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Abstract

B1X-01294 and its analogs were originally identified and subsequently designed as potent
inhibitors against histone H3 lysine 9 (H3K9) methyltransferases G9a and G9a-like protein (GLP).
Here we show BIX-01294 and its analog E67 can also inhibit H3K9 Jumonji demethylase
KIAA1718 with half-maximal inhibitory concentrations in low micro-molar range.
Crystallographic analysis of KIAA1718 Jumonji domain in complex with E67 indicated the
benzylated six-membered piperidine ring was disordered and exposed to solvent. Removing the
moiety (generating compound E67-2) has no effect on the potency against KIAA1718, but
unexpectedly lost inhibition against GLP by a factor of 1500. Furthermore, E67 and E67-2 have
no effect on the activity against histone H3 lysine 4 (H3K4) demethylase JARID1C. Thus our
study provides a new avenue for designing and improving the potency and selectivity of inhibitors
against H3K9 Jumonji demethylases over H3K9 methyltransferases as well as H3K4
demethylases.
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The Jumonji domain containing protein (histone) lysine demethylases are members of the
cupin family of a-ketoglutarate (o-KG) and Fe?* dependent dioxygenases 1. There are
nearly 30 Jumonji containing proteins with known or suggested lysine demethylation
function in human proteome 2. Abnormal activities of many of these enzymes have been
implicated in various pathological conditions like cancer, developmental and neurological
disorders 3 4. Thus, these enzymes are novel targets for therapeutics 5 6 7,

Currently known inhibitors of Jumonji demethylases resemble the chemical structure of a-
ketoglutarate, the cofactor, or succinate, which is the byproduct generated during enzymatic
decarboxylation of o-ketoglutarate & 9 10, Consequently, the cofactor-mimic compounds
could inhibit a large numbers of a-ketoglutarate dependent dioxygenases by competing for
the cofactor-binding sites.

BIX-01294 (a diazepin-quinazoline-amine derivative; Fig. 1a) inhibits activities of G9a 11
and G9a-like protein (GLP) lysine methyltransferase by mimicking the bound conformation
of histone H3 Lys4 to Arg8, residues N-terminal to the target lysine 9 of histone H3, in the
substrate peptide-binding groove 12. Addition of a lysine or methyl-lysine mimic to
B1X-01294 enhances its potency of inhibition of G9a and GLP due to the insertion of the
mimics into the target lysine-binding channel 13: 14:15:16 |t js interesting to note that both
lysine methyltransferases and demethylases recognize lysines in methylated and
unmethylated states, whether they are substrates or reaction products. We therefore explore
whether B1X analogs can function as selective inhibitors of human KIAA1718 (a H3K9me2
demethylase, also known as JHDM1D), in comparison with their inhibitions of human GLP
(a H3K9 methyltransferase, also known as EHMT1) - whose loss-of-function mutations
cause the 9934 subtelomeric deletion syndrome 17 - and human JARID1C (a H3K4me3
demethylase, also known as SMCX) - mutations of which affect its demethylase activity are
found in X-linked mental retardation patients 18 19,

KIAA1718 belongs to a small family of Jumonji proteins with three members (PHF2, PHF8
and KIAA1718) 2. Each of these proteins harbors two domains in its respective N-terminal
half (Supplementary Fig. S1a): a PHD domain that binds tri-methylated histone H3 lysine 4
(H3K4me3) - a modification associated with transcriptional activation — and their linked
Jumonji domains which remove methyl marks (H3K9me2, H3K27me2, or H4K20me1) that
are associated with transcriptional repression 20: 2122 KIAA1718 removes methyl marks
from dimethylated H3 lysine 9 (H3K9me2) and/or lysine 27 (H3K27me2) 20: 23: 24 which
shares an ARKS sequence. Here, we focus on residues 92-488 from KIAA1718 (Jumoniji)
and 1-488 (containing PHD and Jumoniji) (Supplementary Fig. S1b).

Inhibition of KIAA1718 by BIX and its analog E67

First, we found BIX-01294 inhibits the demethylation activity of KIAA1718 Jumoniji
domain (residues 92—-488) with an ICgq (half-maximal inhibitory concentration) value of
approximately 16.5 uM, using a histone H3K9me2 peptide (residues 1-24) as substrate, by a
mass spectrometry-based demethylation assay 2 (Fig. 1a). Next, we tested the BIX analog
E67 (Fig. 1b), which was originally generated with improved inhibition for GLP 14, with the
replacement of the O7-methoxy group with a 5-aminopentyloxy substituent at site A and the
diazepane ring with a 3-dimethylaminopropy! group at site B. The cumulative effect of these
changes in E67 decreases its ICgq by a factor of approximately 4.5 in comparison to that of
BIX.
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Structure of KIAA1718 Jumonji domain bound with E67

We co-crystallized KIAA1718 Jumonji domain with E67, which was dissolved in aqueous
buffer, in the presence of a-ketoglutarate and Ni2* ion (Supplementary Fig. Sic). The
structure was solved at a resolution of 2.8 A (Table 1). The first 22 residues (amino acids
92-113) and the last 9 residues (amino acids 480-488) of KIAA1718 were not observed.
The protein component of the structure is highly similar to that of KIAA1718 in the absence
of bound peptide substrate (Fig. 2a; PDB 3KVA) and that of PHF8 in the presence of bound
H3 peptide substrate (Fig. 2c; PDB 3KV4), with a root mean squared deviation (rmsd) of
approximately 0.3 A and 1.3 A, respectively, when comparing 366 pairs of Ca atoms
(residues 114-479).

E67 lies in a location occupied by the histone H3 peptide in the PHF8-peptide complex
(compare Fig. 2b with Fig. 2c). E67 occupies approximately the same space as that by
histone H3 lysine 4 (main chain) to lysine 9 (Fig. 2d), with a total of buried interface area of
422 A2, The acidic binding pocket is wide open and the a-ketoglutarate can be seen at the
bottom of the pocket (Fig. 2e). The 5-aminopentyloxy moiety at site A is extended near the
metal cofactor in the active site, with the aliphatic chain stacking with the planar surface of
His282 and the terminal amino group forming a weak hydrogen bond with one of the
carboxyl oxygen atoms of Asp284 (3.4 A) (Fig. 2f). The side chains of His282 and Asp284,
together with His354, coordinate the binding of the metal ion. The N,N-
dimethylpropylamine side chain at site B is near the acidic entrance of the substrate binding
groove on the protein surface (Fig. 2e) and the terminal dimethylated amino group folds
back and stacks with the planar surface of the quinazoline ring (Fig. 2f).

The methyl group of the O6 methoxy at site D is inserted into a shallow surface pocket of an
inner wall formed by GIn200 and Thr279 (Fig. 2g), mimicking the side chain of histone H3
Ala7 (H3A7; Fig. 2d). The O6 methyoxy-H3A7 mimic has also been observed in the
interactions of E67 as well as BIX with GLP methyltransferase 12 14, Thus, we suggest the
06 methyoxy at site D is an important discriminator of H3K9 enzymes (methylase and
demethylases) vs. H3K4 enzyme(s) (see below). The N-benzyl-4-amino-piperidine moiety at
site C is not observed in the structure. We could however model the moiety in the current
structure without steric clashes with the protein by pointing the moiety to the solvent
(Supplementary Fig. S1d).

Generation of compound E67-2

Based on the structural information of KIAA1718-E67 complex, we thus generated a
smaller compound (E67-2) without the N-benzyl-4-amino-piperidine moiety. E67-2 inhibits
KIAA1718 Jumonji domain with an 1Cgq value of 3.4 uM (Fig. 1c), the same as that of E67
(Fig. 1b). Removal of both of the side chains at sites B and C (compound E67-5) increases
the 1Cgq value by a factor of approximately 5 (Fig. 1d). Compounds E67 and E67-2 retain
the inhibitory potency towards related PHF8 Jumonji domain (Fig. 1e).

Compound E67 was originally designed to improve the potency against H3K9
methyltransferase activities of G9a and GLP (with an 1Csq value of 50 nM; Fig. 1f) 14,
Unexpectedly, the new E67 derivative (E67-2) reduced inhibitory effect against GLP by a
factor of approximately 1500, resulting in an 1Csq of 75 uM (Fig. 1f).

Effect of PHD domain on the activity of Jumonji domain

KIAA1718 and PHF8 have a N-terminal H3K4me3-binding PHD domain linked to their
respective catalytic Jumonji domain (Fig. 3a) {Horton, 2010 #919%}. The inhibition (under
the same assay conditions) for the KIAA1718 (residues 1-488), including both the PHD and
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Jumonji domains, is comparable to those measured for the Jumonji domain only (residues
92-488) (Fig. 3b), suggesting that the PHD domain of KIAA1718 has minor influence on
the inhibitory properties of these compounds that target the Jumoniji active site. On the other
hand, while retaining the inhibitory potency towards related PHF8 Jumonji domain (Fig. le
and Fig. 3c, top panel), compounds E67 and E67-2 have much reduced inhibition on PHF8
(residues 1-447) on the doubly methylated H3(1-24)K4me3K9me2 peptide substrate (Fig.
3c, bottom panel). This can be explained by the structural observation that KIAA1718 has
an extended conformation between the two domains that allows the compound to be diffused
into the active site, whereas PHF8 has a closed conformation, which limits the access to the
Jumoniji active site when its PHD domain engages H3K4me3 (Fig. 3a). Removal of the N-
terminal PHD domain from the protein (Fig. 3c, top panel) or the H3K4me3 mark from the
substrate (Fig. 3c, middle panel) renders these inhibitors more effective in inhibiting
H3K9me2 demethylation activity of PHF8, indicating that binding of the H3K4me3 mark by
the PHD domain impairs the inhibitor binding to the active site (Fig. 3c, bottom panel).

Selectivity over JARID1C, an H3K4me3 demethylase

We next tested whether the current inhibitors (E67 and E67-2) against KIAA1718 and PHF8
(two related H3K9me2 demethylases) can also inhibit H3K4me3 demethylation activity of
JARID1C enzyme (Supplementary Fig. S2a). We purified the N-terminal half of JARID1C
(residues 1-839) containing the catalytic Jumonji domain (Supplementary Fig. S2b). The
JARID1C is an active H3K4me3 demethylase, with an optimum pH at 6.5-6.8
(Supplementary Fig. S2c) and maximal activity at 50 mM NaCl (Supplementary Fig. S2d).
The demethylation activity is also dependent on substrate H3 peptide length and is active on
peptide longer than 12 amino acids (Supplementary Fig. S2e).

We used a fluorescence-based demethylation assay based on a formaldehyde
dehydrogenase-coupled continuous reaction 20 to determine the kinetic characteristics of
JARID1C. We determined the Ky, for a-ketoglutarate to be approximately 5 uM (Fig. 4a),
and Ky, for peptide substrate approximately 3 pM (under the conditions of a-ketoglutarate
concentration being 200 UM, at which reaction velocity is well saturated) (Fig. 4b). The
turnover rate (Kcat) of JARIDIC is approximately 2.5 ~ 3 min~1, which is significantly
faster than most known Jumonji histone lysine demethylases (comparing Keat ~ 0.1 min™1
for PHF8 and KIAA1718 20 and Ky ~ 0.01-0.07 min~1 for IMID2A and JIMJD2D 25).

As evident from the activity data (Fig. 4c), neither BIX nor its analogs (E67 and E67-2) can
significantly inhibit JARID1C demethylation activity on the H3K4me3 peptide substrates.
This is consistent with the fact that recognition of H3K4 and H3K9 methylation marks
involves different sets of backbone and side chain interactions and the BIX analogs tested in
this work are originally designed to mimic H3K9 binding.

Finally, we tested the cell toxicity of the three compounds in mouse and human primary
fibroblasts. Like E67 14, E67-2 has significantly reduced cell toxicity in vivo (Fig. 5),
compared with BIX, in all four types of mouse and human primary fibroblasts treated. For
E67-2, the LCsq (half-maximal lethal concentration) values are 45.8 pM in mouse cells and
52.1 uM in human cells, respectively, comparable to that of E67 (24.1 uM for mouse cells
and 95.6 uM for human cells) but much higher than that of BI1X-01294 (7.4 uM for mouse
cells and 3.2 uM human cells).

Discussion

Here we show that BIX-01294, a H3K9 peptide mimic small molecule compound, can
inhibit both H3K9 methyltransferase (GLP: ICsg = 0.25 pM; Fig. 1f) and demethylase
(KIAA1718: 1Cgq =16.5 pM; Fig. 1a). Because the ICsq values are enzyme concentration
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dependent, we thus compared K;2PP Copeland (2005) 26 for the two H3K9 modifying
enzymes (Fig. 1g). Both BIX and E67 inhibit GLP better than KIAA1718 by a factor of
approximately 76 (comparing K;#P values of 0.2 vs. 15.3 uM) and 2500 (0.001 vs. 2.5 uM),
respectively. By deleting the benzylated six-membered piperidine ring moiety, as suggested
by the co-crystal structure of KIAA1718-E67 complex, E67-2 is more selective against
KIAAL1718 than GLP by a factor of 35 (comparing K;@P values of 2.1 vs. 75 uM). This
reversal of selectivity is only due to the severe loss in activity against GLP without affecting
inhibition against KIAA1718. Therefore, the current structure of KIAA1718-E67 complex
provides new avenues for further improving the potency and selectivity of the inhibitor by
strengthening KIAA1718-E67 interactions. For example, the N,N-dimethylpropylamine side
chain at site B has little contact with the protein and replacement with group(s) that
maximize the interaction near the entrance of the substrate binding groove may increase the
potency against KIAA1718. Iterative cycles of crystallography, synthesis, and bioassay will
ultimately aid successful design of selective and potent epigenetic inhibitors of histone
lysine demethylases.

Synthesis of compounds

E67 has been prepared as previously reported 14, For E67 derivatives (Supplementary Fig.
S3), the anthranilic nitrile 2 was prepared by alkylation with benzyl bromide under basic
conditions of the commercially available 4-hydroxy-3-methoxybenzonitrile 1 followed by
nitration under standard conditions, and subsequent reduction of the nitro intermediate with
iron dust in an acidic medium. The intermediate 2 was then converted into the
dichloroguinazoline 3 through a reaction with methyl chloroformate followed by cyclization
with hydrogen peroxide under basic conditions, and final halogenation by means of POCl3
under reflux conditions. Treatment of 3 with dimethylamine at room temperature provided
the 4-substituted intermediate 4. This latter was converted into 5 by the mean of a further
treatment with dimethylamine at 110 °C in a sealed tube. The intermediate 5 was then
converted into the final compound E67-5 by debenzylation through catalytic hydrogenation,
followed by Mitsunobu reaction with the Boc-protected 5-aminopentan-1-ol, and final
deprotection and salification with HCI. The intermediate 6 was prepared starting from 4 by
debenzylation with trifluoroacetic acid under reflux conditions and subsequent Mitsunobu
reaction with the Boc-protected 5-aminopentan-1-ol. The chloroquinazoline 6 was then
converted into the final compound E67-2 by reaction with the commercially available

N1 N1-dimethylpropane-1,3-diamine at 110 °C in a sealed tube and final deprotection and
salification with HCI.

Crystallography

The X-ray diffraction data (Table 1) were collected at the Advanced Photon Source,
Argonne National Laboratory, SERCAT beamline (22-BM). Diffraction data were processed
and scaled by HKL2000 27. We used PHENIX 28 for molecular replacement, using a
previously solved KIAA1718 (residues 92-488) structure (PDB 3KVA) 20 as the initial
model, and refinement. Coot 2% was used for graphic model building. PRODRG server 30
generated the initial model of E67 compound. The ReadySet software integrated in PHENIX
generated the structural restraints for the inhibitor molecule. PyMOL (DeLano Scientific)
was used to prepare the structural figures.

Highlights

e BIX-01294 inhibits both H3K9 methyltransferase and H3K9 Jumoniji
demethylase

e E67-2 selectively inhibits H3K9 Jumonji demethylase over H3K9
methyltransferase as well as H3K4 demethylase

J Mol Biol. Author manuscript; available in PMC 2013 February 24.
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e E67-2 has low cytotoxicity

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Chemical structures for (a) BIX-01294, (b) E67, (c) E67-2 and (d) E67-5. The inhibition
(ICsq values) of compounds against demethylation reaction by KIAA1718 (Jumonji domain)
is plotted against various concentrations of inhibitor [1], under the conditions of 2.5 pM
enzyme [E] and 5 pM H3(1-24)K9me2 peptide substrate [S] in 50 mM HEPES pH 7.0, 1
mM a-KG, 50 UM Fe(NH4)2(SO4)2 and 2 mM ascorbic acid. The enzyme and the respective
inhibitor were preincubated for 10 min at room temperature (approximately 21 °C). Adding
substrate H3 peptide initiated reaction for 10 min at 37 °C and subjected to mass-
spectrometry-based inhibition assay as previously described 12,

(e) Percentage of inhibition of the H3K9me2 demethylation activities of KIAA1718 Jumoniji
domain (top panel) and PHF8 Jumonji domain (bottom panel), under the conditions of 2.5
UM [E], 5 uM [S] and 10 puM [l]. Enzymes were pre-incubated with the inhibitors for 10
min at room temperature (approximately 21 °C) prior to the addition of substrate peptide.
The reactions were then incubated at 37 °C for 10 min (KIAA1718) or 60 min (PHF8).

(f) The inhibition (ICsq values) of E67 and E67-2 against methylation reaction by GLP (SET
domain) is plotted against various concentrations of compound, under the conditions of 0.1
UM [E] and 5 pM H3 peptide (residues 1-15) [S] in 20 mM Tris 8.0, 5 mM dithiothreitol
(DTT) and 100 pM S-adenosyl-.-methionine (AdoMet). GLP was pre-incubated with
varying concentrations of E67 and E67-2 for 5 min at room temperature (approximately 21
°C). Adding substrate H3 peptide initiated reaction for 5 min at 30° C.
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(g) Comparison of K;#P values, calculated based on three zones of enzyme-inhibitor

interactions defined by Straus and Goldstein (1943)31: K;3PP=1C5,-0.5[E] (if K;?°P/[E] in the
range of 10-0.01) or K;@P<0.01[E] (if IC5q ~ 0.5[E]) or K;#P ~ ICs (if K;@P/[E] > 10).
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KIAA1718-E67 PHF8-H3 peptide

Green: KIAA1718-E67

Colored: KIAA1718-E67 Grey: PHF8-H3 peptide (3KV4)

Fig. 2. Structure of KIAA1718-E67 complex

(a) Superimposition of KIAA1718 Jumonji domain structures with bound E67 (colored in
green) and in the absence of bound substrate (in cyan; PDB ID: 3KVA).

(b,c) Surface representation of the KIAA1718 Jumonji domain with E67 bound in the acidic
substrate peptide binding groove (b), which is occupied by a histone peptide in the closely
related PHF8 structure (c; PDB ID: 3KV4). The surface charge at neutral pH is displayed as
red for negative, blue for positive, and white for neutral.

(d) Superimposition of H3 peptide (grey; taken from PDB ID: 3KV4) and E67 (yellow). The
inhibitor occupies the space of bound histone H3 peptide from Lys4 (main chain) to Lys9
(main chain). The corresponding tyrosine (Tyr292 in KIAA1718 and Tyr257 in PHF8)
adopts different rotamer conformation resulting in a different mode of binding of a-
ketoglutarate (aKG).

(e) Enlarged view of E67 binding site with a-ketoglutarate (green) in the bottom of the
pocket.

(f) Network of interactions centered on the amino group of 5-aminopentyloxy moiety at site
A of E67. The metal ion (in small ball) is coordinated by side chains of His282, Asp284,
His354 and two oxygen atoms of a-ketoglutarate.

(9) The methyl group of the O6 methoxy at site D of E67, mimics the side chain of histone
H3 Ala7 (see panel d), is bound in a shallow surface pocket of KIAA1718.
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Fig. 3. Effect of PHD domain on the activity of Jumonji domain

(a) Superimposition of KIAA1718 (PDB 3KV5; colored grey) and PHF8 (PDB 3KV4;
colored blue for PHD and green for Jumoniji) with a bound H3 peptide containing K4me3
and K9me?2 (colored red).

(b) Percentage of inhibition for KIAA1718 (residues 1-488) (bottom panel) is comparable
to those measured for the Jumonji domain only (residues 92—-488) (top panel).

(c) Percentage of inhibition of the H3K9me2 demethylation activities of PHF8 Jumonji
domain (residues 65-447) on H3(1-24)K9me2 (top panel), PHF8 (residues 1-447) on
H3(1-24)K9me2 (middle panel), and PHF8 (residues 1-447) on the doubly methylated
H3(1-24)K4me3K9me2 peptide substrate (bottom panel), under the conditions of 10 uM [I],
5uM [S]and 2.5 pM [E] in 50 mM HEPES pH 7.0, 1 mM oKG, 50 pM Fe(NH4)2(SO4)2,
and 2 mM ascorbic acid. For PHF8(1-447) activity on H3(1-24)K4me3K9me2 substrate
(bottom panel), reaction mixtures were incubated for 10 minutes at 37 °C. For PHF8(1-447)
and PHF8(65-447) on H3(1-24)K9me2 substrate, mixtures were incubated for 60 minutes at
37 °C. These time points were chosen to access the linear range of the product formation
curve by these enzymes without completely exhausting the initial substrate.
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Fig. 4. Kinetic parameters and inhibition of JARID1C

Michaelis-Menten plots of JARID1C (residues 1-839) for a-ketoglutarate (aKG) (a) and
substrate H3 peptide (b). Initial velocity was plotted against aKG or peptide concentration
and fitted with the Michaelis-Menten equation. Different concentrations of formaldehyde
standards were made fresh and used to calibrate fluorescence intensities to determine initial
velocities. The turnover number of FDH is fast enough to ensure the clearance of
formaldehyde from JARIDAC catalysis is not delayed by FDH conversion. Reactions were
performed in 40 pl volume under the conditions of 20 pM H3(1-24)K4me3K9me2 [S], 0.5
MM JARIDI1C [E], 2 mM ascorbic acid, 1 mM aKG, 0.1 mM Fe(ll), 20 mM MES pH 6.5,
50 mM NaCl, 0.6 mM APAD+ and 3 uM FDH at 37 °C for 10 min monitored by a BioTek
Synergy™ 4 Hybrid Microplate Reader. All elements were pre-incubated at 37 °C for 15
min followed by addition of peptide and APAD+ to initiate the reaction. Experiments were
done in triplicates and initial velocities were then plotted against peptide or a-KG (also
know as 2-oxoglutarate or 20G) concentrations and fit with the Michaelis-Menten equation
using GraphPad Prism 5.0.

(c) H3K4me3 demethylation activity of JARID1C(1-839) on H3(1-24)K4me3K9me?2
substrate, under the conditions of 0.25 uM enzyme [E], 10 uM peptide substrate [S] and 10
MM inhibitor [1] in 50 mM MES pH 6.8. Enzyme was pre-incubated with inhibitor at room
temperature (~ 21 °C) prior to the addition of substrate peptide and the reactions were lasted
for 10 min at 37 °C.
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Fig. 5. Cytotoxicity of E67-2 compounds to primary fibroblasts

Mouse and human primary fibroblasts were treated with various concentrations of
B1X-01294, E67, and E67-2. Primary mouse embryonic fibroblasts (MEFs) and mouse tail-
tip fibroblasts (MTTFs) were isolated from E13.5 embryo and tail, respectively, from
129S2/SvPasCrl inbred mouse (Charels River, Wilmington, MA, USA). Human embryonic
fibroblasts (HEFs), HE-19, was purchased from RIKEN Cell Bank (Ibaraki, Japan). Human
dermal fibroblasts (HDFs) were purchased from American Type Culture Collection (ATCC,
Washington, DC, USA). All primary cells (100 pl) were cultured in Dulbecco’s modified
Eagle’s Media (DMEM, Invitrogen, Carlsbad, CA, USA) supplement with 10% fetal bovine
serum (Atlanta Biologicals, Lawrenceville, GA, USA), 1x Antibiotic-Antimycotic
(Invitrogen, Carlsbad, CA, USA), 2 mM L-glutamine (GlutaMAX, Invitrogen, Carlsbad,
CA, USA), 100 puM Minimum Essential Media Non-Essential Amino Acids (MEM NEAA,
Invitrogen, Carlsbad, CA, USA) and 100 uM B-mercaptoethanol (Sigma, St. Louis, MO,
USA). Cell cytotoxicity was measured with the cell counting kit-8 (CCK-8, Dojindo,
Kumamoto, Japan). Five thousand cells in 100 pl were seeded per well. After incubation for
24 h at 37°C, 5% CO», cells were treated with BIX-01294, E67, and E67-2 at 100, 300,
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1,000, 3,000, 10,000, 30,000, and 100,000 nM and incubated another 24 h. A 10 ul of
CCK-8 solution was added to each well and the plate was incubated for another 4 h. Cell
viability was determined with colorimetric assays for measuring the activity of
dehydrogenase enzyme from live cells that reduce a chemical dye, WST-8, to an orange-
color formazan dye which can be detected at a specific wavelength of light. The absorbance
of formazan dye at 450 nm is directly proportional to the number of living cells. The
absorbance was read at 450 nm using Synergy 2 microplate reader (BioTek, Winooski, VT,
USA).
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Table 1

Crystallographic data collection and refinement statistics.

KIAA1718 (92-488)

Data Collection

Co-factors

Inhibitor

Space Group

Cell dimensions

a,b,c(A)

Resolution (A)

Rmerge

I/ol

Completeness (%)

Redundancy

Refinement

Resolution (A)

No. of Reflections

Ruwork/Riree

No. of Atoms
Proteins
Heterogen
Water

B-factors (A?)
Protein
Inhibitor (E67)
Water
a-ketoglutarate

R.m.s. deviations

Bond Lengths (A)
Bond angles (°)

Ni%*, o-ketoglutarate
E67

P6,22
a=p=90°y=120°
77.5,77.5,290.1
26.63 - 2.79

0.124 (0.708)

255 (5.2)

99.9 (100)

18.7 (19.4)

2.79
13299
0.188/0.256

2930
69
43

48.5
81.8
41.2
459

0.008
1.18
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