Volume 207, number 1

FEBS 4108

October 1986

A novel member of the serpin superfamily is encoded on a
circular plasmid-like DNA species isolated from rabbit cells

C. Upton, R.W. Carrell* and G. McFadden

Department of Biochemistry, University of Alberta, Edmonton, Alberta, T6G 2H7 Canada and * Haematology Department,
Addenbrooke’s Hospital, Hills Road, Cambridge CB2 2Q(Q, England

Received 3 August 1986

A novel member of the serpin family of serine protease inhibitors is presented. A plasmid-like DNA was

isolated from rabbit cells by its homology to the genome of Shope fibroma virus (SFV), a tumorigenic poxvi-

rus of rabbits, and was shown elsewhere to encode a serpin-like protein [(1986) Mol. Cell. Biol. 6, 265-276].

Although significant DNA homology exists between the rabbit plasmid serpin open reading frame and the

SFV terminal inverted repeat DNA there is no intact serpin counterpart encoded by this region of the SFV

genome. The alignment of the novel plasmid-borne polypeptide with the serpin family of proteins confirms
its status within this group.

Shope fibroma virus Poxvirus

1. INTRODUCTION

Members of the serpin (serine protease inhibi-
tors) superfamily (review [1,2]) comprise a variety
of distinct but undoubtedly related proteins, not
all of which have a known protease inhibitor func-
tion. Recently several of the blood plasma protease
inhibitors have attracted considerable attention in
terms of the therapeutic use of genetically
engineered serpins to treat genetic deficiencies,
notably that of plasma protein a;-antitrypsin [3].
Here we describe the serendipitous discovery of a
novel member of the serpin superfamily from rab-
bit cells. This serpin-like protein is derived from
the translation of an open reading frame (ORF) on
an extrachromosomal plasmid-like DNA species
isolated from rabbit cells [4]. This plasmid DNA
species was cloned by virtue of its DNA sequence
homology to the genome of Shope fibroma virus
(SFV), a tumorigenic poxvirus of rabbits [4]. The
presence of small polydisperse extrachromosomal
circular (spc) DNAs in eukaryotic cells has been
observed for a number of years (review [5,6]). The
size distribution and number of spc DNAs is found
to vary with development, growth state and mitotic
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capacity of the cell, but the function of these
molecules is poorly understood [5—7]. SFV is a
tumorigenic leporipoxvirus which is capable of in-
ducing fibromas in rabbits, its natural host [8—10].
Like all poxviruses, SFV replicates in the
cytoplasm of infected cells and its large (160 kb)
linear ds DNA genome [10] probably encodes all of
the proteins required for the replication and
transcription of the viral DNA [11,12]. The rela-
tionship between SFV and spc DNAs of the host
cell is unclear but recombination with these host
DNAs may be one way by which the cytoplasmical-
ly replicating poxviruses are able to enhance their
pool of genetic information [4].

The rabbit sequence described here was
discovered when the cloned BamHI fragments of
the SFV genome were examined for the presence of
host-related sequences which might be implicated
in the tumorigenic phenotype of this virus [4].
Unexpectedly, it was found that a 4.8 kb covalent-
ly closed circular (CCC) species of DNA, present
in both total and Hirt preparations of rabbit (SIRC
cell) DNA, hybridized to recombinant plasmids
derived from a defined region of the terminal in-
verted repeats (TIR) of SFV [4]. Analysis of the
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DNA sequence of one clone (pSIC9) which con-
tains 1.9 kb of the plasmid sequence confirmed the
homology with SFV TIR sequences found by
Southern blotting and revealed the presence of one
intact and one truncated ORF [4]. The truncated
ORF (ORF-2) was found to be identical to the N-
terminus of ORF-T8 in the SFV TIR, but the func-
tion of this viral/plasmid gene product has not yet
been clarified. The intact ORF (ORF-1) from
pSIC9 has no complete counterpart in the SFV
TIR, but significant DNA homology exists be-
tween the two sequences in this region, although
several small gaps plus one of 819 bases must be in-
serted in order to align these homologies. Transla-
tion of this rabbit plasmid ORF-1 yields a 361
amino acid polypeptide which has some homology
with human «;-antichymotrypsin, as determined
by computer search through the National
Biochemical Research  Foundation protein
database [4]. Here we report the complete amino
acid sequence of the rabbit plasmid ORF-1 and
confirm that it represents a novel bona fide
member of the serpin superfamily.

2. MATERIALS AND METHODS

The DNA sequence for pSIC9 has been reported
[4]. Analysis of the DNA sequence, protein
database searches and alignment of the polypep-
tides were performed using the core library pro-
grams of the BIONET computer resource
(IntelliGenetics Inc.). A final alignment of the
ORF-1 polypeptide to other members of the serpin
family utilized the programme of A.M. Lesk, M.
Levitt and C. Chothia [1] which uses the
Needleman-Wunsch  algorithm  modified to
penalise insertion of gaps in regions of secondary
structure based on that of aj-antitrypsin.

3. RESULTS AND DISCUSSION

The complete amino acid and DNA sequences
with the 5'- and 3'-flanking DNA regions of the
rabbit plasmid ORF-1 are shown in fig.1. It should

Fig.1. Amino acid sequence of ORF-1, translated from

the rabbit plasmid clone pSIC9. The full DNA sequence

of clone pSIC9 (complementary strand) is presented in

fig.6 of [4] where nucleotide no.1678 corresponds to
no.1 of this figure.
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10 20 30 40 S0 60 70
ACAGGCAAGA CACGTTGGAT CGGTTGAAGG AACGACTCGT GGGACGCGTG ATTAAAACGC GAGTCGTTCG

80 90 100 110 120 130 140
CGCGGACGGT TTATACGTGG ACCTGCGACG TTTTTTTTGA GGGTTAARTG AAGTATCTGG TCCTCGTCTT

155 170 185
ATG TTT AAC GTC GTG CGC GTT CGA GAT ATC GGA CTA TGG ACG TTC CGA TAC GTC
MET Phe Aan Val Val Arg Val Arg Asp Ile Gly Leu Trp Thr Phe Arg Tyr Val

200 215 230 245
TAC ARC GAA AGC GAC AAC GTC GTG TTC TCA CCG TAC GGC TTG ACC TCC GCG TTG
T/r Asn Glu Ser Asp Asn Val Val Phe Ser Pro Tyr Gly Leu Thr Ser Ala Leu

260 275 2%0
TCC GTG TTA CGG ATC GCG GCG GGC GGT AAC ACG AAA CGA GAA ATA GAC GTC CCC
Ser Val Leu Arg Ile Ala Ala Gly Gly Asn Thr Lya Arg Glu Ile Asp Val Pro

305 320 335 350
GAAR TCC GTC GTG GAG GAC TCC GAC GCC TTT CIC GCG TTA CGG GAG TTG TTC GTA
Glu Ser Val Val Glu Asp Ser Aap Ala Phe leu Ala Leu Arg Glu Leu Phe Val

365 380 395 410
GAC GCA TCC GTT CCG TTA CGT CCC GAG TTT ACG GCG GAG TTC TCC TCG CGA TTC
Asp Ala Ser Val Pro Leu Arg Pro Glu Phe Thr Ala Glu Phe Ser Ser Arg Phe

425 440 455
AAT ACC TCC GTG CAA CGC GTG ACG TTT ARC TCG GAG AAC GTC AAA GAC GTC ATT
Asn Thr Ser Val Gln Arg Val Thr Phe Asn Ser Glu Asn Val Lys Aap Val Ile

470 485 500 515
AAC TCG TAC GTT AAG GAT AAG ACG GGA GGA GAC GTC CCA CGC GTA TTG GAC GCC
Asn Ser Tyr Val Lya Asp Lys Thr Gly Gly Asp Val Pro Arg Val Lau Asp Ala

530 545 560
TCC CTA GAC CGA GAT ACT AAA ATG CTG CTA TTG AGC TCC GTT CGT ATG AAG ACG
Ser Leu Asp Arg Asp Thr Lys Met Leu Leu leu Ser Ser Val Arg Met Lys Thr

575 $90 605 620
AGC TGG AGA CAC GTA TTC GAC CCT TCG TTC ACG ACG GAT CAA CCT TTT TAT TCC
Ser Trp Arq His Val Phe Asp Pro Ser Phe Thr Thr Asp Gln Pro Phe Tyr Ser

635 650 665 630
GGA AAC GTC ACA TAC AAG GTA CGT ATG ATG AAT AAA ATA GAT ACG TTG AAA ACG
Gly Asn Val Thr Tyr Lys Val Arg Met Met Asn Lys Ile Asp Thr leu Lys Thr

€95 710 725
GAG ACG TTT ACG CTT AGA AAC GTG GGA TAC TCC GTA ACG GAA CTG CCG TAT AAA
Glu Thr Phe Thr Leu Arg Asn Val Gly Tyr Ser Val Thr Glu Leu Pro Tyr Lys

740 755 770 78%
CGG CGT CAR ACG GCC ATG TTG CTC GTC GTT CCG GAC GAC TTG GGA GAG ATC GTG
Arg Arg Gln Thr Ala Met Leu Leu Val Val Pxo Asp Asp Leu Gly Glu Ile Val
800 e15 830
CGG GCC CTC GAT CTT TCT CTA GTA CGC TTC TGG ATA CGC AAC ATG AGG AMA GAC
Arg Ala Leu Asp Leu Ser Leu Val Arg Phe Trp lle Arg Asn Met Arg Lys Asp

845 860 875 890
GTG TGT CAG GTG GTA ATG CCC AAG TTC TCC GTC GAA TCG GTC CTG GAT CTG AGG
Val Cys Gln Val Val Met Pro Lys Phe Ser Val Glu Ser Val lLeu Asp leu Arg

905 920 935 950
GAC GCC CTC CAG AGA CTG GGG GTG CGA GAC GCG TTC GAT CCA TCC CGG GCG GAC
Asp Ala Leu Gln Arg Leu Gly Val Arg Asp Ala Phe Asp Pro Ser Arg Ala Asp

965 980 995
TTC GGT CAG GCG TCC CCG TCG AAC GAT CTA TAC GTC ACG AAG GTG TTA CAG ACG
Phe Gly Gln Ala Ser Pro Ser Asn Asp Leu Tyr Val Thr Lys Val Lsu Gln Thr

1010 1025 1040 1055
TCC ARG ATA GAG GCG GAC GAA CGG GGA ACG ACG GCG TCG AGC GAC ACA GCC ATC
Ser Lys Ile Glu Ala Asp Glu Arg Gly Thr Thr Ala Ser Ser Asp Thr Ala lie

1070 1085 1100
ACC CTC ATC CCC AGG AAC GCC CTC ACG GCG ATC GTG GCG AAC AAA CCG TTT ATG
Thr Leu Ile Pro Arg Asn Ala Lau Thr Ala Ile Val Ala Asn Lys Pro Phe Met

1115 1130 1145 1160
TTT CTC ATC TAT CAC AAG CCT ACA ACG ACC GTG TTG TTT ATG GGA ACG ATA ACA
Phe Leu Ile Tyr His Lys Pro Thr Thr Thr Val leu Phe Met Gly Thr Ile Thr

1175 1190 1205 1220
AAG GGT GAA MAA GTA ATA TAC GAT ACG GAG GGT CGA GAT GAT GTC GTA TCC TCT
Lys Gly Glu Lys Val Ile Tyr Asp Thr Glu Gly Arg Asp Asp Val Val Ser Ser

1236 1246 1256 1266 1276 1286
GTA TAA ACTCTTTTTG AAGGGTAAAC TATGCGACGT CGAAATCGTC GCGGAAGGCA ARAGCATCCG
Vval
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be noted that this sequence is translated from a
single continuous pSIC9 ORF DNA sequence. In
comparison, introns are present within the genes of
ovalbumin [13], aj-antitrypsin [14], angioten-
sinogen [15] and antithrombin III [16,17],
although only in angiotensinogen and antithrom-
bin III are they similarly arranged [15]. The
absence of introns from ORF-1 indicates that this
rabbit plasmid species may have been originally
derived by reverse transcription. In fig.2 the pro-
tein sequences of the rabbit plasmid ORF-1,
human a:-antitrypsin (a1-AT) [18], mouse a;-AT
[19], human a;-antichymotrypsin (a;-AC) [20],
mouse contrapsin [19], human antithrombin III
(AT3) [21], chicken ovalbumin [22], chicken gene
Y [13] and rat angiotensinogen [15] have been
aligned to minimize the insertion of gaps within
regions of secondary structure based on that of
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a1-AT. There are 18 residues which are conserved
through all the serpins shown and in 133 positions
the amino acid is conserved in at least 50% of the
proteins. As expected from the alignment of the
other serpins there is considerable variation at the
N-terminus of the rabbit plasmid ORF-1. An unex-
pected finding is the complete deletion of the D
helix, confirmed by the presence of the conserved
sequence in the C helix and the A2 strand that
flank each side of the missing D helix. Evidence
that the overall conformation is retained at the
reactive center is provided by the homologies of
the A4 strand region (fig.3). This strand forms the
loop that must be present in the native serpins [1]
to join the P; and P’ residues of the reactive
center. There is strong homology throughout the
family at the hinge region of this loop with the
typical sequence Glu:polar:Gly:Thr/Ser:Glu

| Reacuve ccmnl Leaving peptide ————»

Residue number AS A4

N r
busedon «, -antitrypsin 342 43 44 45 46 47 48 49 50 51 52 53 54 55

Rabbit plasmid ORF-1 G T L

Human o, AT G M A

Baboon ¢ AT G M A
Mouse AT

Mouse 3 AC (contrapsin)
Human a, AC

Human AT-M

Chicken Ovalb.

Chicken Gene Y

Rat AngioT

Human AngioT

Barley Z Prot.

Human a; AP

Human PA-1

Human Hep Cof-11

Human C, Inhub A A

E®
E E GTEA AR AARAAT S VYV
@ ydrophilic ; € rep ydrophobi

A
Conserved GT/SE A ~-A/T
T
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70 71 72 Score

1 I F

64 65 66 67 68 69

R L -1 N F 12

- M 18

- 18

18

17

18

18

14

18
13

18

19

Fig.3. Alignment of the reactive centers of 16 members of the serpin superfamily [1]. The normal cleavage site for the
proteinases inhibited by the serpins is after the P; residue. Conserved and consensus sequences are indicated.
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which is conserved in ORF-1 as Glu:Arg:
Gly: Thr: Thr. Furthermore, the ORF-1 sequence
has the typical distance of 16 residues between the
hinge and the putative P, reactive center residue,
with the implication that the protein retains the
stretched loop conformation necessary for in-
hibitory function. The common tertiary structure
of the serpins is also supported by the even
distribution of conserved residues throughout their
sequence which can be correlated with the struc-
tural features of the a;-AT model. Examples of
this are the conservation of glycine residues at in-
terstrand hinges and salt bridges linking areas of
secondary structure. Two Glu-Lys bridges have
been maintained in most serpins (fig.2; G7-Bs9 and
As16-Agl) with the exception of angiotensinogen,
barley protein Z and ORF-1, each of which has lost
one complete bridge.

The alignment of the reactive center region of
the serpins is shown in fig.3 where more distantly
related proteins are included [1,23-27] in addition
to a conserved and consensus sequence. The struc-
ture of each of the serpins provides a clue to its in-
hibitory activity and likely target proteinase. The
P, residue of the reactive center acts as a potential
cleavage site for the target enzyme with a specifici-
ty that is further increased by the P; residue. This
is of course an approximate rule but it does allow
an estimate as to the target enzymes of serpins of
dubious inhibitory activity. Thus the rabbit
plasmid ORF-1 fits the description of an Argserpin
and if it does have an inhibitory function its target
is likely to be a serine protease cleaving after
arginine, probably at a Pro: Arg:X sequence.

DNA homology between the SFV TIR and
pSICY extends across the full 1.9 kb plasmid in-
sert. However, it is obvious that only one of the
ORFs (ORF-2, equivalent to SFV ORF-T8) present
on pSIC9 has been maintained by SFV [4]. Thus it
appears that SFV may have originally acquired a
large fraction of the rabbit plasmid sequences but
those genes which did not confer a selectable ad-
vantage to the virus (including the serpin ORF)
were not faithfully maintained in the SFV genome.
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