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Primary Structure of Human Placental Anticoagulant Protein’
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ABSTRACT: The primary structure of human placental anticoagulant protein was determined by a combination
of amino acid and nucleotide sequencing techniques. The carboxymethylated protein was digested with
cyanogen bromide, and the resulting peptides were separated by gel filtration and high-performance liquid
chromatography. A total of 239 out of 319 amino acid residues were identified from 7 cyanogen bromide
fragments. A full-length cDNA clone encoding placental anticoagulant protein was isolated from a human
placenta cDNA library. This clone was 1.6 kilobases long and contained a translation initiation site coding
for methionine, 957 nucleotides encoding for the mature protein, a stop codon, a poly(A) recognition site,
and a poly(A) tail. Analysis of the tryptic-blocked peptide that originated from the NH,-terminus of the
protein showed that the terminal methionine was removed and the adjacent alanine residue was acetylated
by posttranslational events. Placental anticoagulant protein is composed of 319 amino acids with acetylalanine
as the NH,-terminus and has a high degree of sequence identity with lipocortins I and II. It contains four
internal repeats, each including a sequence corresponding to a putative Ca?*-dependent phospholipid binding

site. Placental anticoagulant protein is a member of the lipocortin/calpactin family.

Recently, we isolated an anticoagulant protein, called pla-
cental anticoagulant protein (PAP),! from human placenta,
and we studied its inhibition mechanism and partial amino acid
sequence (Funakoshi et al., 1987). PAP is a soluble cellular
protein with a molecular weight of 36 500 and has no carbo-
hydrate. It inhibits prothrombinase activity in a dose-de-
pendent manner. It also inhibits the activation of factor IX
and factor X by the factor VIIa/tissue factor complex (Kondo
et al., 1987). PAP is capable of binding to acidic phospholipid
vesicles in the presence of Ca?*. Thus, the inhibitory effect
of PAP is thought to occur through competition with vitamin
K dependent factors for binding to phospholipid vesicles.
Similar proteins have been isolated from human liver (Deykin
et al., 1969), placenta (Maki et al., 1984), and umbilical cord
(Reutelingsperger et al., 1985).

Partial amino acid sequence analysis of PAP showed that
it had a high degree of sequence identity with lipocortins I and
II. The lipocortins belong to a group of Ca?*-dependent
membrane binding proteins, which are distributed widely in
cells and tissues (Kretsinger & Creutz, 1986). Although the
physiological functions of these proteins have not been clearly
defined, they have been implicated in exocytosis and membrane
cytoskeleton interaction (Moore & Dedman, 1982; Creutz et
al.,, 1983; Gerke & Weber, 1984; Sudhof et al., 1984; Geisow
et al., 1984; Shadle et al., 1985). Lipocortins I and II bind
to phospholipid vesicles in a Ca?*-dependent manner and in-
hibit hydrolysis of phospholipid by phospholipase A, (Schla-
epfer & Haigler, 1987; Davidson et al., 1987). This inhibition
is thought to suppress prostaglandin synthesis leading to an-
tiinflammatory action (Flower & Blackwell, 1979; Blackwell
et al., 1980; Wallner et al., 1986).

Thus far, four of these proteins, human lipocortins I and
II (Huang et al., 1986; Wallner et al., 1986), the murine
protein-tyrosine kinase substrate p36* (Saris et al., 1986), and
bovine calpactin I heavy chain (p36) (Kristensen et al., 1986),
have been completely sequenced. In this paper, we report the
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complete primary structure of PAP and discuss the functional
and structural relationships of PAP and the human lipocortins.

EXPERIMENTAL PROCEDURES

PAP was purified from fresh human placenta as described
previously (Funakoshi et al., 1987), and its concentration was
determined by using Eif.. = 6.0. A Agtll cDNA library
prepared from human placenta poly(A) mRNA was purchased
from Clontech. N-Formyl-L-leucine, N-acetyl-DL-leucine,
dansyl chloride, and precoated 100% C18-silanized silica gel
plates were purchased from Sigma. Hybridization probe
primer was obtained from Pharmacia. Synthetic oligo-
nucleotides were kindly prepared by Dr. Patrick O’Hara,
Zymogenetics, Seattle, WA. DNA sequencing kit was ob-
tained from New England Biolabs. Anhydrous hydrazine was
prepared by distillation and stored in sealed glass tubes until
use.

The protein was S-carboxymethylated by the method of
Crestfield et al. (1963) with a minor modification. CM-PAP,
6.7 mg, was digested overnight at room temperature in 0.5 mL
of 70% formic acid containing 2% CNBr, and the resulting
peptides were first fractionated by gel filtration on a Sephadex
G-50 superfine column (0.9 X 50 cm) with 4 M guanidine
hydrochloride. Each subfraction was further separated by a
Waters HPLC system using an Altex Ultrapore C3 reverse-
phase separation column (0.46 X 7.5 cm). Tryptic digestion
was performed by incubating peptides at 37 °C in 0.1 M
NH,HCO; for 6 h with 1% (w/w) chymotrypsin-free bovine
trypsin (Fujikawa & McMullen, 1985), and the resulting
peptides were separated by HPLC using a Waters uBondapak
C18 column (0.49 X 30 cm). A gradient system composed
of 0.1% trifluoroacetic acid (solvent A) and 0.08% trifluoro-
acetic acid in 80% acetonitrile (solvent B) was used for elution

! Abbreviations: CM, carboxymethyl; CNBr, cyanogen bromide;
EGF, epidermal growth factor; PAP, placental anticoagulant protein;
HPLC, high-performance liquid chromatography; kb, kilobase(s); SDS,
sodium dodecyl sulfate; kDa, kilodalton(s).

2 The murine protein kinase substrate p36 and bovine calpactin I
heavy chain are analogous to lipocortin II.
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of both the C3 and C18 columns at a flow rate of 1.5 mL/min.
The effluents were monitored at 214 nm, and peptides were
collected manually.

Amino acid sequence analysis of peptides was performed
by a Beckman Sequencer Model 890C according to the me-
thod of Edman and Begg (1967). Phenylthiohydantoin—amino
acids were identified by two complementary HPLC systems
(Bridgen et al., 1976; Ericsson et al., 1977). Amino acid
composition of peptide hydrolysates (6 N HCI, 110 °C for 24
h) was determined by a Waters Picotag system (Bidlingmeyer
et al., 1984).

Detection of the acetyl group was performed by the method
of Schmer and Kreil (1969). The blocked peptide, CNBr-1-
T1, was heated at 110 °C for 5 h with anhydrous hydrazine
in a sealed tube. Excess hydrazine was removed in vacuo over
concentrated sulfuric acid. Hydrazides were dissolved in 0.3
mL of 0.1 M citrate, pH 3.0, and treated at 37 °C overnight
with 0.3 mL of ethanol containing dansyl chloride at a 5—
10-fold molar excess to peptides. Dansyl hydrazides were
developed on silanized silica gel plates (5 X 10 cm) by two
different solvent systems: 1-butanol/acetic acid/water (4/1/1
v/v/v) and chloroform/1-butanol/acetic acid (6/3/1 v/v/v).

Affinity-purified anti-PAP was prepared as previously de-
scribed (Funakoshi et al., 1987), and 0.2 mg of the antibody
was radiolabeled with 0.5 mCi of Na'?I (19.6 mCi/ug of
iodine, Amersham) using Iodo-gen (Pierce). The specific
activity of the antibody was 1 X 10% cpm/ug. Phage (5 X 10%)
from the cDNA library were screened by affinity-purified
1251.anti-PAP according to Young and Davis (1983) as mod-
ified by Foster and Davie (1984). The same library was also
screened by using a recombinant phage M13 template con-
taining a 1.5-kb PAP-cDNA insert and an M13 template
containing a 59-base PstI fragment from the 5" end of the
1.5-kb insert subcloned into plasmid pUC18. These hybrid-
ization probes were labeled by employing a synthetic hybrid-
ization probe primer by the method of Hu and Messing (1982).
Screening was performed by the method of Hu and Messing
(1982). Filters were washed for 1 h at 60 °C with 2 X SSC
buffer (8.2 g of sodium citrate, pH 7.0, and 17.5 g of NaCl/L)
containing 0.5% SDS. Positive clones obtained by screening
with antibody and cDNA were amplified by the liquid lysis
method (Maniatis et al., 1982), and the phage were purified
by CsCl banding. Restriction fragments from isolated inserts
were cloned into either M13mp18 or M13mp19 vector for
sequence analysis by the dideoxy chain termination method
(Sanger et al., 1977). Two clones, 1.6 (\HPAP1.6) and 1.5
kb (A\HPAP1.5), were subcloned into plasmid vector pUC18
for completion of the sequence. Some of the sequences were
determined by using complementary synthetic 17-base oligo-
nucleotides corresponding to nucleotides of the 1.5-kb insert
as sequencing primers.

RESULTS

Separation and Sequence of CNBr Peptides of PAP. As
observed previously (Funakoshi et al., 1987), sequence analysis
of intact CM-PAP failed to détect any sequence, indicating
that the NH,-group of the NH,-terminal residue of PAP was
blocked. Thus, sequence analysis of PAP was initiated with
CNBr fragments. CNBr peptides were initially separated into
three fractions by gel filtration on a Sephadex G-50 column
(Figure 1). Three fractions, Fr-1, -1I, and -11I, were then
individually subjected to the C3 HPLC column for further
separation (Figure 2). Four homogeneous peptides, CNBr-5,
-7, -1, and -6, were obtained from Fr-III (left panel). Two
major peaks, CNBr-3 and -2, were obtained from Fr-II (center
panel). One homogeneous peptide, CNBr-4, was also obtained
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FIGURE 1: Gel filtration of CNBr digest of CM-PAP. The CNBr

digest was applied to a column of Sephadex G-50, superfine, and

peptides were eluted with 4 M guanidine hydrochloride. A 1.0-mL

fraction was collected in each tube. Three fractions, Fr-I, -1I, and

-III, were pooled and further purified by HPLC (see Figure 2).
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FIGURE 2: Separation of CNBr peptides by HPLC. Three CNBr
fractions obtained from the gel filtration column were further separated
by the C3 HPLC column. Peptides were eluted as described under
Experimental Procedures. Separations of Fr-III (left panel), Fr-1I
(center panel), and Fr-I (right panel) are shown.

from Fr-I (right panel). The second peak, CNBr-2, from Fr-II
was further purified by HPLC using the C18 column before
sequence analysis. In all, seven homogeneous peptides were
obtained and sequenced.

No sequence was found in CNBr-1, indicating that this
peptide originated from the NH,-terminus. This peptide was
then further digested with trypsin, and three tryptic peptides
(CNBr-1-T1, CNBr-1-T2, and CNBr-1-T3) were separated.
Peptides CNBr-1-T2 and CNBr-1-T3 were sequenced, but the
peptide CNBr-1-T1 was found to be blocked. The amino acid
composition of this peptide is the same as the NH,-terminal
five residues deduced from the nucleotide sequence of the PAP
clone A\HPAPL.6 (see below). The sequences of the 239
residues obtained from the seven CNBr peptides and their
subpeptides are shown in Table I.

Isolation and Characterization of cDNAs Cloned for PAP.
Twenty-two positive clones were isolated by screening a human
placenta cDNA library (5 X 10° phage) using affinity-purified
antibody. The largest insert isolated, \HPAP1.5, was 1.5 kb
long and encoded for PAP from the Leu residue at 38 to the
3’ noncoding region. In order to obtain a full-length cDNA
encoding for PAP, a radiolabeled recombinant phage template
probe containing the 1.5-kb cDNA was used to rescreen the
placenta ¢cDNA library. Eighty-two positive clones were
isolated from 5 X 10° phage. To isolate the longest clone from
the 82 positives, these clones were then screened by using a
recombinant phage template probe containing a 59-base
fragment isolated from the 5 end of the 1.5-kb insert. The
clones that produced the 12 strongest signals were selected,
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FIGURE 3: Summary of sequence strategy of the cDNA inserts. The
arrows under the bars indicate the direction and extent of sequence
analysis of the respective clones. Arrows with circles indicate that
the sequences were determined by using specific synthetic oligo-
nucleotides as primers. The open bars represent the noncoding regions,
and the slashed bars represent the coding region. The poly(A) tail
is shown by wavy lines.

and the sizes of their inserts were determined. Six clones were
found to contain 1.5-kb or longer inserts. The longest insert,
AHPAPI1.6, was 1.6 kb long and found to contain a full-length
¢DNA coding for PAP.

Most of the sequence was determined by using the 1.5-kb
insert. The sequence coding for the NH,-terminal portion of
PAP was determined with the 1.6-kb insert. By combining
the sequences obtained from two additional inserts, \HPAP1.1
and AHPAP1.0, the entire nucleotide sequence of both strands
was determined. A summary of the sequence strategy and
restriction mapping is shown in Figure 3.

The complete nucleotide sequence and the predicted amino
acid sequence deduced from the PAP clones are shown in
Figure 4. The 1.6-kb clone consists of a 5’ noncoding region,
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Table I: Amino Acid Sequences of the Peptides Derived from the
CNBr Digest of PAP*

peptides  locations sequences

CNBr-1-T1 1-5 (AQVLR)

CNBr-1-T2 6-17 GTVTDFPGFDER

CNBr-1-T3 18-25 ADAETLRK

CNBr-2 28-72 KGLGTDEESILTLLTSRSNAQRQEISA-
AFKTLFGRDLLDDLKSEL

CNBr-3 85-141 KPSRLYDAYELKHALKGAGTNEKVL-
TEITASRTPEELRAIKQVYEEEYGSS-
LEDDVV

CNBr-4  152-211 LVVLLQANRDPDAGIDEAQVEQDAQA-
LFQAGELKWGTDEEKFITIFGTRSV-
SHLRKVFDK

CNBr-5 259-270 KGAGTDDHTLIR

CNBr-6 273-296 VSRSEIDLFNIRKEFRKNFATSLY

CNBr-7 299-319 IKGDTSGDYKKALLLLCGEDD

¢Residues in parentheses were not sequenced due to the blockage of
the terminal residue.

957 bases for the mature protein, and a 3’ noncoding region.
A continuous open-reading frame contained a stop codon at
each end, TGA (1-3) and TAA (973-975). Twelve nucleo-
tides downstream from the TGA stop codon, an ATG codon
(13-15) was present coding for Met, which is the probable
initiation site for translation of protein. This Met residue was
followed by a sequence of Ala-GIn-Val-Leu-Arg, the compo-
sition of which agreed with that of the terminally blocked
peptide CNBr-1-T1. This peptide had the following amino
acid composition: Glx, 1.0; Arg, 1.0; Ala, 0.98; Val, 0.98; and
Leu, 1.0. These results indicate that the initiator Met residue
was removed by a cotranslational or posttranslational event
and the sequence of the mature protein begins with Ala. The
absence of a signal peptide in the PAP cDNA sequence sug-

TGA GTA GTC GCC ATG GCA CAG GIT CTC AGA GGC ACT GIG ACT GAC TTC CCT GGA TIT GAT GAG CGG GCT GAT GCA GAA ACT CTT CGG AAG 90
stop (M) A Q v L R G T VvV T D F P G F D F R A D A E T 1L R K 25
GCT ATG AAA GGC TTG GGC ACA GAT GAG GAG AGC ATC CTG ACT CTG TTG ACA TCC CGA AGT AAT GCT CAG CGC CAG GAA ATC TCT GCA GCT 180
A M Kx_6 L G T D E E_ S I L T L L T S R S N A QO R Q E I S A _A 55
TTT AAG ACT CTG TTT GGC AGG GAT CTT CTG GAT GAC CTG AAA TCA GAA CTA ACT GGA AAA TTT GAA AAA TTA ATT GTIG GCT CTG ATG AAA 270
F ¥ T L F G R D L L D D L K S E L T G XK F E KX L I v A L M K 85
CCC TCT CGG CTT TAT GAT GCT TAT GAA CTG AAA CAT GCC TTG AAG GGA GCT GGA ACA AAT GAA AAA GTA CTG ACA GAA ATT ATT GCT TCA 360
P S R L Y D A Y E L K H A L X G A G T N E K V L T E I I A _ S 115
AGG ACA CCT GAA GAA CTG AGA GCC ATC AAA CAA GTT TAT GAA GAA GAA TAT GGC TCA AGC CTG GAA GAT GAC GIG GIG GGG GAC ACT TCA 450
R T P E E L R A ! XK Q@ v Yy E E E Y G S S8 L E D D V VvV G D T 8§ 145
GGG TAC TAC CAG CGG ATG TTG GTIG GTT CTC CTT CAG GCT AAC AGA GAC CCT GAT GCT GGA ATT GAT GAA GCT CAA GTT GAA CAA GAT GCT 540
G ¥ Y Q R M L Vv Vv L L Q A N R D P D A G I D_E A Q V E _Q D A 175
CAG GCT TTA TTT CAG GCT GGA GAA CTT AAA TGG GGG ACA GAT GAA GAA AAG TTT ATC ACC ATC TTT GGA ACA CGA AGT GTG TCT CAT TTG 630
Q A L F Q A G E L K W G T D FE FE X F I T I F_G6 T R S VvV S8 H L 205
AGA AAG GTG TTT GAC AAG TAC ATG ACT ATA TCA GGA TTT CAA ATT GAG GAA ACC ATT GAC CGC GAG ACT TCT GGC AAT TTA GAG CAA CTA 720
R _K Vv F D K Y M T I s 6 F Q I E E T I b R E T S G N L E Q L 235
CTC CTT GCT GTT GTG AAA TCT ATT CGA AGT ATA CCT GCC TAC CTT GCA GAG ACC CTC TAT TAT GCT ATG AAG GGA GCT GGG ACA GAT GAT 810
L L A V V K s I R S I P A Y L A E T L Y Y A M K G A G T D D 265
CAT ACC CTC ATC AGA GTC ATG GTT TCC AGG AGT GAG ATT GAT CTG TTT AAC ATC AGG AAG GAG TTT AGG AAG AAT TTT GCC ACC TCT CTT 900
H T L I R vV M VvV S R S E I D L F N I R K F F R K N F A T S L 295
TAT TCC ATG ATT AAG GGA GAT ACA TCT GGG GAC TAT AAG AAA GCT CTT CTG CTG CTC TGT GGA GAA GAT GAC TAA CGTGTCACGG GGAAGAGCTC 995
Y s M I _K 6 D T S8 6 D Y K K A L L L L C G E D D stop 319
CCTGCTGTGT GCCTGCACCA CCCCACTGCC TTCCTTCAGC ACCTTTAGC TGCATTTGTAT GCCAGIGCTT AACACATTGC CTTATTCATA CTAGCATGCT CATGACCAAC 1105
ACATACACGT CATAGAAGAA AATAGTGGTG CTTCTTTCTG ATCTCTAGT GGAGATCTCTT TGACTGCTGT AGTACTAAAG TGTACTTAAT GTTACTAAGT TTAATGCCTG 1215
GCCATTTTCC ATTTATATAT ATTTTTTAAG AGGCTAGAGT GCTTTTAGC CTTTTTTAAAA ACTCCATTTA TATTACATTT GTAACCATGA TACTTTAATC AGAAGCTTAG 1325
CCTTGAAATT GTGAACTCTT GGAAATGTTA TTAGTGAAGT TCGCAACTA AACTAAACCTG TAAAATTATG ATGATTGTAT TCAAAAGATT AATGAAAAAT AAACATTICT 1435
GICCCCCTGA AAAAAAAAAA AAAA 1458

FIGURE 4: Complete nucleotide sequence of the PAP cDNA inserts. The residues that are underlined were also determined from the CNBr
fragments (see Table I). The Met residue in parentheses is the initiation site and is removed in a posttranslational event. The nucleotide sequence
that is underlined twice is the potential recognition signal for polyadenylation.
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FIGURE 5: Detection of the acetyl group in the NH,-terminal peptide
of PAP on thin-layer chromatography. Acetyldansylhydrazide (A),
sample (B), and a mixture of acetyldansylhydrazide and sample (C).
Left panel with chloroform/butanol/acetic acid (6/3/1) and right
panel with butanol/acetic acid/water (4/1/1).

A B

gests that PAP is not constitutively secreted from cells. The
amino acid sequence deduced from the nucleotide sequence
of the PAP clones was in complete agreement with the 239
residues determined by Edman degradation of the 7 CNBr
peptides.

Detection of Acetyl Group in the NH,-Terminal Peptide.
Identification of the acyl group of PAP was performed by the
method of Schmer and Kreil (1965). The NH,-terminal
peptide, CNBr-1-T1, was treated with hydrazine, as was an
authentic standard, acetylleucine. Resulting hydrazide was
dansylated, and the dansylhydrazide was identified by thin-
layer chromatography. The dansyl derivative of the sample
migrated to the same position as acetyldansylhydrazide in two
different solvent systems (Figure 5). We tentatively identified
the blocking group of PAP as an acetyl group. However, a
possibility that the blocking group is formyl is not ruled out,
since separation of acetyl- and formyldansylhydrazide was not
convincing in the solvent systems that we have tried. Acety-
lation is by far the most common acylation in blocked euka-
ryotic proteins and occurs predominantly as acetylserine or
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acetylalanine (Persson et al., 1985). Formylation is usually
found as formyl-Met in prokaryotes. Formylation to other
amino acids is quite rare (Wold, 1981), and only formyl-Gly
has been found in honeybee melitin (Kreil & Kreil-Kiss, 1967).
Thus, the blocking group of PAP is most likely acetyl.

The mature protein is composed of 319 amino acids and 1
acetyl group with the following composition: acetyl,, Ala,,
C)’Sl, Aspzj, Gluzg, Phe”, GIYZZ' Hi53, Ilcla. L}"Sn, Lcu;g, Met-;,
Asng, Pros, Gln;,, Argyq, Sery,, Thrys, Valyg, Trp,, and Tyr),.
The molecular weight was calculated to be 35847, which is
in good agreement with the value of 36 500 previously esti-
mated by SDS-polyacrylamide gel electrophoresis. The
presence of one Cys residue in the protein also agreed with
the value of 0.8 mol of free sulfhydryl group/protein deter-
mined by Ellman reagent. No Asn residues are followed by
the consensus signal sequence, X-Ser or X-Thr, for N-
glycosylation. This is consistent with our previous result that
carbohydrate was not detected in PAP by staining the SDS
gel with Schiff base reagent. The isolation of eight CNBr
peptides is expected from the presence of seven Met residues
in the PAP sequence. However, we could isolate only seven
peptides. The failure in isolating an eighth peptide can be
explained by the finding of a Met-Thr sequence (residue
213-214), which is known to be resistant to CNBr cleavage
(Cunningham et al., 1968).

DiscussioN

Computer-assisted analysis of the partial amino acid se-
quence of PAP revealed that it was highly homologous to the
lipocortins (Funakoshi et al., 1987). The complete PAP se-
quence determined in the present study is compared with those
of human lipocortins I and II (Figure 6). PAP has 42% and
44% identities with lipocortins I and II, respectively. A 51%
identity is obtained when lipocortin I is compared with lipo-
cortin II. Many nonidentical positions are also occupied by
homologous amino acids. The major structural difference in
these proteins is the variable length of the NH,-terminal re-
gion. PAP is shorter than lipocortin I by 28 residues and 19
residues shorter than lipocortin II. It is unlikely that this region

1 10 0
PAP AcAQ\I'LRGT TDFPG|FIDER A AETLRK MK G L|G|T
Lipocortin I MAMVSEFLKQAWFIENEEQEYVQTVKS SIGGPGS!. SPYPT|FINPSS|D/VAALHEK|AIMVK|GV
Lipocortin T MSTVHEILCEKELSLEGDH-------=-- STPPSAYGS|VIJCAYTN|FIDAER|DALNIET|AI K T K|G]V
PAP {E S LTI. R AQRQ SA FKTLFGRD LDDL K F| KLI\'& H SRL‘!
Lipocortin I AT IDI KIRINN AQRQ l(ﬁ YLQETGEP|L DETLKKA T HL|E[EVVLA PAQF
Lipocortin IT \’NIL HRSN&QR AF YQRRTIKE .I.SAL HLI|E]TVILG L TPAQY
100
PAP YELIKHAL A AISRTIPE LRl EYGSS 'u'\l'G TS Y\'QRHL
Lipocortin I D|EL|{RAAM L ILASRTNK IRD|I EELKR NITSIDTSGIDFRNAL
Lipocortin IT S|ELJKASM L IEIICSRTNQ LQE \|r HYKT IIS TSGDFRKLH
160 170 210
PAP VVILULQAN AGIDEAQV-EQ ELKN' D EIFIT VSH \*FDK
Lipocortin I L S|L{AKGD SE FGVNE-DLADS LYEA ERRK VNVFNT LTT VFQK
Lipocortin IT VA|JAKGR|RJAEDIGSVIDYELIDQ ILYDAGVKRK DIVPEWIS|IMTE \'PH K|V F|DR
240 )
PAP \'HTISGFQIFETIUR QLLLAVVIKKSIRSI .l‘l'[. ET ‘!‘I‘EHKA DDHT|L IRV
Lipocortin I |Y|TK Y|S|EHDMNENLDL KCLTAINVIKCATSEK|FAF FlAlEK HQIHI RHK AL IR|I
Lipocortin IT |Y[K SYSP‘!DHTESIRK NAFLNLVJQCIQNK|PAL Y FlA|D R|L{Y DSM K K RDEV|LIRI
319
PAP M’\’SRSEI LFN RKEFR NFAT YSM KGD EDD
Lipocortin 1 H'JSRSEI HND KAF\’Q MYGI CQI‘ LDE VAL
Lipocortin IT [MVSRSE|VIDMLK|[I|JRSEFK[RJKYGK YYylgoao GDD

FIGURE 6: Comparison of the amino acid sequence of PAP with human I:pooortms I and IIA Residue numbers represent the numbering system
of PAP. The positions that have identical residues in three proteins are boxed. Gaps (=) were placed to gain the best alignment. Sequences

of lipocortins were taken from Huang et al. (1986).
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FIGURE 7: Alignment for the four repeat sequences in PAP. The positions that have three or four identical residues are boxed. The positions
that have hydrophobic, hydroxy, and acidic amino acids are marked by h, asterisks, and a, respectively.

is involved in functional binding activity, because PAP has a
strong binding affinity for phospholipid vesicles and also in-
hibits phospholipase A, activity (J. F. Tait, unpublished re-
sults). This concept is also supported by the fact (Davidson
et al., 1987) that lipocortins I and II have essentially the same
inhibitory activities against phospholipase A, despite the ab-
sence of homology in the NH,-terminal regions of these two
proteins. Furthermore, it was recently reported (Huang et al,,
1987) that a proteolytically produced 33-kDa fragment, which
lacks the NH,-terminal 32 residues of lipocortin I, retains
essentially full inhibitory activity against phospholipase A,.

As observed in lipocortins (Weber & Johnson, 1986; Geisow,
1986; Huang et al., 1986; Saris et al., 1986; Wallner et al.,
1986; Kristensen et al., 1986), the PAP sequence contains four
internal repeats starting from Lys-28 (Figure 7). These
repeats account for the entire sequence from this Lys to the
end of the molecule. Without insertion of gaps, two Gly
residues, one Thr residue, and one Arg residue can be aligned
in all of the four repeats. In addition, hydrophobic amino acids
occupy 15 positions (marked by “h” in the figure), and hy-
droxyamino acids are conserved in 4 positions (marked by
asterisks). Acidic amino acids are also conserved in two
positions (marked by “a”).

Each of the four repeating sequences of PAP contains two
regions that are commonly present in phospholipid binding
proteins. The first region, the NH,-terminal 17 residues,
conforms to a consensus sequence (Geisow et al., 1986) of
Lys-Gly-X-Gly-Thr-Asp-Glu-X-X-h-h-X-h-h-X-Ser-Arg,
where h represents hydrophobic amino acids. This type of
sequence has been found in the Ca®* regulated membrane
binding proteins, such as endonexin and calelectrin (Geisow
et al,, 1986), and in lipocortins (Huang et al., 1986; Saris et
al,, 1986; Wallner et al., 1986; Kristensen et al., 1986).
Phospholipase A, and a viper venom phospholipase A, inhibitor
also have closely related sequences (Mancheva et al., 1984).
The second homologous region in these proteins is a stretch
of six residues of hydrophobic amino acids at the C-terminal
portion of each repeat. These two regions are thought to be
directly involved in binding to phospholipid (Geisow, 1986).
It is evident from its structural features that PAP belongs to
this group of phospholipid binding proteins. We attribute the
strong anticoagulant activity observed in our previous study
to the presence of the phospholipid binding regions in the PAP
molecule. Although it has not been reported, other members
of the lipocortin family are expected to have anticoagulant
activity because of their structural homology with PAP.

Tyr at 24 and Ser at 22 are identified as phosphorylation
sites in the protein—tyrosine kinase substrate p36 (Glenney &
Tack, 1985; Gould et al.,, 1986). This protein was later
identified as an analogue of human lipocortin II (Huang et
al.,, 1986). Tyr-21 was phosphorylated by EGF receptor/
kinase, and phosphorylated lipocortin I required a lower Ca?*
concentration for maximal binding to phospholipid vesicles
(Schlaepfer & Haigler, 1987). Tyr-187 and Ser-183, which
are surrounded by acidic residues, are also thought to be
potential phosphorylation sites in lipocortin II (Hirata, 1981;
Hirata et al., 1984). Four corresponding positions (positions

5,7, 165, and 169 by the PAP numbering system; see Figure
6) in both lipocortin I and PAP do not have either a Tyr or
a Ser residue. In our preliminary study, PAP was not stoi-
chiometrically phosphorylated by the insulin and EGF-re-
ceptor kinase (N. K. Tonks, unpublished results) or by protein
kinase C (K. E. Meier, unpublished results). Thus, PAP does
not seem to be a substrate of these protein kinases.
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ABSTRACT: The conformational properties of the main intrinsic polypeptide (MIP26) isolated from lens
plasma membranes were studied by using near- and far-ultraviolet circular dichroism. The far-ultraviolet
spectrum of MIP26 solubilized with octyl 3-D-glucopyranoside indicates an a-helical content of ~50% and
a @B-structure content of ~20%. A detergent-free membrane suspension of MIP26 produced a typically
distorted far-ultraviolet spectrum which was caused by differential light scattering and absorption flattening.
However, decreasing the size of the membrane fragments by sonication produced a far-ultraviolet spectrum
free of distortion, and with a rotatory strength profile similar to that obtained for MIP26 solubilized with
octyl 8-D-glucopyranoside. This implies similar secondary structure properties for the protein in both the
suspension and the sugar detergent. The cleavage of MIP26 with Staphylococcus aureus protease, which
results in removal of a 5-kilodalton peptide and which mimics the age-dependent posttranslational changes
that take place in the lens, did not significantly affect the conformation of the core protein as judged by
the near-ultraviolet circular dichroism spectra.

Txe vertebrate eye lens is an avascular tissue with a highly
ordered architecture (Maisel et al., 1981; Benedetti et al.,
1981). The bulk of the lens is composed of a multitude of
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elongated, nondividing cells which are called lens fibers. These
lens fibers are coupled to one another by many intercellular
junctions situated along their plasma membranes (Rae, 1979;
Goodenough et al., 1980; Benedetti et al., 1981). The most
abundant protein in the lens fiber plasma membrane is an
intrinsic membrane protein known as MIP26 or MP26 (Bro-
ekhuyse et al., 1976; Benedetti et al., 1981). This protein,
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