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cDNA clones of guinea pig neutrophil 33 kDa protein, a lipocortin like-protein, were isolated from two lgtl0 libraries 
and one primer-extended lgtl0 library of guinea pig neutrophils using synthetic oligonucleotide probes or cDNA frag- 
ment probe. The cDNA consists of 1389 nucleotides, and contains 1038 nucleotides encoding 346 amino acids of 33 kDa 
protein and a poly(A) tail. The deduced ammo acid sequence shows high homology with those of lipocortin 1 from human 

U937 cells (89% homology) and rat lung (86%). 
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1. INTRODUCTION 2. MATERIALS AND METHODS 

The 33 kDa protein (~33) of guinea pig neutro- 
phi1 is a calcium-dependent phospholipid-binding 
protein belonging to the family of lipocortin-like 
proteins [ 1,2]. This protein is neutrophil-specific 
and is translocated from the cytoplasm to the plas- 
ma membrane following treatment with various 
stimuli [3,4]. The protein inhibits phospholipase 
A2 (PLA2) activity, binds muscle actin under cer- 
tain conditions [2], and is phosphorylated by pro- 
tein kinase C (PKC) in the presence of phosphatase 
inhibitors [5]. Moreover, it was found to have a 
high degree of homology with human lipocortin 1 
from amino acid composition and partial sequence 
data [2]. We report here a complete amino acid se- 
quence of P33 deduced from the nucleotide se- 
quence of the cDNA. 

2.1. Materials 
Conventional enzymes were obtained from Toyobo (Osaka) 

and Takara Shuzo (Kyoto). The cDNA synthesis system, cDNA 
cloning system - hgtl0, [a-‘*P]dCTP and [y-32P]ATP were pro- 
ducts of Amersham Japan (Tokyo). The DNA sequence kit was 
purchased from Toyobo. Nick-translation kit was from BRL 
(MD, USA). 

2.2. Oligonucleotide probe 
p33 was purified from guinea pig neutrophils and several pep- 

tide fragments were sequenced with an automatic amino acid se- 
quencer as described [2]. Amino acid sequence information 
from one of the tryptic peptides (T20) and two of the cyanogen 
bromide peptides (CNBr2, CNBrlS) corresponded to that of 
human lipocortin 1 [6]. Based on the determined nucleotide se- 
quence of human lipocortin 1, three oligonucleotide probes cor- 
responding to the sequence of amino acids of T20, CNBr2 and 
CNBrl5 were chemically synthesized for use as screening probes 
(fig. 1). 

2.3. Construction of cDNA library from guinea pig neutrophil 
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poly(A)-rich RNA 

Abbreviations: cDNA, complementary DNA; ~33, 33 kDa pro- 
tein from guinea pig neutrophils; PLAz, phospholipase AZ; 
PKC, Ca’+- and phospholipid-dependent protein kinase; 
[cu-32P]dCTP, deoxycytidine 5 ‘-[a-32P]triphosphate; [r-“PI- 
ATP, adenosine 5 ‘-[y-32P]triphosphate; SSC, sodium chloride 
and sodium citrate buffer 

Total RNA from guinea pig neutrophils was extracted with 
guanidine thiocyanate [7]. Poly(A) RNA was fractionated by 

oligo(dT)-cellulose column chromatography [8]. Two cDNAs 
were prepared by the method of Gubler and Hoffman [9]. The 
essential difference between these two cDNAs is the primer used 
to direct the first strand synthesis: primers used were oligo(dT) 
(T) or random hexanucleotides (R). The cDNAs were cloned in- 
to the EcoRI site of hgtl0. The constructed cDNA libraries con- 
sisted of 8 x 10’ (R) and 4 x lo5 (T) clones, respectively. 
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A 188 30 40 
-G-G-P-G-S-A-V-S-P-Y-P-T-F-N-P- 

* * * * * * * * * * * * 

-G-G-P-G-S-A-V-S-P-Y-P-S-F-D-A- 
GGT GGT CCC GGA TCA GCG GTG AGC CCC TAT CCT &CC TTC 

February 1989 

LC 1 

p33 -T20 

T 
AA GGA AGG ATA GGG GCT CAC CGC TGA TCC GGG ACC ACC A 188 (38 mer) 

A 213 310 320 
-E-I-D-M-N-D-I-K-A-F-Y-Q-K-M-Y-G-I- 

* * * * * * * 

-M-N-D-I-K-V-Y-Y-Q-X-T- 
GGA ATT GAC ATG AAT GAT ATC AAA GSA TLC TAT CAG AAG ATG TAT GGT ATC 

T A C 
AT AAC ATA CGT CTT CTG ATA GTA TAC TTT GAT ATC ATT CAT GTC AAT TTC 

LC 1 

~33 -CNBrIS 

A 213 (50 mer) 

A 229 250 260 
-M-N-K-V-L-D-L-E-L-K-G-D-I-E-K-C-L- 

* * * * * * * * * 

-M- N-X-A-L-D-L-E-L-X-G-D- 
ATG AAC AAA GTT CTG GAC CTG GAG TTG AAA GGT GAC ATT GAG AAA TGC CTC 

C 

LC 1 

p33 -CNBr2 

AG GCA TTT CTC AAT GTC ACC TTT CAA CTC CAG GTC CAG AGC TTT GTT CA A 229 (49 mer) 

Fig.1. Synthetic oligonucleotides employed for screening cDNA clones for guinea pig ~33. Amino acid sequence information from one 
of the tryptic peptides (T20) and two of the cyanogen bromide peptides (CNBr2, CNBrlS) [2] corresponds to human lipocortin 1 161. 
The underlined base was exchanged with that of p33 residues. 3%mer (A188), SO-mer (A213) and 49-mer (A229) oligonucleotides are 

complementary to all possible coding sequences corresponding to the three hexapeptides T20, CNBrlS and CNBr2. 

2.4. Screening of guinea pig neutrophil p33 cDNA 
The two cDNA libraries (T and R) were screened essentially as 

in [IO] with “P-labeled oligonucleotide probe A213. Isolated 
positive recombinant phages were characterized further by 
hybridization with all three oligonucleotide probes (A188, 
A213, A229). Hybridization was carried out at 55°C for 16 h in 
a solution containing 5 x SSC (0.15 M NaCI, 0.015 M sodium 
citrate buffer, pH 7.0), 5 x Denhardt’s solution, lOO,~g/ml 
heat-denatured salmon sperm DNA, 0.1% SDS and the “P- 
labeled oligonucleotide probe. After hybridization, filters were 
washed by immersion (4 times) in a sufficient volume of 

Sau3Al Elal II Hind III 
~33 cDNA 

X9PL7 

AgPL6 

UPL8 

Fig.2. Guinea pig p33 cDNA sequencing strategy and major re- 
striction enzyme sites used in preparing subclones. The thick line 
indicates the coding region, the thin line denoting the non- 
coding region. Horizontal arrows indicate regions and direc- 

tions of sequencing. 

2 x SSC containing 0.1% SDS at 55°C for 20 min. The filters 
were then dried and autoradiographed with an intensify screen. 

2.5. DNA sequencing 
DNA sequence analysis was carried out by subcloning a 

suitable restriction endonuclease fragment into M13mp18 RF 
DNA. The DNA sequence of the cDNA was determined by the 
method of Sanger et al. [l I]. 

3. RESULTS AND DISCUSSION 

3.1. cDNA sequencing with oligonucleotide 
probes 

Using a 32P-labeled oligonucleotide probe 
(A213), 8 x 10’ (R) and 4 x lo5 (T) independent re- 
combinant phages from the two libraries were 
screened and many positive plaques were obtained. 
These phages were used as mini-libraries and 
screened by two probes (A213, A229). One positive 
clone from the R library was obtained which ob- 
viously hybridized to both probes. The AgtlO phage 
DNA from this clone, designated hgpL7, was sub- 
jected to Southern blot analysis. The hgpL7 insert 
was hybridized to probes A213 and A229 but not to 
Al88 (not shown). To confirm the presence of the 
p33 sequence in hgpL7, the DNA sequence of the 
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hgpL7 insert was determined [l 11. It was found 
that this clone contained a similar nucleotide se- 
quence coding for the amino acid sequence at the 
carboxyl-terminal region of ~33. To obtain the 
3 ‘-sequence of p33 cDNA, the T library was screen- 
ed by the cDNA (hgpL7) probe, which was 32P- 
labeled by nick-translation, and one positive clone 
was obtained. The cDNA of the hgtl0 DNA from 
this positive clone, designated hgpL6, encoded the 
carboxyl-terminal region of p33 and the poly(A) 
tail. The oligonucleotide probes of A268 (5 ‘AGAG- 
CCTTCTGGAAATC3 ‘: 17-mer) and A269 (5 ‘AG- 
TCAGCCAAGTCATCA3’: 17-mer), which was 
the (-) strand of the 5’-end of hgpL7 (fig.3), were 
then synthesized to obtain the remaining 
5 ‘-sequence of the complete cDNA sequence by 
primer extension. Using this oligonucleotide as a 
primer, a primer-extended cDNA library was con- 
structed from guinea pig neutrophil poly(A)-rich 

RNA in hgtl0. This library was screened by three 
oligonucleotide probes (A188, A268, A269). One 
clone of the 1 x lo5 phages screened, designated 
AgpL8, covered the 5 ‘-sequence of ~33. The total 
nucleotide sequence was determined [l 11. The re- 
striction endonuclease cleavage map and strategy 
of nucleotide sequence determination are sum- 
marized in fig.2. 

3.2. Nucleotide sequence of the cDNA 
The cDNA of p33 consists of 1389 nucleotides 

and a poly(A) tail (fig.3). The coding region for 
p33 includes 1038 nucleotides and corresponds to 
346 amino acids. The 3 ‘-noncoding region contains 
the polyadenylation signal, AATAAA, which is 
found 15 nucleotides upstream of the poly(A) 
homopolymer stretch. Comparing the amino acid 
sequences of T 13 and CNBr 15 with those obtained 
from the cDNA for ~33, only two residues differ 

10 20 30 40 50 60 70 80 90 100 I10 120 
ATGTCAATGGTATCAGAGTTCClCAAGCAGGCCTACTTTATAGACAATCAAGAACAGGACTAT~CAAAA~~GAA~CATCCAAAG~G~CCTGG~CAGCC~GAGCCC~ACCCC 
MSHVSEFLKQAYFIDNPEQDYVKTVKSSKGGPGSAVSPYP 

T13 TZO 
130 140 150 160 170 180 190 200 210 220 230 240 

AGCTTCGATGCTTCCTCGGACGI’TG~GCTTTGCACAAAGCCATCA~GTGAAAG~GTGGATGAGGCGACCATCATTGACATT~GACGAAGAGGAACAATGCCCAGC~CAGCAGATC 
SFDASSDVAALHKAITVKGVDEATI IDILTKRNNAPRPPI 

250 260 270 280 290 300 310 320 330 340 350 360 
AAAGCAGCCTACCTCCAGGAGAAAGGGAAGCCArrGGACGAAG~~GAA~AAGCC~CACAGGGCAT~GGAAGAG~G~TTTGG~~G~GAAAA~CCAGCCCA~TGGATGCA 
KAAYLPEKGKPLDEALKKALTGHLEEVVLALLKTPAQLDA 

370 380 390 400 410 420 430 440 450 460 470 480 
GATGAACTCCGCGClGCCATGAAGGGACTTGGAA~GATGAAGATA~~GATTGAAATTTTG~ATCAAGAAAGAACAGAGAAATCAAAGAGATTAATAGA~ffATAGAGAT~A~G 
DELRAAUKGLGTDEDTLIEILVSRKNREIKEINRVYRDEL 

AZ68 A269 
490 500 510 520 530 , 540 550 560 570 580 I 

AAAAGAGATTTGGCCAAAGACATCACCTCAGACACGTcTGGm ~~.&CITTCGCTCGCTAAGGGTGACCGATGTGAAGATcTCAGTGTGAAfJGATGACTTG 
6OQ 

GCTGX 
KRDLAKDITSDTSGDFPKALLSLAKGDRCEDLSVNDDLAD 

610 620 630 640 650 660 670 680 690 700 710 720 
~AGATGCCAGGGCCTTATATGAAGCCGGAGAAAGGAGAAAGGGGA~AGAT~GAATGTGTT~AT~A~~ATC~GACGA~~~GAAG~ATTC~~AT~T~G~AGA~~TTCAGAAATA~ 
SDARALYEAGERRKGTDVNVFITILTTRSYSHLRRVFQKY 

730 740 750 760 770 780 790 800 810 820 830 840 
ACCAAG~ACAGTCAGCATGACATGAACAAAGCTCTGGAC~GGAG~GAAAG~GACATTGAAAA~GC~CACAGCCATC~GAAAT~GCCACAAGCACAC~G~TT~TTG~GAG 
TKYS~H.DMNKALDLELKGDIENCLTA I VKCATSTPAFFAE 

CNBr7. 
850 860 870 880 890 900 910 920 930 940 950 960 

AAGCTTCATCTGGCCATGAAGGGTGCTGGAACTCCTCATAAGGCG~CATCAGGATTATG~~CTCG~~GAAATCGACATGAACGATATCAAA~GTACTATCAGAAGAT~ATGGC 
KLHLAMKGAGTRHKALIRIUVSRSEIDMND~KVYY~K~ Y G 

-.-I. DiBrl5 _.__ _ _._.__ 
970 980 990 1000 1010 1020 1030 1040 

ATCTCTCTTTGCCAAGCCATCCTGGATGAAACCAAGGGAGATTATGAAAAAATCCTG~TG~~TT~GGAGGGCA~AAACATTC~TGGAG~~CAA~A~~TAC~GAAGA~ 
ISLCQAlLDETKGDYEKlLVALCGGQ* 

AAAAAAAGTTAAAAAAAAAA 

Fig.3. Nucleotide sequence of the p33 cDNA and the deduced amino acid sequence of guinea pig ~33. The open reading frame is 
translocated to amino acids. Nucleotides are numbered in the 5 ‘- to 3 ‘-direction. The poly(A) additional signal is double-underlined. 
Amino acid sequences determined by direct peptide sequencing as described in [2] are underlined (T13, CNBr2, CNBr4, CNBrl5). Two 

boxes surround the primer extension probe site (A268, A269). 
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GUINEA PIG 
HUMAN 
RAT 

GUINEA PIG 
HUMAN 
RAT 

120 140 160 180 
GUINEA PIG PAQ~DADELRAAM KGLGTDEDTLJEILOSB ~JI~EINRVYIUBELKRDLAKDITSDT~ CIIF[~IQALLSLAK CDRCEMSVNIODL 
HUMAN PAQFDADELRAAY KGLCTDEDTLIEJL&R ~@EI~INRVYREELKRDLAKDITSDTS CDFRNALLSLAK CDI@mNOJDL 
RAT PAQFDADELRAAM KGLCTDEDTLIEIL~R I@IREIflRVYREELKRDLAKDITSDTS CDFRNALlOLAK GDRCEWsVN~L 

200 220 240 
GUINEA PIG ADSDARALYEAGE RRKCTDVNVFUIILTTR SflHLRRVFQKYTKYSQ~~N&~D;ELK &XLTAIVK CATST 
HUMAN ADSDARALYEAGE RRKCTDVNVFNTILTTR SYP@RRVFQKYTKYSDHDklNKUJ,DJJELK GDJEKCLTAIVK CATSO 
RAT ADODARALYEACE RRKGTDVNVFNTILTTR SYPHLRWFQOY13KYSQ~HN~ALDjELK GDJEKCLT1IVK CATST 

- - 

280 300 320 340 
GUINEA PIG PAFFAEKLHIRAY KGAGTRHKALIRIYVSR SEJDWNDJKV~QKMYCISLCQAJLDETK CDYEKJLVALCG a 
HUMAN PdFFAEKLH’ Y KCOCTRHKALJRIHVSR SEIDYNDJKOFYQKYYGISLCQAILDETK CDYEKJLVALCC CN 
RAT PAFFAEKL P M KGAGTRH~JRJYVSR SEJDWN~JKVFYQKMCI~LCQAJLDETK GDYEKILVALCC CN 

I 1 I I 

Fig.4. Sequence alignments for guinea pig ~33, rat lipocortin 1, and human lipocortin 1. Amino acid residues of the proteins which 
are not identical among those of three proteins, are shaded. Boxed regions correpond to the two consensus sequences of guinea pig 
~33, human lipocortin 1 [6] and rat lipocortin 1 [12]. The (--) box indicates the PLAz inhibitory site. GUINEA PIG, guinea pig 

~33; HUMAN, human lipocortin 1; RAT, rat lipocortin 1. 

(fig.3: T13, residues 7; CNBrlS, residues ll), 
assuming that the partially purified p33 may be a 
mixture of a few closely related polypeptides. 

3.3. Amino acid sequence of the protein ant its 
characteristics 

The complete primary structure of the protein is 
quite similar to those of lipocortin 1 from human 
U937 cell [6] and rat lung [12]: the percent 
homologies were approx. 89 and 86070, respective- 
ly. From the amino acid sequence, the molecular 
mass of p33 was calculated to be 38 541 Da, which 
is higher than the approximate value of 33 kDa 
estimated by SDS-polyacrylamide gel electro- 
phoresis. Analysis of the p33 amino acid sequence 
reveals the 4-fold repetition of a p33-amino-acid- 
long unit with a singular N-terminal extension 
(fig.4). Geisow and Walker [13] have reported that 
lipocortin consists of two domains, each contain- 
ing two of the homologous sequences. Fig.4 shows 
that the first box comprises 17-residue consensus 
sequences and the second, 12-residue consensus se- 

quences . This structure is characteristic of 
members of the recently discovered family of 
Ca’+-dependent phospholipid-binding proteins 
termed annexins [ 131. I’@ele et al. [14] have 
reported recently that synthetic oligopeptides cor- 
responding to a region of high amino acid sequence 
similarity between uteroglobin and lipocortin 1 
have potent PLA2 inhibitory activity in vitro and 
striking anti-inflammatory effects in vivo. Like 
lipocortin 1, the third repetition of p33 (residues 
246-254) shows the highest similarity with those of 

246 
HDMNKALDL P33 

3gMQMKKVLDS Uteroglobin 

246B D M N K V L D L LC 1 

MQMNKVLDS LC 1 like 
synthetic peptides 

Fig.5. Amino acid sequence similarity to PLAz inhibitory 
region. ~33, guinea pig ~33; LCI, human lipocortin 1; LCI like 
synthetic peptides, synthetic oligopeptides corresponding to 

human lipocortin 1. 
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synthetic oligopeptides (figs 4,5). Since the in- 
hibitory activity of p33 is present in vitro [2], the 
region of p33 may be responsible for the inhibitory 
activity of PLAz. 

As reported in [3], p33 occurred only in neutro- 
phils and the amount of the protein is extremely 
high [ 1,3]. These facts suggest that p33 may have 
not only PLA2 inhibitory activity but also some 
other biological functions. To clarify the biological 
roles of ~33, further investigation is required. 
Therefore, we are now attempting the genomic 
DNA cloning of this protein. 
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