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Abstract

The selenocysteine (Sec) tRNAISerISec population consists of two isoforms that differ from each
other by a single 2’-O-methylribosyl moiety at position 34 (Um34). These two isoforms, which are
encoded in a single gene, 7rsp, and modified post-transcriptionally, are involved individually in
the synthesis of two subclasses of selenoproteins, designated housekeeping and stress-related
selenoproteins. Techniques used in obtaining these isoforms for their characterization include
extraction of RNA from mammalian cells and tissues, purifying the tRNAISeISEC population by
one or more procedures and finally resolving the two isoforms from each other. Since some of the
older techniques for isolating tRNAISETISEC and resolving the isoforms are used in only a few
laboratories, these procedures will be discussed briefly and references provided for more detailed
information, while the more recently developed procedures are discussed in detail. In addition, a
novel technique that was developed in sequencing tRNAISETISec for identifying their occurrence in
other organisms is also presented.

"Corresponding author: carlsonb@mail.nih.gov.

13This method can also be used to é)repare a tRNA[Ser]Sec-depleted tRNA population for use in /in vitro translation systems or other
assays req]uiring such a tRNAISErISec_geficient population. It may take 3-4 passes over the column to completely remove
tRNAISErISEC from the total tRNA population depending on the amount of starting material and beads used (e.g., 200 pg total tRNA
and 2 ml of coated beads yields a tRNA population depleted of tRNA[Ser]Sec),
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1 Introduction

Selenocysteine (Sec) tRNASeTISEC has been described as the central component [1], the key
factor [2] and the quintessential constituent in selenoprotein biosynthesis [3]. Indeed, the
targeted removal of the gene encoding this tRNA ( 7rsp) from cells or tissues results in the
total loss of selenoprotein expression [4,5]. Sec tRNAISeTISeC appears to be among the most
essential factors of those that selenoprotein biosynthesis are dependent upon as removal of
Trsp completely eliminates expression of this protein class [4,5], whereas deletion of another
dependent factor, SEC/S-binding protein 2 (Secisbp2), reduces selenoprotein expression
substantially, albeit not to the extent as 7rsp [6].

Selenoproteins are the only known class of proteins that depend on a single tRNA for their
expression. Thus, altering the expression of tRNAISETISEC Jevels results in modulating the
expression of selenoproteins. There are two species of Sec tRNAs that differ from each other
by a single methylated base occurring on the 2”-O-hydroxyribosyl moiety at position 34,
designated Um34 ([7] and see Fig. 1). The hypermodified base at position 34 is 5-
methoxycarbonylmethyluridine and the Um34-methylated form is 5-
methoxycarbonylmethyl-2”-O-methyluridine. These two isoforms have only four modified
bases, mem°U, Af-isopentenyladenosine (i8A), pseudouridine (), and 1-methyladenosine
(m1A) at positions 34, 37, 55 and 58, respectively, and one nucleoside, mcm®Um [7].

The two tRNAISerISec jsoforms are involved in the expression of separate subclasses of
selenoproteins, housekeeping and stress-related selenoproteins [8,9], which provides an
additional handle to control the expression of these two subclasses of proteins and regulating
the expression of the two tRNAISerISeC jsoforms by specific base modifications in the 7rsp
gene transcript [8,10]. This chapter describes the isolation of tRNASeISeC from mammalian
cells and tissues, resolution of the two isoforms, identification and sequencing of
tRNALSerISec g further elucidate the roles of these two unique tRNAs in selenoprotein
synthesis and regulation. Traditional techniques used in isolating tRNASerISec, sych as
isolating total tRNA by diethylaminoethyl (DEAE)-cellulose chromatography [11],
resolving the two tRNALSerISec jsoforms by RPC5 chromatography [12,13], and
aminoacylation of tRNAISeTISeC [14] are described herein, since they are highly significant in
the characterization of the tRNAISeTISec jsoforms. However, the details regarding techniques
such as enriching tRNAISeTISec by benzoylated DEAE (BD)-cellulose chromatography [15—
17], sequencing the isoforms by the [32P]-labeling techniques of Silberklang et al. [18] as
modified [7] and identification of the modified bases and nucleoside by [32P]-labeling [18],
can be found in the given references.

The present chapter emphasizes the more recently developed procedures. One of these
protocols involves the isolation, partial purification and sequencing of tRNAISerISec from
lower eukaryotic cells by a novel procedure [19]. This procedure was previously used to
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determine the primary sequences of tRNASISeC from Chlamydomonas reinhardtii [19,20],
Dictyostelium discoideum and Tetrahymena thermophile [21].

2 Materials

All solutions were prepared with molecular biology grade H,O and all reagents were of the
highest grade commercially available. Routine reagents with no listed supplier should be
purchased from your supplier of choice. Buffers are stored at room temperature unless
otherwise noted. Purchased reagents are stored as recommended by the supplier. Freshly
grown cells or freshly harvested tissues were either frozen immediately by placing into
liquid nitrogen and storing at —80°C until ready for use or by immediately beginning RNA
extraction followed by total tRNA and subsequent tRNALSErISec pyrification. For large scale
tRNA preparations, calf liver was obtained from freshly euthanized animals, and the liver
(~10 kg) maintained on ice until the isolation procedure.

2.1 Extraction and Isolation of Total RNA from Cells and Tissues

1.

2
3.
4

Extraction buffer: 0.14 M sodium acetate, pH 4.5.
H,0O-saturated phenol, pH 4.5.
Chloroform (CHCI53).

DE52 preswollen microgranular DEAE cellulose (GE Healthcare Life Sciences,
Pittsburgh, PA).

Disposable chromatography columns (e.g., 20 ml, 1.5 x 12 cm columns from
Bio-Rad, Hercules, CA).

DE52 column buffer A: 0.1 M Tris, pH 7.4, 0.1 M NaCl.
DE52 column buffer E: 0.1 M Tris, pH 7.4, 1.0 M NaCl.
Pure ethanol (EtOH).

2.2 RPC5 Chromatography

1

Reverse phase chromatography 5 (RPC5) column [13] (see Section 3.3 for
preparation).

RPCS5 starting buffer (+ Mg2*): 10 mM NaOAc, pH 4.5, 0.45 M NaCl, 10 mM
MgOAc,, 1 mM EDTA.

RPCS5 starting buffer (- Mg2*): 10 mM NaOAc, pH 4.5, 0.5 M NaCl, 1 mM
EDTA.

RPCS5 buffer A: 10 mM NaOAc, pH 4.5, 0.525 M NaCl, 10 mM MgOAc,, 1 mM
EDTA.

RPC5 buffer B: 10 mM NaOAc, pH 4.5, 0.675 M NaCl, 10 mM MgOAcy, 1 mM
EDTA.

RPC5 buffer C: 10 MM NaOAc, pH 4.5, 1.5 M NaCl, 10 mM MgOAc,, 1 mM
EDTA.
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RPCS5 buffer D: 10 mM NaOAc, pH 4.5, 0.6 M NaCl, 1 mM EDTA.
RPCS5 buffer E: 10 mM NaOAc, pH 4.5, 0.825 M NaCl, 1 mM EDTA.
0.45 pm HA nitrocellulose filters (Millipore, Billerica, MA).

Column fraction collector.

Ecoscint A scintillation cocktail (National Diagnostics, Atlanta, GA) and
scintillation vials.

2.3 Northern Blotting and Aminoacylation

1

© N o 0o &~ W DN

10.
11.
12.
13.
14.

Isotopes: [3H]serine (specific activity ~20 Ci/mmol; Moravek Biochemicals,
Brea, CA); y-[32P]-ATP (specific activity ~3000 Ci/mmol; Perkin Elmer,
Waltham, MA).

Positively charged nylon blotting membrane.

15% TBE/urea gels (handcast or precast).

Quikhyb hybridization solution (Stratagene, San Diego, CA).
Trizol® reagent (Thermo Fisher Scientific, Waltham, MA).

T4 polynucleotide kinase.

TAM (10x): 0.5 M Tris-HCI, pH 7.4, 0.06 M ATP, 0.2 M MgC1,.

19 unlabeled amino acid mix (minus serine): 10 mM final concentration of each
amino acid.

Purified seryl-tRNA synthetase (MyBioSource, Inc., San Diego, CA)
Trichloroacetic acid (TCA).

Wiash buffer 1: 2X SSC, 0.1% SDS.

Wash buffer 2: 0.1X SSC, 0.1% SDS.

1X TBE buffer: 89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH 7.6.

Betafluor scintillation cocktail (National Diagnostics, Atlanta, GA) and
scintillation vials.

2.4 Extraction and Isolation of [75Se]selenocysteyl-tRNAI[SerISec from Cells

1

[75Se]selenious acid (specific activity ~1000 Ci/mmol) in HNO3 was obtained
from the University of Missouri Research Reactor Center (MURR), Columbia,
MO.

Phosphate buffered saline (PBS): 9 mM NayHPOy, 1.5 mM KH,POy, pH 7.4,
137 mM NaCl, 2.7 mM KCI.

Sodium selenite (Sigma-Aldrich, St. Louis, MO).

Cycloheximide.
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Extraction buffer B: 5 mM NaOAc, pH 4.5, 225 mM NaCl, 5 mM MgOAc,, 1
mM EDTA, 0.2% SDS, 6 mM 2-mercaptoethanol.
H,0O-saturated phenol, pH 4.5.
CHCls.

DE52 column equilibration buffer: 5 mM NaOAc, pH 4.5, 112.5 mM NaCl, 5
mM MgOAc,, 1 mM EDTA.

DES2 elution buffer: 10 mM NaOAc, pH 4.5, 1.5 M NaCl, 10 mM MgOAc,, 1
mM EDTA.

Pure 200 proof EtOH.

2.5 Acid-urea gel electrophoresis

1
2
3
4
5.
6
7
8
9

Molecular biology grade urea.

1 M NaOAc, pH 4.5.

40% acrylamide stock solution: acrylamide:bis-acrylamide (29:1).
Ammonium persulfate: 10% solution in molecular biology grade H-O.
Tetramethylethylenediamine (TEMED).

Acid gel running buffer: 200 mM NaOAc, pH 4.5.

2X acid-urea sample buffer: 8 M Urea, 100 mM NaOAc, pH 4.5.
Xylene cyanol and bromophenol blue dyes.

Gel fixative solution: 25% ethanol, 10% acetic acid.

2.6 Affinity Purification of tRNA[SerISec

1
2.

2.7 tRNA Sequencing
1

Purified total tRNA.

Streptavidin-conjugated magnetic M-280 Dynabeads (Thermo Fisher Scientific,
Waltham, MA).

Buffer A: 10 mM Tris-HCI, pH 7.5, 2 M NaCl, 2 mM EDTA.

6X Saline Sodium Citrate (SSC) buffer: 90 mM sodium citrate, pH 7.0, 0.9 M
NacCl.

RQ1 RNase-Free DNase (Promega, Madison, WI).

Escherichia coli (E. coli) poly(A) polymerase (New England Biolabs, Ipswich,
MA).

RNase A (10 pg/ul) and RNase H (2 U/ul).
T4 polynucleotide kinase (New England Biolabs, Ipswich, MA).
Adenosine 5’-triphosphate (ATP) disodium salt hydrate.
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5. Terminal Deoxynucleotidyl Transferase (TdT) and ddATP (Thermo Fisher
Scientific, Waltham, MA).

T4 RNA ligase (New England Biolabs, Ipswich, MA).
DH5a competent £. coli cells (Thermo Fisher Scientific, Waltham, MA).
Luria broth (LB) and LB agar plates.

© ®© N o

Taq DNA polymerase.
10. pCR2.1-TOPO vector (Thermo Fisher Scientific, Waltham, MA).

11.  QIAprep Spin Miniprep Kit and QIAquick spin columns (Qiagen, Valencia, CA).

3 Methods

Carry out all procedures at room temperature unless otherwise specified.

3.1 Extraction of Total RNA from Cells and Tissues

1 Combine equal parts of HyO-saturated phenol and RNA extraction buffer in a 50
ml polypropylene tube. Typically, ~20 ml of extraction buffer mix is used per
gram of frozen tissue or cells (see Notel).

2. To frozen cells or tissues, add extraction buffer mix and immediately
homogenize for 3-4 min using an Omni Macro Homogenizer with a 50 mL
stainless steel chamber for tissues weighing less than 2 g (see Notez).

3. Centrifuge homogenized sample at 4,000 x g for 10 min.
4, Transfer the upper aqueous layer to a clean polypropylene tube.

5. Extract upper layer with an equal volume of CHCI3. Vortex vigorously for 1-2
min.

6. Centrifuge at 4,000 x g for 10 min.
7. Take top layer and transfer to clean polypropylene tube and load sample onto a

prepared DE52 column (see Section 3.2).

3.2 Isolation of Total tRNA from Cells and Tissues

1 DES2 is prepared by adding DE52 to a glass beaker or flask. Gently add 4-5
volumes of molecular biology grade H»O, let DE52 settle, pour off H,O, and
repeat wash 5-6 times to remove fine particles (see Note3).

2. Gently pipette DE52 into empty chromatography column (see Note4).

3. Equilibrate column with several column volumes of column buffer A.

Iprocedure can be scaled up for isolating RNA from large amounts of tissues or cells and will require larger amounts of materials and
equipment.

It is very important to keep the tissues/cells frozen during RNA extraction by adding the phenol/buffer mix directly onto the frozen
sample and begin homogenizing IMMEDIATELY.
3DE52 can be stored in molecular biology grade H20 at 4°C with a few drops of CHCI3.

Typically, use 2 ml of bed volume for 1 g of tissue/cells used.
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4, Add the supernatant obtained following CHCI3 extraction to the column.

o

Wash ~5-6 times with 25 ml of buffer A or until absorbance (Aygo) of eluate is
virtually undetectable.

Elute tRNA from column with ~12-15 ml of column buffer E.
Add MgCl, to the eluate to a final concentration of 10 mM.

Precipitate tRNA with 3 volumes of EtOH. Leave at -20°C for at least 3 hours.

© o N o

Collect precipitated tRNA on Millipore 0.45 pm HA filter. Alternatively,
precipitate in 3 volumes of EtOH and collect precipitant by centrifugation at
20,000 x g for 30 min at 4°C.

10.  Wash collected tRNA 2-3 times with 75% EtOH.
11.  Gently dry, but do not over-dry the filter or pellet.

12.  Elute tRNA from filter with molecular biology grade H,O by placing filter in
microcentrifuge tube, adding 250 pl of H,O, vortexing and centrifuging.

13.  Transfer eluted tRNA to a clean tube. Repeat elution with another 250 pl of H,0.
(Typically use a final volume of 500 pl for tRNA from 1 g of tissue or cells).

14.  Deacylate purified Sec-tRNAISerISec jn 1.0 M Tris, pH 8.0, at 37°C for 1 h.
Deacylated tRNA[SeTISEC js precipitated with 3 volumes of EtOH, collected by
centrifugation at 20,000 x g for 30 min, washed with 75% EtOH, dried and
dissolved in nuclease-free H,O (see Note®).

3.3 Purification of tRNA[SerlSec |soforms by RPC5 Column Chromatography and Northern
Blot Analysis

RPCS5 columns can be prepared using the technique outlined by Kelmers and Heatherly [13].
Briefly, 100 g of polychlorotrifluoroethylene (Plaskon CTFE) powder is coated in 4 ml of
Adogen 464 (methyltrialkyl (Cg-C1g) ammonium chloride; Sigma-Aldrich, St. Louis, MO)
that has been dissolved in 200 ml of chloroform. The solution is blended in a fume hood and
ground vigorously with a mortar and pestle to break down the Plaskon powder to ~10 p size
particles and until the chloroform is evaporated. The coated Plaskon powder is then
suspended in RPCS5 starting buffer (+ Mg?*) and used to pack a 30 cm x 1.5 cm glass
chromatographic column (see Noteﬁ).

1 Total tRNA (5-8 mg maximum) following the DE52 column is dissolved in
RPCS5 starting buffer (+ Mg2*) and loaded onto an RPC5 column that has been
equilibrated in RPC5 starting buffer (+ Mg2*) (see Note').

STransfer RNA can be stored at -20°C, but should be stored at -80°C, if storing for an extended period of time. Never store tRNA
samples in liquid nitrogen as the extremely low temperature will shear off the CCA 3’-terminus.

6rPCS chromatography [13] is the only procedure described thus far for separating the two Sec tRNA isoforms. This procedure is
currently actively being used in the laboratory of Dr. Byeong J. Lee. Dr. Lee can be contacted regarding any needs for RPC5
chromatography.

The amount of starting material will depend upon the investigator’s gbjective. For example, if the objective is to a) resolve small
amounts of labeled tRNALSEISEC jsoforms, ap&l{y >100,000 cpm of [3H]seryl-tRNA; b) resolve double-labeled samples, apply
~250,000 cpm and ~25,000 cpm of [3H]- and [*C]seryl-tRNA, respectively; and c) resolve larger amounts of unlabeled
tRNALSerISec aqd up to 5-8 mg of sample.
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2. A 160 ml linear gradient (80 ml of RPC5 buffer A as the starting buffer and 80
ml of RPC5 buffer B as the terminal buffer) is run at a flow rate of 2 ml/min and
2 ml fractions collected in a fraction collector.

3. Wash column with 60 ml RPC5 buffer C and collect eluted fractions (see Note8).

4, The absorbance at Agg in the eluted fractions is measured and tRNAISerISec js
detected by dot blot hybridization.

5. Perform dot blot analysis by spotting 5 ul of each column fraction on a Hybond-
N+ membrane followed by UV cross-linking of membrane.

6. Hybridize membrane using Quikhyb or similar hybridization solution for 4 h at
58°C in a rotating hybridization oven with a [32P]-end labeled oligo probe
complementary to the 3’-end of tRNASerISec (57
CGCCCGAAAGGTGGAATTGA-3") prepared using T4 polynucleotide kinase
and [y-32P]-ATP according to manufacturer’s instructions.

7. Following hybridization, wash membrane 3 times with 2X SSC, 0.1% SDS, wash
twice with 0.1X SSC, 0.1% SDS, expose to a Phosphorlmager screen and
guantitate spots using ImageQuant (GE Healthcare Life Sciences, Pittsburgh,
PA\) or similar software.

8. The two eluting peaks represent mem®U- (initial eluting peak) and mcm®Um-
(later eluting peak) containing isoforms of tRNASerISec, pool column fractions
containing mem®U or mem°Um-containing isoforms, precipitate the tRNA with
3 volumes of EtOH.

9. Collect the pooled samples either on Millipore 0.45 pm HA nitrocellulose filters
or by centrifugation at 20,000 x g for 30 min at 4°C.

10.  Dissolve tRNA samples containing either mcm®U or mem°Um isoforms (or both
if purified isoform is not needed) in RPCS5 starting buffer (- Mg2*) and
individually load onto the RPC5 column. A 160 ml linear gradient (80 ml of
RPC5 buffer D as the initial buffer and 80 ml of RPC5 buffer E) is run at a flow
rate of 2 ml/min and 2 ml fractions collected, as described above.

11.  The absorbance at Aygg in the eluted fractions is measured and plotted, and
tRNAILSerISec js detected by dot blot hybridization as above.

12.  Samples are pooled and collected as given above in steps 8 and 9 (see Note9).

13.  tRNAISeISec jsoforms can be further purified by running on a 15% TBE/urea gel
in 1X TBE buffer according to standard techniques (see Notelo) or by binding to

8ltis extremely important to regenerate the RPC5 column with 1.5 M NaCl in the wash buffer to remove any remaining tRNA[Ser]Sec
from the column. Washes at concentrations of 1.0 M NaCl [13] will leave residual, late eluting tRNA[Se"]SeC, which may affect
ensuing runs; especially when carrying out multiple runs, wherein the first run was carried out with labeled material and the following
run also involved material labeled with the same isotope yleldln%an eluted, contamlnated product with false results.

It is recommended to precipitate the more highly purified mcm2U- and mcm SUm- containing samples in 10 mM MgCl2 with 3
volumes of EtOH and collect by high speed centrifugation as substantial losses of highly purified samples can occur by collection on
filters.
10Although gel electrophoresis was employed numerous times attempting to separate the two isoforms without success, this procedure
would still seem to be a fruitful area to explore as a potential technique to achieve their separation.
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immobilized oligonucleotides complementary to tRNALSErISec (see Section 3.8),
if more highly purified tRNA[SeISeC js needed for further examination (e.g.,
modified base analysis).

3.4 Aminoacylation of tRNA

1

Add in the following order to a final volume of 25 pl: 10X TAM (2.5 ul); H,0
(to 25l final volume); 19 unlabeled amino acid mix (2.5 pl); [3H]serine (2.5 pl);
tRNA (0-5 pl); purified SARS (2.0 pl or ~0.5 pg).

tRNA is typically added in 0, 0.5, 1, 2, 3 and 5 pul volumes to generate a curve
and determine linearity (see Notell).

Incubate at 37°C for 15 min.

Stop reaction by adding 0.5 mL of cold H,O and immediately precipitate tRNA
with ~5 ml of 10% TCA.

Collect each reaction on a Millipore 0.45 um HA nitrocellulose filter.

Dry filter, place in liquid scintillation vial, add scintillation cocktail and count in
liquid scintillation counter.

3.5 Quantification of tRNAISerISec from Cells or Tissues using Total RNA

1

Isolate total RNA from tissue or cells using Trizol® according to manufacturer’s
instructions.

Load total RNA (1-2 ug) on 15% TBE/urea gels and electrophorese in 1X TBE
buffer according to manufacturer’s instructions.

Stain gel with ethidium bromide in 1X TBE buffer, photograph, and transfer to
Hybond-N+ membrane in 0.5X TBE buffer at 25V for 60 min.

UV-crosslink the membrane.

Hybridize membrane using Quikhyb solution for 3-4 hours at 58°C in rotating
hybridization oven using a [32P]-end labeled oligo probe complementary to the
3’-end of tRNAISeTISeC (5" . CGCCCGAAAGGTGGAATTGA-3") prepared using
T4 polynucleotide kinase and [y-32P]-ATP according to manufacturer’s
instructions.

Following hybridization, wash membrane 3 times with wash buffer 1, wash twice
with wash buffer 2. Wrap membrane and expose to Phosphorimager. After
exposure, strip membrane by gentle rocking with ~100 ml wash buffer 2 that has
been heated to 95-100°C until radioactivity is no longer detected on the
membrane (~5-10 min).

Remove the blot from the solution, shake off excess liquid and wrap the
membrane with plastic wrap or reuse immediately. Do not let the membrane dry.

The aminoacylation reaction can be scaled up using total tRNA at limiting conditions to produce large amounts of [3H]seryl-
tRNAISerISec for analysis by RPC5 chromatography.

Methods Mol Biol. Author manuscript; available in PMC 2018 March 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Carlson et al.

8.

9.

Page 10

Re-hybridize stripped membrane with [32P]5’-end labeled tRNASe'L (5°-
CGTAGTCGGCAGGATTCGAA-3") oligo probe as a loading control.

Expose to a Phosphorlmager and quantitate spots using ImageQuant (GE
Healthcare Life Sciences, Pittsburgh, PA) or similar software.

3.6 Isolation of [7°Se]-Labeled Selenocysteyl-tRNASerlSec

1

2.

A W

~

©

10.
11

12.

13.

14.

15.

16.

Grow several flasks of HL-60 cells (~5 g wet weight) in RPMI-1640 media in
log phase and in the presence of 300 nM sodium selenite (see Notelz).

Collect cells by centrifugation at 300 x g for 5 min at 4°C, wash with PBS and
re-suspend in 75 ml of RPMI-1640 media containing 1% fetal bovine serum
without sodium selenite.

Add 5 mCi of neutralized 7°Se and gently shake the cells for 3 h at 37°C.

Add cycloheximide (100 pM final concentration) and incubate cells for an
additional 45 min.

Collect cells by centrifugation at 300 x g for 5 min at 4°C, wash with ice cold
PBS, and store at -80°C until ready to use.

To frozen cell pellet, add H,O-saturated phenol and extraction buffer B and
immediately vortex vigorously for 3-4 min.

Centrifuge homogenized sample at 4,000 x g for 10 min.
Transfer the upper aqueous layer to a clean polypropylene tube.

Extract upper layer with an equal volume of CHCI3. Vortex vigorously for 1-2
min.

Centrifuge at 4,000 x g for 10 min.

Take top layer and transfer to clean polypropylene tube and load sample onto a
prepared DE52 column (see Section 3.2) equilibrated with several column
volumes of DE52 column equilibration buffer.

Add the supernatant obtained following CHCI3 extraction to the column.

Wash 5-6 times with 25 ml of DE52 column equilibration buffer or until
absorbance (Aygg) of eluate is virtually undetectable.

Elute tRNA from column with ~12-15 ml of DE52 elution buffer.

Dilute eluate to a final concentration of 0.45 M NaCl with ice-cold H,O
containing 0.02 M 2-mercaptoethanol, and load onto an RPC5 column that has
been equilibrated with RPCS starting buffer (+ Mg2*).

Purification of [/°Se]-labeled Sec-tRNAI[SerISec by RPC5 chromatography is
carried out using a 160 ml linear gradient (80 ml of RPC5 buffer A as the starting

12HL-60 cells contain a relatively high level of tRNA[Ser]Sec compared to the total seryl-tRNA population [26], whereas other
mammalian cell types contain relatively smaller amounts, but many other cell types and media may be used and can be adapted to this

procedure.
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buffer and 80 ml of RPC5 buffer B as the terminal buffer), run at a flow rate of 2
ml/min and 2 ml fractions collected.

Wash column with 60 ml RPC5 buffer C and collect eluted fractions.

Analyze all fractions for 7>Se-containing tRNA using a gamma counter (see Fig.
1C for a representative RPC5 profile).

Pool the mem®U and mem®Um-containing isoforms, precipitate with 2.5
volumes of EtOH, store at -20°C for 2-3 h and collect the resulting precipitate by
centrifugation at 20,000 x g for 30 min at 4°C.

Wash pellet in 75% EtOH, gently dry and dissolve in ~100 pl of H,O. Measure
Aygo and cpm/pl and store the [°Se]selenocysteyl-tRNALSerISec at -80°C after
gently blowing nitrogen gas over the sample before sealing the tube.

3.7 Analysis of [75Se]-Labeled Selenocysteyl-tRNA[SeTISeC by Acid-Urea Gel

Electrophoresis

The following method is adapted from [22].

1

Prepare 7% acid-urea gel mix by dissolving 48 g of urea into a solution
containing 35 ml of H,0O, 10 ml of 1 M NaOAc, pH 4.5 and 17.5 ml of a 40%
acrylamide stock solution. Protected from light, this solution is stable for ~2
weeks.

Polymerize gel by adding 1/10 volume of 10% ammonium persulfate and 1/100
volume of TEMED. Pour 7.5 x 10 cm mini-gel with 0.75 mm or 0.5 mm comb
and spacers. Allow polymerization to occur for at least 1 h.

Set up the gel with acid gel running buffer at 4°C. Rinse wells thoroughly with
running buffer using a 10 ml syringe and 21-gauge needle. Pre-run the gel at 12
V/cm (~100 V) for at least 30 minutes.

Concentrate purified [7>Se]selenocysteyl-tRNASeTISeC tg at least 500 cpm per
microliter and add 2 pl of tRNA to 2 pl of 2X acid-urea sample buffer and 0.05%
(w/v) each of xylene cyanol and bromophenol blue dyes).

After the pre-run, thoroughly rinse the wells again and load the entire 8 pl
sample. Run gel at 100 V constant voltage for about 1 hour until the
bromophenol blue reaches the bottom of the gel.

Disassemble the rig and transfer the gel to gel fixative solution and incubate with
gentle rocking for 30 min.

Dry the gel and expose to a Phosphorlmager screen overnight. The
[75Se]selenocysteyl-tRNALSerISec il appear as a single band migrating
approximately two-thirds of the way down the gel, migrating slightly slower than
a control [4C]phenylalanyl-tRNAP"e [23].

3.8 Isolation of tRNAISerISec from Cells and Tissues by Affinity Capture

The following method is adapted from [24].
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Total tRNA is purified from tissues or cells as described in Sections 3.1 and 3.2.

Immobilize 3’-biotinylated DNA oligonucleotide (5°-
CGCCCGAAAGGTGGAATTGAACCACTCTGTCGCTA-biotin-3")
corresponding to the 3’-end of tRNA[SerISec on streptavidin-conjugated magnetic
M-280 Dynabeads as detailed below.

For nucleic acid purification, beads must be made RNase-free according to the
manufacturer’s instructions.

Wash desired amount of beads with an equal volume of buffer A using a magnet
to pellet the beads.

Suspend beads in buffer A to a final concentration of 5 pg/ul.

Add 2 uM 3’-biotinylated oligonucleotide in H,O to an equal volume of
Dynabeads in buffer A and incubate at room temperature for 30 min with gentle
mixing.

Wash the oligonucleotide-coated Dynabeads 4-5 times using a magnet in 0.5X
buffer A.

Equilibrate in 6X Saline Sodium Citrate (SSC) buffer.

Incubate the oligonucleotide-coated Dynabeads and total tRNA suspended in 6X
SSC (binding capacity using single-stranded biotinylated oligonucleotides is
~200 pmol/mg of Dynabeads) for 5 min at 75°C.

Pool oligonucleotide-coated Dynabeads and tRNA and incubate for 5 min at
75°C.

Bind tRNA by incubating at room temperature for 1-2 h with gentle mixing (see
Note 13).

Wash the beads 3 times with 3X SSC, twice with 1X SSC, and 3-4 times with
0.1X SSC or until the absorbance (Aygg) of the wash buffer is undetectable.

Elute tRNA from beads with 0.1X SSC at 65°C for 5 min. Perform elution 3
times in succession and pool eluate.

Treat eluate with RNase-Free DNase to remove any bound oligonucleotide.

Concentrate eluted tRNA by adding MgCl, (10 mM final concentration) and
precipitate with 3 volumes of EtOH.

Centrifuge at 20,000 x g for 15 min at 4°C, wash with 75% EtOH and centrifuge
at 14,000 x g for 10 min at 4°C. Dry pellet and dissolve in molecular biology
grade H,0 or buffer of choice needed for further analysis of tRNA[SerISec sych
as modified base analysis by mass spectrophotometry.

3.9 Identification and Sequencing of tRNA[SeTISec from Any Organism

This method can be used to identify and sequence tRNALSErISeC from organisms whose
tRNAISerISec has not been characterized [19-21] and can also be used to verify mutations in
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tRNAISerISec such as those that have been shown to occur in human tRNA[SerISec [25]. See
Figure 2 for a schematic illustration of this procedure.

1.

10.

11.

12.

To isolate tRNAISerISec for sequencing from organisms whose tRNAISETISEC has
not been characterized, grow ~5 g of cells and isolate total tRNA as described in
Sections 3.1 and 3.2.

Label ~0.5 g cells with 0.5 mCi of 7>Se, isolate tRNA as described in Section 3.6
and combine 7>Se-labeled tRNA with the unlabeled tRNA obtained from Step 1.

Chromatograph the pooled tRNAs by RPC5 column chromatography, and collect
[75Se]selenocysteyl-tRNALSerISec_containing fractions as described in Section
3.6.

Polyadenylate the 3’-end of the partially purified tRNASeTISEC ysing £. coli
poly(A) polymerase according to manufacturer’s instructions.

Denature the polyadenylated tRNAs at 65°C for 10 min along with primer 5’-
TTGAATTCGCATTGAGCACCTGCTTTTTTTTTTTTTTTTTTGG-3" (100
nM final concentration) and a mixture of dNTPs (0.5 mM final concentration/
each), cool on ice, briefly centrifuge, and then transcribe with reverse
transcriptase according to the manufacturer’s protocol.

Add RNase A (50 pg/ml final concentration) and RNase H (1 U/nmol tRNA) and
incubate at 37°C for 20 min to remove any remaining tRNA.

Purify cDNA on QIAquick spin columns to separate fragments greater than 100
bp in length from the other components in the reaction mix.

Phosphorylate the anchor oligonucleotide, 3'-
CCGTTAATTGGGAGTGATTTCT-5, on its 5”-end using T4 polynucleotide
kinase and ATP, and then block its 3"-end by incubating with ddATP and
terminal deoxynucleotidyl transferase according to the manufacturer’s protocols
(see Notel4).

Ligate the phosphorylated, blocked anchor-oligonucleotide, 3’-
ddACCGTTAATTGGGAGTGATTTCTp-5, to the 3’-terminus of cDNA using
T4 RNA ligase according to the manufacturer’s instructions.

Purify the resulting cDNA-anchor-oligonucleotide product by loading on a
QIAquick spin column to remove protein and unreacted primers.

Amplify the purified cDNA-anchor-oligonucleotide by PCR using Tag DNA
polymerase according to manufacturer’s instructions with the forward primer 5’-
TTGAATTCGCATTGAGCACCTGC-3’ and reverse primer 5’-
GGCAATTAACC CTCACTAAAG-3" under the following conditions: 4 min at
94°C; 5 cycles of 94°C for 30 sec, 40°C for 1 min, 55°C for 1 min; 30 cycles of
94°C for 30 sec, 50°C for 1 min, 70°C for 1 min; 10 min at 72°C.

Purify the PCR products (100-200 bp) on 1% agarose gels.

1470 achieve the complete sequence of tRNA, the 3”-end of the cDNA is extended by ligation using an anchor-oligonucleotide primer.
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13.  Clone PCR products into the pCR2.1-TOPO vector using the TOPO TA cloning
kit according to the manufacturer’s instructions.

14.  Transform competent DH5a E. coli cells with the construct by standard
techniques and plate onto LB agar.

15.  Isolate individual colonies and purify plasmids from each colony using a plasmid
miniprep kit according to the manufacturer’s instructions.

16.  Sequence the plasmid DNA constructs encoding the cloned tRNAs from both
ends using M13 forward (5"-GTAAAACGACGGCCAG-3") and reverse (5 -
CAGGAAACAGCTATGAC-3") primers by standard techniques.
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Fig 1.

Selenocysteine tRNALSETISec (g) The primary structure of human tRNAISErISec js shown in a
cloverleaf model. Mammalian tRNAISerISec js 90 hases in length. The acceptor stem
constitutes the paired 5” and 3’ terminal bases, the D stem and loop constitute the six paired
and four unpaired bases of the left portion of the tRNA, the anticodon stem and loop, the six
paired and seven unpaired bases of the lower portion of the tRNA, the variable stem and
loop, the five paired and 4 unpaired bases, and the Ty C stem and loop, the four paired and
seven unpaired bases of the right portion of the tRNA. Mammalian tRNAISETISEC contains
modifications at positions 34 (mecm®U or mcm®Um), 37 (i%A), 55 () and 58 (m!A). (b) The
two tRNAISerISec jsoforms (containing either mcm3U or memSUm at position 34) differ
from each other by a single methyl group on the 2’- G-ribosyl moiety. (¢) Representative
fractionation of [7°Se]selenocysteyl-tRNALSeISec jsoforms by RPC5 chromatography.
[7°Se]selenocysteyl-tRNALSerISec \was extracted from HL-60 cells and run on an RPC5
column as described in Section 3.6. The initial eluting peak from the column is the mecm®U-
containing isoform and the later eluting peak is the mcm®Um-containing isoform. The
isoforms are pooled as shown by the hatched areas and collected as described in Section 3.6
for further study.
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Partially purified tRNA[SeriSec
5'-GCCINN - CCA-3
ATP
| Poly (A) polymerase

5-GCC I CCA-A -3
3-CCGTTAATTGGGAGTGATTTCT-5'

s 5-TTGAATTCGCATTGAGCACCTGCTTTTTTTITTTTTTTTTTTGG-3'
T4 PNK |5'-5hosphorylati Reverse transcription ) ]
ATP -phosphorylation + AdNTP mix, reverse transcriptase

3-CCGTTAATTGGGAGTGATTTCTp-5' 3-CGGN GGT-TTTTTTTTTTTTTTTTCGTCCACGAGTTACGCTTAAGTT-5'

Deoxynucleotidyl transfrase | .,, .. . cDNA
ddATP 3'-dideoxyadenylation

ddACCGTTAATTGGGAGTGATTTCTpl

Polyadenylation
A

Anchor ligation
T4 RNA ligase

3-ddACCGTTAATTGGGAGTGATTTCTp-CGG N GG T-TTTTTTTTTTTTTTTTCGTCCACGAGTTACGCTTAAGTT-5'
cDNA

5-GGCAATTAACCCTCACTAAAG —* l

3-ddACCGTTAATTGGGAGTGATTTCTp-CGG I GGT-TTTTTTTTTTTTTTTTCGTCCACGAGTTACGCTTAAGTT-5'
cDNA

+——CGTCCACGAGTTACGCTTAAGTT-5
dNTP mix

PCR amplification
Taq DNA polymerase

Clone purified PCR product into pCR2.1-TOPO vector
and sequence constructs isolated from individual
colonies using M13 forward and reverse primers

Fig 2.
Schematic diagram demonstrating the procedure for sequencing uncharacterized
tRNALSerISec from any organism as described in the text.
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