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SUMMARY

Here, we present a protocol for an efficient single step purification of the active untagged
human ten-eleven translocation-2 (TET2) 5-methylcytosine dioxygenase using ion-exchange
chromatography and its assay using a liquid chromatography-tandem mass spectrometry (LC-
MS/MS)-based approach.

ABSTRACT

The epigenetic transcription regulation mediated by 5-methylcytosine (5mC) has played a
critical role in eukaryotic development. Demethylation of these epigenetic marks is
accomplished by sequential oxidation by ten-eleven translocation dioxygenases (TET1-3),
followed by the thymine-DNA glycosylase-dependent base excision repair. Inactivation of the
TET2 gene due to genetic mutations or by other epigenetic mechanisms is associated with a
poor prognosis in patients with diverse cancers, especially hematopoietic malignancies. Here,
we describe an efficient single step purification of enzymatically active untagged human TET2
dioxygenase using cation exchange chromatography. We further provide a liquid
chromatography-tandem mass spectrometry (LC-MS/MS) approach that can separate and
guantify the four normal DNA bases (A, T, G, and C), as well as the four modified cytosine bases
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(5-methyl, 5-hydroxymethyl, 5-formyl, and 5-carboxyl). This assay can be used to evaluate the
activity of wild type and mutant TET2 dioxygenases.

INTRODUCTION

The C5 position of cytosine bases within CpG dinucleotides is the predominant methylation site
(5mCpG) in mammalian genomes®. In addition, a number of recent studies have uncovered
extensive C5 cytosine methylation (5mC) in non-CpG sites (5mCpH, where H=A, T, or C)%3. 5mC
modification serves as a transcriptional silencer at endogenous retrotransposons and gene
promoters3>. DNA methylation at 5mC also plays important roles in X chromosome
inactivation, gene imprinting, nuclear reprogramming and tissue-specific gene expression®~.
Methylation of cytosine at the C5 position is carried out by DNA methyltransferases, and
mutations in these enzymes cause significant developmental defects®. The removal of 5mC
marks are initiated by TET1-3 5mC oxidases® 1°. These TET-family dioxygenases convert 5mC
into 5-hydroxymethylcytosine (5hmC), 5-formylcytosine (5fC) and 5-carboxylcytosine (5caC) by
sequential oxidation steps! 3. Finally, thymine-DNA glycosylase replaces 5fC or 5caC to
unmodified cytosine using the base excision repair pathway?!?.

The human TET2 gene was identified as a frequently mutated gene in diverse hematopoietic
malignancies including myelodysplastic syndromes (MDS)'#¢, MDS-myeloproliferative
neoplasms (MDS-MPN), and acute myeloid leukemia (AML) originating from MDS and MDS-
MPN*, The levels of 5hmC modification in the bone marrow DNA are lower in patients with
TET2 mutations compared to those with wild type (wt)-TET24. A number of groups have
developed TET2-knockout mouse models to elucidate its role in normal hematopoiesis and
myeloid transformation'’-2%, These mice with mutations in the TET2 gene were initially normal
and viable, but manifested diverse hematopoietic malignancies as they aged causing their early
death. These studies showed the important roles played by the wt-TET2 in normal
hematopoietic differentiation. In these mouse models, the heterozygous hematopoietic stem
cells (TET2*~ HSCs) and homozygous TET27/~HSCs had a competitive advantage over
homozygous wt-TET2 HSCs in repopulating hematopoietic lineages as both TET2*/~ and TET27/~
HSCs developed diverse hematopoietic malignancies!’'8, These studies demonstrate that
haploinsufficiency of TET2 dioxygenase alters the development of HSCs and results in
hematopoietic malignancies.

Similar to mice with mutations in the TET2 gene, most leukemia patients manifest
haploinsufficiency of TET2 dioxygenase activity. These mostly heterozygous somatic mutations
include frame-shift and nonsense mutations dispersed throughout the TET2 gene body while
missense mutations that are most clustered in the dioxygenase domain®2. To date, little
characterization of wt- and mutant-TET2 is reported in the literature mainly due to difficulties
with the production of TET2 dioxygenase and its assay?l. Here, we report a simple single-step
purification of native TET2 dioxygenase using ion exchange chromatography. Further, a
quantitative LC-MS/MS assay was optimized and used to measure the enzymatic activity of
native TET2 dioxygenase.

PROTOCOL
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1. Cloning and Purification of Untagged Human TET2 Dioxygenase

1.1. Clone human TET2 dioxygenase (TET2 1129-1936, A1481-1843) into the pDEST14
destination vector using the site-specific recombination technique as previously described??.

Note: Previous studies have demonstrated that the C-terminal TET2 dioxygenase (TET2 1129-
1936, A1481-1843) domain is the minimal catalytically active domain?'23. In order to express
the untagged TET2 dioxygenase domain using the pDONR221 vector, Shine Dalgarno and Kozak
sequences were incorporated in the forward primer during PCR (Table 1).

1.2.  For bacterial transformation, add 1 pL of recombinant pDEST14 expression vector
containing untagged human TET2 dioxygenase (TET2 1129-1936, A1481-1843) to 100 pL of
chemically competent E. coli BL21 (DE3) cells in a 1.7 mL tube. Keep the mixture on ice for at
least 15 minutes followed by heat shock at 42 °C for 30 s in a water bath.

1.2.1. Immediately after heat shock, keep the cells back on ice for minimum of 2 min.
Following this, add 250 pL of super optimal broth with catabolite repression (S.0.C media) to
cells. Incubate the bacterial cells for 1 h at 37 °Cin a shaker.

1.2.2. After incubation, spin down the cells by centrifuging the tube at 9,000 x g for 1 min.
Discard 70% supernatant by pipetting and dissolve the pellet in left over media.

1.2.3. Spread the cell suspension on a Luria broth (LB) agar plate containing 100 pg/mL
ampicillin. Incubate the plate for 16 h at 37 °C.

1.3. Select one isolated colony and inoculate it into 100 mL of LB-ampicillin media as a
primary culture. Incubate the flask at 37 °C in a shaker for overnight. The next day, use 6 mL
each of primary culture to inoculate 15 flasks, each containing 600 mL of LB-ampicillin media.
Incubate the flasks at 37 °C on a shaker at 180 rpm.

Note: For verifying transformed clones, perform DNA sequencing or restriction digestion with
the isolated plasmid DNA.

1.4. To check the density of bacterial culture, measure its ODgsgo Using a spectrophotometer.
After the culture reaches a density of 0.8 at ODsgo, induce the expression of TET2 protein with
300 pL of 1 M (final concentration of 0.5 mM in 600 mL) IPTG in each flask and further grow the
culture for 16 h at 17 °C.

1.5.  After 16 h, transfer the bacterial culture to centrifuge bottles. Centrifuge the bacterial
culture expressing the TET2 enzyme at 5,250 x g for 45 min. Use the bacterial pellet for TET2

purification.

Note: Perform all remaining protein purification steps either on the ice or at 4 °C.
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1.6. Resuspend the bacterial pellet in 100 mL of 50 mM MES (2-(N-morpholino) ethane
sulfonic acid) buffer, pH 6 and sonicate for 5 x 30 s at power 20 with 60 s cooling intervals.

1.7.  After 10 min of stirring, spin the lysate at 5,250 x g for 45 min. Collect the supernatant
containing the soluble TET2 enzyme and pass through 0.45-um filters before loading on an FPLC
system.

Note: In these experiments, the TET2 enzyme was very stable, but if needed a protease
inhibitor cocktail containing 1 mM benzamidine-HCI, 1 mM phenylmethylsulphonyl fluoride
(PMSF), and 0.5 mM 1,10-o0-phenanthroline can be added to the cell lysate to prevent
degradation of TET2 enzyme. Avoid using EDTA or EGTA in the inhibitor cocktail as these may
interfere with the following cation-exchange chromatography.

1.8.  Pack 10 mL of a strong cation exchange resin into a FPLC column. Equilibrate the column
with 10 bed volumes of wash buffer (50 mM MES buffer, pH 6) at the constant flow rate of 0.3
mL/min using a FPLC system.

1.9. Load the clarified lysate onto the pre-equilibrated column and wash with ~10 bed
volumes of wash buffer until the flow through becomes clear.

1.10. Elute TET2 using a 0-100% gradient from the wash buffer to the elution buffer (50 mM
MES buffer, pH 6, 1 M NaCl) in 15 bed volumes followed by holding at 100% elution buffer for

two-bed volumes.

Note: Collect samples (100 pL each) of cell lysate before and after column loading along with all
the elution fractions and analyze on 10% resolving SDS-PAGE.

1.11. Pool the fractions containing TET2 protein, freeze dry, dissolve enzyme pallet in 10 mL
water and store at —80 °C.

2. 5mC Oxidation by TET2 Dioxygenase

2.1.  Perform all demethylation reactions in triplicate with 3 ug of substrate (25-mer double
stranded DNA, Table 2).

2.1.1. Add 100 pg of purified TET2 enzyme in 50 pL of total reaction buffer containing 50 mM
HEPES (pH 8.0), 200 uM FeS0O4, 2 mM 20G (2-oxoglutarate/a-ketoglutarate), and 2 mM
ascorbate and incubate at 37 °C for 1 h2%,

2.1.2. Quench TET2 catalyzed oxidation reactions with 5 pL of 500 mM EDTA.

2.2.  After quenching TET2 reactions, prepare samples for LC-MS/MS analysis by separating
the DNA from TET2 reaction mixture using oligo purification columns.
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2.2.1. Add 100 pL of oligo binding buffer to 55 pL of quenched reaction.

2.2.2. Following this, add 400 pL of 100% ethanol to the mixture. Pass this mixture through an
oligo binding column.

2.2.3. Wash bound DNA with 750 uL wash buffer and elute in 20 L water.

2.3. Digest the isolated DNA with 2 units of DNase | and 60 units of S1 nuclease at 37 °C for
12 h to produce individual nucleoside-monophosphates.

2.4. Following digestion, add 2 units of calf intestinal alkaline phosphatase (CIAP) in the
samples and incubate for addition 12 h at 37 °C to remove the terminal phosphate groups from
nucleoside-monophosphates to obtain nucleosides.

2.5. Quantify all nucleosides, especially modified cytosines, using the LC-MS/MS method
described below.

3. Quantitative LC-MS/MS-based Assay Development

3.1. Prepare 100 uM stock solution of all modified cytosine nucleosides [5-methyl-2’-
deoxycytidine (5mdC), 5-hydroxymethyl-2'-deoxycytidine (5hmdC), 5-formyl-2'-deoxycytidine
(5fdC), and 5-carboxy-2'-deoxycytidine (5cadC)] and normal DNA bases (adenine, thymine,
cytosine, and guanine) in HPLC-grade water for the development of the LC-MS/MS method.

3.2.  Optimize nucleoside-dependent MS/MS parameters by infusing stock solutions, one at a
time, in mass spectrometer at a flow rate of 10 pL/min in EMS scan mode. Optimize following
parameters: Declustering Potential (DP), Entrance Potential (EP), Collision Cell Entrance
Potential (CEP), Collision Energy (CE), and Collision Cell Exit Potential (CXP) for each DNA
nucleoside using automated quantitative optimization feature of the software.

3.3.  Optimize source-dependent MS/MS parameters by injecting 10 uL of stock solution
using a gradient with 25% solvent B at a flow rate of 0.3 mL/min where solvent A is 10 mM
ammonium acetate (pH 4.0) and solvent B is 20% acetonitrile with 10 mM ammonium acetate
(pH 4.0). Optimize following parameters: Curtain Gas (CUR): 10-50, Temperature: 0-600 °C, Gas
Flow 1 (GS1): 0-50, Gas Flow 2 (GS2): 0-50, Collisionally Activated Dissociation (CAD): Low-
Medium-High, lon spray Voltage (IS): 4000-5500 for each DNA nucleoside using manual
guantitative optimization feature of the software in FIA (Flow Injection Analysis) mode.

3.4. To separate all eight DNA nucleosides, perform liquid chromatography using the
following gradient: 0% solvent B (0-2 min), 0-20% solvent B (2-5 min), 20-60% solvent B (5-9
min), 60-0% solvent B (9-10 min) and then equilibrate with solvent A for 5 min at a flow rate of
0.3 mL/min on a C18 column (Particle Size: 5 um, Pore Size: 120 A).
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3.5.  Using the optimum MS/MS parameters (step 3.2 and 3.3) coupled with the above-
mentioned liquid chromatography gradient (step 3.4), determine the response linearity, limit of
detection (LOD), and lower limit of quantification (LLOQ) using a two-fold serial dilution of a
100 uM standard mixture containing all eight nucleosides. Draw standard curves for all eight
DNA nucleosides.

3.6. Detect and quantify all nucleosides, especially modified cytosines, produced in step 2.4
using the LC-MS/MS method and standard curves.

REPRESENTATIVE RESULTS

Dynamic modification of 5mC in DNA by TET-family dioxygenases plays important roles in
epigenetic transcriptional regulations. TET2 dioxygenase is frequently mutated in diverse
hematopoietic malignancies!?. To investigate the role of the TET2 enzyme in normal
development and disease, we have cloned its minimal catalytically active domain without any
affinity tag into the pDEST14 vector??. The untagged TET2 dioxygenase was produced at ~5% of
the total soluble protein by SDS-PAGE analysis in bacterial E. coli BL21 (DE3) cells. Since the
catalytic domain of TET2 has a relatively high isoelectric point (~7.49), compared with most
indigenous E. coli proteins?*25, an efficient purification process utilizing a cation exchange
chromatography was developed. This purification yielded >90% pure TET2 enzyme in a single
step (Figure 1).

In order to separate and quantify different deoxycytidines derivatives and other four natural
DNA bases following the TET2 enzymatic reaction, a sensitive LC-MS/MS-based assay was
optimized. The liquid chromatography used a reversed-phase C18 columns. Standard curves
were drawn using serial dilutions of a mixture containing all nucleosides (Figure 2). The gradient
used for liquid chromatography, described in the experimental procedure, was able to resolve
all eight nucleosides (Figure 3). The LC retention times (t;) for all eight nucleosides are
described in Table 3. We further optimized the MS detection of each parent ion nucleoside
(Q1), the most intense product ion (Q3) by determining their declustering potential (DP),
entrance potential (EP), collision cell entrance potential (CEP), collision energy (CE), limit of
detection (LOD), and lower limit of quantification (LLOQ) (Table 3). Finally, an LC-MS/MS
method was developed that can separate and quantify the four normal DNA bases (A, T, G, and
C), as well as the four modified cytosine bases (5-methyl, 5-hydroxymethyl, 5-formyl, and 5-
carboxyl) (Figure 3).

The activity of untagged TET2 dioxygenase was determined using a 25-mer dsDNA containing
one 5mCin a CpG island in each DNA strand (Table 2). After TET2 enzymatic reactions, DNA
oligonucleotides were purified and converted into nucleosides. Then these nucleosides were
subjected to LC-MS/MS assay. In the reactions without the TET2 enzyme (negative control),
only dA, dT, dG, dC, and 5mdC peaks were observed. However, in the positive control reaction,
which contained the TET2 dioxygenase, two new peaks corresponding to d5hmC and d5fC were
observed. We were not able to detect the formation of d5caC nucleoside possibly due to its
poor detection levels (Figure 2). These results demonstrate that the untagged TET2
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dioxygenase purified in this procedure is catalytically active and can be used to characterize the
wt-TET2 enzyme and its clinical mutants.

FIGURE AND TABLE LEGENDS:

Figure 1. SDS-PAGE analysis of purified TET2 dioxygenase from E. coli BL21 (DE3) cells. Lane A
indicates marker while lane B indicates TET2 protein purified using SP sepharose ion exchange
resin. The total size of the untagged TET2 dioxygenase is ~54 kDa as indicated by the arrow.

Figure 2. Standard curves was draw for four natural DNA nucleosides and different cytosine
derivatives, which were then used for their quantification.

Figure 3. Liquid chromatography (bottom) and MS/MS (above) method used to separate and
characterize four natural DNA nucleosides and different cytosine derivatives.

Table 1: Sequence of DNA oligonucleotide primers used for PCR amplification of the catalytic
domain of untagged human TET2 dioxygenase.

Table 2: Sequence of the sense and anti-sense 25-mer dsDNA oligonucleotide used as a TET2
substrate for in vitro oxidation reactions.

Table 3: Optimized LC-MS/MS parameters of four natural DNA nucleosides and different
cytosine derivatives under positive ion mode. For each parent ion nucleoside (Q1), the most
intense product ion (Q3) was detected.

DISCUSSION

Mutations in TET2 gene are some of the most frequently detected genetic changes in patients
with diverse hematopoietic malignancies. To date hundreds of different TET2 mutations, which
include nonsense, frame-shift, and missense mutations, have been identified in patients®2.
Patients with TET2 mutations show low levels of genomic 5hmC in the bone marrow compared
to those with wt-TET2%4. Mutant TET2 knock-in experiments have recapitulated the effects of
these mutations on 5hmcC levels in transfected cells!4. Results from TET2-knockout mouse
models demonstrated that level of TET2 enzyme inversely correlated with the progression of
hematopoietic malignancies!’-2°. Consistently, Zhang et al. recently demonstrated that down-
regulation of TET2 expression levels is a potential prognostic and predictive biomarker in
cytogenetically normal acute myeloid leukemia?’.

Despite growing evidence that TET2 plays a fundamental role in normal hematopoiesis and
myeloid transformation, biochemical characterization of wt- and mutant TET2 remain at
rudimentary stages due to difficulties associated with the production of active TET2 and its
assay. Most studies have produced recombinant TET2 either using time-consuming baculovirus
system in insect cells4, or as a glutathione S-transferase affinity tag in bacterial cells which
requires removal of affinity tag?'.
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In this experimental procedure, we described the cloning of untagged human TET2 dioxygenase
catalytic domain using a site-specific recombination technique and its efficient expression using
destination vector (pDEST14) in E. coli. Because the isoelectric point of untagged TET2 is
relatively high (~7.49) compared with most indigenous E. coli proteins, we developed an
efficient purification process utilizing a cation exchange chromatography yielding >90% pure
untagged TET2 enzyme in a single step.

Further, additional challenges exist in the quantification of wt- and mutant TET2 dioxygenase
activity. For these experiments, most studies have relied on antibody-based assays such as dot-
blots'#* 28, enzyme-linked immunosorbent assays (ELISA)??, etc. Because these assays generally
use only one antibody, e.g., 5hmC or 5fC or5caC, for detection of 5mC modification in substrate
DNA, they do not provide a full picture of the catalytic reaction carried by TET isoforms. For
these reasons, the LC-MS/MS-based assay has emerged as the only assay to quantify different
cytosine modifications. In this regard, we have developed a novel liquid chromatography
method that can separate the four normal DNA bases (A, T, G, and C), as well as the four
modified cytosine bases (5mC, 5hmC, 5fC, and 5caC).

To quantify the eight nucleosides from TET2 catalyzed reactions, we have coupled our
improved liquid chromatography method with tandem mass spectrometry. This sensitive LC-
MS/MS assay was then utilized to determine the activity of recombinant untagged human TET2
enzyme. The approach described here will greatly enhance the evaluation of wt- and mutant
TET2 dioxygenase activities.
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Primer Name

TET2 forward
primer

TET2 Reverse
Primer
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Primer Sequence

5" -GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATAGAACCATGTCTGTTCTCAATAATTTTATAG-
3/

5’ -GGGGACCACTTTGTACAAGAAAGCTGGGTCTCAGCCATACTTTTCACAC-3'




Table

Click here to download Table Table 2.xlsx

Primer Name

Primer Sequence

Sense Strand

5'-AGCCCGCGCCG/iMe-dC/GCCGGTCGAGCGG-3"'

Antisense Strand

5'-CCGCTCGACCGGCG/iMe-dC/GGCGCGGGCT-3"

*
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Table
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Nucleosides Q1 Q3 t.(min) | DP (V) | EP (V) | CEP (V)| CE (V)
2'-deoxyadenosine 252.2 136.1 12.07 41 9 14 17
2'-deoxythymidine 243.2 117.1 10.95 16 8 14 15
2'-deoxyguanosine 268.2 152.1 10.6 21 7 14 37
2'-deoxycytidine 228.1 112.1 6.29 21 7 14 15
3-methyl-2* 2422 | 1261 | o985 31 6.5 24 13
deoxycytidine
Schydroxymethyl-2- 1 o005 | 1401 | 715 16 6 14 13
deoxycytidine
3-formyl-2"- 2562 | 1401 | 10.92 11 6 14 15
deoxycytidine
3-carboxy-2" 2722 | 1561 | 41 6 7 94 23

deoxycytidine

*
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LOD (pmol) |LLOQ R?
0.06 0.198 | 0.997
1.8 594 | 0.999
7.8 25.74 | 0.999
0.1 0.33 | 0.998
0.03 0.1 0.998
0.6 1.98 | 0.993
0.2 0.66 | 0.998
3.9 12.87 | 0.993




Materials Table

Name of Material/ Equipment
HEPES
Iron(1l) sulfate heptahydrate

a-Ketoglutaric acid (2-Oxoglutaric acid)
L-Ascorbic acid
Ethylenediaminetetraacetic acid
disodium salt dihydrate

Ammonium acetate

Acetonitrile

HPLC grade water

Oligo clean and concentrator
DNAse |

S1 Nuclease

CIAP (Calf intestinal alkaline
phosphatase)

LB Media

IPTG

MES [2-(N-Morpholino)ethanesulfonic
acid monohydrate]

Sodium chloride

Glycerol

SP Sepharose
2'-Deoxy-5-methylcytidine
2'-Deoxy-5-hydroxymethyalcytidine
2'-Deoxycytidine-5-carboxylic acid,
sodium salt
5-Formyl-2'-deoxycytidine
2'-Deoxycytidine
2'-Deoxyadenosine
2'-Deoxyguanosine
2'-Deoxythymidine

Gateway technology

Company
Carbosynth
Sigma-Aldrich

Sigma-Aldrich
Sigma-Aldrich

Sigma-Aldrich
Sigma-Aldrich
Fisher Scientific
Fisher Scientific
Zymo Research

New England Biolabs

Thermo Scientific

New England Biolabs

Affymetrix
Carbosynth

Carbosynth
Fisher Scientific
Sigma-Aldrich
Fisher Scientific
TCI

TCI

Berry & Associates
Berry & Associates
Berry & Associates
Carbosynth
Carbosynth

VWR Life Science
Thermo Fisher

Catalog Number
FH31182
F8633

K1750
A4544

E5134
Al1542
75-05-8
7732-18-5
D4061
MO0303S
ENO321

M0290S
J75852
EI05931

FM37015
7647-14-5
G7893
45-002-934
D3610
D4220

PY 7593
PY 7589
PY 7216
NDO04011
NDO06306
97061-764
11801016

Click here to download Table of Materials Materials.xls

Comments/Description
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Beckman Allegra X-15R centrifuge
Sonic Dismembrator 550

AKTA FPLC system

FreeZone 4.5 freeze dry system
Zymo Oligo purification columns
BDS Hypersil C18 column

3200 Q-Trap mass spectrometer
HPLC

XK16/20 FPLC column

Beckman Coulter

Fisher Scientific
Pharmacia (GE Healthcare)
Labconco

Zymo Research

Keystone Scientific, INC
AB Sciex

Shimadzu HPLC
Pharmacia (GE Healthcare)

392932
XL2020
18116468
7750020
D4061
105-46-3

28988937
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The Author is NOT a United States government employee.
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1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; "Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; ”“Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; "CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; "Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Iltem 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmiess shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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SCHOOL OF PHARMACY
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April 6, 2018
Ronald Myers, Ph.D.
Senior Science Editor,
Journal of Visualized Experiments (JOVE)
1 Alewife Center, Suite 200
Cambridge, MA 02140, USA

Dear Dr Myers,

Thank you very much for your invitation to submit our research in Journal of Visualized
Experiments (JOVE). | have been benefited a number of times by protocols published in
JOVE, and I truly believe that in coming years this journal will receive more attention in
the scientific community.

Please find enclosed our revised manuscript entitled, “Purification and LC-MS/MS-
based assay for TET2 5-methylcytosine dioxygenase”, by Bhattacharya et al. that we are
submitting for publication in JOVE. We have address most of the editorial comments and
comments by the reveiewers.

Regards,

Mridul Mukherji, D.Phil.
Associate Professor
Phone # 816 235 6197

UNIVERSITY OF MISSOURI-KANSASCITY

Health Sciences Building ¢ School of Pharmacy ¢ Kansas City, Missouri 64108-2718 * 816 235-2426 * Fax: 816 235-5779
Location: 2464 Charlotte St « www.umkc.edu/pharmacy * pharmscience@umkc.edu
an equal opportunity institution
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