodical is spplied w a0 cxtension
reaction step of & polymerase chain (saction

34, Amethod aceording to claim 24 whetein e reaction
is a2 limate chain rcactioa.

35. A method according o claim 34 wacrcln said step of
applylog & wcmperamns pradicnt i applied o o high tem-
potature melliag step of the ligase ¢bain reaction.

356. A method according o <lzim 34 wherein said step of
applying a (cmperalwe gradient is spplied to a cooling step
of the ligase chain reaction.
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