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ABSTRACT Two cDNA clones for complement compo-
nent C2 have been isolated from a high-complexity human liv-
er cDNA library by using a mixture of 64 synthetic oligonucle-
otides as a probe. The 400-base-pair insert of pC201 codes for
a region containing the active site serine residue and the sec-
ondary substrate binding pocket of the serine protease. This
part of C2 is 34% homologous to the corresponding region of
the related serine protease factor B and additional similarity is
evident from a number of conservative amino acid replace-
ments in this region. The insert of pC201 was used as a specific
probe in RNA transfer analysis to determine the size of the C2
mRNA as -2.9 kilobases. Southern blot analysis of genomic
DNA of unrelated individuals identified a single C2 locus and
showed no cross-hybridization with the factor B locus.

Complement component C2 is a class III gene product of the
major histocompatibility complex [human leukocyte antigen
(HLA) region] in man (1-3). The C2 locus is polymorphic (2,
4, 5) and is closely linked to the loci that code for the other
class III proteins, the complement components factor B and
C4, all of which have been mapped in between the HLA-D
and HLA-B regions (3).
The C2 gene product is a novel type of serine protease that

occurs in the serum in zymogen form as a single chain glyco-
protein of Mr 102,000 (6, 7). When activated by a single
cleavage event, the catalytic subunit (Mr 60,000) in associa-
tion with activated C4 forms the C3 convertase of the classi-
cal pathway of the complement system (8). In structure,
function, and mechanism of activation, C2 resembles factor
B, which together with C3b forms the C3 convertase of the
alternative pathway (8). Most of the amino acid sequence (9,
10) and gene structure (11) of factor B has been determined.
Partial amino acid sequence analysis (ref. 12; J. Gagnon, per-
sonal communication) has confirmed the extensive structur-
al homology between C2 and factor B.
C2 is synthesized in the liver (13) and also in macrophages

(14). It is present in low levels in human serum ("15
mg/liter) (8, 15) compared to most of the other complement
proteins-e.g., factor B (150 mg/liter) (16), C4 (400 mg/liter)
(15), and C3 (1200 mg/liter) (15). It has been possible to iso-
late limited amounts of C2 protein for sequence analysis (17)
but the yields obtained are low because the protein is unusu-
ally susceptible to proteolysis during isolation (8, 18).
To isolate the gene for C2 and to determine the extent of

the homology between C2 and factor B and to map precisely
the C2 locus relative to the C4 and factor B loci in the HLA
region, cDNA clones corresponding to C2 mRNA were iso-
lated and characterized for use as specific hybridization
probes.
Because of the low levels of C2 protein present in the

blood, it was estimated that the level of C2 mRNA in the
liver might be as low as 0.01%. Therefore, it was necessary
to construct a cDNA library of high complexity from human

liver RNA. C2 cDNA clones were identified by using a mix-
ture of sixty-four 17-long oligodeoxyribonucleotides as a hy-
bridization probe and were characterized by nucleotide se-
quence analysis.

MATERIALS AND METHODS
Synthesis of Oligodeoxyribonucleotides. A mixture of sixty-

four 17-long oligonucleotides of sequence

3' C-TA G-TAC-TT-T-TAC-TTA-A 5'

was synthesized against the known C2 protein sequence
Asp-His-Glu-Asn-Glu-Leu by using the solid-phase phos-
photriester technique (19, 20). The mixture was radioactive-
ly labeled by using T4 polynucleotide kinase and [y
32P]rATP to a specific activity of S x 108 cpm/,ug ofDNA for
use as a hybridization probe.

Isolation and Purification of RNA. Total RNA was extract-
ed from -10 g of human liver by using the guanidine thiocya-
nate procedure of Chirgwin et al. (21). The RNA was frac-
tionated on a 15-30% sucrose gradient, and all fractions con-
taining RNA of >500 nucleotides in length were pooled. The
RNA was further purified by oligo(dT)-cellulose chromatog-
raphy (22).

Construction and Screening of cDNA Library. First- and
second-strand DNA syntheses were based on standard pro-
cedures (23, 24) and used 40 ,ug of purified RNA. The dou-
ble-stranded DNA was desalted on a 1.5-ml Sephacryl S-400
column, partially digested with Hae III, and then ligated into
the Pvu II site of the plasmid vector pAT153/Pvu II/8 (25).
The products of the ligation were transformed into compe-
tent Escherichia coli K-12 strain MC1061 (26). The library
was amplified by growth for 2 hr in 2 x concentrated TY
broth containing 100 ,ug of ampicillin per ml before storage at
-700C.
Approximately 300,000 colonies of the fragment library

were screened on Whatman 541 filters following the method
of Gergen et al. (27). The hybridization temperature was
37°C, and the filters were washed at 46°C.
RNA Transfer Blot Analysis. RNA was electrophoresed in

1.5% agarose/37% formaldehyde/20 mM 3-(N-morpholino)
propanesulfonic acid (pH 7.0) as described (28). The gel was
prewashed and blotted onto Gene Screen overnight as de-
scribed by the manufacturer (New England Nuclear). The
400-base-pair (bp) insert of pC201 (see Results and Discus-
sion) was purified by elution from a 4% polyacrylamide thin
gel (29), nick-translated (30) to a specific activity of -1 x 108
cpm/tpg of DNA, and hybridized in 50% formamide buffer
supplemented with dextran sulfate (10%).

Southern Blot Analysis. Restriction digests of genomic
DNA were electrophoresed in 0.7% agarose, and the DNA
was blotted onto nitrocellulose (31, 32). The filter was

Abbreviations: HLA, human leukocyte antigen; C2, C3, and C4,
second, third, and fourth components of complement; bp, base
pair(s); kb, kilobase pair(s).
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prewashed and hybridized with the nick-translated insert of
pC201 under the same conditions used for the RNA transfer
blot analysis.

RESULTS AND DISCUSSION
Isolation and Characterization of C2 cDNA Clones. The

fragment library was constructed from human liver RNA and
contained >4 x 106 transformants, of which >95% were re-
combinants. The average size of the inserts was 300 bp. By
using the oligonucleotide mixture as a probe, 300,000 colo-
nies of the library were screened. Two of the positively hy-
bridizing clones, pC201 and pC204, contained inserts of
-400 bp. Nucleotide sequence analysis by the method of
Maxam and Gilbert (29) showed that both contained a C2
coding sequence that agreed with the known C2 amino acid
sequence (12) in the region of the active site serine residue.

A N L A L R R P Q G

Both clones also contained a common sequence that
matched one of the oligonucleotides in the probe mixture.
The nucleotide sequence of the pC201 insert is shown in

Fig. 1. The amino acid sequence of this part of C2, inferred
from the nucleotide data, agrees with the results of amino
acid sequence analysis (regions previously subjected to se-
quence analysis at the protein level are underlined in Fig. 1),
except that the DNA sequence of both clones indicates the
presence of a valine residue at position 96, instead of a leu-
cine residue. The sequence around the active site serine resi-
due of C2 as determined above was compared with the corre-
sponding region offactor B (see Fig. 2). The overall homolo-
gy between the two proteins in this region is 34%. A further
12.5% of the residues are conservative replacements be-
tween them. The position and number of all five cysteine
residues in this region is also conserved. The extensive ho-
mology found between C2 and factor B in this part of the

(20)
S T C R D H E N E L

AGCCAATCTGGCTCTGCGGAGACCTCAAGGCAGCACCTGTAGGGACCATGAGAATGAACT
10 20 30 40 50 60

(40)
L N K Q S V P A H F V A L N G S K L N I

GCTGAACAAACAGAGTGTTCCTGCTCATTTTGTCGCCTTGAATGGAAGCAAACTGAACAT
70 80 90 100 110 120

(60)
N L K M G V E W T S C A E V V S Q E K T

TAACCTTAAGATGGGAGTGGAGTGGACAAGCTGTGCCGAGGTTGTCTCCCAAGAAAAAAC
130 140 150 160 170 180

(80)
M F P N L T D V R E V V T D Q F L C S G

CATGTTCCCCAACTTGACAGATGTCAGGGAGGTGGTGACAGACCAGTTCCTATGCAGTGG
190 200 210 220 230 240

(100)
T Q E D E S P C K G E ® G G A V F L E R

AACCCAGGAGGATGAGAGTCCCTGCAAGGGAGAATCTGGGGGAGCAGTTTTCCTTGAGCG
250 260 270 280 290 300

R F R F F Q V G L V |S W G I L Y N
(120)

P C L G

GAGATTCAGGTTTTTTCAGGTGGGTCTGGTGAGCTGGGGTCTTTACAACCCCTGCCTTGG
310 320 330 340 350 360

(130)
S A D K N S R K R A

CTCTGCTGACAAAAACTCCCGCAAAAGGGCT
370 380 390

FIG. 1. Nucleotide sequence of the insert of pC201. The translated sequence is shown in the one-letter code above the DNA sequence.
Numbers below the sequence are of the nucleotides; numbers above in brackets are of the amino acids. The active site serine residue is circled
and the residues that form the secondary substrate binding pocket are boxed. Amino acid residues underlined agree with the previously
determined protein sequence (12).
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C2: A N L A L R R Q G S CR D H E N E L L N K S V P H F V A L N G S K - - - N I N L KM V A E V V S

FB: T T R A L R L PJP T TITJ Q Q Q K E|E L L|P A [ D I K A L[FJS E E E K L T R K E V Y IKN GD K K G SC-J R D A[

60 70 80 90 100 110

C2: E K TM F P N J T D . R E V V T D Q F L C S G - - - T Q E D E S P K G E G A V F L E R R F F Q V GL V S W G L

FB: Y A P G Y D K V K D I S E V V T P F L C T G V S P Y AL P N TECRG S G. P L I V H R F I QjV I.ijW jV

120 130

C2: Y N P C L G S A D K N S R K R A

FB: V D V C K N Q K R Q K Q V P A H

FIG. 2. Comparison of the amino acid sequence encoded by the insert of pC201 with the corresponding region of factor B. The region of
factor B is from residue 344 to residue 478 of the Bb subunit (9). The alignment has been adjusted by the insertion of several gaps to maximize
the homology. Identical amino acids in the two sequences are shown boxed; conservative replacements are underlined. Cysteine residues occur
at positions 13, 51, 78, 88, and 118. The active site serine residue is at position 92.

active site (residue 92 in Fig. 2) and the secondary substrate
binding pocket (residues 111-113 in Fig. 2) correlates with
the functional similarity of the two serine proteases in C3
activation (8, 33).
RNA Transfer Blot Analysis. The insert of pC201 was used

as a hybridization probe in an RNA transfer blot analysis of
total, poly(A)+, or poly(A)- human liver RNA (Fig. 3). A

single diffuse band with an approximate size of 2.9 kilobase
pairs (kb) was observed. Therefore, the C2 mRNA is slightly
larger than the factor B mRNA (2.6 kb) as determined by
RNA transfer blot analysis (34). This is expected as the C2
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FIG. 3. RNA transfer blot analysis of human liver RNA by using
the insert of pC201 as a C2-specific hybridization probe. Lanes 1-3,
20, 10, and 5 jig of poly(A)+ RNA; lane 4, 10 ,ug of poly(A)- RNA
(i.e., RNA that did not bind to the column during oligo(dT)-cellulose
chromatography); lane 5, 10 ,ug of total RNA. Positions of denatured
DNA framents of known sizes are shown; sizes are in kb.

FIG. 4. Southern blot analysis of the genomic DNA from four
individuals by using the insert of pC201 as a probe. DNA was digest-
ed with Bgl II (group I), Sst I (group II), or with BamHI (group III).
Known sizes in kb of DNA marker fragments electrophoresed on
the same gel are as shown. Faint bands in lane 10 are the result of
partial digestion of the genomic DNA. The lower intensity of the
bands in group II are probably the result of less efficient transfer of
large fragments of DNA during the blotting procedure.
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mRNA codes for a protein product ofMr = 102,000, which is
larger than the factor B protein product of M, = 90,000.

Southern Blot Analysis. The pC201 probe was used in a
Southern blot analysis of the genomic DNA from four unre-
lated individuals (Fig. 4). Each DNA sample was digested
with Bgl II, Sst I, or BamHI. The results showed that the
pC201 probe hybridizes to a single 5.7-kb Bgl II fragment
(lanes 1-4), a single 7.5-kb Sst I fragment (lanes 5-8), and
two fragments of 1.6 and 1.7 kb in the BamHI digest (lanes
9-12). It has previously been shown that the region of the
factor B gene encoding the active site serine residue is con-
tained within a 14-kb genomic BamHI fragment (35). The
pC201 probe does not hybridize to this fragment (see Fig. 4)
despite the apparent homology between the sequences of the
two proteins in this region. These results indicate that the
pC201 probe is specific for C2.

Further characterization of the C2 locus has been done by
using the pC201 probe in Southern analysis of cosmid
clones, and the precise location of the C2 locus relative to
the C4 and factor B genes in the class III HLA region has
been determined (35). Further investigation is necessary to
extend the genetic analysis to the study of individuals who
are deficient in the expression of C2 and also to determine
the extent and nature of C2 polymorphism by analyzing
DNA from individuals who have been C2-typed.
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