AN ELECTROPHORETIC DEVICE FOR SEPARATION OF CHARGED MOLECULES USING A
PETRIDISH Field of Invention 5 The present invention relates to a circular electrophoretic device for
separation of charged molecules. More particularly a portable device to facilitate high resolution of
molecules based on charge and weight of molecules in a multidirectional manner and its process
thereof is provided in the invention. 10 Background of the Invention Electrophoresis is the movement
of ielectrically charged patrticles in a fluid under the influence of an electric field. The particles migrate
toward the electrode of the opposite electric charge. Electrophoresis separation is dependent on
charge and moj¢UAEEITROPMORIEMOBEVIEE FORNARNIAIORTF CRAREGED MAONEED&ZOMeNnoN in
a cell. Its assessment at a single cell level magiRepxige-aRIGrtant diagnostic tool for evaluating the
effect of exposure/susceptibility to chemicals/disease conditions as measured in the Comet assay
(Alok Dhawan et. at 2001. Mutation Research, Fundamental and Molecular Mechanisms of 20
mmagenesis 474 (1-2) 121-128). As of now the methods involved in electrophoresis are vertical and

2D gel mainly fg,re;i)&ot]ﬁ!ns horlzontal gel electrophoresis - mainly for RNA and DNA; and rod

electrophoresi yme leakage. Bangalore Cenci (http://www.bangaloregenelcorn/pdf-

25 08/Techyvarm@%ﬁ§é?;m0eu§&$ RISECWA anade éwc&mo?e@ﬁ @el@ma%mef%taﬁ provision

of running the pro ein been ma ) ins e tubes / r er aI these a.common
principle that the nuc‘%ﬁt@ofﬁe‘% IS lﬂ’llg(g&rtif ondee‘afree(t: |c?ﬁchn erwtlﬁ]é S 'tlﬁg ield 0%8%18 ve
different bands Yadethnemyehasahand vieieht ob loelgtadesHoveeraitidicectionalbmerncate fe RineRsOf
electrophoresisggéRstssipHiiRa 3R the RISt rical field is applied to a large surface area and hence it
is not uniform 2. Due to the large size of the gel and device, it is not possible to \conduct the
experiments on the field as the deV|ce IS not portable. 3. The current requirement for running the

existing dd¥iceBs Htyedioiting their use only to the laboratory. 4. The resolution is

unidirectional aegss%ﬁsr%th'%%%wf RRVINEAIPR2HRS BrMiaEVRIOh SN QiniRasIke.

influence of an electric field. The particles migrate toward the electrode of the opposite

electric charge. Electrophoresis separation is dependent on charge and molecular size of

macromolecules. |
15

DNA damage and repair is a normal phenomenon in a cell. Its assessment at a single cell

level may provide an important diagnostic tool for evaluating the effect of

exposure/susceptibility to chemicals/disease conditions as measured in the Comet assay

(Alok Dhawan et. al. 2001. Mutation. Research, Fundamental and Molecular Mechanisms of
20 Mutagenesis 474 (1-2) 121-128).

As of now the methods involved in electrophoresis are verﬁcal and 2D gel mtiinly for
proteins; horizontal gel electrophoresis — mainty for RNA and DNA; and rod electrophoresis
for studying ehzyme leakage. Bangalore Genei (http://www.bangaloregenei.com/pdf-
25  08/Techware-08/G19.pdf) uses a circular anode for their Rod Gel apparatus, wherein the
provision of running the proteins has been made in separate tubes / rods. However all these
have a common principle that the nucleotide / protein is pulled in one direction under the
electric field to resolve different bands / damage to these macromolecules. However the
draw backs in these kinds of electrophoresis are as follows:
30 - 1. The electrical field is applied to a large surface area and hence it is not uniform
2. Due to the large size of the gel and device, it is not possible tO\ionduct the
1



5. The existing devices use a large amount of platinum wire as well as other materials due to their size
and hence are relatively expensive. Conventionally, in electrophoresis including in Comet assay the
electrical field is applied to 10a large surface area while the viewing area is very small, which, as far as
uniformity of the field is concerned may not be appropriate. To overcome these drawbacks a
cost-effective apparatus is devised which is capable of resolving macro molecules in a circular
multidirectional manner thus increasing resolving 15capacity of macromolecules in an efficient way.
This is portable and uses a circular electrode facilitating maximum charge transfer. This invention will
have a major use for in vitro and in vivo genetic toxicology by assessing DNA damage in various living
cells including lymphoeypeangbiotidheSialdasibpdayesisa@inadeide.cells, cervical epithelium and other

eukaryotic cells as yeltgs bagigrinqhismine fevicenshalnbe.usafy tnihe senaratingrotidifsyent
proteins, DNA and RNYA of vaé}gip{%ﬁrpol cul%(ev@gh%g. Due to small size of the device and simplicity of
a

method thereof, it can e N eVe orracoﬁducting human biomonitoring studies as well as

for diagnostics. 25 Fhidhtetteeluiion inctnisirestipnal|pud thewsfonsgraditionidels tidsdirsiopiesins using
circular elegrophoresigoldagifinceilas glastresgproncept shall have better degree of resolution of bands
of DNA, RNA and %rotﬂﬂs in stcﬁirc lar mode ﬁgro : é:&r)nugta(r)?dltg the existin%dé\{ailame tecpno ogies

r

. ¢ CXISHIn €5 -Use atmnum wire as other maic
such as Cornet assay where t é Emﬁ aamage measured only In one%§0 iIrection. If\llen f\lA, RNA

and protein gel electroptforcdinisizsomd iensd #e ackitiytly @ieeewdis: This device and method will provide
an opportunity to conduct electrophoresis in a circular mode (360). '

Convqnti(_mally, in electrophoresis including in Comet assay the electrical field is applied to
10 a large surface area whilethe viewing area is very small, which, as far as uniformity of the

field is concerned may not be appropriate.

To overcome these drawbacks a cost-effective apparatus is devised which is capable of
resolving macro molecules in a circular multidirectional manner thus increasing resolving
15 capacity of macromolecules in an efficient way. This is portable and uses a circular

electrode facilitating maximum charge transfer.

This invention will have a major use for in vitro and in vivo genetic toxicology by assessing
DNA damage in various ‘living cells including lymphocytes, fibroblasts, macrophages,
20  bladder cells, cervical epithelium and other eukaryotic cells as well as bacteria. Also the
device shall be useful for the separation of different proteins, DNA and RNA of varying
molecular weights. Due to small size of the device and sitnpliéity of method thereof, it can
be used at the field level for conducting human biomonitoring studies as well as fdr_

diagnostics.
25

This device and method will help in resolving nucleotides as well as proteins using circular
electrophoresis. The circular electrode concept shall have better degree of resolution of
bands of DNA, RNA and proteins in circular mode (360°), compared to the efcisting
available technologies such as Comet assay where the DNA damage is measured only in one
30  direction. Even DNA, RNA and protein gel electrophoresis is conducted in a single

_ direction. This device and method will provide an opportunity to conduct electrophoresis in

2



Objects of the invention  The main object of the present invention is a circular electrophoretic device
for separation of 5charged molecules. Another object of the present invention is to provide a method of
resolving macromolecules in a circular multidirectional manner. 10Still another object of the present
invention is to provide a method of viewing macromolecules at a higher resolution. Yet atobject of the
present invention is to provide a circular electrophoretic device for high resolution of biomolecules like
DNA, RNA and proteins. 15 Still another object of the present invention is to provide a portable device
to conduct electrophoresis in the field.  Yet another object of the present invention is to provide a
device facilitating. multiple sample 20analysis. Still another object of the present invention is to provide
a method for assetsirler BN (edfiage. 25Brief description of figures: The present invention is
illustrated in figure | of the drawing(s) accompanying this specification. In the drawings like reference
numbers/letters indicate corresponding parts in the various figures:  Figure 1: Represents the -
drawing of the inyppiians HeilRdhdial components are 30described below: 1. Petri dish of corrosion
resistant material SUCh as plastic 7 glass, etc. - is used as a electrophoresis tank 2. Lid -provides
support to the céihuraimtmmﬁshupthmmmﬁm@merat@lpeevgmrawdameIfoBsegaa&hedef-used as

-ve electrodg for, H&E@J‘Pﬁ%ﬂ@ﬂl gf electric current

Another object of the present invention is to provide a method of resolving macromolecules

in a circular multidirectional manner.

10 Still another object of the present invention is to provide a method of viewing

macromolecules at a higher resolution.

Yet another object of the present invention is to provide a cucular electrophoretic devxce for

high resolution of biomolecules like DNA, RNA and proteins.

15
Still another object of the present invention is to provide a portable device to conduct
electrophoresis in the field.
Yet another object of the present invention is to prov1de a device facilitating multiple sample
20  analysis.

Still another object of the present invention is to provide a method for assessing DNA
damage.

25  Brief description of figures:
The present invention is illuétrgtcd in figure 1 of the drawing(s) accompanying this
specification. In the drawings like reference numbers/letters indicate corresponding parts in
the various figures: .
Figure 1,: Represents the- drawing of the invention. The individual components are

30 described below:

1. Petri dish of corrosion resistant material such as plastic / glass, etc. - is used as a

3



54. Circular Anode -used as +ve electrode for transmission of electric current Figure 2: Represents the
outcome of the experiment conducted to assess DNA damage in human lymphocytes by the invented
device.  2A: This figure represents control human lymphocyte i.e. a normal cell without DNA 10
damage. 2B: This figure represents treated human lymphocyte i.e. a cell with DNA damage as evident
by the formation of concentric rings formed after running circular electrophoresis using the invented
device. This is in contrast to the control cell which does not show such formation of rings. DNA
damage assessed by the invented device in control (A) and treated 15 (B) human lymphocytes
showing rings of different molecular weight DNA fragments (B) at magnification 400X. Figure 3:
Represents DNA gel electxpphesésisnin 1% agarose, the outcome of the experiment conducted on
resolving different NAfiaBgls QKB SR RHRIDRIS. D3 RIS e  esplutiap of nine
different fragments when 2iig of DNA was loaded into the well and run at 10mA/10V (constant current)
for 1 hour in the circul%’?yefl%%‘ﬂ‘ophoretié chamber. Distance travelled by DNA was 2cm. 3B: Depicts
that when the sama@.s&lathtdecfibid Aswas slgntfaieZontrinsthisseomebslticriabwespLanes 1, 2, 3, 4
containing 3,1,0.5,Q.3 @i a5 ANAuLLIREFHY Vs WBERIITIPha M fidrdii{roRALRONstant voltage)] in
the horizontal gel apparatus only six bands were resolved. 3C: Depicts that to achieve similar
resolution to that observed in circular. electrophoresis (Figure 3A), the gel had to be run for 8cm at
120V/55mA (coRigare ¥o|Repesintsthdorzomtad bt appraimtns ¢haducted 2, BsdseEMNAidemeRe in 0.5, 0.3

pig of DNA respgaiivelyin 38t s the RRRERRAIRRIotein gel electrophoresis in 10% SDS-PAGE,
showing bands of differer%%goes 1cDa), the outcome of the experiment co%dug:ltedtgn reﬁﬂxing
0

different protein&45t VAR PSR eTORTS! Am A BrRRie G dF e R ABI S S RO 0
SDS-PAGE( shdanrgebands of different sizes (IcDa) (20n1 of prestained protein ladder into the well
and run at 13mARSVI{EORsIRN o HEERRDC 4 kAN yRBHoE R gk elecHIPRIHR Bie A hamARr «Pistance

travelled by protein was 1.75¢m andt proteins wi, B: Depicts that when .th(?fsamsple was

ere resplved;
run in vertical gél"&%%t?’ép‘ﬁsr%&%“&ﬁ%&fa?ﬁ’é“ﬁ‘é%é‘i%&?“ﬁ‘?ﬁdc % TRATIRE Ti5°UE S TPRIpFE tained
protein ladder respecfivahyentddevicto ThBtisNiiR GdritfesristtmtcontrelnyioriBchalort motrslsisish was

similar to that O%Hﬁgg&igf%s. DNA damage assessed by the invented device in control (A) and treated
15  (B) human lymphocytes showing rings of different molecular weight ADNA fragments (B) at

magnification 400X.

" Figure 3: Represenfs DNA gel electrophoresis in 1% agarose, the outcome of the
experiment conducted on resolving different DNA fragments of varying molecular weights.
20  3A: Depicts the resolution of nine different fragments when 2ug of DNA was loaded into
the well and run at 10mA/10V (constant current) for 1 hour in the circular electrophoretic
chamber. Distance travelled by DNA was 2cm. A
3B: Depicts that when the same sample of DNA was run for 2cm in the conventional way
[Lanes 1, 2, 3,4 containing 2,1,0.5,0.3 ug of DNA respectively were run for 2cm at
25 120V/55mA (constant voltage)] in the horizontal gel app,aratds only six bands were
resolved. 5 :
3C: Depicts that to achieve similar resolution to that observed in circular electrophoresis
(Figure 3A), the gel had to be run for 8cm at 120V/55mA (constant voltage) in the
" horizontal gel apparatus (lanes 1, 2, 3, 4 containing 2, 1, 0.5, 0.3 pg of DNA respectively).
30 ‘
Figure 4: Represents protein gel electrophoresis in 10% SDS-PAGE, showing bands of
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10circular electrophoresis showing that the circular version is better; 4C: Depicts that when gel
containing 20 ul of pre stained protein ladder was run for 5cm at 35 mABOV (constant current) in the
vertical gel electrophoresis the bands were resolved better although we required more current and
voltage to achieve this resolution in as compared to the circular version. 15 Summary of the present
Invention Accordingly, the present invention provides a circular electrophoretic device useful for
separation of charged molecules comprising of a chamber, lid, positive electrode and negative
electrode and a process of electrophoresis hereof. 20 In an embodiment of the present invention, a
circular eleetrophoretic device useful for separation of charged molecules comprising of a chamber,

lid, positive andgegative£le¢kiosle e LRBRINSE eRbogimarholdhaRIes ! iByvitignditheeahamber is
a circular pctridish having 25, the dlam ter in the range of 2-6cm. Yet in another embodiment of the

present inventidiO6HE SR REMS R FI% present at the periphery of petridish. 30Still in another
embodiment of #4e pRepestritsventtidertophaieson 196 HSeNGHe servingbrods of differan st the lid of

the petridish. Ygig) %@@ﬁhq{feﬂ?&m@@%&ﬁﬂhﬁcﬁrﬁﬁm pvardionnthaglectradasare @adanf

oxidation resistant mi%&aégxﬂeﬁfg platl um.  Still |n another gmq?dm n oftl g Rresent. invention,

the materiaP usSHF5P cfgﬁulgrrﬁigc ophQreh Shamber Jisance & erial se E&ed fom the

group consiatingraf pVésncmsllﬂ:Bm'Gmn’gﬂglwslmrt materials etc. Yet in another embodiment of the
present inventiofg.the.piey eisvieridt f@mﬁstm mlﬂmmw@we&ﬁmﬁswmsqmmmem of

the present inveption, the Sam Iel ~ I consistin of DI/ gtein.
Yet in another e%ébélmen € ’grége Ctﬁlnven %‘1& %eglce |siuseeguf"i%wgepzatrat'lat\)rf%l 0 E{S chemicals
based on chargé@nﬂ%ﬁl&ﬁﬂ&%%e@w%fm mm&hw@mb@mwﬁtsmﬁe%ﬁé@e?hsﬁw%ﬂbﬂ’ethe
device is Uﬁ@fulJQ&KM&W%@&DM@%H%I&E&h@f@@sﬁﬁxﬁi@l@é&aﬁganlsms selected from the

group conSIStln%8I IBIf:(g1gttget§atpr g?\zgo?contalmng 20-pl of pre stained protein ladder was run for 5cm at

35 mA/70V (constant current) in the vertical gel electrophoresis the bands were resolved
better although we required more current and voltage to achieve this resolution in as
compared to the circular version.

15 ‘

| Summary of the present Invention
Accordingly, the present invention provides a circular electrophoretic device useful for
separation of charged molecules comprising of a chamber, lid, positive electrode and
negative electrode and a process of electrophoresis hereof.

20 In an embodiment of the present invention, a circular electrophoretic device useful for
separation of charged molecules comprising of a chamber, lid, positive and 'negative
electrode.

In another embodiment of the present invention, the chamber is a circular petridish having

25  the diameter in the range of 2-6cm.

Yet in another embodiment of the present invention, one electrode is circular and present at

the periphery of petridish.

30 Still in another embodiment of the present invention, the second linear electrode is

supported in the centre of the lid of the petridish.



20 Yet in another embodiment of the present invention, a kit for circular electophoresis, comprising a
circular petridish chamber, said chamber having a circular and linear electrode, suitable buffers and
instruction manual. 25Still in another embodiment of the present invention, a process of
electrophoresis using the circular electrophoretic device wherein the said process comprising of: a.
casting a resolving gel of agarose on a slide, b. loading a sample in the center of the slide as prepared
in step (a), c. placing the slides in center of chamber as claimed in claim 2. 30d. placing the electrodes
attached to the lid as claimed in claim 3 and 4, e. applying current between the electrodes Optionally,
f. casting a polyacrylamide resolving gel and place it in the chamber asclaimed in claim 2, g. loading

sample in the cepterpi{b@aeirasingtin SR @kl RRGING e slegiiodes as slaimed in claim 12(d)

and (e). Yetin ano,thrtembo,diment of the present invention, a power supply is In the range of 2-30V
and current is inSR& FAHGA S BEGRAY BBEHIn another embodiment of the present invention, the
electrophoresis is carried out multidirectionally (360). Yet in another embodiment of the present

invention, the proees isBaRfULINARIERBE MCIREHGSRARRIRT HORMR9704R Fonsisting gf.ONA.

RNA and prg)tein. ey s . . :
petridish is made of corrosion resistant material selected from the group consisting of

plastic, silica coming glass, inert materials etc.

Yet in another embodiment of the present invention, the device is useful for testing multiple
samples. |
10
' Still in another embodiment of the présent invention, the sample is selected from the group
_consisting of DNA, RNA and protein.

Yet in another embodiment of the present invention, the device is useful for separation of

15 chemicals based on charge and molecular weight.

Still in another embodiment of the present invention, the device is useful to study mobilities -
based on circular charge of small organisms selected from the group consisting of microbes,

protozoa.
20

Yet in another embodiment of the present invention, a kit for circular electophoresis,
comprising a circular petridish chambe;, said chamber having a circular and linear electrode,
suitable buffers and instruction manual, -

25  Still in another embodiment of the present invention, a process of electrophoresis using the
circular electrophoretic device wherein the said process comprising of:
a. casting a resolving gel of agarose on a slide, .
b. loading a sample in the center of the slide as prepared in step (a),
¢. placing the slides in center of chamber as claimed in claim 2.
30 d. placing the electrodes attached to the lid as claimed in claﬁn 3 and 4,

e. applying current between the electrodes



15 Detailed description of the invention In present invention the device consists of a chamber and two
electrodes between which current is passed. In the present invention the measurement of high
resolution of macromolecules is depicted by measuring DNA damage. The chathber used for 20
electrophoresis is a petridish having diameter of 24cm. The Petri dish has a circular electrode at its
periphery serving as an anode. The lid has been provided to support the other electrode cathode in the
middle to create uniform circular electric field. The diameter of electrode ranges between 100 pm to 5
mm. The electrodes are made from corrosion resistant platinum. The power supply used in this
portable device is 2V and 10mA which is 25incidentally a dry cell. To provide constant current a
positive temperaturglgg,%gjgpnt (PTC) has been incorporated in our circuit. In the existing
electrophoresis system, the electrical field is being applied to a large surface area while target viewing
area is very small. Th&GHREARRYBFHR UL R PhAaS Platest Be S rsmrass to SRIMEE Righer
resolution. While DNAaiwel} for that matter is at the most 100nm, the surface to which the electrical
current is applied ingthegxistinehpleatiapBaRs s dsstrithesdangg of 20-30 cm. Hence in the
present invention alpetrlidish haslbeg used as a%i e elctro%%fsi%%oparatus»instead of a tank. Our
results of cell DNA BxPaife e HRBRARY IR LB AR Aet im of higher resolution. 5Most of
the devices of electrophoresis apparatus are uni- or bi- directional, Which, may have inherent
limitations. In cage; f &RieE Aaa% AR JRaPERMANA Jnaceipifical diepircsicalgield is
applied in a single direction..However, it is well known that the DNA damage occurs all over. Hence
the sensitivity is CORPromiE&yt n[?ﬁ%eﬁr%elsé\%?%emion, however, electrical field is applied using a
circular electrode enabling assessment of DNA 10 damage in all directions in the form of rings which
are more séhsitiggll Tihisraitien ¢sbdsidnpro vedtfikopraeent axpeattiong rnis: (Sligurphdrene platindirovelectrode
is fixed in the milqmﬁ&fegggmmgﬁjo)_and at the periphery of the dish a circular ring of platinum is
placed. In our experiment, an electrical field of 2 volts was

Yet in another embodiment of ‘the present invention, the process is useful for detecting
‘ molecules selected from the group consisting of DNA, RNA and protein.
15

Detailed description of the invention

In present invention the device consists of a chamber and two electrodes between which
current is passed. In the present invention the measurement of | high resolution of
macromolecules is depicted by measuring | DNA damage. The chamber used for

20  electrophoresis is a petridish having diameter of 2-6cm. The Petri disﬁ has a circular
~ electrode at its periphefy serving as an anode. The lid has been provided to support the other
electrode cathode in the middle to create uniform circular -electric field. The diameter of
electrodé'ran,ges between 100 pm to 5 mm. The electrodes are made. from corrosion resistant
platinum. The power supply used in this portéble device is. 2V and 10mA which is

25  incidentally a dry cell. To provide constant current a positive temperature coefficient (PTC)

has been incorporated in our circuit.

In the existing electrophoresis system, the electrical field is being applied to a large surface
area while target viewing area is very small. The uniformity of the electrical field may not
30  be appropriate to provide higher resolution. While DNA or cell for that matter is at the most

100pm, the surface to which the electrical current is applied in the existing electrophoresis



15 applied due to which the average lines of forces generated are circular and not linear as in the case
of conventional electrophoresis system. Since the size of dish is small, a more uniform electrical field
is generated compared to a conventional electrophoresis tank. Since the macromolecules are
negatively charged we have placed the cathode in the middle and a circular anode at the periphery. 20
DNA damage and repair is a normal phenomenon in a cell. Its assessment at a single cell level may
provide an important diagnostic tool for evaluating the effect of exposure/susceptibility to
chernicals/disease conditions. DNA per se is tightly bound bundle of nucleotide chain. However in the
event of strand breaks the bundle tends to loosen. Under 25 the electrical field these breaks can be

sretched out of g W iHS b8 AMALR TRAENIBANEN R AR BeIEM: %&U&aﬁfﬁd-

However, conventionally the eléctrophoresis is done wn-directionally thereby lim the resolution of

assay. In the préBefiERFoRRMGH AL BIFRS tear®hc hantabsngfusHgRiNAr Grrsrissatte
enabling to stretoivavinthhifragiine niti diteoac nbaim efhighsrireslluiiven directions (3605. Each petridish
would contain one 30sample and simultaneously 8-12 such petridishes (samples) when connected in
series to a power supply would allow simultaneous detection of DNA damage from denim' as well as

treated cells THETORORA T ESE ALTRS IoRRGToER WYL Bra Mk rAgrtHedlotlisY: SRHhBa¥Rention in
actual practice dnbetbmrbfoitetishoUldoast bbcoonrstsseyl dorlithiidhe ssepeDdfAhdnpagsdntetivibation in

any way. EXAMBLEsLMading t&g‘%ﬂ&"iﬁ%%‘a{g@a&}@&igﬂ? AEVISR:, 3PS WWAIP R GRLRNTSHE( made of

a material resistant to corrosion 10 - sjlica coming glass is used. The petridish has a circular electrode

made of platinuiEPRE BRHEh AN YRR 08 SREYI I8 SIMRERSE M ARt RRRF e s BB 100 pm
to 5 mm. The othewvelectebdaica . feddhsdepisdnade efqplatinuicandseppiing dsiasthenart®NL the lid of

the device.jghe Jghis !0 e aballirAlasiin A AR RIRSH Grd BISE SIHSAISE PnAltashed imseries to
the power supply. 15 Power supply: A re%i?r power supply for adjusting 2-30V and 10-50mA current

is used. EXAMPRE A Eam A Reise it BisHie thssay 20 Base slide is prepared by dipping the fully
frosted slides (25rnm x 25mm) in hot (600C) 1.0% Normal Melting Agarose (dissolved in Milli Q water).

The underside ahfasslidaasuieer InanaNe BRSNS Ifa.plaseslona datiurace to

dry. (The slides are stored at room temperature until needed; avoiding humid_conditions.)
25EXAMPLE-3 84HHE J1ap aFRBiPumd I dlinith Bhoybrrsrinipkeaslsyirical field of 2 volts was

15  applied due to which the average lines of forces generated are circular and not linear as in
the case of conventional electrophoresis system. Since the size of dish is small, a more
uniform electrical field is generated compared to a conventional electrophoresis tank. Since
the macromolecules are negatively charged we have placed the cathode in the middle and a
circular anode at the periphery.

20
DNA damage and repair is a normal phenomenon in a cell. Its assessment at a single cell

. level may provide an important diagnostic tool for evaluating the effect of
bexposure/susceptibility to chemicals/disease conditions. DNA per se is tightly bound bundle
of nucleotide chain. However in the event of strand breaks the bundle tends to loosen. Under

25  the electrical field these breaks can be stretched out of the nucleus in the form of small DNA
fragments enabling them to be quantified. However, conventionally the electrophoresis is
done uni-directionally thereby limiting the resolution of assay. In the present invention this
limitation has been circumvented by using a circular anode enabling to stretch out the
fragments of macromolecules in all the directions (360%). Each petridish would contain one

30 sample and simultaneously 8-12 such petridishes (samples) when connected in series to a

power supply would allow simultaneous detection of DNA damage from 60ntfol as well as

8



The cells (CHO, Human lymphocytes etc.) are treated in vitro and then washed before running the
electrophoresis. Blood from control and exposed human / animal is collected in a heparinised tube and
processed for isolation of lymphocytes. Other tissues are also 30 processed for isolating and making a
single cell suspension. 9 A single cell suspension of the cells of interest was obtained per se (in vivo)
or after treatment (in vitro) in the medium suitable for the cells or phosphate buffered saline (PBS).
25p1 suspension is diluted 1:1 with 25jd of 1% low melting agarose. 50g1 each is loaded onto each
base slide (25mm X 25mm) and a cover slip (22mm X 22mm) placed on it. The 5 slide was kept on ice
packs for 5 minutes to allow the gel to solidify. Then, the cover-slip was removed and 50g1 of 0.5%
low melting agaraseal @eNEPA) at 37C was added onto the slide and again covered with a covemlip. The
slide was again put on ice packs to allow the gel to solidify. 10aiLMPLE4 Electronhoresis for Comet
assay The cover slips were removed and the slides put into the petridish filled with chilled lysing
solution 5 ml. TheeRliayingexamwniesorativearmmey b ifesyatianeh fiecoding eblbeibrriet émoved
completely. Freghlappenaictoedithereinetsnplidrasibb wbrsipb>binmn hesaspd ofifedrireibe
petridishes UnWi‘,Qg,i,%}g, 9rl; ‘I;)nNA was done for a minimum of 20 minutes and then electrophoresis was
carried out ?or 30 Minutes at4Vnd 10mA current. Slides were then neutralized with chilled
neutralization solution thrice each for 5 minutes. The slides were then dipped in chilled distilled water
to remove excess alkali and stained with ethidiugkamsipicie-for 5 minutes. The slides were again

dipped in chilleM@(’ !I!eﬁm{g&to remove 20 excess stain, and a fresh cover-slip (22nun X 22rnm) was

put on them. T 3 €ad within 24 hours on a fluorescent microscope. All the above steps
were performed Oifaakingihednsicrig R shefchrpliangisniagts of & el cisERML FTR¥IBIlowing
materials aoe reogiﬁr@choz_ﬁ@tmdsrie aiednine ;etraﬁm:em aoib‘mﬁaodiwm@alﬁ(zﬁ@a’ﬂlmaﬁnhm!iumst)romide,
Phosprate Bullglithap! i Bifnecr or MESBR) il U ERANA SAN A Had b i sdeni a0,
Triton X- 100, Tris Buffer, Normal Meltg&? Agarose (NMA), Low Melting Point Agarose (LMPA), Coplin
jars (opaque), meﬁ@ﬁﬁlﬁfffﬁdq'hﬁé?, Efb‘dfﬁé&ﬁ gﬁm§pd supported in the center of the lid of

the device. The lid is also made of silica glass material/plastic. This Petri dish is attached in
series to the power supply. '

15  Power supply: A regular power supply for adjusting 2-30V and 10-50mA current is used.

EXAMPLE-2
Gel preparation for Comet assax‘
20 Base slide is prepared by dipping the fully frosted slides (25mm x 25mm) in hot 60°C)
1.0% Normal Melting Agarose {(dissolved in Milli Q water). The underside of the slide was
wiped to remove the agarose and the slide placed on a flat surface to dry. (The slides are

stored at room température until needed; avoiding humid conditions.)

- 25 EXAMPLE-3

Sample preparation and leading on zel for Comet assay

The cells (CHO, Human lymphocytes etc.) are treated in vitro and then washed before
running the electrophoresis. Blood from control and exposed human / animal is collected in
a heparinised tube and processed for isolation of lymphocytes. Other tissues are also

30  processed for isolating and making a single cell suspension.
| 9



petridishes, Fully frosted slides (25mm x 25mm) Coverslips (No. 1, 22 x 22 mm), Frozen ice packs,
and Power pack. The working solutions used are as follows: 51. Phosphate Buffered Saline (PBS;
Ca2, Mg+2 free). 2. Lysing Solution (stock; pH 10.0) consisting of NaCl, EDTA and Tris buffer. The
final lysing solution is prepared fresh by adding 1% Triton X400 to stock lysing solution. 3.
Electrophoresis Buffer consisting of NaOH and EDTA. 104. Tris (pH 7.5) is used as Neutralization
Buffer. Staining Solution: Ethidium Bromide (EtBr) EXAMPLE-5 The device can resolve DNA
fragments in a more efficient Trimmer compared to the 15 conventional horizontal gel electrophoresis
(Figure 3 A-C). As evident from the figure the circular gel electrophoresis device was able to resolve
the DNA fragmentsingleliffatenispanioultdr meightts &t et higvsialokageras wallvaa)pwaﬂkxwhen
compared to the, 3ame, NG FA M RL aRALMEIORIRNRSAME A rg%&ésp‘iﬁ {BRIRSG 5 Dplloreover

the resolution achieved at 2cm in circular electrophoresis was co e 0 that ac i;(/erunnlng
the 20 conventidri#l EPRISEE @iyt sl vatey: %I\W’LE‘”GW&@&R{@S% ) ?,aébdbl@%‘ff solving
proteins in a moveteficte hisnslitraSmm¥a2sthin) el acvension al2waiixal emhe iplatedpdione Sise (Figure 4

A-C). As ev'.aen;ﬁm;pﬁe&sgla;,e&@e%&ﬁs%wm&@ IBARRALS P SR AD BIASTIANS e

proteins of different molecular weights at a much lower voltage as wel urrent when compared to

the same in the %Vé?ﬂ?(?ﬁeﬂ%é%c?ﬁ&ﬁ%é%ﬂél%t%ésﬂiﬁbw & &78) varddrrbpifethesolution

achieved at 2cmlmmhmalmmmm&mmnmrﬂmwh@1ﬂ@btwwlﬁgo'f\h%e
conventional gek@p{o%ml(g,lgure 4A&C).30

10 EXAMPLE4

The cover slips were removed and the slides put into the petridish filled with chilled lysing
solution 5 ml. The lysing was done for at least two hours and then the lysing solution was
removed completely. Ereshly prepared chilled electrophoresis buffer (pH>13; 5ml) was
15  filled in the petridishes. Unwinding of DNA was done for a minimum of 20 minutes and
then electrophoresis was carried out for 30 minutes at 4V and 10mA current. Slides were
then neutralized with chilled neutralization solution thrice each for 5 mi,x.mtes. The slides
were then dipped in chilled distilled water to remove excess alkali and stained with ethidium
bromide for 5 minutes. The slides were again dipped in chilled distilled water to remove
20 excess stain, and a fresh covcf-slip (22mm X 22mm) was put on them. The slides were read

within 24 hours on a fluorescent microscope.

All the above steps were performed under dim yellow light to prevent DNA damage.

To run the experiment the following materials are required:
25

Ethylene diamine tetraacetic acid disodium salt (EDTA),' Ethidium bromide, Phosphate
Buffered Saline (PBS; Ca®™, Mg"™ free), Sodium chioride (NaCl), Sodium hydroxide
(NaOH), Triton X-100, Tris Buffer, Normal Melting Agarose (NMA), Low Melting Point
Agarose (LMPA), Coplin jars (opaque), Microcentriﬁlgevaubes, Micropibettor and Tips,

10



Advantages:- The main advantages of the present invention are: 1. It provides a device for higher
resolutions of macromolecules. 2. It provides a uniform electrical field to act on the macromqlecule_. 5
3. It provides a portable device to conduct electrophoresis in the field. 4. it pr'ovides .a device which
is cost effective. 5. It provides a device to resolve DNA and proteins by applylng_a low current and
voltage within a short distance. 6. The device enables flow of current in all directions to resolve

macromolecules in 10

petridishes, Fully frosted slides (25mm x 25mm) Coverslips (No. 1, 22 x 22 mm), Frozen ice

packs, and Power pack.

The working. solutions used are as foilows: :
5 1. Phosphate Buffered Saline (PBS; Ca*?, Mg* free). .
2. Lysing Solution (stock; pH 10.0) consisting of NaCl, EDTA and Tris buffer. The
final lysing solution is prepared fresh by adding 1% Triton X-100 to stock ly.sing
solution. ‘ _ '
3. Electrophoresis Buffer consisting of NaOH and EDTA.
10 4. Tris (pH 7.5) is used as Ncutrali_zation Buffer.

Staining Solution: Ethidium Bromide (EtBr)

‘ EXAMPLE-S
The device can resolve DNA fragments in a more efficient manner compared to the
15  conventional horizontal gel electrophoresis (Figure 3 A-C). As évident from the figure the
circular gel electrophoresis-devic_e was able to resolve the DNA fragments of different
molecular weights at a much lower voltage as well as current when compared to the same in
the conventional method for the same distance (Figure 3 A & B). Moreover the resolution

achieved at 2cm in circular electrophoresis was comparable to that achieved by running the
20  conventional gel for 8cm (Figure 3A & C).

The device is also capable of re;solving proteins in a more efficient manner compared tb the
conventional vertical gel electrophoresis (Figure 4 A-C). As evident from the figure the

25  circular gel electrophoresis device was able to: resolve the proteins of different molecular
weights at a much lower voltage as well as current when compared to the same in the
conventional method for the same distance (Figure 4 A & B). Moreover the resolution
achieved at 2cm in circular electrophoresis was comparable to that achieved by running the
conventional gel for Sem (Figure 4 A & C).

30
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circular multidirection manner. 7. The device allows different samples to be runned simult_aneously in
series. 8. The device is useful for in vitro and in vivo genetic toxicology assays by assessing DNA
damage in various living cells. 15 20 25

Advantages:-

The main advantages of the present invention are:

It provides a device for higher resolutions of macromolecules.

It provides a uniform electrical field to act on the macromolecule.
It provides a portable device to conduct electrophoresis in the field.

It provides a device which is cost effective.

)
“vioh W

It provides a device 1o resolve DNA and proteins by applying a low current and
voltage within a short distance.

6. The device enables flow of current in all directions ‘to resolve macromolecules in
10 circular multidirection manner. :

7. The device allows different samples to-be runned simultaneously in series.

8. The device is useful -for in vitro and in vivo genetic toxicology assays by assessing

DNA damage in various living cells.

15

20

25

30
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30 We claim: I. A circular gel electrophoretic device suitable for resolving charged molecules
comprising of: a. a +ve circular electrode, b. a --ve electrode, c. a circular chamber and lid tg gjf %ge
electrodes in place, along with gel and buffer, wherein the +ve circular electrode is at the per%%z‘\’ g f
the chamber and the -ye electrode is in the center of the chamber supported by the lid. 2. A device as
claimed in claim 1, wherein the chamber is a petridish having a diameter in the range of 2-6 cm. 3, A
device as claimed in claim 1, wherein the electrodes are made of inert materials preferably platinum.
4. A device as claimed in claim 1, wherein the material used for making the chamber (petridish) is
made of inert corrosion resistant material such as plastic, silica coming glass etc. 5. A device as
claimed in clain¥4 cliierein the device is suitable for testing multiple samples. 6. A circular gel
electrophoretic device as claimed in claim I. wherein the device is suitable for separation with high

resolution of samples, such as DNA, RNA and proteins %%31 ed on charge and moIFcullar weight. 7. A
device as claimeehipiwialith 2e]\wiesHaRAS W drodcs SURA g%FegﬁMWﬁ% AGBiides o >
microbes/protog&g&g@&n circular charge. MC SU P 8. A kit for circular gel electrophoresis,
comprising a circular chamber (petridish), said chamber having a +ve circular and a -ve electrodes,
suitable buffer &rtIH&FIEHEH wherein the -Eve electrode is at the periphery of the chamber
and the --ve electyoge isciiirithr center of the chamber.

c. a circular chamber and 1id to hold the electrodes in place, along with gel and buffer,
wherein the +ve circular electrode is at the periphery of the chamber and the —ve

electrode is in the center of the chamber supported by the lid.

7. A device as claimed in claim 1, wherein the chamber is a petridish having a diameter

in the range of 2-6 cm.

3. A device as claimed in claim 1, wherein the electrodes are made of inert materials

preferably platinum.

4. A device as claimed in claim 1, wherein the material used for making the chamber
(petridish) is made of inert corrosion resistant material such as plastic, silica corning

glass etc.

5. A device as claimed in claim 1, wherein the device is suitable for testing multiple

samples.

6. A circular gel electrophoretic device as claimed in claim 1, wherein the device is
suitable for separation with high resolution of samples, such as DNA, RNA and proteins

based on charge and molecular weight.

7 A device as claimed in claim 1, wherein the device is suitable for studying mobilities

of microbes/protozoa based on circular charge.

13



9. A process of clectrophoresis using the circular gel eleci.rophorctic device as claimed in claim 1,
wherein the said process comprising of - a. placing the +ve circular electrode in the periphir§idfRhe
chamber, b. casting a gel in the chamber, c. loading a sample in the center of the gel as prepared in
step (a), d. placing the -ve electrode attached to the lid as claimed in claim 3, c. applying current
between the electrodes in the range of 10-50mA and 2-30Volts. 10. A process as claimed in claim 9,
wherein the gel is prepared from the material selected from the group cor%ggsing of agarose

polyacrylamide etk dfjraralaties] $ECKIpRIEEES SSBRIHBE frftIS G HIRETSRT c,sﬁ"(%horesis

is carried out ppiidixgatinaliv (3RO didarhidioCess AscaleiRne dunabirims @r witteitribeoprocess is
suitable for detecting molecules selected from the %rloup c nsistirf]gnof NA, RNA and proteins.
manual, wherein the +ve electrode 1s at the periphery of the chamber an. &16 -3e

electrode is in the center of the chamber.

9. A process of electrophoresis using the circular gel electrophoretic device as claimed
in claim 1, wherein the said process comprising of: -

a. placing the +ve circular electrode in the periphery of the chamber,

b. casting a gel in the chamber,

¢. loading a sample in the center of the gel as prepared in step (a),

d. placing the ~ve electrode attached to the lid as claimed in claim 3,

e. applying current between the electrodes in the range of 10-50mA and 2-30Volts.

10. A process as claimed in claim 9, wherein the gel is prepared from the material

selected from the group comprising of agarose, polyacrylamide and polymers alike.

11. A process as claimed in claims 9, wherein the electrophoresis is carried out

multidirectionally (360°).

12. A process as claimed in claims 9, wherein the process is suitable for detecting

molecules selected from the group consisting of DNA, RNA and proteins.
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