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Backg round by sir Philip Cohen

Protein ubiquitylation and protein
phosphorylation are the two major
mechanisms that regulate the func-
tions of proteins in eukaryotic cells.
However, these different posttrans-
lational modifications do not operate
independently of one another, but are
frequently interlinked to enable bio-
logical processes to be controlled in a
more complex and sophisticated man-
ner. Studying how protein phosphory-
lation events control the ubiquitin sys-
tem and how ubiquitylation regulates
protein phosphorylation has become
a focal point of the study of cell regu-
lation and human disease. Cloning of
human Microtubule Affinity Regulating
Kinase 3 (MARK3) was first described
by Peng et al. (1998). MARKS3 is a
member of the subfamily of protein ki-
nases that include the AMP-activated
protein kinase (AMPK) and, like AMPK
itself, is activated by the tumour sup-
pressor kinase LKB1 (Lizcano et al.,
2004). The physiological roles of the
MARK subfamily of protein kinases in-
clude the phosphorylation of microtu-
bule associated proteins and the reg-
ulation of cell polarity. Members of the
MARK sub-family also phosphorylate
tau at sites that induce its dissocia-
tion from tubulin. Enhanced phospho-
rylation of these sites is an early hall
mark of Alzeheimer’s disease and is
followed by abnormal aggregation of
tau to paired helical filaments that are
found in people with Alzheimer’s dis-
ease (Marx et al., 2010). MARKS con-

Continued on page 2

Physical Characteristics

Species: human

Protein Sequence: Please see page 2

Source: Sf21 insect cell-baculovirus

expression

Quantity: 50 ug

Concentration: 1 mg/ml

Formulation: 50 mM Tris/HCI pH 7.5, 0.1

mM EGTA, 150 mM NaCl, 270 mM

sucrose, 0.03% Brij, 0.1% p-Mercapto-
ethanol, 1 mM Benzamidine, 0.2 mM PMSF

Molecular Weight: ~86.1 kDa

Purity: >70% by InstantBlue™ SDS-PAGE

Stability/Storage: 12 months at -70°C;
aliquot as required

Quality Assurance

Purity:

4-12% gradient SDS-PAGE
InstantBlue™ staining
Lane 1: MW markers

Lane 2: 1 pg His-MARK3

kDa

188

98

62

49

38

28

- His-MARK3

Protein Identification:
Confirmed by mass spectrometry.

Activity Assay:

The specific activity of His-sMARK3 was determined us-
ing the method described by Hastie et al. (2006) with the
enzyme being assayed at several concentrations. His-
MARKS was incubated for 10 minutes at 30°C in kinase
reaction buffer in the presence of CHKtide substrate (300
pUM) and [y-*2P]JATP (100 pM). Duplicate reactions were
stopped by spotting the assay mixture onto Whatman P81
paper — capturing the phosphorylated substrate. The ra-
dioactivity incorporated was measured on a scintillation
counter and the enzyme’s mean specific activity was cal-
culated.

His-MARKS3 specific activity:
282.0 Units/mg (282.0 Units/ml)

1 Unit = 1 nmole of phosphate incorporated into the
substrate in 1 minute

Substrate: CHKtide (KKKVSRSGLYRSPSMPENLNRPR)
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Continued from page 1

tains a ubiquitin-like domain adjacent
to the kinase catalytic domain and,
similar to MARK4, undergoes Lys29/
Lys33-linked polyubiquitylation that
may inhibit its activity. It may also in-
teract with the deubiquitylase USP9X
(Al-Hakim et al., 2008).
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Background kindly written by:

Sir Philip Cohen FRS, FRSE
University of Dundee

Director of the Medical Research Council Protein Phosphorylation
Unit (1990-2012)

Director of the Scottish Institute for Cell Signalling incorporating
the Protein Ubiquitylation Unit (2008-2012)

Co-Director of the Division of Signal Transduction Therapy
(1998-2012)

Deputy Director of the Division of Signal Transduction Therapy
(from July 2012)

Professor Cohen'’s research group is studying the interplay
between protein phosphorylation and protein ubiquitylation
in the regulation of innate immunity.
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Protein Sequence:
MSYYHHHHHHDYDIPTTENLYFQGAMGS
GIQRPTSTSSLVAAASTRTPLPTVNERD
TENHTSHGDGRQEVTSRTSRSGARCRN
SIASCADEQPHIGNYRLLKTIGKGN
FAKVKLARHILTGREVAIKIIDKTQLNPT
SLOKLFREVRIMKILNHPNIVKLFEVI
ETEKTLYLIMEYASGGEVFDYLVAHGRM
KEKEARSKFRQIVSAVQYCHQKRIVHRDL
KAENLLLDADMNIKIADFGFSNEFTVG
GKLDTFCGSPPYAAPELFQGKKYDGPE
VDVWSLGVILYTLVSGSLPFDGQNLKEL
RERVLRGKYRIPFYMSTDCENLLKRFLV
LNPIKRGTLEQIMKDRWINAGHEE
DELKPFVEPELDISDQKRIDIMVGM
GYSQEEIQESLSKMKYDEITATYLLL
GRKSSELDASDSSSSSNLSLAKVRPSS
DLNNSTGQSPHHKVQRSVSSSQKQRRYSD
HAGPAIPSVVAYPKRSQTSTADGDLKEDG
ISSRKSSGSAVGGKGIAPASPMLG
NASNPNKADIPERKKSSTVPSSNTAS
GGMTRRNTYVCSERTTADRHSVIQNG
KENSTIPDQRTPVASTHSISSAATP
DRIRFPRGTASRSTFHGQPRERRTATYN
GPPASPSLSHEATPLSQTRSRGSTNLF
SKLTSKLTRSRNVSAEQKDENKEAK
PRSLRFTWSMKTTSSMDPGDMMREIRKV
LDANNCDYEQRERFLLFCVHGDGHAEN
LVQWEMEVCKLPRLSLNGVRFKRISGT
SIAFKNIASKIANELKL

Tag (bold text): N-terminal His

Protease cleavage site: TEV (ENLYF Y QG)
MARKS (regular text): Start bold italics (amino acid
residues 2-729)

Accession number: AAC15093.1
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