Manual for Topoisomerase

|l Drug Screening Kit

Catalog No. 1009-1 100 Assays
Catalog No. 1009-2 250 Assays
Lot Number:

Kit Description

The TopoGEN Topoisomerase |1 Drug Screening Kit contai nsreagents necessary to identify compoundsthat
affect enzymeactivity. Thiskit will alow detection of two kindsof topoisomeraseinhibitors: thosethat stimulateformation
of cleavable complexesand those that antagoni ze topoi somerase (topo) 11 action onthe DNA. A known topo |1 poison
isincluded asacontrol. The DNA substrate (pRY G) included in thisassay isideal for these studiesbecauseit containsa
single, high affinity topo Il cleavage and recognition site. Topo |1 cutspRY G primarily at asinglesite at the 54 bp of
alternating purine/pyrimidine DNA (see Spitzner et al.,1990). Given that cleavage analysesrequirelarger amounts of
enzyme compared to catalytic assays, it is possibleto conserve on enzymeby using aDNA substratewith ahigh affinity
site. Theassay system isbased upon eval uating the formation of DNA cleavage productswhich may be nicked, open
circular DNA or linear DNA. Theproductsarethen resolved by ethidium bromidegel e ectrophoresisasdescribedinthe
kit (refer to diagram below).
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Sorage of Reagents

The DNAsshould be stored at 4° C and the VP-16 and buffers stored at -20° C upon receipt.

Product Application and Disclaimer

This product is not licensed or approved for administration to humans or animals. It may be used with experimental animals only.
The product is for in vitro research diagnostic studies only. The product in non-infectious and non-hazardous to human health. This
information is based on present knowledge and does not constitute a guarantee for any specific product features and shall not establish
alegally valid contractual relationship. TopoGEN, Inc. shall not be held liable for product failure due to mishandling and incorrect
storage by end user. TopoGEN's liability is limited to credit or product replacement.
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Kit Contents

(Volumes are given for the 100 assay kit size; for 250 assay kits, multiply volumes by 2.5.)

1. pRYG DNA, supercoiled (25 ug in 100 ul) = 0.25 ug/ul

2. Marker DNA, Linear pRY G; 0.05 ug/ul in 1x gel loading buffer (25 ul, load 2 ul as marker).

*4. 10x Topo Il Incomplete Assay Buffer A contains 0.5 M Tris-HCI (pH 8), 1.50 M NaCl, 100 mM
MgCl,, 5 mM Dithiothreitol, 300 ug BSA/ml

*5. 10x ATP Buffer B contains 20mM ATP in water.

*You must mix Buffers A and B together prior to make a 5x Complete Assay Buffer. To prepare a fresh stock of the 5x Assay buffer: Add
equal volumes Buffer A and B to give the Complete 5x Assay Buffer (example, if you need 50 ul of 5x Complete Buffer for a single
experiment, mix 25 ul of Buffer Bwith 25 ul of Buffer A). The Complete 5x Buffer MUST be made fresh for each experiment. Prepare
only the amount needed fresh each day. DO NOT SAVE THE 5X COMPLETE ASSAY BUFFER, ITISNOT STABLE.

6. VP-16 (etoposide) control drug (Cat# 4140) in lyophilized state. Add 250 ul of methanol or DMSO to givea
10 mM Stock solution. Use at 1/10 volume or ImM final concentration to detect cleavages.
7. 10% sodium dodecy! sulfate (SDS) (300 ul): to terminate reactions, use /10 volume.
8. 10x gel loading buffer (300 ul): 0.25% bromophenol blue, 50% glyceral: Use 0.1 val.
Purified Topoisomerase |1 is not included in this kit but is available on line at www.topogen.com (Catalog
number #2000H1

TOPOISOMERASE || DRUG SCREENING KIT PROTOCOL

Reaction volumes should be 20-30 ul final volume (limited by the volumethat can beloaded into the wells of the agarose gel).
The reactions should be assembled on icein microcentrifuge tubes (water, buffer, and DNA, test compound and enzymelast).
After adding enzyme, the tubes should be transferred to aheating block to initiate the reaction. Reactions should beincubated
30min (37°C), terminated by rapid addition of 1/10 volume of 10% SDSfollowed by digestion with proteinase K (not supplied)
prior to loading the gel. SDS is added to reactions at 37° to facilitate trapping the enzyme in a cleavage complex. If the
reactions are heated, cooled or treated with high salt prior to SDS, the topo Il breakage and resealing equilibrium may be
altered and breaks can reseal. A sample reaction is shown below. The investigator may elect to use assay buffer if relaxation
(catalytic) activity isbeing tested or cleavage buffer if cleavage complex formationisbeing tested. Thelatter ismore difficult
to detect and as noted below requires higher levels of enzyme. Note also that cleavage buffer is not optimal but will support
relaxation activity.

For Reaction Mixture of 20 ul:

H,0 Variable, make up to volume (20 ul in this case)

5x Complete Buffer 4 ul (prepared fresh as described above)

DNA 1 ul (200 to 250 ng is sufficient)

Test Compound Variable. (Limited by solvent effects, see controls below) (Inhibitor control should be used at a
final concentration of 0.1 mM or use 2 ul of a1 mM stock).

Topoisomerase || Variable. Enzyme is supplied at 2 to 20 units/ul (depends on lot#). Usually, 2 ul of stock

enzyme is enough to detect cleavages;, however, up to 4 ul can be tested in a 20 ul reaction but not more (dueto
salts in the enzyme preparation). Note that the amount of cleavage will be low, but still detectable. You should

not expect to see 100% conversion of substrate to linear DNA (see comments below).

*Incubate 30 minutes at 37°C and stop by addition of 2 ul 10% SDS.

*Add proteinase K to 50 ug/ml, (incubate 37°C for 15 min.); add 0.1 vol. loading buffer. Samplesmay beloaded directly onto
the agarose gel at this point. Alternatively, the samples can be cleaned up by extraction and then loaded: Add equal volume
(20 ul) of Chloroform: isoamyl Alcohol or CIA (24:1), vortex briefly; spinin amicrofuge for 5 sec. Withdraw blue colored
upper agueous phase and load onto agarose gel. Note that CIA extraction is optional but usually can improve the cosmetic
quality of the agarose gel separation.

*Run 1% agarose until the dye front is at the bottom of the gel. Stain with 0.5 ug/ml ethidium bromide and photodocument
results. Thisisa*non-ethidium bromide” gel separation which isoptimal for resolving relaxed and supercoiled DNAs (seegel
data, page 5). We recommend that each researcher use this method to verify enzyme activity, PRIOR to testing new
compounds. Once enzyme activity is demonstrated, the researcher may wish to run gels containing 0.5 ug/ml ethidium
bromide. Thebuffer and gel should contain ethidium bromide DURING the electrophoretic separation (followed by extensive
destaining with water prior to photodocumentation). The ethidium bromide gel separation method allows one to clearly
resolve cleavage products (open circular, linear DNA) from the closed DNA forms (relaxed circular and supercoiled circular
DNA).
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TOPOISOMERASE |1 DRUG SCREENING KIT PROTOCOL

Marker DNAsand controls(seeFig. 1) areextremely important. Any nucl ease-free agarose of reasonable quality can be
used. Agarosegels(1 %) and running buffers can beany standard nondenaturing el ectrophoresisbuffer (example, Lx TAE
buffer, 50x stock is242 g Trisbase, 57.1 ml glacia acetic acid and 100 ml of 0.5M EDTA) and ethidium bromideto afinal
concentration of 0.5 ug/ml (5ul of 210 mg/ml ethidium bromide (EB) stock per 100 ml of running buffer). Include EB inthe
gel and running buffer. Rungelsat 1.5-2 V/cm (measured between el ectrodes) until the dyefront hastravel ed about 80%
of total gel length. The DNA can be monitored during e ectrophoresiswith ahandheld ultraviol et light. After running, gels
should bedestained (30 min) inwater or buffer and photographed using astandard photodyne system. Asnoted above, we
recommend EB gelsto allow youto clearly resolvelinear DNA (seebel ow) from thetopoisomers. If, however, youwish
to determinewhether your test compound isacatal yticinhibitor, you should run the gel swithout ethidium to resolvethe
topoisomers. Thenon-EB gelsareasoideal for documenting relaxation activity of topoll.

Helpful hintsand inter pr etation

Solvent controlsareespeciadly important to ensurethat the drug solvent (DM SO or methanol for example) arenot interferring
withtopo I activity. Also, aquick CIA extraction prior toloading the gelsisagoodideasincethe gelswill bemuch more
cosmetic; however, the samplesmust first betreated with proteinaseK to digest the bound protein. CIA extractionsmay
alsoberequiredif thetest compound affectsthe mobility of the DNA or fluorescent detection (intercalators, strong DNA
binding agents, etc.). Notea so, to confirm theformation of covalent complexes, you canrunthefollowing control (refer to
diagram on the cover page above). Two reactionsare carried out with theinhibitor; both are stopped with SDS. Oneis
digested with proteinase K and the other isundigested. The covalent topo [1/DNA complexesin the reaction that was not
digested with proteinase K will belost by CIA extraction (they will partitionto theinterphase) and you should losethe
linearsor possibly open circular DNA complexes. In contrast, the proteinase K digested sample should contain expected
cleavage products (linear and nicked DNAS). Fig 1 showsatypica Ge (EB) result with themarkersand controls:

Lanel: Control, showsthat inubating plasmid DNA withtopoll gives

Lane: 1 2 3 4 s relaxed DNA product. Notethat resolution between relaxed and su-
Topo !l DNA veve oners oove percoiled DNA isnot alwaysided (properconditions must beworked

*PAYG Marker ssohent Linear AMSA  out empirically for eachla’sgel unit system). Sinceapositivecontrol

Oign | 33 O3 3 O3 03| of enzymeactivity iscriticd, it may beagood ideato run both EB and
non-EB ge sby splitting thesamplein haf and loading thetwo different
Nicked, oben | ___| geswithequa amountsof reaction.
Lane2: Amarker of pRY G DNA. Notethat asmall amount of nicked
Linear DNA — mmm —| OC (opencircular) DNA isalwayspresentin plasmid preps.
suporcotod ONA | —— s —— __ | Lane3showsthesolvent control that demonstrates that the solvent
Relaxed DNA| === —_— aoneisnot affectingtopo 1 activity.
Lane4: Linear DNA marker (essential to mark position of cleavage
Ethidium bromide product!).
included in gel and L ane5 showscleavagein presenceof acontrol poison, likem-AMSA
buffer or VP16. Inthe caseof m-AMSA, adlight increasein nicked OC

DNA isseenaongwith linear DNA cleavage products. Notethat not
all of the supercoiled DNA isconverted to cleavage product. Asdis-
cussed below, the cleavage event isalow yield processin most assay

Fi gure 1 screens of thetype.
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The following controls and considerations are important (see Fig. 1)

1. Reaction containing enzyme without test drug or solvent: To detect enzymatic activity inthe absence of test
compound. Thisreaction should be carried out in assay buffer to detect relaxation.

2. Reaction contai ning solvent alonewithout enzyme: To ensurethat solvent (that thetest compound isdissolved
in) doesnot affect mobility of DNA speciesinthe assay. Alsoto make surethat DNA nicking independent of enzymeis
not occurring. (Often DM SO isused; test aconcentration of solvent at the highest concentration of compound being
tested, see examplein next point.)

3. Reaction containing enzyme plus solvent: To ensurethat solvent (ex. DM SO or methanol) isnot affecting the
activity of purified enzyme. Thiscontrol should be carried out with assay buffer to alow you to detect relaxation activity
(runanon-EB gel). Test the concentration of solvent corresponding to the highest concentration of test compound
(exampleif DM SO issolvent and thetest drug isdissolved in 50% DM SO and a1:100 dilution of stock drug istested,
onemust show that 0.5% DM SO isnot causing inhibition of enzymeactivity). DM SO concentrationsinthisrange can
(depending on the DM SO source) affect topo |1 activity; thismust be pre-determined to ensurethat arange of drug
concentration isused that does not cause asolvent inhibition artifact. Asnoted above, solventsmay a so cause nicking
of the DNA substrate. Thiscan create serious complications, obvioudly.

4, Marker DNAs: Linear DNA should beincluded asareference marker. Also, we strongly recommend that super-
coiled DNA beincubated in cleavage buffer without enzymeat 37° for 30 minto make surethat nickingisnot occurringin
the absence of topo |1 enzyme.

5. Control reaction with Topo |1 and VP-16 (etoposide) or another known topo |1 poison (not required with
every gel, but should be performed initially to reconstruct theinhibition one should expect). Asnoted above, adrug
control will yieldlinear pRY G cleavage complexes provided sufficient enzymeisused.

6. Thecleavagereactionisalow yield event. That is, theamount of cleavage product will generally beonly
weakly detected, even with well established poisonslike VP-16 (etoposide). Thisisbecausethe cleavage event
actively consumesthe enzymeleading to stoi chiometric complexesbetweentopo | //DNA; thus, the cleavage conver-
sion usesup theenzyme. You should expect to see some detectablelevel of linear DNA but it israreto see complete
conversion of supercoiled DNA intolinear DNA cleavageproducts. Itismorelikely that youwill see5-25% conver-
sonof subgtratetolinears. If higher cleavage conversionisdesired, one can convert to aradioactive assay format using

32P-end labeled DNA and/or use high levelsof topo |1 in order to improve sensitivity.

References
Muller et a., Biochemistry 27: 8369 (1988)
Spitzner et al., Nucleic Acids Research 18: 1-11 (1990)

To seeacurrent list of recent papersthat have used our products, go to:
http:/Mmww.topogen.com/htmli/new_papershtml
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Topoll Drug Screening Results

Reactionsindicated above each lanewerecarried out with topo Il (4 units, based on relaxation activity or 20 units
based on decatenation assay) and 250 ng plasmid DNA. Reactionswereincubated for 30 min at 37 deg C, stopped
with 0.1 vol of 10% SDS, digested with proteinase K and CI A extracted asdescribed above. A 1% agarose gel
containing 0.5ug/ml EB wasrun until thedyefront wasat the bottom of thegel (2 v/cm). Formation of linear DNA is

detected but the cleavagesarerel atively weak with VM 26 under these conditions. Thisatypical result one seeswhen
screeninfor topo |1 poisons.
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Analysisof topoll relaxation activity using agar ose gelswithout ethidium bromide (EB):

Noticethat theabovegel (containsEB in gel and running buffer during electrophoresis) isoptimal for resolving cleavage
products (linear, nicked or OC DNA); however itisnot ideal for resolving form | supercoiled DNA (substrate) from
relaxed DNA (product). Thus, itisnot ideal to detect topo |1 relaxation activity. Non-ethidium bromidegels(ie, noEB in
gel or buffer DURING electrophoresis) areideal for thispurpose. Gelsarerun and stained with EB after el ectrophoresis
iscompleted. Thegel totheleft showsatypical result. Itiseasy to seethat Supercoiled DNA isrelaxedtoform aseries
of topoisomers (* Relaxed” bandsinthegdl). Sinceitisessentia to have good enzymeactivity in order to detect cleavage
products, thisanalysisisimportant to verify that topo Il isactive. Ingeneral, it makes senseto run both EB and non-EB
gelsfor each experiment. Simply dividethereactionsin haf and run one EB and onenon-EB gel.
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