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ABSTRACT: The complete amino acid sequence of human liver cytosolic alanine aminotransferase (GPT)
(EC 2.6.1.2) is presented. Two primary sets of overlapping fragments were obtained by cleavage of the
pyridylethylated protein at methionyl and lysyl bonds with cyanogen bromide and Achromobacter protease
1, respectively. Isolated peptides were analyzed with a protein sequencer or with a plasma desorption time
of flight mass spectrometer and placed in the sequence on the basis of their molecular mass and homology
to the sequence of rat GPT. The protein was found to be acetylated at the amino terminus and contained
495 amino acid residues. The M, of the subunit was calculated to be 54 479, which was in good agreement
with a M, of 55000 estimated by SDS-PAGE, and also indicated that the active enzyme with a M, of 114000
was a homodimer composed of two identical subunits. The amino acid sequence is highly homologous to
that of rat GPT (87.9% identity) recently determined [Ishiguro, M., Suzuki, M., Takio, K., Matsuzawa,
T., & Titani, K. (1991) Biochemistry 30, 6048-6053]. All of the crucial amino acid residues are conserved
in human GPT, which seem to be hydrogen bonding to pyridoxal 5-phosphate in rat GPT by the sequence

homology to other a-aminotransferases with known tertiary structures.

Alanine aminotransferase (GPT)! (EC 2.6.1.2) is a pyri-
doxal enzyme which catalizes reversible transamination be-
tween alanine and 2-oxoglutarate to form pyruvate and glu-
tamate, In human tissues including liver, kidney, heart, and
skeletal muscles, this enzyme localizes in both cytosol and
mitochondria as isoenzymes (Katunuma et al., 1962; Noguchi
et al., 1977; Kamoda et al., 1980). The cytosolic enzyme is
‘inducible by glucocorticaid, but the mitochondrial enzyme is
not (Hopper & Segal, 1964; Noguchi et al.,, 1977). These
isoenzymes participate in cellular nitrogen metabolism and also
in liver gluconeogenesis starting with precursors transported
from skeletal muscles (DeRosa & Swick, 1975). The cytosolic
GPT activity leaked into blood is an important clinical marker
of human acute hepatitis, but characteristics of the enzyme
itself have not yet been studied in detail. Recently, we have
reported the complete amine acid sequence of rat liver cytosolic
GPT (Ishiguro et al., 1991). More recently, we have purified
human liver cytosolic GPT to a homogeneous state as judged
by SDS-PAGE and noted that the human enzyme has some
physicochemical properties different from those of the rat
enzyme. We herein report the complete amino acid sequence
-of human liver cytosolic GPT determined by a combination
of conventional Edman degradation and newly developed
plasma desorption mass spectral analysis and describe its se-
quence homology to the rat enzyme and to other ce-aminoe-
transferases,

MATERIALS AND METHODS
Materials. Human liver cytosolic GPT was purified to
homogeneity as judged by SDS-PAGE by a modification of

This work was supported in part by Grants-in-Aid from the Fujit
Health University (to K.T. and T.M.). :

*To whom correspondence should be addressed at Division of
Biomedical Polymer Science, institute for Comprehensive Medical Sci-
ence, School of Medicine, Fujita Health University, Toyoake, Aichi,
Japan, 470-11,

! Fujita Health University.

§Tustitete of Physical and Chemical Research (RIKEN).

the previous methods (Gatehouse et al., 1967; Matsuzawa &
Segal, 1968): chromatography on tandem DE-52 and CM-52
columns instead of DE-52 column chromatography because
the human enzyme is a more cationic protein than the rat
enzyme, followed by calcium phosphate gel treatment, am-
monium sulfate precipitation, octyl-Sepharose, Sepharose
CL-6B, and DEAE-Sepharose column chromatography.
About 1 mg of the enzyme was purified from 105 g of fresh
remnant liver supplied from autopsy material of a 53-year-old
Japanese woman. API, which specifically cleaves lysyl bonds
even in the presence of urea (Masaki et al., 1981), was a
generous gift of Dr. T. Masaki of the Department of Agri-
cultural Chemistry, Ibaraki University, Ibaraki, Japan.
TPCK-treated trypsin was obtained from Cooper Biomedical
(Malvern, PA}). V8 protease was a producet of Miles (Na-
perville, IL}. Cyanogen bromide and succinic anhydride were
from Wako Pure Chemical (Osaka, Japan). BNPS-skatole
was obtained from Pjerce Chemical (Rockford, IL). M-
Acetyl-L-serine was a generous gift of Dr. S. Tsunazawa of
the Institute for Protein Research, Osaka University, Suita,
Japan, and N-acetyl-L-alanine was obtained from Nacalai
Tesque (Kyoto, Japan).

Reduction and Pyridylethylation of GPT. GPT was re-
duced with tri-n-butyl phosphine (Wako Pure Chemical)
(Ruegg & Rudinger, 1977) and pyridylethylated with 4-
vinylpyridine (Tokyo Kasei Kogyo, Tokyo, Japan) (Hermodson
et al,, 1973} in 0.1 M Tris-HCI (pH 8.5)/1 mM EDTA

! Abbreviations: amu, atomic mass unit; API, Ackromobacter pro-
tease I; BNPS-skatole, 2-[(2’-nitrophenyl}thic]-3-methyl-3-bromo-3H-
indole; GOT, aspartate aminotransferase; GPT, alanine aminotransferase;
MH*, molecular ion; m/z, mass to charge ratio; N*, a-amino; PE, py-
ridylethyl; PLP, pyridoxal S-phosphate; PTH, phenylthichydantoin;
RP-HPLC, reversed-phase high-performance liquid chromatography;
SDS-PAGE, polyacrylamide gel electrophoresis in the presence of so-
dium dodecy! sulfate; TFA, trifluoroacetic acid; TPCK, 1-(1-tosyl-
amino)-2-phenylethyl chloromethyl ketone; V8, Staphylocaccus aureus
V8.
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containing 7 M guanidine hydrochloride in the dark at room
temperature overnight. The reaction mixture was separated
by gel permeation HPLC on tandem columns of TSK G3000
SWy (7.8 X 300 mm each) (Tosoh, Tokyo, Japan) in 6 M
guanidine hydrochloride containing 10 mM sodium phosphate
{pH 6.0) and then desalted by dialysis and lyophilized.

Enzymatic Digestion and Chemical Cleavage. The PE-
protein was digested overnight with API at a substrate to
enzyme ratio of 100 {w/w) at 37 °C in 50 mM Tris-HCl, pH
9.0, containing 2.0 M urea. Peptides were separated by RP-
HPLC using a Bakerbond WP-C4 column (4.6 X 50 mm; J.
T. Baker, Phillipsburg, NJ). Further purification of peptides
was carried out by RP-HPLC on an Aquapore PH 300 column
(2.1 % 30 mm; Applied Biosystems, Foster City, CA) with
gradients of acetonitrile into 0.1% aqueous TFA (Mahoney
& Hermodson, 1980). The PE-protein was cleaved at room
temperature with cyanogen bromide in 70% formic acid as
described by Gross (1967). Fragments were separated by
HPLC on tandem columns of TSK G2000 SWy; (7.8 X 300
mm each) (Tosoh). Further purification of fragments was
achieved by RP-HPLC on an Aquapore PH 300 column. The
largest cyanogen bromide fragment (M3) was succinylated
in the presence of 8 M urea and 0.5 M sodium bicarbonate
{pH 8.5) by a modification of Klotz {1967). After succiny-
lation of the fragment, the reaction mixture was diluted with
4 volumes of deionized water and then digested with TPCK~—
trypsin at 37 °C overnight. Other enzymatic digestions were
performed overnight at a substrate to enzyme ratio of 100
{mol/mol) at 37 °C in 0.1 M ammonium bicarbonate, pH 8.0.
Cleavage with BNPS-skatole, dilute acid, concentrated HCl,
or 70% formic acid followed the procedure of Omenn et al.
(1970), Inglis (1983), Titani and Narita (1964), or Landon
(1977).

Amino Acid and Sequence Analysis. Amino acid analysis
was performed with a Hitachi Model L8500 amino acid an-
alyzer or by the Waters Pico-tag system (Heinrikson &
Meredith, 1984; Bidlingmeyer et al., 1984). Amino-terminal
sequence analysis was performed with an Applied Biosystems
Model 470A or 477A protein sequencer (Hewick et al., 1981)
connected on line to a Model 120A PTH analyzer.

Mass Spectral Analysis. Mass spectral analysis was per-
formed with a Biolon 20 biopolymer mass analyzer (Applied
Biosystems) on nitrocellulose-coated targets. Data were
collected with 50-100 pmol of peptides for 130 million fission
events at 15-kV acceleration voltage.

RESULTS

Sequence Analysis. The digest of the PE-protein (ca. 4.1
nmol) with API was separated into 13 fractions by RP-HPLC
as shown in Figure 1. One of the major fractions (K4) was

further purified by RP-HPLC on an Aquapore PH 300 colurnn -

(data not shown). Thirteen major peptides designated as
K1-K15 except for K6 and K11 (Table I), accounting for more
than 99% of the entire protein, were thus isolated and subjected
to sequence analysis. A free lysine (K6, residue 290) and one
dipeptide, Ala-Lys (K11, residues 389-390), were not re-
covered. They may have been overlooked in the breakthrough
peak. From the cyanogen bromide digest of the PE-protein
(ca. 1.3 nmol), nine peptides were isolated, M1-M11/12
(resulted from an uncleaved methionylthreonine bond between
residues 467 and 468), and analyzed to provide overlaps of
15 K peptides. The PE-protein was cleaved with 70% formic
acid at two Asp-Pro bonds (residues 149-150 and 368-369).
The mixture was separated by size~exclusion HPLC on tandem
columns of TSK G3000 SWy,. Peptides DPt and DP2 thus
isolated were subjected to sequence analysis to provide overlaps
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FIGURE 1: Primary separation of peptides gencrated by digestion of
the PE-protein with API. The digest (4.1 nmol) was separated on
a Bakerbond WP-C4 calumn (4.6 X 50 mm) using a TFA /acetonitrile
system at a flow rate of 0.5 mL/min. Peptides were monitored at
206 nm. Peptides are identified by the prefix K as in Figure 2.

of K4 and K5 and K9-K12, respectively. The intact PE-
protein was cleaved with BNPS-skatole at a single trypto-
phanyl bond between residues 213 and 214, After extraction
of excess reagents with 1-chlorobutane, the mixture was
subjected to sequence analysis. ' '
Sequenator analysis of the intact protein (50 pmol) yielded
only minor signals under 6.5 pmol due to impurities in five
cycles of Edman degradation, indicating that the amino ter-
minus of the protein is blocked. The analysis of 13 major K
peptides (K1-K15) and their subpeptides provided most of the
sequence as shown in Figure 2. Of the 13 peptides, only
peptide K1 was N#-blocked, as was the intact protein, indi-
cating that this peptide was derived from the amino terminus
of the protein. Peptide K1 was cleaved with 2% formic acid
at Asp (residue 6) and separated on a Superspher RP Select
B column (2 X 119 mm; Merck, Darmstadt, Germany). The
amino-terminal peptide K1-D1, Ac{ASSTG}), thus isolated
was subjected to further cleavage with 12 N HCl at Ser and
Thr. The mixture was separated on the same column, and a
fraction with the retention time for Ac-Ala (retention times
of Ac-Ala and Ac-Ser were determined with synthetic Ac-Ala
and Ac-Ser) was collected. After acid hydrolysis of this
fraction, only Ala was detected by amino acid analysis, in-
dicating that the amino terminus is Ac-Ala. The blocking
group was further confirmed to be an acetyl group by mass
spectral analysis. Analysis of peptides M1 and K1 derived
from the amino terminus of the PE-protein yieldled MH*
values of 2623.0 and 1941.4, respectively (Table IT), in accord
with the sequences of Ac-Ala-Ser-Ser...Hse (residues 1-25)
and Ac-Ala-Ser-Ser...Lys (residues 1-18). Thus, analyses of
13 K and 9 M peptides and their subpeptides yielded the
complete amino acid sequence of human cytosolic GPT of 495
residues starting with Ac-Ala, as summarized in Figure 2.
Mass Spectral Analysis. Unambiguous data were easily
obtained for peptides of MH™ values less than 4000. For
peptides of MH™ values above 5000, the signals tended to
broaden and it became increasingly difficult to obtain the
precise m/z values. In such cases, doubly or triply charged
signals were also evident. Most of the major signals were
obtained as the protonated free form accompanied by the
sodium forms except for fragments M2 and M9 (Table IT,
Figure 3), which seemed to give the protonated monosodium
form as the major signal. With cyanogen bromide fragments,
major signals were obtained as the lactone forms. Mass
numbers for fragments M8/9 and M9 were obtained from a
mixture (65 pmol total), and the intensity of the signals was
very low. The rather big discrepancy between the calculated
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FIGURE 2: Summary of the sequence proof of human liver cytosolic GPT. The proven sequences of specific peptides (underlined) are given
in the cne-letter code below the summary sequence (bold type). The prefixes K, M, and W denote peptides generated by cleavage of the PE-protein
at lysyl (with API), methionyl {with cyanogen bromide), and tryptophanyl bonds (with BNPS-skatole), respectively. The products of lysyl.
or methionyl cleavage are numbered from the amino terminus toward the carboxyl terminus of the protein. DP indicates peptides generated
by cleavage of the PE-protein with 70% formic acid. Suc indicates succinylation of fragment M3 with succinic anhydnde Subpeptides are
identified by hyphenated suffixes, where the following codes indicate the subchgestmg agenis: E, V8 protease; T, trypsin; H, chemical cleavage
with 12 N HCI; D, chemical cleavage with 2% formic acid. Peptide sequences written in upper-case letters are proven by Edman degradation

unamb:guously. those in lower case letters indicate tentative identifications. Unidentified residues are shown by dashes or horizontal arrows;
the latter indicate long unidentified sequences. Ac denotes an acetyl group. The results of the mass spectral analysis are indicated above the
sequences of specific peptides in lower case letters. The putative PLP binding site is indicated at residue 313,

and observed masses for these fragments might have resuited
from the low amount. A higher amount of the sample may
help ionization and result in signals of better quality. In many
cases, differences between the calculated and observed masses
were within the channel resolutions which were 0.66, 1.5, and
2.1 amu at m/z 1000, 5000, and 10000, respectively.

Isoelectric Point Prediction. Isoelectric points of human
and rat cytosolic GPT, predicted by the metheds of Skoog et
al. (1986) from the amino acid sequences, were 6.51 and 5.89,
respectively.

DISCUSSION

Human liver cytosolic GPT showed a more cationic nature
on DE-52 column chromatography at pH 5.7 than rat GPT;
i.e., it passed through a DE-52 column but adsorbed to a
CM-52 column at pH 5.7, Therefore, we used a tandem
column chromatography of DE-52 and CM-52 at pH 5.7 for
the first step of purification. The specific activity of the pu-

500
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i 5480
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3004
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200+
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0 T T T T T y T T T
2000 3000 4000 5000 6000
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FIGURE 3: Positive-ion californium-252 plasma desorptson mass
spectrum of fragment M2 (65 pmol). Caleulated mass (MH*) is 5456,

rified human enzyme was ca. 120 units/mg, which was much
lower than that of the rat enzyme (ca. 500 units/mg) probably

“because of the instability. Details of the enzymological
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Table I: Amino Acid Compositions of Intact PE-GPT and Its Peptides Derived by Digestion with API?

peptide Kl K2 K3 " K4 K35

residue no. 1-18 19-56 57104 105-168 169-289
Asp/Asn (D/N) 0.7 (1) 1.9 (2) 5.7 (M 57 (6) 8.3(9)
Thr (T} 1.2 (1) 1.4 (1) 2.3 (2) 21 (2 5.6 (5)
Ser (3) 27(3) 2.1(2) 5.4 (6) 3.6 (3)
Glu/Gln (E/Q) 0.9 (1) 6.3 (1) 4.1 (4 54(5 17.4 (17)
Pro (P) 16 (2) 5.8 (5) 2.3 (2) 7.9 (6)
Gly (G) 21(2) 2.9 (3) 2.5 (2) 6.9 (7) 9.6 (8)
Ala (A) 3.3(3) 2.7 (2) 5.1 (5) 7.1 (N 17.0 (16)
Val (V) 0.9 (1) 4.5 (6) 2.7 (3) 4.7 (5) 8.1 (10)
Met (M) 1.0 (1) 1.4 (1)
ile (1} 6.5 (1) 2.2(3) 4.7 (6} 4.0 (5)
Leu (L) 100N 5.0 (5} 3.0 (5) 5.0 (5) 14.0 (14)
Tyr (Y) 1.0 (1) ) 2.0(2) 5.9 (6)
Phe (F) 28 (3) 1.1 {I) 5.1 (5)

+ His (H) LD 1.0 (1) 4.2(3)
Lys (K) 0.8 (1) 1.0(1) 1.6 (2) 0.8 (2) 1.2(1)
Arg (R) 2.8 (3) 4.8 (6) 34 (3) 5.8 (6) 92.3(9)
PE-Cys (C) 1.7 (1) 0.9 (1) 30(3)
Trp* (W) ND (0) ND (0) ND (0) ND (0) ND (1)
total res. 18 38 48 64 121
yield (%) 28 56 4) 26 19

peptide K7 K8 K9 K10 Ki2
residue no, 291-313 314-341 342-378 379-388 391-475
Asp/Asn (B/N) 1.6 (2) 1.8 (2) 35(3)
Thr (T} . 1.3 (1) 1.4 (1) 4.1 (4)
Ser (S) 2.7 (3) 2.9 (3) 3.3(3)
Gle/Gln (E/Q) 3.8 (4) 42 (5) 3.9 (4) 2002 12.8 (13)
Pro (P} 2.1(2) . 7.1 (7 9.5 (9)
Gly (G) 2.2 (2) 4.4 (5) 1.6 (1) 8.8 (%)
Ala (A) 25(2) 202 4.0 (4) 4.0 (4) 6.6 (5)
Yal (V) L3 2.8 (4) 3.6 (4) 1.0 (1) 5.2 (6)
Met (M) 1.6 (2) 2.1 (3) L1{1) 2.5(3)
{le (I} 2.8 (3)
Leu (L) 21(2) Lo (1) 3.0(5) 2.3(2) 9.0 (9)
Tyr (Y) 1.0 (1) 1.7 (2) 2.2 (2)
Phe (F) Lo 0.9 (1) 2.0 (2) 5.6 (6)
His (H) 1.0 (1) 1.2 (D)
Lys (K) 0.9 (1) 09 (1) 1.0 (1) 1.0 (1) 1.1{1)
Arg (R) L3 (1) 1.5 (1) 6.5 (6)
PE-Cys (C) 0.8 (1) 0.9 (1) L1(3)
Trp? (W) ND (0) ND (0) ND (0) ND (0) ND (0)
total res. 23 23 37 10 85
yield (%) 39 28 49 53 39
intact PE-GPT
peptide K13 K14 K15 human rat
residue no. 476-482 483-489 490-495 1-495 1-495
Asp/Asn (D/N) 35.432) - (32)
Thr (T) 1.0 (1) 21.3 (18) (16)
Ser (S) 09 (D) 1.0 (1) 22.3 (25) 2D
Glu/Gln (E/Q) 1.3 (1) 1.0 (1) 62.3 (64) (71)
Pro (P) 37.6 (33) (33)
Gly (G) 37.7 (38) (36)
Ala (A) 1.3 (1) 46.6 (52) (44)
Val (V) 38.2 (41) (39)
Met (M) 12.0 (11) (16)
[le (1) 16.5 (18) 21)
Leu (L) 4.0 (4) Lo(1) JEINEN 55.0 (55) (48)
Tyr (Y) 0.9 (1) 15.0 (15) (16)
Phe (F) 0.9 (1) 0.9 (i) 20.8 (21) (22)
His (H) 1.0 (1) - 8.7(8) ¥))]
Lys (K) ) 1.0 (1) 0.9 (1) 18.8 (16) (19)
Arg (R) 101 1.0 (1) 40.5 (37) (33)
PE-Cys (C) . 14.4 {10) (14)
Trp* (W) ND (0) ND (0) ND (0) ND (1) m
total res. 7 7 6 495 495
yield (%) 57 52 54

“Results are expressed as residues per peptide or protein by amino acid analysis or, in parentheses, from the sequence (Figure 2). Vapor-phase
hydrolysis was carried out with § N HCI at 110 °C for 20 h. Each composition was calculated on the basis of the integral value of the residue
underlined. ®Trp was not determined (ND). ¢Taken from Ishiguro et al. {1991).

properties of human liver cytosolic GPT will be published phism in human GPT as reported for the erythrocyte enzyme
elsewhere. It is well-known that there is a genetic polymor- {Chen et al., 1972) and the liver enzyme (Saha & Bhatta-
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¢GPT hum PGQALLBLVVSPPAPTDPSFAQFQAEKQAVLAELAAKAKLTEQVFNEAPGISCNPVQGAH
c¢GPT rat PGQALMDMVVSPPTPSEPSFKQFQAERQEVLAELAAKAKLTEQVFNEAPGIRCNPVQGAN
cGOT hum QGARIVASTLSNPELFEEWTGNVKTMADRILT-MRSELRARLEALKTPCTWNHITDQIGM
mGOT hum NEARIAAAILNT£DLRKQWLQEVKGMADRIIG-MRTQLVSNLKKEGSTHNWQHITDEIGE
423 43 44 45 46% 470
¢GPT hum YSFPRVQLPPRAVERAQELGLAPDMFFCLRLLEETGICVVPGSGFGQREGTYHFRMTILP
cGPT rat YSFPQVQLPLKAVQRAQELGLAPDMFFCLCLLEETGICVVPGSGFGQQEGTYHFRMTILP
c¢GOT hum FSFT-----——- GLNPKQVEYLVNEKHIYLLPSGRINVSGLTTENLDYVA-—cmmo e =
mGOT hum FCFT-------GLKPEQVERLIKEFSIYMTKDGRISVAGVTSSNVGYLA-w-—ooa——
% * * 0
: 482 49
¢GPT hum PLEKLRLLLEKLSRFHAKFTLEYS
¢GPT rat PMEKLRLLLEKLSHFHAKFTHEYS
cGOT hum ----- TSTHEAVTKIQ-—m—a————
mGOT hum --—--- HAIRQ-VTK-ee oo

19 20 21 T22Q 230

I8 }
hum ZVLIPIPQYP YSATLAELGAVQVDYY-LDE RAUALDVAEtARALGQARDHCRPRALCV
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FIGURE 4: Sequence alignment of human GPT, rat GPT, and human GOT. Residue numbers above the alignment represent those of human
cytosolic GPT. Bold letters indicate residues identical to human GPT. Asterisks indicate residues conserved among the four sequences. The
substrate binding residués in GOT (Arg 292 and Arg 386 in cytosolic pig GOT, Arg 346 and Arg 445 in this figure) are marked with open
circles. Filled circles indicate the residues present in the PLP-binding pocket. ¢GPT hum, cytosolic human GPT; ¢GPT rat, cytosolic rat GPT

(Ishiguro et al., 1991); ¢<GOT hum, ¢

al., 1985).

ytosolic human GOT (Choudhury et al., 1990); mGOT hum, mitochondrial human GOT (Martini et

charyya, 1989; Kanemitsu et al,, 1990) as well. The most
popular types among Japanese people scem to be GPTI,
GPT2-1, and GPT2 (Ishimote & Kuwata, 1974; Ueda et al.,
1979). The purified enzyme in the present study was probably
GPT1 because the predicted isoelectric point was closest to
that of the most cationic enzyme. But the cause of the GPT
polymorphism remains to be clarified. We are now investi-
gating the other types-of human liver cytosolic GPT.

In general, the proof of the sequence of human GPT in-
volved two primary sets of overlapping peptides derived by
cleavage at either lysyl or methionyl bonds. As shown in
Figure 2, ail of the K peptides and their subpeptides and a part
of the M peptides were determined by conventional Edman
degradation. Mass spectral analysis of the rest of the M
peptides and some of the K peptides facilitated the sequence
proof by either providing overlaps of K peptides or confirming
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Table H: Mass Spectral Analysis of Peptides Derived from GPT?

+

MH MH*
peptide  residue no.  calcd absd obsd
Mi 1-25 26219 26230 1321
M2 26-73 54563  5479.9 (+Nah) 2731
M5 296-317 22094  2209.6 1103
M6 317-331 1674.9  1676.5
M8/9 340-411 7707.1 77198 3848
M9 344-411 72214 72454 (+Na?) 3623
M10 412-436 27942 27958 1386
M1l 437-467 37143 37156 1860
Mit/12 437-495 71015 71104 3558
K1¢ 1-18 1940.1 19414
K2 19-56 4391.2 43928 2197
K7 291-313 2509.9  2500.7 1256
K& 314-341 31877 31873 1592
K9 342-378 4026.8  4028.3 2025
KI-Tt 1-12 12774 12773
K1-T2¢ 1-16 1741.0 17419

aMH* for M peptides were calculated as the lactone forms.
¢ Peptides ohserved in a partial tryptic digest of peptide K1.

the sequences obtained by the conventional method, together
with the sequence homology to rat GPT (Ishiguro et al., 1991).
Mass spectral analysis was also very useful for identification
of the amino-terminal blocking group as in analysis of rat GPT.
For some reason, acyl-amino acid releasing enzyme (Tsuna-
sawa & Narita, 1976) failed to remove acetylalanine from the
N=*blocked peptide K1. Although Ac-Ala itself meets the
enzyme specificity, either the length of the peptide (16 residues;
the enzyme generally prefers shorter substrate) or the presence
of charged residues near the blocked amino terminus may have
prevented the cleavage of the Ala—Ser bond. Information on
the precise molecular mass of a peptide is of great value for
estimation of posttranslational modifications such as the am-
ino-terminal blocking group and pliosphorylation. In the
present study, we wanted to know its utility as well as limi-
tations. The data presented here are some of our very first
trials before establishing routine procedures. Although there
are reports concerning many different ways of use in protein
chemistry (Roepstorff et al., 1988; Klarskov et al., 1989), we
limited our use of the instrument just to molecular mass de-
termination in the present study. We also limited the sample
amount to 100 pmol because the amount of the enzyme
(starting material} was limited. The sequence shown in Figure
2 contains regions of relatively weak analytical proofs at
overlaps aligning residues 56-57, 264-266, 313-314, 339-341,
466-467, 482-484, and-489-491, but these alignments are
supported by either the compositional (Table I) or the mass
spectral data (Table 11) in addition to the sequence homology
to rat GPT (Ishiguro et al., 1991). Thus, the only weak point
in the proof of sequence is the lack of direct identification of
Trp at residue 213. The presence of Trp was monitored by
the UV spectrum obtained with a diode array detector during
the HPLC separation. Among the isolated peptides, only K5
and M3 showed the characteristic spectrum of Trp-containing
peptides. Trp was placed in the sequence at residue 213 by
the specificity of the BNPS-skatole and sequence homology
with the rat enzyme,

From the present study, the human GPT subunit is com-
posed of 495 residues. The M, of this subunit, calculated from
the amino acid sequence, is 54 479, which is in good agreement
with a M, of about 55000 estimated by SDS-PAGE. As
shown in Figure 4, the sequence of human GPT can be aligned
with that of rat GPT (Ishiguro et al.,, 1991) without any gap
and is highly homologous to it as expected from the species
difference. Out of 495 residues, 435 are identical to each other
(87.9% identity). Differences between human and rat GPT

Ishiguro et al.

are scattered throughout the sequence, but there are several
regions with relatively many differences such as residues 3-17,
217-235, 263-269, 334-340, 357-380, and 416-425. Al-
though the tertiary structure of human GPT is not yet known,
these regions are likely to be not involved in the active site.
As discussed in a previous paper (Ishiguro et al., 1991), the
amino acid sequence of cytosolic GPT is quite unique among
those of pyridoxal enzymes with known structures registered
in an updated protein data base. However, the detailed se-
quence homology search indicated that the sequence of human
cytosolic GPT is significantly homologous to those of human
cytosolic GOT and mitochondrial GOT with 14.3% and 12.5%
identity, respectively. As shown in Figure 4, the homology

" is much higher in the middle portion of the molecules than

the amino- and carboxyl-terminal regions. From the X-ray
crystallographic studies on GOT, the middle portion comprises
the active site large domain and the amino- and carboxyl-
terminal regions comprise the small domain involved in the
substrate specificity. In spite of rather low overail homology
between GPT and GOT, most of the crucial amino acid res-
idues providing hydrogen bonds to PLP at the binding pocket
in the large domain of both cytosolic and mitochondrial GOT
are also retained in both rat and human GPT as shown in
Figure 4. This suggests that the tertiary structure of GPT
should resemble that of GOT in the middle portion of the
molecule comprising the active site large domain, but it may
be quite different from GOT in the small domain composed
of the amino- and carboxyl-terminal regions and involved in
the substrate specificity.
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ABSTRACT: The complete amino acid sequence of rat liver cytosolic alanine aminotransferase (EC 2.6.1.2)
is presented. Two primary sets of overlapping fragments were obtained by cleavage of the pyridylethylated
protein at methiony! and lysyl bonds with cyanogen bromide and Achromobacter protease I, respectively.
The protein was found to be acetylated at the amino terminus and contained 495 amino acid residues. The
molecular weight of the subunit was calculated to be 55018 which was in good agreement with a molecular
weight of 55000 determined by SDS-PAGE and also indicated that the active enzyme with a molecular
_weight of 114000 was a homodimer composed of two identical subunits. No highly homologous sequence
was found in protein sequence databases except for a 20-residue sequence around the pyridoxal 5/-phosphate
binding site of the pig heart enzyme [Tanase, S., Kojima, H., & Morino, Y. (1979) Biochemistry 18,
3002-3007}, which was almost identical with that of residues 303-322 of the rat liver enzyme. In spite
of rather low homology scores, rat alanine aminotransferase is clearly homologous to those of other ami-
notransferases from the same species, e.g., cytosolic tyrosine aminotransferase (24.7% identity), cytosolic
agpartate aminotransferase (17.0%), and mitochondrial aspartate aminotransferase {16.0%). Most of the
crucial amino acid residues hydrogen-bonding to pyridoxal 5'-phosphate identified in aspartate amino-
transferase by X-ray crystallography are conserved in alanine aminotransferase. This suggests that the
topology of secondary structures characteristic in the large domain of other a-aminotransferases with known

tertiary structure may also be conserved in alanine aminoiransferase.

Alaninc amninotransferase (GPT)! (EC 2.6.1.2) is a pyri-
doxal enzyme which catalyzes reversible transamination be-
tween alanine and 2-oxoglutarate to form pyruvate and glu-
tamate. This enzyme localizes in both cytosol and mito-
chondria in various tissues including liver, heart, and skeletal
muscle. The cytosolic enzyme is inducible by glucecorticoid
administration, but the mitochondrial enzyme is not (Hopper
& Segal, 1964), These isoenzymes participate in nitrogen
metabolism and liver gluconeogenesis starting with precursors
generated by muscular action (DeRosa & Swick, 1975). The
enzyme is one of the two important aminotransferases, GOT
and GPT, in clinical aspects, because the enzyme in blood is
a representative diagnostic marker of human liver diseases.
" Physicochemical properties and turnover of the cytosolic en-
zyme have been described in a number of reports (Segal &
Kim, 1963; Hopper & Segal, 1962; Bulos & Handler, 1965;
Saier & Jenkins, 1967a,b; Gatehouse et al., 1967; Matsuzawa
& Segal, 1968; Golichowski et al., 1977}, The relationships
beiween protein structure and function have been extensively
studied with GOT (Jansonius et al., 1985), but only a little
with GPT. So far, only a 20 amino acid residue sequence
around the pyridoxal 5-phosphate (PLP) binding site of the
pig heart enzyme has been reported by Tanase et al. (1979).
The best preparation purified from rat liver by previous
methods (Gatehouse et al., 1967; Matsuzawa & Segal, 1968)
still showed two other minor components as judged by poly-

This work was supported in part by grants-in-aid from the Fujita
Health University (to K. Titani and T.M.).

*To whom correspondence should be addressed at the Division of
Biomedical Polymer Science, Instifute for Comprehensive Medical Sci-
ence, School of Medicine, Fujita Health University, Toyoake, Aichi,
Japan 470-11. :

Fujita Health University.

% Institute of Physical and Chemical Research (RIKEN),

acrylamide gel electrophoresis. Recently, purification of the
cytosolic enzyme from rat liver to absolute homogeneity as
judged by SDS-PAGE was accomplished (Matsuzawa et al.,
unpublished results) by a modification of previous methods
(Gatehouse et al., 1967; Matsuzawa & Segal, 1968). We
herein report the compicte amino acid sequence of the enzyme
and discuss its structural resemblance to other amino-
transferases.

MATERIALS AND METHODS

Materials. Rat liver cytosolic GPT was purified to homo-
geneity as judged by SDS-PAGE with a modification of
previous methods (Gatehouse et al., 1967; Matsuzawa &
Segal, 1968) by octyi-Sepharose hydrophobic interaction
chromatography, Sepharose CL-6B column chromatography,
DEAE-Sepharose column chromatography, and crystallization
successively, after the second ammonium sulfate precipitation,
The highest specific activity of the crystalline preparation was
500 units/mg at 37 °C as assayed by the method of Segal and
Matsuzawa (1970). A value of 6.9 for the absorbance at 278
nm (1%) was used for calculating the enzyme concentration.

Achromobacter protease I, which specifically cleaves lysyl
bonds (Masaki et al., 1981), and arginylendopeptidase were
generous gifts of Dr. T. Masaki of the Department of Agri-

! Abbreviations: API, Achromobacter protease 1, BNPS-skatole,
2-[(2-nitrophenyl)sulfenyl]-3-methyl-3-bromoindolenine; GOT, aspartate
aminotransferase; GPT, alanine aminotransferase; N2, o-amino; PE,
pyridylethyl; PLP, pyridoxal 5’-phosphate; PTH, phenylthiochydantoin;
RP-HPLC, reversed-phase high-performance liquid chromatography;
SDS-PAGE, polyacrylamide gel electrophoresis in the presence of so-
dium dodecy] sulfate; TAT, tyrosine aminotransferase; TFA, trifluoro-
acetic acid; TPCK, L-(1-tosylamino)-2-phenylethyl chloromethy! ketone;
V8, Staphylococcus aureus V8.

0006-2960/91/0430-6048$02.50/0 © 1991 American Chemical Society



Primary Structure of Rat Alanine Aminotransferase

cultural Chemistry, Tbaraki University (Ibaraki, Japan), and
of Takara Shuzo Co. (Otsu, Japan), respectively. TPCK-
treated trypsin was obtained from Cooper Biomedical (Mal-
vern, PA). Staphylococcus aureus V8 protease was a product
of Miles (Naperville, IL). Cyanogen bromide and BNPS-
skatole were from Wako Pure Chemical (Osaka, Japan) and
Pierce Chemical Co. (Rockford, IL), respectively.

Reduction and Pyridylethylation of GPT., GPT was re-
duced with tri-#-butylphosphine (Wako Pure Chemical)
(Ruegg & Rudinger, 1977) and pyridylethylated with 4-
vinylpyridine (Tokyo Kasei Kogyo, Tokyo, Japan) (Hermodson
et al., 1973) in the presence of 7 M guanidine hydrochloride,
0.1 M Tris-HCI (pH 8.5), and 1 mM EDTA in the dark at
room temperature overnight. The reaction mixture was sep-
arated by gel permeation HPLC on tandem columns of TSK
G3000 SWx, (7.8 X 300 mm each) (Tosoh, Tokyo, Japan)
in 6 M guanidine hydrochloride containing 10 mM sodium
phosphate (pH 6.0), and then desalted by either gel filtration
or dialysis and lyophilized,

Enzymatic Digestion and Chemical Cleavage. The PE-
protein was digested overnight with API at a substrate to
enzyme ratio of 200 (mol/mol) at 37 *C in 50 mM Tris-HCI,
pH 9.0, containing 2.0 M urea. The enzyme was fully active
in 2.0 M urea as reported by Masaki et al. (1981). Other
enzymatic digestions were performed overnight at a substrate
to enzyme ratio of 100 (mol/mel) at 37 °C in 0.1 M am-
monium bicarbonate, pH 8.0. Peptides were separated by
RP-HPLC using a Bakerbond WP-C4 column (4.6 X 50 mm;
J. T. Baker, Phillipsburg, NJ). Further purification was
carried out by RP-HPLC on a column of Superspher RP
Select B (2.1 X 125 mm; Merck, Darmstadt, Germany) or
Aquapore PH 300 (2.1 X 30 mm; Applied Biosystems, Foster
City, CA) with gradients of acetonitrile into 0.1% aqueous
TFA (Mahoney & Hermodson, 1980). The S-PE-protein was
cleaved with cyanogen bromide in 70% formic acid as de-
scribed by Gross (1967), and peptides were separated by
RP-HPLC on an Aquapore PH 300 column. Cleavage with
BNPS-skatole, dilute acid, concentrated HCl, or 70% formic
acid followed the procedure of Omenn et al. (1970), Inglis
(1983), Titani and Narita (1964), or Landon (1977).

Amino Acid and Sequence Analysis. Amino acid analysis
was performed with a Hitachi Model L8500 amino acid an-
alyzer or by the Waters Pico-tag system {Heinrikson &
Meredith, 1984; Bidlingmeyer et al., 1984). Amino-terminal
sequence analysis was performed with an Applied Biosystems
Model 470A or 477A protein sequencer {Hewick et al., 1981)
connected on-line to 2 Model 120A PTH analyzer. Mass
spectral analysis was kindly performed by Dr., Carl J. March
of immunex, Seattle, WA, on a Biolon 20 Biopolymer mass
analyzer (Applied Biosystems).

Homology Search, Hydropathy Index, and Secondary
Structure Prediction. Homologous sequences were searched
through protein sequence databases (NBRF-PIR:- and
SWISS-PROT) using DNASIS (Hitachi Softwear Engi-
neering). The hydropathy index was calculated by the method
of Kyte and Doolittle (1982), and the secondary structure was
predicted by the method of Chou and Fasman (1978).
Multiple sequence alignment was performed by cLUSTAL
(Higgins & Sharp, 1988).

RESULTS

Seguence Analysis. Sequenator analysis of the intact protein
{320 pmol) yielded only minor signals under 8.2 pmol due to
impurities in five cycles of degradation, indicating that the
amino terminus of the protein is bfocked. The blocking group
was identified to be an acetyl group by mass spectral analysis
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FIGURE 1: Primary separation of peptides generated by digestion with
APL. The digest (4 nmol) was separated on a Bakerbond WP-C4
column (4.6 X 50 mm} using a TFA/acetonitrile system at a flow
rate of 0.5 mL/min. Peptides were monitored at 206 nm. Peptides
are identified by the prefix K as in Figure 2.

of a peptide derived from the amino terminus of the PE-protein
as later described.

The digest of the PE-protein (ca. 4 nmol) with API was
separatéd into 16 {ractions by RP-HPLC as shown in Figure
1. Three major fractions (K11, K7 and K12, and K3 and K5)
were further purified on a Superspher RP Select B column
or an Aquapore PH 300 column by RP-HPLC (data not
shown). Sixteen major peptides designated as K1 through K19
except for K2, K8, and K14 (Table I), accounting for 99%
of the entire protein, were thus isolated and subjected to se-
quence analysis. A free lysine (K8, residue 290) and two
dipeptides, Gly-Lys (K2, residues 17-18) and Ala-Lys (K14,
residues 389-390), were not recovered. They may have been
overlooked in the breakthrough peak. Cyanogen bromide
fragments of the PE-protein (ca. 4 nmol) were separated in
a similar manner by RP-HPLC (data not shown). Thirteen
peptides isolated, M1 through M17 except for M6, M12, M15,
and M16, were analyzed to provide overlaps of 19 K peptides.
The PE-protein was cleaved with 70% formic acid at a single
Asp~Pro bond (residues 149-150). The mixture was separated
by size-exclusion HPLC on tandem columns of TSK G3000
SWy and G4000 SWy;. Peptide DP1 thus isolated was
subjected to sequence analysis to fill gaps in the sequence
obtained with peptide K5-E1. To obtain alignment of the six
tryptic subpeptides of the peptide K6, a single tryptophanyl
bond (between residues 213 and 214) in peptide K6 was
cleaved with BNPS-skatole. After extraction of excess
reagents with 1-chlorobutane, the mixture was separated by
RP-HPLC. The isolated peptide K6-W1 was subjected to
sequence analysis.

Analysis of 16 major K peptides (K1-K19) and their sub-
peptides provided most of the sequence as shown in Figure 2.
Of the 16 peptides, only peptide K1 was N*-blocked, as was
the intact protein, indicating that this peptide was derived from
the amino terminus of the protein. Mass spectral analysis of
this peptide (ca. 200 pmol) showed that the peptide had an
MHT of 1773.9, in accord with the sequence of Ac-Ala-Ser-
Arg------ .

Thus, analysis of 16 K and 13 M peptides and their sub-
peptides yielded the complete amino acid sequence of rat
cytosolic GPT of 495 residues starting with Ac-Ala, as sum-
marized in Figure 2. '

Sequence Homology. Homology search through the two
protein sequence databases (NBRF-PIR and SWISS-PROT)
found only the 20-residue PLP binding site sequence of the
pig GPT and rat TAT as related proteins. Functionally closely
related GOT was not found among the 400 proteins which
scored highest in the homology search. However, when the
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Table I: Amino Acid Compositions of Intact PE-GPT and Its Peptides Derived by Digestion with API®

peptide K1 K3 K4 K5 Ké K7
residue no. 1-16 19-56 57-104 105~168 169-263 264-289
Asp/Asn (D/N) 27 (3) 1.7(2) 56 (5) 3.3 (6) 7.0(7) 24 (3)
Thr (T) 1.5 (2) 2.3 (2) 1.7 (2) 3.2 (3)
Ser (S) 2.7(3) 1.8 (2) 4.6 (6) 2.4 (2) 2.1 (2)
Glu/GIn (E/Q) 2.8 (2) 6.1 (7 7.3 (5) 6.0 (6) 14.6 (12) 5.2 (5)
- Pro {P) 1.7(2) 4.3 (5) 28 (3) 5.6 (6)
Gly (G} . 2.2 (1) 1.6 (2) 2.5 () 55 (7 5.5(5) 1.7 (2)
Ala (A) 2.0(2) 2.0(2) 5.0 (5) 5.3 (7) 10.6 (12) 2,0(2)
val (V) 1.2 (1) 3.7(6) 21(3) 22 (2) 6.0 (8) 2.0(2)
Met (M) 08 (1) L1{D 0.8 (1) 1.2Q)
Ite (1) 0.6 (1) 20(3) 5.4 (8) 4.5 (6)
Leu (L} 1.5 (1) 3.4 (5) 3.3 (4) 4.0 (4) 9.1 (11) 2.0 (2)
Tyr (Y) 08 (1) 09D 1.5(2) 3.2 (4) 1.6 (2)
Phe (F) 3.4 (4) 1.0 (1) 2.5 (2) 2.3 (3)
His (H) 0.8 (1) 0.6 (1)
Lys (K) i4(1) 0.9 (1) 1.3 (2} L1 (D 1.2 (I} 1.5 (1}
Arg (R} . 2.1(2) 4.2 (5) 3.1(3) 4.7 (6) 10.0 (10)
PE-Cys (C) 2.5(1) 0.3 (1) + (1) 1.7 (5)
Trp? (W) ND (0) ND (0) ND () ND (0) ND (1) ND (0)
total residues 16 38 48 64 95 26
yield (%) 84 55 50 75 23 69
peptide K9 K10 K11 K12 K13 K13
residue no. 291-313 314-337 338-341 342-372 373-388 391422
Asp/Asn (D/N} 24 (2) 1.0 (1) 2.6 (2
Thr {T) LI 10 (1) 1.2 (1)
Ser (S) 38 (4) 3.3 (4) 1.1 (1)
Glu/Gln (E/Q) 5.8 (4) 6.0 (4) 1.2 (1) 2.5 (2) 7.1 (6) 7.8 (6)
Pro (P) 1.9 (2) 59 (7) 4.0 (4
Gly (G) 1.6 (1) 4.5 (5) 0.9 (1) 1.0 (1) 1.9 (2)
Ala (A) 1.9 (1) 1.8 (1) 1.1 (1) 4.0 (4 28 (D)
Val (V) 2.1 (2) 29(4) 2.5 (4) 0.8 (1) 2.5(3)
Met (M) 1.9 (2) 1.8 (2) 0.8 (1) 27 (3) 1.0 (1)
Ile (1) - 0.8 (1)
Leu (L) 1.6 (2) 2.7 (3) 1.4 (2) 2.2(3)
Tyr (Y) 1.2 (1) 1.9 (2) 0.9 (1)
Phe (F) Lo Lo{1n) Lo(1) 08 (1) L7 (2)
His (H) : 1.8 (1)
Lys (K) 0.9 (1) 0.9 (1) 1010 1.1 (1) 0.8 (1) 0.7 (1)
Arg (R) 1.0 (1) 1.0 (1) L1(1) 1.1 (1)
PE-Cys (C) 0.4 (1) 0.6 (1) 0.4 (1)
Trpt (W) ND (0) ND (0) ND (0) ND (0) . ND (0) ND (0)
total residues 23 24 4 31 16 32
yield (%) 50 . 50 69 77 63 52
peptide K16 K17 K18 K19 intact PE-GPT
residue no. 423-475 476-482 483-489 490-495 1-495
Asp/Asn (D/N) 1.9 (1) 2.3 (32)
Thr (T) 2.6 (3) 1.2 (1) 17.3 (16)
Ser (S) 1.5 (1) 1.3 (1) 12 24.5 (27)
Glu/Gln (E/Q) 10.0 (9) + (1) 1.5 (1) 749 (71)
Pro {P) 33(4) . 343 (33)
Gly (G) 4.6 (6) 36.0 (36)
Ala (A) 4.3 (3) 1.2 (1) 45.1 (44)
Val (V) 1.9 (3) 364 (39)
Met (M) 0.2 (3) 14.9 (16)
Ie (1) 1.3 (2) 17.8 (21)
Leu (L) 3.4 (6) 4.0 (4) Lom , 49,1 (48)
Tyr (Y) 0.8 (1) L1 (1) 16.2 (16)
Phe (F) . 2.5 (4) L1 (1) Lo 220 (22)
His (H) 0.6 (1) 2.1 (2) 1.0 (1) 5.3 ()
Lys (K) 0.6 (1) 1.2 (1) 0.9 (1) 117 (19)
Arg (R) 2.0 (2) 1.7(1) : 33.6 (33)
PE-Cys (C) 0.8 (3) 14.5 (14)
Trp? (W) ND (0) ND () ND (0) ND (0) ND (D)
total residues 53 7 7 6 495
yield (%) 61 86 9% 70 _

?Results are expressed as residues per peptide or protein by amino acid analysis or, in.parentheses, from the sequence (Figure 2). Hydrolysis was
carried aut with 6 N HCI at 110 °C for 20 h. Each composition was calculated on basis of the integral value of the residue underlined. #Trp was

not determined {(ND).

search was repeated against known sequences of amino- gions. Common residues were scattered throughout almost

transferases, it was noticed that GOT sequences show sequence the entire sequence but with very limited clustering. To
similarity, although with marginal significance, in wider re- evaluate whether the weak homology between GPT and GOT
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FIGURE 2: Summary of the sequence proof of rat liver GPT. The proven sequences of specific peptides (underlined) are given in one-letter
code below the summary sequence (boldface type). Prefixes K and M denote peptides generated by cleavage of the S-PE-protein at lysyl bonds
(with APT} and methionyl bonds (with cyanogen bromide), respectively; DP indicates a peptide generated by cleavage of S-PE-GPT with 70%
formic acid. The products of lysyl or methionyl cleavage are numbered from the amino terminus toward the carboxyl terminus of the protein.
Subpeptides are identified by hyphenated suffixes, where the following code indicates the subdigesting agent: E, V8 protease; K, APE T, trypsin;
R, arginylendopeptidase; S, chemical cleavage with 12 N HCI; M, chemical cleavage with cyanogen bromide; W, chemical cleavage with
BNPS-skatole. Peptide sequences written in upper case letters are proven by Edman degradation unambiguously; those in lower case letters
indicate tentative identifications. Unidentified residues are shown by dashes or horizontal arrows; the latter indicate long unidentified sequences.
Ac denotes an acetyl group. The result of the mass spectral analysis of the N-terminal peptide is indicated above the N-terminal sequence
in lower case letters. The putative PLP binding site is indicated at residue 313.

really reflects their evolutionary relationship, amino acid se-
quences of rat cytosolic GPT and aminotransferases of various
origins were aligned by using 2 multiple sequence alignment
program, CLUSTAL (Higgins & Sharp, 1988), with standard
parameters. Close examination of the sequence alignment
obtained revealed that most of the residues involved in binding
of PLP and substrate in GOT are conserved in GPT, indicating
that these two proteins are products of extensive divergent
evolution. From the alignment, sequence identitics between
GPT and TAT, cytosolic GOT, and mitochondrial GOT were
calculated to be 24.7%, 17.0%, and 16.0%, respectively (Figure
3

Hydropathy Profile and Secondary Structure Prediction.
The hydropathy profile of rat cytosolic GPT (Figure 4) in-
dicated a rather even distribution of hydrophobic and hydro-
philic regions throughout the molecule. When compared to
that of rat cytosolic GOT, the general patterns were similar,
especially in the middle of the molecule (the PLP binding large
domain, residues ca. 88 through 385 by the numbering system
in Figure 3). Prediction of secondary structure by the method
of Chou and Fasman (1978} indicated the presence of o-helices
(42.2%) and B-sheets (25.9%) in rat cytosolic GPT., Again,

some resemblance in the predicted structures of rat cytosolic
GPT and GOT was found. ~

DiscussioN

In general, proof of the sequence of rat GPT involved two
primary sets of overlapping peptides derived by cleavage at
either lysyl or methionyl bonds. A special problem was
presented by an N*.blocked amino terminus. Attempts to
remove the acylamino acid from the N*-blocked peptide K1
with acylamino acid releasing enzyme (Tsunasawa & Narita,
1976) failed. The N*-blocked amino acid was finally identified
to be an acetylated alanine residue by mass spectral analysis.
Although most of the residues in the sequence were identified
in the two complementary peptides, there are regions of rel-
atively weak analytical proof at the single-residue overlaps
aligning residues 210-212, 263-265, 290-292, and 357-359.
The first of these occurred in peptides K6 and M4. From the
substrate specificity of V8 protease, the sequence of M4-E1
was most likely preceded by Glu or Asp. The single Asp-Arg
in M4 was firmly placed at residues 229-230 in the analysis
of K6-W1, and the only possible place to put M4-E1 was at
resudes 211-219 to overlap K6-T1 to K6~-W1. Among the
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FIGURE 3: Sequence alignment of rat aminotransferases. Asterisks
indicate residues conserved among the sequences. The substrate
binding residues in GOT (Arg-292 and Arg-386 in ¢ytosolic GOT)
are marked with open circles. Filled circles indicate the residues present
in the PLP binding pocket. ¢GPT, cytosolic GPT; cTAT, cytosolic
TAT (Grange et al., 1985); ¢cGOT, cytosolic GOT (Hayashi et al.,
1987); mGOT, mitochondrial GOT (Huyuh et al., 1980). In Huyuh
et al. (1980), glycine was assigned at position 189 but corrected to
tryptophar in Kondo et al. (1987).
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FIGURE 4: Comparison of the hydropathy profile and the predicted
secondary structure of rat cytosolic GPT with those of rat cytosolic
GOT. The hydropathy profiles were calculated by the method of Kyte
and Doolittle (1982) with a window size of 7. The midpoint dashed
line corresponds to the grand average of the hydropathy of the protein.
Horizontal bars below the hydropathy profile of rat cytosolic GOT
indicate the putative locations of -sheets participating in the sev-
en-stranded pleated-sheet structure which correspond to pig cytosolic
GOT of known tertiary structure (Jansonius et al., 1985). Seven
{-sheets are labeled a~g, The secondary structures were predicted
according to the method of Chou and Fasman (1978). Closed and
apen boxes indicate a-helix and B-sheet, respectively. ¢GPT, cytosolic
GPT; cGOT, cytosolic GOT.
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API peptides, only K7 had the amino-terminal Giu. Therefore,
the sequence of M4-E2 clearly indicated the overlap between
K6 and K7. The weakest overlap at residues 290-292 was
supported by the amino acid composition of M5 (D/N 2.9,
E/Q+Hse 5.0,52.0,G1.2,A20,V29,L10,F19,K 138,
H 1.2, and Y 1.8 mol/mol of peptide). The remaining one
occurred at the middle of K12, and the compositional data of
K12 (Tabie I) were in good agreement with the conclusion
(Figure 2). From the present study, the rat GPT subunit is
composed of 495 residues. The molecular weight of this
subunit, calculated from the amino acid sequence, is 55018,
which is in good agreement with a molecular weight of about
55000 estimated by SDS-PAGE.

Three important results emerged from the determination
of the complete amino acid sequence of rat liver cytosolic GPT.

(1) The active enzyme with a molecular weight of 114000
{Gatehouse et al., 1967) should be a homodimer containing
2 mol of PLP,

(2) The PLP binding site of rat liver GPT is most likely
Lys-313. The sequence of residues Gin-303 to Arg-322 of rat
liver GPT presented herein coincided with the 20-residue se-
quence around the PLP binding lysyl residue of pig heart GPT

_reported by Tanase et al. (1979) except for only a single

residue replacement of Tyr-315 to Phe. This also suggests that
the sequence around the PLP binding site is highly conserved
in GPT beyond tissue and species differences.

(3) The amino acid sequence of rat liver cytosolic GPT
presented herein is quite unique among those of pyridoxal
enzymes with known structure registered in updated protein
databases. The detailed sequence homology search, however,
indicated that rat liver GPT is significantly homologous to
those of rat liver cytosolic GOT and mitochondrial GOT with*
17.0% and 16.0% identity, respectively, and moderately ho-
mologous to that of rat liver TAT with 24.7% identity as shown
in Figure 3. Mitochondrial GOT was reported to have cata-
lytic activity also toward alanine and aromatic amino acids
at 10° and 10? times slower rates, respectively, than di-
carboxylic substrates (Mavrides & Christen, 1978). In this
regard, it is interesting that the sequence of GPT is more
homologous to that of TAT than that of mitochondrial GOT
(Figure 3). The sequence homology between GPT and other
a-aminotransferases is much higher in the middie portion
comprising the active-site large domain than the aming- and
carboxyl-terminal portions comprising the small domain in-
volved in the substrate specificity. In spite of rather low
homology to GOT, most of the crucial amino acid residues
providing hydrogen bonds to PLP at the PLP binding pocket
in the large domain of both cytosolic and mitochondrial GOT
with known tertiary structure are also retained in rat liver
cytosolic GPT as shown in Figure 5. Furthermore, the tertiary
structures of cytosolic and mitochondrial GOTs resemble each
other despite rather extensive divergence in their sequences,
These suggest that the topology of secondary structures sur-
rounding the PLP binding site in the large domain of GOT,
containing a large pleated-sheet structure composed of seven
@-strands and sandwiched in eight helices, revealed by X-ray
crystallography (Jansonius et al., 1985), may also be conserved
in rat liver GPT. Some resemblance in the tertiary structure
between GPT and GOT, particularly in the large domain
binding to PLP, is also suggested by comparison of the hy-
dropathy index and the secondary structures predicted for GPT
with those of GOT as shown in Figure 4.

Two arginy! residues (residues 292 and 386) are involved
in substrate binding in pig cytosolic GOT (Figure 5). As seen
in the alignment (Figure 3), corresponding residues to Arg-292
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FIGURE 5: Active center of pig cytosolic GOT (rat cytesolic GPT).
The shadowed area indicates pyridoxal 5’-phosphate (PLP). All side
chains interacting with either the coenzyme PLP or the substrate are
included. Residues belonging to the adjacent subunit are labeled with
asterisks. The putative residues in the active center of rat cytosolic
GPT are indicated in parentheses.

in GOT, which binds the §-carboxyl group of the substrate,
are conserved in GPT and TAT, but those of Arg-386 appear
to be substituted. The small domain regions containing
Arg-386 are so poorly conserved that any change in parameters
(i.e., gap penalties) results in different alignment. It is possible
that the Arg-386 in GOT, which binds the a-carboxyl group
of the substrate, is conserved as Arg-466 in GPT or Arg-417
in TAT as indicated for the latter in the alignment of Mehta
et al. (1989). More sequence information is necessary for the
real evolutional alignment for regions of the small domain. It
is interesting to see how the tertiary structure of GOT is
conserved in GPT and TAT.

It seems clear that GPT is a member of the family of a-
aminotransferases but it is more closely related to TAT than
GOT and others in sequence homology and length of poly-
peptides. This suggests that GPT and TAT have diverged from
a GOT family at an earlier stage of evolution.
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ANRE S NEIRRSI RSB R RET A
ZAE—NFAAL Y EBELTWALI ERES
RTWh, SO e, Ty MFHA R UL
GPT DBiAMED /¢y — v id, PLP SRS LT
WA7-T ALy (K3 0FEEFS8—385
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kR ENRY, 2HEORLEBRTF FHRAFHOYD
Prar SRR L 7o REEE OWRARIT THICRIE
itk ol-0i, 7I/KBFHBEERLTHAS
LS
WA L7 K17 F FIC AARE 21 & ¥
=S, FUNTE BRI, T
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NRTF REKORUP MEZAVTHHL T 5,
V87077 —YOEEHRE»D, MA—EIX
TF FE7 3 BRESIH Glu A Asp DA VFE
FUNEM TSR TERLAETTH D,
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+ % HE— D Asp-Arg BEFIZ, K6-WI1D 54T
Mo T I EEBA29-230ICNET A = & A
ELTWh, 5T, M4-Ela B %M
—WEER LB 12, K6~Tl& K6-WINEHETS

— 336 —
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BEASE WV 290 — 292D 4 — /85— T » T,
M5O 7 3 /BEMRL (R7F FH Y Asp/Asn
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B2 R LARANCES 7 S 2 BRI,
K127 3V BoiiER #1) ¢—FL7,
PLEDERMPS, 59 FGPTOH T2y b
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Rat liver GPT

Pig heart GPT* | Gin Glu Leu Ala Ser Phe His Ser Val Ser Lys Gly[Phe)Met Gly Glu Cys Gly Phe Arg

GIn Glu Leu Ala Ser Phe His Ser Val Ser Lys Gly| Tyr IMet Gly Glu Cys Gly Phe Arg

™1
10 PLP . 20

*Tanase, S, Kojima, H. & Morino, Y. (1379) Blochemistry 18, 3002-3007.
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Thb, Arg—386% EHr A E— L F A 4 XHHE
»7 3 7 EEEFE, GPT THERERFERT
WhEWE, Frw TRINFABEDIT A —
YEBETBERRBT AV AY FOFERIC
% B ATHEMEI K & V0 Mehta 5T T 4 ¥ A ¥
FORRTCRESATWAS L I, GPT T
Arg—466, TAT Tl Arg—417 7% %1 +/
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2—2—2 J|WrEEUTVIIFILE _

GPT KAlIE (1—-2-2%8) 0Z¢& <,
0.1M b ¥ & —HCl (pH8.5), 1 mM EDTA K&
DM IERE 77 =¥ v iEEP, P -n—T7F N
7*174&?%%5,4—8:wzuvyﬁ
V) UL IR o e ISR E,
10mM V) vEEF P A RS LM IERRS T =
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H
B

R

% EES$$S
LR 19

oo G

VW (pH6.O) TEHIC L A TSK
G3000SWy, (7.8X300mm) % 2 ANEHL 4
WigiB T A ERVA HPLC 2L » THBL
oo BORLEE 7%, BHAIIK U CEN
L THRIE R AR L,

2—2—3 GPT OLEBTA 1L

PE-% %2835 v b GPT DL (1 —
2 - 30 LR 2.0M REFETS0mM
by Z-HCl (pH9.0) A, EEIICL
T1%® APL 2%, 37CT—RHELL L,
HAL o pH #70% FBTT1F (pH 2 i),
bU7w¢uﬁ@—7tb:buw£%§ﬁﬁ
& L 7- Bakerbond WP—-C4 % 5 4 (4.6X50mm)
WK HHAE HPLC THREL /2o HBEHIR 2 5o
o7 F NHTF 1R, EIC Aquapore PH 3007 5
& (2.1X30mm) % Fvi7-584H HPLC CHEE
Lo E77, PE—% V2808, Bk (1—2
~3BM) DL LBV T L CHRTL A
7F FUFTH 1, TSK G2000SWy # 5 & (7.8
X300mm) % 2 KB LS VIEBRY T LEH
W7z HPLC 2 X D itk REEHBER Do
7F FMrRIE, B2 Aquapore PH300% J A lZ
X %48 HPLC CHIFRL 7

2—2—~4 ~NTFFEOBMEAL

b7 iR TROKREVWRTFF
(M3) H, Kotz D FEDEIE L D45
S ET ot Fr o MEERD E Y VN
PEDOERRENSE T, BigEy Vs ED
TEkICAvohb, X, APIHIELTEOR
BANEERINKRIL) P HEREF LTS
FEH I onibdaL, ANVEF VKR
Vrme—T7 3 ) EAFBHENTTIFA Y -
Y= =R R TV TS 2T
TNy —Dbidk LB 2D, PAREFINE
METDY = AFBONEI NS, &
DI, FI T T Arg-X REDA TR
ANCEIRT 4% BE9b R, LT AT » 7T
TFIFMIDY P v RED e —T I/ ER T
Y2 AL 72 (U7 G (200~300pmol)

EMHRNERIERI S

1=8M JRE--0.5M REEKET + Y 7 & (pHB.5)
60plE MABRLL, CIHHOEN V2D
THED EFSRORELMY ($1004g),
INnE—ECMABEBEHL -, OB,
pH #HEFE L, 2N KEE{k) +Y 7 ATpH8 ~
GITiR o e BIEARNT o 7 ATHIEL A48
b 1B 87, Y 7 = Lo RS
REWI, 4EEOBMATCHRLLE £HE
WA LERTS5 %O TPCK— b)) 72 »TI7TC
— I HEb L, B MY 72 i, SR
HPLC Aquapore RP 300% 7 & (2.1X30mm) %
BAwWTaBE Lz, G~ TF Nk, o7
Yoo l— s —THIFL, T3IJEERFER
E LT, T, —Ho<TFFid, V871
FT—¥RL )Tl L BBENL, 12N
BR# 2 % ¥ERIC & H{LERGYIETE I L D EICHY
Fit L, #itH HPLC C/A#R, 7oid4 > - ¥
— 4 Y —THH L, BERELIR, 0.IME
BEEF v EZ Y A MHO)¢,E%mﬁ1%
OERTHV, ITC—HL LA, BIERRY
2 % FELC X BALFEMEINNE, £ Eh Titani
& Narita O Inglis DHHEI & o THF 5 70
2—2—5 AT FPE-ZLINTED
Asp—Pro $& &1 )
PR FECHEETEL 72T I /B
B2 RET B0, RO LI (1 -2~
SEM), 152 FPE-7OFA2D220
Asp—Pro #5& % YIHF L 1oy MRS OB TR
2 TRIGEEIEL, 10mM Y YEF b7 A
Y ELOMIERE S 7 =V B (pHE.0) T
#12 L 72 TSK G3000SWy, # 7 & (7.8X
300mm) % 2 AEEE L /-2 ViElS HPLC 1 5 4
W& oEER, 33UBEEEEFV T Ty &
A G25H F 4 (10X115mm) THIEL. B5
Wi 7F FDPIRUDP2E FOF AV« &
— 5 v —THHL, F—N—Fy TDT I
BEECHI % e L 72,
2—2—6 ALY NPE—ZL/IXJED
Trp—X FESt0
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FFayP i/ EERHEOMECHT AR

B, {97 VPE-F v BED YT
2 DA NEF Y NVEAMOES % Onenn
B D FHEITE > T BNPS-X % b — L THIBFL
7o UL 1 —r o7y T 3 I,
TR (k) zigims(isciRsd, REY
DEFTUFA Y Y= YHF—THH LI,
2—2—7 BINTBOBRSH

73S, Bk TE {fral: (1 -
2— 628),
2—2—8
&

BEMIE, 2144+ BT AN2051 4R
Jw— AT FTAF— (ABIHE) 2R,
= rOkNOD—ARBET TNV —F v LT
TFote REEE, 79TV —7arE
EOMFEEAALEET, Srohlq44>
NEEY, BEETOEBRFIC BT HMRIT
BEOMKE LTHET S, 751, 50~
100pmol @~ 7 F F % F\v»T 1 ~30million fis-
sion events, 15kV OEEM T THM L, INEL

TSARFY-TaEBEMR

2—2—9 1EENEDRE, P14,
BAMDO TR, EEADTFH

HIFWEOERE, BV 7 b7y
71 v 7 DNASIS 2R L, # v 37 E—X
f7— & ~— X (NBRF—PIR U SWISS—PROT)
TiF o120 —FAREDT 54 > 2 ¥ FiZ CLUSTAL
TS hEBCTHT o7 BREOTFEIR,
mm&mmmﬁmﬁﬁ%mwto%ﬁﬁm,
Skoog g@ﬁ?ﬁ'@%‘fﬁ L7

EI3E B 7

2—3—1 73X /BE5

PE-#% /%2 % (#4.1nmol) @ API {H1LH
&, WA HPLC TI3D 757 ¥ a VIZHBEL L
(B18—A) EHT7 54 aryd—D KL,
BHoORTF FPIBE L TWw2% Aquapore
PH300% 9 ACTHIKEL, ZOHBOSHI
HAw7 (18 —-B), 13MEOEL~TF FOI

A ’
K12 /
1.0
T
< 05 S
2
ol
03 50
T
€., L
50.2 5
)
< 5
0.1 roE
0= T 7 i o
5 10 15 20

AETENTION TIVE {min)

E8 PE-k } GPT @ APl i{b@ 48 HPLC I £ A o
AL —RAWPD Iy — >, Bakerbond WP—-C4% 7 4
(4.6 X500m) @, HH=0.5nl/min, B ! K4 ii4f
HPLC # 7 AKX A FiER D/ Y — . Aquapore PH
3004 5 A {2.1X30mm) #H. FE=0.3m/min,

#2 AvHZPPE-LFGPT EEZDAPINTFFOT X
7 BRHLRL

Fepide Kt 3} B [ 3] X2 1]
Restdus Ko. 1-18 19=56 57106 103-168  169-289 291313 3ié-déi
asplasn(DiNY 0.7 {13 1.9 (2} 3.7 (7] S.T (6} 8.2 (9] L& (1
e (1) L2 {1) L& () 2342} a2l 5.6 13D

ser {8} 2.7 (3} 2.1 2)  S.t8) 2.6 (3 2.7 (3)
Glu/ClalE/R) ©.9 €13 6.3 (7] 4.1 44) 5.6 €5} 12.6(17] 3.8 [§} &2 ($)
fro (P} 3.6 (2)  %.848) 32} r.eqsp 2141

Gly (61 2.1 (2} 2.9 (3} 2.3{3) 6.9 {7 5.64(8) 2.2(2) &6 (5)
dla CAY M3 {31 2.7 (3 s.1 (5] T.l (7} 12.p016F .5 (%) 1.0 (1)
val  (¥i. 0.9 f1) &5 (6} z.7¢3) .7 {5} e.d010} 1.3 (i) 1.8 (&}
Her (M) L2 {1F 1.6 4D 1.6 {2 1.1 (3)
e f s Say valh i 1 dedy o 1.0 (1)
Ay 1 . 3.0 {5 - . - 2 N

Tre (T} ey T Z.o {2} EF{E} 1.0 T.7(2)
Par  (F} e LI 31 Lo 0.9 (1)
His  (H} 1.1 €1) 1.0 (k3 243y T

Lys (K} 0.A {1} L6 (1) 1.6 (2) 0.8 [2) 1.9 {3} 0.9 (1) 0.8 (1}
Arg (R} B (3) &8 (8} 3.4 [3) 5.8 [6) 9.3 (5} 1.3 (1)
PE-rs (€3 1.7 1) 0.9 (1} 3.0 {3} 0.3 (1)
Tepd (¥} K.D.(0) KO0} H.0.06) M.B.(8) K.D.U2}  K.OCO) H.D.(D)
Totel Rys. 18 2 58 64 131 1 ®
Yiekd (1) ] 56 1 H ] ] ]
Pepetide 1] 7] 1) [3H) [ £15  INTACT PE-GPT

Huoapn  Rst
Residus No.  3e2=338  379-348  3I9L-425 &75-4B 483-48% £90-493 1-c98

Asplhsn{D/N} 1.8 (2} 3.5 (3) 35.6{32) 3D)
The {1y ket (1D Gl (&) 1.0113 21.3(18) (18}
Sec {83 2.9 (%) 3.3 {2} S.501) 1-0(13 32.3(25) (27}
Slu/CIn{E/G) 3.9 (&) 2.0 {27 12.8{LY) (148} 1.00) 62.2{64} (71)
Pra P} e 9.5 () 37.603)) £33}
Sy 46 1.8 (1) 0.8 (8) 37.3¢38) (36}
ala  {&) &0 §4)  eud L) 6.6 (5) 1.301) G6.6(52) (42}
vat (V) 2.8 4} T Ly 5.2 (8 28.2(81) (39}
[ A 2.5 (3} 12.8011) €16}
e (D) 2.8 (3] 16.5(8) €21}
Lev (LY 5.0 ($) 2.2 (2) 9.8 9)  5.0(:)  1.001)  1.0(1) 35.8{53) (&8)
e AN 1.2 {2) TLHLIY 5-9LLY) (16}
Fhe (F) 2.9 (7) 5.6 (€} o513 0.9(1) 20.8{21) (22}
Kis  [H) 1.2 €1 1.001) 4.3 (a) (1
Ly (K] 1.8 (1) 100ty 1 €13 L0601 0.%(1) 18.8(56) (19)
arg (RY 1.3 (1) 6.3 £8)  1.001)  1.001) 50.5(37) 433}
PE-Cys (C) 0.9 (1} 1.1 (1) 16.5(19) €12)
Tep  (U)  K.B.(8)  M.B.(0)  E.D.{D)  M.D.(D}  K.D.{@) W.D.{0) M.B.(LY (1)
Totsl Ras. N 10 L1 Ed 7 [] 95 95
Yielé (%) 1 4 39 57 52 EH

TI/BAMOBRRARTF IR RrELE
WENOT I OBBEHERL TV, FBIAET
SRS LB T S S ERERHERLCYyS (E0

BIR), *LUT L7y YHEE SRR o (N D)o

— 341 —



O % e
B obg

WL oTEY NI EOOB L EDNT I /B
EEFUABE G pIc sz, ShOoDRTF Fit,

T3 REMASIEERICKI~-KISERE LA
(F2) 205 b K6E Kilik, ZhEFhihk
DYy (K6, TEHE200) & PRTFF Ala-
Lys (K11, %%3389—390) ML+ 2b 0T,
YA ZHPNE Wb HPLC & 7 A LR &
nd, EREICEBEEINLTWEY, PE-F /8
78 (#91.30mol) DEILT T riEH LA L 9
BMo~TF Feo8L, MI~11/128 @5 L7,
IDH b MRV AT F F Gln—Met (23294
—295) T, M4 HPLC TRAEES Wi h o,

Ag—ASSTGDRS&IV‘RRGLMK\?V%WR%’%.RVEYAVRG‘P?VQMELE%ELRQGVW%V IRANT! G;RQN«EQRP lgl'!‘LRQmLC?I%PDLLSSPNF

KL:DLH Xi-D2
Ac—A ~5QAVRHGLRAK

TGDRSQAVR VLTLDQRPRYRRVEYAVRGP | VQRALELEQELRQGVK

AXVLTLDG—

MEME' =223 0
Ac-asstgdrsqavrhglrzkvitidgn
11

FUARAXEFIVEES S

M8 & MOM K UF MIlE MIZRjiE, #hTh

" Met—Ser & Met—Thr ¥4 Th 0 BIEY

TrTREPB ST, EhThA—N-TF
FRTF R E LTRSS A (MB/9, M11/12

&), BHlsn92OMRTT Fit, K
«7"~7~ K OECFNER % o 55 H L Lo
PE—~ % v 82 BWO 220 Asp—Pro & (%
149150, 368—369f) %, 70% FERTHIMT
%, Z VB HPLC TR L TH L RicRTF
N DPlE DP2ix, #h &N Kék K5 RUKOA
b KIZDA—8—5 o TEREHETHOICHVS
nto B, 1% 27 NPE-F% VI ED

19

KPFTEV I RANIGDAQAMGRRP I TFLRQVLALCVNPDLLSSPNFF
QVLAL-VNPOLLSSPHNFP

=
nprvreveyavrgpivaraleleqelrogvkkpfteviranigdagen

DDAmAER?LQAOGGHf: IZEAYSVSSG:gL R.EDVA.P.':’; gm:rﬁ%mw&mwmﬂtvmmw&%&wu IPQ;;%YS&TWE%X

0DA~ YIER

LLVAGEGRTRTGVL [PTPQVPLYSATLAELGA

K .
KRAER]LOACGGHSLGAYSVSSGIQL IREDVARY IErRDGG i PAD-No—

DDAKKRAZ~

VMYMEEMMVAE?—UAMECRFMIMS

VQVDYYLDEERA-ALD=

GQOEMSF:! rsfmnaogmocmwganuvm&umm
X1 fcont. t

K12
U&SV‘RLCPPVPGQ«\LLDLWS? PAPt DPSFAQFQAE-m LTEQVFNEAP

GQQELASFHITSK
GYMGECGFRGGYVEVVIMDAAVOQIML—

LKLMS Ve
|klmsvr1cnpvpu:l ldivvsppaptdpsfaqiqaekqaviaelaakkitegvineap

GSGFGaa G"I‘YI-E‘RMTI PPLEX.L'R.LLEEKLERHMI&TLSYS

M5 eoar }
gqaclasinstekgm

Gl SW\’QGKMY SWRWL%PRA\"EMQE%GLAPWC?—RLLEB’G!

w BCTEAVIR
ALDVAELARALGAARDHERPRALCY [P GNP TOQVOT~

FENVFLSTGASDATVIVLKLLVA~

!?AVI AFEERLFLLEDEVYQDWYLGSQWSFI&W.M

SueMIT] TREC 1EAY-RFAF-E— LMEJSPP\‘A
ALCYINPGRPTCQVOTR.

LFLLADEV\’QWV\’!\M}SQ??: S~k
K5=E Mi=D,
RL FLLADE NVYAAGSQFHSFHIVL—

FAFEER MM w2200 5
éppya

SP PmPgFAQWJmWLﬁQ\'WUS

op2 QAVLAELAAX
PSFAQFQAEKQAVLAELAAXAKLTE~

K13
GESCHPVQGAMY SFPRVQLPPRAVERAQELGLAPDMFFC~ LLEE’!‘GI CVVPGSCFGRREGTYHFR LRLLLEK FI'I.EYS
H12-T2

giscnpyqgan

M2
F-CLALLEETG I CVYPGSGFC—EGLy-Fr—

MTILPPLEX LSRFHAK

T LP-LEKLRL I 1ExL

MIYA2 BT L
ficirljeetgicyvpaselgqregtyhfemtilpplekletlleRisefhakitteys

9 & FFHAFSAGPT AT S/ BEERS
AT FERICAWAE S R Phiotiikc X
S TEENNTF EETET,
DP : 70% ¥®EIC L 5 Asp—Pro &-&Wf. Suc @ {EXK
ansEECLBY L= A {LRWEF. E I VEFOF
F—HE LB Gu-X W, T: MY T¥>xRKL%
Arg-X ¥ hid Lys—X YU, H @ 12N $BERIc £ B K-
Ser %720t XwThr 801 D @ 2 % FEIZ LS55 Asp—
X Y, W BNPS—2 % }— i &3 Trp—X W,
KIF L e SRR CEE & LR, AT
¥ NOREFERLER, —fu—ERERR
Aot T I IBBRESTR T, Ac- BT EFIES,
PLP i33EE PLP £ &MB Y RT. HESWERLN
YECRLARTF FOT I /BEMLEICRTILTS
7':)0
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TSy T ) RERREEOEECHTAINE

Trp—X 54 (FE3213-214) #YWTE, 7o
FA Y=Yy —THIFLT Trp (E
213) KH 7Y EEIRIICET AEHE, &
FGPT MUY T LTy vdf 7=y hED
1BELDPEIATVLEWEOETEICH -,
A »% % b PE—% /%7 G #50pmol % 70
FAY s =y -THFLIZESS, 5H
47 VOE P R TAMc RS EBD
N565pmol M TOFVwI 7+ rLrFoh
T, IOy R EOT I KESHEENT
WAENRGh o, HIIRSNAHEHIT, 13
EOEELKARATFFEFTRLDOHTRTFF
DALY, Vs EOFREDT I ) BRE
BB S A sz, 13EORTFRFD ) B
TF RKIFEGH, 417527 FPE-F 237 F
EEMICT I/ RmAHE s Tw 2 e d
L, TORTFEHY NI EDT I/ FKimis
HETAZENHELI LR o7 NTFFKI
DT R8T ¥ o BEE (Asp-6) TUIMTL, o
BXhiT I/ RIFRTF FKI-Dl, kb
t Ae— (Ala, Ser, Ser, Thr, Gly) 2tV Y RT
PLAS vBEEOT S S EACERTA12NE
BECYIRT L 7o YINTIR G4 %, A0 HPLC T
BEL, Ac-Ala DAHEEII~FH L7727
g v %EH (Ac—Ala B U Ac~Ser DIFHAE
HFOSRRTRELL), MKFRLTT 3
BRI R T o7 L 2 A Ala DA E T
Ehs, T3I/EEH Ac—AlaTHBH I EML
SRR S iz, 7 Y/ RIRBEN T 2T
NETHBE EX, BESFICLDHEICHRS
Nie PE-¥ v 22 EDT 3 KIS HES
RERTFE R MR KIOBEEL BT
Bl AN EN579.9BIN1898. 1t 2B,
BEST-XAMERR, ThEh2623.0L
1941.48 e o7 (£3), SheDEIE, Eh
ZR Ac—Ala—Ser—Ser—Hse (%1 —
25) k Ac—Ala—Ser—Ser———Lys (%% 1
—18) DTFHEEI T HE,SMABEELT
EFVELHEES N,

#3 kFGPTATFFOERFTER

Peptide Residue No. MH+ Mh’;+
Calculated Observed Observed
¥l 1-25 2621.9 2622.0 132%

M2 256-73 5436.3 5479,9 +Na? 2731

us 296317 2209.4 2209.6 1103
N6 317-331 1674.9 1676.5

u8/9 340-511 7707.1 7719.8 1858
o 384-411 1221.4 7245.4 +Ha? 3623
10 412-636 2794.2 2795.8 1386
HLl 437-667 3714.3 3715.6 1860
H11/12 437-433 7101.5 71L0.4 3558
K% 1-18 19460.1 1961.4

k2 19-56 4391.2 4392.8 2197
k7 291-313 2509.9 2509.7 1256
K3 314-351 3187.7 3187.3 1592
K9 3422378 4026.8 4028.3 2025

K1-Tt* 1-12 1277.4 1277.3

£1-T2* 1-16 1741.0 1761.9

MATF FOMHET 25 2 b rBOHE#, *Ki~T
FEDMY T Al L BHATRTERT TS
F ¥,

Pl BBEOKRFFFESEOMARTFF
BRUOFNGOY 7RTFFOSHICL-T, &
A R VOV GPT 4957 3 BRI S
BENDET I /ERMSRES A (H9),
2—-3-—-2 BEEAMN
EESWFOR, #100pmol #TF FE L
7oH, BEHSL,00UFORTF FOSHT
BIERELESE GRS, EEHSHS,0008 L
KhBEVIFNMETO— Rk D IERERHEAS
BEEd o, COBRIEES, 270 b7 4 —
A MHEYT) 2370 by 74— 4 (MHTTT)
WHETD V7B LAbObH o7,
Fal T F T, o by +s—alzd L
Va7 A EETH TS Rz, <7
FREMZEMIE, 17ObPVDEIVF a2
A7 4 —LNFEELRSZFVELTHRLAD
NDEEFEINDL (3, [10), BIELL T
TFPFOFBEL Y FFNVE, F2 b7 r—h
ELTHELBME, N7 F FME/9E MIDE =R
iz, BEWL LT (£EH65mol) BHR,

— 343 -



— MH3 it
2001 2751 5480

Z

& 200

w

=

£ 200

[7]

fa)

o

ol b
0 £ T T T T T A ¥ T
2000 3000 4000 5000 6000

miz
B0 F3AcFv—T Y VEBRSITEBLLBATF P
M2DERA~RY F
AFFF M2O MHY OFtEM (FHER) =5456,

EFNODY T FNIEEr o7, ThEDNTF
FOEIEEE EREOESKE, oD, B
BLEY T VEND b B LEREN
B #E-T, BHEOF Y INVERVRIEA F
AP o, KODIERLENRELLS O
LEIfFE NG, £ DBE, BTHEELENED
HEHoEE, 1,000, 5,000%U°10,000m /2
{mass to charge ratio) {23 LT, #h#10.66,
1.5% 2. 1lamu (atomic mass unit) @ F v ~
FIVTBRROEEATH S,

2—3—3 EZLANDTFE

7 BEREAASEEE R PRTT v b
44 PV GPT RS, ZhEFh6.5]
L5.89TdH o7z,

B4E & 2=

AEREREEFIC L 0B e FIFY
A MSIVGPT i}, F» VEEELNHEANS
{, #D#% pU5.7Tit, DE-52% F A% FK |
W abhic CM-52% 5 A IClE S i,
F0H, BHODHBOERMEIZHTpH5.7T
DE-52& CM-520 % v FahFhsnuw + ¥
77 4 —diThhifFE e FEZROLFHEE,
5 o MEEOILHEM (#9500unit/mg) X BIEL
(#9120unit/mg), & FMERIF L LDTRERETH
HEFERSND,

E b4 YV GPT i, GOT E##IENS
BT & 1T 8 ) FRIEKEESE (Chen 5), FF

SR NEENEEIS

¥ (Saha & Bhattacharyyszi. Kanemitsu [:;9) ]
HErfEshTtnd, b4 7 GPT
T, GPT1, GPT2-1, GPTZ® 3 2 M EEA®
HohTE), SERBRIKBOKR, &40
&% I3, GPT1T pl=6.45 GPT2-1H, pl
=6.1, 6.2, 6.45M) 3 /% FIZHHEL, GPTZ

59
@ pl=6.1THAHLHEENR TS, BRAT

&, GPTI, GPT2-1, GPT2MEKZ < 5H T
%:tﬁﬁ%éhfﬁ%°:®m,¢ﬂwﬂ%
wBW SRS, 73/ BENSLTFHEIL
-%BH (p1=6.51) L OELAS, S GPTIR L
HESND, REFFETIX, 1~ %2 + PE-¥
YREDT I EREOT I BREHNOGH
T, T3I/KKIEEL R E4BREE D Gly
HbiEE A Gly—Leu—Arg—— D ¥ 7 F M ME
F GEMEO 1 ERE) BlishFERE,
BEMIIESCEEZ OB LSBT I /B
EoER (2o —H) RIEREhedo
fro SOT I REIIFREDKBHFEEN TR
AELETuRd yFIicLk AL 0P, BEER
TOMRIZIEBEL DD, bHWIEENFRE—
BHERELTWEONMIREDEZAHLHNT
v, B, BEDO Y vy B0 T 3 JEER
FlitBEE B RLH 25 FiHHII Asp &
Asn, Glu & Gln FBAELTWA LI RiHER
R4 o biien, X, ¥4 7 VESEMTA
Wl o THhREDT 3/ BEFEEOF v ) =4,
—PELTHROHENELL B D,), FHE
DHEERTETE 2\, GPT NEHEITo W
Tik, GOT MFEEBEFEMOBEINEL, &
BoOWEN RN B,

v MFY A RNV GPT 07 3 BEECHIIE,
Y E AT Sy TOEGREROEY
Wb X - TBbh 2o —N—F
9 TORTF FILL > TEHEBEL /A, BIIIRE
nakil, ETOKRTIFFLEDOYTRT
F FRUE—HOMRTF FOT 3/ ERECHE,
RO P @k (FJurqiy s y—2 L
v X DRELL. BYOMATF FE
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TSy i HEREEOMEICHET AWA

KR7F FO—#iE, EETEICL - Totr
L. BESIEEAVAIEILD, =1
— 5 5 TOHBY L e v HEETELRLT
I/ BRFIOMREBEZHITITI LN TEL,
X, BEOoWEE, 73/ KEMSEEOREIC
b, 7y MEROPTOBEREE, JEREITIRAL
oz, B, HICEELA T v b GPT LM
HoEmhT e b, b MEROHEERE TR
75 LTHRATH - 72 ‘
KIX7F FiZ AARE 2 fER&¥ 7EF N
T I EREHEsELRANE, KINTFF
DT 3K (Ac-Ala) 4%, AARE D48t
KABLTWADIE Db o TR L2h -
Fro COHEBE LT, AARE BEHWARTF FIZ
AT 245, REVH A ZADRTF FIZidAE
LR BT RS CEFELEND, RTF
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@2 e brRUFI s b A FVMGPT EE VA BVAR

3 b3 KU T GOT oBikiE0FHl

w1 ¥ Yy HOBKIEE OFHE, a-p | ZRIEE

BEMo7 544 b SV GOT HET S 720 f-1f

#EOIE, PLP | % PLP #A B,
DFALVEEBHRL, PI/ KGLEANMERE Y
VARSI EERRUETRET AR E-NF
A4 UEBBELTWAI EFREIR TS,
LrEo®E»s, GPT O MRiEE R, HEPRL
NF—TF AL TEPLTwEY, REFR
PEREDBRAE—NVEFAL YEGOT £A%D
BhoTwaboLEEFES D, CLUSTAL 7
Uy IrEHEWT, CbRUT v MEFYA MY
MGPTO7 3 /BEERF|I&, Y v N ET—%
R AR OEERHOETOT 3 7 RIEBER
DTS4 A FEITY, SFREEEERL
@13k, BOREsRE 2 AHSEEN T
I RIERBELSC4ERE0T I ) KB
EONTFREH THD, T3 EREFDOERE
RHAENOTFRD /Y — OFEUEIC L 5 TR
BNk 3 GPT & GOT i, k¥ A2H%E
hoEELTWEEZEZLRD, LAL, GPT
u%%mﬁMLTm%GUrtih,ﬁi$&
WKbﬂ%navTSJ%ﬁ%ﬁﬁéww)
%0 Sulfolobus solfataricus (S. solf) @ GOT (#&k)
LRSS, FTFEIELEXDEWERICDH
BIEMRERTWS, LEOEL,S, L
5 9 b® GPT BLU TAT & S. solf GOT &, it
D GOT 7 3/ EEBERLELOERTH
By BB LA BEARIEE A,

I OSTRER DS OMD T I HEREEEI
DVTROBICEREE NS,

Haman e¢GPT(53) =
Rat cCPT(19) —

Rat cTAT(46) =

Human cTAT{68)

S.solf GOT(69)

Ruman eGOT(65)

Pig cBOT(52)

Horse cGOT(52) .

Rat cGOT{47) 1
cGOT(52)

Mouse

Chicken <GOT{52)
Human mBOT(66)
Mouse mGOT(52)
Rat mGOT(49)
o, I
Horse

Chicken mGOT(52) —_
E.coli TAT{70)
E.coli  GOT(51)

(east DAT(76)
Human OAT(77)
Rat OAT(78}

2.codi DAPAAT{79)

A-nidu GABAT{80)

coli  HPAT{32)}
S.typh  HPAT(81)
Yeast HPAT(82)
Rat SPAT(B3) —
——

Human ACT(72)
Rabhit  PSAT(84)
Yeast GFAT(85) ‘I

E.coli SDAPAT{86}
S.typh  BCAT(ET)
E.coli  BCAT{88}
Ecoli VPAT(89)

i3 73/ HIRREROS T REH

B 1S, solf, Sulfolobus solfatavicus; E. coli, Escherichia
coli; A. nidu, Aspergillus nidulans; S. typh, Salmonelle
typhimurium,; GPT, alanine aminotransferase (AT);
TAT, tyrosine AT: GOT, aspartate AT; OAT, ornithine
AT: DAPAAT, 7, 8-diaminopelargonic acid AT;
GABAT, gamma—amino—N—butyrate AT; HPAT, histi-
dinol—phosphate AT; SPAT, serine pyruvate AT;
AGT, L—alanine glyoxylate AT; PSAT, probable phos-
phate AT: GFAT, glucosamine fructose—6—phosphate
AT: SDAPAT, succinyldiamino—pimelate AT; BCAT,
branched--chain amino acid AT; VPAT, valine pyru-
vate AT EIMAOFF T XMEF S 2R ¥,

1) KIBE GOT | XIB# GOT &, B%HY
OH A4 FSMGOT I by FY 7 GOT &
#40% OBRIEYH 5, KIBEHE GOT L BEH
B GOT O—RIEE L & 25, BEE
HICEbL A7 I/ MEEIERIBE GOT 1R C
FRERF SN Tz, KIBHE GOT OBEEILTE
MBS L DIEL, FhhVwEEEREE
HBoTBY, FEET I /BITLTHIEES
FLTwh, LL, AIBE GOT & XMka
AT DR, 7O B EEY GOT &
BOTEULTwWAIEWELMIERATY
o

2) KBHE TAT . XIBHE TAT &, K&
GOT &#40% DMRAEHSH, KIFHE GOT @
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JEBREOEL BREENR T REFEL M
ENTW3D,
4) BEITEEMATSE M
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Zoficd, FlREMEROe -7 I BRT
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MESNTVWARETEEO—2TH A, HER
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