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ABSTRACT Using a subtractive cDNA cloning method,
we isolated a number of T-lymphocyte-specific genes. One of
these genes, represented by the cDNA clone pT49, is expressed
in cytotoxic T lymphocytes but not in helper T lymphocytes or
B lymphocytes. The protein structure deduced from the nucle-
otide sequence showed a high degree of homology to fibrinogen
B and y subunits. This might indicate that evolutionarily
fibrinogen has its origin in lymphocytes. In spite of the strong
homology of pT49 protein to the fibrinogen subunits, the
positions of the introns in the pT49 gene are totally different
from those of the fibrinogen genes.

Cytotoxic T lymphocytes (CTL), or killer T cells, recognize
and lyse target cells bearing specific antigens on the mem-
brane. Their function is critical to the defense of the body
against the invading viruses, to the rejection of allografts, and
perhaps to the removal of malignant cells. However, the
mechanism of the CTL-mediated cytolysis of target cells is
poorly understood (1). One way of approaching this problem
is to isolate messenger RNAs specifically expressed in CTLs
and then identify the function of the corresponding genes.
Previously, we have described the isolation of 16 different
groups of T-cell-specific cDNA clones (2, 3). During the
systematic effort to characterize these cDNA clones, the
gene represented by the cDNA clone pT49 (henceforth called
the pT49 gene) was found to be highly homologous to the 8
and vy subunits of fibrinogen. In this report, we describe the
initial characterization of the pT49 gene.

MATERIALS AND METHODS

The construction of a T-cell minus B-cell subtractive cDNA
library and the isolation of T-cell-specific cDNA clones have
been described (2, 3). In short, a cDNA library constructed
by subtracting single-stranded cDNA made from the mouse
CTL clone 2C (see ref. 4) with B-cell lymphoma (A20-2J])
mRNA, was screened for T-cell-specific clones using sub-
tracted T-cell-specific cDNA probe. Preparation of mouse
(BALB/c) embryo EcoRI partial library by using Charon 4A
as a vector has been described (5). These libraries were
screened by the methods of Benton and Davis (6) and
Hanahan and Meselson (7). Methods for DNA and RNA blot
hybridization were according to Southern (8) and Thomas (9),
respectively. Approximately 1.5 ug of poly(A)* RNA was
denatured with glyoxal and electrophoresed through a 1.1%
agarose gel in 10 mM sodium phosphate buffer (pH 6.5). RNA
was transferred to a nitrocellulose membrane filter and
hybridized to 32P-labeled nick-translated probe DNA. Hy-
bridization was carried out at 42°C in the presence of 50%
formamide and 5x SSC, and the filters were washed at 65°C
in 0.2x SSC (1x SSC = 0.15 M NaCl/0.015 M sodium
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citrate). Nucleotide sequences were determined according to
Maxam and Gilbert (10).

RESULTS

The Expression of the pT49 Gene Is CTL Specific. The pT49
cDNA clone was originally isolated as a gene expressed in
CTL clone 2C but not in B-cell lines (2, 3). The RNA gel
blotting analysis showed that the pT49 gene was expressed in
CTL, but not in helper T cells, B cells, or a few other cells
tested (Fig. 1a). Although the number of T cells tested is
rather small, we tentatively consider the expression of the
pT49 gene CTL specific. The size of the mRNA detected by
RNA blot hybridization [4.2 kilobases (kb)] is much longer
than the size of the insert in pT49. Therefore, cDNA libraries
made from 2C mRNA were screened to obtain overlapping
cDNA clones covering a total of 3.7 kb. The relevant cDNA
clones, with the restriction map reconstructed from these
clones, are shown in Fig. 2A.

The Nucleotide Sequences of the pT49 Gene and Its cDNA.
Fig. 3 shows the nucleotide sequence of cDNA, which is 3725
base pairs (bp) long and was determined according to the
strategy shown in Fig. 2A. The orientation of the cDNA was
unambiguously determined due to the presence of the poly(A)
tail as well as the signal for the poly(A) attachment site
(AATAAA, underlined in Fig. 3). When the nucleotide
sequence was translated into the amino acid sequence, only
one of the three possible reading frames resulted in a large
open reading frame, which is shown in Fig. 3.

The nucleotide sequence of the cDNA apparently lacks the
5’ end of the mRNA, since there seems to be no initiation
methionine codon. To obtain the missing sequence at the 5’
end of mRNA, we isolated the genomic DNA clones corre-
sponding to the coding region of the pT49 gene. The Southern
blot hybridization of the EcoRI-digested mouse (BALB/c)

“embryonic DNA with the coding-region probe (see Fig. 24),
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detected a single 10-kb band (Fig. 1b). The same probe was
used to isolate hybridizing X phage clones from a mouse
embryonic DNA library. One of the clones, T49-MES6,
contained the 10-kb EcoRI fragment that hybridized to the
probe. The comparison of detailed restriction maps of the
c¢DNA and genomic clones indicated that there are two exons
in the 10-kb EcoRI fragment. Indeed, the nucleotide se-
quences in and around the exons showed that the protein
coding region of the gene is split by an intron of ~1900 bases
(Fig. 4). More importantly, inspection of the 5’ portion of the
genomic sequence revealed that the first nucleotide (G) of the
c¢DNA sequence is the third base of the methionine codon
ATG. We believe that this codon is used for the initiation of
the translation, because there is no other methionine codon
or splicing acceptor site (12) between this methionine codon

Abbreviation: CTL, cytotoxic T lymphocyte(s).
9To whom reprint requests should be addressed at: Dana-Farber
Cancer Institute, 44 Binney Street, Boston, MA 02115.
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F1G. 1. (a) RNA blot analyses of poly(A)* RNAs. RNA was
isolated from two alloreactive BALB.B CTL clones (2C, anti-L9; G4,
anti-D¢; see ref. 4), two T-helper (TH) hybridomas deérived from a
BW5147 x B10.A spleen cell fusion (14, anti-GAT; 461, anti-
dinitrophenyl ovalbumin; see ref. 11); B-cell lymphomas A20-2J and
CH1, whol¢ mouse brain, 3T3 preadipocyte cell line, and a
prekeratinocyte line. The hybridization probe is shown in Fig. 24. (b)
DNA blot analysis of BALB/c embryo DNA digested with either
EcoRI or Pvu II. The hybridization probe is the same as in a.

and an in-frame termination codon (TGA) present 60 bp
upstream.

Proc. Natl. Acad. Sci. USA 84 (1987)

The Protein Encoded by the pT49 Gene Is Homologous to
Fibrinogen Subiinits. The predi¢ted amino acid sequence of
the pT49 gene was compared with all of the sequences in the
database of the Protein Identification Resource, using an
Intelli-Genetics computer program, IFIND. Significant de-
grees of homology were detected only with the fibrinogen B
or y subunits of various animals (13-18) (Fig. 5). The
COOH-terminal half of the pT49 protein shows much higher
homology to fibrinogen subunits than the NH,-terminal half.
This feature of homology is also noticeable among the
fibrinogen subunits themselves, whether the comparison is
between the B and y subunits or between the same subunits
of different species, and is interpreted as evidence for the
different evolutionary selective pressures on various do-
mains of fibrinogen (19). A more quantitative comparison of
these peptides in the COOH-terminal half (amino acids
171-413 of the pT49 protein) showed that the pT49 protein is
~36% homologous to the 8 and y subunits. The 8 and y
subunits of fibrinogen are also =~36% homologous to each
other in this region. On the other hand, the homology
between the NH,-terminal halves of the pT49 protein and the
B or vy subunits is much lower (15-20%).

DISCUSSION

While the relatedness of the pT49 protein to the fibrinogen
subunits is not disputable, the possible structure and function
of the pT49 protein may not be so obvious. The comparison
of functionally important regions of fibrinogen subunits to the
corresponding portions of the pT49 protein revealed the
following. First, there seems to be the signal peptide neces-
sary for the transport of the protein across the membrane.
The calculation according to the method of von Heijne (20)
predicts that the most likely cleavage site is between the
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FiG. 2. (A) Restriction rhap of the cDNA of the pT49 gene. The coding and 3’

noncoding regions are shown by hatched bar and open bar,

respectively. The individual cDNA clones are indicated by thinner open bars. The hybridization probe used in Fig. 1 a and b is indicated by
a line below the restriction map. Arrows indicate the direction and extent of nucleotide sequence determination. (B) Restriction map of the

genomic clone of the pT49 gene. Upper portion shows the restriction m
of the protein-encoding region of the pT49 gene. Exons are indicated b

approximate position is indicated. Shading and arrows are as in A.

ap of the entire clone; while the bottom portion shows the enlarged map
y boxes. Because the precise 5’ end of the gene is not known, only the
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GAG ACC ATG GGT GGA GGC TGG ACG GTG CTG CAG GCT CGC 748
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A G F G N L E R E F w L G
GCC GGC TTT GGA AAC CTT GAA CGA GAA TTT TGG TTG GGC 832
280
R I D L E D F N G L T L Y
AGA ATA GAT CTT GAA GAC TTT AAT GGT CTC ACA CTT TAT 916
310
R L H 1 G N Y N G T A G D
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CTC TCT GCC AAC TTA AAT GGC AAA TAT TAC CAC CAG AAA 1168
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1 N Q A Q P G G Y K S S F
ATA AAC CAG GCA CAG CCA GGT GGC TAC AAG TCC TCC TTC 1252

ATTGCTAGTG TTCATCTCTC TGGGCACTCA CTATCTAAGA 1337

TTCCTATGGC TAAACATTTC CTTTAAAGCT TTACAGCTTT TAGAATAAAG 1437
GAAAGCACTG GAAATATTGA CAATTATACA TTATAATTGC AAAACCTTTC 1537
ATTTTTATTA GTTGAAAAGT TTCCTAATAT TTTTATTATT TTTATAATAA AAACTAAATT ATTCAGCAAG CTAGATTCTA TATACGCAAG TTTTATTTTC 1637

ACTGAAAGCC AAGAACTGTA GTATTATCTT TCGTCTAAGA AGAACTTAAA 1737

CAATATGTAT AGCTAAATGT ATTCATCTAA TGCAAAATAT GGCATTAAAA 1837
TACCTAAAAA TGTGGTAGCA TAATATATGT CTCTTCCCTC TCCAATTGAA AAATAATGTT ACCCTGTAGA CTTTGGTTTA GTGGTAATTC ACTTACTGTT 1937

TCTCTGTGCA CAATGGTTTG TGATGTAAGG TGCTAGACTA CTGTAAGGTT 2037

TCCTTGGGGA AAGGCATGGT AAGGGAAAAC ACACTGGTTT ATATTTTGAA AGCCAATCCT AATCCCAAAG CAATACTGTT GTCGAGGAGT CAACGTTCTA 2137
TTTTAGTTTA AATATTATAC ATTTTAATCC TAAGCAGTCA ATTGCTTATT 2237
CCTGGAATTC CTTACTTGTG GATGTCAAGG GTCACATTAA AAGGCTCTGG 2337

GGAAGCTGAC TTTTCTAGAA CAAATGTATT TATTAGGATG AATTTTGGAA
TCATTCTTAG AAATTCAAAG AATATATACA ATTTTAGCCA AATGTGAGTC

GGGCAGTTTC ACTCACTTTA TTCTTGTGAA AAGGGGTCAC TCAGAGAGAA ACAACCAGCC GCACACTTAA ACGTGCTCTT GGGTGGAATC TGAAATGCCG 2437
CATGCAGTCA GTCACGTGGA GTAACTGACT GTACAACATG CACTGTCTAA GCAATAACTT TGATCTTTAA GTTTTGGTGT AACTTCTAAT ATACTAACCA 2537
AGCTTTTGAA ATATATGCAC AAAGATTCCA CCTTAGTTAT TTTTAAAACA TAACTAGGGA GGATATTTAT TGTCTTGACT ACTTAAACTT TCAAACATGT 2637

AGCCACTGTA AAAAAAAAAA AAACTTTACA AAGAGCAAGA TACTATTTTT GAAACATGCA ACATGAAGTT TTCAGGTGAA TACAGTGACA ACTAAGCTAT 2737
TAATAATATA ATTAAATTGC CAGCGTAAGC TAAATGCATG CTGAATTAAA TGACCAAAAT ATAACGTAGA TTTTAAAGCC TTTACCTACT TGGTAAAACA 2837

GTGAATGTAA GTGGCAGTAA CCAATCTTAT TTCTTTTTGC TTTTTAAAAA AGACTAAGAA GATTTTGATA TTATACAATT CATGTGTTTC AAATCCTGTT 2937
TATTATATGT AGCCATATAA GTCTAATGAC ATTTCCATAA TGAAAATTGA TTTACCATAG CAAAAATACT ATATGTTCAT CCTGAGTGTG TCTTTCTCAG 3037
GGTAACAATG AATCCATGTA AATACTTTAT CTTTGCACTT CCAATGGATC CAAATGTTGT TTTCTATTAT AGTCTATGAT ATTCTTCTAA TAATTCTTTA 3137

ACACAGAAAT TTATTTTTGA ATCATTTTCT GTCACTCATT TAAAAATATA TTGTAGACTT TGATAATCTC TAATCTGTTT ATTGAAATAG TCCTTAGCCT 3237
TAACAATTCA CTGATATATG CTGATGTTCA TTAATGTACA CTATTTGCCA ATATGTATTT TTAGAGTCTT GGCTTCATTT GGGTGGCTAG CACTGATCTT 3337

AATGATCACT TTATTGCTGA ACATCATTAT TCTTTAAAAA TGCCAAGTGG AACTAATTTC TTAGGAATCC AGTTGATTTG CCTGTCACGA AACGAGAAAG 3437
CCATCTCTCT GAAAAGTAGT AACGCAGCAA ATGTCCTCAG TTCTCTGGTG GACAGAGCTC GTGTGCGAGG CTCAAGGAGC ATTAGAATCC CAGGATGGGC 3537
TGGACCTGGA TTTTTCAGTA GCTGCCCCTC ACTCTTCGAT AAGTTTTCAA GATAGGTGGA TATATGCAAT TTCCATGAAC TCTTGTTTAA GATTTATTTT 3637
CATTGATGTA TAATTAAGGT TATGTTTAAT GTTTCTTTAA AGCCTTGTAA AATAAAAGTT AATCTTTATA TCTAAAAAAA AAAAAAAA 3725

F1G. 3. Nucleotide sequence and predicted amino acid sequence of the pT49 cDNA. Numbers above the amino acid sequence designate
amino acid residue position of the putative processed protein, while the numbers on the right show the nucleotide positions. The signal for the
poly(A) attachment site is underlined. *, Termination codon. Amino acids are designated by the single-letter code.

alanine and the valine at amino acids —1 and +1, with a score
of 9.6. This score is high enough to conclude that there is
indeed a signal peptide, although the assignment of the
cleavage site must be considered tentative (20). Second, there

are two conserved pairs of cysteines, which are indicated by
asterisks in Fig. 5. The cysteines are separated by 2 or 4
amino acids rather than 3 amino acids as is the case in the
fibrinogen subunits. The algorithm of Chou and Fasman (21)
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Proc. Natl. Acad. Sci. USA 84 (1987)

AAGAGTTCACACAAAGTCTAGCCTTCAAAAAGAAAACAGGTTCCCAAACTAGGGAGGAAACAGAATCATTTCCATTTTGGTGACATTTAGTGGGAAGAAGCTCACAGACAT
TTAGACGTTCCAACTCTTTCCCCACTAGTGGACCAAGTATATAATATGGTATCTTTTGGGCACTGGTATTACAACTGTTTTTTAAACAAAAGACTTTCCTTGTGCTTTACT
AAAAACCCAGACGGTGAATCTTGAATACAATGCGTGGCACCCACGGCAGGCATTCTATTGTGCATAGTTTTGACTGACAGGAGATGACAGCATTTGGCTGGCTGCGCTTGC

TGAGGACCCTCTCCTCCTGTGTGGCGTCTGAGACTGTGATGCAAATGCGCCCGCCCTTTTCTGGGAACTCAGAACGCC TGA GTC AGG CGG CGG TGG CTA TTA
-18 -10
M R L P G i L W L S S A v L A A
AAG CGC CTG GTC AGG CTG GGC TGC CGC ACT GCA AGG ATG AGG CTT CCT GGT TGG TTG TGG CTG AGT TCT GCC GTC CTC GCT GCC
-1 +1 10 170
C. R A V E E H N L T E G L E P S Q E H M
TGC CGA GCG GTG GAG GAG CAC AAC CTG ACT GAG GGG CTG GAG ... same as cDNA .. CCC AGC CAA GAA CAC ATG
178
Q S Q P
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CAGACTTTCACCTGTTAAGTTATGGCAGGAGAAACAAGTGTTTTCTCAAATGAGACAACAGAAATGGTAAATGATCCACGTACAAAAATCCTATTAGTTGTACTCGTTAGA
GACCGTCACTTGCAAGTCTCTAGACCTTCCCTGCTAGGTCGAC ...... about 1500 bases ..... AGTTAGCATCTGTTAGCCTGGTTCAGGAGAGTGTATCA

GAGCCAGGTTCCTCTATCACATAAACTGTAACGCAAGTGAATTGTCCAATTGCTGTTGAGTCTGAGAGTCCTTGAGGTGCATAGCTTTGACTAATAAATCCCCATGCTTTT

180
H L I Y

180

C s D H Y VvV L G R S§ S G
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ATGCTTTTCCTTCCTCCCTCTTCCAG / TT CAA CAT CTA ATA TAC AAA GAT TGT TCC GAC CAC TAC GTG CTA GGA AGG AGA AGC AGT GGG

200 210
A Y R V T P D H R N S
GCC TAC AGA GTT ACC CCT GAT CAC AGA AAC AGC ...
410 413

Q A K M M I R P K N F K

same as cDNA ..

400
P G G Y K S S F K
CCA GGT GGC TAC AAG TCC TCC TTC AAA

P
CAG GCC AAG ATG ATG ATT AGG CCC AAG AAT TTC AAG CCA TAA ATTGCTAGTGTTCATCTCTCTGGGCACTCACTATCTAAGAGGACGATGAATTC

F1G. 4. Nucleotide sequence of the pT49 gene around the protein-encoding region. The coding sequence is identical to that of the cDNA
sequence except for the first 2 bases of the initiation codon, which are missing from the cDNA sequence. Amino acids are designated by the

single-letter code.

shows that the region between these pairs of cysteines has a
very high tendency to assume an a-helical conformation, with
an interruption at the middle. In this region of fibrinogen, the
three subunits with the a-helical conformation form a three-
chain coiled-coil structure interlocked by the disulfide rings
(22). While the slightly distorted dispositions of cysteines in
the pT49 protein might make the dimeric structure more
likely, it may still be possible that the pT49 protein is
aggregated with other proteins (or itself) to form a three-
stranded coiled coil. Finally, it must be pointed out that the
pT49 protein does not have the sequences corresponding to
a thrombin-sensitive site for the release of a fibrinopeptide
(amino terminus of the B chain) or a site for cross-linking or

Mouse pT49
Human beta
Human gamma
Rat gamma
Lamprey gamma

Mouse pT49
Human beta
Human gamma
Rat gamma
Lamprey gamma

VEA-SQTSSSSFQYMYLLKDLWQ
-HQ-ENKTSE-KQ-I-AI-LTYN
-QRAENRTTEAKE-I-AI-VYYN
-TQLAAKHGI-EGNVNIVNEDVR

* *
Mouse pT49

interaction with platelets (carboxyl terminus of the y chain)
(23). However, if the pT49 protein associates with other
proteins, these properties could be attributable to those
chains. As a conclusion, while there is much uncertainty it is
possible that the pT49 protein is a part of a secreted
fibrinogen-like complex.

Although it is premature to speculate about the possible
involvement of the pT49 molecule in CTL-mediated
cytolysis, we would like to suggest a few of the possibilities.
Fibrinogen is activated and degraded by the proteases throm-
bin and plasmin, respectively, which are in turn activated by
other proteases. Therefore, it is interesting to note that three
CTL-specific serine protease genes have been isolated by the

* *

VEEENLTEGLEDASAQAACPARLEGSGR CEGSQCPFQLTLPTLTIQLPRQLGSMEEV
QGVNDNEEGFFSARGHRPLDKKREEAPSLRPAPPPISGGGYRARPAKAAATQKKVERK-PDAGG-LHADPDL-VL-P TG-QL-EA-LQQERPIRNSVDELNNN

YVATRDN-CILD-RF-SY-P TT-GIADF-S-YQTKVDKD-Q-L-DI
QYTATRDN-CILD-RF-SY-P TT-GISDF-NSYQTDVDTD-QTL-NI
QVRDLKQ-S NDPEF-RY-P TT-GVADV-SKYAKGVDEDSSFIDS-

LKEVRTLKEAVDSLKKSCQDCKLQADDHRDPGGNGGNGAETAEDSRVQELESQVNKLSSE LKNAKDQI QGLQGRLETLHLVNMNNIENYVDNKVANLTVVVN
KRQKQ-KDN-NV--EY--- -EKHQLY-DETVNSNIA-NLR-LR S-LENLRS-IQK-ESD-S
PDE-SKPNMIDAATLK-RKM-EEIMKY EASILTHDSSIRYLQ E-Y-SNNQ-IV--KEK-A
PDQPPKPGMIEGATQK-KKMVEEILKY EA-LLTH-SSIRYLQ D-YTSNKQ-IT--KQK-A
ITRDEA-IIKDSGQ-TVQKI-EEVRIL EQIGVSHDAQIQELS EMWRVNQQF-TR-QQQLV

SLDGKCSK CPSQEHMQSQPVQHLIYKDCSDHYVLGRRSSGAYRVTPDHRNSSFEVYCDMETMGGGWTVLQARLDGSTNFTREWKDYKAGFGNL

Human beta AQMEY-RTP-T V-CNIPVVSG-E-EEIIRK-GET-EM-LIQ--SSVKPYR----- N-EN-----I-N-Q---VD-GRK-DP--Q----VATNTDGKNYC
Human gamma Q-EAQ-QEP-K DTVQIHDITG---Q-IANK-AKQ--L-FIK-LKA-QQ-L---EIDGS-N----F-K-~----VD-KKN-IQ--E---H-SP
Rat gamma Q-EAQ-KEP-K D-VRIYDITG---Q-TANK-AKE--L-SIR-LKATQQSL---ETDGP-N---EFKK----- VD-LKN-IQ--E---H-SP

Lamprey gamma DIRQT--RS-QDT

TANKISPITG---QQVVDN-GKD--L-YIK-LKAKQP-L-F-EI- N-N----I-H-H---V----D-VS-RE---Y-AP

Mouse pT49 EREFWLGNDKIHLLTKSK EMILRIDLEDFNGLTLYALYDQFYVANEFLKYRLHIG NYNGTAGDALRFS RHYNHDLRFFTTPDRDNDRY
Human beta GLPG-Y~------- SQ--RMG PTE-L-EM--WK-DKVK-H-GG-T-Q--AN--QISVN K-R----N--MDGASQLMGENRTMTI-NGM--S-Y-----GWLT
Human gamma TGTT------ E----ISTQSAIPYA--VE---W--R-ST-D-AM-K-GP-AD----TYAYFAG-D- - - -FDGFDFGDDPSDKFFTS-NGMQ-S-W-N- - -KF
Rat gamma TGTT------E-N--ISMQSTIPYA---Q-K-WS-R-ST-D-AM-R-GPGSD----TYAYFIG-D----FDGYDFGDDPSDKFFTS-NGMH-S-W-N---KF
Lamprey gamma TLTT------ E------ GQQ AYR----- T-WENTHR--D-GH-KLTP-SDE---FYSMYLD-D--N-FDGFDFGDDPQDKFYTT-LGML-S--E----K-

Mouse pT49
Human beta
Buman gamma
Rat gamma
Lamprey gamma

PSGNCGLYYSSGWWFDSCLSANLNGKYYH QKYK

GVRNGIFWSTWPGINQAQPGGYKSSFKQAKMMIRPKNFKP
SDPRKQ-SKEDGG---YNR-HA--P--R--WGGQ-TWDMAKH-TDD-VV-MN-K-SWY
E---AEQDG----MNK-HAGH---V--QGGT-SKASTPN-YD---I-A--KTRWY
E---AEQDG----MNK-HAGH---V--QGGT-SKSSTPN-YD---I-A--KTRWY
E-S-AEQDG--~-MNR-HAGH------ FGGN-RKTDVEFPYDD--I-A--HDRWY

-MRKMS-K---FFPQQ

-M-KTT-K-I-F-RLTIGEGQQHHLGGAKQAGDV
-M-ETT-K-I-F-RLSIGDGQQHHMGGSKQVGDM
-L-MTT-KLL-MGRDLSGHGGQQQSKGN SRGDN

FiG. 5. Comparison of the amino acid sequences of pT49 and the fibrinogen B8 and 7y subunits. To increase the identity, some
deletions/insertions were incorporated. The amino acids of fibrinogen subunits identical to those of pT49 are indicated by hyphens. The
sequences of the fibrinogen subunits are all of the mature proteins (13, 14, 16, 17), while that of pT49 is the proposed processed protein. Two
pairs of cysteines, indicated by asterisks, form disulfide rings that link the three subunits of fibrinogen. Amino acids are designated by the

single-letter code.
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subtractive cloning method (24-26). CTL-specific proteases
were also implicated by the effect of protease inhibitors on
CTL-mediated cytolysis (27) and by the identification of a
serine esterase in these cells (28-30). This led to the sugges-
tion (31, 32) that there is a protease cascade reminiscent of the
complement system, with the pore-forming perforin as a
substrate (33, 34). The fibrinogen-like complex, however,
could be an additional substrate of the protease cascade. The
fibrinogen-like complex might work as an adhesion molecule
that holds the CTL and the target cells together tightly during
the delivery of the lethal hit. Indeed, divalent fibrinogen
binds to and aggregates the platelets (23). Alternatively, the
fibrinogen-like complex might be a clotting inhibitor. It will
prevent undesirable fibrin formation around the CTL or
target cells that might be initiated by the release of the
CTL-specific proteases into the circulation system. The
fragment D of the fibrinogen, which is devoid of the poly-
merization donor site, is a potent clotting inhibitor.
Perhaps a more immediate contribution of the discovery of
the pT49 gene is its implication in the questions about the
evolution of the fibrinogen gene family. The first question
concerns the origin of the introns in the fibrinogen gene
family (35). In spite of their amino acid homology, the number
and the location of introns in the 8 and y subunits are quite
variable: B has 7 and vy has 8 introns, of which only 3 occupy
homologous positions. To explain the diversity, one model
assumes random intron insertions into an intronless primor-
dial gene and another model assumes selective intron losses
from an intron-ridden primordial gene (35). The only intron in
the coding region of the pT49 gene does not coincide with any
of the introns of the B and vy subunits. This observation is hard
to interpret by either model alone. Probably it requires a
reconciliatory model that invokes both processes. Another
question concerns the origin of the fibrinogen genes them-
selves (19). As previously mentioned, the COOH-terminal
halves of the B and y subunits show homology of 36%. On the
other hand, the human and lamprey y subunits are ~61%
homologous in the same region (17). Thus, the divergence of
the B chain of fibrinogen from the y chain occurred long
before the divergence of the lineages that eventually led to
human and lamprey. The latter is the lowest animal known to
possess plasma fibrinogen. Therefore, paradoxically, it looks
as if the genes for the fibrinogen subunits diverged and
evolved before fibrinogen came to exist (19). A possible
solution suggested by the discovery of the pT49 gene is that
the precursor of fibrinogen has evolved as a primitive
lymphocyte protein. The development of a completely closed
circulation system in primitive vertebrates required a coag-
ulation scheme to protect against the loss of precious iron,
and some of the properties of the pT49 protein might have
been exploited to form the basis of the blood clotting system.
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