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Abstract
Post-translational modifications (PTM) of proteins are nature’s way of expanding its
inventory while keeping organism’s genomes compact. Many diverse PTM’s are
well known, such as phosphorylation, acetylation, glycocylation and methylation.
Methylation is the process of transferring a methyl group from a methyl donor such
as SAM, to various types of biomolecules, including proteins. The proteins that
perform this task, denoted methyltransferases (MTases), are well studied in the
case of histone proteins and their role in gene regulation. However non-histone
MTases have also been characterized recently, such as the protein MTase
METTL21D which is a Class I SAM-dependent methyltransferase. This led to the
discovery of 9 other proteins with high structural and sequence similarity and
together these 10 MTases make up the human members of the Family 16
Methyltransferases.
In this study, a member of this family, METTL21A was investigated as well as the
sub-cellular localization of all 10 human family members.

Antibodies for both

METTL21A and METTL21D were generated, which were sufficient to recognize the
recombinant protein, however endogenous protein was not detected, indicating
that the MTases are in low abundance within the cell.
In attempt to identify key residues involved in the METTL21A methylation process,
several well-conserved amino acids were mutated. When performing in vitro
MTase assays on these mutants, three of these residues appeared to be crucial to
the MTase activity. Also, the variable N-terminus of the protein was deleted to test
the hypotheses that it is important in substrate recognition. This abolished all
activity of the enzyme, suggesting that the hypothesis is correct.
METTL21A’s substrates are members of the human HSP70 chaperone family,
where the identified substrate, HSPA1, is a stress-inducible chaperone and the
HSPA8 is constitutively expressed. When the wt and mutant enzymes were
assayed with either substrate, HSPA8 appeared to be the better of the two when
the enzyme was mutated.
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Sub-cellular localization of the entire Family 16 MTases revealed that most
members display a diffuse distribution in the cytosol, and co-localize with their
substrates.
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Abbreviations
[3H]

Tritium

A (aa)

Alanine

aa

Amino acid
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E. coli
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Homo sapiens

HEPES
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IP

Immunoprecipitation
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kDa
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KO
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LD

Loading dye
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Modification methylase HhaI
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Non inducing medium

MeOH

Methanol

METTL-

Methyltransferase like
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3-(N-morpholino)propanesulfonic acid

mqH2O

MilliQ purified water

mRNA

Messenger RNA

MTase

Methyltransferase

MWCO

Molecular weight cut-off

N (a)

Aspargine

N-terminus

Amino terminus of a protein

OD

Optical density

oN

Over night

PBS

Phosphate buffered saline

PCR

Polymerase chain reaction

pI

Isoelectric point of a protein

PTM

Post translational modification

PVDF

Polyvinylidene fluoride

R (aa)

Arginine

RE

Restriction enzymes

Rev

Reverse

RFP

Red fluorescent protein

RPL3

60S ribosomal protein L3

Rpm

Revolutions per minute

RT

Room temperature

S. cerevisiae (sc)

Saccharomyces cerevisiae
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SAH

S-adenosyl homocysteine

SAM

S-adenosyl methionine

SDS

Sodium dodecyl sulfate

SDS-PAGE

SDS-polyacrylamide gel electrophoresis

SEC

Size exclusion chromatography

SET-domain

Su(var)3-9 and ‘Enhancer of zeste’ proteins

siRNA

Small interfering RNA

SRA

Sample reducing agent

TAE

Tris-Base, acedic acid, EDTA

TB

Terrific broth

TCA

Trichloroacetic acid

TEMED

N,N,N’,N’-tetramethylethylenediamine

Tm

Melting temperature

U

Unit

UV

Ultraviolet light

V (aa)

Valine

v/v

Volume to volume ratio

VCP/p97

Valosin containing protein

w/v

Weight to volume ratio

Wt

Wild type

Y (aa)

Tyrosine

β-ME

β-mercaptoethanol
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1. Introduction
1.1. Post translational modification
Eukaryotic genomes range in size from approximately 6000 (S. cerevisiae) to
20000 (H. sapiens) protein-coding genes. Living cells are dependent on a variety of
functions and processes, governed by diverse proteins interacting with for example
other proteins, metabolites and nucleic acid (Jensen, 2004). This diversification of
protein function, far outranking the number of genes present in the genome, is
mediated by two mechanisms, the first occurs at the transcriptional level by
alternative mRNA splicing and editing (Black, 2003; Walsh, 2006) while the other
mechanism occurs after translation of the mRNA into amino acids, thus named
post translational modifications (PTMs). PTMs can regulate the function of a
protein by for example changing its activity, localization and interaction with other
proteins (Farley et al., 2009; Mann et al., 2003; Seo et al., 2004).
Table 1.1. Some important PTMs (adapted from Mann et al., 2003).

PTMs are divided in two categories, the covalent addition of a chemical group to a
side chain residue or the proteins N- or C terminus, and the covalent cleavage of a
11

peptide bond in the protein backbone, mainly mediated by proteases (Farley et al.,
2009; Walsh et al., 2005). The most common PTMs include phosphorylation,
acetylation, glycocylation and methylation (Table 1.1) (Mann et al., 2003).
1.2. SAM-dependent methyltransferases
Proteins denoted methyltransferases (MTases) catalyze the transfer of methyl
groups from a methyl donor to a wide selection of substrate molecules such as
proteins, DNA and RNA (Kouzarides, 2002), as well as less complex molecules
such as chloride, bromide and iodine (Martin et al., 2002; Schubert et al., 2003). In
prokaryotes MTases are important in processes including DNA replication and
chromosome segregation as well as in the defense against foreign DNA (Wilson,
1991). In eukaryotes, MTases are essential for wide range of processes, such as
methylation of histones and DNA associated with epigenetic control of gene
expression.
S-adenosyl L-methionine (SAM) is the molecule that most MTases use as the
donor of the methyl group (Cheng, 1999). The methyl group is attached to the
sulfur atom in SAM (Figure 1.1), when removed, the product is S-adenocyl
homocysteine (SAH), which is a competitive inhibitor of SAM, and therefore the
subsequent metabolism of SAH is needed to maintain active methylation
(Finkelstein, 1990). SAM is the second most widely used enzyme co-substrate,
surpassed only by ATP (Cantoni, 1975). It is important for variety of metabolic
pathways and can be used as a source of for example methylene, amino and
ribosyl groups (Fontecave et al., 2004)

Figure 1.1: Structure of SAM and formation of SAH. X represents the methyl recipient
(adapted from Chiang et al, 1996).
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The publishing of the first structural characterization of a SAM-dependent MTase in
1993 (Cheng et al., 1993) resulted in a flurry of discoveries of other MTases with
similar structure. SAM-dependent MTases are today dived into five distinct classes
based on their predicted structure and conserved sequence motifs (Kozbial et al.,
2005). Majority of these MTases belong to class I (Schubert et al., 2003) further
known as the 7-strand β-sheet MTases. The other classes include SET-domain
MTases, the SPOUT family of RNA MTases, Corrinoid-like MTases and
methionine synthase reactivation domain (Kozbial et al., 2005). Recent advances
in the field have led to a more detailed classification of MTases into 11 classes
where the class I (Seven -β-strand) proteins are the most abundant, compromising
60% of all human MTases, and the SET-domain proteins 27% (Figure 1.2)
(Petrossian et al., 2011).

Figure 1.2: Composition of the human methyltransferasome, including both known and
putative MTases. Legends to the right show the distribution among classes, where 60% belong to
the seven β-strand class, 27% belong to the SET-domain proteins and the remaining 23% is
distributed amongst the other 9 classes (adapted from Petrossian et al., 2011).

1.3. Class I (Seven-β-strand) methyltransferases
The core structure of the class I MTases, was first determined for DNA C5-cytosine
MTase M.HhaI, in 1993 (Cheng et al., 1993). It consists of seven β-strands
13

(numbered 1-7) flanked with α-helices (denoted A-E and Z) on each side (figure
1.3). It has a central topological switch point and all the β-strands are parallel to
each other, except the last β-strand, nr.7 which is anti parallel to the other
β-strands, forming a reversed hairpin (Martin et al., 2002; Schubert et al., 2003).
The seven stranded β-sheet is flanked by three α-helices on each side (figure 1.3),
forming a “doubly wound αβα sandwich” (Schubert et al., 2003). This structure is
quite similar to that of the NAD(P)-binding Rossmann-fold domains. In both groups
of proteins, the central topological switchpoint results in a deep cleft in which the
SAM or NAD(P) binds. Though the general core structure of class I MTases is as
outlined, it is worth noting that the majority of class I MTases contain inserts and
rearrangements throughout their core structure which appear to aid in recognition
of specific substrates (Schubert et al., 2003).

Figure 1.3: Topology diagram of Class I MTase. The site of SAM- and substrate-binding are
indicated. The arrows are β-strands and the yellow boxes are α-helices (adapted from Martin et al,
2002).

Class I MTases also contain highly conserved regions involved in binding of the
SAM molecule. The conserved GxGxG motif is located between the β-strand 1 and
α-helix A (Martin et al., 2002), where one or more of the glycine residues interact
with the carboxypropyl moiety of SAM and an acidic loop between β-strand 2 and
α-helix B form hydrogen bonds with ribose hydroxyls (Kozbial et al., 2005; Martin et
al., 2002). Variable residues in C-termini of strand 2 and conserved acidic residues
in strand 3 further stabilize the binding by interacting with the nitrous base and
variable residues C-terminal to strand 4 interact with methionine moiety (Kozbial et
al., 2005). Other conserved residues have been identified as to play a role in
14

structural stability, rather than directly interacting with SAM or the substrate
(Kozbial et al., 2005).
1.4. Protein methyltransferases
Protein MTases mostly methylate either lysine (K) or arginine (R) but in some rare
cases they can methylate residues such as aspargine (N) or histidine (H) (Clarke et
al., 2006; Clarke, 1993). The most commonly known protein methyltransferases
are histone MTases and they are involved in methylating lysine and arginine
residues on histone tails, where the presence or absence of methylation marks on
specific sites is associated with transcriptional activation and repression
(Kouzarides, 2002; Liu et al., 2010). All other protein MTases fall into the category
of non-histone MTases.
A single residue can be methylated more than once and therefore have the
potential to form complex system. Lysine has the potential to be mono-, di- and
trimethylated (Figure 1.4) where as arginine can only me mono- and dimethylated
(Huang et al., 2008; Prabakaran et al., 2012).

Figure 1.4: Methylation of lysine is a dynamic process. The methylation and subsequent
demethylation of lysine (adapted from Liu et al., 2010).

For decades, methylation was thought to be a “permanent” modification since no
mechanism or enzymes were known that could remove the methyl group.
However, in 2004 a lysine specific demethylase 1 (LSD1) was discovered (Shi et
al., 2004) and methylation is now considered to be a dynamic process where
various demethylases catalyze the removal of methyl groups (Figure 1.4), further
enhancing the regulatory role of methylation.
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1.5. Family 16 methyltransferases
In a recent study, a previously unknown MTase denoted METTL21D, was found to
trimethylated

a

lysine

315

in

valosin-containing

protein

(VCP/p97)

and

bioinformatical analysis revealed a group of 9 proteins with high sequence
similarity to METTL21D (Kernstock et al., 2012).This study also confirmed that two
of the member of the group, METTL21A and METTL21C are also MTases. Another
member of this group turned out to be CAM-KMT, which methylates calmodulin
(Magnani et al., 2010), and the yeast homolog of the human METTL18 (YIL110W)
was discovered as the MTase responsible for the modification of 3-methylhistidine
on yeast ribosomal protein Rpl3 (Webb et al., 2010), thus indicating that all of the
10 human proteins might be protein MTases.
1.6. Aim of the study
The aim of this study was to gain further insight into function of METTL21D and
METTL21A MTases by completing four goals:
-

Establishing protocols for purification of highly pure recombinant METTL21A
and METTL21D.

-

Generation of specific polyclonal antibodies for METTL21A and METTL21D
and subsequent determination of their specificity and optimal working
concentration by western blotting.

-

Mutational analysis of METTL21A, generation and expression of mutant
proteins as well as subsequent assays of enzymatic activity in vitro.

-

Determining the sub-cellular localization of human Family 16 MTases and
their identified substrates.
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2. Materials and Methods
2.1. Cloning
2.1.1. PCR
2.1.1.1. PCR for cloning
Polymerase Chain Reactions (PCRs) were performed in 50µl volumes by using
Phusion DNA polymerase (Finnzyme) and a PTC´200 Peltier Thermal Cycler (MJ
Research) to amplify DNA sequences of interest. The PCR programs that were
used vary and are listed in Appendix III: PCR programs and the primers in
Appendix II: Primers.
2.1.1.2. Site-directed mutagenesis
To decide which point mutations to include, a close inspection of the METTL21A
amino acid sequence was required. Three amino acids were chosen to be mutated
to four different amino acids which were Y147A/F, E150A and R176A. To obtain
these point mutations in the METTL21A sequence within a pET28a vector, primers
were designed with the help of Primer X web-based tool (PrimerX, 2012) where
standard parameters were applied, primers had the total length of 35+ nt and
melting temperature (Tm) was set to be between 74-77°C. To introduce these
mutations into the construct, Quick change II Site-Directed Mutagenesis Kit
(Agilent) was used according to the manufacturers protocol; the reactions were
performed in a 50 µl total volume and 40 µl were digested with DpnI (Agilent) to
remove the template strand. The resulting products were transformed directly into
competent XL1 E. Coli cells (2.1.4).
2.1.2. Agarose gel electrophoreses and extraction
The amplified DNA products from 2.1.1.1. were separated on a 1% (w/v) EtBr
agarose gel in TAE buffer (Appendix I: Solutions) at 90V for 25 minutes. Either
GeneRuler 100bp DNA ladder ready to use (Fermentas) or GeneRuler 1kb DNA
ladder (Fermentas) was used, depending on expected construct size, to estimate
the size of the DNA fragments, and DNA was visualized by a UV transilluminator.
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Following electrophoresis, the DNA of interest was excised from the agarose gel
and purified with the Wizard SV Gel and PCR clean-up system (Promega)
according to the manufacturers protocol.

2.1.3. Restriction digestion and ligation
To insert open reading frames into a vector, the amplified DNA and target vector
were cut with restriction enzymes (RE), depending on the restriction sites
introduced by the PCR (indicated in Appendix II: Primers). Table 2.1 lists the RE
used, where BamHI, SalI, NdeI and NEB buffer #3 are from New England Biolabs
(NEB) and EcoRI and 10x EcoRI buffer from TaKaRa. The restiction digestions
were performed for 1 hour at 37°C.
Table 2.1: Restriction enzymes (RE) and their buffers
Fwd RE

Rev RE
SalI

BamHI

NdeI
EcoRI

Buffer
NEB #3
10x EcoRI

The digested products were separated on a 1% EtBr agarose gel and extracted as
described above (2.1.2) The inserts were ligated into the vector for 10 minutes at
room temperature (RT) using T4 DNA ligase (NEB) with the insert in 5-fold molar
excess and total DNA amount between 150 and 200 ng in a 20 µl volume.
2.1.4. Transformation
Ligation reactions (from 2.1.3) or Site-Directed Mutagenesis PCR products (from
2.1.1.2) were transformed into competent DH5α/XL1 E.coli cells as follows. 3 µl
DNA were added to 70 µl cells and incubated on ice for 30 minutes, heat-shocked
for 45 seconds at 42°C and incubated on ice for 2 more minutes. Then 1 ml of prewarmed SOC medium (Appendix I: Solutions) was added to the cells and the
mixture was incubated for 1 hour at 37°C and 250 rpm. The culture was then
concentrated by centrifugation for 10 min at 4000 x g and 4°C, ~90% of the
supernatant was poured off, and 100 µl of the resulting concentrated culture was

18

plated on LB agar plates containing the appropriate antibiotics and incubated at
37°C overnight.
For protein purification, the purified plasmids for the genes of interest were
transformed into BL21-codon (+) (DE3)-RIPL E.coli cells by the heat shock method
described above.
2.1.5. Plasmid DNA purification
Single colonies of transformed DH5α/XL1 cells were picked from agar plates and
cultured in 10 ml LB medium containing the appropriate antibiotics and incubated
over night at 37°C and 250 rpm. To isolate the plasmid DNA from the over night
cultures, the Wizard Plus SV Minipreps DNA Purification System (Promega) was
used according to the manufacturers protocol, where the DNA was eluted in 50 µl
nuclease free H2O as apposed to 100 µl nuclease free H2O according to protocol.
For the constructs intended for transfection of mammalian cells, a high amount of
endonuclease free plasmid preps were needed so the PureLink HiPure Plasmid
Midiprep Kit (Invitrogen) was used according to the manufacturers protocol, where
the starting culture was 200 ml and final product was eluted in 50 µl TE buffer.
2.1.6. DNA quality control
DNA concentration and purity were evaluated by using the NanoDrop 2000
Spectrophotometer (Thermo Scientific). The quantity of the nucleic acids (ng/µl)
was calculated as 40x the absorption at 260 nm. The quality of the nucleic acids
was measured with A260/A230 and A260/A280 ratios. The former should be
around 1.8 for pure DNA, the latter should be approximately 2.0-2.2. Lower values
give an indication that there is contamination in the sample (NanoDrop
Technologies, 2007). The DNA samples were then sequenced by the ABI lab (IBV,
UiO) to confirm the identity and integrity of the sequences of interest.
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2.2. Protein production
2.2.1. Automated chromatography (Äkta)
When METTL21A and METTL21D were produced for antibody generation, 1.5 ml
of MDG media (Studier, F. 2005) containing ampicillin were inoculated with a
glycerol stock of the respective proteins and then incubated oN at 37°C at 250
rpm. The pre-cultures were then used to inoculate 1L TB media (Appendix I:
Solutions) containing ampicillin (Sigma) and cloramphenicol (Sigma), and were
incubated at 37°C for 4-6 hours or until OD600 reached 0.6. Then protein
expression was induced with 75 µM IPTG (Sigma), and the cultures were grown
overnight at 16°C and 250 rpm. The next day the cultures were pelleted by
centrifugation at 5000 x g and frozen at -20°C to enhance lysis. For all other
protein production the procedure was the same, except the pre-cultures were in 10
ml TB medium and the large cultures were induced with 200 µM IPTG.
2.2.1.1. Lysis
The frozen cell pellet was incubated for 15 min in a 3:1 ratio of BugBuster
(Novagen) containing 100U/ml Benzonase nuclease (Sigma), 0.5 mg/ml Lysozyme
(Fluka) and 1 complete EDTA-free protease inhibitor tablet (Roche) for each 50 ml
of BugBuster. The lysate was then cleared by centrifuging at 16000 x g for 30
minutes, and the supernatant was collected and passed through a 0.22 µm filter
(Sarsted).
2.2.1.2. GSTrap
To purify recombinant GST-tagged proteins, a so called “superloop” accompanying
the Äkta chromatography system (GE Healthcare) used to load large quantities of
lysate on to the system, was washed in Binding Buffer A (Appendix I: Solutions),
and the lysate diluted 1:1 in Binding Buffer A and then loaded onto the superloop.
A GSTrap FF 1ml/5ml (GE Healthcare) column was connected to the Äkta system
and washed with mqH2O followed by Binding Buffer A. The superloop was
connected to the Äkta system according to instructions, bottles of both Binding
Buffer A and Elution Buffer B (Appendix I: Solutions) attached to the system, and
either GSTrap FF 1 ml or GSTrap FF 5 ml Purification program (Appendix IV: Äkta
programs) was initiated. Early and late flow through fractions were collected as well
as the fractions containing the loaded sample to check whether the GSTrap FF

column had been saturated. The actual sample fractions were then concentrated
down to 500 µl using Vivaspin20 10,000 MWCO filters (Sartorius AG) and then
buffer exchanged to Binding Buffer A with diafiltration cups (Vivaspin) and
concentrated to under 500 µl. Protein concentration was thereafter measured by
BioRad protein assay (2.2.3.2).
2.2.1.3. Size exclusion chromatography (SEC)
To further purify the recombinant proteins, this time by size, Superdex 75 300/10
and Superdex 200 300/10 (GE Healthcare) columns were used. The columns were
equilibrated and the valve washed with Buffer A (Appendix I: Solutions) to remove
any air from the loop. Then the sample was injected into a loop that had no less
than twice the sample volume, and either Superdex75 dH2O B to PBS A or
Superdex200 dH2O B to PBS A program (Appendix IV: Akta programs) depending
on the column, was initiated. Then fractions containing the sample were collected
and concentrated to under 500 µl using Vivaspin20 10,000 MWCO filters. Protein
concentration was thereafter measured by BioRad protein assay (2.2.3.2).
2.2.1.4. Cleavage and GSTrap
For the immunization, both GST-tagged and untagged proteins were needed.
Therefore, after measuring concentration of the pure GST-tagged protein, a 800 µg
aliquote was taken for primary immunization. The rest of the protein prep was
diluted to 1.5 ml with PreScission cleavage buffer (Appendix I: Solutions) and then
incubated with 1U/200 µl of PreScission protease (GE Healthcare) at 4°C overnight
on a rocker to cleave of the GST-tag.
The next day, the sample was loaded on a GSTrap FF 1ml/5ml column the same
way as described in 2.2.1.2, and GSTrap FF 5 ml purif after tag cleavage program
started. This time the fractions containing the protein of interest were in the
flowthrough, while the cleaved GST-tag and uncleaved recombinant protein were
detained in the column and eluted by Elution Buffer B. The flowthrough fractions of
interest were then concentrated to under 500 µl using Vivaspin20 10,000 MWCO
filters.
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2.2.2. Batch purification
2.2.2.1. GST-purification
The frozen pellet was thawed and resuspended in a 1:2 ratio with Lysis Buffer GS
(Appendix I: Solutions), frozen down for 45 minutes and thawed again, repeated
three times. The lysate was then sonicated (Branson SONIC Power) five times for
30 seconds with 30 sec break in between and then centrifuged at 16000 x g for 30
minutes. The supernatant was then collected and passed through a 0.2 µM filter.
400 µl of Glutathione-Sepharose 4B resin (GE Healthcare) was centrifuged at 500
x g for 2 min to remove the storage solution and then washed two times in 5 ml
Wash Buffer GS (Appendix I: Solutions) at 500 x g for 3 min. The lysate was then
transferred to the matrix and incubated overnight at 4°C on a rocker.
Next day the lysate was centrifuged at 500 x g for 3 minutes and the supernatant
discarded. The resin was diluted in 5 ml Wash buffer GS, transferred to a gravity
flow column and washed four times with 10 ml Wash Buffer GS. A needle (0.7x30
mm, BD) was attached to the columns to ensure a slower rate of flow, and the
proteins were eluted with 2.5 ml Elution Buffer GS (Appendix I: Solutions).
The eluates were then loaded on a Vivaspin20 10,000 MWCO pre-washed with
Storage Buffer GS (Appendix I: Solutions) and centrifuged at 5000 x g until they
were concentrated to under 500 µl. Then the proteins were buffer exchanged two
times to Storage Buffer GS using diafiltration cups (Vivaspin) and concentrated to
under 500 µl. The proteins were then transferred to an eppendorf tube, centrifuged
at 16000 x g for 5 min to pellet aggregated protein, and the supernatant transferred
to a new eppendorf tube.
2.2.2.2. Talon-purification
The frozen pellet was thawed and resuspended in a 20 ml Equilibration Buffer T
(Appendix I: Solutions) and incubated on ice for 30 minutes. Then frozen and
thawed three times and sonicated five times for 30 seconds with 30 seconds break
in between and then centrifuged at 16000 x g for 30 minutes. The supernatant was
then collected and passed through a 0.2 µM filter.
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500 µl of Talon resin (Clontech) was centrifuged at 1000 x g for 1 minute, to
remove the storage solution and then washed in 6 ml Equilibration Buffer T
(Appendix I: Solutions) at 500 x g for 3 min. The lysate was then transferred to the
matrix and incubated overnight at 4°C on a rocker.
Next day the lysate was centrifuged at 500 x g for 5 minutes at 4°C and the
supernatant discarded. The resin washed with 4 ml Equilibration Buffer T
containing 0.5% NP-40 at 500 x g for 3 minutes. The resin was diluted in 5 ml
Equilibration Buffer T, transferred to a gravity flow column and flushed with
remaining Equilibration Buffer T. Then the resin was washed four times with Wash
Buffer T without NP-40. A needle (0.7x30 mm, BD) was attached to the columns to
ensure a slower flow rate, and the proteins were eluted with 2 ml Elution Buffer T
(Appendix I: Solutions).
The eluates were then loaded on a Vivaspin20 10,000 MWCO pre-washed with
Storage Buffer T (Appendix I: Solutions), and concentrated and buffer exchanged
as described in 2.2.2.1. The protein concentration was measured using BCA
protein concentration assay kit (2.2.3.2).
2.2.3. Protein concentration and purity
2.2.3.1. SDS-page
To estimate the purity of proteins, sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed. Since all of the proteins of interest
fall in the size range of 20-60 kDa, a 10% resolving gel was chosen with a 5%
stacking gel (Appendix I: Solutions). 2 µl of lysates mixed with 8 µl of mqH2O
were used, and 4 µl of other purification steps with 6 µl of mqH2O. This was then
mixed in 1:1 ratio with 2xSDS loading buffer (Appendix I: Solutions) and heat
denatured at 95°C for 10 minutes. Samples were loaded on the gels and run at
125 V, 35 mA and 5.0W for 75 min in Mini-PROTEAN® 3 Cell system (BioRad),
and finally stained with SimplyBlue SafeStain (Novex). For the staining, the gel
was submerged in ddH2O and heated in a microwave oven for 1 min, then shaken
gently for 1 min and ddH2O discarded. This was repeated three times, then 5-10 ml
of the stain was added, microwaved for 1 min and then left on a rocker for 10
minutes. Finally the dye was decanted, the gel rinsed quickly three times in ddH2O
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and left in the final rinse overnight at room temperature on a rocker to get rid of any
excess stain.
2.2.3.2. Protein concentration assay
To measure the protein concentration of detergent-free samples, the BioRad
Protein assay protocol was used according to section 2.4 Microtiter Plate Protocols
(BioRad) where the samples were incubated for 15 minutes. The standard was
diluted with mqH2O, as were the protein samples, and the absorption was
measured at 595 nm by the Sunrise Microplate Reader (Tecan).
Since the BioRad Protein assay is sensitive to detergents such as NP-40, protein
samples that had been purified by Talon-purification were assayed with the BCA
protein assay kit (Pierce, Thermo Fisher Scientific) according to the manufacturer‘s
protocol and the absorption measured at 562 nm.
2.3. Antibody generation and analysis
2.3.1. Titer-max gold adjuvant
After

purification of GST-tagged proteins by affinity chromatography, the

recombinant protein was diluted to 800 µg/ml with PBS and 500 µl of that was used
to make an emulsion of the pure recombinant protein and Titer-Max Gold Adjuvant
(Figure 2.1) (Sigma-Aldrich), which was generated according to the manufacturer‘s
protocol. The emulsion was then sent off to Charles River Laboratories (Kisslegg,
Germany) along with 3x 420 µg cleaved purified protein to boost the rabbit
immunization. This was to make sure that the antibody was not specific for the
GST tag, but for the actual protein. The process took about 90 days where two
rabbits were immunized for each protein.
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Figure 2.1: Titer-Max Gold emulsion for immunization. The manufacturer provided two syringes
connected with a 3-way stopcock to yield 1 ml of 400 µg/ml water-in-oil emulsion where the protein
needs to be added in two steps (1 and 3), 250 µl in each. 2 shows the emulsion containing 250 µl of
the protein, and 4 shows the final 1 ml emulsion.

2.3.2. NuPage gel
Protein and lysate samples were diluted to the desired concentration, with sample
buffer (Appendix I: Solutions). The samples were incubated at 70°C for 10 minutes
and then separated by PAGE on a 4-12% NuPAGE pre-cast gel (Life
Technologies) with MOPS running buffer (Novex) in a Novex Mini-Cell (Invitrogen)
for 42 minutes at 200V, 120 mA and 25.0W.
2.3.3. Western blot
To transfer the proteins from a NuPage gel to a 0.45 µM Immobilen-P
Polyvinylidene Difluoride (PVDF) membrane (Aldrich), the membrane was
activated by immersion in methanol. The NuPAGE gel was then assembled with
the PVDF membrane in a Xcell II Blot Module (Invitrogen) and the blotting process
was carried out for 1 hour at 25V, 200mA and 17.0W.
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Figure 2.2: Schematic overview of assembly for Western Blotting (Thermo Fisher Scientific,
2010 )

Membranes were stained with Ponceau S stain (Sigma) for 10-15 minutes, then
destained with 1% acetic acid (Appendix I: Solutions) and scanned. The membrane
was then blocked in Blocking solution (Appendix I: Solutions) for 30 minutes at RT
and incubated with the diluted primary antibody (diltuions ranged from 1:100 to
1:2000 depending on the antibody) in Blocking solution (Appendix I: Solutions)
containing 0.5% NaAc, over night at 4°C. The next day the membrane was washed
4 times with Washing solution (Appendix I: Solutions) and then probed with an antirabbit antibody diluted 1:15000 in Blocking solution for 1 hour at RT. The
membranes were washed 6 times with Washing solution, then incubated for 1 min
in SuperSignal West Dura Extended Duration Substrate (Thermo Scientific) and
visualized with the Canon IS4000K PRO camera.
2.4. Methyltransferase assay using Tritium-labeled SAM
To check the activity of the enzymes of interest, 1-100 pmol enzyme was incubated
at 37°C for 1 hour with 50-100 pmol substrate and 2 µCi [3H]-SAM in a MTase
reaction buffer (Appendix I: Solutions). For the point mutant titration the reaction
also included 12,8 µM cold SAM. The reaction was stopped by adding 900 µl icecold 10% TCA and incubate on ice for an additional hour and then transferred onto
glass fiber filter paper (Whatman) and washed three times with 10% TCA and once
with 99.9% EtOH on a 1225 Sampling Manifold (Millipore). The filter paper was
then placed in 6 ml scintillation vials, 4 ml Ultima Gold XR scintillation enhancer
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(PerkinElmer) was added to them and the samples were placed in a 1900 TR
Liquid Scintillation Analyzer machine, which measured the radioactivity.
2.5. Sub-cellular localization
2.5.1. Cell culture
A culture of a wild type HeLa (human cervical cancer) cell line was transferred to a
T75 flask (Nunc) containing 12.5 ml Complete DMEM (Dulbecco modified Eagle’s
minimal essential medium) (Appendix I: solutions) and allowed to grow to 95%
confluency at 37°C and 5% CO2. The cells were then washed with 10 ml prewarmed phosphate buffer saline (PBS) and trypsinized with 2.5 ml trypsin-EDTA
(Lonza) at 37°C for 5-10 minutes. Then 7.5 ml complete DMEM medium was
added and 0.5 ml of the resulting cell suspension was then transferred to a new
T75 flask containing 12 ml complete DMEM. This procedure was repeated when
the cells were 90-95% confluent, or every 3-4 days.
2.5.2. Transfection
48 hours prior to imaging, the cells were split into 12-well plates (35 mm) so that
each contained aproximatelly 1.5x105 cells in 2.5 ml complete DMEM medium and
grown over night at 37°C and 5% CO2. The cells were transiently tranfected with 1
µg DNA when they were 50-60% confluent using Opti-Mem I (gibco) and FuGENE
(Roche) tranfection reagent according to protocol.
2.5.3. Imaging
Prior to imaging, media was exchanged, HEPES buffer (Lonza) in a 1:40 dilution
were added to the cells to better maintain the physiological pH of the media under
atmospheric CO2 levels. To be able to distinguish the nuclei, 5µg/ml Hoechst
33258 (Invitrogen) nuclear stain was added, and everything incubated at RT for
approx. 15 minutes.
Images were obtained with the Olympus Fluoview FV1000 IX81 inverted confocal
microscope using the PlanApo x60/1.42 oil objective. The samples were excited by
a multi-line Argon laser (457, 488 and 515 nm) at 488 nm for eGFP and diode
lasers at 405 nm for Hoechst staining and 559 nm for mRFP.
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Results
3.1. Generation and characterization of antibodies
For immunization purposes, recombinant proteins of high purity are required so
that antibodies are raised specifically against the protein of interest and not any
other proteins present in the sample. A small-scale GST- batch purification was
performed to estimate which proteins of the five putative MTases, METTL21A-D
and METTL23 belonging to the Family 16 of MTases were the best candidates for
antibody generation.
3.1.1. Small scale purification of MTases
Plasmid expression constructs containing each of the MTases in a pGEX-6p-2
vector were transformed into BL21-codon (+) (DE3)-RIPL E.coli cells, which were
used to innoculate a 200 ml culture. Expression was induced and the protein
purified by GST- batch purification (2.2.2.1). Figure 3.1 shows each step of the
purification process for all of the proteins.
The purification steps for GST-tagged METTL21C are shown in Figure 3.1.a. For
the lysate (lane 1) it is possible to distinguish a prominent band, which corresponds
roughly to the expected size of 56 kDa for the recombinant protein (indicated by a
black arrow). By visual estimation, approximately 50% of the protein is recovered
as soluble during the clearing of the lysate (lane 2). Not all of the protein recovered
from clearing of the lysate appears to have bound to the affinity matrix as seen in
the sample containing proteins that were not bound to the matrix (lane 3), and a
small portion is also lost when the matrix is washed (lane 4). Most of the
recombinant protein bound (to the matrix) elutes immediately (first elution, lane 5)
though not all, as indicated by the presence of a weaker band of the same size in
the sample containing the second elution (lane 6). As well as containing the protein
of interest, the eluted samples contain co-purified proteins, the most prominent of
approximately 25 and 30 kDa in size (lane 5). When both of the eluted samples
were combined and concentrated (lane 7) these co-purified proteins were also
present in the sample, indicated by the green arrows. In lanes 4-7 in Figure 3.1.a,
other bands are also present which are not in lane 1-3, which can be explained by
contamination from the well next to lane 7, where GST-METTL21A lysate was
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present (Figure 3.1.b). When taking into consideration the amount of the copurified proteins present, the yield of the protein is low and the purity appears to
about 10% by visual estimation.

Figure 3.1: METTL21A and METTL21D are the best candidates for antibody generation. The
purification steps were visualized on 10% polyacrylamide gels. The black arrows mark the bands
corresponding to the expected size of the recombinant proteins, the blue arrows mark contaminants
and the red and green arrows distinct co-purified proteins. The red stars in figure a are
contaminants from the band marked with two red stars in figure b. The samples are annotated as L
= lysate, CL = cleared lysate, UB = unbound protein, W = wash, E1 = first elution, E2 = second
elution, C = concentrated eluted sample. 2 µl of L, CL and BW were loaded, and 4 µl of AW, E1, E2
and C. The figure shows the purification steps of a) METTL21C, b) METTL21A, c) METTL21B, d)
METTL23 and e) METTL21D.

A band corresponding to roughly 50 kDa (indicated by a black arrow) is present in
all purification steps of METTL21A, which is shown in Figure 3.1.b. This is
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considered to be the protein of interest since the theoretical size of GST
recombinant METTL21A is 51 kDa. The protein appears to have been expressed
successfully as indicated by the prominent band in the lysate (lane 1). The initial
amount of protein in the lysate is reduced when clearing the lysate (lane 2), which
is most likely due to insolubility, as well as by not binding to the matrix (lane 3) and
by washing (lane 4). However, the yield of the recombinant protein eluted in two
steps (lanes 5 and 6) and then concentrated (lane 7) appears to be satisfactory. In
these samples, the presence of co-purified proteins is indicated by red and green
arrows. The red arrow indicates a protein below 75 kDa, which is most likely a
Hsp70 chaperone from E. coli (DnaK) (Rial et al., 2002) and the green arrows
indicate unknown co-purified proteins. The concentrated protein sample (lane 7)
appears to be about 60% pure by visual estimation.
Recombinant GST-tagged METTL21B has an expected size of 52 kDa, and a band
of this size can be observed in all purification steps in Figure 3.1.c. The protein
production (lysate, lane 1) and subsequent purification (lanes 2-6) did not yield
high amount of the protein of interest (lane 7) and many co-purified proteins
(indicated by the red, green and blue arrows) are present in equal, or greater
amount. The concentrated sample (lane 7) is 25% pure by visual estimation and
gives low yield.
In Figure 3.1.d a weak band (indicated by black arrow) corresponding to the
expected size of recombinant GST-tagged METTL23 of 48 kDa, appears in all
purification steps except in the lysate sample (lane 1), where the band is clear and
strong. The amount of protein loss due to insolubility and insufficient lysis becomes
clear when comparing the cleared lysate (lane 2) to the crude lysate (lane 1).
There is also some loss of protein due to it not binding to the matrix (lane 3) and
washing (lane 4). In the eluted samples (lanes 5 and 6) there is little protein eluted,
and in the concentrated sample (lane 7) even less protein appears to be present
which is most likely due to insolubility issues while concentrating the protein. A copurified protein is visible through all steps of purifications (indicated by green
arrow), which appears to give higher yield than the actual protein of interest in the
concentrated sample (lane 7). This results in 30% pure protein by visual
estimation, with very low yield.
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The purification for GST recombinant METTL21D can be observed in Figure 3.1.e,
where a very strong band corresponding to the expected size of 52 kDa is present
(indicated by black arrow). The amount of protein present in the lysate (lane 1) is
greatly reduced in the cleared lysate (lane 2) as indicated by the band being
weaker than in the lysate (lane 1), and more protein is lost both by not binding to
the matrix (lane 3) and by being washed off from the matrix (lane 4). However,
when the recombinant protein is eluted (lanes 5 and 6) and concentrated (lane 7)
the resulting protein sample gives a high yield of about 95% pure protein by visual
estimation.
The final results indicate that the recombinant METTL21C, METTL21B and
METTL23 were not good candidates for immunization due to amount of co-purified
proteins (21C and 21B) and low yields. METTL21A gave a relatively pure protein
sample (60%) and satisfactory yield, and METTL21D was the best candidate by
being about 95% pure and purified with high yield. On that basis, METTL21A and
METTL21D were chosen for immunization.
3.1.2. METTL21D antibody generation
The results from the small-scale batch purification (3.1.1) clearly indicated that
METTL21D was the best candidate for immunization. It purified well and gave high
yield and was therefore chosen for a large-scale purification using the Äkta liquid
chromatography system.
3.1.2.1. Purification of METTL21D by automated chromatography
Lysates with recombinant proteins were prepared as described in (3.1.1). The
cleared lysate was loaded on a GSTrap FF 1ml column that specifically binds GSTtagged proteins. The eluted GST-tagged proteins were then loaded on a Superdex
75 300/10 chromatography column for separation of proteins by size. The GST-tag
is considered highly immunogenic and the immunization process therefore requires
one sample of recombinant GST-tagged protein for primary immunization, and
three samples of untagged protein to boost the immune response to the protein,
and not the GST-tag. Therefore, after quantifying the resulting protein sample, the
fraction giving the highest yield was set aside for primary immunization, and the
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other eluted fractions were combined, concentrated and treated overnight with
PreScission Protease which cleaves in the region between the GST tag and the
protein of interest. Figure 3.2 shows the various samples collected during this
purification process.

Figure 3.2: Purification of METTL21D by automated chromatography. The purification steps
were visualized on 10% polyacrylamide gels. Black arrows indicate protein of interest, red arrow in
figure c indicates protein of interest after cleavage. The samples are annotated as BF = Before
GSTrap, EF = early flow through, LF = late flow through, PF = peak fraction within the same peak,
BF SEC = before size exclusion chromatography, EF SEC = early flow through from SEC, LF SEC
= late flow through from from SEC, BFC = before cleavage, AC = after cleavage. 2 µl of sample
were loaded in all cases. Protein purification steps a) from first GSTrap, b) after size exclusion
chromatography, c) after second GSTrap.

After clearing the lysate in Figure 3.2.a, a clear band corresponding to the
expected size (52 kDa) of the recombinant protein can be observed (lane 1), while
there is no protein present of that size detected in the early flow through (lane 2)
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which indicates that the recombinant protein is attaching to the GSTrap FF 1ml
column. However in the late flow through (lane 3) the column appears to have
been saturated by the shear amount of protein as can be observed by the
presence of a protein of the same size as in the cleared lysate. The resulting peak
fractions (lanes 4-6), all from the same peak observed in the chromatogram (data
not shown), appear to be quite pure and give a high yield of the protein where the
last peak fraction (lane 6) contains the least amount of protein but is also the
purest.
The results of the size exclusion chromatography are indicated in Figure 3.2.b,
where the combined and concentrated peak fractions from the GSTrap were
further purified, this time by size. The first sample (lane 1) shows the protein
sample before separation by size, for purity comparison. The resulting peak
fractions (lane 2-8) all from the same peak, are mostly very pure and give a
satisfactory yield, with the exception of the fourth peak fraction (lane 5) where other
proteins seem to have been co-purified and the seventh peak fraction (lane 8)
where almost no protein is present. The fourth peak fraction should have been
excluded from further use to keep the sample as pure as possible, but due to
human error it was combined and concentrated with the other fractions.
When looking at the early and late flow through from SEC in Figure 3.2.c (lane 1
and 2) it is clear that significant amount of the protein is present and was therefore
not included in the protein sample, but lost during the purification process. This did
not seem to impact the final product, where the yield of the protein samples before
(lane 3) and after (lane 4) cleavage appears to be satisfactory, and the purity about
97% by visual estimation which is sufficient for immunization and antibody
generation.
3.1.2.2. Specificity of hsMETTL21D generated antibodies
In order for the antibody to be useful it needs to be specific, that is have low crossreactivity to other proteins present in the samples to be analyzed. This and the
optimal working concentration of METTL21D antisera were determined by Western
blotting. The protein samples containing lysate from HeLa (human cervical cancer
cells) cells spiked with recombinant human His-tagged METTL21D or recombinant
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untagged murine METTL21D were then separated by electrophoresis (2.3.2) and
blotted on a membrane (3.3.3) which was incubated with either 1:400 or 1:2000
dilution of antisera from either animal, and then probed with anti-rabbit antibody in
a 15000-fold dilution. The results are presented in Figure 3.3.

Figure 3.3: Generated antibody does not detect endogenous METTL21D in HeLa cell line.
Visualized by a 4-12% Nu-PAGE polyacrylamide gel. Black arrows indicate bands that correspond
in size to the proteins of interest . 10 µg of HeLa wild type lysate was loaded into each lane, as well
as 10 ng of either His-hsMETTL21D or untagged recombinant mmMETTL21D where it is indicated.
Blot in a) was incubated in antiserum from animal #1, b) in antiserum from animal #2.

When the PVDF membrane is incubated with antiserum from animal #1 (Figure
3.3.a) bands of approximately the right size can be observed, both when the
sample contains his-hsMETTL21D with expected size of 26.5 kDa (lane 1 and 4)
as well as untagged mmMETTL21D with the expected size of 25 kDa (lane 2 and
5). However the antiserum does not seem to be able to detect the endogenous
METTL21D protein (lane 3 and 6) in the HeLa lysate as seen by the lack of band of
about 25 kDa. This could either be du to the antibody only recognizing recombinant
protein, or more likely the amount of endogenous METTL21D in HeLa cells is less
than 0.1% of the total protein concentration in the cell. This number is obtained by
comparing the detectable amount of recombinant protein (1 ng) to the HeLa lysate
(10 µg) (1ng/10µg = 0.1%). The high background staining observed when the
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antiserum is diluted 400-fold (lanes 1-3) is reduced greatly when the sera is diluted
2000 fold (lanes 4-6).
Another membrane with the same set up as in Figure 3.3.a was incubated with
antiserum from animal #2 (Figure 3.3.b). The antiserum appears to react to both
His-hsMETTL21D and recombinant mmMETTL21D as the antiserum of animal #1
did in Figure 3.3.a. However the stronger presence of unspecific bands in both the
400-fold and 2000-fold dilutions of animal #2 antiserum, resulted in animal #1
antiserum being chosen for further use.
3.1.2.3. METTL21D antigen titration
To determine the detection limit of the METTL21D antiserum from animal #1, a
titration of recombinant His-METTL21D was performed, ranging from 10 to 0.2 ng
both with and without 10 µg HeLa lysate, as can be seen in Figure 3.4. As a good
working concentration had been determined (3.1.2.2.) the antiserum concentration
was fixed at 1:2000 dilution.

Figure 3.4: METTL21D antigen titration. Visualized by a 4-12% Nu-PAGE polyacrylamide gel.
METTL21D antiserum from animal #1 was used in 1:2000 dilution. Serial dilution of HishsMETTL21D ranging from final concentration of 10 ng to 0.2 ng. Black arrows mark protein of
interest a) hsMETTL21D recombinant protein sample without any lysate and b) with 10 µg HeLa
lysate.

At high antigen concentrations we can see clear bands of the expected size of the
recombinant protein (26.5 kDa), which get weaker with every dilution (lane 1-5) as
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expected. When the samples contain 0.5 ng of protein or less (lanes 6-9) no
protein is detected. When HeLa lysate is present (Figure 3.4.b) it appears that the
protein is detected more readily than without (Figure 3.4.a) possibly due to the
presence of endogenous hsMETTL21D protein, but more likely due to a pipetting
error resulting in different concentrations of his-hsMETTL21D between the two
blots. The METTL21D antiserum, as seen in Figure 3.4, appears to detect between
1.5 ng (lane 5) and 0.5 ng (lane 6) of antigen both with and without HeLa lysate,
which indicates that the endogenous hsMETTL21D is not very abundant, or
constituting less than 0.15% of the total protein content of the cell lysate
(1.5ng/10µg).
3.1.3. hsMETTL21A antibody generation
METTL21D was not the only protein that purified well and gave satisfactory yield
when performing the small-scale batch purification (3.1.1), METTL21A also proved
to be a possible candidate for immunization, with satisfactory yield and about 60%
purity by crude purification which indicates the possibility of achieving higher purity
by automated chromatography.
3.1.3.1. Purification of hsMETTL21A by automated chromatography
In general, automated chromatography purification of hsMETTL21A was performed
as in 3.1.2.1, with some alterations. First, in this case GSTrap FF 5ml and not 1ml
was used so as not to saturate column and lose protein, and the protein sample
was loaded slowly at 1ml/min onto the column to allow enough time for maximum
binding to occur. Also cleavage of the GST-tag was performed before SEC, and
the recombinant protein still containing the tag loaded on a Superdex 200 10/300
GL column, while the cleaved protein was loaded on a Superdex 75 10/300 GL
column. These were done in order to be able to achieve a better result between the
different protein peaks appearing in the chromatogram and therefore get a purer
protein. The purification steps can be observed in Figure 3.5.
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Figure 3.5: Purification of hsMETTL21A by automated chromatography. The purification steps
were visualized on 10% polyacrylamide gels. Black arrows indicates untagged hsMETTL21A, red arrow
indicates GST-hsMETTL21A and the green arrow points at a co-purified product of about 75 kDa which
is visible in almost all of the purification steps. The samples are annotated as L = lysate, CL = cleared
lysate, RL = resuspended pellet, EF = early flow through, LF = late flow through, BFC1/2 = before
cleavage 1-2, AC1/2/3 = after cleavage 1-3, SEC1/2/3/4 BC = SEC peak 1-4 before cleavage,
SEC1/2/3/4 AC = SEC peak 1-4 after cleavage. 2 µl were loaded of L, Cl and RL and 4 µl of the other
samples. A) purification steps from lysis to GSTrap, excluding the last GSTrap step AC3, b) shows final
GSTrap purification step (AC3) as well as all size exclusion chromatography steps.

In the lysate (lane 1) and cleared lysate (lane 2) in Figure 3.5.a, a strong band is
observed of approximately the expected size (51 kDa). Also, very little amount of
the protein appears to have been insoluble (lane 3). The amount of protein purified
by GSTrap (lane 6 and 7) was so high, that it looks to have contaminated the flow
through lanes (lane 4 and 5) so it is difficult to see if any protein was lost during the
process, but even if there has been some loss it appears to be minimal. After
cleavage of the GST-tag (lane 8-9 in Figure 3.5.a and lane 1 in Figure 3.5.b) there
are prominent bands of the expected size (about 25 kDa) as well as a protein of
about 50 kDa, corresponding to the uncleaved recombinant protein (lane 7) in size,
which indicates that the cleavage was not 100% efficient. The last GSTrap peak
fraction after cleavage (lane 1, Figure 3.5.b) looks to be less pure than the other
fractions (lane 7 and 8, Figure 3.5.a), but contains a significant amount of protein.
When comparing the GST-tagged protein before (lanes 6 and 7, Figure 3.5.a) and
after SEC (lanes 2-5, Figure 3.5.b) the purity of the protein purity is greatly
enhanced after SEC, especially the last two fractions (lanes 4 and 5, Figure 3.5.b).
A large amount of the protein appears to be lost when comparing cleaved protein
before SEC (lanes 8-9, Figure 3.5.a and lane 1 Figure 3.5.b) and after SEC (lanes

37

6-9, Figure 3.5.b), but the last two resulting protein fractions (lanes 8-9, Figure
3.5.b) are almost 100% pure by visual estimation, where even the consistently copurified DnaK (75 kDa), has been removed.
3.1.3.2. Specificity of METTL21A antibody
Just as for METTL21D antiserum (3.1.2.1), the specificity and optimal working
concentration needed to be determined for the METTL21A antibody. Each sample
contained either HeLa, U87 MG (human glioblastoma cells) or HEK293 T-REx
(human embryonic kidney cells) cell lysate. These three cell lines were used to in
case hsMETTL21A had a tissue specific expression. The HeLa lysate was also
spiked with the His-hsMETTL21A or the His-hsMETTL21B, being METTL21A’s
most closely related MTase. After the blotting process, the membranes were
incubated in 1:100 and 1:1000 diluted antiserum from either animal #1 or animal
#2. The membrane was then probed with anti-rabbit antibody diluted 15000-fold,
incubated in detection solution and exposed. The results can be seen in Figure 3.6.

Figure 3.6: Generated antibody does not detect endogenous METTL21A in human cell lines.
Visualized by a 4-12% Nu-PAGE polyacrylamide gel. Black arrows indicate protein of interest. 10
µg of lysate (either HeLa, U87 MG or T-REx) was loaded into each lane, as well as 10 ng of either
His-hsMETTL21A or His-hsMETTL21B where it is indicated. Blot in a) was incubated in antiserum
from animal #1, b) in antiserum from animal #2.

Antiserum from both animals appear to detect a protein of around 25 kDa in size in
the samples containing 10 ng of His-hsMETTL21A (lanes 1 and 6 indicated by the
black arrows), but not 10 ng of His-hsMETTL21B (lanes 2 and 7). No endogenous
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protein appears to be detected in either case (lanes 3-5 and 8-10) in any of the cell
lysates. For both antibodies, a dilution factor of 1:1000 of the antiserum is sufficient
for detection, and is therefore used as the working concentration in further studies.
The antibody from animal #1 displayed lower background staining (Figure 3.6.a)
compared to that from animal #2 (Figure 3.6.b), which resulted in antiserum from
animal #1 to be chosen for further use.
To further analyze the METTL21A antibody, 20 µg of four different HEK293 T-REx
lysates (provided by Magnus Jakobsson) were probed with 1:1000 diluted
antiserum from animal #1. These lysates were a knock down lysate (KD
METTL21A lysate) where hsMETTL21A was knocked down by a functional siRNA,
and three controls, a so called mock lysate where only the transfection agent was
used and no actual siRNA, a control where the mock lysate was diluted to 20% and
a negative control knock down lysate (KD Neg.control) where the siRNA introduced
was non-functional due to a scrambled sequence. The KD METTL21A lysate was
also

combined

with

three

different

concentrations

of

recombinant

His-

hsMETTL21A. The blot was incubated in ECL detection solution for 5 minutes and
exposed for 30 minutes. Figure 3.7 shows the results of this analysis.

Figure 3.7: Generated antibody does not detect endogenous METTL21A in HEK293-T-REx
cell line. Visualized by a 4-12% Nu-PAGE polyacrylamide gel. Black arrow indicates recombinant
His-hsMETTL21A detected. Red arrow indicates possible endogenous METTL21A. 20 µg of lysate
was loaded into each lane, as well as 20 (lane 5), 2 (lane 6) and 0.2 (lane 7) ng of HishsMETTL21A.
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As observed before (Figure 3.6), the antiserum detects recombinant HishsMETTL21A antigen (lane 5) when the concentration is 10 ng or above. When
titrated further, it also appeard to detect recombinant protein concentration as low
as 0.2 ng (lane 7). However, when no recombinant protein is present in the lysate,
there appears to be no detection of a protein of the expected size (24.5 kDa) in the
mock lysate (lane 1), 20% mock lysate (lane 2) or the actual METTL21A knock
down lysate (lane 3). In the negative control knock down lysate (lane 4), the
antiserum appears to detect a weak signal at 25-26 kDa. This could suggest that
the antibody finally detects the endogenous protein, but the fact that no protein is
detected in the Mock lysate, where the same result would be expected, indicates
that it is not so. Also, the protein detected is the same size as the recombinant
protein (26.5 kDa) in lanes 5-7, where as the endogenous protein should be about
24.5 kDa. Most likely explanation of this detection in the mock lysate is a
contamination of the recombinant protein from lane 5. Taken together, this
suggests that the total amount of endogenous METTL21A constitutes less than
0.01% of the total protein amount in HEK293 T-REx cells.
3.1.3.3. Comparison of METTL21A antibodies
The generated antibody (3.1.3.2), which was raised against a purified recombinant
protein, was then compared to a commercial antibody, which had been raised
against a synthetic peptide. In previous experiments, this commercial antibody
appeared to have detected a protein of similar size as the expected size of
endogenous METTL21A (26 kDa). The results are presented in Figure 3.8. A blot
containing 10 µg of HeLa or T-REx lysates, either alone or mixed with 10 ng HisMETTL21A/B was incubated in 1:1000 dilution of either antibody, and the
secondary antibody (anti-rabbit) in 1:15000 dilution.
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Figure 3.8: The generated antibody detects recombinant METTL21A better than the
commercial antibody. Visualized by a 4-12% Nu-PAGE polyacrylamide gel. Black arrow indicates
recombinant protein of interest and red arrow indicates possible endogenous protein. 10 µg lysate
loaded in each well, and 10 ng recombinant protein where it is indicated. a) antibodies; αMETTL21A (left hand panel) is the generated antibody and Cα-METTL21A (right hand panel) is the
commercial. b) Ponceau S staining of membrane.

In Figure 3.8.a the generated antibody (lanes 1-4, labeled as α-METTL21A)
detects a protein of approximately 25.5-26 kDa in size (lane 1, black arrow), where
the sample included 10 ng of His-hsMETTL21A, This corresponds to the expected
size of recombinant His-hsMETTL21A. The antibody does not appear detect
protein of similar size in either the lysate with His-hsMETTL21B (lane 2) or the
lysate without any recombinant protein added (lanes 3 and 4). A protein of the
same size as detected by the generated antibody is visible when incubated with
the commercial antibody (lane 5, black arrow), but the antibody also appears to
detect a protein of about 22 kDa in size in all lanes (lanes 5-8, indicated by a red
arrow). This could suggest that the commercial antibody detects the endogenous
METTL21A, which has the expected size of 24 kDa. However, when the
membrane is stained with Ponceau S stain to detect the proteins present in the
lysates (Figure 3.8.b) a prominent band of the same size is visible. Only very
abundant proteins can be observed directly by Ponceau S staining, and since the
METTL21A appears to be in low abundance in the cell (3.1.3.2), this is most likely
background staining of antibodies due to unspecific binding. The signal for the
recombinant protein is weaker (lane 5, black arrow) and more background is
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detected by the commercial antibody. This indicates that the generated antibody is
a better antibody despite it not being able to detect the endogenous protein.
3.1.4. Cross-reactivity of antibodies
To inspect whether the antibodies react to other members of the Family 16 MTases
than those they were raised against, blots containing various recombinant protein
as indicated in Figure 3.9 were incubated with the four antibodies, where their
working concentration varies: the Cα-METTL21D antibody was 15000-fold diluted,
the Cα-METTL21A antibody 1000-fold, the generated α-METTL21D antibody 2000fold (determined in 3.1.2.2) and the α-METTL21A antibody 1000-fold (3.1.3.2). All
blots were probed with an α-rabbit secondary antibody diluted 15000-fold.

Figure 3.9: Cross-reactivity of commercial and generated antibodies. Visualized by a 4-12%
Nu-PAGE polyacrylamide gel. Recombinant proteins are indicated with black arrows, crosscontaminants with red, and His-GST with a blue arrow. 10 µg HeLa lysate was loaded into each
well, and 10 ng of recombinant protein where it is indicated. a) commercial antibodies, where CαMETTL21D antibody was diluted 15000-fold and Cα-METTL21A 1000-fold. b) generated antibodies,
where α-METTL21D was diluted 2000 fold and α-METTL21A 1000-fold.

When the commercial antibodies were analyzed (Figure 3.9.a), the Cα-METTL21D
antibody (lanes 1-5) reacted weakly only to the sample containing recombinant
His-hsMETTL21D in HeLa lysate (black arrow, lane 2), but not to any of the other
samples. This as well as the fact that it corresponds to the expected size of the
recombinant protein, suggests that the band detected is not the endogenous one,
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since the same amount of lysate is used in all lanes. There is also a very weak
band of about 65 kDa (red arrow, lane 4) visible where HeLa lysate is present with
His-METTL22. Since His-METTL22 has the expected size of about 48 kDa, this
band most likely represents a co-purified protein present in the protein sample and
not the actual METTL22 protein. When the blot is incubated with the CαMETTL21A antibody (lanes 6-10), there are clear bands in all the lanes of about 22
kDa in size, which correspond to an unidentified protein very abundant in the lysate
as mentioned before (3.1.3.3). However there does not appear to be a band of 25
kDa for the recombinant His-METTL21A (lane 8) as appeared in previous
experiments (Figure 3.8.a). This is most likely due to a pipetting error made during
the experimental process resulting in amount of recombinant protein being to low
to detect. The antibody seems to react to an unknown protein at 45 kDa in size,
and shows the same cross-reactivity to a protein of about 65 kDa (red arrow, lane
9) where His-METTL22 is present with HeLa lysate.
When looking at the results from the generated antibodies in Figure 3.9.b, the αMETTL21D antibody does recognize the recombinant His-METTL21D (lane 2) but
not the endogenous one, as seen before (3.1.3.2). It reacts weakly with two
unknown proteins in the sample containing lysate and His-METTL22 (lane 4) one
of about 70 kDa and the other at 25 kDa. The α-METTL21D antibody has the same
reactivity as the commercial antibodies to a protein of approximately 65 kDa as
seen in Figure 3.9.a, when the lysate contains His-METTL22 (lanes 4 and 9).
There also appears to be weak cross-reactivity to His-GST protein of expected size
of about 28 kDa when the lysate includes recombinant His-GST protein (lane 5),
which can be explained by the fact that the antibody was raised partially against a
GST-tagged METTL21D. The α-METTL21A antibody (lanes 6-10) recognizes the
recombinant His-METTL21A (lane 8) but not the endogenous protein as has been
observed before (Figure 3.6), and strongly reacts to a protein of about 75 kDa
when the lysate contains His-METTL22 (lane 9).
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3.2. Mutational analysis of METTL21A
3.2.1. Point mutants and N-terminus truncation
Several residues and motifs of the MTase family 16 are well conserved between
the proteins. In order to try to decipher their functions, single amino acid mutations
were introduced into the METTL21A sequence, one at a time by site directed
mutagenesis and MTase activity was subsequently assayed for corresponding
mutant proteins.
3.2.1.1. Generation of mutants
PCR and restriction based cloning were used to generate a His-METTL21A
sequence without its N-terminus (amino acids 1-37 removed) as well as to
introduce point mutations into the MTase sequence, where the primers were
designed with the help of the PrimerX web-based tool (PrimerX, 2011). The point
mutations and their locations are indicated in Figure 3.10.

Figure 3.10: Topological diagram of the seven β-strand MTase fold. Sites of METTL21A
mutations are indicated. The gray bars represent α-helices, the white arrows β-sheets.

Most of these amino acids were mutated to alanine (A), one of the simplest
residues, with a biochemically inert short nonpolar hydrocarbon side chain. The
Aspartate (D) in position 94, located in the loop between β-sheet β2 and α-helix αB
is very well conserved between the different members of Family 16 MTases and
has been shown to play a crucial role in catalysis of METTL21D (Kernstock et al.
2012). Aspartate in position 144 vas mutated both to alanine and valine (V), which
replaces the negatively-charged side chain with a hydrophobic hydrocarbon side
chain. Tyrosine (Y) in position 147 was also mutated to both alanine and
phenylalanine (F), the former to see if the aromatic side chain of tyrosine was

required, and the latter to see if tyrosine and phenylalanine were interchangeable
since their structure is highly similar, with tyrosine merely having an extra hydroxyl
group. The D144 residue is located at the end of the β-sheet β4 and Y147 residues
located three residues later on the loop between β-sheet β4 and α-helix αD. These
are key residues in the so called D/ExxY/F motif found in the MTase Family 16,
which is considered to be important for binding/catalysis of the substrate. E150 is a
relatively well-conserved negatively charged amino acid, just three residues away
from the D/ExxY/F motif in the loop between β-sheet β4 and α-helix αD and has
the possibility to be involved in binding/catalysis of substrate as well. The final
residue to be mutated was R176, which is found in the loop between β-sheet β5
and α-helix αE. It is a positively charged amino acid that can be found in all
METTL21A orthologs (Jakobsson et al., 2013). METTL21A was also mutated in
such a way, that the first 37 amino acids of His-METTL21A were removed, to test
the theory that since the N-termini of the MTase family are highly variable between
family members, it might be needed for substrate recognition. If that is indeed the
case, the mutated MTase should not display any activity.
3.2.1.2. Purification of His-METTL21A and its mutants
The wt and mutant METTL21A sequences were cloned into a pET28a vector and
transformed into BL21 E. coli cells. The protein was expressed, expression
induced and purified by Talon purification (2.2.2.2). Figure 3.11 shows each step of
the purification process for wt His-METTL21A and the end result for the point
mutants and the N-terminus truncated version.
When purifying the recombinant His-METTL21A (Figure 3.11.a), a band can be
observed which corresponds to the expected size of the protein (26.4 kDa) after
lysis (lane 1) and after the lysate has been cleared (lane 2). Due to the amount of
protein present in the unbound sample, it is not possible to see whether there was
any protein of interest not bound to the matrix and therefore lost (lane 3). However,
when washing with Equilibration Buffer T for the first time (lane 4) there appears to
be a protein of the right size present in the wash flow through, and therefore lost in
this purification step. Of all the other wash steps (lane 5-9) only Wash 2 contains a
low amount of protein of the right size. When the protein is eluted with Imidazol the
first two eluted fractions (lanes 10 and 11) contain most of the protein, where the
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third fraction (lane 12) appears to only contain impurities, and the final eluted
fraction (lane 13) contains a small amount of protein. The concentrated sample
(lane 14) shows all the protein of interest (indicated by black arrow) from the eluted
fractions together, along with the impurities. If the third eluted fraction had been
omitted from the final concentrated sample, the final protein sample would have
been significantly purer, but due to human error it was included. At about 75 kDa, a
co-purified band is present (red arrow) in all the eluted fractions (lanes 10-13) and
the concentrated sample (lane 14), which is most likely DnaK protein from E. coli
as mentioned above (3.1.1.). In lane 15 the METTL21A protein without its Nterminus is present in the sample (expected size 22 kDa), but due to the amount of
other bands co-purified in the sample (indicated by green arrows), it is no purer
than 40% by visual estimation, and the yield is low.

Figure 3.11: Purification of METTL21A and its mutants. Visualized on a 10% polyacrylamide
gel. Black arrows indicate protein of interest, red arrows indicate co-purified DnaK product, green
arrows indicate other co-purified proteins. The samples are annotated as L = lysate, CL = cleared
lysate, UB = unbound protein, WE1/2 = wash with Equilibration Buffer T 1/2, W1-4 = Wash in wash
buffer 1-4, E1-4 = elution steps 1-4, C = concentrated sample. 2 µl were loaded of the L, CL and UB
samples, 4 µl of all the others. a) the purification steps, and the METTL21A and METTL21A ΔNmutant end product, b) end results of purified recombinant point mutant proteins.

The METTL21A point mutants (Figure 3.11.b) all purified well, giving a band of
approximately 25 kDa (indicated by black arrow) as expected and a weak band of
75 kDa which would be the DnaK (indicated by red arrow). The point mutants all
exhibit purity of about 95% by visual estimation.
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3.2.1.3. Enzymatic activity of METTL21A mutants
In order to investigate the activity of the wt His-METTL21A and its mutants, an
activity assay was set up. Since Class I MTases catalyze a transfer of a methyl
group to its substrate, with SAM acting as the methyl donor, it is possible to
measure the enzymatic activity by incorporating a methyl group from SAM labeled
with the isotope Tritium (3H). This can then be measured using liquid scintillation
counting, where the radioactive decay is converted to light, which can be easily
quantified.
In a recent study, it was discovered that METTL21A catalyses the trimethylation of
a conserved lysine residue in several human HSP70’s (Heat-shock proteins of
approx. 70 kDa) chaperones (Jakobsson et al., 2013). Some of these proteins are
stress-inducible chaperones (such as HSPA1) while others are constitutively
expressed (such as HSPA8) and are therefore a more feasible option to use as a
substrate while performing activity assays. The activity of the wt METTL21A and a
panel of mutants on this substrate can be seen in Figure 3.12. If the residues have
a central function in substrate recognition or catalysis, then these mutations should
result in little or no activity to be measured.

Figure 3.12: MTase activity of METTL21A point mutants on HSPA8. Methyltransferase reaction
3

time was 60 min. 100 pmol METTL21A, 200 pmol HSPA8 and 2 µCi [ H]-SAM were used. The “–“
indicates no substrate, the “+” indicates the presence of HSPA8. Bars represent the mean of 3
experiments and the error bars represent the standard deviation. The enzymes were purified and
the assay performed by Magnus Jakobsson.
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When glutamic acid 150 (E150) and arginine 176 (R176) were mutated to alanine
there was no significant change in the activity compared to wt METTL21A, which
indicates that these conserved residues are not required for binding/catalysis, at
least not on their own. When tyrosine 147 (Y147) is mutated to phenylalanine there
is likewise not any change in activity, but when alanine is incorporated instead, the
activity is reduced about 10 fold which suggests that the need for an amino acid
containing

an

aromatic

residue

at

this

site

is

indeed

needed

for

binding/catalysis/turnover of the substrate. The activity of the aspartic acid 94
(D94) to alanine mutant is completely abolished, which supports the theory that this
residue is needed for SAM binding. Finally, mutating aspartate 144 (D144) to
alanine reduced the activity of the enzyme by 50%, but mutating it to valine
completely abolishes it, presumably since the negative charge is substituted with a
hydrophobic hydrocarbon side chain. Also, deleting the N-terminus of the protein
results in abolished activity, which possibly supports the theory that it is needed for
substrate recognition.
To further analyze the activity of the mutants that displayed activity in Figure 3.12
(D144A, Y147F, E150A and R176A) a titration was performed with the wt
METTL21A and the point mutants on both HSPA1 and HSPA8. This could identify
more subtle differences between the mutants from the wt, even though they exhibit
similar activity in Figure 3.12. The results are shown in Figure 3.13.
When looking at the activity of the enzymes on HSPA1 (Figure 3.13.a), the wt and
the R176A mutant appear to be very similar, they start exhibiting detectable activity
as well as reach plateau at similar concentrations. The E150 mutation results in a
partially inactive enzyme which displays about 20% lover activity than the wt and
the Y147F mutant also displays less activity, it is only detectable at about 3.16
pmol enzyme concentration as opposed to 1 pmol, and at 100 pmol enzyme
concentration its activity is reduced about 60% to that of wt. Of the mutants that
exhibited activity in Figure 3.12, the one with the least activity appears to be
D144A, in accordance with previous results, which only starts displaying activity at
about 10 pmol enzyme concentration and is about 85% less efficient than the wt
enzyme.
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Figure 3.13: Methylation of HSPA1 and HSPA8 with various METTL21A mutants. Enzymatic
activity on a) HSPA1 and b) HSPA8. Methyltransferase reaction time was 60 min. 100 pmol
3

METTL21A, 100 pmol substrate and 1.6 µCi [ H]-SAM were used. The experiment was performed
in duplicates. Symbols represent mean and error bars spread of duplicate experiments.

In Figure 3.13.b where the activity of the enzymes on HSPA8 was explored, a
different story is being told. The D144A protein still has the lowest activity of the
mutant enzymes, but this time it starts to display activity at 3.16 pmol enzyme
concentration and its activity is about 3-fold higher than on HSPA1. The Y147F
mutant also demonstrates less activity initially than the wild type enzyme, but
reaches almost the same amount of activity at high MTase concentration. The
activity of both E150A and R176A mutants are similar to that of the wt enzyme as
well as comparable to their activity on HSPA1.
It appears that when the mutants are in the presence of HSPA1, only the R176A
mutant is as active as the wt enzyme, the others exhibit reduced activity, which
indicates that these mutations affect binding/catalysis to a certain extent, even
though they don’t abolish the activity. When they are in the presence of HSPA8,
however, they are almost all as good as the wt enzyme, except D144A which
displays reduced activity, but still higher than with HSPA1. This suggests that the
HSPA8 is the preferred substrate for all the METTL21A constructs, which could
indicate that this methyltransferase has evolved to act on HSPA8 rather than
HSPA1.
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3.2.2. Chimeric proteins
As mentioned above (3.2.1.1) there is a possibility that the N-terminus of the
protein is needed for recognition of its substrate, and this is supported by the fact
that when removing the first 37 amino acids, and then measuring the activity it
results in a completely non-functional protein (Figure 3.12). To further inspect this
N-terminus recognition theory, the N-termini of METTL21A, METTL21D and
YNL024c, a putative S. cerevisiae homolog of METTL21A, were interchanged and
the activity of these chimeric MTase constructs on HSPA1 and VCP was
measured. If the N-terminus extension is the sole determinant of substrate
specificity then it should be inverted, that is the protein containing the core fold of
METTL21A and the N-terminus of METTL21D should recognize VCP and the
protein containing the core fold of METTL21D and the N-terminus of METTL21A
should recognize HSPA1 and HSPA8.
3.2.2.1. Generation of chimeric proteins
Primers were designed to amplify the N-termini and the core folds separately,
where Figure 3.14 shows the site of cleavage between the conserved amino acids
valine and tryptophan (indicated by red arrow). After PCR amplification of these
fragments, they were pieced together by the PCR SOEing (Splicing by Overlap
Extension) technique, where primers are designed to overlap the two fragments of
interest. Then the N-terminus of METTL21A and METTL21D core sequence are
“stitched” together by amplification and the other way around as well as is the Nterminus of hsMETTL21A with YNL024c core sequence and vice versa.

Figure 3.14: MTase sequences for chimera generation. Cleavage site is indicated by red arrow,
between conserved valine (V) and tryptophan (W).

After the final amplification, the chimeric sequences were cloned, transformed and
the plasmid isolated (2.1).

Table 3.1: Overview of the GST-tagged chimeric proteins

Predicted

Expected

Substrate

size

Name

N-terminal

Core

ChimeraI

hsMETTL21A

hsMETTL21D HSPA1

53.3 kDa

ChimeraII

hsMETTL21D

hsMETTL21A

VCP

50.7 kDa

ChimeraIII

hsMETTL21A

YNL024c

HSPA1

54.7 kDa

ChimeraIV

YNL024c

hsMETTL21A

VCP

51.3 kDa

3.2.2.2. Purification of chimeric proteins
The expression and purification was as described in 3.1.1 only in 1 L culture not
200 ml. The results are shown in Figure 3.15 below.

Figure 3.15: Purification of METTL21D, VCP and GST-tagged chimeric proteins by batch
purification. Visualized on a 10% polyacrilamide gel. a) shows the purification steps, b) shows the
final products, c) shows ChimeraIII purification. Black arrows indicate protein of interest. Red arrow
indicates a possible protein of interest. The samples are annotated as L = lysate, CL = cleared
lysate, UB = unbound protein, W = wash fraction, W1 and 2 = wash 1 and 2, E = eluted fraction, C
= concentrated sample. 2 µl were loaded of the L, CL and UB samples, 4 µl of all the others. VCP
was provided by Vinay Aileni.

METTL21D purification (Figure 3.15.a) was successful, present in the lysate (lane
1) and the cleared lysate (lane 2) is a very strong band of approximately the right
size (52 kDa). A protein of the same size is present in the unbound fragment (lane
3), which indicates that not all of the protein bound to the G-sepharose resin and a
low amount of the protein was lost in the washing step of the purification (lane 4).
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The final concentrated sample (lane 5) displays low amount of impurities and gives
high yield of the METTL21D protein.
The chimeric proteins and HSPA1 were purified in the same way as METTL21D,
quantified with BioRad protein concentration assay (2.2.3.2) and what should be 2
µg protein according to those results, were loaded on a SDS-page polyacrylamide
gel, which can be observed in Figure 3.15.b. 2 µg of METTL21D from Figure
3.15.a was loaded on the gel (lane 1) to confirm that the quantity measured
corresponded to the actual amount, which was indeed the case. There appears to
be a clear band of the expected size (53 kDa) in lane 2, where ChimeraI was
loaded. There are some impurities present at about 25 kDa in size, as well as a copurified protein of 75 kDa, which has been observed before when METTL21A is
purified and is most likely DnaK protein from E. coli. However, the quantity of the
desired recombinant protein seems to have been over-estimated by about two fold,
due to the presence of other proteins in the sample. The protein corresponding to
the expected size of ChimeraII (50 kDa) in lane 3 is almost as pure and
concentrated as METTL21D and the approximate quantity loaded appears to be
about 2 µg. When ChimeraIII is purified, no protein of the expected size (50 kDa) is
present (lane 4), only a strong band of 75 kDa and similar impurities at 25 kDa as
for ChimeraI. A band of expected size for ChimeraIV (51 kDa) is present (lane 5),
with some impurities at about 20-25 kDa in size and therefore is the amount of
ChimeraIV less than measured, or about 1 µg. The substrates are both quite pure,
the sample for HSPA1 (lane 6) contains impurities at 55 and 20 kDa, that makes
the amount of protein less than expected as for the other constructs, or about 1.5
µg. VCP contains little impurities and the yield appears to have been highly
underestimated or about 5 fold. The purity of the proteins in Figure 3.15.b,
excluding ChimeraIII, range between 80 and 98% pure by visual estimation and
can therefore be used to measure their protein activity. Neither ChimeraII nor
ChimeraIV appear to have the co-purified protein at 75 kDa, which suggests that
the DnaK is linked to the N-terminus of METTL21A, and not its core fold.
When looking closer at the purification steps of ChimeraIII (Figure 3.15.c), we can
see that there is a lot of protein present of the right size (54 kDa) in the lysate (lane
1) but after clearing it by centrifugation and filtration and in all the subsequent
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steps, this protein is no longer present. This suggests that the ChimeraIII, which is
constructed from the hsMETTL21A N-terminus and YNL024c core sequence, is
almost entirely insoluble under the conditions applied. The red arrow marks a faint
band below the expected size, but this is most likely a contaminant from the well
next to the concentrated fraction (lane 7) to the right, which contained ChimeraIV
lysate.
3.2.2.3. Chimeric protein activity assay
Since the ChimeraIII protein was insoluble and therefore impossible to purify in its
native state under the conditions applied, both chimeric proteins containing the
YNL024c (ChimeraIII and ChimeraIV) were excluded from further studies. The
activity of the two remaining chimeric proteins as well as of the wt proteins and
hsMETTL21A without its N-terminus were measured by Tritium-labeled SAM
MTase assay (2.4) and results are shown in Figure 3.16.

Figure 3.16: Methylation of chimeric proteins. Methyltransferase reaction time was 60 min. 100
3

pmol METTL21A, 50 pmol substrate and 2 µCi [ H]-SAM were used. The blue bars indicate no
substrate present in the reaction, the red bars indicate that HSPA1 and the green bars that VCP is
present. The assay was performed in triplicates. Bars represent mean and error bars spread of
triplicate experiments.

53

All samples containing no substrate (blue bars) show low background signals at
about 150-3000 counts. The wt MTases exhibit high activity on their substrates,
METTL21A on HSPA1 and METTL21D on VCP at approximately 800.000 counts.
METTL21D shows a little bit higher activity on its substrate than METTL21A. The
activities of the wt enzymes on the other substrates are comparable to the
background signal. As demonstrated previously (Figure 3.12), the N-terminus
truncated METTL21A has no activity, which demonstrates that the N-terminus is
crucial for MTase activity in vitro, possibly by playing a central role in substrate
recognition. Neither chimera shows any activity above background with either
substrate. This could possibly contradict the substrate recognition theory, but more
likely is that making these chimeras resulted in a non-functional protein possibly
due to the variable N-terminus having evolved together with the core structure of
the enzymes and therefore the proteins can not be altered in such a way as has
been done here.
3.3. Sub-cellular localization of MTase Family 16
Sub-cellular localization of all the putative MTases belonging to the MTase Family
16 was determined by confocal microscopy image analysis and the results can be
seen in Figure 3.17. Since introducing a tag such as a GFP-tag on a protein can
interfere with the localization tag of the protein it self, all of the MTases were
cloned into two eGFP vectors, either containing the GFP-tag C- or N-terminal of
the insert. Endotoxin free plasmid preps were used to transiently transfect wt HeLa
cells and a nuclear stain was added in to the media shortly before imaging to be
better able to distinguish the nuclei of the cells.
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Figure 3.17: All human members of Family 16 methyltransferase are expressed in the cytosol
and nucleus. Phylogenetic relationship and subcellular localization of methyltransferase Family 16.
A phylogram (left hand panel) was constructed from primary amino acid sequences using Blosum62
average distance tree. The arginine specific 7

β-strand MTase PRMT1 was used as outgroup.

The MTases subcellular localization was determined by transfection of GFP-tagged MTase
constructs followed by confocal microscopy image analysis (right hand panel).

Almost all of the MTases display a diffuse distribution in the cytoplasm, with a
weaker distribution in the nucleus. METTL18 was the only protein that showed an
inverted distribution compared to the others, that is was more strongly localized to
the nucleus and weaker to the cytoplasm. According to the UniProtKD database
(The UniProt Consortium, 2013), METTL21A, 21C and 23 should be localized
integral to membrane, but this was not observed (Figure 3.17). All of the proteins
were imaged both with the GFP tag N-terminal and C-terminal of their sequence
and most of them displayed similar localization no matter the orientation. The
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METTL18 and METTL20 constructs containing the GFP tag C-terminal of the
sequence were the only constructs that did not transfect into the cells and therefore
only results from the constructs containing the tag N-terminal of their sequence
were obtained.
Six of the enzymes of MTase Family 16 have identified substrates, and to test the
hypothesis that substrate and enzyme co-localize within the cell HeLa cells were
co-transfected with a GFP-tagged MTase and a RFP-tagged substrate. The results
are displayed in Figure 3.18.

Figure 3.18: Co-localization of the putative methyltransferases with their identified
substrates. Subcellular localization was determined by co-transfecting wt HeLa cells with GSTtagged putative methyltransferases and their RFP-tagged substrates followed by confocal
microscopy image analysis. The top most panel shows the GFP fluorescence from the
methyltransferases, the panel under that the mRFPC1 fluorescence of the substrates and the
second to last panel the fluorescence of the nucleus when stained with Hoechst 33258 stain. The
lowest panel shows a composite of the top three panels.

CAMKMT (second vertical panel), METTL21D (fifth vertical panel) and METTL21A
(sixth vertical panel) all localize to both cytosol and nucleus, and display a diffuse
distribution (Figure 3.17). When the cells are co-transfected with their identified
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substrates (Figure 3.18) their localization does not change, and they co-localize
with their substrates as expected.
METTL18 (Figure 3.18, first vertical panel) is predominantly localized in the
nucleus and only weakly in the cytosol (as seen in Figure 3.17 as well), where the
putative substrate, RPL3, appears to be localized to the nucleoli of the cell. RPL3
(60S ribosomal protein L3) is a ribosomal protein, so that it mostly localizes to the
ribosomal RNA transcription site is not surprising, however the MTase is mostly
localized in the nucleus it self, and some in the cytoplasm, and therefore does not
appear to co-localize with its putative substrate. It is possible that the localization of
RPL3 differs at other cell-cycle time points, as its predicted localization is in fact
nuclear and cytoplasmic (The UniProt Consortium, 2013). This could indicate that
interaction between the MTase and its substrate occur at another time in the cell
cycle then was observed.
As indicated in Figure 3.17 (phylogenic tree, right hand panel), the FAM86A
(Figure 3.18, fourth vertical panel) displays a diffuse distribution both in the cytosol
and nucleus, whereas eEF2 is only localized in the cytosol.

This partial co-

localization could indicate that eEF2 is not the only protein being methylated by
FAM86A and an unknown substrate or substrates localizing to the nuclus are
awaiting discovery.
METTL22 is mostly localized to the cytosol according to Figure 3.17 (phylogenetic
tree, right hand panel), with a weak distribution in the nucleus. However, when the
cells are transfected with both METTL22 and KIN17, the MTases and its substrate
co-localize exclusively to the nucleus (Figure 3.18, third vertical panel). This gives
rise to speculations about how increasing amounts of the substrate could influence
re-localization of the MTase.

57

4. Discussion
4.1. Generation and characterization of antibodies
Of the five putative MTases that were purified on a small-scale, only METTL21A
and METTL21D were easily produced in sufficient amount and purity for antibody
generation. The other three putative MTases purified were not considered to be
good candidates for antibody generation, METTL21C and METTL21B due to the
shear amount of other proteins that co-purified with them, and GST-METTL23
since it appeared to be mostly insoluble under the conditions applied (Figure 3.1).
Often, the cause of protein insolubility is due to similarities of the pH of the lysis
buffer and the pI of the protein since its net charge will be close to zero and the
protein therefore unstable (Burgess, 2008). However GST-METTL23 has a similar
pI (5.3) as the other four MTases (5.15-5.79) and the pH of the lysis buffer was
optimized to approximately 7.5 for all protein, so this could not be the reason why
METTL23 is mostly insoluble while the others are not. The METTL23 is an integral
membrane protein (Cloutier et al., 2013) and integral membrane proteins are
extremely hydrophobic and often require high concentrations of detergents for
solubilisation, since detergents solubilise the proteins by binding to the
hydrophobic parts of the protein on one side and interacting with the aqueous parts
on the other side (Von Jagow, 1994). Therefore it could be possible to resolve the
insolubility of GST-METTL23 by purifying the protein in the presence of detergents
such as Triton-X 100.
The prokaryotic chaperone DnaK is removed by automated chromatography
Producing protein by batch purification can be inefficient and time consuming when
large quantities of pure protein are needed (GE Healthcare, 2000; Melchior, 2002).
Therefore the large-scale purification of METTL21D and METTL21A was
performed on Äkta liquid chromatography system, which proved to be an efficient
way to produce sufficient quantities of both hsMETTL21D and METTL21A, where
in both cases the protein produced was over 95% pure by visual estimation.
The METTL21D proved to be easily purified, yielding high protein concentration of
a very pure protein. When the METTL21A was purified by batch purification the
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prokaryotic homolog of HSP70 chaperones, DnaK co-purifies with it (Figure 3.1).
This E. coli protein is one of the most commonly known contaminant when
purifying recombinant proteins from E. coli cells (Bolanos-Garcia et al., 2006; Rial
et al., 2002). METTL21A tri-methylates a conserved lysine residue in a few human
HSP70

proteins,

including

stress-inducible

chaperone

HSPA1

and

the

constitutively expressed chaperone HSPA8 (Jakobsson et al., 2013), which is most
likely the reason why the DnaK protein co-purifies with METTL21A and not any of
the other MTases even though similar purification conditions were applied. When
METTL21A was purified by SEC before cleavage, the DnaK was not separated
from the recombinant protein even though the resolution of the Superdex200
column should have resulted in DnaK being eluted into a different fraction than the
MTase, indicating that the link between the MTase and the chaperone is strong as
to be expected if it recognizes the DnaK as a substrate homolog. However, SEC by
Superdex75 column after cleavage of the GST-tag has a much higher resolution
for proteins of lower molecular weight than Superdex200, so when the sample
previously purified by GSTrap column, was applied to the Superdex75 it was
possible to separate the MTase and the E. coli chaperone (Figure 3.5.b) since the
two proteins have such different molecular weight (DnaK at 70 kDa, cleaved
product about 25 kDa), resulting in a much purer protein than had previously been
obtained by batch purification.
Generated antibodies do not detect endogenous protein
The final antisera from the two rabbits immunized with GST-hsMETTL21D protein,
were tested on wt HeLa lysate with and without recombinant human and mouse
homolog of METTL21D. The serum from either animal displayed high specificity
against both recombinant proteins (Figure 3.3) showing slight preference to the
human protein as to be expected. The antigen detection of the antibodies proved
to be just as strong when the antisera was diluted 2000-fold as when it was diluted
400-fold, while the cross-reactivity towards other proteins present in the lysate was
greatly reduced, more so for antiserum from animal #1 which resulted in it being
chosen for further testing. Since the antigen detection appears to be the same for
both dilutions of either antisera, it is very possible that the cross-reactivity of the
antisera towards other proteins present in the sample could be further reduced by
diluting it even more. Neither antisera detects the endogenous protein in the
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sample, which suggest that METTL21D protein is in very low abundance in HeLa
cells, or constitutes less than 0.1% of the cells protein content. When the detection
limit of METTL21D animal #1 antiserum was determined by titration, its limit
appears to be reached at concentration of between 1.5 and 0.5 ng of recombinant
hsMETTL21D which further supports the theory that METTL21D is in low
abundance in the cell, or according to this actually constitutes less than 0.015% of
total protein content of HeLa cells.
Another anibody was generated, specific to METTL21A proteins and tested on
HeLa lysate containing recombinant METTL21A, recombinant METTL21B or no
recombinant protein. The generated antibody did recognize the recombinant
METTL21A and was specific enough not to recognize the closely related
METTL21B protein (Figure 3.6). Diluting the antisera for animal#1 to 1000-fold
reduced the background signal significantly but the detection strength of the
antigen was also reduced, though still strong, indicating that diluting it further could
compromise the signal. The detection strength of the antigen was not reduced
when using antiserum from animal #2, but background staining were also stronger
than with animal #1, which resulted in antiserum from animal #1 to be chosen for
further testing against three different lysates, HeLa, U87MG and HEK293 T-REx, in
case the protein expression was tissue specific and therefore not detectable in
HeLa cells. No endogenous protein was detected in any of the lysates, indicating
that it constitutes less than 0.1% of total protein content of any of the cell lysates.
It had previously been indicated that with a longer incubation in ECL Western
blotting substrate and longer exposure, a weak band in HEK293 T-REx cell line
could be detected of the expected size of endogenous METTL21A, when using a
commercially generated antibody (Jakobsson et al., 2013). This protein detection is
so weak that it is only identified when the absence of the protein in a knock out cell
line is compared with its presence in wt cell line. When the METTL21A generated
antibody was applied on the same set up, a protein was detected in a negative
control KD cell lysate that was not detected in the true KD lysate. However, this
protein was of the same size as the recombinant protein and not the endogenous
protein, and it was not present in the mock lysate, which casts further suspicion on
the integrity of the results. This leads to the conclusion that this protein detected in
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the KD lysate was a contaminant from a nearby well containing recombinant
METTL21A. The detection limit of the antibody was further determined to be as low
as 0.2 ng of recombinant protein, which indicates that the METTL21A only
constitutes 0.01% of the entire protein content of HEK293 T-REx cells.
Since the human methyltransferasome constitutes about 0.9% of all human gene
products where 60% of that belongs to the seven β-strand family (Petrossian et al.,
2011) it is not unlikely that METTL21D constitutes less than 0.015% of HeLa cell
protein content and METTL21A less than 0.01% of HEK293 T-REx cells. By
definition, a very good antibody detects 1 ng of antigen or less in immunoblots
(Melchior, 2002), which is the case for both antibodies, but since the MTases
appear to be in low abundance in the cells, it is quite a challenge for the antibodies
to

detect

them

none

the

less.

Performing

immunoprecipitation

before

immunoblotting could possibly resolve this, since it would enrich the low abundant
protein content of the lysate. Other human cell lines other than HeLa and HEK293
T-REx cells could also contain higher amount of the MTases, making it more
readily detectable.
Generated

antibodies

appear

to

be

better

than

their

commercial

counterparts.
The METTL21A generated antibody, raised against a purified full-length
recombinant protein, was compared to a commercial antibody, raised against a
synthetic peptide. The generated antibody still only detected the recombinant
protein added to HeLa lysate, and not the endogenous protein as discussed
previously. The commercial antibody detected the recombinant protein as well as a
protein of approximately 22 kDa in size. Since the endogenous protein should be
about 2 kDa smaller than the recombinant protein, it could very well be that it is
actually detecting the endogenous protein. However, when analyzing the
membrane before exposure by Ponceau S staining, which detects abundant
proteins present in the lysates, a protein of the same size is detected (22 kDa).
False positives in immunoblotting are often due to non specific binding of blotted
proteins and a secondary antibody (Lasne, 2009) and according to previously
discussed results, METTL21A appears to be in low abundance in the cell, which
makes this 22 kDa protein most likely not the real endogenous protein, but an
61

artifact of unspecific binding of the anti-rabbit secondary antibody used. To prevent
this unspecific binding, a method called double blotting can be applied, where after
the primary antibody incubation of the membrane, it is assembled with a second
membrane and blotted again under acidic conditions. This transfers the primary
antibody onto the second membrane, while the antigen and all other proteins
remain on the first, allowing for incubation of secondary antibody on the second
membrane, without any unspecific binding to the proteins present in the sample
(Lasne, F. 2009). If the double blotting method would be used to confirm that this
22 kDa protein is in fact an artifact of unspecific binding of the secondary antibody,
it stands to reason that the generated antibodies are in fact more specific and
detect recombinant proteins more readily than their commercial counterparts.
To further test the specificity of the METTL21A and METTL21D antibodies, both
commercial and generated, they were probed against other recombinant members
of the Family 16 MTases, as well as recombinant GST. The commercial
METTL21D antibody reacted weakly to a roughly 24 kDa protein present in the
lysate containing recombinant METTL21D but not any of the other samples which
all contained HeLa lysate. This indicates that the antibody only detects the
recombinant and not the endogenous protein. The commercial METTL21A
antibody displayed similar results as in previous experiment, unspecific binding to
proteins about 48 and 22 kDa in size in all the samples, however this time it did not
recognize the recombinant METTL21A which is most likely due to a human error
resulting in the protein not being included in the sample. Both of the generated
antibodies also displayed similar results as previous experiments had, with high
specificity towards the recombinant protein.
All the antibodies reacted with proteins present in the lysate containing
recombinant METTL22, though to proteins of various molecular weights. Both of
the commercial METTL21D and METTL21A antibodies as well as the METTL21D
generated antibody reacted with a protein of approximately 65 kDa in the lysate
containing recombinant METTL22. The METTL21D also displayed cross-reactivity
to two other unknown proteins (25 kDa and 72 kDa in size) when the lysate
contained recombinant METTL22 where the generated METTL21A antibody only
reacted with an unknown protein of about 72 kDa. Since the expected size of His62

METTL22 is 48 kDa, none of these signals could be either the recombinant
METTL22 nor the endogenous one, so these reactions are most likely to protein
that co-purifies with the recombinant protein, or contaminants present in the
recombinant protein sample. Of all four antibodies, only the generated METTL21D
reacted to a protein in the sample containing His-GST of approximately its
expected size. Since the generated antibodies were initially raised against a GSTtagged protein it is not surprising that the METTL21A generated antibody
recognizes the GST, even though three boost immunization reactions were
performed with a recombinant protein where the GST-tag had been cleaved off to
prevent the antibody to be raised against the tag rather than the MTase it self.
In conclusion, when the generated antibodies are compared to their commercial
counterparts, it is evident that they are more specific towards the proteins they
were raised against and can therefore be considered better antibodies.
4.2. Mutational analysis of METTL21A
When the Family 16 of MTases is studied by bioinformatics, several amino acid
residues appear to be highly conserved between most members of the family. This
indicates that these amino acids could be key players of SAM- or substrate
binding. METTL21A proteins were generated, where each protein contained a
different mutation, and their MTase activity measured in vitro to confirm or disprove
the suggested roles of these residues. All of the proteins purified sufficiently (9095% pure and high yield) except the METTL21A mutant lacking its N-terminus,
which resulted in a low yield protein, estimated to be about 40% pure.
When the activity of all of the METTL21A mutants generated on HSPA8
constitutively expressed HSP70 chaperone was measured, the D94A, D144V,
Y147A and the ΔN-mutant appeared to be inactive while the others were either
partially or fully active (Figure 3.12). The D94 residue is conserved between all the
members of Family 16 MTases and is located in the SAM-binding region of the
enzyme. This indicates that this residue is in fact crucial for binding of SAM and
therefore catalysis of the reaction, as was recently published by Kernstock and
associates (Kernstock et al., 2012). When the D144 residue of the D/ExxY/F motif
was mutated to alanine it displayed reduced activity but when it was mutated to
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valine the activity was abolished. Changing this negatively charged residue to the
smallest of the hydrophobic amino acids with hydrocarbon side chain (A) appears
to reduce the un-specific charge-based interaction with the positively charged
substrate, and replacing it with a slightly bulkier hydrophobic amino acid changes
the spatial relationships of the amino acids present and therefore disrupts the
catalytic activity of the enzyme. When the Y147 residue of the DxxY motif was
mutated to phenylalanine no change in activity of the enzyme was detected,
however when it was mutated to alanine, the mutant was completely inactive,
indicating that the spatial relationships of the amino acids at this residue is crucial
for catalysis. The E150A and R176A mutants displayed no reduction in activity,
which leads to the conclusion that they are not needed for catalysis of the
substrate despite being well conserved within the family and being located in the
substrate-binding region of the enzymes. When the N-terminal of the METTL21A
was removed, no activity was detected which renders support to the theory that it is
important for recognition of the substrate.
METTL21A might have evolved to catalyze the methylation of HSPA8
The mutant enzymes that did display activity (D144A, Y147F, E150A and R176A)
in Figure 3.12 were further analyzed by titration where the enzyme concentration
varied, but the substrate and SAM concentration was kept constant. The initially
identified substrate for METTL21A was recognized as HSPA1 (Jakobsson et al.,
2013), which is a stress-inducible chaperone of the HSP70 family. Therefore, the
titration was performed on both HSPA8 and HSPA1. The activity of R176A mutant
was comparable to that of the wt for either substrate, whereas the E150A displayed
about 20% reduced activity on HSPA1 but no activity reduction was observed
when HSPA8 was the substrate. The Y147F mutant appeared to be just as active
as the wt, R176A and E150A enzymes (Figure 3.13), however when the
concentration is titrated with substrate HSPA8 it becomes clear that it
demonstrates lower activity when enzyme concentration is low but at highest
concentration its activity measures similar to the wt. This indicates that even
though the phenylalanine keeps most of the spatial relationships of the amino
acids, the mutated protein is a slightly porer enzyme than the wt, at least at lower
concentration. This idea is further supported by the fact that when the HSPA1 is
the substrate, Y147F starts exhibiting activity at higher concentration and its
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activity is reduced in comparison to the wt at highest enzyme concentrations. The
D144A mutant displays reduced activity (Figure 3.12), and this is again observed in
the titration reaction with both HSPA1 and HSPA8 as the enzyme (Figure 3.13),
though D144A is a much better at methylating HSPA8 than HSPA1 (activity about
3-fold higher).
To summarize, subtle differences to wt enzyme were observed in all cases except
for R176A enzyme, when titration of the enzymes were performed. However, it was
unexpected to see such differences in activity between the two HSPA70
substrates, where the mutants appear to catalyze the transfer of a methyl group to
HSPA8 much more efficiently than to HSPA1. This indicates that HSPA8 is
preferred over HSPA1 as a substrate for METTL21A and gives rise to speculations
that the METTL21A has evolved to act on HSPA8 rather than HSPA1.
The N-terminus of METTL21A might be involved in recognition of the
substrate
The N-termini of the MTases is highly variable between the members, and each
member has distinct substrates. This could suggest that it plays a part in
recognizing the different substrates. Supporting this theory, the METTL21A is
completely inactive when the N-terminus of METTL21A is removed (Figure 3.12).
To try to decipher if that is true, protein chimeras were generated where the Ntermini of hsMETTL21A, hsMETTL21D and YNL024c were switched. All the
chimeras except ChimeraIII were purified sufficiently, producing high yield and
purity of 80-98% (Figure 3.15.b). ChimeraIII failed to purify under the conditions
applied and therefore ChimeraI and ChimeraIII (YNL024c chimeras) were excluded
from further studies. It is noteworthy that DnaK E. coli HSP70 chaperone copurified with neither chimera constructed with hsMETTL21A core sequence but
both chimeras constructed with hsMETTL21A N-terminus. This renders further
support towards the N-terminus being required for substrate recognition. However,
when activity of the chimeras on HSPA1 (substrate for METTL21A) and VCP
(METTL21D) were measured the ChimeraII and IV and compared to the active wt
enzymes, they were completely inactive on both substrate. It appears that the
chimeras are non-functional proteins, most likely due to incorrect folding during the
purification process, which could have been confirmed by a thermal shift assay or
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the method of circular dichroism (Johnson, 1990). The fact that the chimeras are
non-functional could indicate that the evolution of the N-termini of the proteins has
been tightly regulated with the core fold of its respective protein, even though their
sequence is so variable between members, and therefore ca not be altered in such
a way. The activity of the N-terminus mutant was also inactive as indicated in the
previous experiment (Figure 3.12). Despite the fact that these chimeras do not
display any activity, the fact that the N-termini mutant was inactive and that the
DnaK did not co-purify with the chimeras that did not contain the N-terminus
sequence strongly suggests that the N-terminus extension of these proteins play a
central role in substrate recognition.
4.3 Sub-cellular localization of methyltransferase Family 16
The METTL21A and METTL21D belong to a family of 10 proteins, which are all
thought to be MTases, as some have proven to be. Knowing the sub-cellular
localization of these proteins can aid in the functional characterization of them.
Since some proteins have their localization tag at their C-terminus, all of the
proteins were expressed twice, with either the GFP-tag located at its N-terminus or
C-terminus of the insert as not to disrupt the localization tag.
Of all 10 human members of the Family 16 MTases, only METTL18 appeared to be
strongly localized to the nucleus, but also displaying a diffuse distribution in the
cytosol of HeLa cells. The other 9 members were mostly localized to the cytosol,
with a much weaker distribution in the nucleus. At least three of the 10 MTases,
METTL21A, METTL21C and METTL23, are predicted to be integral to membranes
(The UniProt Consortium, 2013), but this was not observed for any of them. The
METTL23 protein appears to have a diffuse distribution just like the other proteins,
but transfection of the HeLa cells was not successful for the protein containing the
GFP tag at the C-terminal, therefore images were only obtained for the METTL23
with the GFP at the N-terminus.

It is quite possible that METTL23 is in fact

localized to membrane structure as Cloutier and associates demonstrated (Cloutier
et al., 2013), since such proteins usually have their tag very close to the Nterminus, as well as many of them being at least partially hydrophobic and
therefore more difficult to purify under aquatic conditions, as was the case when
performing the small-scale purification (Figure 3.1). If the GFP-tag N-terminal of the
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insert has disrupted the localization tag of the protein, the GFP protein would direct
the MTase according to its own tag and result in a diffuse distribution as was
observed, rather than the expected internal membrane localization.
METTL23 was not the only protein that did not transfect for the construct
containing the GFP C-terminal of the insert, METTL20 did not either and was the
construct with the GFP N-terminal of the insert localized to the cytosol as well. Just
as for METTL23, this is most likely due to a disruption of the localization tag, since
Cloutier and associates showed METTL20 to be localized in the granular foci
(Cloutier et al., 2013) and Jedrzej Mieczyslaw Malecki observed that it localizes to
the mitochondria (Jedrzej Mieczyslaw Malecki, unpublished).
Co-localization of Family 16 MTases and their identified substrates
Protein substrates are expected to co-localize with their enzymes within the cell,
which demonstrates a relationship between the two. Of the 10 member of Family
16 MTases, 6 of them have identified substrates. The enzymes CAM-KMT,
METTL21D and METTL21 all co-localize with their substrates and displayed
diffuse distribution in the cytosol and little in the nucleus. This is in accordance with
the previous experiment (Figure 3.17).
METTL18 was still located mostly in the nucleus, but its identified substrate (RPL3)
was localized to the nucleoli, which is a possibility since RPL3 is a ribosomal
protein and the nucleoli is the ribosomal RNA transcription site of the cell. But this
indicates that the METTL18 and RPL3 do not co-localize, which would not make
methylation of the substrate possible, perhaps the RPL3 is localized to the cytosol
at another cell cycle time point. However, the NCBI database describes its location
to be cytosolic, and since the cells were not synchronized these results are most
likely an artifact of over-expression.
FAM86A displays a diffuse distribution in the cytosol and nucleus, whereas eEF2 is
only located in the cytosol and therefore only partially co-localizes with the enzyme.
This could indicate that other substrates of FAM86A are awaiting discovery that are
localized to the nucleus, as preliminary data has indicated (Erna Davydova,
unpublished).
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When METTL22 is expressed in HeLa cells on its own, it has a diffuse distributed
mostly in the cytosole with little in the nucleus (Figure 3.17). However, when the
enzyme is co-transfected with KIN17, the localization of the enzyme changes and
is found exclusively in the nucleus with its substrate. This suggests that high
amount of substrate could influence re-localization of this enzyme from the cytosol
to the nucleus.
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5. Conclusion
Two of five MTases purified well by batch purification, the METTL21D and
METTL21A. The prokaryotic HSP70 chaperone DnaK always co-purifies with
METTL21A when performing batch purification, since its substrates are members
of the human HSP70 protein family. However, when applying size exclusion
chromatography, this tight linkage between enzyme and DnaK is severed, and the
resulting METTL21A becomes exceptionally pure indicating a dynamic interaction
between the proteins.
The generated antibodies are very specific but do not detect the endogenous
MTases complementary to the recombinant proteins they were raised against,
suggesting that the proteins are in very low abundance in HeLa and HEK293 TREx cells. The commercial antibodies do not recognize endogenous MTases
either, and the generated antibodies are better at detecting the recombinant protein
they were raised against than their commercial counterparts. All four antibodies
cross-react with proteins co-purified with the METTL22-GST protein.
Three of seven point mutations in METTL21A amino acid sequence abolished the
MTase activity, suggesting that these residues are needed for binding of SAM
(D94) or the catalysis of the substrate (Y147A, D144V). The D144A, Y147F and
E150A mutants revealed that HSPA8 is a better substrate than HSPA1 for
METTL21A suggesting that METTL21A has evolved to act on HSPA8 rather than
HSPA1. When the N-termini of the MTases are mutated, the results indicate that
they are important for substrate recognition.
Most of the Family 16 MTases are cytosolic, with weak distribution in the nucleus,
and when co-transfected with their substrates they co-localize with them, indicating
that these are the true substrates that interact with the enzymes. Transfection of
METTL23 and METTL20 were only successful for the constructs containing the
GFP-tag C-terminal of the MTase and displayed diffuse distribution in the cytosol
despite the predicted localization in the membranes, suggesting that the
localization tag was disrupted by the close proximity to the GFP sequence in the
vector.
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The METTL18 and its putative substrate RPL3 did not co-localize, and the results
obtained most likely an artifact of over expression. FAM86A only partially colocalized with its substrate, suggesting that the MTase has other substrates
awaiting discovery. Finally, on its own METTL22’s localizes to the cytosol, but
when co-transfected with KIN17 the substrates appears to re-direct the MTase
completely to the nucleus.
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6. Future perspective
In this study, neither of the generated antibodies detected the endogenous
proteins. However the amount of lysate used was relatively low (only 10-20 µg),
therefore it would be advisable to enhance the protein content of the lysates by
methods such as immunoprecipitation or automated chromatography, which might
be sufficient to detect the endogenous proteins. Affinity purification of the
antibodies themselves should also be performed since the antisera can contain
many other molecules that might interfere with the detection of low abundant
antigens.
If this enhancements of lysate and/or antibodies result in detection of the
endogenous proteins, performing immunocytochemistry on the human members of
the Family 16 MTases would be a good idea, giving a more accurate picture of
their sub-cellular localization since the GFP and RFP tags can interfere with the
localization tag of the protein. Also, the experiment presented in this thesis for
METTL23 and METTL20 needs to be repeated, to obtain results for the constructs
containing the GFP C-terminal of the protein.
Since E150 and R176 mutant proteins were as active as the wt protein, other
residues around them should be mutated as well, making up METTL21A proteins
with small regions of mutations, to determine if these conserved residues are in
fact not needed for enzymatic activity or if other residues “rescue” the activity,
therefore showing no difference when comparing to the wt protein.
In the case of the chimeras, applying the method of circular dichroism on purified
ChimeraII and IV would determine if the proteins are inactive due to improper
folding. If that is so, figuring out if the misfolding is due to purification conditions or
other factors such as the N-termini sequences and the core sequences have
evolved together, would be the logical next step. This could be accomplished by
various trial and error purifications, changing e.g. the pH of the lysis buffer.
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Appendix I: Solutions
PBS
140 mM NaCl
2.7 mM KCl
10 mM Na2HPO4
1.8 mM K2PO4
10X TBS (1L)
500 mM Tris-HCl, pH 7.4
1.5 M NaCl
MqH2O to final volume of 1L
Cloning
Phusion PCR setup (50 µl)
1X Phusion Buffer
200 µM dNTP
0.5 µM Forward primer
0.5 µM Reverse primer
1 ng template
1 U Phusion DNA-polymerase
MqH2O to a final volume of 50 µl
Restriction digestion setup (50 µl)
1X optimal reaction buffer
1X BSA
10 U Restriction enzyme 1
10 U Restriction enzyme 2
1 µg template
MqH2O to a final volume of 50 µl
Ligation reaction setup (20 µl)
1X T4 DNA ligase buffer
5 U T4 DNA ligase
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200 ng total DNA, 1:5 Molar ratio insert to vector
MqH2O to final volume of 20 µl
Quick Change II Site-Directed Mutagenesis setup (51 µl)
1X Reaction buffer
10 ng dsDNA template
25 µM Forward primer
25 µM Reverse primer
1 µl dNTP mix
MqH2O to a final volume of 50 µl
2.5 U of PfuUltra HF DNA polymerase
DpnI digestion (40 µl)
10 U DpnI restriction enzyme
40 µl Quick Change II Site-Directed mutagenesis reaction
TAE agarose gel
40 mM Tris-acetat
1 mM EDTA
SOC (1L)
20 g Tryptone
5 g yeast extract
30 mM NaCl
2.5 mM KCl
10 mM MgCl2
20 mM glucose
LB medium (1L)
10 g Tryptone
5 g yeast extract
10 g NaCl
pH 7.0
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LB agarose (1L)
LB medium recipe
15 g agar
Protein production
MDG medium (10 ml)
9.55 ml Mq H2O
20 µl 1M MgSO4
5 µl 400X Fe
125 µl 40% glucose
100 µl 25% aspartate
200 µl 50X M
TB medium (1L)
12 g Tryptone
24 g yeast extract
4 ml 100% glycerol
0.17 M KH2PO4
0.72 M K2HPO4
Automated chromatography (Äkta) protein purification
Lysis Buffer (50 ml)
50 ml BugBuster (Novagen)
100 U/ml Benzonase
0.5 mg/ml Lysozyme
1 Complete protease inhibitor tablet EDTA-free per 50 ml (Roche)
GSTrap FF 1ml/5 ml
Binding Buffer A
1L PBS
1 mM DTT
Buffer was filter sterilized and degassed
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Elution Buffer B
50 mM Tris pH 8.0
120 mM NaCl
10 mM reduced Glutathione
1 mM DTT
Buffer was filter sterilized and degassed
Superdex 75/200 300/10
Buffer A
PBS
1 mM DTT
Buffer was filter sterilized and degassed
Precission protease cleavage buffer
PBS
1 mM EDTA
1 mM DTT
0.5 U/100 µg PreScission Protease
GST Batch purification
Lysis Buffer GS
PBS
0.5 % NP-40
1 mM DTT
1 Complete protease inhibitor tablet EDTA-free per 50 ml (Roche)
0.5 mg/ml Lysozyme
25 U/ml Benzonase
Wash Buffer GS
PBS
1% Triton X-100
1 mM DTT
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Elution Buffer GS
50 mM Tris pH 8.0
15 mM reduced Glutathione
1 mM DTT
Storage Buffer GS
100 mM NaCl
20 mM Tris-HCl pH 7.5
1 mM DTT
Talon Batch purification
Equilibration Buffer T
150 mM NaCl
5% (v/v) glycerol
1 mM Imidazole
1 Complete protease inhibitor tablet EDTA-free per 50 ml (Roche)
50 mM Na2HPO4 and NaH2PO4 at pH 7.0
0.5% NP-40
10 U/ml Benzonase
0.5 mg/ml Lysozyme
Wash Buffer T
150 mM NaCl
5% (v/v) glycerol
3 mM Imidazole
1 Complete protease inhibitor tablet EDTA-free per 50 ml (Roche)
50 mM Na2HPO4 and NaH2PO4 at pH 7.0
3 mM β-ME
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Elution Buffer T
100 mM NaCl
5% (v/v) glycerol
300 mM Imidazole
50 mM Na2HPO4 and NaH2PO4 at pH 7.5
3 mM β-ME
Storage Buffer T
100 mM NaCl
1 mM DTT
20 mM Tris-HCl, pH at 7.5 at RT
SDS-PAGE
Resolving gel, 10% (5 ml)
1.9 ml MqH2O
1.7 ml 30% Acryl-bisacrylamide (Bio-Rad)
1.3 ml 1.5 M Tris pH 6.8
50 µl 10% APS
50 µl SDS
2 µl TEMED
Stacking gel, 5% (1 ml)
0.7 ml MqH2O
165 µl 30% Acryl-bisacrylamide (Bio-Rad)
125 µl 1.5 M Tris pH 8.8
10 µl 10% APS
10 µl SDS
1 µl TEMED
Sample loading buffer, 3x (10 ml)
2.5 ml 0.5 M Tris-HCl, pH 6.8
3 ml glycerol
6 mg bromophenol blue
3 ml 20% SDS
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MqH2O up to 10 ml
Add fresh 10% β-ME
Running buffer, 5x (1L)
15.1 g Tris base
72 g glycine
5 g SDS
MqH2O up to 1L
NuPAGE
Sample buffer
25 % 4X NuPAGE LDS sample buffer (Life Technologies)
10% 10X SRA (Invitrogen)
MqH2O
MOPS running buffer (1L)
50 ml 20X MOPS SDS running buffer (Novex)
Add MqH2O up to 1 L
Add fresh 500 µl NuPage Antioxidant (Invitrogen)
Western blotting
NuPage Transfer Buffer
1X NuPage Transfer Buffer
10% MeOH
1% NuPage Antioxidant
Blocking solution
1X TBS
5% Skim milk
0.05% Tween-20
Washing solution
1X TBS
0.05% Tween-20
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Methyltransferase assay
MTase reaction buffer
50 mM Tris-HCl, pH 7.8
50 mM KCl
5 mM MgCl2
1 mM ATP
MqH2O
Cell culture
Complete DMEM
DMEM (Lonza)
10% fetal calf serum (FCS)
1% penicillin/streptomycin
1% GlutaMAX-I (gibco)
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Appendix II: Primers
Cloning of wt MTases into pGEX-6p-2 vector
PCR at annealing temperature of 63°C
1145-hsC14orf138_BamHI-fwd:
GCGCGGATCCATGGCGGATACGCTG (59.9°C)
1146-hsC14orf138_Stop_EcoRI-rev:
GCGCGAATTCTCACGATGGAAATTTCGA (60.7°C)
1159-FAM119A-BamH1-fwd:
CTAGGGATCCATGGCCCTCGTGCCC (66.7°C)
1160-FAM119A-Sal1-rev:
CTAGGTCGACTTATAAGTCCTCCTTCTGGTTTCTCTTCT (65.4°C)
1157-C17orf95short-BamH1-fwd:
CTAGGGATCCATGTATGTTTGGCCCTGTGCT (65.7°C)
1158-C17orf95short-Sal1-rev:
CTAGGTCGACGTATAATTCAGAGACTGTCCTTTGCAA (65.4°C)
PCR at annealing temperature of 66°C
1161-C13orf39-BamH1-fwd:
CTAGGGATCCATGGACGTGTGTCTGAGCTC (63.5°C)
1162-C13orf39-Sal1-rev:
CTAGGTCGACTTAGTCCCATTTTAGTATCCCCTTAAAA (64.5°C)
1163-FAM119B-BamH1-fwd:
CTAGGGATCCATGGCGGACCCCG (63.7°C)
1164-FAM119B-Sal1-rev:
CTAGGTCGACTCAAGCAGGTCTTGGTTCC (63.4°C)
Generation of METTL21A mutants in pET28a vector
PCR at annealing temperature of 65°C
1452-Fam119A-Y147F-Fwd:
CTTGGTGCTGATATCATATTTTTAGAAGAAACATTCACAG (75.2°C)
1453-Fam119A-Y147F-Rev:
CTGTGAATGTTTCTTCTAAAAATATGATATCAGCACCAAG (75.2°C)
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1454-Fam119A-Y147A-Fwd:
CTTGGTGCTGATATCATAGCTTTAGAAGAAACATTCAC (73.9°C)
1455-Fam119A-Y147A-Rev:
GTGAATGTTTCTTCTAAAGCTATGATATCAGCACCAAG (73.9°C)
1456-Fam119A-R176A-Fwd:
CTTTTAGCATGCCGAATTGCCTATGAACGGGATAACAAC (77.2°C)
1457-Fam119A-R176A-Rev:
GTTGTTATCCCGTTCATAGGCAATTCGGCATGCTAAAAG (77.2°C)
1458-Fam119A-E150A-Fwd:
CTGATATCATATATTTAGAAGCAACATTCACAGATCTTCTTC (76.1°C)
1459-Fam19A-E150A-Rev:
GAAGAAGATCTGTGAATGTTGCTTCTAAATATATGATATCAG (76.1°C)
PCR at annealing temperature of 63°C
1460-Fam119AΔ1-37-NdeI-Fwd:
CTAGCATATGAGACACCTGGGAGTCGCAGC (64.5°C)
Reverse primer 1164-FAM119B-Sal1-rev was used, information about Tm and
sequence can be found in Cloning wild type methyltransferases into pGEX-6p-2
above

Cloning of Chimeric proteins and YNL024c wild type into pGEX-6p-2 vector
PCR at annealing temperature of 63°C
1461-YNL024c-BamHI-Fwd:
CTAGGGATCCATGGAGAGTATATTTGGTGGGTTTGGAG (63.7°C)
1462-YNL024c-SalI-Rev:
CTAGGTCGACTTACTTCCTGATAAGCTGAAACAAGTGGG (63.7°C)
1463-Fam119A-C14orf138-sew-Fw:
GTCGCAGCGGTGGTTTGGGACGCTGCCATTG (70.5°C)
1146-hsC14orf138_Stop_EcoRI-rev used to amplify METTL21D piece
1464-Fam119A-C14orf138-sew-Rv:
CAATGGCAGCGTCCCAAACCACCGCTGCGAC (70.5°C)
85

1159-FAM119A-BamH1-fwd used to amplify METTL21A piece
Primers 1159 and 1146 were then used to piece METTL21A (Fam119A) and
METTL21D (C14orf138) together
1465-C14orf138-Fam119A-sew-Fw:
CGTGGGTTGCGTTGTGTGGGATGCGGCCATC (70.5°C)
1160-FAM119A-Sal1-rev used to amplify METTL21A piece
1466-C14orf138-Fam119A-sew-Rv:
GATGGCCGCATCCCACACAACGCAACCCACG (70.5°C)
1145-hsC14orf138_BamHI-fwd used to amplify METTL21D piece
Primers 1145 and 1160 were then used to piece METTL21D and METTL21A
together
1467-Fam119A-YNL024c-sew-Fwd:
GTCGCAGCGGTGGTTTGGATCGCTGGCGAAC (70.2°C)
1468-Fam119A-YNL024c-sew-Rev:
GTTCGCCAGCGATCCAAACCACCGCTGCGAC (70.2°C)
Primers 1159 and 1462 were then used to piece METTL21A and YNL024c
together
1469-YNL024c-Fam119A-sew-Fwd:
GGTTGTGGCGGTAAAGTCTGGGATGCGGCCATC (69.1°C)
1470-YNL024c-Fam119A-sewing-Rv:
GATGGCCGCATCCCAGACTTTACCGCCACAACC (69.1°C)
Primers 1461 and 1160 were then used to piece YNL024c and METTL21A
together
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Cloning of methyltransferases into eGFPC1/N1 vectors and their identified
substrates into mRFPC1 vectors
PCR at annealing temperature of 64°C
1316.SalI.C13orf39.EGFPC1.fwd:
CTAGGTCGACATGGACGTGTGTCTGAG (61.7°C)
1317.C13orf39.EGFPC1.BamHI.rev:
GCTAGGATCCTTAGTCCCATTTTAGTATCCCCTTAA (61°C)
1320.SalI.Fam119A.EGFPC1.fwd:
CTAGGTCGACATGGCCCTCGTGCC (65.3°C)
1321.Fam119A.EGFPC1.BamHI.rev:
GCTAGGATCCTTATAAGTCCTCCTTCTGGTTTCTCTTC (62.2°C)
1322.SalI.Fam119A.EGFPN1.fwd:
CTAGGTCGACATGGCCCTCGTGC (63.7°C)
1323.XX.Fam119A.EGFPN1.nonstop.BamHI.rev:
GCTAGGATCCCGTAAGTCCTCCTTCTGGT (63.7°C)
1328.SalI.C17orf95core.EGFPC1.fwd:
CTAGGTCGACATGTATGTTTGGCCCTGTGCTGT (65.3°C)
1329.C17orf95core.EGFPC1.BamHI.rev:
GCTAGGATCCTCAGAGACTGTCCTTTGCAAAGG (63.8°C)
1330.SalI.C17orf95core.EGFPN1.fwd:
CTAGGTCGACATGTATGTTTGGCCCTGTGC (63.7°C)
1331.XX.C17orf95core.EGFPN1.nonstop.BamHI.rev:
GCTAGGATCCCGGAGACTGTCCTTTGC (63.9°C)
1332.SalI.hsC14orf139.EGFPC1.fwd:
CTAGGTCGACATGGCGGATACGCTGGA (64.9°C)
1333.hsC14orf139.EGFPC1.BamHI.rev:
GCTAGGATCCTCACGATGGAAATTTCGATTTTTTCT (61.3°C)
1334.SalI.hsC14orf139.EGFPN1.fwd:
CTAGGTCGACATGGCGGATACGCTG (62.7°C)
1335.XX.hsC14orf139.EGFPN1.nonstop.BamHI.rev:
GCTAGGATCCCGCGATGGAAATTTCGA (62.3°C)
PCR at annealing temperature of 66°C
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1324.SalI.Fam119B.EGFPC1.fwd:
CTAGGTCGACATGGCGGACCCCG (65.5°C)
1325.Fam119B.EGFPC1.BamHI.rev:
GCTAGGATCCTCAAGCAGGTCTTGGTTCCC (64.7°C)
1318.SalI.C13orf39.EGFPN1.fwd:
CTAGGTCGACATGGACGTGTGTCTGAGCTC (64.2°C)
1319.XX.C13orf39.EGFPN1.nonstop.BamHI.rev:
GCTAGGATCCCGGTCCCATTTTAGTATCCCCTT (64.6°C)
1326.SalI.Fam119B.EGFPN1.fwd:
CTAGGTCGACATGGCGGACCCCG (65.7°C)
1327.XX.Fam119B.EGFPN1.nonstop.BamHI.rev:
GCTAGGATCCCGAGCAGGTCTTGGTTC (63.9°C)
1344.SalI.HSP1A1.mRFPC1.fwd:
CTAGGTCGACATGGCCAAAGCCGCG (65.7°C)
1345.HSP1A1.mRFPC1.BamHI.rev:
GCTAGGATCCCTAATCTACCTCCTCAATGGTGG (63.1°C)
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Appendix III: PCR programs
Cloning into pGEX-6p vector and colony PCR
Temp

Time

Rounds

Initial denaturation

98°C

30 sec

1

Denaturation

98°C

7 sec

Annealing

X°C

10 sec

Extention

72°C

18 sec

Final extention

72°C

5 min

4°C

For ever

32

1

Cloning into eGFP/mRFP vectors and chimeric proteins
Initial denaturation

98°C

30 sec

Denaturation

98°C

7sec

Annealing

X°C

20 sec

Extention

72°C

20 sec

Final extention

72°C

5 min

4°C

For ever

Initial denaturation

95°C

30 sec

Denaturation

95°C

30 sec

Annealing

X°C

60 sec

Extention

68°C

7 sec

4°C

For ever

1
31

1

Site-directed mutagenesis
1
13

Melting temperature of primers suggests the correct annealing temperature to be
used, therefore can that information be accessed in Appendix II: Primers.
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Appendix IV: Äkta programs
GSTrap FF 1ml
Block

Variable

Value

Main

Column

GSTrap_FF_1_ml

Start_with_PumpWash_Basic

D Wash_Inlet_A

OFF

D Wash_Inlet_B

OFF

FlowRate_Equil
Flow_Rate_Equil

{ml/min}

1.500

Column_PressureLimit
Column_Pressure_Limit

{MPa}

0.80

Start_Instructions

Wavelength_1 {nm}

280

Wavelength_2 {nm}

254

Wavelength_3 {nm}

215

Averaging_Time_UV
Start_Conc_B

D {sec}

5-Dec

D Start_ConcB {%B}

0.0

Equilibrate_with
Column_Equilibration

D (Huang et al.)

Aut_PressureFlow_Regulation D System_Pump

5.00
PressFlowControl

System_PressLevel
D {MPa}

0.75

System_MinFlow
D {ml/min}

0.100

FlowRate_WashOut
Flow_Rate_WashOut
Flowthrough_Fractionation

{ml/min}

0.400

D Flowthrough_TubeType 12mm
Flowthrough_FracSize
{ml}

Sample_Injection

3.000

D Flowthrough_StartAt

NextTube

D Empty_loop_with {ml}

47.00

Wash_column_with
Wash_Out_Unbound_Sample

D (Huang et al.)
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2.00

PeakFrac_Parameters_UV

D UV_Mode

Slope

D MinPeakWidth {min}

0.250

Level (Botstein and
D Maurer)

0.000

Peak_Start_Slope
D {mAU/min}

100.000

Peak_End_Slope
D {mAU/min}

75.000

FlowRate_Elution
Flow_Rate_Elution
Wash_Basic_1

{ml/min}

1.000

D 1_Wash_Inlet_A

OFF

D 1_Wash_Inlet_B

OFF

ConcB_Step_1

D 1_ConcB_Step {%B}

0.0

Fractionation_Segment_1

D 1_Tube_Type

12mm

1_Fraction_Size {ml}

1.000

D 1_Start_at

NextTube

D 1_PeakFrac_TubeType

12mm

1_PeakFraction_Size
{ml}
D 1_PeakFrac_Start_at

1.000
NextTube

1_Length_of_Step
Step_1

D (Huang et al.)

10.00

Wash_Basic_2

D 2_Wash_Inlet_A

OFF

D 2_Wash_Inlet_B

OFF

ConcB_Step_2

D 2_ConcB_Step {%B}

100.0

Flush_Segment_2

D 2_Flush_Volume {ml}

5.00

Fractionation_Segment_2

D 2_Tube_Type

12mm

2_Fraction_Size {ml}

1.000

D 2_Start_at

NextTube

D 2_PeakFrac_TubeType

12mm

2_PeakFraction_Size
{ml}
D 2_PeakFrac_Start_at
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0.500
NextTube

2_Length_of_Step
Step_2

D (Huang et al.)

10.00

Gradient_Delay

D Gradient_Delay {ml}

2.00

Reequilibrate_with
Length_of_Reequilibration

D (Huang et al.)

5.00

GSTrap FF 5ml
Block

Variable

Value

Main

Column

GSTrap_FF_5_ml

Start_with_PumpWash_Basic

D Wash_Inlet_A

OFF

D Wash_Inlet_B

OFF

FlowRate_Equil
Flow_Rate_Equil

{ml/min}

2.500

Column_PressureLimit
Column_Pressure_Limit

{MPa}

0.45

Start_Instructions

Wavelength_1 {nm}

280

Wavelength_2 {nm}

260

Wavelength_3 {nm}

215

Averaging_Time_UV
Start_Conc_B

D {sec}

5-Dec

D Start_ConcB {%B}

0.0

Equilibrate_with
Column_Equilibration

D (Huang et al.)

Aut_PressureFlow_Regulation D System_Pump

5.00
Normal

System_PressLevel
D {MPa}

0.00

System_MinFlow
D {ml/min}

0.000

FlowRate_WashOut
Flow_Rate_WashOut
Flowthrough_Fractionation

{ml/min}

2.500

D Flowthrough_TubeType 30mm
Flowthrough_FracSize
{ml}
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45.000

Sample_Injection

D Flowthrough_StartAt

NextTube

D Empty_loop_with {ml}

148.00

Wash_column_with
Wash_Out_Unbound_Sample

D (Huang et al.)

10.00

PeakFrac_Parameters_UV

D UV_Mode

Level

D MinPeakWidth {min}

0.500

Level (Botstein and
D Maurer)

200.000

Peak_Start_Slope
D {mAU/min}

100.000

Peak_End_Slope
D {mAU/min}

75.000

FlowRate_Elution
Flow_Rate_Elution
Wash_Basic_1

{ml/min}

1.000

D 1_Wash_Inlet_A

OFF

D 1_Wash_Inlet_B

OFF

ConcB_Step_1

D 1_ConcB_Step {%B}

100.0

Fractionation_Segment_1

D 1_Tube_Type

18mm

1_Fraction_Size {ml}

3.000

D 1_Start_at

NextTube

D 1_PeakFrac_TubeType

18mm

1_PeakFraction_Size
{ml}
D 1_PeakFrac_Start_at

2.000
NextTube

1_Length_of_Step
Step_1

D (Huang et al.)

6.00

Gradient_Delay

D Gradient_Delay {ml}

2.00

Reequilibrate_with
Length_of_Reequilibration

D (Huang et al.)

5.00

Superdex75 300/10 GL
Block

Variable

Value

Main

Column

Superdex_75_10/300_
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GL
Start_with_PumpWash_Basi
c
Flow_Rate

D Wash_Inlet_A

OFF

D Wash_Inlet_B

OFF

Flow_Rate {ml/min}

0.500

Column_PressureLi
Column_Pressure_Limit

mit {MPa}

1.80

Start_Instructions

Wavelength_1 {nm}

280

Wavelength_2 {nm}

254

Wavelength_3 {nm}

215

Averaging_Time_UV
Start_Conc_B

D {sec}

5-Dec

D Start_ConcB {%B}

0.0

Equilibrate_with
Column_Equilibration

D (Huang et al.)

0.05

D System_Pump

Normal

Aut_PressureFlow_Regulati
on

System_PressLevel
D {MPa}

0.00

System_MinFlow
D {ml/min}

0.000

Empty_loop_with
Sample_Injection

D {ml}

2.00

PeakFrac_Parameters_UV

D UV_Mode

Slope

D MinPeakWidth {min}

0.625

Level (Botstein and
D Maurer)

0.000

Peak_Start_Slope
D {mAU/min}

50.000

Peak_End_Slope
D {mAU/min}

37.500

TubeType_EluateFra
Fractionation

D c

12mm
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Eluate_Frac_Size
{ml}

1.000

D EluateFrac_StartAt

NextTube

D TubeType_PeakFrac

12mm

Peak_Frac_Size {ml}

0.500

D PeakFrac_StartAt

NextTube

Length_of_Elution
Length_of_Elution

(Huang et al.)

1.20

Superdex200 300/10 GL
Block

Variable

Value
Superdex_200_10/300_

Main

Column

GL

Start_with_PumpWash_Bas
ic
Flow_Rate

D Wash_Inlet_A

OFF

D Wash_Inlet_B

OFF

Flow_Rate {ml/min}

0.500

Column_PressureLi
Column_Pressure_Limit

mit {MPa}

1.50

Start_Instructions

Wavelength_1 {nm}

280

Wavelength_2 {nm}

254

Wavelength_3 {nm}

215

Averaging_Time_UV
Start_Conc_B

D {sec}

5-Dec

D Start_ConcB {%B}

0.0

Equilibrate_with
Column_Equilibration

D (Huang et al.)

0.05

D System_Pump

Normal

Aut_PressureFlow_Regulati
on

System_PressLevel
D {MPa}

0.00

System_MinFlow
D {ml/min}
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0.000

Empty_loop_with
Sample_Injection

D {ml}

2.00

PeakFrac_Parameters_UV

D UV_Mode

Slope

D MinPeakWidth {min}

0.500

Level (Botstein and
D Maurer)

0.000

Peak_Start_Slope
D {mAU/min}

50.000

Peak_End_Slope
D {mAU/min}

37.500

TubeType_EluateFr
Fractionation

D ac

12mm

Eluate_Frac_Size
{ml}

1.000

D EluateFrac_StartAt

NextTube

D TubeType_PeakFrac 12mm
Peak_Frac_Size {ml}
D PeakFrac_StartAt

1.000
NextTube

Length_of_Elution
Length_of_Elution

(Huang et al.)

96

1.20

