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Majar bagie pratein (MBP) purified from guineéa pig cosinaphils ¢licited histamine reledie from rat periloneal mast eells dt concentrations higher
thun 3 sig/ml bothein the presence anrd In the ulsence of extraccliular Cnd™. After reverse-phuse high-petfarmunce Hquid ehromuatography, it wis
revenled that MBP wis composed of twa differemt pmlelns wiity.quite similar moleeular weights and pl vitues, although the amine ucid compasi.
- liong were slightly different. The partial aming acid sequency of ane of these MBPx was determined and the primers for the pulymerm chain .
reaction (PCR) were synthesized accarding to the partial amine acid sequense. Using these primers and the cDNAS abtained from guines pig cotine.
phils, the' PCR wus carried oul in arder 10 synthesize the hybridization probe af MBP Far sercening the cDNA library. After sireening with Bx 10
clones, 1 positive clone, which encoded u full length of pre-proMBP, was obiained. According to the xequencing data of this clone, it was reveuled
that pre-proViBP wus composed of } domains; slgnal mpudc, aeidic domain and mature MBP. The predicted pl vilue of muture MBP wax 112,
thnugh that of proMBP was 74, The hnmology in the amine acfd sequence between guinen pig proM BP und human proMBP was 49.4%, while
sumcn pig m.\turc MBP was mere homolegeus (Slim to human mature MBP.

,‘ Guineu pig eosinophil: M:uor basie p".\(em. cDWA tloning: Mist <ell; Histaming release

1. I‘NTR‘ODUCT!ON , rclcasing their own chemical mediators., Barker et al,

It is well known that eosinophils accumulate at the
-sites’ of allergic inflammations and that proinflam.
matory proteins such as cosinophil peroxidase, major
basic protein (MBP), eosinophil cationic protein (ECP)
‘and ecosinophil-derived neurotoxin are released from
the activated eosinophils [1,2]. Among such proteins, it
has been suggested that MBP plays some important

roles in the allergic reactions and inflammations, since.

MBP is capable of releasing histamine from mast cells
and damaging the epithelial cells of bronchial tubes

[3,4]. Since the activated mast cells release the
eosinophil-activating factors, such as leukotriene B,

platelet activating factor, ECF-A tetrapeptides and

. histamine [5-7], it was assumed that in allergic reac-

_tions mast cells and eosinophils activate each other by
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Abbreviations: MBP, major basic protein; ECP, eosinophil cationic
proteln; SDS-PAGE, sodium dodecyl sulfate-polyaerylamide gel elec.
lrophorems. 1IEF, isoelectric focusing; HPLC, high-performance li-
quid _hromatography. TFA, trifluorcacetic acld; PCR, polymerase
chain reacnon

The nuclmnde se¢qusnee data reported in this paper will appear in the

- DDBJ, EMBL and GenBank Nugcleotide Sequence Databases under
the accession number D90251 :
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reported the cDNA sequences of human MBP and ECP

obtained from HL-60 cells [8,9]. However, the se-
quence of the MBP derived from experimental animals
is not known. Since the guinea pig is one of the most
widely used experimental animals in the study of
allergic reaction and asthma, it may be of use to deter-

mine the cDNA sequence of MBP derived from guinea

pig eosinophils. In the present study, MBP and a cDNA
library werc obtained from guinea pig eosinophils and
the ¢DNA sequence of puinea plg MBP was deter-
mlned

- 2. MATERIALS AND METHIODS ‘

2.1, Purification of suineu pig eosinophil MBP.

Male Hartley guinea pigs (300-350 g) were intraperitoneally in.
jected onee a week with | mgsanimal of polymyxin B (Slgma)and 1
mgsanimal of ascaris suum extract, Six weeks later, the guinea pigs
were anesthetized with ether and the peritoneal exudated cells were
collected by perfusing 50 m] of physiological buffered solution fin
mM; NaCl 154, KCt 2.7, CaCl; 0.9, HEPES §; pH 7.4: PBS). The
cosinophlls were purified by means of Percoll density gradient cen-
trifugation to mare than 95% purity. The mean vield was about 2 x
10" eosinophils/animal. The eosinophils were disrupted in a soluticn
consisting of 0,25 M sucrose, $ mM HEPES (pH 7.4) and 1 mg/ml of
heparin.and the granules were collected by centrifugation at. 10000 »
g for 10.min at 4°C. Tlie eosinophil granules were dissolved with 0.1
N HCl and this solution was applied to a Sephadex G-50 columi end

- eluted by a buffer containing 150 mM NagCl and 20 mM agetic

acld-sodium acerate buffer (pH 4.3) [10]. SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and i{soelectric focusing (IEF) were car-
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tieed out by mcant of Phast anviem {Plarmavin, MRF Practions were
<olleied and Murther purlfication was earried oul by means of reverves
phaye HPLC (Waters. In Brigf, 250 ) of &BP fracrion disolved In
0. 1% trifluoreaceilv aeld (TFAY was Injected ot o Vdac C-4 cal-
- wmn (&8 mm Ld, % 150 mml and eluted a1 a eanstant rate ef |
mi¢min, The clutien Buffer camisied of solvent A {0 1% TFA)Y and
solvent B (CHACNAC 1% TEA = 913, The colvmn was eluted with
a Hinear gradient from salvent A 1o 18% selvent B For the finsd 3 min,

Subsequently, 1he ealumn was elured with a linear gradient from X%y

‘o $0%y of salvent B, o

- L3 Hbtamine releaxe from rer peritanest mast eetly ‘
Rau peritoacal mast cells were harvesizd from the abdaminal eavity
of male Wistar rata and purificd By mesns of Pereall density gradiont
" eentrifugatlon. The cells were suspended In PBS both in the prevenee
und in the abrence of Ca'*, and preincubated &t 377C for 3 min.
Thereafier, MBP wax added (o the medium and ineubaied Tar 10 min
at 37'C. The histamine released in the supernatant and the residual
histamine In the cell pellet were derermined separately by o fNuore-
metrie assay {31). ‘ ‘

2.3, Deermination of aming avid cumpaetition und partiol sequeence

Protein samples were hydrolyzed In 4 M merhane sulfonic agld con-

-tuining 0.2% X.(2-aminacthyl) indole ar 130°C for 4 I\ Hydrolyzates
‘were nnalyzed on an’ amino acid analyzer (Hitachi) using o-phthal.
aldehyde sx a coloving reagent. Edman degradations of MBP and its
fragments abtained from digesiun with tySylendopeptidase were enr-

ried out using & gas phase sequencer (Applied Blosysiems, Forster Ci-

ty). Phenyithiohydantoin derivatives of amino acids from each svele
were analyzed by_rcverse phase HPLC. E

-4, Consiruciion of cDNA library af guinea pig eosinophils

- Purified guinea pig cosinophils were disrupted in & M guanidines
thiocyanate sotution conmaining 5 mM sodium cirate, 0.1 M g-
mercaptoethanol and 0.5% sodium sarkosyl (pH 7.0), The lysata was
Tayered on ceslum trifluoroacetic acld solution comaining 0.1 M
EDTA (pH 7.0, ¢ = 1.51) and centrifuged at 85000 x g far 24 h at
23°C, Thetotal RNA of guinea pig eosinophils at the bottom of the
centrifugation tube was collecied and poly(A}*RNA was selected us-
ing oligo:dT latex beads (Oligo-Latex. Takara). The Agtl0 eDNA
YHorary was constructed by means of cDNA synihesis system {Amer-
sham) and ¢cDNA cloning system-Age10 (Amersham) using 1 ug of po-
Iy(A)*RNA, and subsequently, more than 10* independent clones
were obtajned. - o :

2.5. Polyinerase chain reaction (PCR) and synthesis of screening
probes C ‘

.. PCR primers were synthesized according to the partial amino avid

sequence of MBP by means of an automated oligonuclectide syn-
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Fig. 1. Histamine release from rat peritoneal mast cells induced by
guinea pig MBP in the presence and in the absence of extracellular
Ca*, (@) in the presence of Ca2* (6.9 mM); (O) In the absence of
Ca®* (supplemented with 0.1 mM of EGTA).
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* thevizer tAPPIled Biosystenyd). and’ PC:R was careled aut uimg the

primers and <DNAS of gulnea piy eosinoplils 1o abrain a seredning

- probe for MRBP using CQuncAmp DNA amplifieation reagert kit

{Perkin-Elmeér-Cetus) amd ONA Thermal Cweler (Perkin-Elmer:
Ceus). The PCR was run for 30 eveley of denavuragon (94°C, 30 )
annealing {45°C, 30 4) and extonxion (724C, 3O 05 the extension
perlod was prelonged by 4 5 in eaeh suveessive cyele. The amplified
Y:bp fragment was ligaed inta plasmid pUCTIR, Therealter, twa
typed of sereening probes were symbestaed, Te obialn a first sereening
prabe af the ¢DNA library, the 92-bp fragment was abeled by PCR
wiing 10mM (a-"PHICTF Insicad of 200 MM dCTP in the ampilficu-
Han reaclion misture, in this reaeton, the 9%-bp fragment inseried
pUCHIR was uxed as a femplaie and Takara M3 primers were
smplayed; M13 primer Md HQTTTTCECAUTCACGAC) and M3

- primer RV J(CAGGAAACAGETATGAC) The 92:bp lragment in:

setied inlo ihe plasmid pUCL IR was also indiolabeled with. [P
4CTP by means of multipriner DNA ebeling system (Amersham) to

-obtain the seeond sereening prabe. The reaction mixiures wers passedd

through o NICK calump (‘Phu'rmncin) to sepainte the amplified DNA
from unin¢orperated [+ 'PJICTH. _ :

3.8, Serecaing of cDNA lbrary amd determinution of the tDNA
Wquence . : ) . '

The ¢DNA library was screened with the "*P-abeled 92.bp frag-
ment according 1o the melhod developed by Benton and Davis 12}
The hybridization solulion was 6 % SSC (1 x §5C w 0,15 M sodium
chleride, 0.013 M sodium eitrate), 0.2% polyvinylpyrrotidone, 0,2%
Ficoll, 0.2% bavine serum’ albumin, 0.1% SDS and 100 ng/ml
dennturated salmon sperm DMNA. Firstly, the filiess were hybridized
with PCR-amplified labeled probe avernight at 65°C, nad the filters |
were washed in 2 % SSCand 0.1% SDS a1 60°C. After being slightly

- ir-dried, the filters were exposed 1o Kodak NARS film overnight nt

=70*C. A positive clone was obtalned from the library, and the

“DNA inserL of about | kbp was subeloned inte pUCTIR in order 10
determine. the sequence by dideaxy chain termination method of

Sanger et al, [13]. ‘ _ :
3. RESULTS AND DISCUSSION

After Sephadex G-50 column chromatography, the
eluted MBP exhibited a single band on SDS-PAGE with |

~ Table !

Amino acid composition of two fractions of guinea pig major basic
: protein ’ :

Amino acid _Amino acid composition (%)

: GMBP1 GMEP2
Aspartic : . 1.2 8.7
Threonine ‘ 5.19 ' <312
Serine ‘ 6.54 10,15
Glutamic ‘ 10.30 . 9.92
Glycine: 15.41 ' 14.61
Alanine : . . B.4B 6,80
Valine o ‘ 8.21 " 7.21
Methionineg ‘ 0.72 0.48
Isoleucine ‘ - 2.09 1.55

. Leucine 4,88 ‘ N |
-Tytosine ‘ o 4,10 N5
Phenylalarnine .30 4.24
Lysine o 2.88 4,30
Histidine 3,20 5.26
Arginine ‘ 14.45 11.26
Proline* ‘ ¢ o
Cystgine* .0 D
Tryptophan* .0 -0

*Proline, Cysteine and Tryptophan were not dstermined in the pres-
. ent method. ' :
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a molegular weight of about 11000, When [EF was enr-
ried out, MBP migrated to the cathode, suggesting tha

the pl value of MBP was higher than 10, As indiented :

in Fig. I, MBP potently released histamine from rat
peritancal mast cells both in the presence and in the
absence of extracellular Ca®*

. FERS LETTERS

at concentrations higher

than 3 xg/mi, These results drein good agreément with:

- those reported previously [3.10].
When the MBP was applied o reverse- phase HPLC

Fébnmry 1991

meleo.ulﬂr weights and pl values of these two proteins

_are quite similar and both are effective in releasing

histamine from rat periconcal mast cells (data not

shown)., When the amino acid compositions af these -

proteins were determined, it became apparent that these
two praicing are highly basic and that the similarity in
amino acid composition is high, but these two proteins
are appatently different as indicated in Table [, This
result clearly indicates that MBP is composed of two

the protein ‘exhibited two different peaks. The  Kinds of proteins. In the present study, further in-
(a) ‘ | '
C ' .30
h=MEP T-G—R-Y-L-L—V-R-S-L-Q-T-F—S-Q-A-w-F-T—C—R—R-C-Y-R-G-N-L-V-S-
GMBP1 T-R-G-Y-V-M-V=G~§-A-R-T-F=N-E-A-Q-4- -C-Q-R-C-Y-R-G-N-L-A-S-
: : ‘ primer GMBPl=1 ‘ , 60
h~-MBPF I-H-N-F-N-I-N-Y-R‘I-Q-C-S-V-S-A-L-N-Q-G-Q-V-w-I—G-G-R-I-T-G-
GMBPl  1-H-2-F-A-F-N-Y- Y-Q-V-Q-C-T-7?- A-—G-L-N-
primer GMBP1- 2 '

‘ 90
h-MBP §=-0= R-C-R-R-F-Q-W-V-D-G-S-R-W-N-F-A-Y-W-A-A-H-Q-P-W—S-R-G-G-
o 117
h=-MBP H~- C-V-A-L-C-T-R-G-G—Y-W-R-R-A-H-C-L-R-R-L-P-F-I-C-S-Y
(b) | |

PCR primer GMBP1-1 (S‘-primer)
13 - 19
protein PheAsnGluAlaGlnTrpVal
mRNA 5' UUUAAUGAAGCUCAAUDUGGGUU 3
R C ¢ - G R ¢ ‘ c
: A ‘ A
| G G
probe 5' TTTAATGAAGCTCAATGGGT 3' complexity 64
c C G C G ‘ '
A‘ i
. G "
EFCR ptrimer GMBP1-2 (3'-primer)
_ 37 ‘ ‘ ‘ 43
- protein AsnTyrélnValéGlnCysThr
MRNA 5' AAUUAUCAAGUUCAAUGUACTU?2
' c c G C G C c
. A ‘ A
probe 3 TTAATAGTTCAAGTTACRATG®G 5 complexity 128
_ G i) L G c G ‘ ‘
. T
C

an 2. Partial amino acld sequence of GMBP1 and nucleohde sgquence of the syntheSIzed PCR primers. (2) Partial amino nmd sequence of
GMBPL in comparison with human MBP [81; (b) Nucleotide sequence of the synthesized PCR priimers in the underhned position in Fig. 2a
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vcsnaanon was carned oul using fraction No 47

(guinea pig MBP-1; GMBPI).

The partinl amino acid sequence cf GMBP! {8 ine
- diented in Fig. 2a compared with that of human MBP.
According 10 this partial sequence, PCR primers in the
" underlined positions were synthesized as indicated in
Fig. 2b. Using these primers and ¢DNAs obtained from

_guinea pig cosinophils, PCR was carried out in orderto
-amplify the partial sequence of cCONA of MBP. After
 PCR, the length of amplified DNA was 92 bp, which

FE BE LETTLRS

‘ Fehruaty |99|

correspand; to the Iennlh estimmed from the amina
acid length shown in Fig: 2. The amplificd DNA, which
corresponds (o the amine acid sequence determined in

'Fig. 2a, was used lor thescreening of a cDNA library of

guinca pig cosinophils. After plaque hybridization, a
positive clone was obtained from & x 10 independent
cloncs The determined sequence of ¢cDNA is indicated
in Fig. 3. Comparing the amino acid sequence with -
human MBP (8] and that obtained from GMBPI pro-
tein, it became apparent thet this cDNA corresponds o

-74

-14
46

106

166

226

286

346

406

466
526

586

646

706
766

GAGGACCCAACGACCTGCATGGGGGCCTTTAGTRCTCACTOTCCTTGETGCAGCTGECTC

TGGACARGGTCGAGATGAAACTCLCTGCTCCTCCTGGCTCTCCTTCTGGGCGCGGTGTCCA -

M K L L' L L L A L L L GAV S T
CCCGGCATCTCMGGTGGACACGTCCI\GCTTGCAGAGCCTGCGGGGAGAGGAGAGCTTGG
R HL'KVDTZSSS L QS8 L R G EE S L A
Q D GETAE G A T REWBATAGATLMEP

CACTGC.CTGAGGAGGAGGAGATGGAAGGAGCCTCTGGMGTGMGATGACCCTGA.AGAGG
L PEEEZEMEGAZSGSETDTDTPTETE.E

AGGAGGAGGAGGEGGAGGMGTGGRGTTCAGCTCAGAGCTGG&TGTGAG_CCCCGAGGATA
EEEEETEVEFSSETULTDUWVZSE8 P ETDI

TCCAGTGTCCTAAGGARGAGGACACAGTARAAT TCTTCAGCAGACCTGGATACAAALCCE

QcP KEEDTVEKTFTFSRPGYKTR

GT GGTTATGTTATGGTGGGGTCTGCCAGGACATTTAATGEAGCTCAGTGGGTGTGCCAGA

6 Y VMYV GS ARTTFNEA AQUWVCQR

GATGCTACAGGGGCAACCTTGCATCCATCCACAGTTTTGCCTTTAATTACCAAGTCCAGT
CYRGNTLASTIHSTFATFNYOQVQC

GCACTTCCGCTGEACTCAATGTGGCCCAGGTCTGGAT TGGAGGCCARCTCAGGGGCAAGS
'T S A G LNV AQVWIGGQLRGEKSG

GTCGCTGCHGACGCTTTGTTTGGGTGGACAGAACCGTATGGAATTTTGCGTATTGGGCAC ‘
R CRRFVWVDRTVWNFAYVWAR

* GTGGGCAGCCCTGOGGAGETCTCARCGIGGCAGATGCGTGACCCTGTGTGCCCGAGEAG

G'QPWGGRQRGRCVT'D'CPLRGG

GTCACTGGCGCCGATCTCACTGTGGCAAGAGACGCCCCTTTGTCTGCACCTACTGAGTGT
HWRRSHCGKRRPFVCTY*

ACATTGAGGCCTGGAGCTCCTCTCTGCTGCCCCACCCCTGCCTGCACCCCTCCCTGCCAC

ACCCTCCCTCCACTGCCCTACA.ATRAAATCGCTTTCCTGAAGTGAAAAAAAAWMAAA '

16

36
.CCCAGGATGGGGAGACTGCAGMGGGGCCACMGGGAGGCLACTGCAGGGGCACTGATGC B |
56

76

96

116
136

156

176

196
216

233

Fig. 3. Nucleotide sequence of GMBP1 cDNA. Nucleotides - 74-825 arid amino acid 1-233 are numbered on the teft and right of the figure,
respectively, ‘An arrow-incicates the putative signal peptide cleavage site. An asterisk indicates the first amino acid in eosinophil granule MBP,
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gﬁlnea pig: 1
, : “‘**t whkkhh kAR LE]
human; MBP: I

guinea pig: 61
‘ ' : R R AR W
human MBP: 56"

guinea pig: 121'
- PR Rk &
human MBP: 112"

‘guinea pig: 181°
‘ - k AWA
human MBP: 172"
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NKLLLLLAL LLGAVS‘I RHLKVDTSSLQS LRGEESLAQDGBTAEGATREATAGALMP LPEE
T AR
MKLPLLLALLFGAVSALHL‘!SETSTFETPLGM(TLPEDEETPEQEMEBTPCREL-----E.

* e R ] k.| L

EEMEGASGSEDPPEEEEEEEEEVEFSSELDVSPEDIQCPKEEDTVKFFSRPGYKTRGW‘M

R AkARR A k. kK

EEEEWGSGSE- DASRKDG.RVES i SVFDMVD- ~~KNLTC PEEEDTVKVVGI PGCQTCRYLL

VGSARTFNEAQWVCQRCYRGN LASIHSFAFNYOVQCTSRGLWAQVWI GGQLRGKGRCRR
hORRRERRR WA ® kA A *e

VRSLQTFSQAWFTCRRCYRGNLVSIHNFNINYRIQCSVSALNQGQVWIGGR ITGSGRCRR ‘

Il " RARNA

FVWVDRTVWNFAYWARGQPWGGRORGRCVTLCARGGHWRRSHCGKRREFVCTY
Ahkkdhhw bR ] ]

FQWVDGSRWNFAYWARHQPW~- - SRGGICVALCTRGGYWRRAHC LRRLPFICSY

ROk ke ddkew ok kR & Www Ak

" Fig. 4, Commrisou of the amino asid scquences of pre-proMBPR in guinea piy (GMBP1Y and human (8], Tdentical residues nre indicnie by an
. asterisk. Caps have been inlruducd 10 i¢hieve m'utimum nrqucmc homology.

the Full length of the mRNA of MBP, It is indicatcd
‘that this cDNA encoded pre-proMBP may be comiposed
of a signal peptide, an acidic domain and mature MBP,
as in the case of human MBP (8], Although the domain
of mature MBP is highly basic (calculated pl value is
11.7), pre-proMBP and proMBP are slightly acidic pro-

teins (calculated pl valuss are 5.4 and 5.3, respectively)

due to the existence of the acidic domain of prcMBP
The calculated pl of the acidic domain was 3.8, As in
the case of human MBP [8], it was suggested that MBP
may be firstly synthesized as pre-proMBP in the cell
from its mRNA and converted to MBP via proMBP by

protease digestion, Since it is supposed that the high
basicity of MBP may be the'reason for its cytotoxicity,
the acidic domain of proMBP may be effective in
neutralizing the basicity and cytotomcny of MBP inside
the cell. ‘

The calculated molecular weight of MBP is 13800. It

has been indicated that the molecular weight of guinea

pig MBP is 11000 as deterrhined by SDS-PAGE [10]. -

The possible reason for the difference in the molecular
weights between the calculated value and that determin-
~ ed on SDS-PAGE can be ascribed to the highly positive
charges in MBP, which may influence the migration of

SDS-bound proteins on SDS-PAGE to the pos:tlon cor-

responding to its molecular welght,

. Comparison of the amino acid sequence in human
and guinea pig MBPs is indicated in Fig. 4. The
homology in the aminoe acid sequences between human
and guinea pig pre-proMBPs was 49.4%, though that
of mature MBP was 58% . The basic region of guinea
pig MBP was quite similar to that seen in human MBP.

The amino acid sequence of the acidic domain of guinea .

~ pig proMBP bears little resemblance to that of humans,
while the acidity in both proteins was quite similar.
-1t is known that many basic polymers, such as com-
~pound 48/80, poly-L-lysine, ‘substance P and histone,
are capable of releasing histamine from isolated rat
'peritoneal mast cells both in the presence and in the
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absence of extraccllular Ca?* [14-16). In such cases, it
has been shown that Ca®* is released from the in-
tracetlular Ca store (16,17}, Sinve MBP also caused
histamine release from mast cebls both in the presence
and in the absence of extracellular Ca?*, it was suppos-
ed that both MBP and compound 48/80 share the basic
mechanism in histamiue release. 1t can be assumed that
the active portion. of MBP necessary for releasing
histamine may be the basic reg:on as in thc case of
substance P [15]..
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