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The pig counterpart of human ITHRP has been isolated from pig serum, and cDNA clones
encoding this counterpart were isolated and characterized. The amino acid sequence of pig
IHRP predicted from the nucleotide sequence of its cDNA shows reasonable homology to
that of human IHRP. The nucleotide sequence of pig IHRP ¢cDNA is identical to that of the
mRNA partially determined to be the heavy chain of pig ITI [Buchman et al. (1990) Surgery
108, 560-566] ; it is one of the major mRNAs induced in pig liver on cardiogenic shock. Thus
we concluded that the reported mRNA should code for IHRP and not for the heavy chain of
ITI. The pig IHRP also seems to be identical to pig-MAP, which was recently reported to be
a major acute phase serum protein in pig [Gonzalez-Roman et al. (1995) FEBS Lett. 371,

227-230). The results suggest that IHRP might be involved in acute phase reactions.
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We recently reported the purification and cloning of a novel
human plasma 120-kDa glycoprotein that shows significant
homology to the heavy chains of the inter-«-trypsin in-
hibitor family. We named the protein, IHRP (inter- a -tryp-
sin inhibitor family heavy chain-related protein) (1). IHRP
has been found to be identical to PK-120, which is highly
sensitive to plasma kallikrein (2). ITHRP was readily
cleaved into 85 and 35 kDa fragments when plasma was
incubated at 37°C. The nucleotide sequence of human IHRP
cDNA showed the highest homology with the sequence
which had been partially determined to be the heavy chain
of pig ITI, although a protein corresponding to the nucleo-
tide sequence has not been identified in pig plasma (3). This
pig cDNA has been reported to encode one of the major
mRNAs induced in the liver on cardiogenic shock by
Buchman et al. (4). From these findings, we speculated that
the pig cDNA might encode IHRP instead of the heavy chain
of ITI, and the ITHRP may be involved in acute phase
reactions.

This paper deals with the purification of the IHRP-like
protein from pig plasma and the cloning of the cDNA
encoding pig IHRP. The present results clearly indicate
that the pig cDNA reported by Buchman et al. (4) encodes
pig THRP.

MATERIALS AND METHODS

Reagents—Polyethylene glycol (PEG) #4000 was pur-
chased from: Wako Pure Chemicals (Tokyo). Super-Q and

' To whom correspondence should be addressed. Tel: +81-3-3784-
8215, Fax: +81-3-3784-8216, E-mail: ttobe @ pharm.showa-u.ac.jp
Abbreviations: ITI, inter- a -trypsin inhibitor; IHRP, inter- o -trypsin
inhibitor family heavy chain-related protein; SDS-PAGE, SDS-
polyacrylamide gel electrophoresis; PEG, polyethylene glycol.

phenyl Toyopearl 650M were obtained from Tosoh
(Tokyo). Bio Gel A-0.5 m was from Bio-Rad Laboratories
(USA). UK-50 membrane filters were obtained from Toyo
(Tokyo). Restriction enzymes were purchased from Nippon
Gene, Toyobo, or Boehringer Mannheim, and used accord-
ing to the manufacturer’s instructions. Recombinant Taq
DNA polymerase was obtained from Takara Shuzo
(Kyoto). The 3?P-labeled nucleotides were purchased from
Amersham Japan. Nitrocellulose filters were from Schlei-
cher and Schuell. Agarose type II was obtained from Sigma
Chemical, and low-melting-point agarose (NuSieve) from
FMC. A random-primer labeling kit was obtained from Du
Pont-New England.

Purification of the Pig IHRP-Like Protein from Plasma—
Pig plasma (200 ml) was fractionated with PEG#4000. The
precipitate between 5-15% (w/v) PEG#4000 was dissolved
in 20 mM Tris-HCI (pH 7.4) containing 10 mM lysine-HCI.
The dissolved sample was applied to a Super-Q column (3 X
20 cm) equilibrated with 20 mM Tris-HCI (pH 7.4) con-
taining 10 mM lysine-HCI. The column was washed exten-
gively with the same buffer to remove the unbound pro-
teins, and then the bound proteins were eluted with a linear
gradient of 0-0.25 M NaCl in the equilibration buffer. The
fractions containing IHRP were detected by SDS-PAGE
and pooled. Solid ammonium sulfate was added to the IHRP
homologue pool to a final concentration of 2.0 M and the
solution was applied to a column of phenyl Toyopearl 650 M
(2.5% 15 cm; Tosoh, Tokyo) which had been equilibrated
with 2.0 M ammonium sulfate in 10 mM Tris-HCI, pH 7.0.
After washing the column with the equilibrating buffer, the
absorbed proteins were eluted with a linear gradient of 2-0
M ammonium sulfate in the same buffer. The fractions
containing IHRP were concentrated to 5 ml by ultrafiltra-
tion with a UK-50 membrane (Toyo, Tokyo). The concen-

Vol. 119, No. 3, 1996 577

2T0Z ‘2 $800100 Uo AisleAluN pezy olwe s| e /Blo'seulnolpioixo-ql/:dny woiy popeojumoq


http://jb.oxfordjournals.org/

578

trated sample was gel-filtered on a column of Bio Gel A-0.5
m (2.5X95 cm; Bio-Rad) equilibrated with PBS. To re-
move the contaminating IgG, the fractions containing IHRP
were passed through an anti-human IgG-conjugated Se-
pharose column (3 X9 cm) equilibrated with PBS. Finally,
600 ug of IHRP was purified from 200 ml of pig plasma.

SDS-PAGE Analysis—SDS-PAGE was performed ac-
cording to Laemmli using 7.5 or 10% polyacrylamide slab
gels under reducing or nonreducing conditions (5). After
electrophoresis, the proteins in the gels were detected by
staining with 0.1% Coomassie Brilliant Blue R-250 in 10%
acetic acid and 30% methanol.

Western Blotting—Non-reduced samples were resolved
by SDS-PAGE using the method of Laemmli, and then
transferred onto nitrocellulose filters. The blotted proteins
were analyzed with polyclonal antibodies against human
IHRP.

Amino Acid Sequence Analysis—The N-terminal amino
acid sequence of pig IHRP was determined with an Applied
Biosystems 473A gas-phase protein sequencer. The pro-
teing transferred onto polyvinylidene difluoride mem-
branes were also subjected to sequence analysis.

Cloning of the Pig IHRP ¢cDNA—The primers (primers
N and C) for PCR were synthesized based on the nucleotide
sequence reported by Buchman et al. (4). Both primers N
and C possessed the EcoRI recognition sequence (CCGAA-
TTCGG) at the 5 end. QUICK-Clone™ cDNA (pig liver,
Clontech Laboratories) was used as a template for ampli-
fication of the cDNA fragments. The reaction mixture (100
1) contained 10 mM Tris-HCI, pH 8.3, 50 mM KClI, 1.5
mM MgCl,, 0.001% (w/v) gelatin, 0.5 ug cDNA, 0.2 mM
each of dNTP, 2.5 units of recombinant Taq DNA polymer-
ase, and approximately 0.5 4M N and C primers. The
reaction mixture was overlaid with one drop of light
mineral oil, and the reaction was carried out for 25 cycles,
followed by final extension at 72°C for 5 min using a DNA
thermal cycler (Perkin Elmer Cetus). Each cycle included a
heat denaturation step at 94°C for 1 min, followed by
annealing of the primer to the DNA at 42°C for 1 min and
DNA chain extension with Taq DNA polymerase at 72°C for

Fig. 1. SDS-PAGE of purified pig IHRP from pig plasma.
Purified pig IHRP (1 xg) was analyzed by SDS-PAGE (7.5% gel)
under non-reducing (NR) and reducing (R) conditions. After electro-
phoresis, proteins in the gels were stained with Coomassie Bnliant
Blue R-250.
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2 min, The DNA fragment produced by PCR was extracted
with phenol and chloroform, and then subcloned into the
EcoRI site of the pUC119 plasmid vector for nucleotide
sequencing and preparation of a screening probe.

The PCR product subcloned into pUC119 was labeled
with [@-*?P]dCTP by the random priming method (6) (Du
Pont-New England Nuclear Kit) for use as a screening
probe. The labeled probe was used with a conventional
plaque hybridization procedure (7) to screen a normal pig
liver ¢DNA library constructed in the A ZAP phage vector.
The hybridization was carried out in a solution containing
5 X saline-sodium citrate (SSC), 5XDenhardt’s, 50 mM
Tris-HCI, pH 7.5, 100 zg/ml of denatured salmon sperm
DNA, 0.1% SDS, 10% dextran sulfate, and 50% form-
amide, at 42°C, followed by washing of the membranes
sequentially with 2XSSC containing 0.1% SDS at room
temperature and then with 0.1 X SSC containing 0.1% SDS
at 50°C. Several rounds of screening were carried out in
order to obtain positive clones.

Characterization of Isolated Positive Clones—Four
clones (1A-1, AB-1, AC-1, and AT-I) were isolated by
plaque purification and excised from the A phage as cDNA
inserts in the Bluescript plasmid. After retrieving the
inserted DNA in the Bluescript vector, the nucleotide
sequence was determined by the dideoxynucleotide chain
termination method (8) with a DNA sequencer model
DSQ-1000 (Shimadzu, Kyoto).

Computer Analyses of Sequences—A homology search,
and analyses of the nucleic acid and amino acid sequences
were performed using the Genetyx program (SDC, Tokyo).

RESULTS

The THRP-like protein from pig plasma was purified to
homogeneity, as determined on SDS-PAGE (Fig. 1). The
molecular mass estimated by SDS-PAGE was approxi-
mately 110 kDa. The purified protein was analyzed by
Western blot analysis with a polyclonal anti-human IHRP
antibody. Three immunoreactive bands of 110, 80, and 55
kDa were detected with the antibody (Fig. 2). The im-
munoreactive 80 and 55 kDa bands were mtermediate

NR R

Fig. 2. Western-blot analysis of purified pig IHRP with an
anti-human THRP antibody. Punfied pig IHRP (2 xg) and pig
plasma were analyzed by SDS-PAGE (10% gel) under non-reducing
(NR) and reducing (R) conditions. After electrophoresis, the proteins
were transferred to nitrocellulose membranes, and detected with an
anti-human IHRP antibody
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cleavage products, because the N-terminal amino acid
sequences of the 80- and 55-kDa peptides were identical to
that of the intact 110 kDa protein (Table I). The N-terminal
amino acid sequence of the purified 110 kDa protein was
similar to that of human IHRP, indicating this protein to be
a pig homologue of human IHRP. As reported previously
for human THRP, this protein was sensitive to plasma
kallikrein, also supporting that it was pig IHRP. Pig IHRP
was cleaved by plasma kallikrein mainly into 55 kDa and 25
kDa peptides (Fig. 3). The N-terminal amino acid se-
quences of peptides generated by kallikrein were analyzed.
The N-terminal amino acid sequence of the 25-kDa peptide
was SVPDETSH, and that of the 55 kDa one was identical
to that of intact IHRP (Table I). About 600 xg of pig IHRP
was obtained from 200 ml of pig plasma.

Buchman et al. determined the partial nucleotide
sequence of mRNA 1nduced by cardiogenic shock in the pig
(4). Although they thought that 1t was derived from the pig
ITI heavy chain, we speculated that the pig cDNA might
encode THRP instead of the heavy chain of ITI, because of
the significant homology of the pig cDNA to that of human
THRP. Thus, utilizing primers designed from the nucleotide
sequence partially determined to be the pig ITI heavy chain
by Buchman et al. (4), we performed PCR on pig liver
¢DNA and obtained an amplified 900 bp DNA fragment.
Nucleotide sequence analysis of the fragment confirmed
that it had an identical nucleotide sequence to that reported
by Buchman et al. (4). The nucleotide sequence of the

TABLE 1. Partial amino acid sequence of pig THRP determined
by protein sequencing. 110 kDa: intact punfied pig IHRPP, 80 kDa
peptide: immuno reactive peptide 1n Fig 2; 56 kDa peptide- peptide
generated by kallikrein 1n Fig 3; 25 kDa peptide. peptide generated
by kallikrein in Fig. 3, 22kDa peptide peptide generated by
kallikrein 1n Fig. 3 All peptides, except the intact protein, were
separated on a 10% polyacrylamide gel, blotted onto a PVDF
membrane, and then analyzed with a gas phase protein sequencer,
ABI model 473A.
Peptide or protein

N-terminal amino acid sequence

579

fragment was compared to all other sequences in the
GenBank and EMBL databases, and showed the highest
homology with human IHRP, as reported previously (3).
After subcloning of the amplhified cDNA fragment into the
pUC119 plasmid vector, the PCR product was used as a
probe to clone a full-length cDNA from a normal pig liver
c¢DNA library constructed in the A ZAP phage vector.
Approximately 8x10° recombinant clones from the
c¢DNA library were screened with the 3?P-labeled PCR
product, and four positive clones were isolated. These four
clones, 1A-1, AB-1, 1C-1, and AT-I, were analyzed by
PCR, to determine the length of the inserted DNA, and by
digestion with several restriction enzymes. These four
clones overlapped one another. One of them, clone 1C-1,
was sequenced and ascertained to possess the full-length
nucleotide sequence for pig IHRP. Figure 4 shows the
restriction map and sequencing strategy for clone AC-1.
This clone contained an isert of 2,952 bp including a
poly(A) tail of 36 bases. The open reading frame begins 6
bases downstream from the 5-end and extends for 921
amino acids to a TAG stop codon (Fig. 5). Although the
nucleotide sequence surrounding the first in-frame initia-

Kallikrein
- 205
- 116
- 974
- 66
55 kDa » e s
- 45
- 29
25 kDa » K

110 kDa (intact protein) HKNDINIYS Fig. 3 SDS-PAGE analysis of plasma kallikrein digests of pig
80 kDa peptide HKNDINIYS IHRP. The punfied pig THRP (2 ug) was digested with plasma
55 kDa peptide HKNDINIYS kallikrein The digests were analyzed by SDS-PAGE (10%) under
25 kDa peptide SVPDETSHH non-reducing (NR) and reducing (R) conditions, and then stained with
22 kDa peptide GATIPPPPARIQA Coomassie Brilliant Blue R-250

1 1000 2000 2946 bp
L 1 1 ]
Fig. 4. Schematic representation of
the restriction map, PCR probe, cDNA
E PP s ° P § X clones, and sequence strategy for pig
1 1 | 1 | L 1 ) clone AC-1 IHRP cDNA. The closed bar designates

the IHRP-coding sequence oriented in the
5’ to the 3’ direction. The nucleotide scale
is indicated at the top. The PCR product
which was used for screening the pig
¢DNA hbrary and the ¢cDNA clone iso-

e lated from the pig liver cDNA library are

— - — i aligned with the restriction map. The
. sequence strategy used for determination

- of the pig IHRP cDNA sequence 18 shown
- -— - as arrows. Horzontal arrows indicate the
- . direction and extent of the sequencing.
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The shaded box indicates the poly(A) tail.
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GCCAAA -1
ATGAAGACCCTCTCCCCTACTGGCTACGGCCTTCTACTGGTCCTGCCCTTGCTGCTGACTGTCCTICAGAGCACCACGGCCCACAAGAATGACATC 96
M K TL S PTG Y GL L L VL PLILILAVLQSTTAZ®BRBXWNDTI 32
AACATCTACAGTCTCACCGTGGACTCCAAGGTCTCGTCCCGATTTGCCCACACAGTCGTTACCAGCCGAGTGGTCAACAAGGGCAGTGCTGTCGCAG 192
N I Y s L T VvV D 8 K V 8 8 R AHTV VTS8RV V N KG S AV Q 64
GAGGCCACCTTCCAGATGGAGCTGCCCAAGAAGGCTITCATCACCAACTTCTCCATGATCATCGATGGTGTGACCTACCCAGGTAACATCAAGGAG 288
E A TVPF QM EL P K KAVPF I T HRRF s M I I DGV T Y P GWNIKE 96
AAGGCTGCAGCCCAGGAGCAGTACAGCGCCGTGGCCAGGGGAGAGAGTGC TGGCCTTGTCAGGGCCACTGGGAGAAAGACAGAGCAGTTCCAGGTG 384
K A AAQ EQ Y 8 AV A RGE S8 AGULUVRATGRIKTEUGQTFQUV 128
GCAGTCAGCGTGGCTCCTGCTGCCAAGGTCACCTTCGAGC TGG TGTATGAGGAGC TTCTGGCACGGCATC TGGGAGTTTATGAGC TGCTGTTGAAA 480
AV 58 VA PAAIKUYVYVTUPFELV Y EZ ETLTULARU LGV Y EULILLK 160
ATCCAGCCCCAGCAGCTGGTCAAGCACCTGCAGATGGACATTCACATC TTCGAGCCTCAGGGCATCAGCTTTCTGGAGACAGAGAGCACCTTTATG 576
I Q P Q QL VKX HL QMDIUHTIUPFEUPAO QO GTIS STV FULUETTES STV FM 192
ACCAATGAACTGGCAGAGGCCCTCACCATATCACAGAACAAGACTAAGGCTCACATCCGATTCAAGCCGACACTCTCCCAGCAGCAGAAGTCCCCA 672
T N E L A E A LTI S Q N KT KA AHTIW RV FIKUPTIULISQOQQKS P 224
GAGCAGCAGGAAACAGTCCTGGATGGCAACTTCATCGTCCGCTATGATGTGAACCGGACAG TCACTGGGGGTTCCATTCAGATCGAGAATGGCTAC 768
E Q Q B TVULDGWNUPFPTIUVRYDUVNHNRTUVTSG GG S8 I QIENGY 256
TTTGTGCATTAC TTTGCCCCGGAGETCTGGTCTGCAATACCCAAGAACGTGATC TTTGTCATTGACACGAGCGGCTCCATGAGGGGCAGGAAAATC 864
F V H Y F AP E V W 8 A I PX KUV IV FVIDTSB8G S8 M RGRKI 288
CAGCAGACCCGGGAAGCCCTAATTAAGATCCTGGGTGACCTCGGCTCCCGCGACCAGTTCAACCTTGTCAGC TTCAGTGGGGAAGCACCCAGGAGA 960
Q Q TR EALTI K I LG DILG S8 RDOQPF NULV s F 8 G EAUPRR 320
AGGGCTGTTGCAGCCTCAGC TGAGAACGTGGAGGAAGCCAAGAGCTATGCTGCCGAAATCCATGCCCAGGGAGGGACCAATATAAATGATGCGATG 1056
R AV A A B8 A E N V EE AK S Y A AEI HAQGGTNTIDNDANM-MN 352
CTGATGGCCGTGCAGCTGC TGGAAAGAGCCAACCGGGAGGAGCTGC TGCCCGCGAGGAGCGTTACCTTCATCATCCTCCTCACCGATGGCGACCCT 1152
L M AV Q L L ERAUNXRKIZRUEZEILTLUPA ARS8V TT FIIULIULTDSGTUDT?P 384
ACTGTGGGGGAGACCAACCCCTCGAAGATCCAGAAGAACGTTCGGGAAGCCATAGACGGCCAGCACAGCCTCTTCTGCCTGGEGCTTCGGCTTTGAC 1248
T VvV 6 ET N P 8 K I Q K KR VREAIDSG QHSSUL F CULGUF G F D 416
GTCCCCTACGCCTTCCTGGAGAAGATGGCACTGGAGAATGGRCGGTC TGGCCCGGCGCATCTATGAGGACTCTGACTC TGCCCTGCAGCTCGAGGAC 1344
V P YA F L EKMALUZEWNGSGULARU RTIYUZETDSUDSATLQULETD 448
TTCTACCAGGAGGTGGCCAACCCAC TGC TGAGGTTGGTGGCCTTTCGAGTACCCAAGCAATGC CGTCGGAGGAGG TCACGCAGGACAACTTCCGGC TG 1440
F Y Q BV A NP LLRULV AUPF E Y P S5 NAV EUZEV T QDMNXNUFRL 480
TTCTTCAAAGGC TC TGAGTTGGTGG TGACCGGGAAGCTCCGGBACCAGAGCCCCGATEGTGCTCTCCGCCAAAGTCAGGGGGCAACTGCACATGGAG 1536
F F K G § EL VV A G KL RDOQS P D VL S A KV RGQUL HME 512
AATGTCACCTTCGTAATGGAGTCCAGGGTAGCAGAGCAGGAGGCGGAGTTCCTGAGCCCCAAGTACATCTTCCACAGC TTCATGGAGAGACTCTGG 1632
R VT F V M E 8 RV A EQEAZEUPFrILS8 P K Y I FH S F MEUZRTULW 544
GCATACCTGACCATCCAGCAACTGTTGGCGCAAACAGTCTC TGCGTCAGATGC TGAGAAGAAGGCCCTTGAAGCCCGAGCCCTGAGCTTGTCACTC 1728
A Y L TIQ QL L A Q TV 8 A 8 DAZEXKXI KA ATLUEARATLS L 8 L 576
AACTACAGC TTTGTCACCCCTCTCACATCTATGGTGATCACCAAACCTGAAGGCCAAGAACAGTCTCAGGTTGCTGAGAAGCCCGTGGAAAATGGA 1824
N Y 8 F VT PL T 8 M V I T KUPUEGO QZEOGQS8 Q V AUEIKUPVENG 608
AACCGACAGGGGAACACCCACTCAGGTCAC TCTTCCTTTCAATTTCATTC TG TGGGAGACAGAACATCCAGAC TAACAGGAGGCAGCAGTGTAGAC 1920
N R Q G N T H S8 G H 5 8 F Q FH S Vv e DRTS8RULTGGG S8 8 V D 640
CCTGTTTTTTCTCACAGAAGAGGC TGGAAMGGACAAGCCCAAGGTTTTGAGAAAATGTCCTACCTCCCACCGAGATTAGGACCCCCCGBACCTCTT 2016
P V F 8 H R R G WK G QAMOQGVFEKMMS YL PPU RULGUPUPG P L 672
CAGCCTACTCGITTTTCTCATCCGTTTTCCCGTATAACCTTGGACCGGGTGCTGCCAGAGGTGCTATCCGTTCCTGATGAAACGTCACATGACATG 2112
Q P T R F 8 H P F¥F s R I TL DU RUVILUPUEUVL S V P DUETS8 H DM 704
GATTCAAGAATCATAGGAGCCACGATACCTCCACCCCCTGCCCGCATCCAGGCTCCTTCCGTCATCTTGCCAC TGCCTGGGCAGAGCGTGGACCAG 2208
D s R I I GA TTI PP P PARI QAP SV I L PULUPGIGQS V DQ 736
CTCTGCTGTGGACCTCAAGCACTCCCAGGGCCCAGTGAAGCTGC TCTCAGACCCTGGCCAAGGGGTTGAAGTGACTGGCCACTATGAGAGGGAGAAG 2304
L ¢ VDL KH S Q 6 PV KLUL SDUZPGQ GV EV TGHYUZ ERTE K 768
GCCCGCTTCTCATGGATTGAAGTGACCTTCAAGCACCCGCCACTGCAGGTTCGTGCATCCCTGGAGCACATAGTAGTGATTCGGAACCGCCARAAGC 2400
A R F 5 W I EV TF KH P PUL QV R A SLEUHTIUVV I RDNIZRZQS 800
TCTGCGTACAAGTGGAAGGAAACAC TCTAC TCAGTGATGCCCGGCCTCAAGATAACCATGGACAAGGCGGGACTTC TTCTGCTCAGCAGCCCAAAC 2496
S A Y K W K ETUL Y 58 V ¥ P GL XK I TMDIXKAGTLTULIULUL S8 8 P N 832
AGAGTGACCATCGECCTGC TG TCCTGGGATGGCCC TAEGAAGGGGC TCCGAC TCCTTCTGCGGGACACTGACCACTTC TCCAGCCAGATCAGTGGG 2592
R v T I 6 L L 86 WD G P G K GLRULILILWRUDTUDU HUPF S s Q I S G 864
ACCTTTGGCCAGTTTTACCAGGACGTGGTC TGGGGACCCCCAGCAGCAGCAGATGACAGCAAGCGAACAGTGACAGTCCAGGGACATGACCACTCT 2688
T F G Q F Y Q DV V WG PP A AMAMADDS KRTUVT TV QG H D H 8§ 896
GCCACCAGAGAGCTCAAGCTGGATTACCAAGAGGGATCCCCGGGAAAAGAGATTTCC TGCTGGAC TG TGGTGC TGTAGTTC TGATGGGAGGAGTTA 2784
A TR EUL KL DY Q E G S PG K E I 8 C W T V V L *x* ~ 921
CACCCGCCCCCCATGC TGCCCCCTTTTTGCAGATGGC TGCCACACTGTAACACAGGTCAGCC TG TGGGCCCTGGAACATCATGGGGAGATGTATTT 2880

TCACTCATTAAAATAAAGAGAGGTGATGTGAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAARAA 2946

Fig. 5. Nucleotide sequence of IHRP cDNA and the amino acid  acids are numbered on the right. Nucleotide residues are numbered
sequence predicted from the nucleotide sequence. The nucleotide  from + 1 at the first base of the putative initiation codon (methionine).
sequence of the constructed cDNA for IHRP is shown on the first line, A polyadenylation signal (AATAAA) is indicated by a double under-
and the amino acid sequence predicted from the nucleotide sequence line. The potential N-glycosylation sites (-Asn-Xsaa-Ser/Thr-) are
is shown on the second line. The amino acid sequences which were shown by a single underline. Histidine at the N-terminus of the
confirmed chemically are double underlined. Nucleotides and amino  mature protein is shown as an outlined character.
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Fig 6 Comparison of the amino acid uence of pig THRP
w.it.h that of human IHRP or pig ITI heavysiqhain. Sequgnges were
aligned using the Genetyx program (SDC, Tokyo) Amino acid
residues }dentiml with ones in p1g IHRP are shown by black boxes. The
amino acid sequence shown by the outlined letters m H1 represents
the signal for processing to form a complex with a bikunin. The
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asterisks represent the 1dentical amino acid residues between the pig
and human ITY heavy chains IHRP-p1g, pig inter-«-trypsin inhibitor
_fanuly heavy chain-related protein; IHRP-Hu, human inter- @ -trypsin
inhibitor farmly heavy chain-related protein, H1-pig, pig inter-a-
trypsin inhibitor heavy chain 1.
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TABLE II. Homologies of nucleotide and amino acid se-
quences. [HRP: inter- o -trypsin inhibitor family heavy chain-related
protein (3); H1: inter. o -trypsin inhibitor family heavy chain 1 (23);
H2: inter-a-trypsin inhibitor family heavy chain 2 (24); H3: inter-
a-trypsin inhibitor family heavy chain 3 (25).

AA Human Pig §

N-A. {HRP  H1 H2  Hs P___H1 ™% E
iHRP 100 42 42 52 7 34 g
g H1 55 100 39 55 34 80 §
[}

2

g H2 49 52 100 40 34 38 g‘
T o
H3 §7 59 48 100 9 52 %

<

IHRP 78 55 50 58 100 35 o
20 £
P hy 55 83 52 84 55 100 £
(% <

Nucleotide Sequence Homology

tion codon at nucleotides 1-3, CCAAAATGA, does not
match well the consensus sequence, CCACCATGG, de-
scribed by Kozak (9, 10), this codon appears to be the most
likely candidate for the translation start site because the
methionine was followed by 27 hydrophobic amino acid
residues which may be a signal peptide sequence. The
length of the hydrophobic amino acid stretch was suitable
for a signal peptide. In the 3’ non-coding region, a consensus
polyadenylation signal, AATAAA (11), and a 3" poly(A) tail
are positioned 19 nucleotides upstream of the first A of the
poly(A) tract and 3’ end, respectively. The open reading
frame encodes the putative signal sequence of 27 amino
acid residues and a mature protein of 894 amino acid
residues whose N-terminal 9 residues were confirmed by
protein sequencing (Fig. 5). The amino acid sequences
determined by protein sequencing were all contained in this
reading frame, indicating that the AC-1 clone codes pig
IHRP (Table I and Fig. 6). The molecular mass of the
mature protein without carbohydrate was calculated to be
99,348 Da.

The AT-I clone contained an extra nucleotide sequence in
its 3’ region, as compared with the other clones. This extra
nucleotide sequence in this clone may be derived from an
intron, because the sequences are in good agreement with
the GT-AG rule (12), and all three reading frames predict-
ed from this extra nucleotide sequence were found to
contain several stop codons (data not shown).

The nucleotide sequence of the full length pig IHRP
c¢DNA contains the nucleotide sequence partially deter-
mined to be the pig ITI heavy chain, and exhibits consider-
able homology with those of pig ITI heavy chain and human
IHRP; the nucleotide sequence of pig IHRP ¢cDNA showed
78, 55, 55, 50, and 58% homology to those of human IHRP,
pig ITI-H1, and human ITI-H1, -H2, and -H3, respectively.
These homologies are summarized in Table II.

DISCUSSION

In this study, we purified the pig counterpart of human
inter- o -trypsin inhibitor family heavy chain-related pro-

K. Hashimoto et al.

tein (IHRP) from pig plasma, and isolated four independent
c¢DNA clones encoding pig IHRP from a normal pig liver
c¢DNA library constructed in the A ZAP phage vector. The
purified protein was immunoreactive to an anti-human
IHRP antibody and sensitive to plasma kallikrein, suggest-
ing that the protein is the pig counterpart of human IHRP.
In addition, the molecular weight of this protein estimated
by SDS-PAGE was similar to that of human IHRP (120
kDa) (1, 2). The molecular weight of pig IHRP calculated
from the amino acid sequence predicted from its cDNA is
slightly smaller than that estimated by SDS-PAGE, the
difference perhaps being caused by glycosylation. There are
five potential N-glycosylation sites, namely Asng,, Asnggs,
Asn,,,, Asng;, and Asns,;;, which are conserved in human
IHRP with the exception of Asn,,, (Fig. 5). The N-terminal
amino acid sequence of this protein, HKNDINIYSL, is
highly homologous to that of human IHRP, EKNGIDIYSL
(3). We therefore concluded that this protein was pig
IHRP. Like human IHRP, this protein was highly sensitive
to plasma kallikrein, which cleaved it into 55 kDa and 25
kDa peptides (Fig. 3). Only one putative cleavage site for
plasma kallikrein (Phe,,s-Arg,so-Lieu,s;) i8 present in the
amino acid sequence predicted from the nucleotide se-
quence of pig IHRP ¢DNA (Fig. 5). This site corresponds to
the cleavage site closest to the N terminus among the three
putative cleavage sites of human I[HRP. The molecular
masses of the two peptides predicted on the cleavage at this
site were calculated to be 50,359 and 49,000 Da, respec-
tively. The 50,359 Da peptide should correspond to the 55
kDa peptide generated from pig IHRP with plasma kalli-
krein (Fig. 3), because its N-terminal amino acid sequence
was identical to that of the intact protein. The 25 kDa
peptide, which was also generated on kallikrein digestion
(Fig. 3), is considerably smaller than the expected molecu-
lar mass of 49 kDa for the remaining C-terminal fragment.
This may have been caused by proteolytic trimming of the
N-terminal region of the 49 kDa peptide, because the N-
terminal amino acid sequence of the 25 kDa peptide corre-
sponds to the sequence, Sergss-Valsgs-Proger-Aspegs-
Gluggs-Thr;o,-, which is about 200-amino-acid downstream
from the putative cleavage site. The putative cleavage site
for kallikrein could not be found in the N-terminal region of
the 25 kDa peptide. Therefore, further work is needed to
determine whether or not this site is a real plasma kalli-
krein cleavage site.

About 600 ug of purified pig IHRP was obtained from 200
ml of pig plasma. The yield of pig IHRP was thus very low,
the concentration of human IHRP being about 80 xg/ml of
plasma (2). The low yield may have resulted from the
degradation of IHRP during the purification, because IHRP
is highly susceptible to proteolysis. As shown in Fig. 2, the
purified pig IHRP preparation contained 80- and 55-kDa
immunoreactive peptides, which possessed an identical
N-terminal amino acid sequence to that of intact pig IHRP,
while only the 110-kDa protein was detected on Western
blot analysis in pig plasma.

The nucleotide sequence of pig IHRP ¢cDNA contains an
identical nucleotide sequence to that partially determined
by Buchman et al. to be the pig ITI heavy chain (4). It
exhibits considerably higher homology with that of human
IHRP than with that of either pig ITI family heavy chain or
any of the human ITI family heavy chains (Table II). As
shown in Fig. 5, the nucleotide sequence of the cDNA
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contained a full open reading frame, starting at nucleotides
1-3 of an initiation codon and terminating at nucleotides
2764-2766 of a stop codon (TAG). The 2,763-bp open
reading frame codes for a polypeptide of 921 amino acid
residues. The amino acid sequence of pig IHRP predicted
from this nucleotide sequence shows reasonable homology
to that of human IHRP (Fig. 6). A comparison of the pig
IHRP amino acid sequence with that of pig ITI heavy chain
is also shown in Fig. 6. It is evident that there is a similarity
between pig IHRP and pig ITI heavy chain, but the amino
acid sequence of pig IHRP exhibits much greater homology
with that of human IHRP than with that of pig ITI heavy
chain reported by Suzuki et al. (unpublished; accession
number, D38754). As we previously reported for human
IHRP, similarity between pig IHRP and pig ITI heavy chain
18 more noticeable in the N-terminal two-thirds of the
protein. The sequences conserved in this region of human
ITI-heavy chains are well conserved in the same regions of
pig THRP and pig ITI-heavy chain. In the conserved region,
the heavy chains of human ITI have been reported to
contain three homologous sequences, a calcium binding site
(13), the reactive site of human a,-thiol-protease inhibitor
(13), and von Willebrand factor type A (14), which corre-
spond to residues Aspas;-Glysss, Glyies-Glyse:, and Thr,,,-
Asn,es, respectively, in pig IHRP. As we reported for
human THRP (3), pig IHRP also exhibits no significant
homology with pig ITI heavy chain or any of the heavy
chains of the human I'TI family in the C-terminal 300 amino
acids. In contrast, pig IHRP revealed high homology
throughout the entire sequence with human IHRP, with the
exception of the region from Valges to Pro;,s. This region,
interestingly, is rich in proline and relatively hydrophobic,
suggesting that it may be exposed to the environment in a
random coil structure, so that many proteases can readily
cleave this region. Indeed, no large fragments containing
this region were obtained on kallikrein digestion.

Three members of the inter-«-trypsin inhibitor (ITT)
family (serine protease inhibitors) have been purified from
human plasma. One of them is called inter-a-trypsin
inhibitor, consisting of heavy chain 1 (HC1), heavy chain 2
(HC2), and bikunin (15). Another is called pre-a-trypsin
inhibitor, consisting of heavy chain 3 (HC3) and bikunin
(16). The other is a complex of HC2 and bikunin (17). In all
of them, the peptide chains (HC1, HC2, HC3, and bikunin)
are covalently linked to each other through an unusual
structure. The interchain linkage is mediated through
esterification of the a-carbon of the C-terminal Asp of a
heavy chain with C6 of an internal N-acetylgalactosamine
of the glycosaminoglycan chain O-linked to Ser;, of the
bikunin (18). All heavy chains are synthesized as precursor
forms, and processed to remove the C-terminal portion.
The resulting C-terminal aspartic acid contributes to the
formation of a complex with bikunin.

Before or during the linkage processing, a C-terminal
peptide with a calculated molecular weight of about 25 kDa
is released from the heavy chain precursor (17-19).
Although the N-terminal two-thirds of the amino acid
sequence of THRP shows significant homology to those of
ITI heavy chains, there is no significant homology in the
C-terminal one-third of the amino acid sequence. In partic-
ular, IHRP does not contain the sequence, DPHFII, which is
thought to be a signal for the linkage processing, therefore,
IHRP seems not to form a complex with bikunin.
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The functions of the various proteins belonging to the ITI
family are not precisely known yet. In particular, the
function of heavy chains of ITI has not been elucidated yet.
A 150 kDa protein, containing a partial peptide sequence of
bikunin, has been reported to stabilize the cumulus

extracellular matrix (20, 21). The members of the ITI .

family described above comprise complexes with bikunin
or bikunin itself. The extracellular matrix-stabilizing
activity therefore may be due to bikunin in the complex or
free bikunin. Possibly, the heavy chains of the ITI family
regulate the protease inhibitor activity of bikunin. How-
ever, IHRP is likely to have a unique function by itself,
because it does not form a complex with bikunin. Further-
more, no ITI heavy chains have been reported to be free in
the plasma.

The present report clearly indicates that one of the major
mRNAs induced in the pig liver on cardiogenic shock (4)
codes for IHRP and not for the heavy chain of ITI. Thus,
IHRP may be involved in acute phase reactions. Acute
phase reactants, e.g., procoagulant fibrinogen and plasma
proteinase inhibitors, are proteins synthesized in the liver
and secreted into the bloodstream, which, as a teleological
group, protect the organism against either the cause of the
shock or the consequences of resuscitation. Production in
the liver, secretion into the bloodstream, and possession of
the consensus sequence of thiolprotease inhibitors also
support that IHRP may be an acute phase reactant. The
homology of the nucleotide sequence of human IHRP to that
of human ATP-dependent protease also implies that THRPs
may be involved in acute phase reactions, because the
ATP-dependent protease is induced by heat shock.

During the preparation of this manuscript, Gonzalez-
Ramon et al. reported the isolation of pig-MAP, which is a
major acute phase serum protein in the pig (22). A partial
N-terminal amino acid sequence of pig-MAP is identical to
that of pig IHRP reported here with the exception of Ser,,
and Lys,;;. Although the reason for this discrepancy is not
known, pig-MAP may be pig IHRP.

Hence, IHRP seems to be the major protein induced in
the acute phase in pigs, and the function of IHRP as an acute
phase reactant remains to be elucidated.
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