Expression of Complement Proteins C2 and Factor B in Transfected L Cells

David H. Perimutter, Harvey R. Colten, Dario Grossberger, Jack Strominger, J. G. Seidman, and David D. Chaplin
Divisions of Gastroenterology, Nutrition and Cell Biology, Children’s Hospital, Ina Sue Perlmutter Cystic Fibrosis Research Center,
Department of Biochemistry and Molecular Biology, Harvard University; Departments of Pediatrics and Genetics, Harvard Medical
School, Boston, Massachusetts; and Howard Hughes Medical Institute and Department of Internal Medicine, Washington University

School of Medicine, St. Louis, Missouri 63110

Abstract

Factor B and C2 are structurally and functionally similar com-
plement proteins encoded by genes that are closely linked within
the class III region of the major histocompatibility complex
(MHC). In this study, restriction endonuclease digestion of cos-
mid DNAs isolated from an H-2? murine genomic library indi-
cated that the chromosomal organization of these two genes was
similar in mouse to that in man. To further characterize their
expression, cosmid DNAs encoding human and murine factor B
and C2 were introduced into mouse L cells by DNA-mediated
gene transfer. Factor B expression was demonstrated in cells
transfected with either the human or the murine gene, but not
in cells transfected with a control plasmid. Synthesis and secre-
tion of factor B by L cells transfected with the human and murine
cosmids was similar to that of human and murine cells in primary
culture. An interspecies variation between human and murine
factor B was identified and reproduced with extraordinary fidelity
by the mouse fibroblast. In contrast, C2 RNA and protein were
expressed by L cells alone and by L cells transfected with a
control plasmid, as well as by L cells transfected with cosmids
encoding human and murine complement genes. Expression of
the transferred human C2 gene was demonstrated by the presence
of a new distinct C2 RNA transcript and secretion of biologically
active human C2. These results demonstrate the similarity of
organization of the murine and human class III MHC regions.
Expression of the two closely linked gene products, C2 and factor
B, after DNA-mediated gene transfer provides a system for fur-
ther analysis of regulation in both normal and deficient states.

Introduction

Factor B, of the alternative complement-activating pathway, and
C2, of the classical complement-activating pathway, have many
structural and functional similarities (reviewed in reference 1).
Synthesis of factor B and C2 occurs predominantly in the liver,
but also in extrahepatic mononuclear phagocytes (2). Factor B
is synthesized as a single-chain ~90-95,000-D glycoprotein.
Cleavage into two fragments, Ba (M, ~30,000 D), and Bb (M,
~60,000 D), by factor D activates the zymogen. The carboxy
terminal fragment (Bb) combines with C3b to form the alter-
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native pathway C3 converting enzyme. C2 is synthesized as a
single-chain ~92,000-D glycoprotein, which is also cleaved into
a large carboxy terminal fragment (C2a) and a small, C2b frag-
ment. The C2a fragment then combines with a cleavage product
of the fourth component, C4b, to generate the classical pathway
C3 convertase. Although C3 serves as substrate for both acti-
vation pathways, differences in local concentrations of the C2
and factor B proteins may effect the relative importance of the
classical and alternative pathways in initiation of the complement
effector system.

By genetic linkage analysis, the genes encoding these com-
plement proteins have been mapped to the major histocompat-
ibility complex (MHC)' on the short arm of chromosome 6 in
humans and on chromosome 17 in mouse (reviewed in reference
3). Recently, cosmid cloning has demonstrated extremely close
linkage of the human genes with the 3'-end of the C2 gene lying
within ~2,000 base pairs of the 5-end of the factor B gene,-and
with the C4 genes lying an additional ~ 10,000 base pairs further
downstream (4, 5). The gene order in the human class III region
is, thus, C2, factor B, and two C4 genes. Although similar linkage
of factor B and C4 genes has been shown in mouse (6), the order
of the murine C2 and factor B genes on chromosome 17 has
not been previously determined.

Despite this extensive structural and functiona: similarity,
and close linkage within the class III region of the MHC, there
are major differences in the expression of factor B and C2 (7-
11). In fact, both species-specific and tissue-specific differences
in the expression of these two complement proteins have been
demonstrated. The present study uses DNA-mediated gene
transfer to introduce the genes encoding both human and mouse
C2 and factor B into L cells. With the genes from both man and
mouse introduced into the same genetic background, it should
be possible to investigate which features of the differential
expression of these genes are characteristic of the genes them-
selves and which are the result of differential processing by the
cells in which they are transcribed. In addition, transfected L
cells might provide a system in which to examine, both at the
transcriptional and translational level, the modulation of
expression of these two early acting complement proteins by
mediators of inflammation.

Methods

Materials. Dulbecco’s modified essential medium (DME), DME lacking
methionine, Hanks’ balanced salt solution, fetal bovine serum, and tryp-
sin-EDTA solution were obtained from Gibco Laboratories, Grand Island,
NY. L-[*S]methionine (specific radioactivity ~1,000 Ci/mmol),
[**P]deoxycytidine triphosphate (specific radioactivity ~ 3,000 Ci/mmol),

1. Abbreviations used in this paper: DME, Dulbecco’s modified essential
medium; HAT, 1.36 mg/ml hypoxanthine, 17.4 ug/ml aminopterin, and
388 ug/ml thymidine; kb, kilobase; MHC, major histocompatibility
complex; PAGE, polyacrylamide gel electrophoresis; PBS, Dulbecco’s
phosphate-buffered saline.
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and En’Hance were purchased from New England Nuclear, Boston, MA,
and "“C-methylated protein standards from Amersham Corp., Arlington
Heights, IL. Other reagents included sodium deoxycholic acid, ethidium
bromide, 2-mercaptoethanol from Sigma Chemical Co., St. Louis, MO,
Triton X-100 from Mallinckrodt Inc., St. Louis, MO, SDS and acrylamide
from Bio-Rad Laboratories, Richmond, CA, IgG-Sorb from Enzyme
Center, Cambridge, MA, leupeptin from Peptide Research Institutes,
Osaka, Japan, pepstatin A from Calbiochem-Behring Corp., La Jolla,
CA, agarose from FMC Corp., Rockland, ME, and 37% formaldehyde
solution from Fisher Scientific Co., Pittsburgh, PA. Antisera included
sheep anti-human C2 from Seward Laboratories, London, England, sheep
anti-human C2 from Miles Laboratories Inc., Elkhart, IN, and goat anti-
human factor B from Atlantic Antibodies, Scarborough, ME. Restriction
enzymes were obtained from New England Biolabs, Beverly, MA, or
Bethesda Research Laboratories, Gaithersburg, MD, and used according
to manufacturers instructions. Plasmid pBR-TK (herpes simplex virus
thymidine kinase in pBR327) was a gift from Dr. Lynn Enquist, Dupont,
Wilmington, DE.

Methods

Preparation and screening of cosmid libraries. The preparation of the
murine cosmid genomic library (H-2%) and initial isolation of clones has
been described previously (6). The murine cosmid cluster was extended
using cosmid walking procedures as described (6). The human cosmid
genomic library was constructed from DNA isolated from the cell line
JY, using methods similar to those used for the murine library except
that the insert DNAs were size fractionated by sucrose gradient centrif-
ugation before ligation to the cosmid vector pJB8. The human cosmid
library was screened according to the method of Hanahan and Meselson
(12) using as a probe the human cDNA insert of plasmid pBfA28 (13),
32p.jabeled by nick-translation (14). Cosmid DNA was isolated according
to the method of Ish-Horowicz and Burke (15).

Cell culture and biosynthetic labeling. Mouse L cells (TK-) and
HepG2 cells were maintained as monolayers in 75-cm? tissue culture
flasks with DME containing 10% heat-inactivated fetal bovine serum as
previously described (16, 17). Mouse peritoneal macrophages were har-
vested and adhered to plastic tissue culture wells as previously described
(7). For biosynthetic labeling, cells were subcultured into 35-mm dishes,
incubated in serum-free medium for 12 h, and rinsed three times with
DME lacking methionine. L-[3*S]methionine, 500 xCi/ml of DME lacking
methionine, was added and cells incubated at 37°C, 5% CO,/95% air
for time periods ranging from 30 min to 24 h (pulse period). At the end
of the pulse period, unlabeled methionine-containing medium was then
added in 200-1,000-fold excess for time periods up to 6 h (chase period).
At specified intervals, culture medium was harvested and monolayers
rinsed six times, solubilized in 1% Triton X-100, 0.5% deoxycholic acid,
10 mM EDTA, 2 mM phenylmethylsulfonyl fluoride, leupeptin, and
pepstatin A, 100 ug/ml each, in Dulbecco’s phosphate-buffered saline
(PBS), pH 7.6, and subjected to two freeze-thaw cycles. Supernatants
and lysates were clarified by centrifugation at 15,000 g for 5 and 30 min,
respectively, and stored at —70°C. Trichloroacetic acid-precipitable pro-
tein was determined as previously described (18).

Immunoprecipitation and SDS-polyacrylamide gel electrophoresis
(PAGE). For staphylococcal protein A immunoprecipitation, 100-300-
ul aliquots of cell lysate or medium were incubated overnight at 4°C in
an equal volume of PBS containing 1% Triton X-100, 0.5% SDS, and 5
mg/ml bovine serum albumin, with aliquots of antiserum previously
determined to precipitate all labeled antigen. Characteristics of the an-
tiserum have been described (16). Excess formalin-fixed staphylococci
bearing protein A was added for 1 h at 4°C. Immunoprecipitates were
washed, released by boiling in sample buffer, and applied to 7.5% SDS-
PAGE under reducing conditions as described by Laemmli (19). Mo-
lecular mass markers (200,000, 92,500, 68,000, 46,000, and 30,000 D)
were included on all gels. After electrophoresis, gels were stained with
Coomassie Brilliant Blue, destained, impregnated with 2,5-diphenylox-
azole and dried for fluorography on Kodak XAR X-ray film (Eastman
Kodak Co.).

DNA-mediated gene transfer. Gene transfer followed a previously
described modification of the technique of Wigler et al. (17, 20). Cosmid
DNA (5 pg), pBR-TK DNA (0.5-1.0 ug), and C3H/HeJ liver DNA (20
ug) were incorporated into a calcium phosphate precipitate and applied
to 100-mm culture dishes containing 1-2 X 109 cells. Within 48 h, me-
dium was replaced by a selective medium (DME containing 10% fetal
bovine serum, 1.36 mg/ml hypoxanthine, 17.4 ug/ml aminopterin, and
388 ug/ml thymidine [HAT]). HAT-resistant colonies were isolated and
propagated in selective medium.

Southern and Northern blotting. High molecular weight DNA and
total cellular RNA were isolated using previously described techniques
(21, 22). DNA was digested to completion with fourfold excess of re-
striction enzyme and fractionated by agarose gel electrophoresis. RNA
was denatured by heating in formaldehyde and fractionated in agarose-
formaldehyde electrophoresis before transfer to nitrocellulose, hybrid-
ization to the appropriate radiolabeled cDNA probe, and autoradiog-
raphy (23).

Assay of C2 hemolytic activity. Reagents were prepared and hemolytic
titration specifically for human C2 activity were conducted according to
the method of Rapp and Borsos (24).

Results

Cloning and chromosomal localization of the murine second
component of complement gene. Restriction endonuclease diges-
tion of cosmid DNAs isolated from an H-2¢ murine genomic
library (6) followed by Southern blot analysis using as a probe
a cDNA encoding a portion of human C2 (pC2-6, reference 25)
as well as a probe encoding a portion of murine C2 (kindly
provided by Drs. P. Lapre and A. S. Whitehead, Children’s Hos-
pital), indicated that the gene encoding murine C2 was located
5’ to the gene encoding murine factor B (Fig. 1). Cosmid D-9
appeared to span both the C2 and factor B genes. Using 5’ and
3’ subfragments of the human C2 cDNA as probes, it was pos-
sible to show that the murine C2 gene shares the same 5'-3'
orientation as the murine factor B gene. Southern blot analysis
of H-29 genomic DNA showed co-migrating Bam H1 (6.9 kilo-
base (kb)), Hind III (4.7 kb), Kpn I (20 kb), and Sac I (14 kb)
fragments using the murine C2 and human factor B cDNAs as
probes (Fig. 2). These probes hybridized to different Xbal frag-
ments (C2, 5.1 kb; factor B, 7.0 kb). An identical hybridization
pattern was observed in Southern blots of cosmid D-9 using the
same probes (data not shown). The C2 and factor B genes were
separated by <4,500 base pairs. It was not possible to determine
the exact distance between the two genes because a cDNA con-
taining the 5' end of the murine factor B gene is not currently
available. These data are similar to results obtained from studies
of cosmids containing the human C2 and factor B genes (4).

Isolation of cosmid clones containing genes encoding human
C2 and factor B. A human cosmid library was screened using a
c¢DNA encoding human factor B (pBfA28, reference 13) as a
probe. Two cosmids, designated cBfl and cBf2 (Fig. 1), were
isolated, and contained factor B-hybridizing restriction fragments
that co-migrated with human genomic factor B restriction frag-
ments on gel electrophoresis (data not shown). These cosmids
also contained restriction fragments that hybridized with the
human C2 ¢cDNA (data not shown). Neither cosmid contained
sequences homologous to a human C4 cDNA. In subsequent
experiments, the cosmid DNA encoding the murine C2 and
factor B genes, cosmid D-9, will be referred to as the murine
cosmid, and the cosmid DNAs encoding the human C2 and
factor B genes, cosmids cBf1 and cBf2, will be referred to as the
human cosmids.
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Figure 1. Molecular organization of

Mouse C2 Bt Slp A the murine and human C2 and fac-
Chromosome 17 H F:i‘i'i'i'i‘?:'i'?'m 3 tor B genes. Four overlapping mu-
rine cosmid clones define the relative
location of the murine C2 and factor
1-15 )

] D-12 B genes. The location of the factor B
Cosmid and Slp genes are described in refer-
Clones D-9 ence 6. The location of the 21-hy-

D-24 droxylase gene (21-OH A) is as de-
. scribed in reference 31. The location
gies'rlctuon %o;n '{‘II H-—UTLW—LIILH'H—}—LH—“‘LHL of the human genes is taken from
fes € references 3 and 32. All genes are
Kb + —+— + transcribed in the same direction, 5'
0 40 80 120 to 3 from the left of the figure to the

) right. The boundaties of the genes
Cosmid Bl have not been determined precisely
Clones Bf2 - — and are shown by wavy lines. The

restriction map of the murine cos-
Human . mids using BamH1 and EcoRl1, as
Chromosome 6 E?FBT{ | 333330200881 previously described (6), is indicated.

DNA-mediated gene transfer. In order to examine the
expression of C2 and factor B, the murine cosmid and the human
cosmid were co-transfected with the herpes simplex virus thy-
midine kinase gene into separate L cell monolayers, and trans-
fectants were selected using HAT medium. More than 75% of
HAT-resistant colonies contained cosmid DNA sequences. By
Southern blot analysis, cosmid DNA sequences were present in
HAT-resistant colonies in 5-15 copies per cell (data not shown).

Identification of factor B and C2 RNA in transfected cells.
Factor B mRNA was detected in mouse L cells transfected with
cosmid CBfl (human) and in cells transfected with cosmid D-
9 (murine), appearing as a single band of ~2.5 kb on Northern
blot analysis (Fig. 3). Factor B RNA was not detected in mouse
L cells transfected with the control plasmids (Fig. 3). C2 mRNA
was detected in untransfected L cells and L cells transfected with
the control plasmid, appearing at ~2.6 kb on Northern blot
analysis (Fig. 3) and co-migrating with human liver, human
bronchoalveolar macrophage (Fig. 4, lanes 1 and 2), mouse liver,

Figure 2. Southern blot
analysis of mouse genomic
DNA. 15 ug of balb/c liver
DNA was digested to com-
pletion with the indicated
restriction enzymes and an-
alyzed by electrophoresis on
a 0.8% agarose gel followed
by Southern blot transfer as
previously described (6).
Duplicate samples were an-
alyzed on the same gel. Gel-
purified probes (0.25 ug) were labeled with 32P by nick-translation to a
specific activity of 2-4 X 10® cpm/ug (14). Hybridization was as indi-
cated with the 0.9-kb insert of pC2M1 (lanes /-5) and the 1.9-kb in-
sert of pBfA28 (6-10). Hybridizing restriction fragments were identi-
fied by autoradiography. / and 6, digestion with Bam HI; 2 and 7,
digestion with Hind III; 3 and 8, digestion with Kpn I; 4 and 9, diges-
tion with Sac I; 5 and 10, digestion with Xba I.

' Probe =l

The exact extents of cosmids cBfl
and cBf2 have not been determined
and are indicated by dotted lines.
The scale is in kb pairs.

and mouse peritoneal macrophage C2 mRNA (data not shown).
In cells transfected with the murine cosmid, there appeared to
be several fold more RNA hybridizing with the C2 cDNA probe
than in L cells transfected with the control plasmid. An additional
and predominant C2 mRNA of ~2.0 kb was detected only in
L cells transfected with cosmid DNA containing the human genes
(Figs. 3 and 4).

Biosynthesis and secretion of factor B and C2 by transfected
cells. Transfected L cells were radiolabeled and products analyzed
by immunoprecipitation, SDS-PAGE, and fluorography. Cells
transfected with the murine cosmid synthesized and secreted
factor B (Fig. S, lanes 1 and 2). Two polypeptides of ~87,000

Probe c2 Bf
3 2 § 3 2
LB e =
3.8 2.8 3

Figure 3. Northern blot analysis of RNA isolated from transfected L
cells. Total cellular RNA was isolated from ~1 X 107 L cells. 20 ug of
the indicated RNAs were subjected to electrophoresis in agarose-form-
aldehyde gels and transferred to nitrocellulose as described (23). 32P-
labeled Hind III fragments of lambda DNA were included as relative
size markers on each gel. Right and left panels are taken from replicate
gels. The left panel was hybridized with 0.1 ug of human factor B
cDNA (pBfA28) and the right panel with 0.1 ug of human C2 cDNA
(pC2-6) nick-translated to a specific activity of 4 X 10® cpm/pug.
Washing was at 50°C in 0.2X SSC (30 mM NaCl, 3 mM sodium ci-
trate, and 0.1% SDS). Autoradiography was conducted for 12 h at
—70°C using Kodak XAR film (Eastman Kodak Co.) with an intensi-
fying screen.
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Figure 4. Northern blot analysis of
RNA isolated from transfected L cells
compared with RNA isolated from
cells in primary culture. Total cellular
RNA was isolated and subjected to
agarose-formaldehyde electrophoresis
as described above. RNA from human
liver (lane /), human bronchoalveolar
macrophages (2), L cells transfected
with the murine cosmid (3), and L
cells transfected with the human cos-
mid (4) were compared wwith L cells
transfected with the control plasmid
(5) and L cells alone (6) and hybridized with the human C2 cDNA as
described in Fig. 3. The ~2.6 kb C2 RNA is indicated.

and ~89,000 D were detected in the intracellular contents, and
two polypeptides of ~90,000 and ~92,000 D were secreted,
co-migrating with factor B polypeptides synthesized and secreted
by murine peritoneal macrophages (Fig. 5, lanes 3 and 4). Cells
transfected with the human cosmid synthesized factor B as a
single polypeptide, ~90,000 D in apparent size, and secreted a
single ~92,000-D factor B polypeptide (Fig. 5, lanes 5 and 6).
Single factor B polypeptides of the same apparent size were also
synthesized and secreted by human hepatoma-derived hepato-
cytes (Fig. 5, lanes 7 and 8). There was no evidence for syrithesis
and secretion of factor B by mouse L cells transfected with the
control plasmid (Fig. 5, lanes 9 and 10).

The kinetics of synthesis and secretion of factor B by L cells
transfected with the human cosmid (Fig. 6 4) were compared
with those of L cells transfected with the murine cosmid (Fig. 6
B) in pulse-chase experiments. The single, ~90,000-D intra-
cellular factor B polypeptide synthesized by L cells transfected
with the human cosmid began to disappear at 30—60 min of the
chase period, coincident with its appearance in the fully glyco-
sylated ~92,000 D form in the intra- and extracellular contents
(Fig. 6 A). Factor B is secreted with similar kinetics over the
remaining 360 min of the chase period. Two intracellular factor
B polypeptides are synthesized by L cells transfected with the
murine cosmid (Fig. 6 B). Kinetics of synthesis and secretion of
these two polypeptides were similar to those of the single poly-
peptide in L cells transfected with the human cosmid.

Synthesis and secretion of C2 was detected in mouse L cells
transfected with the control plasmids as well as in L cells trans-

Figure 5. Biosynthesis and se-

M, cretion of factor B by L cells
(x10™  transfected with human and
murine factor B genes. Intracel-
lular lysates (lanes 1, 3, 5, 7,
—es  and 9) and extracellular media
(2, 4, 6, 8, and 10) of trans-
fected L cells radiolabeled for 4
h were immunoprecipitated
with goat anti-human factor B
for SDS-PAGE and fluorogra-
phy next to molecular mass
markers. L cells transfected
with murine cosmid (/ and 2) are compared with those transfected
with human cosmid (5 and 6), to mouse peritoneal macrophages (3
and 4), and to human hepatoma-derived hepatocytes (7 and 8). Ly-
sates and media of L cells transfected with the control plasmid are also
included (9 and 10).

12 3 4
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Figure 6. Kinetics of synthesis and secretion of factor B by transfected
L cells. (4) L cells transfected with human cosmid. L ceils were la-
beled for 0.5 h with L-[**S]methionine and chased with unlabeled me-
thionine for intervals up to 6 h. Cells were then solubilized, superna-
tants and lysates immunoprecipitated and analysed by SDS-PAGE
and fluorography. Lanes /-6 contain cell lysates and 7-12 contain ex-
tracellular media from chase time points 0, 0.5, 1,2, 4, and 6 h. (B) L
cells transfected with murine cosmid. Exactly as in 4. Faster migrating
radiolabeled bands were nonspecific and not reproduced in other ex-
periments.

fected with the human and murine cosmids (Fig. 7). The principle
intracellular form of C2 was 86,000 mol wt, with additional
faster migrating C2.polypeptides at 84,000, 70,000, 67,000, and
65,000 D similar to the additional lower molecular weight cell-
associated forms of C2 protein observed in human hepatoma-
derived hepatocytes (Fig. 7, lanes 7 and 8, reference 16). C2 was
secreted by L cells transfected with the human and murine cos-
mid and control plasmids as a polypeptide with apparent size
of 94,000 D (Fig. 7, lanes 2, 4, and 6). Another ~70,000 D
form of C2 protein was also seen in the extracellular compart-
ment and thought to be the C2a fragment. All the C2 polypep-
tides, intracellular and extracellular, produced by mouse L cells

Figure 7. Biosynthesis and secre-
tion of C2 by L cells transfected
with human and murine cosmids.
Intracellular lysates (lanes 1, 3, and
M 5) and extracellular media (lanes 2,

(107 4 and 6) from transfected L cells
= radiolabeled for 4 h were immuno-
é‘ ﬁ‘ ™ 925 precipitated with sheep anti-hu-
. " man C2 for SDS-PAGE and fluo-
‘ - - —68 rography next to molecular mass

markers. L cells transfected with
human cosmid (/ and 2), murine
—46 cosmid (3 and 4), control plasmid
| (5 and 6) are compared with hu-
man hepatoma-derived hepato-

23 4 cytes (7 and 8).

5 6 7 8



were slightly slower in migration than the corresponding poly-
peptides identified in the HepG2 cells. Extracellular fluid from
L cells transfected with the human cosmid was hemolytically
active in the human C2 hemolytic assay (Fig. 8). Culture fluid
from L cells transfected with the murine cosmid or control plas-
mid (Fig. 8) or culture fluid from murine peritoneal macrophages
in primary culture (data not shown) did not produce hemolysis
in this assay.

Discussion

Structural and functional similarities between factor B and C2
have been attributed to primary sequence homology and have
suggested evolution by gene duplication. In fact, recent molecular
maps have indicated that the human factor B and C2 genes are
less than ~2,000 base pairs apart in the genome of the Class I1I
region of the MHC (4, 5). Nevertheless, failure to demonstrate
cross-hybridization of the two genes, even at very low stringency,
indicates a substantial degree of nucleotide sequence divergence
(26). In addition to the nucleotide sequence differences implied
by the cross-hybridization experiments, differences in the reg-
ulation of C2 and factor B by hepatocytes and mononuclear
phagocytes from several species have also been identified
(7-11, 16).

In this study, we have demonstrated that the murine genes
encoding C2 and factor B are very closely linked within the class
111 region of the murine MHC, with organization similar to that
in man. Expression of human and murine factor B and human
C2 was demonstrated in a murine fibroblast cell line transfected
with cosmid DNA containing these genes. Factor B RNA was
detected in cells transfected with the human and murine cosmid
but not in cells transfected with the control plasmid. Biosynthesis
and secretion of factor B was detected in cells transfected with
the human and murine cosmids by incorporation of a radiola-
beled amino acid precursor into newly synthesized protein.
Expression of the transferred human C2 gene was demonstrated
by a distinct 2.0-kb C2 RNA species (Figs. 3 and 4) and functional
activity of the transfected cell culture fluid in the human C2
hemolytic assay (Fig. 8). L cells transfected with the murine
cosmid contained higher steady state levels of C2 RNA than
those transfected with the control plasmid; however, expression
of the transferred murine C2 gene could not be further distin-
guished from endogenous C2 expressed in the control transfected
cells because of the absence of polymorphic differences in C2
between the donor H-2¢ mice and the recipient H-2% L cells.

Figure 8. Secretion of he-
molytically active C2 by
transfected L cells. Cell cul-
ok ture fluid from L cells trans-
fected with human cosmid
(closed circles), L cells
transfected with murine

sk cosmid (X), and L cells
transfected with the control
plasmid (open circles) were
tested in the human C2 he-

EFFECTIVE MOLECULES (x10°%)

0 o Fr et 4= mo!ytic assay. For this e)f-
TIME (hours) periment, cell culture fluid

o was collected at the indi-
cated time intervals, and the monolayers resuspended in fresh culture
fluid.

In addition to demonstrating that C2 and factor B can be
expressed by L cells after DNA-mediated gene transfer, differ-
ences in the way these two closely linked complement genes are
expressed have also been identified. Untransfected, or control
transfected, L cells synthesize and secrete C2, but not factor B.
While we have previously shown that the fourth component of
complement (C4) is not expressed by untransfected L cells (17),
expression of C2 by L cells has not been previously addressed.
Nevertheless, C2 is not unique in this respect since others have
shown that the third component of complement (C3) is secreted
by a number of established fibroblast cell lines (27, 28).

After transfection of the human factor B and C2 genes into
L cells on the same cosmid, both genes were expressed. Whereas
factor B was synthesized, processed, and secreted with extraor-
dinary fidelity, C2 was transcribed, or the transcript modified,
in an altered form as seen in Northern blot analysis (Figs. 3 and
4). The nature of the differences between the 2.0-kb C2 hybrid-
izing sequences recovered from cells transfected with the human
cosmid and the usual 2.6-kb C2 mRNA obtained from human
and murine hepatocytes and macrophages is not known. Dif-
ferences in the 2.0-kb RNA could reside in the untranslated
region. It is also possible that this apparently smaller RNA en-
codes C2 in an alternative polypeptide form, which is similar to
the previously reported cell associated forms of C2 (16).

Differences in the expression of other closely linked genes
has also been demonstrated before and after DNA-mediated gene
transfer. Transcription of an alpha globin gene was different
from that of a beta globin gene despite transfer into mouse
erythroleukemia cells on the same plasmid (29). In that case,
regulation of expression was attributed to sequences within the
individual structural genes. Further studies with cosmid DNAs
containing the C2 and factor B genes individually will be nec-
essary to localize sequences regulating the expression of C2 and
factor B in transfected L cells. It is still possible that a single
promoter on the 5’ side of the C2 gene, individual promoters
on the ' sides of the C2 and factor B genes, or structural elements
control the expression of C2 and factor B.

Several additional features of C2 and factor B expression
have been identified in these experiments. Although not identical,
multiple intracellular forms of C2 protein in transfected L cells
are similar to multiple forms of C2 synthesized by human liver
(16). The multiple intracellular forms of C2 identified in human
liver have different fates, one form being secreted and two forms
remaining cell associated. These forms are derived from distinct
primary translation products and presumably distinct RNA spe-
cies, as there is only a single C2 gene (16). With these consid-
erations in mind, further studies of the relationship between the
additional distinct C2 RNA and the multiple intracellular forms
of C2 in L cells transfected with the human cosmid DNA will
be important.

An interspecies variation between murine and human factor
B was also identified. Factor B was synthesized and secreted as
two polypeptides by L cells transfected with the murine cosmid,
but as a single polypeptide by L cells transfected with the human
cosmid. This difference was also observed for biosynthesis of
factor B by murine cells (peritoneal macrophages) (30) in primary
culture compared with that of human cells (hepatoma-derived
hepatocytes). Since this variation in the way factor B is translated
and processed is preserved when murine and human factor B
genes are expressed in the same cell, the variation must reside
in the factor B genes themselves, rather than in differential pro-
cessing in the human or murine cells.
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These experiments, therefore, indicate that C2 and factor B
are expressed by mouse L cells after DNA-mediated gene transfer,
and that intracellular processing of these complement proteins
is reproduced with extraordinary fidelity by the L cells. Further
analysis of C2 and factor B in this system in comparison with
human and murine hepatocytes and macrophages will allow a
greater understanding of their differential regulation, both at the
level of RNA metabolism and at the level of posttranslational
processing and secretion.
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