Chapter 2

DTNB-Based Quantification of In Vitro Enzymatic
N-Terminal Acetyltransferase Activity

Havard Foyn, Paul R. Thompson, and Thomas Arnesen

Abstract

We here describe a quick and easy method to quantitatively measure in vitro acetylation activity of not only
N-terminal acetyltransterase (NAT) enzymes, but acetyltransferases using acetyl-coenzyme A as an acetyl
donor in general.
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1 Introduction

N-terminal acetylation is one of the most common protein modifica-
tions in eukaryotes [1]. To date, seven ditferent N-terminal acetyl-
transferases (NatA-NatG) have been shown to be responsible for this
modification. NatA—-NatE are ribosome associated and conserved
from yeast to humans [2]. NatF is localized to the Golgi membrane
and acetylates transmembrane proteins in multicellular eukaryotes
[3, 4], whereas NatG is acting inside plant chloroplasts [5]. The
NATs have been linked to human diseases. Several NAT subunits
have been demonstrated to be mostly up-regulated in different can-
cer types [6] whereas mutations in the catalytic subunit of NatA may
lead to intellectual disabilities and Ogden syndrome [7, 8].

Almost every study of the NATs includes some sort of in vitro
assaying of enzyme activity, whether it is to determine substrate
specificity, activity of mutants, inhibition studies, or others.

Currently, there are a number of methods available for in vitro
quantification of N-terminal acetylation. The high-pressure liquid
chromatography (HPLC)-based method described by Evjenth
et al. [9, 10] is a sensitive method that is compatible with both
recombinant enzyme and immunoprecipitated enzymes. However,
each HPLC run is rather time-consuming and when facing large-
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Fig. 1 Ac-CoA donates the acetyl group in the N-terminal acetylation reaction and a thiol is exposed. This thiol
is able to readily cleave DTNB that yield TNB—. TNB- ionizes to TNB?- in neutral or alkaline pH that yields a light
yellow color and absorbs light at 412 nm. As its formation is in 1:1 stoichiometry to acetylated peptide, it can
be used as an indirect quantification of N-terminal acetylation

scale or multiple assays it can easily take days and weeks until the
samples are analyzed. A radioactivity-based method is another very
sensitive method, but requires specialized labs [11].

Thus, there is a need for a fast, safe and cheap method for
in vitro quantification of N-terminal acetylation.

As the N-terminal acetylation process involves the transfer of
acetyl from acetyl-coenzyme A (Ac-CoA) to the N-termini of pep-
tides, it exposes a thiol-group on CoA. After adding 5,5’-dithiobis-
(2-nitrobenzoic acid) (DTNB), it will readily react with the thiol
that yields 2-nitro-5-thiobenzoate (TNB-) that will ionize to
TNB?- in neutral or alkaline pH (Fig. 1) [12]. This is easily quanti-
fied by measuring the absorbance at 412 nm.

The only drawback to the method is lower sensitivity com-
pared with other methods and its incompatibility with immuno-
precipitated enzyme because of high background probably caused
by the cysteine-rich antibodies. However, since the consumption
of Acyl-CoA is measured, this method can be used not only for
N-terminal acetylation, but for any acylation reaction where Acyl-
CoA is consumed.

2 Materials

The acetylation reaction requires purified recombinant enzyme (see
Note 1), a heating block and all samples are analyzed with a spec-
trophotometer. The samples from our lab are analyzed by an Epoch
microplate spectrophotometer from Biotek.

1. 2x Acetylation buffer: 100 mM HEPES-HCI (pH 7.5), 200
mM NaCl, 2 mM EDTA. This is the buffer used in our lab for
hNaa50, but most buffers are compatible with the assay as
long as they contain as low concentration as possible of reduc-
ing agents such as DTT (see Note 1).
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2. Acetyl-CoA: Acetyl-CoA trilithium salt, dissolved in H,O.

. Acetyl-acceptor: We use custom-made 24-mer oligopeptides

to at least 90% purity, dissolved in H,O.

. Quenching bufter: 3.2 M guanidinium-HCI, 100 mM sodium

phosphate dibasic (pH 6.8).

. DTNB butffer: 100 mM sodium phosphate dibasic (pH 6.8),

10 mM EDTA, fresh DTNB is added prior to analysis. 10 mg/
mL of DTNB is added yielding a final concentration of around
3 M which is ample for most assays (se¢ Note 2).

3 Methods

3.1 Substrate Screen

3.2 Quantification
of Acetylation

The DTNB assay has many applications, but as an example it may
be used to test if an enzyme has enzymatic activity toward a range
of specific substrates. In this case, the enzymatic activity of hNaa50
against the N-termini of 24-mer oligopeptides containing the start
sequences (one letter amino acid code) MLGP, MLGT, MDEL,
and SESS is tested (see Note 3).

1.

Prepare samples with 500 pM substrate peptide and acetyl-
CoA, 25 pL 2x acetylation buffer and H,O up to a total reac-
tion volume of 50 pL. Three replicates are prepared along with
two negative controls of each assay condition (toward each
substrate peptide). Recombinant hNaa50 is then added to the
three replicates to a concentration of 300 nM while enzyme is
omitted in the negative controls.

. Immediately after adding enzyme, quickly vortex the sample

and place on a heating block at 37 °C (see Note 4). The nega-
tive controls are also placed on a heating block.

. After 30 min, stop the assay by adding 100 pL. quenching

buffer (2-fold volume relative to the reaction volume) and vor-
tex the samples.

. When all samples are stopped, add the same amount of enzyme

to your negative controls as in the positive replicates.

. Prepare DTNB buffer by adding 5 mg (10 mg/mL) fresh

DTNB to 500 uL DTNB butffer (see Note 2).

. Add 20 pL of DTNB butffer to each sample and vortex.
. Of the 170 pL (reaction volume + quenching buffer + DTNB

buftfer), transfer 150 pL. per sample to a microplate before
analysis by the spectrophotometer at 412 nm (see Note 5).

. Average the negative controls for each substrate peptide and

subtract it from the absorbance of the positive replicates.

. Given that the absorbance has been corrected for path length at

the microplate spectrophotometer, | is equal 1 and it is sufficient
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Table 1

Absorbance values obtained after acetylation assay with hNaa50 with
MLGP, MLGT, MDEL, and SESS oligopeptides

MLGP MLGT MDEL SESS
Positive replicates 1.268 1.084 1.011 0.961
1.242 1.121 0.995 0.972
1.214 1.073 0.987 0.952
Negative controls 0.973 0.983 0.978 0.920
1.002 0.991 0.997 0.929
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Fig. 2 Using the values in Table 1, the product formation of hNaa50 with MLGP,
MLGT, MDEL, and SESS oligopeptides was calculated. The results show high
activity toward MLGP (63.0 + 6.7 uM), some activity toward MLGT (26.2 + 6.2 ulM),
and only minor activity toward MDEL and SESS (2.5 + 3.0 and 9.2 + 2.5 uM)

to insert AAbs and the extinction factor of TNB~ (13,700/M
cm) (see Note 6) into the Lambert Beer equation (Eq. 1)

_ Abs
ex/

(Eq. 1)

3. Multiply the result with the dilution factor (170,/50) to obtain

the concentration of enzymatic product formation.

Using the values obtained in Table 1, hNaa50 yielded 63.0 =+
6.7,262 +6.2,2.5 + 3.0, and 9.2 + 2.5 pM acetylated MLGP,
MLGT, MDEL, and SESS oligopeptides respectively (Fig. 2).
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4 Notes

1. Recombinant enzymes may be purified in the presence of DTT

or other reducing agents as the normally high dilution of
enzymes into each sample renders the concentration negligible.
Up to 500 pM thiols present may still produce meaningful
results although the background noise is significantly increased.

. Make a stock DTNB buffer (without DTNB) that can be

stored at room temperature. When analyzing samples, transfer
the amount of buffer needed (20 pL per sample plus a little
extra) to a new Eppendorf tube. Subsequently add 10 mg/mL
DTNB to the buffer that ensures an ample concentration of
3 M in the final 170 pL sample.

. The MLGP, MLGT, MDEL, and SESS oligopeptides used as

substrates were custom made (Biogenes). The peptides con-
tain seven unique amino acids at their N-termini, as these are
the major determinants influencing  Nt-acetylation
(MLGPEGG, MLGTGPA, MDELDLD, SESSSKS). The next
17 amino acids are essentially identical to the adrenocortico-
tropichormonepeptidesequence(RWGRPVGRRRRPVRVYD);
however, lysines were replaced by arginines to minimize any
potential interference by Ne-acetylation.

. The optimal enzyme concentration, assay temperature, and

timeframe must be experimentally determined by timecourse
assays. Ensure that the assay setup is within the timeframe of
the enzymes linear range. Experience from our lab indicates
that it is easier to obtain small standard deviations with prod-
uct formations of 10 pM and higher, so if experimentally pos-
sible, set up the assay conditions to aim for at least 10 pM
product formation.

. Remember to correct for path length at the microplate

spectrophotometer.
p p

. The extinction factor of TNB at 412 nm is 14,150/M cm in

phosphate bufter at pH 7.27, but the spectrum is shifted slightly
in the presence of guanidinium HCl to 13,700/M cm [13].

. Being an absorbance-based assay there will be numerical varia-

tions in the results. As a test 25 pM CoA was aliquoted into ten
samples and analyzed along with ten negative controls (25 pM
Ac-CoA). The absorbance measured is given in Table 2. The
average concentration measured was 26.26 = 1.52 pM. Given
the small variations, the lower the concentration measured the
higher the uncertainty of the data. Thus, to minimize the risk
of misinterpreting the data, the assay should be designed in
such a way that the sample with maximum activity (e.g., the
sample without inhibitor in an IC50 assay) has at least a prod-
uct formation of 25 pM.
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Table 2
Absorbance values obtained after analysis of 25 M CoA
(positive replicates) or 25 pM Ac-CoA (negative replicates)
Absorbance at 412 nm
Positive replicates 0.711 0.712 0.715 0.724 0.728
0.717 0.725 0.713 0.724 0.717
Negative controls 0.623 0.614 0.619 0.613 0.618
0.628 0.619 0.598 0.603 0.593
Acknowledgments
These studies were supported by grants from the Norwegian
Cancer Society (to T.A.), The Bergen Research Foundation BES
(to T.A.), the Research Council of Norway (grant 230865 to T.A),
and the Western Norway Regional Health Authority (to T.A.).
References
1. Arnesen T, Van Damme P, Polevoda B, Helsens 5. Dinh TV, Bienvenut WV, Linster E, Feldman-

Salit A, Jung VA, Meinnel T, Hell R, Giglione C,
Wirtz M (2015) Molecular identification and
functional characterization of the first Nalpha-
acetyltransferase in plastids by global acetylome

profiling.  Proteomics 15(14):2426-2435.
doi:10.1002/pmic.201500025

. Kalvik TV, Arnesen T (2013) Protein
N-terminal  acetyltransferases in  cancer.

Oncogene  32(3):269-276.
onc.2012.82 pii:onc201282

doi:10.1038/

. Popp B, Stove SI, Endele S, Myklebust LM,

Hoyer J, Sticht H, Azzarello-Burri S, Rauch
A, Arnesen T, Reis A (2015) De novo mis-
sense mutations in the NAA1O gene cause
severe non-syndromic developmental delay in

males and females. Eur J Hum Genet
23(5):602-609. doi:10.1038 /cjhg.2014.150

. Rope AF, Wang K, Evjenth R, Xing J, Johnston

JJ, Swensen JJ, Johnson WE, Moore B, Huff
CD, Bird LM, Carey JC, Opitz JM, Stevens CA,
Jiang T, Schank C, Fain HD, Robison R, Dalley
B, Chin S, South ST, Pysher TJ, Jorde LB,
Hakonarson H, Lillechaug JR, Biesecker LG,
Yandell M, Arnesen T, Lyon GJ (2011) Using
VAAST to identify an X-linked disorder result-
ing in lethality in male infants due to N-terminal
acetyltransferase deficiency. Am ] Hum Genet
89(1):28—43. doi:10.1016/j.ajhg.2011.05.017
pii:S0002-9297(11)00210-2



9.

10.

DTNB-Based Quantification of Acetyltransferase Activity

Evjenth R, Hole K, Ziegler M, Lillechaug JR
(2009) Application of reverse-phase HPLC to
quantify oligopeptide acetylation eliminates
interference from unspecific acetyl CoA hydroly-
sis. BMCProc 3(Suppl6):S5.doi:10.1186 /175 3-
6561-3-S6-85 pii:1753-6561-3-S6-S5

Evjenth RH, Van Damme P, Gevaert K,
Arnesen T (2013) HPLC-based quantification
of in vitro N-terminal acetylation. Methods
Mol Biol 981:95-102. doi:10.1007,/978-1-
62703-305-3_7

11.

12.

13.

15

Drazic A, Arnesen T (2017) [14C]-Acetyl-
coenzyme A-based in vitro N-terminal acetyla-
tion assay. In: Schilling O (ed) Protein terminal
profiling: methods and protocols, Methods in
molecular biology, vol 1574. Springer
Science+Business Media LLC, New York, NY
Ellman GL (1959) Tissue sulthydryl groups.
Arch Biochem Biophys 82(1):70-77

Riddles PW, Blakeley RL, Zerner B (1983)
Reassessment of Ellman’s reagent. Methods
Enzymol 91:49-60



2 Springer
http://www.springer.com/978-1-4939-6849-7

Protein Terminal Profiling

Methods and Protocols

Schilling, 0. (Ed.)

2017, Xll, 268 p. 53 illus., 37 illus. in color. With online
filesfupdate., Hardcover

ISEM: 978-1-4939-6849-7

& product of Humana Press



