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ABSTRACT Surfactant protein B (SP-B), a highly hydrophobic surfactant-associated protein,
was isolated from lipid extract of bronchoalveolar lavage fluids of patients with alveolar proteinosis.
The structure and size of the human SP-B were analyzed, and the localization and metabolism of the
SP-B in human lung tissues were also examined using human SP-B antisera. The results obtained
are summarized as follows:

1. The amino acid sequences of peptide fragments, obtained by treatments with lysylendope-
ptidase, thermolysin and CNBr of the SP-B after pyridylethylation of the Cys residues, were identi-
cal with that deduced by ¢cDNA of human SP-B (Jacobs et al. J. Biol. Chem. 262: 9808-9811, 1987).
The amino acid sequence of the C-terminal fragment isolated by CNBr cleavage was identified up to
Met-79. These findings indicate that human SP-B has at least 79-residues with 7-half Cys.

2. By western blotting with human SP-B antisera, a 8 kDa protein, i. e., SP-B, was detected in
lamellar body fraction isolated from human lung homogenate. However, 40-41 kDa and 25 kDa pro-
teins were detected in microsomes by the blotting, suggesting that the 40-41 kDa and 25 kDa proteins
are precursors of the mature form of SP-B.

3. By light microscopy using immunoperoxidase technique with human SP-B antisera and a
monoclonal antibody (PE1(0) to human SP-A, the almost identical distribution of SP-B and SP-A
was seen in the human adult lung tissue. However, in the sections of fetal lung tissues at late gesta-
tion, SP-A was localized mostly in alveolar spaces, while SP-B was localized mostly within the cells.
Thus, there was a distinctive difference in the localization of SP-A and SP-B in human fetal lungs.
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hr, 85 #/tube DE5ETEHE LT - 72,

2:2:3 EEHGFIOZITST7 1~ (HPLC)

451812 655-11 & Liquid chromatography pump,
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# 7, 0.19% o-phenylenediamine, 0.015%H,0, &
HO.IM 7 = v BREE (pH 4.6) % 100 pl FRINLE
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Laemmli?” oF 2 U CRAERZ 10%SDS,
10mM EDTA, 66% 7V tw — A BE&KY 4.1 0%
g, 90°C, 5AMMALICLDEEE L. &
TEHET TCOBRKEIOBRICIE, 2%B Ar 7t =2
/=N (B-ME) Zinztc. 15%EYV 727 IVA7 3 F,
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v FaR L7 (Fig 2, lane ) 23, EIL4LM FCikg T
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HHEBEBLR I UELEGETTLE LR FEWS,000 O
AV ¥R L (Fig. 2, laneb B X 0°d). - T,
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Fig. 1 Separation of hydrophobic surfactant-as-

Fig. 2

sociated proteins from lipid extract of bron-
choalveolar lavage fiuid from patients with
alveolar proteinosis.

The lipid extract was fractionated by Se-
phadex LH-20 gel chromatography(A) foll-
owed by Sephadex LH-60 gel chromatogra-
phy(B). P-1(fraction 28 to 32) and P-2(frac-
tion 53 to 56) were collected to analyse by
SDS-polyacrylamide gel electrophoresis
(SDS- PAGE).
®: protein
O: phospholipid

std a b c¢c d
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e T S—
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Electrophoretic analysis of the fractions
obtained by Sephadex LH-60 gel chromato-
graphy.

Samples of P-1(fraction 28 to 32), P-2
(fraction 53 to 56) were analysed by 8 M urea
SDS-PAGE under either non-reducing (lane a
and b) or reducing (lane c and d) condition,
and stained with silver.

Lane a and c: P-1
Lane b and d: P-2
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Fig. 3 High-performance liquid chromatographic
purification of human SP-B isolated by Se-
phadex LH-60 gel chromatography.

The P-1(A) isolated by Sephadex LH-60
gel filtration and the pyridylethylated P-1(B)
were applied onto a reverse-phase Cy column
(46250 mm), and eluted with a linear gradi-
ent of 5 to 95% acetnitrile/2-propanol (2 : 1)
in 0.19% trifluoroacetic acid at a flow rate of
1m//min. The peptides were detected with
an absorbance at 215 nm.

A: P-1
B : pyridylethylated P-1

Johansson et al.? D|ETRIE S hicX 5ig, P-11%

SP-B, P-21xSP-C &% 2 bht. 2o P-1EAHA

(SP-B) # Cyififi» 7 a7 HPLC It X » TK

#1172 (Fig. 3 A). R 37~39 it i—D e —7

MNERH i, Sephadex LH-60 #° A I8 T B L 7o

P-1 3B —0EHE (SP-B) bbb tEzbhi.

Wiz HPLC iz X W 584 L7 SP-B # v V) o v =511k

L, RUHED HPLC i X b @ L 7 (Fig. 3B). &

BRI 29 it —o v — 7 2B, SP-BICHFET S

SH ##x v v o =514kt 5 & RERE2Y 10 S REEE

‘ié {fTgote.

3:2 k& b SP-B DS

vy orzFafbl SH £2H#E L SP-B(v Yy >
n=F 1A b SP-BIE N Kiini 7 v v 2 Sh TR 5T,

NK#I b 18FHETOT 3 7 BEFIVHFEE i

CONEKBEL D I8FB ETOT 3 /BEECFI Jacobs

et alW 1Tk - THEZhize + SP-B @ cDNA D
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Fig. 4 Elution profiles of the lysylendopeptidase(A) Fig. 5 Elution profiles of the cyanogen bromide pe-

and thermolysin(B) digests of the pyridyleth-
ylated P-1 on reverse phase high-performance
liquid chromatography.

The pyridylethylated P-1 was digested with
lysylendopeptidase or thermolysin as de-
scribed in Materials and Methods. The resul-
tant peptides were applied to a C; column
(46 X250 mm). Elution was carried out at a
flow rate of 1 m//min with a linear gradient
of 5 to 95% acetnitrile/2-propanol in 0.1%
trifluoroacetic acid. L-1, L-2 and T-1 were
collected to analyse amino acid sequence.

A : lysylendopeptidase digests
B : thermolysin digests

1
. Amino acid sequence from cDNA

. Lysylendopeptidase digests
. Thermolysin digests

. C-3
. CNBr fragments

W N =

. Amino acid sequence from cDNA

ptides of the pyridylethylated P-1 on reverse
phase high-performance liquid chromatogra-
phy.

The pyridylethylated P-1 was cleaved by
CNBr as described in Materials and Methods.
The resultant peptides were applied to a Ci,
(46 X250 mm) column. Conditions were the
same as for Fig. 4(A). C-2, C-3 and C-4
were collected to analyse amino acid
sequence. C-1 was further purified by the
same column with a linear gradient of 5 to
30% acetnitrile/2-propanol in 0.1%
triffuoroacetic acid(B). The purified C-1 was
collected to carry ‘out amino acid sequence
analysis and FAB-mass spectrometry.

20 30 40

FPIPLPYCWLCRALIKRIQAMIPKGALAVAVAQVCRVVPL
L

-2 -1
|7777777777777777|77777777'

Cc-2 C-
|777777777777777777777'77—/7777777777777777

60 70 80

VAGGICQCLAERYSVILLDTLLGRMLPQLVCRLVLRCSMDD
. Lysylendopeptidase digests

. Thermolysin digests
4. CNBr fragments

w N -

T-1
i’)777777777777777777;/7—)|

C-1
777777777777" '''''''''''''''' 177777‘777777777’

Fig. 6 Amino acid sequence of the peptides obtained by treatments with lysylendopeptidase, thermolysin and
cyanogen bromide of the pyridylethylated P-1(SP-B).
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BEEMAE YT, £ U752 HPLCizx b
SEEL7: (Fig 4 A). RFFRERE 16 i/ Sige — 2
(L-D), fR#EFER 40 ik E oy — 27 (L-2) & ZDH]
BizdHon/he— 2 pBdbnt. L-1#A 1L, SP-B
ONEK#LD 17TFEENH 24 FH, L-28H1XSP-B
ONKMLY 1FZFEEALS 16 BB ETTOXTF VA &
2z biht (Fig.6). 25 FHUBFEDO <7 F FiTh 13h
FanbiEHE Ehishote. Rice ) or=F1{k SP-B
- )V TEREAEL, EULS7F VHih%
HPLC iz X b 5B L7-(Fig. 4 B). {R#6R 24 5k
e —7 (T-Di@Edbhtk. T-1UHOEe—-270D
Ty — s = RRGMTE ok, T-1 R
13, & b SP-B® cDNA »bE6RT $ 2 BREFY
ExtHT s e, NESI D A9FELLORTF Vi
Thh T0FB T CHFET B L2 TcEA(Fig.6). ¢
Y o =514t SP-B % CNBr 4%, HPLC T4 #
T % & R < B S hn REFRR 21-22 5 (C-D,
40 43 (C-2), RO 4345 (C-3) m/h&ise—7 LER
THEHINARERRH 7050 KE e -2 (C-4) »
Behte (Fig.5A). C-2 & C-3 1N EKfEnb 21 &F
HETORTF VA THD, C-41X22FEBENHDO
FFFWH ROKRS R SP-BoRAY—27TH3FR %
THIFHFRETH -7 (Fig.6). C-11%, 7xb=1+Y
N2—F m ) — VIEIEORE AR #EE L7 HPLC
TXH IR (Fig.5B)#®, 73 /By—r=vry
WEBES N E2iTot. C-11266FB»HT9%H
Met T — 27 =v2Ebht (Fig.6). C-1D
FAB- B & % #1 © # &£ 3, LPQLVC* RLVLRC*
SHse (C* it v or=F il 254 v ERT)DE
BE 1793.0 ((M+H]" &—H1 7.
3:3 [h#EEKIC& (D SP-B OFERRE

e + SP-B #iififE % A\ 7= Western blotting D&
B (Fig. 7), Zo¥ifkiie +E, SP-A, SP-C &1k
&L Kite+, SP-B LoaRIGELI.. Zoe + SP-B
P AT, FM L v &S ko MS &
X LB 4 @ Western blotting #17 - 7= (Fig. 8).
LB & 4 1%, FERE T EH T Tikas F & 33,000
26,000-28,000, 18,000 & 0~ 18,000 A5 24,000 D &
B Ay R ERRTERABLRH I, LrLETS
BT TRERSFE 8,000 DEAENRH I NI, MS
B, JERITTEMET TS FEH 40,000-41,000,
24,000, 20,000 &0~ 18,000 DEHEHFED BIich?,
BICEMT ClxE s T84 40,000-41,000, 37,000,
25,000-26,000 . 0* 8,000 DEHBE R I, ETT
ZETCMSES LS WWTHDLONLLIH FE

e Mifiv—7 7 27 2 v FEAE B(SP-B) o L iick T 5 HE 507

P
ME (=)

I mmunostain

ME(+)
Amidoblack

Fig. 7 Specificity of the human SP-B antisera.

Human serum, SP-A, SP-B and SP-C were

subjected to SDS-PAGE under either reducing

(lane a-h) or non-reducing (lane i) condi-

tion, transblotted to a nitrocellulose sheet,

and stained with Amidoblack (lane a, b, c

and d) or immunostained with human SP-B

antisera (lane e, f, g, h and 1).

lane a and e : human serum

lane b and f : human SP-A

lane ¢ and g: human SP-B

lane d and h: human SP-C

lane i : human SP-B

std LB

MS LB MS

oy

67K~ -
43K~ e
30K~ ==
20K= ==

144K~ =

MEC)  MEGH

Fig. 8 Western blotting of proteins present in lamel-

lar bodies and microsomes separated from
human lung tissues using human SP-B
antisera.

LB : lamellar bodies

MS : microsomes

40,000-41,000 DEHE 1 ProSP-B, 4 F& 37,000,

25,000-26,000 » % [ & 1 matureSP-B o i &% & [

HM® rEz bhic.

3.4 b Mli#B#EIC 51T 3 SP-B 0EE-REEEFN
Fie » SP-BHMBEXHA T, b FRIEMROBRA

i D AR R 21T 5 72, AT, ok
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FLBRERSE

Fig. 9 Immunoperoxidase staining of sections of human adult lung.
Formalin-fixed human adult lung tissue was stained by the immunoperoxidase technique using a mono-
clonal antibody (PE 10) to human SP-A(SP-A) and antisera to human SP-B(SP-B).

Magnification X 200

& &, et 5 e & oA kRE A b e 1T E
fa & Bbh 3 filaofMiE Bk ic B I h 5 B0
Zbh, SP-A ORI IT 5 RTEE KFIEo0 7
v 7o (Fig. 9). 7ERA 20 8 ¥ ToORREMiTL, #1SP-
B HLME T3 5 BB EITED b ish - e hd, 28
H, 348, 388 LAERRBEIETT DTGB RIG
AR MM L7 (Fig. 10 A, B, C, D). 7Ela@E%
DETICHE S OB E O, e + SP-A #T
HrRWREELED bR UL, FEB M BRIV
38 WO TR L AR BB I T2 E, Hi
SP-A Hifkic X 5 BB E (XHtifekE M & ek %
D BOWKR L, P SP-B Hifk o4& 1 3mba 151
faxE e LTRAEL, FMaMENORIGIERD T &
WO B TOEVLC RS B, BRIEMICRWT SP-A &
SP-BICRfEDE OB B & HFIRHL 2.

4 =

41 SP-B0aFH4 X &

52 Yol RFE T B SP-B EIEF 2 b OWIHAEIR
EME, & M T3S, F v hTIRIT6MES DT
I VBBREB L 5EABETH D, T OYIIEIRE
HED N Kehflns 16 Ho7 3 BREFEOBK i fEK
DEFEENT, ProSP-B &7zh, Thn bicEEsksy
BEZTTe b, Fv b EBICWHIBFRESED 201 &
BHo7 s 7 (e r Tl Phe, v FTitLeuw) N

Fi &3 B 5T 1 X 7-8 kDa D matureSP-B 255
X b, Curstedt ef al® 13, 7 # matureSP-B D
EEEABFENFECENL, CNBrlE# e <7~
VB TEONIHE X7 N0 CRET7 3 2 BRELS
Z—%1L7nT, 72 SP-BDGyTH+A4 X137 3 /7
BRI TIEERE LIz, M99 55 (10 (2D SP-
B @ cDNA 2\ Bt X h, FO—REEE IR & iy,
matureSP-B 043 F 44 X%, 72 BT AHT I /B
BETIEIRENTCOLTH D, YHEOKEK, B
SO Y, MR B AE B O KRB SRR 0 B o B
L 7z 6 kDa Bi7K¥: 7 R EHE (SP-6) D& XK L,
b+ SP-BD7 ¢ VEREIEBLST HTHAH & Lt
BEMaES cRBEHEP O MyrET LI &b
Ezbh, AR THERN ZIT-7. TOFBE, R
MlRERESESEZMAEER» O oL &
SP-B o CNBr L ©& b hf- C Kl i C-1 ©
=7 =V AW RO FAB-BE&45H2 5, 19%H
Met (Met-79) ¥ TOEFI#RE LB LarL,
CNBr ¥ © Met-79 © C Kuqfll 23 81# & 115 D T,
80 T H LAz~ 7'F F MFAET 2 D0y, D Met-79 23
CEMTHBONIARHATHS. Tiobb, MlEALE
BEORBCHELET S SP-Bit, D b7/
BIETIEE LD LA bh ot

BERUkE) E SP-B 13, BILGM TS FE 8,000 D
NV R R, ERILSEMH TS TF E 18,000,
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14,000, 12,000 M35 v P& L. e SP-B
O7 3/ BERERY T9ELTHE, ZToFc 7D Cys
BELED. AL, CysBEDSH EZxvvyon
zF1{blL, THED Cys BEAXFEL B/, SP-BoD
cDNA i X 5 &, B TOBYETTHE
D Cys DEE XA U RFE I N TE H>2D, mature
SP-B#&DEBD— D & /o T\ %, Curstedt ef
al®3® 1%, SP-C DD & -7 2 o Cys BE Ik L
IFVEBEFLTHEEBAF A = AT AEEL T
57, SP-B @ Cys BETIX %2 D k 5 iekErE itz
WX EERLE. Titbb, SP-B D Cys BEIS T
BhHHBNEHFHRCALT 4 FESRERL, $E6K
R L5 EEbiS, &T Benson® 13, SP-B
TIL32DGFHRC ALT 4 FisE, 2% b Cys-8 &
Cys-77, Cys-11 & Cys-71 } 08 Cys-35 & Cys-46 #°
»Y, Cys-48 ixmFlo AL 7 4 FiEERESEL, =
EFRAHR TS EHRBL T 5,

matureSP-B #:& 0 & L €, BAEI B TE
WZ &k, Cys BENLZZ 21Tz T, Gly-43 & Arg-
52 Dz 3s 13 % proteinase inhibitor DIEMEERAL & D
BRI T, Lasl, BAE, matureSP-
B O ProSP-B 3%, ¥ proteinase {El% b 22 &%
RTEEOIHLL .

Fie b SP-B#ifkid, SP-B BB ECIHERIh
7, R PC LEALTEREL, O THERTEL. 2
FhSP-Bix, VAEY—-AEEFELRCE, HEELE
B sEkESELEDEELbN5, v SP-B7 ¢
7 BEF| OBUKES T CLE, 5 F OKES HBKESE
Wwwd v, Arg-12 725 Lys-16, Gly-63 25 Pro-67
DED TR R IR AR LT %89, SP-B &
T P HEEET B &M T, SP-B DOKRERHHY AV — A
FAAD AL, ELRFARERIES Y Y - 2 FEHIZ
BT L#HEIND. AR R L + SP-B
iR, ZOBEARERBAEBL 3 LELLNS.
4.2 SP-B iR & BE

o F & 40,000 © ProSP-B %, N EKufln b
200 Eo7 3 7 BBRER O C RS ED5H 100 EoO 7 3
JBBENN X R, 2FE7,000-8,000 O mature
SP-Bitien & EAVRENTELY B, ProSP-B 256
matureSP-B ~OBERN S AR EH»TIZL, &
Brgec, e Ao MSES i, Fie b SP-B ik
PR T B 40-41 kDa BEHEOFEEIRENT. L
L LB E&I, 40-41 kDa REABEEED LT, b
PAEREEOBE L kDamBHETH 7. ZD8kDa
EOEE, SEXIMRESE»OSEEL:, DE il

ALIREE BE

falEz W& ic SP-B L R—DEBETHAH. ¥
7o, MSE 7 i ®» b h 72 25-26kDa & [ & 13,
Weaver and Whitsett'®, Weaver ef al?® 235 »
ffifa IR MR O e B EIERORBE FicH L
1o F2 25,000 OFHGE LR LERBE L Ebhs, £
W oER, MRIAMEI T SP-BE&EF»5H
LR END ProSP-B ki 7y —alzd b, 25-26 kDa
DFEME % T matureSP-B & 765 T5 £ 5H AEAN
EMEshseELHh5B.

AWFgecix, #ie + SP-BHifkd Auv e FEERA
TD SP-B O f{#E & AEHEMAFCBE L, AN
Mg, MRS Baoh 2 MilgoMiaE 258
Bokicgeta X n, SP-A OREE DEREIRDH
Nish» 7z, Phelps et @l®”, Kogishi et al®® RO
Katyal et al*® & SP-B & SP-A O #ADRZER
FAUTHBERELTVB, —F, in situ hybridiza-
tion D#EE, SP-A mRNA 3k I &M BE+
%4, SP-B AR R IIEMNE & Clara filaTTd
NHOZENRENRTWA., LaL, KFRIZETS
b b EIEHR Vo ET T, SP-A & SP-B 08lass
REOECIEDLN. FEHRBEOETE LD, B
PR CRRRA I NS MREEM L. UL, ¥ SP-
A FiECiEERN CREINIYWEIEETH T,
Mo TEH R VOIR L, #SP-BHifkcix
F UM Ra s h, MigkERoLay
BIIFH LRIy o2 T bEE RIClE, SP-A 1
FifafE~EBAN WM E N TR D, FREOET &
WAEKRFAOHBE AT 54140 & & 3R I h T
5. LasL, SP-Bufilamics &b, BEHICHlE
B2 W E iy, BAWIRSWIN TS turn over
RS TE WD IEE L v o nFhu
THA5. —F, SP-B ® mRNA (1 SP-A » mRNA

Lo LRREO X b BEICHET S 2 LRI T

%%, SP-B mRNA 75 ProSP-B D4R Bl
T %75, mature SP-B ~DEEESBILENRLDONE L
i, B EET L Myr—v 724 v hOER
LZEHBEEISP-ATHDHA, BET A THAEDT
HEHBEILSP-B & SP-C T, SP-A 17 2 55 AfkD
BAEAE DA, TdsEAE TR e
WE I hic, WifakEo SP-A L, 5 2 SEHAKDLS
Wiz X BB A ORI - Th b Eh5
T EARBEN TR b, BRIEROmRkE AR S
75 SP-A W, 74 THAKLUADER»LSWE R
TWAHABER D Z 2 bhb. BREScRED Hhi SP-
A L SP-BoRfEo@ v, MlaIEEEE 5t



60 (6) 1991

OEREE LMo EEAEOREOE VTR
BRLTWAEELDR, LD 2 =Xs0RENRSH
DEREE LTRE S L.

5 # i

fiiv—7r22v EQEDY D, BAKEOEDT

B\ SP-B ¥ HifE R RS OKE MRS R O IE

BHHER»SSHEL, ZOBELISTFHA AR

+ SP-B #ifk % fiv-C SP-B OB OB & R

EE L.

1. ebFSP-BOYVSA=v  FRFFX ¥, ¥y—%
Vv v RUCNBr BB Lhic_7F ik 07
3 JERELFNE, e + SP-B @ cDNA i bR 5
nic7 3 s BESIE—F L. CNBrlEBcEbh
7= C K~ 75 F o6, SP-BogF+
AR, P L 79FH Met 2 TRIEFETHL
L7z,

2. #Hie r SP-B#H &AL 5 Western blotting D #&
£ e MHEEBD I 7 =Y — 4122 ProSP-B(40-41
kDa EHE) & iMED 25-26 kDa BEEH B 5,
5 A B AL TILSP-B8 kDa BHE)MNET, Pro
SP-B i3fBb e o e,

3. REEBFEPREOBR, v rEARMTSP-B &
SP-A OFFEDENIFRDIh - Tehy, BRERITE T,
SP-A 3 & LClaEcErET 5oL, SP-B
IfifRaRE i 3gh LR TR I B Mia e L, M
EHEOREDOEVLHHED L.

MEKz2ehich, MEE MREYB-2, K
RS | BEKTEHEE, RARYE IBER
ANBAEUE 72 & O A B R eI T SR AR SR B i R
WieLE$. ¥7, FAB-BESFTEBG I 27T
KEKFEDERRFTRESSCELCR#HE L LT E
T, BB, AFEOETIEHB IV, KEFE
HALEEEE 1 SBBERERAMICRBEHL 1.
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