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[Abstract] This protocol describes the quantification of all expressed T-cell antigen receptor

(TCR) gene products within sorted (by flow cytometry) EBV and CMV-specific memory CD8*

T-cell populations using a template-switch anchored reverse transcription polymerase chain
reaction (RT-PCR).

Materials and Reagents

10.

11.

12.
13.

14.

Nuclease-free 1.5 ml tubes (Sarstedt, catalog number: 72692005)
RNAlater (Life Technologies, catalog number: AM7020)

Note: Currently, it is “Thermo Fisher Scientific, Ambion™, catalog number: AM7020".
FACS-sorted CD8* T cells in RNAlater (Koning et al., 2013)

T-cell markers CD3 (PerCP) (BD), CD8 (AmCyan/V500) (BD) and pMHC-tetramer
(APC/PE) (home-made), and the dump markers CD14 and CD19 (both BioLegend,
Pacific Blue®)

LIVE/DEAD Viability dye (Thermo Fisher Scientific, Invitrogen™)

MMACS mRNA isolation kit (Miltenyi Biotec, catalog humber: 130-075-201)

SMARTer Pico PCR cDNA synthesis kit (Takara Bio Company, Clontech, catalog
number: 634928)

dNTPs 25 mM each (Life Technologies, catalog number: R1121)

Recombinant RNasin Ribonuclease Inhibitor 20 U/ul (Promega Corporation, catalog
number: N2511)

Superscript 1l RNase H™ Reverse transcriptase 200 U/ul (Thermo Fisher Scientific,
Invitrogen™, catalog number: 18064014)

Note: This kit also contains dithiothreitol (DTT, 1200 mM).

Nucleospin Extract 1l, gel and PCR clean up (MACHEREY-NAGEL GmbH & Co,
catalog number: MN740609.250)

Molecular grade H20 (Sigma-Aldrich, catalog number: W4502-1L)

Advantage 2 Polymerase Mix (Takara Bio Company, Clontech, catalog number:
639201)

Molecular grade agarose (Thermo Fisher Scientific, Fisher BioReagents®, catalog
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15.
16.

17.

18.
19.
20.

21.

22.
23.

24.
25.

number; 10688973)

SYBR® Gold Nucleic Acid Gel Stain (Life Technologies, catalog number: S-11494)
Note: Currently, it is “Thermo Fisher Scientific, Invitrogen™, catalog number:
S-11494",

1 k b Plus DNA ladder (Life Technologies, catalog number: 10787-018)

Note: Currently, it is “Thermo Fisher Scientific, Invitrogen™, catalog number:
10787-018".

pGEM-T Easy Vector System kit | (Promega Corporation, catalog number: A1360)
Chemically competent E. coli DH5a (Home-made)

AmpliTag DNA Polymerase with buffer 1l (Life Technologies, catalog number:
N8080153)

Note: Currently, it is “Thermo Fisher Scientific, Applied Biosystems™, catalog number:
N8080153".

Big Dye Terminator v3.1 cycle kit (Life Technologies, catalog number: 4337455)

Note: Currently, it is “Thermo Fisher Scientific, Applied Biosystems™, catalog number:
4337455

RNase-inactivator (RNase Away) (MP Biomedicals)

Primers (can be ordered from any company that provides custom made DNA oligo’s):

SMART Il oligo 5-AAGCAGTGGTATCAACGCAGAGTACGCGGG*-3
Universal 5-CTAATACGACTCACTATAGGGCAAGCAGTGGTAT
Primer Long CAACGCAGAGT-3

Universal

] 5'-CTAATACGACTCACTATAGGGC-3'
Primer Short

MBC2 5-TGCTTCTGATGGCTCAAACACAGCGACCT-3’
M13 Forward 5-TTTTCCCAGTCACGAC-3

M13 Reverse 5-CAGGAAACAGCTATGAC-3’

Oligo d(T)zs 5-d(T)2sVN**-3'

*The final GGG bases in this oligo are RNA bases

*V=A C,orGN=AC,GorT

Note: Preferably, order primers with high purity (HPLC purified).
10x Universal Primer mix (see Recipes)

50 mM DTT (see Recipes)

Equipment

1.
2.
3.

FACSAria Il flow cytometer (BD)

Heating blocks (42° C and 70° C) (VWR International)

T-M-AR, DNA/RNA UV-cleaner box (Laminar flow hood/ UVC) (Biosan, catalog
number: BS-040104-A06)
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4. Standard table top Eppendorf centrifuge (for use at room temperature and 4 °C)

5. PCR thermo cycler

Procedure

1. FACS sort of antigen-specific T cells
a. In the studies conducting this protocol, EBV and CMV-specific memory CD8*
T-cell populations were sorted using pMHC class | tetramers on a FACSAria Il
flow cytometer. A high fidelity staining strategy was used, comprising the specific
T-cell markers CD3, CD8 and pMHC-tetramer, and the dump markers CD14 and
CD19 to exclude any contamination during the sort from monocytes and B cells,
respectively. In addition, a LIVE/DEAD Viability dye was included in the cell
staining. For details on the specific staining, see Koning et al. (2013).
Tetramer-positive populations usually comprised 0.1-1.0% of CD8* T cells and in
general 500-5,000 antigen-specific cells were isolated.
Note: Although the specific fluorochromes noted here were used in Koning et al.
(2013), we have performed a similar staining strategy using different
fluorochromes in other studies. Similarly, although this protocol specifies the
analysis of EBV and CMV-specific T cells, there are no restrictions for the analysis
of T cells directed against other species/antigens.
To obtain a complete and accurate view of the TCR composition of an
antigen-specific T-cell population, make sure to sort a sufficient number of cells (at
least 500-1,000 cells, ideally 5,000 cells or even more) at high purity (by including
dump markers and a viability dye, as described above). Sort cells directly in
RNAlater and store at -80 °C.
2. mRNA isolation
a. lIsolate mRNA using the PMACS mRNA Isolation kit, according to the
manufacturer’s instructions. Elute with 30 pl preheated elution buffer.
b. Store mRNA at -80 °C or proceed with cDNA synthesis.
3. cDNA generation
a. Incubate 5.5 pl mRNA and 0.5 pl Oligo d(T)2s (25 mM) at 2 min at 70 °C followed
by 2 min at 42 °C.
Note: Proceed as fast as possible after this step. Time can be won by preparing the
mastermix below during the initial incubation. Ideally, preparation of the mastermix is
finished at the same time as the incubation.
b. Add:
2.2yl 5x First Strand buffer from SMARTer cDNA synthesis kit
0.4ul  DTT (50 mM)
0.4 pul dNTPs (25 mM)
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1l SMART Il Oligo (12 uM) from SMARTer cDNA synthesis kit or

custom made*

0.5pul  RNasin (20 U/ul)
1l SuperScript Il Reverse Transcriptase (200 U/pl)

c. Incubate 2 h at 42 °C.
Note: *Whilst a custom made SMART Il oligo can be cost-reducing, it may perform
less than the oligo that is included in the SMARTer cDNA synthesis kit.

4. Purification of cDNA
Purify the cDNA using the Nucleospin Extract || Gel and PCR Clean Up kit. Follow the
manufacturer’s protocol, with the exceptions described below.
Add to the cDNA:
77 ul H20
13 pl buffer NTI
(Total volume: 100 pl)
A single wash step with 650 ul buffer NT3 suffices. Elute in 25 pl buffer NE.
Preferably, continue directly to the RACE (rapid amplification of cDNA ends) TCRp
PCR or store the purified cDNA at -80 °C.

5. RACE TCRpB-PCR
RACE PCR is performed using TCR-specific and anchor-complementary primers.
Prepare a PCR mastermix of all reagents except for the template. Prepare enough for
a duplicate of each sample and one negative control (water instead of template). Small,
artificial variations in clonotype composition can be caused by the PCR. Therefore,
when a very accurate examination of the T-cell repertoire is desired (for example, in a
longitudinal analysis), it is advised to perform a duplicate PCR that can be pooled after

agarose gel electrophoresis (step 5).

a.
Per sample
5l 10x Advantage 2 SA PCR buffer
10 10x Universal Primer mix (forward primers)
1l MBC2 (25 puM, reverse primer)
1 dNTPs (10 mM)
1l 50x Advantage 2 Polymerase mix
12 ul Purified cDNA
20 pl H20
50 pl Total volume

b. Run reactions in a thermocycler under the following conditions:

1 cycle: 95 °C 30 sec
5 cycles: 95 °C 15 sec
72°C 2 min
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5 cycles: 95 °C 15 sec
70 °C 30 sec
72 °C 2 min

30 cycles: 95 °C 15 sec
68 °C 30 sec
72°C 2 min
4°C 0

Store the TCR products at -20 °C.

Note: Do not store at 4 °C, as the A overhang of the PCR products will degrade over

time.

6. Isolation of V3 products

a. Run an electrophoresis on a 1% agarose gel, using a 1 kb DNA ladder to
determine the size of the fragments. Leave an empty well between each sample to
minimize the chance of cross-contamination. A band at 500-600 bp should be
visible. Carefully excise the band of interest and transfer the gel to a clean 1.5 ml
microcentrifuge tube.

b. Extract the amplified TCR products from the gel using the NucleoSpin Extract I
Gel and PCR Clean Up kit, according to the manufacturer’s instructions. Store
samples at -20 °C.

Note: Perform the extra wash steps described in the protocol and also use
preheated (37 °C) wash buffer NT3. Elute in 20 pl buffer NE.
7. Ligation of VB product into plasmid and sequencing

Amplified TCR transcripts are ligated into the pGEM-T Easy vector. Prepare 15 pl

ligation reactions, using 5 ul of sample, 7.5 ul Rapid ligation buffer, 1 ul pGEM-T Easy

Vector, and 1.5 pl T4 DNA ligase. Incubate overnight (16-24 h) at 4 °C, then transform

into chemically competent E. coli DH5a bacteria using 7.5 ul of the ligation mixture.

Pick 96 single transformed bacterial clones to amplify using M13 primers. Use the

following PCR mix per sample (=per bacterial colony):

2.5 ul AmpliTaq PCR Buffer Il

0.2 ul M13 Forward primer (25 uM)

0.2 ul M13 Reverse primer (25 uM)

0.5l dNTPs (10 mM)

0.125 ul AmpliTag DNA polymerase

3.0ul MgClz (25 mM)

18.475 ul H20

25 pl Total volume

Use the following cycling conditions:

1 cycle: 95 °C 30 sec
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40 cycles: 95 °C 15 sec
57 °C 30 sec
72 °C 90 sec

Hold: 4°C )

Assess the efficiency of amplification on a 1% agarose gel. Sanger sequencing is
performed using the Big Dye Terminator v3.1 Cycle kit and samples are sent to a high

throughput facility to be sequenced by capillary electrophoresis.

Representative data

Example of a TCRB-PCR:

Donor 1 Donor 2 Donor 3 DNA ladder
b 10000 bp
b
f— 3000bp

o

s 1000 bp
S 750 bp

550 bp | ummepe  — — [ m— Sesssss 500 bp

250 bp

Figure 1. A duplicate TCRB-PCR was performed on 3 different donors. A 1 kb Plus
DNA ladder was used. The correct PCR product is £550 bp long. Note the presence of
PCR products other than the desired one, which is a common side effect of SMART cDNA

synthesis.

Notes

1. The success of this protocol depends on high quality mRNA and a “clean” working
environment (DNase/RNase-free and the presence of PCR-grade disposables)
throughout the procedure. Contamination must be minimized by cleaning with
10% bleach solution and/or an RNase-inactivator.

2. Aside from poor mRNA quality/quantity, many factors can cause the PCR to fail.
One of the easier factors to exclude as a cause is the reagents you work with.
Make sure all stocks are clean and prepared correctly, using molecular grade
water to prepare dilutions. Also, do not expose reagents to room temperature for
longer than is necessary.

3. Furthermore, use fresh reagents. Especially SuperScript Il Reverse Transcriptase
is sensitive for losing its activity over time. ldeally, all reagents are less than one

year old. While a sample with high input RNA (for example, 1.0 x 108 cells from a
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T-cell clone) may not suffer from suboptimal reagents, samples with few cells

(500-5,000) are very sensitive to the solutions used.

Recipes

1. 10x Universal Primer mix
Prepare a mix containing 0.4 uM Universal Primer Long and 2.0 uM Universal primer
Short

2. 50mM DTT
Dilute the 100 mM DTT stock (from the SuperScript Il Reverse Transcriptase kit) 1:1

with molecular grade H20
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