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|. INTRODUCTION

Using this Manual

This manual accommodates both the novice and therienced TRABZE® XL
Telomerase Detection Kit (Cat #S7707) user. Thestopols are presented in a
streamlined manner. However, users are directedeittions that provide
supplemental information by notations in the protocThe novice user is
advised to read the entire manual prior to using TRAREZE® XL Kit,
particularly Sec. lll.Protocols Experimental DesignDirections for preparing
some of the required reagents can be found in SecAppendix Should
additional questions arise, assistance is availdtdm Millipore Technical
Service at (800) 437-7500 tachserv@Millipore.com

Background

Telomeres are specific structures found at the ehdchromosomes in
eukaryotes. In human chromosomes, the telomeresistoof thousands of
copies of 6 base repeats (TTAGGG)(1-3). It has megested that telomeres
protect chromosome ends since damaged chromosoacdind telomeres
undergo fusion, rearrangement and translocationlif23omatic cells, telomere
length is progressively shortened with each ceilsthn bothin vivoandin vitro
(4-7) due to the inability of the DNA polymerasamuex to synthesize the very
5'end of the lagging strand (8,9).

Telomerase is a ribonucleoprotein that synthesass$ directs the telomeric
repeats onto the 3' end of existing telomeres ugBIgRNA component as a
template (10-14). Telomerase activity has been shdw be specifically
expressed in immortal cells, cancer and germ ¢&8sl6) where it compensates
for telomere shortening during DNA replication atldis stabilizes telomere
length (7,17). These observations have led to athgsis that telomere length
may function as a “mitotic clock” to sense the nembf cell divisions and
eventually signal replicative senescence or prograch cell death when a
critical telomere length is achieved. Thereforgression of telomerase activity
in cancer cells may be a necessary and essemrtafattumor development and
progression (16,18-20). The causal relationshipweeh expression of
telomerase and telomere length stabilization aedetttension of the life span of
the human cell has recently been reported (21).



The development of a sensitive and efficient PCRelatelomerase activity
detection method, TRAP (Telomeric Repeat AmplifimatProtocol)(15, 22),
has made possible large scale surveys of telomaséty in human cells and
tissues (15, 23-29). To date, telomerase activity lbeen detected in over 85%
of all tumors tested spanning more than 20 diffetgmes of cancers (30-31).

The TRAREZE® XL Kit is a highly sensitiven vitro assay for the fluorometric
detection of telomerase activity. It incorporatedimrements to the original
TRAP assay that were first introduced in the geldohTRARZE® Telomerase
Detection Kit (Cat #S7700). As in the original TRE#R® Kit, primer sequence
modifications that reduce amplification artifactedaan internal PCR control are
included. In addition, the TRAZE® XL Kit uses fluorescence energy transfer
(ET) primers to generate fluorescently labeled TRgducts which permit
nonisotopic, quantitative analysis of telomerageviay.

The unique design of these ET primers (Ampliffugrimers) allows detection
and quantification of telomerase activity by ditgcineasuring fluorescence
emission in the reaction vessels. Since Ampliffuprimers will fluoresce only
upon incorporation into the TRAP products or thietinal control, post-PCR
sample manipulations such as electrophoretic gelEbISA analyses are
eliminated, thereby reducing the the risk of cawer contamination.
Quantitative analysis is not compromised when digiedés performed in a high-
throughput 96-well format unlike platforms utilizjna qualitative ELISA. In
addition, inclusion of an internal control labeledth a second fluorophore
serves to both monitor PCR amplification and aidtiwe quantitation of
telomerase activity.

Principles of the Technique

The Amplifluor ® Primer System

The fluorometric detection of telomerase activitythe TRAREZE® XL Kit is
accomplished through the use of Amplififigerimers. This patented technology
(33) is based on the concept of energy transfe)),(Bprocess whereby energy
shifted from an excited fluorophore to an accepboiety results in quenching
of the fluorescence emission. In order for thismpieng to occur, the donor and
acceptor molecules must be in close physical pritxinio each other.
Amplifluor® primers, which contain energy transfer moietieg, designed to
emit a fluorescence signal only when they are ipem@ted into PCR products.
Therefore, the net increase of fluorescence in rémction vessel directly
correlates to the amount of amplified DNA produaethe reaction.



Amplifluor® primers consist of a 3' end sequence complememtatiye target
sequence and a 5' end hairpin structure. The fhane (energy donor) and the
guencher DABSYL (4-(dimethylamine)azo benzene sidfacid) are in close
proximity within the 5’ hairpin (Figure 1, line BAs the primer is incorporated
into a double-stranded PCR product, the hairpimi®lded through the activity
of the polymerase (Figure 1, line C). In this exieth conformation, the distance
between the fluorophore and quencher is increasddadluorescence signal is
generated (Figure 1, line D).

TRAPEZE® XL Telomerase Detection Kit Assay with Amplifluor™
Primers

The TRARzE® XL Kit is a one buffer, two enzyme system utiligipolymerase
chain reaction (PCR) and Ampliflidprimers (34). In the first step of the
reaction (Figure 1, line A), the telomerase enzyadds a number of telomeric
repeats (GGTTAG) onto the 3' end of a substratgoalicleotide (TS). In the
next steps (Figure 1, line B and C), the extendediycts are amplified by the
second enzyme, Tagq Polymerase, using PCR with theafd fluorescein-
labeled Amplifluof RP (reverse) primers. This generates a fluoredadder of
products with 6 base increments starting at 61eautitles: 61, 67, 73, 79, etc.
The fluorescence emission produced is directly griignal to the amount of
TRAP products generated (Figure 1, line D).



Figure 1: TRAPEZE® XL Telomerase Detection Kit Assay Scheme

& Addision ol Telomenc Pepeats by Tolomerass

0. Accumidstion of Fluorescont TRAP Product T_’

Each short arrow on line A symbolizes a 6 nuclesta@hg telomeric repeat
(GGTTAG). The small filled circles represent DABSAtiile the open circles
represent the fluorophore quenched by DABSYL. @hgelcircle on line D
depicts unquenched fluorescence emission.

In addition to the Amplifludt RP primer, the 5X TRABZE® XL Reaction Mix

contains a sulforhodamine-labeled Amplifliét2 primer. The K2 primer and
the TS primer are involved in the semi-competitiwvaplification of the internal
control template TSK2 which generates a 56 bp pmbduThe

excitation/emission wavelengths of sulfornodamime aufficiently different

from those of fluorescein to allow the simultaneausplification and detection
of TRAPEzE® XL assay products (green) and the internal corfredl) in a

single reaction vessel. The TSK2 control templateised for quantitation of
telomerase activity (see Sec. IProtocol, Experimental Designand as a
positive control for PCR amplification.



The fluorescence generated by the TRZ® XL Kit products may be
measured by a variety of methods. Ideally, theti@as are measured directly in
PCR tubes using a fluorescence plate reader. Thetioas may also be
transferred to a 96-well plate or a cuvette for sneament in a plate reader or in
a spectrofluorometer, respectively. Alternativehg reactions can be subjected
to non-denaturing gel electrophoresis and thenalized using a fluoroimaging
system. Each of these detection methodologies peodaformative and
guantitative telomerase activity measurements. Aditmnal option involves
the visualization of the TRAP ladder following ndenaturing polyacrylamide
gel electrophoresis and staining with an inter@adatAlthough not quantitative,
the presence or absence of the signature telomdeaker confirms the
fluorescence measurement results (see Se®rbtocol; Sensitivity, Specificity
and Dynamic Range of the Asyay



Il. KiIt COMPONENTS

The kit provides enough reagents to perform 112 PEA® XL assays. With
these reagents, 40 experimental samples and th®majgie controls can be
analyzed (for details of the experimental desigee sSec. lll. Protocol,
Experimental Design

Table 1: TRAREZE® XL Telomerase Detection Kit

Description Storage Conditions

1. CHAPS Lysis Buffer(13.5 mL) - 25°C to 8°C
2. 5X TRAPEzE® XL Reaction Mix (1.12 mL) - 15°C to -85°C
TS primer

RP Amplifluof® primer
K2 Amplifluor® primer
TSK2 template
dA, dC, dG and dTTP
diluted in :
100 mM Tris-HCI, pH 8.3
7.5 mM MgC}
315 mM KCI
0.25% Tween 20
5mM EGTA
0.5 mg/mL BSA

3. PCR - Grade Water(8.2 mL) 2°Cto 8°C
protease, DNase, and RNase-free;
deionized

4. TSR8* (control template) (45 pL) -15°C to -25°C
0.2 amole/uL TSR8 template

5. Control Cell Pellet -75°C to -85°C
Telomerase positive cells (16ells)

* Caution — refer to Sec. IKit Components, Precautions




Materials Required But Not Supplied in the Kit

Equipment and Supplies

1. Thermocycler

2. Spectrofluorometer (Option 1)

3. Fluorescence plate reader (Option 2) with appatefilters for fluorescein
and sulforhodamine detection (See Sec. Appendix, Excitation and
Emission Filtery

4. Optically clear tubes for PCR amplification atetection, a holder for PCR
tubes, or a 96-well plate if using a fluoresceniegepreader (Option 2)

5. If analyzing tissues, homogenization equipmentdascribed in Sec. Ill.
Protocol, Extract Preparation

6. Tubes for PCR amplification and detection

7. Aerosol resistant pipette tips (RNase-free)

Reagents

1. Taq polymerase (cloned, unmodified)

2. PBS (M- and C&'-free)

3. Reagents for protein concentration measuren@ee (Sec. VAppendix,
Determination of Protein Concentratipn

4. RNase inhibitor (for extract preparation frossties)

5. Buffer used with the analytical spectrofluoroaergfOption 1) (See Sec. lll.
Protocol, TRARzE® XL Telomerase Detection Kit As$ay

6. Bovuminaf Bovine Serum Albumin

Precautions

1. Because the TRARE® XL Telomerase Detection Kit detects the activity of
telomerase, a RNase sensitive ribonucleoproteid aat merely the
presence of the RNA or protein components of telase the assay
requires enzymatically active cell or tissue sampkurthermore, due to the
sensitivity of the TRABzE® XL Kit assay, which can detect telomerase
activity in a very small number of cells, a spedaboratory setup and
significant precautions are required to prevent PGRrry-over
contamination and RNase contamination. These ptiecauare discussed
in detail in Sec. V.Appendix, Laboratory Setup and Precautioasd
TRAPez®& XL Telomerase Detection Kit Station Setapea 1).

2. For Research Use Only. Not for use in diagngsticedures.
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lll. PROTOCOL

Figure 2: TRAPEZE® XL Telomerase Detection Kit Flow Chart
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Extract Preparation

Note: The volume of CHAPS Lysis Buffer used is adjusiedhe number of
cells to be extracted. To determine the volumeHARS Lysis Buffer for each
sample, establish the cell number by counting drapwlation from tissue
weight.

When preparing extracts from tumor samples, add seNahibitor to the
CHAPS Lysis Buffer prior to the extraction for adl concentration of 100-200
units/mL.

1.

2a.

2b.

Pellet the cells or tissue, wash once with PBfellet, and carefully
remove all PBS. After removal of PBS, the cellstissue pellet can be
stored at -85°C to -75°C or kept on dry ice. Telmase in frozen cells or
tissues is stable for at least 1 year at -85°C7&°C. When thawed for
extraction, the cells or tissue should be resuspeimmediately in CHAPS
Lysis Buffer (step 2).

Cells

Resuspend the cell pellet in 200 uL of CHAPS Lygisfer/10-10° cells.
(Also use 200 pL of CHAPS Lysis Buffer for the paeation of the positive
control cell extract in the kit.) Proceed to Step 3

Tissues

Prepare the extract according to one of the methisdcribed below. Use
200 pL of CHAPS Lysis Buffer/40-100 mg of tissue.

Soft Tissues - Homogenization with Motorized Dispbte Pestle:Mince
the tissue sample with a sterile blade until a gimeonsistency is obtained.
Transfer the sample to a sterile 1.5 mL microcérge tube, and add
CHAPS Lysis Buffer. Keep the sample on ice and hgenize with a
motorized pestle (~10 seconds) until a uniform &gieacy is achieved.

Connective Tissues - Freezing and GrindinBlace the tissue sample in a
sterile mortar and freeze by adding liquid nitrogeulverize the sample by
grinding with a matching pestle. Transfer the thdwsample to a sterile 1.5
mL microcentrifuge tube, and resuspend it in anrappate amount of
CHAPS Lysis Buffer.



Connective Tissues - Mechanical Homogenizévtix the tissue sample
with an appropriate volume of CHAPS Lysis Bufferansterile 1.5 mL
microcentrifuge tube placed on ice. Homogenize withmechanical
homogenizer until a uniform consistency is achieyef seconds). It is
critical to keep the sample on ice during homogation to prevent heat
accumulation.

Incubate the suspension on ice for 30 minutes.
4. Spin the sample in a microcentrifuge at 12 0@Xor 20 minutes at 4°C.

Transfer 160 pL of the supernatant into a fredie and determine the
protein concentration. See Sec. Xppendix, Determination of Protein
Concentration.

Table 2: Sample Concentration and Quantity for Agsa

Sample Type Concentration Quantity
Cell Extract 10-750 ngL <1.5ug per assay
Tissue Extract 10-500 ng! <1.5pg per assay

6. Aliquot and quick-freeze the remaining extract oty dce*, and store
at -85°C to -75°C. The extract is stable for aste€2 months when stored
at -85°C to -75°C.

*Note: The extracts for the TRARE® XL Kit should be quick-frozen on dry
ice after each use. Aliquots should not be frebag#d more than 10 times
to avoid loss of telomerase activity. In additiafiquoting reduces the risk
of contamination.

Experimental Design

For a valid analysis of the results, two factoreddo be considered: (1)
appropriate controls and (2) the amount of cedlitssextract to be used in each
reaction.

Controls

For each sample

Telomerase is a heat-sensitive enzyme. As a negatiwmtrol, every sample
extract to be evaluated should also be testeddat bensitivity. Thus, analysis
of each sample consists of two assays: one wittstextract and one with a

heat-treated test extract. Heat treat 10 uL of eachple by incubating at 85°C
for 10 minutes prior to the TRARE® XL Kit assay to inactivate telomerase.
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For each set of TRARZzE® XL Kit assays:
1. Generation of TSR8 Standard Curve:

Perform the TRAPzE® XL Kit assay using dilutions of TSR8 (control
template) instead of the sample extract to genexatiandard curve. TSR8
is an oligonucleotide with a sequence identicathi® TS primer extended
with 8 telomeric repeats AG(GGTTAg)This standard curve permits the
calculation of the amount of TS primers with teloimeepeats extended by
telomerase in a given extract.

The stock TSR8 (control template) concentratioovioled within the kit is
0.2 amoles/uL. Prepare 1:5 serial dilutions of gteck concentration with
CHAPS Lysis Buffer to obtain TSR8 concentrations0d®4 amoles/uL,
0.008 amoles/uL and 0.0016 amoles/pL. Perform tRAFEZE® XL Kit
assay using 2 uL of each TSR8 dilution including €h2 amoles/uL stock
concentration. The TSR8 dilutions can be storetf@tfor at least 2 weeks.

Table 3: Dilution of Control Template TSR8

TSRS Volume of TSR8 Volume of Diluent
Concentration Stock CHAPS Lysis Buffer
1. 0.2 amolesiL No dilution -
2. 0.04 amoleglL 5uL of #1 20uL
3. 0.008 amolegl 5 uL of #2 20uL
4.0.0016 amoles oL of #3 20uL

2. Telomerase Positive Extract Control (control 1)

Make a telomerase-positive cell extract using 200 of CHAPS Lysis
Buffer and the control cell pellet (3@ells) provided in the kit. Aliquot the
lysate and store at -75°C to -85°C. Dilute the lstatiquots 1:10 with
CHAPS Lysis Buffer before use and dispense 2 pLToAPEZE® XL Kit
assay (2 uL = 1000 cells). Run one positive corgattion for each set of
TRAPEZE® XL Kit assays.

3. Minus Telomerase Control (control 2)

Perform a TRABzE® XL Kit assay with 2 uL CHAPS Lysis Buffer
substituted for the cell/itissue extract. The flgoein emission in this
control is subtracted from the fluorescein signal the sample when
determining the net fluorescence increase of earhpk (see Sec. lll.
Protocol, Data Analysis
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If the assay worked optimally, only a sulforhodaenisignal should be
observed from the 56 bp internal control in the usielomerase control
reaction. The detection of fluorescein labeled potsl in the minus
telomerase control reaction suggests either: 1ptasence of primer-dimer
PCR artifacts due to suboptimal PCR conditionsth®) presence of PCR
contamination (amplified TRAEE® XL products) carried over from
another assay; or 3) the contamination of an assayponent with the
telomerase positive cell extract (see Sec.TiMubleshootiny

Minus Taq Polymerase Control (control 3)

Perform the TRAPzE® XL Kit assay excluding the Taq polymerase. The
sulforhodamine emission signal in this control isbtsacted from the
sulforhodamine signal from the sample when detenginthe net
fluorescence increase of each sample (see SeBrdtiocol, Data Analysis

PCR Amplification control (Internal control -dluded in each assay by
default)

An important feature of the TRARE® XL Kit is the inclusion in each
assay of an internal standard to monitor PCR itibitbiin every reaction.
Many cell/tissue extracts contain inhibitors of Tpglymerase, and thus
give potentially false-negative results. To distiisly this from other
possibilities, the 5X TRAPzE® XL Reaction Mix contains the K2
Amplifluor® primer (red), the TS primer and the TSK2 templateese
primers and template produce a detectable 56 bgforbatlamine
amplification product that serves as a controldomplification efficiency in
each reaction and is used for quantitative analgbithe TRARZE® XL
products (see Sec. IProtocol, Data Analysijs

Assay Design

The TRAREzE® XL Telomerase Detection Kit is designed for thecassful
analysis of 40 experimental samples in 4 separgterenents. Supposing 10
experimental samples (n) are analyzed at a tineh assay would consist of 27
PCR reactions (2n+7).

Tubes 1-20: 10 experimental samples alternatisgertracts and the heat

inactivated controls

Tubes 21-24: 4 TSR8 quantitation controls

Tube 25: 1000 cell equivalentsof telomerase positive extract control
(Control 1)

Tube 26: The minus telomerase control (Control 2)

Tube 27: The minus Taq polymerase control (Corgjol

12



TRAPEZE® XL Telomerase Detection Kit Assay

Assay Setup

1. Prepare a “Master Mix" by mixing the reagenttined belowexceptfor the
extract. Thaw all reagents, mix well and stoream i

The amount of reagents required for each assatioeads:

5X TRAP=ze® XL Reaction Mix* 10.0 pL
Taq Polymerase (5 units/puL) 0.4 pL (2 Units)
dH,0 37.6 uL

48.0 pL

Cell Extract (10 - 750 ng/uL)

OR 2.0 pl(of either)
Tissue Extract (10 - 500 ng/uL)
TOTAL VOLUME 50.0 pL

*Upon first use, make aliquots of 5X TR#E® XL Reaction Mix, which can be
freeze-thawed no more than 5 times.

To determine the total number of reactions to beinuthe assay, refer to Sec.
lll. Protocol, Experimental DesignTypically, for analysis ofn number of
sample extracts2n+7 reactions are necessary. Multiply the volume ofheac
reagent listed above (except cellitissue extragtPb+8 and mix them in a
sterile tube (this “Master Mix” will contain extraeagent for pipetting
variances)Before adding Taq polymerase to the “Master Mix,” diquot 47.6
uL for the Minus Taq Polymerase Control.

2. Aliquot 48 pL of the Mix containing Taq polymsginto 2n+6 RNase-free
PCR tubes.

3. Add 2 pL of test extracts, heat-inactivated &t or controls into each
tube:

a. Sample extracts: add 2 pL to each of the satmpks.

b. Heat-inactivated controls: incubate 10 uL ofheaample extract at
85°C for 10 minutes. Add 2 pL into each of the Heattivation
control tubes.

c. TSR8 quantitation controls: add 2 pL of each &$Rution including
the stock concentration.

13



d. Telomerase positive extract control: add 2 plpositive control cell
extract at a concentration of 500 cells/uL.

e. Minus telomerase control: add 2 uL of CHAPS &y&iffer.

f.  Minus Taq polymerase control: add 2.4 pL of CHAPysis Buffer to
the “Master Mix” not containing Taq polymerase.

Note: The order of steps b and ¢ may be reversed.

PCR Amplification

1.

Place the tubes in the thermocycler block, armibate at 30°C for 30
minutes.

In a thermocycler, perform a 4-step PCR at 9430 seconds, 59°C / 30
seconds, 72°C / 1 minute f@&6 cyclesfollowed by a 72°C / 3 minute
extension step and then at 55°C / 25 minutes, adig with a 4°C

incubation

Note: These PCR conditions should work on most thermexs;cbut may
need to be tested empirically for the specific naelbeing used. See Sec.
IV. Troubleshooting

Fluorescence Measurements

Option 1 - Spectrofluorometer

The yield of the PCR reaction may be determineglbging a diluted aliquot of
the completed reaction in a cuvette and measurirg fluorescence in a
spectrofluorometer.

1.

Prior to measurement in the spectrofluorome@niL of each reaction mix
is diluted to 600 pL with 10 mM Tris-HCI pH 7.4,1®. M NaCl and 2 mM

The fluorescence of each sample is measuredLthxa3 mm cuvette after
setting the excitation/emission parameters forrgoein (495 nm/516 nm)
and sulforhodamine (600 nm/620 nm).

14



Option 2 - Fluorescence Plate Readers

The PCR reactions may be performed in tubes desigmét into holders that
are compatible with fluorescent plate readerss kssential that optically clear
PCR tubes be used when the PCR reactions will besuned directly in the
tube. Also, the dimensions of the chamber thatstie plate in the plate reader
must be sufficient to accommodate capped tubesegldan the microtube
tray/retainer.

1. Place the PCR reaction tubes in the plate rezader.

2. Measure the fluorescein and sulforhodamine eomissgtilizing appropriate

emission and excitation filters (see Sec. Appendix, Excitation and
Emission Filtery.
Note: If direct measurement in the PCR tube is not péssibe reaction
may be transferred to an appropriate 96-well plaifethis is necessary,
transfer all of the reaction into a well containifthO pL of the buffer
described above in Option 1. A completely blackwed- plate gives
optimum performance.

Data Analysis

The following is an example of telomerase activiggantification using
fluorometric detection. To obtain valid quantit&tiresults using the TRARE®
XL Kit, the production of a standard curve using thSR8 template and the
inclusion of the assay controls are necessary (See. Ill. Protocol,
Experimental Design

15



Table 4: Data for the Generation of the TSR8 StamdaCurves (Figures 3A

and 3B)
1 2 K] 4 L) 6 7 8 9
R8 R8 FL log
@amole/Rx)  (TPG Uniy  P9TPGl (gryy AL R (RFU) AR AFL/AR  [AFL/AR]
0.4 400 2.602 54228 45691 17301 3838 11.905 1.076
0.4 400 2.602 54010 45475 18193 4730 9.614 0.983
0.08 80 1.903 42024 33489 21438 7975 4.199 0.623
0.08 80 1.903 47155 38620 23456 9993 3.865 0.587
0.016 16 1.204 23562 15027 30588 17125 0.877 -0.057
0.016 16 1.204 25675 17140 30750 17287 0.991 -0.004
0.0032 3.2 0.505 14485 5950 39415 25952 0.229 -0.640
0.0032 3.2 0.505 16391 7856 40558 27095 0.290 -0.538
Control 2 9792 0 47853 34390
(-telomerase) 7278 41930 28467
mean 8535
Control 3 7702 13098 0
(-Taq pol) 9740 13828
mean 13463

Fluorescein (FL) and sulforhodamine (R) emissiotad#sed for the generation
of the TSR8 standard curves (Figures 3A and 3Bg fEfative fluorescence
units (RFU) were determined by direct measuremdnthe TRAPeZe XL

reaction in the PCR tubes using a fluorescencesplaader.

1. Calculate the net increase of fluorescdirl() and sulforhodamineAR)
emission in each reaction by subtracting the flsoegn emission from
control 2 (minus telomerase control) and sulforhmithe emission from
control 3 (minus Taq polymerase), respectively féRe Table 1: Columns
5and 7).

Option 1 (Linear Plot)

a. Calculate the lgg of the relative ratio of net fluorescence increase
(AFL/AR) for each reaction. (Refer to Table 1: Column 9)

b. Generate a standard curve based on the measuseafghe reactions that
were performed with the TSR8 dilutions. Plot thg {AFL/AR) on the Y
axis against the lggvalue of the corresponding concentration of TSR8
(expressed as TPG units; refer to Table 4: Coluinar2the X axis. (See
Figure 3A).

Note: 1 amole of TSR8 = 1,000 TPG units
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Option 2 (Logarithmic Plot)

a. Calculate the relative ratio of net fluorescemmeease AFL/AR) for each
reaction. (Refer to Table 4: Column 8)

b. Generate a standard curve based on the measuseafghe reactions that
were performed with the TSR8 dilutions. Plot tié-I(/AR) on the Y axis
against the corresponding concentration of TSR@réssed as TPG units)
on the X axis. Use a logarithmic scale for both ¥@nd Y axes. (See
Figure 3B).

c. Obtain the TPG value for each sample from thadsrd curve using the
respectiveAFL/ATR ratio.

Each unit of TPG (Total Product Generated) corredpdo the number of TS
primers (in 1 x 1@ amoles or 600 molecules) extended with at ledstd3neric
repeats by telomerase in the extract in a 30 miimetgbation at 30°C. The assay
has a linear range of 2 to 400 TPG, which is edeitato telomerase activity
from approximately 30 to 6,000 control cells.

Figure 3A: Linear Plot of the TSR8 Standard Curve
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Figure 3B: Logarithmic Plot of the TSR8 Standard @ue
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Sensitivity, Specificity and Dynamic Range of the gsay
Sensitivity

Under the conditions described in this manual,nemse activity in an extract
from 100 telomerase-positive control cells can b&ected (Figure 4A) using a
spectrofluorometer (see Sec. Rrotocol, TRARZE® XL Telomerase Detection
Kit Assay. The positive fluorescence signal correlates whth signature TRAP
ladder visualized by non-denaturing PAGE analy§ithe samples (Figure 4B).
The 56 bp band internal control is observed inyggample including the minus
telomerase control.

Notes: The assay sensitivity may be reduced dependingheniristrument

utilized. When a 96-well format fluorescence plegader is used for direct

measurement of the reaction mix, the backgroundtuation between PCR
tubes, and therefore samples, may be higher thainotbitained when measuring
samples using a cuvette in a spectrofluorometeis fitay reduce the sensitivity
of the assay since the minimum sensitivity striddpends on the signal/noise
ratio.

The number of PCR amplification cycles may be msed to enhance the
sensitivity, but this may increase the background alter the profile of the
standard curve.
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Specificity

No significant telomerase activity was detectecigghe TRARZE® XL Kit in
samples containing extract equivalent to 10,006 dedm fibroblast cell lines
WI-38 and IMR-90 (ATCC) (Figures 4A and 4B).

Dynamic Range

Under optimal assay conditions, a linear standand/ec extending over two
orders of magnitude can be obtained. (See Figukeand 3B).

Figure 4A: Comparison of Telomerase Activity in aus Cell Extracts

Q
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The TRARZE® XL Kit assay was performed using varying amounts tfek
made from telomerase-positive or telomerase-negatells. Fluorescence was
measured using a spectrofluorometer. Columns 1006ugh 0 represent the
results obtained with telomerase positive cell &tis equivalent to 1000, 500,
100, 50, and 0O cells, respectively. With telomemesgative cell lines, IMR-90
and WI-38, extracts equivalent to 10,000 cells wased. ThetFL/4R values
obtained for IMR-90 or WI-38 indicates that thesdl tines express less than
0.5% of the telomerase activity detected with thiivalent number of
telomerase-positive cells. The final column (IMR-0100) represents the
results obtained from IMR-90 cell extract spikedthwielomerase positive
extract. The absence of PCR inhibition in the gpikBIR-90 cell extract
indicates that the lack of telomerase activity lie extract was not caused by
PCR inhibition.
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Figure 4B: PAGE Analysis of TRABZE® XL Telomerase Detection Kit
Products
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Aliquots (20 pL) of the TRARE® XL reactions described previously were
subjected to electrophoresis on a non-denaturingt 10olyacrylamide gel.
Lanes 1-4: reaction products using cell extractsiieglent to 1000, 500, 100
and 50 telomerase-positive cells respectively. Laminus telomerase control.
Lane 6: heat-treated cell extract (1000 cells). eart IMR-90 Lane 8: WI-38
Lane 9: IMR-90 spiked with telomerase-positive celtract (100 cell
equivalent). After electrophoresis, the gel wasnst@ with SYBR Green | and
the image was recorded with a CCD camera imagirglesy. The 56 bp band
present in every lane is the internal control. Up@xcitation with a
transilluminator, the internal control band appegygk due to the combination
of the red fluor and the green stain. The bandbefsignature TRAP ladder are
green. The length of the shortest band in the lagkiél bp.
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IV. TROUBLESHOOTING

The following are the most commonly encountered blgms with the
TRAPEZE® XL Kit assay.

D) No significant increase in fluorescence  signal
f (fluorescein/sulfornodamine; AFL/AR) is observed for the
TSR8 quantitation controls and telomerase-positive
samples.

1. Potential problemPCR amplification is not initiated.

Recommendations:

a. Check the TRAPZE® XL Kit assay components. Were the 5X TR#&E®
XL Reaction Mix and the Tag polymerase includedtle appropriate
amounts?

b. Check the thermocycler for proper temperature ame tsettings. Is the
thermocycler cycling at 94°C / 30 seconds, 59°0 k8conds and 72°C / 1
minute for 36 cycles?

c. The optimal annealing temperature may need to stedeempirically (53°C
to 59°C) for each thermocycler.

d. Check the Taq polymerase to see if it is activenfitm that a cloned,
unmodified Taq polymerase was used.

2. Potential problemMeasurement parameters chosen for either the
spectrofluorometer or the fluorescent plate readerincorrect.

Recommendations:

a. Check the wavelength settings for the spectroflm@t@r. Consult the
instruction manual of the instrument for the reqdiisettings of additional
assay parameters.

b. Check the excitation and emission filters for thetgoreader. Are the filters
appropriate for measuring fluorescein and sulfodmigie? Are all the
necessary machine parameters set? Is the apegurs she appropriate
width? For recommendations on emission and exaitdilters see Sec. V.
Appendix, Excitation and Emission Filters

3. Potential Problem Optically clear tubes were not used for
measurements with the fluorescent plate reader.
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Recommendations:

a. Perform the TRAPzE® XL Kit assay with optically clear amplification
tubes and caps.

b. Transfer PCR reactions to optically clear tubegoon 96-well microtiter
plate. (see Sec. llIProtocol, TRARZE® XL Telomerase Detection Kit
Assay).

W) extract is low but sulforhodamine emission is accépble.

. Fluorescein signal of the telomerase-positive cort cell

1. Potential problemTelomerase activity is not initiated. Possible
RNase contamination exists if a positive fluoreseesignal is only
observed with the telomerase-independent TSR8 iaton
controls.

Recommendations:

a. Always use RNase- free tips, tubes and solutions.

b. Use a fresh aliquot of 5X TRARE® XL Reaction Mix, taking extra
precautions to prevent RNase contamination.

c. Telomerase is heat-sensitive; make sure that tiraction and TRAPZE®
XL reaction setup is performed at a temperaturevb&5°C.

d. Add RNase inhibitor into the CHAPS Lysis Buffer ¢s8ec. Ill.Protocol,
Extract Preparatiol, taking extra precautions to prevent RNase
contamination.

e. Always use a clean labcoat and gloves. Keep the PERE XL
Telomerase Detection Kit Station Setup (Area 1) tahoimerase extraction
areas clean with bleach and alcohol. (See SeApgendix, TRABZE® XL
Telomerase Detection Kit Station Setup (Arda 1)

All reaction samples and the minus telomerase coruf
P,
- (control 2) show a positive fluorescein signal.

1. Potential problem$CR carry-over contamination.

Recommendations:

a. Use fresh aliquots of every component of the ags&y TRAPEzE® XL
Reaction Mix, Taq polymerase and PCR grade water).

b. Follow the recommendations described in Problenb®&va and in Sec. V.
Appendix, Laboratory Setup and Precautiofibe PCR tube racks are the
most likely source of PCR carry-over contaminati@®contaminate the
racks as described in Sec. Appendix, TRAEZE® XL Telomerase
Detection Kit Station Setup (Areal)
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A high fluorescein signal is observed with heat-trated
P extracts. Extracts are not heat sensitive.

Potential problemdnsufficient heat inactivation of the extractsinper-
dimer PCR artifacts, or contamination of the extragith
TRAPezE® XL products.

Recommendations:

a. Check the temperature of the heat block or wategh hesed for heat
inactivation of the extract.

b. Repeat the assay. If the problem persists, itkelithat the extract has a
PCR carry-over contamination.

c. Make and test the new extract, taking extra prémauto prevent PCR
carryover contamination.

d. Tumor extracts containing a relatively high proteioncentration may
produce PCR artifacts. The presence of excessipsota the reaction
mixture may result in non-specific PCR amplificatiproducts. Dilute the
extracts and repeat the analysis.

The data on duplicate samples are inconsistent.

Potential problemPrimer-dimer PCR artifacts.

As is anticipated with a PCR-based assay, someoiniahie PCR artifacts
are expected even when the optimal assay condiinemployed. Though
occurring at a low frequency, these artifacts astnoften observed in
reactions with minimal telomerase activity. Incatsnt reactions are
readily distinguishable with high signals obserfedboth fluorescein and
sulforhodamine.

Recommendations:

a. Recheck the PCR parameters and repeat the assay.

b. Decrease the number of PCR cycles to 33-34 cycles.

c. Analyze the TRABzE® XL reaction products by non-denaturing PAGE
(optional). Primer/dimer artifacts are easily digtiishable from genuine
telomerase products after samples have undergengagdhoresis through a
polyacrylamide gel. For details of the nondenamftAGE procedure, see
Sec. V.Appendix, PAGE Analysis (Optional)

d. Tumor extracts containing a relatively high proteioncentration may
produce PCR artifacts. The presence of excessipsota the reaction
mixture may result in non-specific PCR amplificatiproducts. Dilute the
extracts and repeat the analysis.
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o Minimal TRAP eze® XL Kit assay signals observed for both
f fluorescein and sulforhodamine with samples where
telomerase activity is anticipated.

1. Potential ProblemThe cell/tissue extract contains an inhibitor of
Taq polymerase.

Recommendations:

a. Dilute the extract 5-, 25- and 125- fold with CHARSsis Buffer, then
reanalyze. Sometimes, positive telomerase actiaty be detected in the
diluted extract that cannot be detected in moreeoimated extracts.

b. If higher sensitivity is required with diluted eatt refer to Sec. V.
Appendix, Enhancing Detection Sensitivity

c. To check for the presence of inhibitor(s), creatémaxed sample” by
adding the telomerase-positive cell extract (pregdrom cells provided in
the kit) to the sample extracts and then perfore TRAREZE® XL Kit
assay. If inhibitor(s) of Taq polymerase are préeserthe sample extracts,
the signal observed in the “mixed sample” will becakased substantially
compared to those in the “telomerase-positiveedhact only” sample.

2. Potential ProblemPossible presence of RNase in the sample
extracts.

Recommendations:
a. Refer to Problem #2 above.
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V. APPENDIX

Laboratory Setup and Precautions

One of the most important considerations when peniftg the TRARZE® XL
Kit assay is the environment where the initial teacmixtures are set up. The
ideal environment is free of contaminating ribomades and amplified PCR
DNA products, which can cause false-negative arlidefpositive results,
respectively.

Some sources of PCR product contamination are:

1. gel box and buffer

2. contaminated pipettes and tips

3. tube racks

4. notebooks

5. lab coats

6. any other item exposed to amplified PCR products

Some sources of RNase contamination are:

1. solutions and tubes not treated with an RNasi&ibor

2. any equipment handled without gloves.

The following precautions should be followed in stiéps of the assay protocol
including thetelomerase extractionand theTRAPEZE® XL Kit assay setup

1. Always wear gloves.

2. Use the KO provided in the kit or DEPC treated,® for all solutions,
aliquot the solutions in small amounts, and usehfraliquots as "working"
solutions which are discarded after use.

3. Keep the assay solutions (5X TR#dE® XL Reaction Mix, CHAPS Lysis
Buffer, dH,O, Taq polymerase, etc.) separate from other reagethe lab.

4. Always use a designated set of pipettes exalsifor the assay, and
always use aerosol resistant tips (RNase free).
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5. Post amplification TRAP procedures should néa@rcarried out near the
TRAPEZE® XL Kit assay preparative areas.

6. Decontaminate the PCR tube racks with 10% bleaxah UV irradiation
after each use.

The optimal working environment partitions TR&#®® XL Kit procedures into
three areas.

Figure 5: TRAPEzE® XL Telomerase Detection Kit Station Setup

AREA 1 AREA 2
Reaction Tube _
and Buffer Preparation Extraction of
TRAPeze® Kit Assay E— Tissue and
Set-Up Cells
P
< j/Physical Barrier
v 4

PCR Amplification
Gel Electrophoresis
& Analysis
AREA 3

To minimize the potential for carryover contamioati there should be a
physical separation of the preparative areas (Afeasd 2) from the PCR
amplification and detection area (Area 3, see Eidu). The ideal setup employs
separate rooms. If the same room must be used, aha&RAREZE® XL
Telomerase Detection Kit assay station setup shbalcadopted with a clear
division between the preparation area and the R@Rtification/ detection area.
Another option is to separate the tasks betweesopeel: one individual carries
out the preparation of the extract and TRAE® XL Kit assay set up, and
another performs the analysis of the amplified potsl It is mandatory that no
amplified products or equipment exposed to the dimgl products (Area 3)
enter the preparative areas (Area 1 and 2). Ogdtimaleas 1 and 2 should be in
separate rooms or spaces. However, this is notitisatas separating Areas 1
and 2 from Area 3. Usually, preparation of tisswesl cell extracts are
performed in a laminar flow hood with appropriaterge protocols, so the
division between Area 1 and Area 2 (tissue culhwed) is convenient.
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TRAPEZE® XL Telomerase Detection Kit Station Setup
(Area 1)

Laboratory personnel can easily be contaminatedh WICR products when

carrying out routine manipulations such as openinges, pipetting PCR

products, or discarding gel buffer. DNA may remaim the person for many
days. To avoid this source of contamination, a tpasiair displacement hood
that blows in filtered air over the workspace tosvitre investigator works well.

Separate solutions, pipettes, tubes, and tips gdhaways be used and kept
inside the hood. The work space should be wipetl W% bleach prior to set
up of the reaction, and the hood should be routik®Y irradiated (shortwave)

when not in use.

Once every 1-3 weeks, the barrels of pipettes shbelsoaked in 10% bleach,
even if aerosol resistant tips are used. The ifgastr should always wear
gloves and use clean lab coats or disposable sleghich should be changed
every week.

Excitation and Emission Filters

For the direct detection of fluorescein and suléaiimine, it is essential to
utilize the appropriate excitation and emissiotefd with the fluorescence plate
reader. It is recommended that >20 nm should sapattee upper limit
(maximum)) of the excitation filter bandwidth and the lowinit (minimum )

of the emission filter bandwidti£€ wavelength). This will ensure that none of
excitation light will contribute to the emissiongeal (all crosstalk will be
eliminated).

Table 5: Middle4 of Filter Bandwidth

Excitation Emission

Fluorescein 485 nm 535 nm

Sulforhodamine 585 nm 620 nm

Determination of Protein Concentration

A variety of protein determination methods and esdg are available. The
following procedure is rapid and reliable.
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Materials Required
1. Coomassie Protein Assay Reagent

2. BSA standards: 0.1 mg/mL and 1 mg/mL (dilutecCiHHAPS Lysis Buffer
to the appropriate concentration)

Table 6: Set-up for BSA Standards

Cuvette BSA (ug) BSA Std.-Vol. BSA Std.-Vol. Lysis
Final Amt. 0.1 mg/mL 1.0 mg/mL Buffer Vol.
stock stock
1 0 0 0 50 puL
2 1 10 pL 0 40 pL
3 2 20 pL 0 30 puL
4 5 50 puL 0 0
5 5 0 5puL 45 pL
6 10 0 10 pL 40 pL
7 15 0 15 pL 35uL
8 20 0 20 pL 30 puL
Procedure

1. Prepare BSA standard dilutions.

2. Using CHAPS Lysis Buffer, prepare a dilution seréghe extract in a total
volume of 50 pL. A typical range is 1 to 5 pL otmxct.

3. Add 1 mL of Protein Assay Reagent to each standasamples.

4. Mix well, and incubate for 5 minutes at room tengtere (try to achieve
equal incubation time for all tubes by approprigteggering of reagents).

5. Read at Okys (with tube #1 as blank).

6. Determine extract protein concentration from BSAnsgard plot of OBy
versus g BSA.

Enhancing Detection Sensitivity

The following factors may be considered if higheteattion sensitivity is
required (also see Ref. 18):
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1. PCR amplification cycles:
Increase the number to 37-38 cycles.

2. Thermocycling conditions:
Optimize the annealing/extension temperature and.ti
Eliminate the 72°C extension step for 2 temperatyoding.
(Depending on the thermocycler used, removal okttiension step may
increase amplification efficiency of the TRAEE® XL products and reduce
the TSK2 internal control product.)

3. CHAPS Lysis Buffer:
Other detergents have been successfully used fiarotion of telomerase.
For example, 1% NP40 and 0.25 mM Deoxycholate (D®€Xe utilized (J.
Norton, AACR abstract, 1997).

4. Amount of extract:
If Tag polymerase inhibitors are not present, tm@ant of extract used in
the assay may be increased.

Note: Many tumor extracts contain Taq polymerase inhibittt is
advisable to optimize the other variables descridsaie first.

PAGE Analysis (Optional)

PAGE and Data Analysis

The TRARzE® XL Kit assay products can be visualized following
polyacrylamide gel electrophoresis (PAGE) on a Ti¥-denaturing gel. After
electrophoresis, the gel is stained with ethidiumntide or SYBR Green | to
visualize the TRAP ladder (Figure 3B). Alternatiyethe TRAREZE® XL Kit
assay products may be detected using a fluoroirgagystem, eliminating the
need to stain the gel after electrophoresis.

1. Add 2.5 uL of loading dye containing bromophellole and xylene cyanol
(0.25% each in 50% glycerol/50 mM EDTA) to 20 uLtbhé PCR reaction.
Load the samples on a 10% non-denaturing polyatigke gel (no urea) in
0.5X TBE buffer.

Note: Use extreme care when loading samples to prevemy-o&er into
adjacent wells, which may produce false-positiveuls. For optimal
interpretation of results, load heat-treated andch#teattreated samples in
alternating lanes (i.e. extract 1 +heat, extract-Heat, extract 2 +heat,
extract 2 -heat, etc.) Load the TSR8 quantitationtls on the last lanes
of the gel.
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Electrophoresis should proceed for 1.5 hoursAG@ volts for a 10%

acrylamide 10-12 cm vertical gel, or until the »xadecyanol dye runs 1-2
cm from the bottom of the gel. The smallest telaserproduct band should
be 61 bp and the internal control band is 56 bp.

After electrophoresis, view the fluorescent pmd directly using a
fluoroimaging system or stain the gel with ethidilmomide or SYBR
Green | according to the manufacturer’s instrucidfor ethidium bromide
staining, dilute a 10 mg/mL stock solution 1:10,0@0deionized water.
Stain for 20 minutes and destain 20 minutes in rdeéw water at room
temperature.

There are two options for recording the PAGHIltesafter staining. Each
method has different requirements for laboratonyigment.

If using a cameraThe staining agent SYBRGreen |, a yellow or green
filter, and a 254 nm or 302 nm UV transilluminatoust be used. Images
produced are less sensitive than those obtainexptigns described below
using a CCD imaging system. Ethidium bromide détectis not
recommended if using a camera.

If using a CCD imaging systerithe best results with SYBRGreen | are
obtained using (1) a 254 nm or a 302 nm UV tramsilhator and a SYBR
Green filter or (2) a 302 nm UV transilluminatordaan orange UV filter.
Ethidium bromide staining with a 302 nm UV trangillinator and an
orange UV filter gives slightly less sensitive ésuA CCD imaging
system allows data storage for densitometric amgalys

Experimental samples:

If extract is telomerase positivA:ladder of products with 6 base
increments starting at 61 nucleotides (i.e. 61,787,79, etc.) and a 56 bp
internal control band should be seen. An identiedtern should be seen in
the telomerase-positive control lane.

If extract is telomerase negativ@nly a 56 bp internal control band is seen.

Materials Required but Not Supplied for PAGE Analyss

PAGE Equipment and Reagents

1.

Polyacrylamide vertical gel electrophoresis appes

2. Power Supply (>500 V capacity)
3.
4. TEMED

40% Polyacrylamide/bisacrylamide stock solufip®:1)
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5. 10% Ammonium Persulfate
6. 10X (or 5X) TBE Solution
7. Loading Dye Solution

Visualization Equipment and Reagents
1. SYBR’Green | or ethidium bromide

2. UV transilluminator: 254 nm or 302 nm for SYB&reen I, 302 nm for
ethidium bromide

3. UV filter: SYBR®Green | or yellow filter, ethidium bromide (oranfijeer)
Camera and film or CCD Imaging System

Reagent and Buffer Preparation
5X TBE Buffer

To make 1 liter:

54 g Tris Base
275¢ Boric Acid
20 mL 0.5M EDTA, pH 8.0

pH should be 8.1-8.5, adjust if necessary.

10% Non-denaturing Polyacrylamide Gel
To make 50 mL:

49.5 mL 10% Polyacrylamide (mono/bis=19:1)
Stock in 0.5X TBE

0.5mL 10% Ammonium Persulfate

0.05 mL TEMED

Loading Dye Solution (Non-Denaturing Gel)

To make 5 mL:

2.5 mL Glycerol

1.0 mL 1.25% bromophenol blue (in Deionized Water)
1.0 mL 1.25% xylene cyanol (in Deionized Water)
0.5mL 0.5 M EDTA, pH 8.0
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Disclaimers

SYBR® is a registered trademark of Molecular Probes.

This product is covered under U.S. Patent # 5,868 and is sold for
research use only.

Licensed from Geron Corporation under U.S. Patéri29,154 and other
patents pending. No license to use the TRAP assaglifical diagnostic
purposes or to discover drugs that modulate telaseeactivity is granted by
implication or estoppel by the purchase of thisdpia.

The polymerase chain reaction ("PCR") is coveredrmy or more of the
following U.S. Patents: nos. 4,683,202; 4,899,&E8éd to Cetus Corporation
and owned and licensed by Hoffmann-LaRoche Molecsystems, Inc.
Purchase of a MILLIPORE or Serologicals’ PCR-redgbeoduct does not
convey a license to use the PCR process coverdtebg patents. Purchasers of
these products must obtain a license to use theg?@tess before performing
PCR.

All trademarks, unless otherwise noted, are thpgny of Serologicals Royalty
Company or Millipore International, Inc.

Warranty

Millipore Corporation (“Millipore”) warrants its products will meet thei
applicable published specifications when used @ostance with their
applicable instructions for a period of one yeanfrshipment of the products.
MILLIPORE MAKES NO OTHER WARRANTY, EXPRESSED OR
IMPLIED. THERE IS NO WARRANTY OF MERCHANTABILITYO R
FITNESS FOR A PARTICULAR PURPOSE. The warranty provided herein
and the data, specifications and descriptions difgdre products appearing in
Millipore’s published catalogues and product litara may not be altered
except by express written agreement signed by faceobf Millipore.
Representations, oral or written, which are incstesit with this warranty or
such publications are not authorized and if giwould not be relied upon.

In the event of a breach of the foregoing warraktilipore’s sole obligation
shall be to repair or replace, at its option, thpli@able product or part thereof,
provided the customer notifies Millipore promptliyany such breach. If after
exercising reasonable efforts, Millipore is unatol@epair or replacthe
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product or part, then Millipore shall refund to fBempany all monies paid for
such applicable ProducMILLIPORE SHALL NOT BE LIABLE FOR
CONSEQUENTIAL, INCIDENTAL, SPECIAL OR ANY OTHER
DAMAGES RESULTING FROM ECONOMIC LOSS OR PROPERTY
DAMAGE SUSTAINED BY ANY COMPANY CUSTOMER FROM THE
USE OF ITS PRODUCTS.

Unless otherwise stated in our catalog or otherpaom documentation accompanying
the product(s), our products are intended for mebease only and are not to be used for
any other purpose, which includes but is not lichit®, unauthorized commercial uses, in
vitro diagnostic uses, ex vivo or in vivo therapeutses or any type of consumption or
application to humans or animals.

2003 - 2009: MILLIPORE International, Inc. - By MILLIPORE International,
Inc. All rights reserved. No part of these wonkay be reproduced in any form

without permissions in writingl
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