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By means of reverse-phase HPLC, 2 different proteins were abtained from apparently purified pig cosinophil mujor basic protein (MBP) und these
proteins were named GMPBI and GMBP2. Tt was revealed that these 2 components of MBP have similar moleculur weights and pl values, although
the amino acid compositions were slightly different. In the previous study, weé cloned und sequenced GMPRI ¢DNA. Here we oblained another
clone by plague hybridization using a screening probe synthesized by means of polymeruse chain reuction. After sequencing, it became apparent
that this clone corresponded 1o GMBP2, Asin the case of GMBPI, the cDNA of GMBP2 encaded pre-proGMBP2 with 3 domains: sighal peptide,
acidic pro-portion, und mature GMBP2, By compuaring the sequences of GMBPI and GMBP2, it was revealed that the proteins were quite similar
to euch other. In addition, their sequences also resembled those of human MBP, especially in the basie domain of mature protein: but no such
similarity existed in the pro-portion. Although the molecular weights determined by SDS-PAGE of guinea pig und human MBPs were 11000 and
9300, respectively, the calculated molecular weights of these 3 MBPs were all 13.8 kDa: The caleulated pl values of GMBPI, GMBP2 and human
MBP were 11.7, 11.3 and 11.6, respectively. By means of Harr plot analysis, it was revealed thut the amino acid sequences, not only in signal
peptides but also in the busic domaing of mature proteins, were well conserved between guinea pig and human MBPs,

Guinea pig cosinophil; Major busic protein; cDNA cloning; Nucleotide sequence: Amine acid sequence

1. INTRODUCTION

It is generally believed that the allergic diseases
associated with eosinophilia are' those in which
immediate-type hypersensitivity reaction is predomi-
nant and that in all species the eosinophil is characteriz-
ed by the presence of large intracytoplasmic granules,
Ultrastructural studies indicate that these granules are
bounded by a double-layered membrane and contain a
rectangular crystalline-like core surrounded by a less
electron-dense matrix [1]. Although the granule con-
tains a number of biologically active agents, approx-
imately half the granule consists of the arginine-rich
major basic protein (MBP) [2]. In asthma, MBP is
deposited in and around the bronchi [2]. In relation to
this, it has been shown that MBP is not only capable of
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desquamating the bronchial epithelium [3], but also
releasing histamine from mast cells [4]. The amino acid

~and ¢cDNA sequences of human MBP obtained from

HL-60 cells were reported by Baker et al. [5,6]. In ex-
perimental animals, guinea pig MBP was purified by
Gleich et al. [7]. We have reported that guinea pig MBP
was composed of 2 different proteins, named GMBPI
and GMBP2, which are similar in molecular weights
and pl values [8]. After cDNA cloning of GMBPI, it
was - found that ¢cDNA of GMBPI1 encoded pre-
proGMBP1 with 3 domains: signal peptide, acidic do-
main, and mature GMBP1 [8]. In the present study,
¢DNA cloning of GMBP2 was carried out. Comparing
human MBP with 2 guinea pig MBPs, it was indicated
that these 3 MBPs are similar not only in physical pro-
perty but also in chemical structure.

2. MATERIALS AND METHODS

2.1, Purification of guinea pig eosinophil MBP

The procedures employed to collect the purified guinea pig MBP
are the same as those reported previously [8]. Briefly, male Hartley
guinea pigs (300-350 g) were intraperitoneally injected once a week
with 1. mg/animal of polymixin B (Sigma) anc.1 mg/animal of ascaris
suum extract. Six weeks later, the peritoneal exudated cells were col-
lected by perfusing the abdominal cavity of anesthetized animals with
50 ml of physiological buffered solution (PBS, in mM: NaCl, 154
KCl, 2.7; CaClz, 0.9; HEPES, 5 (pH 7.4)). By means of Percoll densi-
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vy gradient centrifugation, eavinephils wore purified 1o mowe than
98% purity. The cosinaphils were disvupted in o solution consinting of
0,28 Mowerose, 3mM HEPES (pH 7.4) and | mg/m] hepurin and the
gramebes were collected by eemrifugation st 47C, The granules were
disvolved with 0.1 N HCl and the solution wax applied to a Sephadex
G-50 column and ¢luted with acetate buffer (pH &3y 7). 8DS%.
polyaerylamide gel elecirapharesix (SDS-PAGE) and lsoclectric
focusing (HEF) were currled oul by means of the Phast system (Phar.
mein). MBF fractions were further purified by means of reverse
phase high performance liguid chromatography (HPLC; Warters), An
MBP fraction dlwselved in 0.1% wifluoroacetic acid (TFA) wai in-
jeeted oo w Vydue Cod column and eluted with a solution consisting
afsolvent A €0 1% TFA) and solvent B (CHHYCONAG 1 % TFA  9:1) [H).

1.2, Derermination of amine acid composition and partial sequence

Edman degradations of MBP and itz frapgments obiained from
digestion with lysyl-endopepridase were carrled our using 4 gay phase
sequencer (Applied Blosystems Ine., Forster City). Phenyhhiohydan-
toin derivatives of amino acids from euch eyele were analyzed by
reverse phase HPLC,

2.3, Construction of ¢DNA library of guinea pig eosinophily

As reported previously, purified guinea pig easinophils were
disrupted and the lysate layered onto a cesium trifluaroacetic acid
solution. This was centrifuged nt 85 000 % g for 25 i (§]. The ot
RNA. was collected and poly(A)” RNA was selected using Oligotex-
130 (Takara), Tive Mgt10 eDNA library was constructed using the
cDNA synthesis system (Amersham).and the cDNA eloning systemi=
Agt1O (Amersham) from | ug poly(A)” RNA, and more than 3% 10
independent clones were abtained.

2.4, Polymerase chain reaction (PCR) and synthesis of screening
probes

After the method previously deseribed {8}, PCR primers were syn-
thesized, taking the parial amino acid sequence of GMBP2 as a
model, PCR was performed wsing the primers and ¢cDNA of guinea
pig cosinophils to obtain a screening probe for GMBP2 using a Gene
Amp DNA Reagent Kit (Perkin Elmer Cetus) and a DNA Thermal
Cycler (Perkin Elmer Cetus), The PCR was run for 30 ¢ycles of
denaturation (94°C, 30 s), anncaling (55°C, 30 s) and extension
(72°C, 305). The amplified 185 bp fragment was ligated into plasmid
pUCILI8. The 185 bp fragment was labeled by PCR using 10 mM
{a-"P]dCTP in the reaction mixture, In this process, the 185 bp
fragment-inscrted pUCI 18 was used as a template and. Takara M13
primers were employed (M13 primer M4: d(GTTTTCCCAGTCA-
CGAC), and MI13 primer RV: J(CAGGAAACAGCTATGAQ)).
After PCR, the reaction mixture was passed through a. NICK column
(Pharmacia) to separate the amplified  DNA from unincorporated
[«-**P]dCTP.

2.5, Screening of the cDNA library and determination of the cDNA
sequence

The ¢DNA library was screened with the **P-labeled 185 bp frag-
ment, following the method of Benton and Davis [9]. The hybridiza-
tion solution was 6 x SSC (1 xSSC = 0.15 M sodium chloride, 0.015
M citrate), 0.2% polyvinylpyrrolidone,. 0.2% Ficoll, 0.2% bovine
serum albumin, 0.1% SDS and 100 pg/ml denaturated salimon sperm
DNA, The filters were hybridized with a PCR-amplified labeled pro-
be owernight at 65°C, and were washed in 2x 8SC and 0.1% SDS at
60°C. Subsequently, the filters were exposed to Kodak XARS film. A
positive clone was selected from the library and, following the method
of Sanger et al. [10], a cDNA insert of about 1 kbp was subcloned into
pUCI18 in-order to determine the sequence.

2.6. Data analysis for the amino acid and nucleotide sequences
Based on the obtained ¢cDNA sequence and corresponding amino
acid sequence, calculation of homologies between the MBPs and Harr
plot analyses were carried out by means of a personal computer
(NEC, PC-9801RAS) with GENETYX software (Software develop-
ment Co. Ltd.) at Okayama University Gene Research Center.
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3., RESULTS

The partial amino acid sequence of mature GMBP2
compared with that of human mature BMP is indicated
in Fig. Ia. According to this partial sequence, PCR
primers, which correspond to the underlined portion of
GMBP2 in Fig. Ia, were synthesized as indicated in Fig.
1b.

Using the oligonucleatide primers and ¢DNA obtain-
ed from guinea pig cosinophils, PCR was carried out to
obtain the hybridization probe for the screening of the
Agt10 ¢cDNA library, The PCR-amplified 185 bp DNA
sequence is indicated in Fig. 2. The nucleotide sequence
coincided well with that determined from the amino
acid sequence, and this oligonucleotide was used for the
screening of the cDNA library of eosinophils. After pla-
que hybridization using a *?P-labeled probe, a positive
clone was obtained from 2.8 x 10°* clones. ‘

Fig. 3 indicates the determined sequence of the ¢cDNA
of GMBP2. As shown in this figure, GMBP2 ¢cDNA
was 899 bp in length excluding the poly(A)™* tail flank-
ing 17 bp 3' 10 a typical poly(A)" addition sequence
(AATAA). On the basis of the ¢cDNA sequences seenin
those of human MBP and GMBPI, it was revealed that
GMBP2 ¢cDNA encoded 3 domains: 15 amino acids of

ta}
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GHBP2 1-7-a-v-v-v-L-s-v-P-vg;:‘;.E;%%eig;s-v-7-0-&-1-r-n-a-n-t.-A-s-

heMBP  I«H~N-F=-H-| -N-Y-R-I-Q-C-S?V-S-A-L-N-O-S-O-V-W-I-G-G-R-!-T-g?

GMBP2 I=L=N-V-A-QuVaWaloGeG-Q~L~R-G~
. 90

e3P §+GoR=C=ReRaF=QeWaVrDnGrSeRaWnlnFrA=Y-WeA=Acl{+QoP=H-5=RG~G=

aBP2. K [{2FzHeWoV=DxGaToLimti~NoF=7-Yobl=A-AsGeQnP-

primer GMBP2~2 17
n=HBP  U-CoV-Arl=CToReG-GnYuWaR-ReA=ll=C-LeReRLwPrFrICnB8nY
(b)

PCR primer GNBP2-1 (§'~primer) ’

11 1
protein LysThrPlhelLysGlnAlaGln
mRNA © 5 AANAACUUVUUUAAARCAAGCUCAA 3

G [« G G

c ¢
A A
6 G
probe 5'° AAAACTTTTAAACAAGCTC A 3 complesity 256
G ¢ c G G ¢
A A
G G
PCR primer GMDP2-2 (3'-primer)
66 72

protein HigsPheHisTrpValAspGly
mRNA  5' CAUVUUCAUUGGGUUGAUGGU
¢ c [¢ c G c

A A
G €]

probe 3" GTAAMRAGTAACCCAACTACC 5'  complexity 64
G G G G c

T
c :
Fig. 1. Partial aminc acid sequence of GMBP2 and nucleotide se-
quence of the synthesized PCR primers. (a) Partial amino acid se-
quence of GMBP2 in comparison with human MBP {4]. Nucleotide
sequences of the synthesized PCR primers in the underlined positions
in Fig. 1a.
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Fig. 2. Nuciotide sequence of PCR-amplified oligonucleotide cor-
responding 1o the partal sequence of GMBP2,

the signal peptide, 100 amino acids of the pro-portion,
and 119 amino acids of the mature GMBP2, The
calculated molecular weight of mature GMBP2 was
13.8 kDa. Mature GMBP2 contains 17 basic amino
acids and one acidic amino acid, and the calculated pl
value was 11.3, The limited pro-portion of GMBP2
contains 31 acidic amino acids and 8 basic amino acids,
and the calculated pI value was 3.8. However, the total
pl value of proGMBP2 was 5.6.

The amino acid sequence of pre-proGMBP2 is shown
in Fig. 4 in comparison with those of human pre-
proMBP and pre-pro-GMBPI, The homology in pre-
pro-protein sequences between human MBP and
GMBP2 was 48.7%, although in mature MBPs the

=88 GCCTGGGGTCTACACGGIGCTTCTGOGAGAGGACGGGGLCCTCCGTGLTCTCTGTCCTGE

-18 AGTGCAGCTGTTTCTGGACMGGTCGAGATGMACTCCTGCTCCTCCTGGCTCTCCTC?,T 1"

n GCGGGCGGTGTCCACCCGGCATCTCMCGTGGACACGTCCAGCTTGCAGAGCCTGCAGGG

G AV STR N TS 8L Q'S Q i
92 AGAGGAGAGCTTGGCCCAGGM‘GGGGAGAC‘I‘GCAGMGGGGCCACCAGGGAGGCTGCCTC
8§ L A T A E R 51

152 - AGGGGTGCTGATGCCGLTGCGTGANGAGGTGAAGGAGGAAATGGAAGGAGGCTCTGGGAG
¢ VLMPLRETEVEKETEMETGEGSGSG S n
212 TGN\GM‘GACCCCGAGGM-GAGGAGGAGGAGMGGAGATGGAGTCCAGCTCAGAGCTGGA

E K 8 § E LD 91
272 TaTGgGCgCTGAGGATGTCCAGTGTCCTMGGMGAGGALATAGTAMATTTGAG(GK}CAG m
Q H

i3 CCCTGGATGCMAA‘I‘CTGCCGATACGTTGTGCTGAGTGTCCCCMGACM‘T’]‘MACMGC
P GCKICRYVVILSV?PKTTFEKOQA 13

392 CCAGTCGGTGTGCCAGAGATGCTTCCGGGGMACCTGGCGTCCATCCACAGCTACMCAT
QS VvV CQRCTFR A S I 151

452 CAACCTCCAGGTGCAGAGAAGITCCAGGATCCTCAATGTGGCCCAGGTCTGGATTGRAGG
¥ LQVQRSSRILNVAQV HWI GG

1
512 CCAACTCAGGGGCMGGGTCACCACAAACACTTTCATTGGGTGGATGGMCCCTCTGGM
oL G K HKHF HWUVDGTL WN 191
572 TTTTTGGTACTGGGCAGCTGGGCAGCCCTCGAGAGGCMCMCAGTGGCAGATGCGTGI\C
F Y WA AGQPUWRGNN R 21l

632 CCTGTGTGCCCGAGGAGGTCACTGGCGCCCATCTCACTGTEGTGTTAGACGTGCTTTCTC
L CARGGHWRPRESEHCGVRRATFS 231

692 CTGTTCCTACTGAGAGCAACTTGGAGCTCCTCTTTGCTGCCCTCACTAGCAGCTGCCTCT 23
C 8 Y » 4

752" CCTCTCCTGCCTGCACTCCTCCOTCCTCTGCCCTGCAATAMAATCTCTCTCOTGGAATGA
812  ARAAAMAARAARAAAAARANAAAA

Fig. 3. Nucleotide sequence of GMBP1 cDNA.. Nucleotides — 88-835

and amino acid 1~234 are numbered on the left and right hand sides

of the figure, respectively. An arrow indicates the putative signal pep-

tide cleavage site. An asterisk’ indicates the first amino. acid in
eosinophil granule MBP,
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O RRRE RAN RANR 200 R O LN L I 1
R=MBP 171" RFQWVDGSRWNFAYWAAHQOPW - ~SRGGHCVALCTRGGYWRRAHCLRRLPFICSY

Fig. 4. Comparison of the amino acid sequences of pre-proMBP in
guinea pig (GMBP1 and GMBPR2) and human (h-MBP) [4]. (a)
GMBP! and GMBP2, (b) GMBPI1 and h-MBP, and (¢) GMBP2 and
h-MBP, ldentical residues are indicated by an asterisk, Gaps have
been introduced to achieve maximum sequence homology.

homology was 55.4%. The homologies in pre-pro-
proteins and mature proteins between GMBP! and
GMBP2 were 74.2% and 67.5%, respectively. In con-
trast, the nucleotide sequences of the coding regions of
GMBPI1 and GMBP2 were homologous by 81.1%,

Fig. 5 represents Harr plot analyses on the primary
structures, between the pre-pro-proteins of GMBPI,
GMBP2 and human MBP. As indicated in Fig. 5a,
GMBPI1 and GMBP2 were homologous in both pro-
portion and mature regions. On the other hand, when
human MBP was compared with GMBP1 and GMBP2,
the basic regions in the mature proteins were similar and
it was considered that the basic region is well conserved,
although the primary sequences in the acidic regions of
proportions were not very homologous despite their
similar pl values (Fig. 5b,c). In each case, the signal
peptides closely resembled each other.

4. DISCUSSION

It is. well known that MBP is a major constituent of
eosinophil granules, Since isolated guinea pig MBP ex-



Velume 282, number | FEBS LETTERS April 1991
(a) GMBP 1 (b) GMBP1 {c) aMmerz
R S8 308 | awk  mew 1 AOE  sue . jed 5o 186 - a¥ __Fe8
N‘r “u : ‘: g K L ] S
AN toe ‘ v
i ' :\ v ! 4867 R o ey R * “R"w ¥
9 '\,\ : " \“, ' 1 ) S *
e ",: ‘ ' '.*\ (Y s ' A - "w ™ b B . & A ‘o
a0e N Y T ' A
SR NN 268" o NN saed - N
M . \‘ \‘( ‘\.\Y‘

Fig. 5. Flarr plot analyses on the pri‘mary structures between GMBP1, GMBP2 and human MBP, (a) GMBP1 and GMBPZ, (b)Y GMBP1 and human
MBP, and (¢) GMBP2 and human MBP. Harr plot was carried out by GENETYX soltware witha personal computer. The program was conditions
od ax follows: minimum lergth = § and matching = 378 or more. Each dot represenis a commoan amino acld residue between indicated proteins.

hibits a single band on SDS-PAGE and [EF (migrated
to the cathode position) [7], it had been thought that
guinea pig MBP was a single protein. However, when
guinea pig MBP was applied to reverse phase HPLC, 2
peaks were recognized [8]. These two proteins exhibited
almost identical molecular weights and pl values on
SDS-PAGE and IEF (migrated to cathode position),
respectively. Therefore, it is indicated that guinea pig
MBP consists . of 2 components, namely GMBP1 and
GMBP2 [8]. Even in ¢DNA sequences determined in
previous [8] and present “studies, the - calculated
molecular weights of GMBP1 and GMPB2 were almost
identical (13.8 kDa). This value is exactly the same as
that of human MBP [$]. The calculated pl values of
GMBPI and GMBP2 were also quite similar (11.6 and
11.3, respectively). Since the pH range of the IEF is
usually 10 at the highest, it was supposed that boih pro-
teins migrated to the cathode position. The molecular
weights of guinea pig MBP and human MBP determin-
ed on SDS-PAGE were 11 kDa and 9.3 kDa'{11}. The
difference in the molecular weights between the
calculated values and those determined by SDS-PAGE
may be ascribed to the strong basicity of MBPs, which
may hinder the migration of proteins to the position
corresponding to the molecular weights. The similarity
in pl values and molecular weights may well be the
reason for the difficulty in separating these 2 proteins
by SDS-PAGE or IEF.

It has been supposed that the cytotoxic activity of
MBP may be due to its highly basic charge [3,7].
Therefore, the acidic domain of pro-protein may be of
use to neutralize the basicity of mature GMBP2, as in
the cases of human MBP and GMBP1 [5,8]. It was
assumed that GMBP2 would be firstly translated as a
pre-pro-protein, which = would be converted to
proGMBP2 and mature GMBP2 in order as in the case
of GMBP1 [8].

The amino acid sequence near the cleavage site bet-
ween pro-portions and mature GMBP2 was slightly dif-
ferent from that seen in GMBP1 (G-8-P-G-C-K*I-C-R-
Y-V-V. and 8-R-P-G-Y-K«T-R-G-Y-V-M, respectively).

The common amino acid sequence between these sites is
X-X-P-QG-x-Kw-x-x-x-¥-V-x..In the case of human MBP,
the cleavage site processing from proMBP to mature
MBP is G-I-P-G-C-Q»T-C-R-Y-L-L [5]. This sequence
more closely resembles the sequence in GMBP2 than
that seeriin GMBP1. The common amino acid sequence
at this cleavage site between human MBP and GMBP2
is G-x-P-G-C-x#x-C-R-Y-x-x. Although it is not known:
what kind of enzyme(s) participates in the processing of
proMBP to mature MBP, the above sequence may bea
plausible candidate for the recognition site of the en-
doprotease, In contrast, the amino acid sequences of
putative signal peptides and the cleavage sites of these 3
proteins are quite similar to each other (GMBP1: M-K-
L-L-L-L-L-A-L-L-L-G-A-V-S*T-R-H-L, GMBP2: M-
K-L-L-L-L-L-A-L-L-V-G-A-V-S»T-R-H-L,  and hu-
man MBP: M-K-L-P-L-L-L-A-L-L-F-G-A-V-8SvA-~-
L-H-L {5,12]). The lengths of signal peptides of these 3
proteins are all 15 amino acids. The common sequence
in these 3 proteins is M-K-L-x-L-L-L-A-L.-L-x-G-A-V-
S«x-x-H-L. It was assumed that a quite: similar
mechanism would participate in the cleavage process in
these proteins. As indicated in the Harr plot analysis,
the signal peptides of these 3 peptides closely resembled
each other. Homologous sequences were observed in
the basic region of mature MBPs, Although the pl
values of the pro-portions of 3 MBPs are all 3.8, the
homology was rather low between human MBP and
guinea pig MBPs. ‘

From the present study, it was indicated that GMBP1
and GMBP2 may be 2 subclasses of guinea pig MBP,
Although only one MBP ‘is reported in. human
eosinophils, it is possible to assume that there exists a
subclass of MBP in other species, inciuding humans:
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