
corresponding to Jp2-1 and the expressed 
J segment in pTP2 are identical, suggest- 
ing that there are no polymorphic differ- 
ences in JP2- 1 segments of the individual 
whose DNA was used to make the geno- 
mic library and the individual whose 
thymus was used to make the cDNA 
library. 

The nucleotide sequence of the 5' C- 
region segment derived from pTP2 and 
that derived from pTP3 differed by two 
nucleotides (Fig. 3) as did the corre- 
sponding portions of the germline Cpl 
and CP2 genes. The nucleotide difference 
in the coding portions of Cpl and Cp2 
resulted in a change from Asn-Lys to 
Lys-Asn. This observation was unex- 
pected because both plasmids contain J 
segments derived from the cluster of J 
segments encoded between Cpl and CP2. 
Subsequent nucleotide sequence analy- 
sis and restriction enzyme mapping dem- 
onstrated that pTP2 contains the Cpl 
gene segment, whereas pTP3 contains 
the Cpz segment (17). 

Comparison of the pTP2 cDNA with 
the structure of the locus for the C region 
of the p chain revealed an unexpected 
finding; the Jpz-1 segment is joined to the 
CPl segment. One explanation for this 
observation might have been the pres- 
ence of a segment resembling JP2-1 in the 
Jpl  cluster; however, the Jpz-1 probe 
does not hybridize to the 9 kb of DNA 5' 
of Cpl (17). We demonstrated (Fig. 2) 
that sequences 5' of the Cpl segment are 
significantly different from sequences 5' 
of CP2. Thus, there is only a single se- 
quence like JP2-1 in the C-region locus 
and this segment is encoded 3' of Cpl. 

Presumably, pTP2 is encoded by an 
active gene in which the Jpz-1 segment is 
5' of the Cpl segment. Since this gene 
structure is not encoded in the germline 
DNA, we suggest that it is formed during 
the somatic development of T cells. Per- 
haps a somatic recombination event in- 
volving an unequal crossover occurred 
during maturation of the cell expressing 
the pTP2 messenger RNA (mRNA) and 
this recombination event placed Jp2-1 5' 
of Cpl (Fig. 4). Consistent with this hy- 
pothesis is the evidence that T-cell ex- 
tracts contain an enzymatic activity that 
is able to promote homologous recombi- 
nation in vitro (19). 

The isolation of a P-chain cDNA de- 
rived from the Cpl segment and the JP2 
cluster suggests an unexpected mecha- 
nism by which any J segment can be 
associated with either Cp segment. Since 
the Cpl- and Cpz-region genes are highly 
homologous, differing by six amino acid 
residues, the biological significance of 
these new forms of mRNA remains to be 
determined. Whether p-chain mRNA's 

utilizing one C-region segment are func- 
tional in one type of T cell while the 
other Cp segment is utilized in another T- 
cell subset remains an unanswered ques- 
tion. We do not yet know if this hypothe- 
sized somatic recombination occurs by a 
special mechanism or if this type of 
recombination occurs between all ho- 
mologous genes during somatic develop- 
ment. We also do not know the frequen- 
cy at which these unusual mRNA's are 
made in the thymus. The P-chain 
cDNA's derived from murine thymus do 
not have this structure (7). Eleven hu- 
man p-chain cDNA's have been exam- 
ined (20) (Fig. 3) and only one of them 
has the unexpected structure found in 
pTP2. Analysis of active T-cell genes 
that have been formed by these unusual 
recombination events should provide 
some answers to these questions. 

ALLAN D. DUBY 
KAREN A. KLEIN 
CORNELIS MURRE 

References and Notes 

1. 0. Acuto et al., Cell 34, 717 (1983). 
2. J. Kappler et al., ibid., p. 727. 
3. B. McIntyre and J. Allison, ibid., p. 739. 
4. L. Samuelson, R. Germain, R. Schwartz, Proc. 

Natl. Acad. Sci. U.S.A. 80, 6972 (1983). 
5. Y. Chien et al., Nature (London) 309, 322 

(1984). 
6. S .  P. Clark et al., ibid. 311, 387 (1984). 
7. N. R. J. Gascoigne et al., ibid. 310, 387 (1984). 
8. S. M. Hedrjck et al., ibid. 308, 149 (1984). 
9. S .  M. Hedr~ck et al., ibid., p. 153 (1984). 

10. J. Kavaler, M. M. Davis, Y. Chien, ibid. 310, 
421 (1984). 

11. M. Malissen et al., Cell 37, 1101 (1984). 
12. S. Siu et al., ibid., p. 393 (1984). 
13. S. Siu et al., Nature (London) 311, 344 (1984). 
14. Y. Yanagi et al., ibid. 308, 145 (1984). 
15. J. E. Sims et al., ibid. 312, 541 (1984). 
16. For a detailed description of these techniques, 

see T. Maniatis, E. F. Fritsch, J. Sambrook, 
Molecular Cloning: A Laboratory Manual (Cold 
Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1982). 

17. A. D. Duby et al., unpublished data. 
18. J. V. Ravetch et al., Cell 27, 583 (1981). 
19. V. Darbv and F. Blattner. Science 226. 1213 

(1984). 
20. T. Mak, personal communication. 
21. A. S. Whitehead et al., ibid. 221, 69 (1983). 
22. Amersham M13 Cloning and Sequencing Hand- 

book (Blenheim Crescent, London, 1983). 
22. We thank T. Broderick for expert preparation of 

the manuscript, E.  Reinherz for REX cells and a 
human thymus, and M. Pearson and E. R. 
Doran for the oligonucleotide probes. Supported 
bv a fellows hi^ from the Medical Research 

J. G. sEIDMAN douncil of ~an ' ada  and a Career Development 
Award from the Arthritis Society of Canada 

Department of Genetics, (A.D.D.) and NIH grants AI-19438 and a grant 

Harvard Medical School, from the Mallinkrodt Foundation (J.G.S.). 

Boston, Massachusetts 02115 27 December 1984; accepted 18 March 1985 

Syrian Hamster Female Protein: Analysis of Female 
Protein Primary Structure and Gene Expression 

Abstract. The concentration in plasma of the female protein (FP) of the golden 
Syrian hamster is regulated by sex steroids and by mediators of the acute-phase 
response to tissue injury or injammation. A complementary DNA (cDNA) clone 
corresponding to FP was isolated from a hamster liver cDNA library and used to 
determine the nucleotide sequence and derived amino acid sequence of native FP. 
The primary sequence of FP is 69 percent identical to human serum amyloid P 
component and 50 percent identical to human C-reactive protein. Evidence showed 
that sex-limited and acute-phase control of the FP gene is pretranslational. The FP 
protein is thus a useful model for investigating dual regulation of expression of a 
single gene. 

The plasma of golden Syrian hamsters 
contains a protein, designated female 
protein (FP), that is a member of the 
pentraxin family (1). Pentraxins, such as 
human C-reactive protein (CRP), serum 
amyloid P component (SAP), and other 
related proteins, have a characteristic 
subunit structure and are Dresent in 
many species, including primitive inver- 
tebrates (2). Many pentraxins (for exam- 
ple, human CRP and murine SAP) are 
acute-phase proteins, which means that 
their concentrations in plasma increase 
after tissue injury or acute inflammation. 
The plasma concentration of FP in the 
Syrian hamster is under dual control; 
that is, concentrations are altered by sex 
steroids and by stimuli that elicit an 
acute-phase response. The concentra- 
tion in plasma of female Syrian hamsters 

(0.5 to 3.0 mgiml) is 100 to 1000 times 
greater than that in the plasma of normal 
males (4 to 20 pglml). Concentrations of 
FP increase by a factor of 5 to 10 in 
plasma of male hamsters during an in- 
flammatory response but decrease by 50 
percent in female hamsters after a similar 
acute-phase stimulus. Resting FP con- 
centrations and the response to acute- 
phase stimuli are reversed by castration 
or by administration of sex steroids 
(3). 

Complementary DNA (cDNA) clones 
corresponding to human CRP and SAP 
have been isolated (4, 5). Comparison of 
the structure and regulation of expres- 
sion of the FP gene with those of other 
pentraxin genes would provide an oppor- 
tunity to study the molecular basis of 
hormonal and acute-phase regulation of 
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plasma protein biosynthesis. According- 
ly, we isolated an FP cDNA clone, deter- 
mined its nucleotide sequence, and used 
it to probe the mechanism for dual regu- 
lation of FP gene expression. 

Complementary DNA was generated 
from adult female hamster hepatic poly- 
adenylated RNA and was cloned into 
pBR322 by means of methods described 
(6). The cDNA library was screened by 
filter colony hybridization (7) with an 
isotopically labeled human SAP-specific 
cDNA probe (5). Of the 30,000 tetracy- 
cline-resistant transformants screened, a 

plasmid containing a 720-base-pair (bp) 
cDNA insert (pFP1) was selected from 
32 positive clones for restriction map- 
ping and DNA sequence analysis (Fig. 
1). 

The selected clone contained the cod- 
ing sequence for the entire mature FP 
and 60 bp of the 3' untranslated region, 
but it did not include a poly(A) tail (Fig. 
1). The FP amino acid sequence, derived 
from the pFPl nucleotide sequence, 
shared appreciable homology with the 
derived amino acid sequence for human 
SAP (5) and with the amino acid se- 

' ACA C I C  CTC ACA CCA AAC GTA TTT &6 TTC CCC ACA CAG TCT CAA ACT G I 1  T I 1  % AAC C l G  A l A  CCA CCA TTC CAC AAA C C l  C?6 CAC AAC l l T  

F P * T D L T  G K V F V F P R O S E  T D Y V  K L I  P R  L D K P L O N F  
S A P H S  - E - V H - N T P - E p . p  
CRP Q-.- M S R - A K E - D - S S - K A P - T K A -  

40 

FP 
ACA CTC TGT TTT CCA CCC TAT ACT CAC CTT TCC 

50 60 
CGC C C l  CAC ACT CTT TIC TCC T I C  *AT ACT CAC TAC CCA C A I  AAT CI\C C l C  C I A  AT1 

T V C F R  A Y S D L S  R  P H S L F S Y N T E Y G  E N E L L  I 
SAP - L - -  - A  Y Q G  R D V 
CRP - L H  F - T E - S T - G Y - I A - K R Q  D l -  

70 80 90 
TAT AAG CAA ACA A T T  CCA C I A  T A l  GAA CTC TAC AT1 GCA A A T  CAG CCA ACC AAA C T l  C A l C C C  C l C  C A I  CAA T T l  C C l  1 C l  

Y K  E R  I G  E Y E L Y  I G N Q G  T K V H G  V E E  F  A S  
V S - R  H T P K - I  - K  - P  - 

CRP F W S  _ - D  Y S F T V G S  E I L F E V P E - - T  V - 

100 110 120 
CCA CTA CAT TTC TCT ACT ACT TCC CAC TCC TCT TCT GGC A T T  CCT GAA T I T  1CC GTC AAT CCC AAA CCT 1CC CTA AAA AAC CCT T I C  C I C  A X  

FP P  V H F C T S W E S S S G I  A E F W V N  G K P W V K  K G L  O K  
SAP I -..V - _ - - p - p p - - - _  I T - L  R - 
CRP --I A - V  D - . - R - R - S - -  K -  

130 140 150 
GGC TAC ACT CTC AAA AAC AAA CCC ACT ATT ATC T I *  CCA CAC C I A  C I C  C A l  AAT TAT CCA CCA CCC TTT CAT AAT TAC CAC TCC TTC 

FP G Y T V K  N K P  S I  I L G  ~ E ~ D N  Y G  G G  F D ~  ~ Q S F  
SAP F E A - K - V  .._..p--. ~ - - - s  K - 

CRP G A F A S F N - E  G S - - L  

160 170 

iP GTC CCA CAC ATT CCC CAT TTC AAC ATC TCC CAC TCT CTC CTC ACC CCA C A I  CAA ATT AAA TCT CTA T I C  CAA CCT CTC CCC CTT CAC1C8t? A X  

V G  E l  G D L N M W D S V L  T P E E  I K S V  Y Q G V P L F P  N  
SAP - -  - Y P - . . N  - L  - A  - A -  
CRP D N v ~ - F  _ S - D  _ _ _ _  N T I - L - G . . - F  S - - 

quence for human CRP (8). Discrepan- 
cies in amino acid homology between 
residues 68 and 116 of FP were noted 
when the FP sequence was compared 
with the amino acid sequence for human 
SAP (9). Peptides from the discrepant 
region of SAP had been aligned on the 
basis of their homology with CRP (8). 
Overall the sequence of FP is 69 percent 
identical to that of SAP and is 50 percent 
identical to that of CRP. More than half 
the amino acid mismatches can be ex- 
plained by single nucleotide substitu- 
tions. A highly conserved region of se- 

B Pst l Hinf I Hinf I 

Fig. 1. Sequence analysis of pFP1. (A) Nucle- 
otide sequence of pFPl and the derived amino 
acid sequence, compared with the amino acid 
sequence for human CRP (8) and the derived 
amino acid sequence for human SAP (5). 
Regions of homology are indicated by lines 
connecting nonhomologous amino acids. The 
numbering system refers to FP amino acid 
residues, and gaps have been inserted in the 
depiction of FP, CRP, and SAP to maximize 
homology. (*) Amino acid position 1 has been 
shown to be perchloric acid (I). The small 
cavital letters are the one-letter abbreviations 

190 200 21 0 

FP 
AT1 CTC CAT TCC CAC CCT C E  AAC TAT CAA ATC AAT CCC TAT CCA CTC ATC ACA CCC CCA TCT CTC CCA TTA ACC TCT TAC A&C &&& ATC TCA TC. fo' nucleotides: A* adenine; C* G' 
I  L D W Q A L N  Y E M N G  Y A V I  R P R C V A  L S S Y N K  I S  guanine; T, thymine. The large capital letters 

SAP -. -- I R -  - - I  K P L - W V  
CRP V - N R  - K V Q _ _ E V  F T K -  Q L  W P  are the one-letter abbreviations for amino 

acids. (B) The 720-bp excisable insert was 
mapped and found to contain an internal Pst I site and two Hinf I sites. Pst I digests of the plasmid containing the insert were subjected to 3' la- 
beling with terminal transferase and cordecypin deoxyadenosine [32P]triphosphate. Hinf I digests were labeled at the 5' ends with adenosine [y- 
32~]triphosphate and T, polynucleotide kinase (15). The DNA sequence of end-labeled fragments was determined by the method of Maxam and 
Gilbert (15). The sequence of regions overlapping Hinf I sites was confirmed by subcloning the larger Pst I fragment into an M13 vector (mpll) 
with subsequent dideoxynucleotide chain termination sequencing (16). 

Fig. 2 (left). Analysis of restriction fragments 
of FP DNA. Agarose gel electrophoresis and 
transfer to nitrocellulose paper was per- 
formed on restriction digests of female ham- 
ster genomic DNA with the following en- 
zymes: (lane 1) Sau %, (lane 2) Bgl 11, (lane 3) 
Hinf I, (lane 4) Stu I, (lane 5) Apa I, (lane 6) cp- 0 5 8  

\ 
Pvu 11, (lane 7) Hind 111, (lane 8) Bst NI, 
(lane 9) Bam HI, and (lane 10) Xba I. These 
blots were then probed with nick-translated 4!l B~ MSMU t, n 

pFP1. Fig. 3 (right). (A) RNA blot analy- 
sis of FP-specific transcripts. Agarose-formal- ?. 

dehyde gel electrophoresis was performed 
after applying 5 pg of polyadenylated hepatic 0.58 - # 

mRNA from each of the following hamsters: 
an unstimulated adult female (F), an adult male 48 hours after an intramuscular injection of M S M ~  

turpentine (0.5 cm3) (Ms), and an unstimulated adult male (Mu) (17). Quantities of RNA in each 
lane were similar when compared under ultraviolet light with ethidium bromide staining. The RNA blots were hybridized with gel-purified pFPl 
treated with deoxycytosine [32P]triphosphate (11). After hybridization, the blot was washed in O.15M sodium chloride, O.Ol5M sodium citrate, 
and 0.1 percent sodium dodecyl sulfate at 54OC and then autoradiographed with Kodak XAR-5 film. (B) Immunoprecipitation of cell-free 
translation products. Total cytoplasmic RNA from hamsters was translated in a rabbit reticulocyte lysate containing [3SS]methionine (-1000 Cil 
mmol) after optimizing the concentrations of RNA for each preparation to the conditions of the translation system (14). RNA was obtained from 
the following hamsters: an adult unstimulated female (F), an adult male 48 hours after an intramuscular injection of turpentine (0.5 cm3) (Ms), and 
an unstimulated adult male (Mu). The volumes of translates were adjusted (21 2 5 percent) to normalize for trichloroacetic acid-precipitable 
label and then were immunoprecipitated with an FP-specific antiserum and protein A (IgG Sorb; Enzyme Center). The size of isotopically labeled 
FP was estimated by means of sodium dodecyl sulfate-polyacrylamide gel electrophoresis according to Laemmli (18). Similar results were 
obtained with the antiserum described above (13). 
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quence homology occurs between amino 
acid residues 89 and 120 of FP when 
compared with CRP and SAP. Both ami- 
no- and carboxyl-terminus regions of FP 
have greater similarity to SAP than to 
CRP. 

To examine whether the dual regula- 
tion of FP synthesis results from an 
effect of sex steroids and mediators of 
acute inflammation on a single gene or 
from their independent actions on two or 
more genes or gene copies, we analyzed 
restriction fragments of high molecular 
weight DNA by Southern blotting using 
FP-specific cDNA (10). Female hamster 
genomic DNA digests with ten restric- 
tion enzymes all resulted in single bands 
when Southern blots were probed with 
nick-translated pFPl (Fig. 2) (11). In 
seven digests, restriction fragments con- 
taining FP-specific DNA were less than 
4.26 kilobases (kb) in length. These data 
suggest that FP is encoded by a single 
gene locus. 

The FP-specific cDNA insert was then 
used to examine basal concentrations of 
FP hepatic messenger RNA (mRNA) in 
normal female and male hamsters as well 
as in males 48 hours after induction of a 
sterile abscess with an intramuscular in- 
jection of turpentine (Fig. 3). FP-specific 
mRNA is 1 kb in length and is present in 
large quantities in female hamster liver in 
the resting state. FP mRNA was detect- 
ed in small quantities in livers of unstim- 
ulated male hamsters and in increased 
quantities in the liver of stimulated male 
hamsters. Relative contents of FP 
mRNA corresponded to the relative con- 
centrations of FP in serum of the animals 
from which liver mRNA was isolated 
(12, 13). In addition to the major species 
of FP-specific mRNA, at least two dis- 
crete species of higher molecular weight 
were noted in female and male hamster 
livers (Fig. 3). These may represent 
cross-reactivity of the FP probe with an 
mRNA species encoding other inducible 
sex-limited proteins or, more likely, pre- 
cursor forms of the major FP-specific 
mRNA. 

Messenger RNA from the liver of nor- 
mal females and males 48 hours after 
tissue injury directed the synthesis of an 
FP primary translation product of 27.5 
kilodaltons (kD) (Fig. 3) (14). Little or no 
FP was synthesized under cell-free 
translation conditions by mRNA isolated 
from plasma of a resting male hamster. 

These findings support the utility of 
FP as a model for examining the regula- 
tion of protein synthesis by mediators of 
acute inflammation and by sex steroids. 
The evidence suggests that pretransla- 
tional regulation of FP synthesis is a 
function of these two factors. 

Female protein shares greater amino 5. E.  C. Mantzouranis et al., J .  Biol. Chem., in - 
acid sequence homology with human 
SAP than with CRP, even though the 
property of Ca2+-dependent binding to 
phosphorylcholine is characteristic of 
both CRP and FP whereas the Ca2+- 
dependent binding to agarose is shared 
by FP and SAP (1). Isolation of genomic 
clones for FP should help elucidate the 
structure of the FP gene and provide 
insight into control elements that take 
part in the regulation of FP biosynthesis 
by sex steroids and mediators of acute 
inflammation. 
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A New Class of Endogenous Human Retroviral Genomes 

Abstract. Human DNA contains multiple copies of a novel class of endogenous 
retroviral genomes. Analysis of a human recombinant DNA clone (HLM-2) contain- 
ing one such proviral genome revealed that it is a mosaic of retroviral-related 
sequence,f with the organization and length of known endogenous retroviral ge- 
nomes. The HLM-2 long terminal repeat hybridized with the long terminal repeat of 
the squirrel monkey virus, a type D retrovirus. The HLM-2 gag and pol genes share 
extensive nucleotide sequence homology with those of the M432 retrovirus (a type A- 
related retrovirus), mouse mammary tumor virus (a type B retrovirus), and the avian 
Rous sarcoma virus (a type C retrovirus). Nucleotide sequence analysis revealed 
regions in the HLM-2 pol gene that were as much as 70 percent identical to the 
mouse mammary tumor virus pol gene. A portion of the putative HLM-2 env gene 
hybridized with the corresponding region of the M432 viral genome. 

Some members of Retroviridae (1) can 
induce tumors in many species of mam- 
mals. Retroviruses classified by morpho- 
logic criteria as type A, B, C, and D 
viruses (2) are associated with various 
types of malignancy. Although many of 
these retroviruses induce tumors as in- 
fectious agents, they can also be trans- 
mitted as endogenous proviral genomes 
through the germline. Recent studies 
have revealed endogenous retroviral se- 
quences in multiple copies within the 
genomes of animals and humans. One 
class of human endogenous retroviral 
sequences has been shown to be related 
to known mammalian type C viruses 

(3). A distinct class of human endoge- 
nous retroviral sequences has been de- 
tected and molecularly cloned with the 
mouse mammary tumor viral (MMTV) 
genome (prototype B virus) as a probe 
(4). 

Evidence has accumulated showing 
that there have been genetic interactions 
between different retroviral classes dur- 
ing their evolution. Such interactions 
have been implied by immunologic 
cross-reactivities detected among re- 
spective structural proteins of these 
agents as well as by molecular hybridiza- 
tion (5). We now describe a human 
recombinant clone (HLM-2) that con- 
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