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ABSTRACT Masking protein (MP), which neutralizes the
activity of transforming growth factor type (31 (TGF-fl1), is
composed of a dimeric N-terminal part of a TGF-(31 precursor
of Mr 39,000 and an unknown large subunit of Mr 105,000-
120,000. The deduced primary structure of the MP large
subunit was elucidated by determining the nucleotide sequence
of its cDNA. The cDNA encodes a prepro-precursor of 1712
amino acid residues with a calculated Mr of 186,596. The
mature large subunit seems to be derived proteolytically from
a prepro-precursor and the calculated Mr is 91,606. The
precursor has seven N-linked glycosylation sites and an unusual
structure containing 18 epidermal growth factor-like domains
and four cysteine-rich internal repeats. The large subunit
mRNA is synthesized in parallel with the expression of TGF-(31
mRNA in various rat tissues.

Transforming growth factor type f (TGF-,3) is well recog-
nized as a multifunctional regulator for cell growth and
differentiation (1, 2). TGF-f3 was first identified by its ability
to induce anchorage-independent growth of normal fibro-
blasts in soft agar, like malignant cells (3). TGF-,B is a
ubiquitous protein in mammals and is synthesized by various
normal and transformed cells. TGF-p8 also is thought to be a
potent regulator ofwound healing, the immune response, and
bone remodeling in vivo.
TGF-,81 is also known to be synthesized and secreted in a

latent form from a wide variety of normal cells, including
platelets (4-6). This latency is due to its formation of a
complex with a high molecular weight binding protein, which
has been named masking protein (MP) because of its function
in reversibly masking TGF-/31 activity (6). Under physiolog-
ical conditions, these components formed a high molec-
ular weight complex of Mr -400,000 linked by noncovalent
bonds. The latent TGF-,81 complex is activated in vitro by
treatment with acid, urea, and heat (7, 8). MP may be
important in regulation ofthe extracellular activity ofTGF-/31
at local sites of various tissues during many biological phe-
nomena.

Previously, we reported the purification and structural
analysis of the latent TGF-,B1 complex from rat platelets (7).
MP is a glycoprotein ofMr 180,000, which is composed ofone
dimeric small subunit of Mr 39,000 and a single molecule of
the large subunit of Mr 105,000-120,000 linked by disulfide
bonds (7, 8). The N-terminal amino acid sequence of the MP
small subunit was identical to the N-terminal part of the
TGF-p precursor lacking a signal sequence (8, 9). Here we
report the deduced primary structure of the MP large subunit
from the nucleotide sequence of the cDNA and expression of
the mRNA in various rat tissues.§

Table 1. Amino acid sequences of four peptide fragments
derived from the MP large subunit of rat

Location in
the MP large

Peptide Sequence subunit

P-1 FSEQQR 898-903
P-2 GYSPTPDHRH 1059-1068
P-3 GFVPAGESSYETGGENYK 1397-1414
P-4 EGTYYDPVK 1445-1453

The numbers and positions of peptides are same as in Fig. 1.

MATERIALS AND METHODS
Materials. Materials used for the purification of a latent

TGF-f31 were as described (7). The cDNA synthesis system,
the cDNA cloning system, the multiprime labeling system,
and the nylon membrane filter Hybond-N were from Amer-
sham. Lambda ZAP II vector was purchased from Strata-
gene. Radioisotopic materials were from Amersham. Seque-
nase was from United States Biochemical.

Purification and Sequencing of the MP Large Subunit. The
latent TGF-31 complex was purified from rat platelets as
described (7). To isolate the MP large subunit, the purified
latent TGF-f31 complex was reduced and subjected to SDS/
PAGE and then transferred to a poly(vinylidene difluoride)
membrane (10). The isolated large subunit on the membrane
was subjected to cyanogen bromide cleavage followed by
lysyl endopeptidase digestion. Four peptide fragments of the
MP large subunit were separated by reverse-phase HPLC
with a gradient of 0-80% acetonitrile in 0.1% trifluoroacetic
acid. Their amino acid sequences were determined with an
Applied Biosystems model 470A gas-phase sequencer
equipped with a 120A phenylthiohydantoin-derivatized
amino acid analyzer.

Synthesis and Labeling of Oligonucleotides. Synthetic long
oligodeoxynucleotide probes encoding the following peptide
sequences were synthesized on an Applied Biosystems
model 381A DNA synthesizer. These probes, containing
inosine, are 5'-TTITAITTITCICCICCIGTITCITAIIIIIIIT-
CICCIGCIGGIACIAAICC-3' (peptide P-3) and 5'-T/
CTTIACIGGA/GTCA/GTAA/GTAIGTICCT/CTC-3'
(peptide P4). These synthetic oligonucleotide probes were
radiolabeled by 5'-terminal phosphorylation using T4 poly-
nucleotide kinase and [y-32P]ATP (11).

Construction and Screening of cDNA Libraries and DNA
Sequencing. The cDNA was synthesized using oligo(dT)12_18
as a primer from poly(A)+ RNA of rat megakaryocytes,
which were purified from bone marrow of the long bones of

Abbreviations: TGF-,81, transforming growth factor type 81; MP,
masking protein; EGF, epidermal growth factor.
tTo whom reprint requests should be addressed.
§The sequence reported in this paper has been deposited in the
GenBank data base (accession no. M55431).
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-333 GAGGTCCATGGGCGCTCACGGTCGTCCTCGCCCACCCTCGCGGGGTCGGCGCCCATAGCACCTCAGCAGCACCCGGCGACACCCCGGCTGAGC -241

20 40
ATGGGGGACCTGCTCAGTGGGACTCTGCCTGGCAGGCTGCAGCGGGTCGCGCCGGCGGGTCGGAGATCCGTAGTGGGCGCCGGGCCGGACTGCGG 1202

N AG A WL R W G L L L W A G L L AW S A H G R V R R I T Y VV R P G P G L P A
60 80

GGAACCTGCTCTGCTGGCCCCGCGACCTCAACTCGCCTGGCGCCGGTAAGCCGAGCCAACGCCACTCCGCCGTCCTGGCCGGCCCCAGCGAGGGA 2404
G T L P L AG P P R T F N V A L D A R Y S R S S T AT S S R S LA G P P A E R T

100 120
CGGCCACCGCCACCTGCGGCCGGCCTGCCGGGTCCGTCTCGCTGCACCGAGCCGCGGTCCGGGGGCCCGCCGCAGCCCACCAAAGCCGTGCTAGA 3606

R R T SQ0 P G G A A L P G L R S P L P P E PA R P G A P S ROQ L H S K A G AQ0 T
140 160

A VT R F A K H G RQ0V V R S K VQQ D TOQS S G G S R L OVOO KOQ 0 LQ0G I
180 200

N VC G GQ(C C H G W S K AP G S O R CT K P S C V P P COQNG G MC L R P Q F

220 E-I 240
TGTGGTGTAGCCGGGAAAAGGCAAGCCTCGAGTCACGCTGCCAGACACATGTACCATGTTGGAGGCAGACCCGGCTCTCGGGGTCCTCTGAGCAG 7202

C V C K P G T K G K A C E I T A AQ0D TNM S P V F G G O N P G S S W V P P E PA
260 280

GCAAGCGTCTTCACCAGAAGCAGAACCTACCAGGGTAGTCAGTGCCCAATGACTTGCCCTAAGCGAAGCGTCATGGACTCCCCACAGAACATCTC 8404
A K R T S T K K A D T L P R V S P V A QMT L T L K P K P5SM G L SQ0 Q I H SQ0

300 320

V AP L S S Q N V MI R H GOQ TOQE Y V L K P K Y F P AP K V V S G E O S T E G
340 360

TCTTCTCTTAAGTATGGCAGAGCAGGCCAGCCCCTTCAGTGATAACACACGGTCCATCAGGGGTCTTACCCGACATCGTAAGTGCCTGACCAGG 10808
S FS L R Y G 0 EQ0 G T AP F Q V S N H T G R I K V V F T P SI C K V T C T K G

A'380 400
AACTTCACACAGTGCCGAAGGGATACCCCACCTCATAGTAGACGGCATGCGCCGCACCTGAAGCCCGAATTCCAGTGTAATTGCATCTCCATTA 12000

N C H N S C 0 KG N T T T L I S E N G H A AD T L T A T N F R V V I C H L P C N
'A 420 E-2 440

N G GOC S S R D K C QOC P P NF T G K L CQ I P V L GA S MP K L YQ H AQO
A 460 480

P G KA LG S H V I H S T H T L P L T MT N 0QQGV K VK F P P N I VN I HV K
500 520

H P P E A S V 0 HOQ V S RI D G P V GO R V K E VO0 P G 05 Q V S Y O G L P V
540 560

CAGAGACCAGACGTCCTTCCCATCTCCACCACAGGCATTCGCTGTGATCCGTGGTGCTAGAACAATTGGCGATCTTCAGGAACCTTGGTCACGT 16808
O K T 0 T V H S T Y S H 0 0 V I P H V Y P V A A K T Q L G R C- g

580 IR-1- 600

G-K-A -L -P-G -L -S KQE_ _D-C-C G-T-V -G-T -S W G- F- N- K C P -K -K S Y H YT

620 640
ATGAGGAAGCCTCAAGATATAACGGTTACAAACCTTTGTAAGTATTATGATGTCGCTCAAGCGTAGCCCAATGGGAGGTTGAATCCATGGCACT 19202

K....L 0 G Y K R V N N T F C 0 D I N E C 0 L 0 G V C P N G E C L N T M G S Y
A E~~~~-3~660 680

AGATCTCCGCAAATGGATTGGGCTGACCTACTTTCAATTGGTGCGGATCCCTATGTCTCGAAAGAAGGGCCTGTACCCCTGTCATCCTGGAGC 20404
R C S C K MG F G P D P T F S S C V P D P PM I S E E K G P C Y R L V S P G R__Q_

700 MR:2 720

740 760
TGTCTGGTGAAGGGTATACGTTCTGGATTCTAGCGCACCATCCTCAGATAAGGTAAGAGCTTATTGTCAGCCAAGACACCAACTGTTCTAAA 22808
~.P G G M G Y T V S G I H R R R P I H O H I G K E A V F V K P K N TO0P V A K S

780 800
ACTCTCCTCACTCTCCAGCAAGAAGACCTGGGAGCCCGACTCCTGCGGAACTGGGCGGGGTGCAGACCTAAGTGTAAAGCCCTCTGAGAGGAA 24000

T H P P P L P A K E E P V E A LT S S R E H G P G V A E P E V V T A PP E KE I
820 840

CCCTACTGATCAGAGAAACAGATTGACCTGGCACCCCGCTTCCCAGGGTTTAACTTTCACTGACCCCAGTCCCGTAGGGTGAAAGACACCCTC 25202
P S L DQ E K T R L E P G O P 0 L S P G V S T I H L H P 0 F P V VV E K T 5 P P

860 880
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900 E-4 920
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P-I 940 E-5 960

GGTCCTGTAGACACAAGGGAGTTCCTTGTATTGCCAGAGGTTTAAGCCGTGGGAGGTTCAACGTATGATTGGAGAATTCTAGGCCGATTGTTA 28808
G R C E N T E G S F L C I C P A G F I A S EE G S N C I D V D E C L R P D V C R

980 E.G 1000
GACGCCGCGCATAACATGCTGGGCTTCGATGGAATCTGTACATGGGACCGATGTACGAGGGCCACGTGAGATACGATAGTTCTGCCCCAGTACT 30000

D G RC I N T A G A F R C E Y C D S G Y R MS R RG H C E D I DE C L T P S T C
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CCAGACTCGTGACCTATGGGAGGTCTAACAACAGGCTATTCACTTGTCGTGACAAGGTTTCCTCTCGCAATGGCGTATTGGAAGTATTATGGT 37202
P G L C A P H G E C L N T QOG S F H C V C EQ0 G F S IS A D G R T C E D I DE C

1260 E-I13 1280
GTTACAACCTGTTGTGCAGTACGCTTCGTGAAACAAGCCGCTTTTCGCTGCTCTTTATAGGCTTTAAGCCCACGGATGGCAGGGGTGTGATGGA 38404
VN NT V CD S H G F C D N T A G S F R C L C YQ0G FO0A PQ0D GQG CV DV N

A 1300 E-14L320
GAATTGAATGCTAGTGTGTAGTGGGAGCTTTTGTGAAATTGGAGGGCCTTCTGTCGTGGTGCGATAGAACAGGGTACGCCCATGCTGGCAGTTC 39606
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1340 1 60
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- ----

A 1400-
CAAGAGTGCTGCTGTACATCGGGCGCCGGCTGGGGAGACAATTGTGAGATCTTCCCTTGCCCAGTCCAGGGGACTGCTGAGTTCT CGGAAATGTGCCCTAGAGGAAAAGGTTTTGTCCCT 4 200
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FIG. 1. (Figure continues on the opposite page.)
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1420 1440
GCTGGAGAATCCTCTTACGAAACCGGTGGTGAGAACTACAAAGATGCTGACGAATGCCTGCTGTTTGGAGAGGAAATCTGCAAAAACGGTTACTGTTTGAACACTCAGCCTGGGTATGAA 4320
A G E S S Y E T G G E N Y K D A D E C L L F G EE IC K N G Y C L N T O P G Y E

FE-15 1460 1480
TGCTACTGCAAGGAAGGGACATACTACGATCCTGTCAAATTACAGTGTTTTGATATGGATGAATGCCAAGACCCTAACAGTTGTATCGATGGCCAGTGTGTTAATACAGAGGGCTCTTAC 4440
C Y C K E G T Y Y D P V K L Q C F D M D E C Q D P N S C I D G Q C V N T E G S Y

Pr4 E-16 1500 1520
AACTGCTTTTGCACCCACCCAATGGTCCTGGATGCCTCTGAGAAGAGATGTGTGCAGCCAACTGAATCAAATGAACAAATAGAAGAAACCGATGTCTATCAAGATCTGTGCTGGGAGCAT 4560
N C F C T H P M V L D A S E K R C V 0 P T E S N E 0 I E E T D V Y Q D L SC _ E___-

1540 IR4 1560
CTGAGTGAGGAGTACGTGTGTAGCCGTCCTCTTGTAGGCAAGCAGACGACATACACAGAGTGCTGCTGTTTGTACGGGGAGGCATGGGGCATGCAGTGTGCTCTCTGCCCCATGAAGGAC 4680
L S E E Y V C S R P L V G KQ T Y T E C C C L Y G E A W G M AL C PM K D

1580 1600TCAGATGACTATGCCCAGCTGTGCAACATCCCTGTGACAGGACGGCGGCGACCATATGGACGGGATGCGTTGGTGGACTTCAGTGAACAGTATGGCCCAGAAACAGACCCTTACTTCATT 4800
S--D--D--Y-A- LgC- N I P V T G JR R R Y G R D A L V D F S E 0 Y G P E T D P Y F I

1620 1640
CAGGATCGCTTTCTAAACAGCTTTGAGGAGCTACAGGCTGAGGAATGTGGCATCCTCAACGGCTGTGAAAATGGCCGCTGTGTAAGGGTTCAGGAAGGTTATACTTGCGATTGCTTTGAT 4920
0 D R F L N S F E E L Q A E E C G I L N G C E N G R C V R V O E G Y T C D C F D

E-17 1660 1680
GGATATCATCTGGATATGGCCAAGATGACCTGTGTTGATGTAAATGAATGCAGCGAGCTGAATAATCGGATGTCTCTCTGCAAGAACGCCAAGTGCATTAACACAGAAGGCTCCTACAAA 5040
G Y H L D M A K M T C V D V N E C S E L N N R M S L C K N A K C I N T E G -S Y K

E-18 1700 1712
TGCGTGTGTCTACCAGGCTACGTACCATCTGACAAGCCCAACTACTGTACACCACTGAACACCGCTTTGAATTTAGACAAAGACAGTGACCTGGAGTGAAGGAGAAGCTACGTAACCTAT 5160
C V C L P G Y V P S D K P N Y C T P L N T A L N L D K D S D L E *

GCCCATATACTCTGCACTGTGTAAAGGAAAAGGGAGAGAGGTATACTTGAGACACTGCACCTAATCCAGACCATGGCAAAGAAGGAAACAACGTGGAGTTGCGTGAACCCCCAAAGAAAG 5280
TGAGCGGATGGAGTAGCAGCCTGAGAGGTGCGACAGACCAAATGGACATTTCCTCAAAAACCCAGTATATATAGTCTGTTCATATGTAAAATTCAATGGAAAAGAGGCAGGATGCGGCTG 5400
TCATTTTAAACAGAGGTTGTATTATTATCTTGTTTTGATTTTTTTTTTTACTATTGCTTAAATTTGGCTTTTAAATAGTGGTGACGATGTTTTATATGAGTCTTCTCTGTGCTGTGCAGA 5520
TCCCCAGCCACCATTTTTTCTTCAGCGATAATCTCAAGTGCAAACATCTTTGATAACGTATTGTTAAACTGTATTATAAGTATGACACAGGGTTGTGCTGTC-CCTTGGTCCGGAGACTTT 5640
GAAAAACAAATTGTCTGTCCTGTGGAGCAGGCAGTGACTGTTAMACTTTTATCTACATTTAGAGTGGGTGGGAAAACACCTTTATTTTCAATGTATTATCGGATTGCCTGTCAATTGGAT 5760
CCCTTACTTGGGTGGAAATGGAGGAGTTTCTTAGCATTTATTAGCACTGTGTTGTGTAAAGTCAACCCAGAAAAATTTAAAAACCTGAAATCCCsCCCCTCAAAATATTTACCATTGTATG 5880
TTATAAGAAAATAAAATCGCCATTTTTGTAG(A)n 5911

FIG. 1. Nucleotide sequence and deduced amiino acid sequence of the MP large subunit cDNA of rat. Nucleotides are numbered on the right.
The translated amino acid sequence is shown beneath the corresponding nucleotide sequence with the number above it. Chemically determined
peptide sequences are underlined with a heavy bar. The putative processing sites are boxed. The EGF-like repeats are underlined. Dashed
underlines indicate internal repeats. The potential sites for asparagine-linked glycosylation sites are indicated with arrowheads.

500 rats by density-gradient centrifugation (12). The cDNA
library was constructed in the Lambda ZAP II vector.
Plaques of the library were screened with synthetic oligonu-
cleotide and conditions for hybridization have been described
(13). We obtained five positive clones and the largest cDNA
insert was S kilobases (kb), designated as RM5. The rat
kidney cDNA library was constructed from rat kidney
poly(A)+ RNA using an oligo(dT)12_.8 and a random hexamer
as primers in Lambda ZAP II as before. Recombinants (5 x
10 plaque-fonning units) were screened with the 32P-labeled
5-kb cDNA insert of RM5. Positive clones were plaque-
purified and were allowed in vivo excision and recirculariza-
tion of pBluescript from Lambda ZAP II. The cDNA inserts
of these clones were sized and characterized. Three clones
were selected and sequenced by generating progressive de-
letions and by the dideoxynucleotide chain-termination
method (14) with Sequenase.
Northern Blot Analysis. Poly(A)I RNA (2 pg per lane) was

electrophoresed into a 1% agarose gel containing 0.66 M
formaldehyde (15) and blotted onto a Hybond-N nylon mem-
brane filter. The filter was hybridized with the 32P-labeled
probes. The filter was exposed on x-ray film for 16 hr at
-80TC using an intensifying screen.

RESULTS AND DISCUSSION
cDNA Cloning and Nudeotide Sequence of the MP Large

Subunit. The latent TGF-,f1 complex was purified to homo-
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geneity from rat platelets as described (7). The yield was 1.4
mg from platelets of 2500 rats, corresponding to a recovery
of 8%. To determine the partial amino acid sequence of the
MP large subunit, the large subunit was isolated from the
purified latent TGF-f31 complex by SDS/PAGE and was
cleaved with cyanogen bromide followed by lysyl endopep-
tidase. We isolated four peptide fragments of the MP large
subunit after digestion and determined the 'amino acid se-
quences of the peptides (Table 1). These amino acid se-
quences had no homology to any known proteins, suggesting
that the MP large subunit is a previously unknown protein.
Amino acid sequences of peptides P-3 and P-4 were used

to design synthetic oligonucleotide probes. Five positive
clones were isolated from a cDNA library (2.5 x 101 plaque-
forming units) constructed with poly(A)+ RNA of rat mega-
karyocytes and one ofthem had the 5-kb insert (clone RM5).
RM5 was sequenced and predicted the translation of a
1400-amino acid protein. All four partial amino acid se-
quences determined chemically were encoded by the 5-kb
cDNA (RM5). Northern blot analysis showed that the large
subunit mRNA was detectable as two species of about 5.3
and 6.2 kb in various rat tissues (see Fig. 5). Next we
attempted to isolate the'full-sized cDNA for the 6.'2-kb
mRNA, because the major population of the large subunit
mRNA is 6.2 kb and the human large subunit mRNA detected
in placenta was only 6.2 kb. Northern hybridization also
showed that rat kidney contains a relatively high level of the
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FIG. 2. Alignment of the
amino acid sequence of the EGF-
like domains in the MP large sub-
unit precursor. Amino acid resi-
dues are indicated by the single
letter code. Dashes indicate a gap
introduced for maximal align-
ment. Residues are boxed when a
majority of the residues are the
same or substitutions are conserv-
ative in equivalent positions. The
cysteine residues are shaded. The
number of residues is the same as in
Fig. 1.
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FIG. 3. Alignment of the
~amino acid sequence of the cys-

teine-rich internal repeats in the

MP large subunit precursor.*\1-| |-Dashes, boxes, and shading are

the same as in Fig. 2.

large subunit mRNA (see Fig. 5). Therefore, to obtain the
full-length cDNA containing an entire open reading frame for
the MP large subunit, oligo(dT)12_18 or a random-primed
cDNA library using kidney poly(A)+ RNA was constructed
and screened with the 32P-labeled cDNA insert of RM5 as a
probe. Eleven positive clones were obtained and character-
ized in detail. These overlapping clones cover 6244 nucleo-
tides containing the entire coding region. The complete
cDNA and translated protein sequence of the MP large
subunit of rat are shown in Fig. 1. The nucleotide sequence
surrounding the initiation codon agrees reasonably well with
the consensus sequence (A/GCCATGG) (16). The sequence
comprises a 5' untranslated region of333 nucleotides, a single
open reading frame of 5136 nucleotides, and a 3' untranslated
region of 775 nucleotides. The polyadenylation signal
AATAAA (positions 6223-6228) is found 16 nucleotides
upstream of the poly(A)+ tract.
Deduced Primary Structure of the MP Large Subunit. The

large subunit cDNA encodes a polypeptide of 1712 amino
acid residues. The initiation methionine is followed by the
stretch of 20 amino acid residues that are hydrophobic and
closely resemble a signal sequence. The putative' signal
peptidase cleavage site exists between the serine and alanine
amino acid positions 20 and 21, judging from the formulating
rules for prediction of the cleavage site (17). The big differ-
ence between the apparent Mr of 105,000-120,000 of the MP
large subunit determined' by SDS/PAGE and the calculated
M, of 186,596 could be accounted for by posttranslational
proteolytic processing. The N-terminal amino acid sequence
of the MP large subunit was not determined by protein
microsequencing. However, the large subunit precursor con-
tains two pairs of Arg-Arg-Arg residues at both the N-ter-
minal side (positions 734-736) and the C-terminal side (po-
sitions 1575-1577), which could also undergo posttransla-
tional cleavage and give rise to the mature large subunit
having 838 amino acid residues. Also, determination of the
hydropathy profile predicts that these basic residues are
located in a hydrophilic region, which would make it acces-
sible to trypsin-like proteases (see Fig. 4). The calculated Mr

cleavage site

HaN

x

C

a.
:0

.3

.2

+1

0

-1

-2

43

of the mature large subunit is 91,606. The precursor contains
seven potential N-glycosylation sites and three of them are
located in the mature large subunit. Thus, the differences
between the molecular weight determined by SDS/PAGE
and that calculated from the deduced amino acid sequence
may be due to the glycosylation of the mature large subunit.
This is also supported by a finding that the size obtained after
chemical deglycosylation is close to that predicted from the
cDNA sequence (data not shown).
The large subunit precursor contains two types of cysteine-

rich repeats. One is' the epidermal growth factor (EGF)-like
domain with six cysteines, and another is the internal repeat
with eight cysteines. An EGF-like domain has been found in
many other proteins; cell-surface receptors for low density
lipoprotein (18) and insulin-like growth factor 11 (19), coagu-
lation factors (20), thrombospondin (21), extracellular matrix
proteins such as laminin (22) and tenascin (23), and Drosophila
notch (24). The precursor contains 18 EGF-like domains,
which are composed of 32-44 amino acid residues and 13 of
them are localized in the mature large subunit. The alignment
of these domains is shown in Fig. 2. EGF-like domains 1 and
2 are slightly different from the others. In addition, the
EGF-like domains 2, 5, and 14 are distinguished from the
others by having a remarkable hydrophobic region, whereas
the others are hydrophilic (see Fig. 4). The precursor also
contains four internal repeats comprising 51-54 amino acid
residues and two of the repeats are localized in the mature
large subunit. The alignment of these repeats is shown in Fig.
3. These repeats contain eight cysteine residues, except for
internal repeat 1 where there are three successive cysteines.
These internal repeats represent an additional type ofcysteine-
rich repeat. The internal repeats are predicted to form a
three-dimensional structure, such as the EGF-like domain, by
disulfide bonds. However, there are no data on the location of
the disulfide bridges. A cysteine residue in these internal
repeats seems to participate in the disulfide bridges on the
N-terminal part of the TGF-f3 precursor (small dimeric sub-
unit) because no free cysteine residue exists in the region other
than the cysteine-rich repeats and all'cysteines in the EGF-like
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FIG. 4. Putative structure of the MP large subunit precursor. Solid square indicates the signal sequence. EGF-like domains are indicated
by open circles and are numbered E1-E18. Internal repeats are indicated by open boxes and are numbered IR1-IR4. The potential
N-glycosylation sites are marked with solid diamonds. Arrows indicate the forecasted processing sites. The hydropathy profile of the large
subunit precursor is from the method of Kyte and Doolittle (25), with a window size of 10 residues; positive values indicate increasing
hydrophobicity.
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FIG. 5. Northern blot analysis of the MP large subunit and
TGF-f31 mRNA. (a) Expression of the large subunit and TGF-,f1
mRNAs in various normal rat tissues. The following tissue sources
of poly(A)+ RNA were used: brain, submandibular gland (S.m.
gland), thymus, lung, heart, liver, spleen, kidney, stomach, and
testis. Arrows indicate sizes of the major transcripts for the MP large
subunit (6.2 and 5.3 kb) and TGF-P (2.5 kb). The large subunit
mRNAs were detected by the cDNA insert of the large subunit clone
RM5. TGF-P1 mRNA was detected by the EcoRI/0g1 I cDNA
fragment of rat TGF-,13. (b) Characterization of two species of large
subunit mRNAs. Poly(A)+ RNA from kidney was analyzed with the
cDNA insert of the large subunit clone RM5 (lane 1) and the
EcoRI/Sac I 519-base 5'-terminal cDNA fragment of the MP large
subunit (lane 2).

domains are expected to be involved in the intrachain disulfide
linkage. The predicted structure ofthe large subunit precursor
is shown with a hydropathy profile in Fig. 4.

Expression of the MP Large Subunit mRNA in Rat Tissues.
We next examined the tissue distribution of the MP large
subunit mRNA in rat (Fig. 5). The large subunit mRNA,
which was represented by two species of 5.3 and 6.2 kb, was
detectable in various tissues. The 6.2-kb species had a higher
relative intensity than the 5.3-kb species in rat tissues except
for lung. The 6.2-kb species was only detectable when a
0.5-kb cDNA fragment from 5' termini was used as a probe
for Northern hybridization (Fig. Sb). Therefore, the differ-
ence in size is attributed to the missing 5' sequence. There is
a good correlation between the relative mRNA levels of the
large subunit and TGF-p1 in various tissues except for
thymus. This result suggests that the large subunit mRNA is
synthesized in parallel with the expression ofTGF-,B1 mRNA
in rat tissues. On the contrary, an exceptional case was found
in the thymus. This suggests that, in thymus, the regulation
of TGF-/31 activity may not be due to MP.
The latent TGF-,81 complex may be activated by dissocia-

tion of the complex to the active TGF-,B1, wherever and
whenever TGF-P1 should act during many physiological
phenomena. It is still unknown, however, how this latent
TGF-,31 is activated in vivo. One possibility is that a protease
or specific activation factor that is produced at a local site
may lead to release of TGF-,B1 from the latent complex
through limited proteolysis of the MP components or by
stimulating dissociation. However, neither such protease nor
activation factor has been found. Another possibility is that
TGF-,B1 is released when the MP components interact with
the cell-surface protein or an extracellular matrix. In fact,
some studies in which a coculture technique was used
suggested that the activation mechanisms ofthe latent TGF-13
complex are necessary for direct interaction between the
complex and a cell-surface molecule (26).
A recent report describing the expression technique of

recombinant TGF-f31 suggested that the N-terminal part ofthe
TGF-,B1 precursor, a small dimeric subunit of MP, is mainly
involved in latency of TGF-f31 (27). On the other hand, more
recently, we examined whether the MP large subunit purified
from human platelets has the binding and masking activities of
TGF-31. However, it was found to have no activity for binding

and masking of TGF-,81. From these findings, the MP large
subunit may play an important role in the activation mecha-
nisms of the latent TGF-/31 rather than in association with
TGF-,31. It is interesting to speculate that the large subunit
may interact directly with cell-surface or matrix proteins to
cause a conformational change of MP, resulting in the disso-
ciation ofthe complex so TGF-,81 can exert its effects at a local
site. We think that EGF-like domains and internal repeats in
the MP large subunit may act as a functional domain of the
interactions to release TGF-,f1 from the latent complex.
Further studies on the elucidation of the role of those struc-
tures in MP components in the activation mechanisms of the
latent TGF-,f complex in vivo should provide very valuable
information on liver regeneration, wound healing, inflamma-
tion, bone remodeling, and carcinogenesis.
Note Added in Proof. After submission of this work, a paper appeared
(28) showing the molecular cloning of the cDNA, which is derived
from 5.3-kb mRNA, encoding the large subunit of TGF-,B masking
protein. The deduced amino acid sequence is truncated 336 amino
acid residues of the N-terminal part of our sequence (6.2-kb mRNA)
and has a different signal sequence.
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