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MJ0684 from Methanococcus jannaschii is a hypothetical protein belonging to the subfamily | of amino acid
aminotransferases. In the present study, the crystal structure of MJ0684 has been determined at 2.2 A
resolution. It reveals that MJO684 has an overal structure similar to subfamily 1y aminotransferases and its
active dite architecture is most similar to that of kynurenine aminotransferases among several kinds of
aminotransferasesin the subfamily 1. It has two hydrophaobic active site residues conserved in the kynurenine
aminotransferases for recognizing hydrophobic substrates. In addition, the absence of any basic residue for
recognizing the side chain carboxylic group of the aspartate in the active site rules out the possibility that
MJ0684 would act as an aspartate aminotransferase. These structural observations collectively imply that
MJ0684 is anovel archaeal homolog of the subfamily 1y kynurenine aminotransferase.
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Introduction

Pyridoxa 5'-phosphate (PL P)-dependent amino acid amino-
transferase (AT) is a homodimeric enzyme which catalyzes
thereversible transfer of an c~amino group from an a-amino
acid to an a~keto acid.! ATs have been classified into four
families, | to IV, based on the homology relationshipsin the
primary sequence.? Family |, the most extensively studied
one, can be further divided into seven subfamilies: [ ¢, 15, 1y,
and others® Subfamily la mostly consists of aspartate
aminotranserases (AspATS) and aromatic amino acid amino-
transferases (AroATs). Subfamily 14 includes histidine
aminotransferases, some of which shows the activity toward
aromatic amino acids as well as higtidine. Subfamily 1y
includes AroATs such as kynurenine AT (KynAT) and tyro-
sine AT (TyrAT), and some set of AspATs.®

Structural studies on a number of ATs have presented
comprehensive observations on their various strategies for
recognition of various amino acids as substrates. For ex-
ample, subfamily |z AspATs from E. coli,* chicken,>® pig,’
and yeast® have a conserved arginine residue to recognize
the side chain carboxylic group of the substrate aspartate
(R292* in pig cytosolic AspAT, for instance; asterisk
denotes the residue from the other subunit in dimer). In
contrast, AspATsin the subfamily | don’t have the arginine
resdue in the corresponding position in the primary
sequence, and instead use a lysine residue (K101 in AspAT
from Thermus thermophilus HBS, for instance) for the same
purpose.®

MJ0684 is a 370-residue protein encoded by the Mj0684
(aspB2) gene from Methanococcus jannaschii. Sequence
homology analysis using BLAST™ indicates that MJ0684 is
a member of AT subfamily Iy. Among the subfamily Iy
members, it shows the highest sequence similarity to
ASPATS (34-41% identity in 330-370 residues overlap), and
then next to AroATs such as KynATs and TyrATs (25-30%

identity in 280-300 residues overlap). So BLAST results
suggest that MJ0684 is most likely an AspAT in the sub-
family 1y. However, MJO684 lacks the otherwise conserved
lysine residue that playsacritical rolein recognizing the side
chain carboxylic group of the aspartate as a putative sub-
dtrate. Thus, it may prefer other substrates with hydrophobic
character such as kynurenine, tyrosine, phenylaanine and
tryptophan rather than the aspartate, or it may have a
different active site basic residue playing the same role of
K101 of the AspAT from Thermus thermophilus HBS.
MJ0684 structure in comparison with previously reported
structures of ATs may be able to present some novel
structural observations to answer this puzzling question.

Here | report the crystal structure of MJO684 in complex
with the cofactor PLP a 22 A resolution. Its overall
structure is more similar to ASpAT than AroATs such as
KynAT and TyrAT, but the details of the active site archi-
tecture imply that it may prefer hydrophobic amino acids as
substrates. There is no basic residue in the active site for
recognizing the side chain carboxylate of the putative
subgtrate aspartate, and there are found the two hydrophobic
residues that are conserved in KynATs for recognizing
hydrophobic amino acids as substrates.

Methods

Protein expression, purification, crystalization and data
collection from a native crystal have been described previ-
ously.™* Molecular replacement calculation tried right after
the native data collection was not successful, so soon Hg-
derivative crystal was prepared by adding 0.2 uL of 1 mM
Hg(OAC); into 4 uL of the hanging drop. After soaking for 2
hrs in this condition, the crystal was mounted and X-ray
diffraction data were collected in the same way used for the
native crystal described previously.™ The native data set was
collected to 2.2 A and the derivative to 2.5 A. The structure
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was solved by the single isomorphous replacement with
anomaous scattering (SIRAS) approach. Total 4 Hg sites
were located using SOLVE,* and the phases were refined
using SHARP After density modification with SOLOMON,*
an interpretable electron-density map was obtained for the
space group P4s2:2 among two enantiomeric space groups.
Model building and refinement were completed using the
programs O™ and CNS.*® Atomic coordinates and structure
factors were deposited in Protein Data Bank under an
accession code 2Z61.

Results and Discussion

Crystal structure of MJ0684 has been determined and
refined to Ryee Of 23.5% at a resolution of 2.2 A. Asym-
metric unit contains a single molecule of MJ0684 with a
PLP covaently linked to Lys222 and 87 water molecules.
The functional dimer can be generated by crystallographic
two-fold symmetry operation. The monomer model contains
369 residues of the entire 370-residue-long chain except for
the last residue K370. Ramachandran plot produced by
PROCHECK? shows that al the residues except for only
one residue, 11e253, are in the alowed region. Statistics for
the data collection and the structure refinement are sum-
marized in Table 1. The overdll architecture adoptsthe type |
fold of PLP-dependent enzymes, which is characterized by
an N-terminal arm and two domains, one small and the other
large, as observed in other ATs except for the branched-chain
amino acid ATs and D-amino acid ATs.*® The N-termina arm
(residues 1-11) consists of one 3;0 hdlix and random cails,
and the small domain (residues 12-43 and 269-369) contains
four pfdrands and four co~helices. The large domain
(residues 44-268) adopts an /o structure in which a
seven-stranded F-sheet is surrounded by nine o-helices (Fig.
1A). MJ0684 forms a homodimer in a manner characteristic
of PLP-dependent ATswith thetype| fold (Fig. 1B).

Sequence similarity search using BLASTY indicates that
MJ0684 is a member of AT subfamily 1y which includes
ASpPAT, KynAT and TyrAT.2 Among several kinds of ATsin
the subfamily 1y, MJ0684 shows the highest sequence
similarity to AspATs such as AspAT (TM1255) from Ther-
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Table 1. Data Collection and Model Refinement
Native Hg(OAC),

Unitcell:a=b,c(A) 111.87, 60.86 112.01, 60.91
Resolution (A) 50.0-2.2 50.0-2.5
Completeness (%) 99.6 (98.9) 84.4(89.4)
I/oq(l) 36.1(4.3) 29.1(6.1)
Rierge” 7.0 (40.7) 6.6 (32.1)
Observed reflections 120,856 48,993
Unique reflections 20,121 11,773
Roys® / Riree® (%) 214/235
Rmsd bond lengths (A) 0.008
Rmsd bond angles (°) 185
Average B-factor 39.6

Protein atoms 39.2

Cofactor (PLP) 389

Weters 50.2

Valuesin parenthesis are for the outer resolution shell. *Rmege = Znill (h)i
— <I(h)>|/ZpXil ()i, where I(h) is the intensity of reflection h, % is the
sum over al reflections, and % is the sum over i measurements of
reflection h. "Rays = 2||Fobs| — [Feaic]l/ZIFobs, Where Fops and Feac are the
observed and calculated structure factor, respectively. °10% of the data
was set aside for Ryree calculation.

motoga maritima (tmASpAT; 41% identica in 362-residue
overlap)’® and AspAT from Thermus thermophilus HBS
(ttASpAT; 37% identical in 369-residue overlap).® In addi-
tion, M J0684 a so shows high sequence similarity to AroATs
such as KynAT from mouse (33% identical in 290-residue
overlap) and TyrAT from Trypanosoma cruz (tCTyrAT; 29%
identical in 342-residue overlap).®® Structural similarity
search using DALI server? also shows that MJ0684 is the
most similar to AspATs such as ttAspAT® (rmsd 1.5 A in
363-residue overlap; PDB code 1BJW), and then next to
AroATs such as KynAT from Aedes aegypi? (rmsd 2.2 A in
347-residue overlap; PDB code 1Y1Y) and tcTyrAT? (rmsd
2.2 A in 356-residue overlap; PDB code 1BWO). Although
the similarity search in the primary sequence and tertiary
structure commonly indicates MJ0684 is most likely a
family 1y AspAT, MJ0684 lacks the otherwise conserved
lysine residue (for instance, K101 of ttAspAT)® which
recognizes the carboxylate in the side chain of the putative

Figurel. (A) Overal fold of a MJ0684 monomer. PLPis shown in astick model. N-termina arm is colored in yellow, the small domain in
purple, and the large domain in blue. (B) MJ0684 dimer. One subunit in dimer is colored in purple and the other in blue.
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A MJ0684 -FEVMD- -THYTD- -GSSLG- -PCYPC- -LFISA- -YIRIS-
PhKynAT -SEVRE- -LQYGT- -GSQQA- -PTYLA- -TDLCT- -TMRLN-
hKynAT-II -SPIRT- -LQYSP- -GSQQG- -PAYSG- -STLHP- -YLRAS-
ttGlnAT -SIFPR- -DQYAP- -GATEA- -PFFDV- -TSFSA- -LFRFA-
hKynAT-I -NPWVE- -NQYTK- -GGYGA- -PFFDC- -SVFHC- -YIRFC-
ttAspAT -SATVA- -TKYAP- -GGKQA- -PYWVS- -STTSP- -HVRLS-
PlAspAT -SMTLI- -TRYGP- -GGKQS- -PFWVS- -STSNV- -CIRLS-
tmAspAT -SKTME- -VKYTD- -GAKQA- -PVWVS- -TTSCI- -FVRLS-

B R347 (R400) C D
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Figure 2. (A) Structure-based primary sequence dignment. MJ0684 is aligned with family 1y KynATs and AspATs for the key residues in
substrate recognition and PLP binding. Residues in red and blue boxes are critical for substrate recognition in KynATs and AspATs
respectively. In cyan boxes are the residues conserved commonly in KynATs and AspATs. phKynAT is for KynAT from Pyrococcus
horikoshii which is a bacteria homolog of human KynAT-II, hKynAT-Il for human KynAT-ll, ttGInAT for GInAT from Thermus
thermophilus HB8 which is a bacterial homolog of human KynAT-I, hKynAT-I is for human KynAT, tAspAT for ASpAT from Thermus
thermophilus HB8, plApAT for AspAT from Phormidium lapideum, and tmAspAT for AspAT from Thermotoga maritima. (B) Super-
position of MJ0684 and phKynAT. MJ0684 (PDB code 2Z61) is colored in green and phKynAT (PDB code 1XOM) in light cyan. (C)
ttGInAT in complex with 3-phenylpropionate (PDB code 1V2F). (D) ttAspAT in complex with malate (PDB code 1BKG). In (B)-(D),
residuesin red and blue are for the substrate recognition in KynATs and AspATs respectively.

substrate aspartate. Notably MJ0684 also lacks the active
site arginine residue conserved in the family |z AspATs for
the same role (for example, R292* of pig cytosolic AspAT).”
In the active site of MJ0684, there is not found any basic
residue which might be able to play the same role of the
lysineresiduein the family |y AspATs or the arginine residue
in the family 1oz AspATs. So the absence of the key residue
for recognizing the aspartate strongly raises the possibility
that MJ0684 may prefer other substrates, for example
aromatic amino acids such as Kyn, Phe, Tyr and Trp as
BLAST and DALI search results commonly indicate as the
secondly most probable substrates.

In addition to the absence of the lysine or arginine residue
for recognizing the side chain carboxylic group of an
aspartate, one additional important structural feature is
observed in the active of MJ0684 regarding the substrate
specificity. That isthe presence of two hydrophobic residues
conserved in KynATs, not in AspATs, for recognizing
aromatic amino acids as substrates. In the crysta structure of
the bacterial homolog of human KynAT-I (ttGINAT; GInAT
from Thermus thermophilus HB8; PDB code 1V2F),2 for
example, it has been shown that the phenyl group of the
substrate is surrounded by F15, F253*, Y57* and F112 (Fig.
2C). Among those four residues, Y57* and F112 interact
with the cofactor PLP aso: the former hydrogen bonds to
the oxygen in the phosphate group of PLP and the latter
interacts with pyridoxa ring of PLP via 77z stack. These
two residues are strongly conserved through various kinds of

ATsregardless of the substrate specificity (Fig. 2A, B, C and
D). So the mgjor role for Y57* and F112 may be to coordi-
nate the cofactor. Therefore the key residues for recognizing
aromatic amino acid substrates should be the other two, i.e.
F15 and F253* (Fig. 2C). These two hydrophobic residues
are conserved in other KynATs such as human KynAT-I
(W18 & F278*; PDB code 1W7M; Fig. 2A)* and a
bacteria homolog of human KynAT-I1 (V46 & L299*; PDB
code 1XO0M; KynAT from Pyrococcus horikoshii; Fig. 2A
and B).® Just as in the active site of these KynATs, MJ0684
aso has hydrophobic residues in the same position which
are V14 and 1253* (Fig. 2A and B). In contrast, AspATs do
not have hydrophobic ones in equivalents positions. In
ttASpAT, for example, those two residues are T16 and
T265*, which participatein recognizing the distal carboxylic
group of the substrate (Fig. 2A and D). T16 directly formsa
hydrogen bond with the distal carboxylic group and T265
forms a hydrogen bond with K101 which directly interact
with the distal carboxylic group. These two threonine
residues are conserved in other family 1y AspATs such as
AspAT from Phormidium lapideum (plAspAT; PDB code
1J32)% and tmASpAT? (Fig. 2A). In summary, two residues
in these positions may be the determinants of the substrate
specificity, at least differentiating between KynATs and
AspATSs. It looks obvious from the observation that there are
hydrophobic ones in those positions in KynATs, but threo-
nine or serine in AspATs (Fig. 2A). Therefore, the presence
of V14 and 1253* in the same positions of MJ0684 strongly
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implies that MJ0684 would prefer aromatic amino acids to
dicarboxylic amino acids as substrates, just as KynATsdo. In
addition, it is noteworthy that, among two types of KynATs,
MJ0684 resembles more KynAT-II than KynAT-I as shown
in Figure 2A, 2B and 2C. Human KynAT-11 and its bacteria
homolog from Pyrococcus horikoshii (phKynAT) have 119-
L293* and V46-L299* respectively just as MJ0684 has
V14-1253* for substrate recognition (Fig. 2A and 2B).
Meanwhile, human KynAT-I and its bacterial homolog from
Thermus thermophilus HB8 (ttGInAT) have W18-F278* and
F15-F253* in the same positions (Fig. 2A and 2C).

In conclusion, the crystal structure of MJ0684 reveals that
it doesn't have any basic residue in the active site for
recognizing the side chain carboxylic group of the aspartate
as a putative substrate. Moreover MJ0684 has two hydro-
phobic active site residues conserved in the subfamily 1y
KynATs, not in AspATs, for recognizing hydrophobic sub-
strates. These two lines of structural observation in the
active site strongly imply that MJO684 would prefer hydro-
phobic amino acids to the aspartic acid as a substrate.
MJ0684 is a novel example of AT whose overdl structure
and sequence are more similar to AspATs than any other ATs
but the local structure of the active site is even more similar
to KynATs than AspATs. However, it remains to be shown
that the novel structural observation on MJ0684 may comply
with the actual substrate specificity determined by the
enzymatic assay experiment.
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