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Human Factor D of the Alternative Complement Pathway.
Physicochemical Characteristics and N-Terminal Amino Acid

Sequence!

Alvin E. Davis, II1,* Clyde Zalut, Fred S. Rosen, and Chester A. Alper

ABSTRACT: Factor D is a plasma serine protease which is
required for normal complement activation via the alternative
pathway. Factor D was isolated from human plasma by se-
quential CM-Sephadex C-50, Sephadex G-75, and heparin-
Sepharose chromatography. Isolated factor D (20 ug) showed
a single protein band (molecular weight 25000) in the presence
of 2-mercaptoethanol, when stained with either Coomassie
Brilliant Blue or periodic acid-Schiff’s reagent. Isoelectric
focusing of purified factor D demonstrated two protein bands
with isoelectric points at pH 7.0 and pH 6.6. Both bands
displayed factor D hemolytic activity and both were also de-
tected in normal human serum. On agarose gel electrophoresis,
factor D (both purified and in serum) was of « electrophoretic
mobility in the presence of 1.8 mM calcium. In the presence

F actor D is a plasma protease which catalyzes the proteolysis
of factor B and is required for normal complement activation
via the alternative pathway (Alper & Rosen, 1971; Gdtze &
Miiller-Eberhard, 1971; Miiller-Eberhard & Gétze, 1972;
Hunsicker et al., 1973). It consists of a single polypeptide
chain with a molecular weight of 25000 (Fearon et al., 1974;
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of EDTA (5 mM), isolated factor D was of 3 mobility, while
factor D in serum was of o;-ct; mobility. Eleven synthetic ester
and nitroanilide substrates were evaluated for hydrolysis by
factor D. Among these, only the factor X, substrate N-
benzoylisoleucylglutamylarginine-p-nitroanilide hydrochloride
was hydrolyzed by factor D. Minimum molecular weight was
22000; no unusual characteristics in amino acid composition
were revealed. Amino-terminal amino acid sequence was
determined by manual Edman degradation. The amino-ter-
minal sequence of factor D is Ile-Leu-Gly-Gly-Arg-Glx-Ala-
Glx-Ala-. Factor D, therefore, is distinct from, but homolo-
gous with, other plasma serine proteases, including thrombin,
C1t, C1s, coagulation factors X, and X1,, and plasmin.

Gotze, 1976; Dieminger et al., 1976; Brade et al., 1974a,b;
Volanakis et al., 1977; Lesavre & Miiller-Eberhard, 1978;
Géotze, 1975). The results of various studies differ regarding
the electrical charge of factor D, whether determined by
electrophoresis or isoelectric focusing (Fearon & Austen, 1975;
Miiller-Eberhard & Gétze, 1972; Hunsicker et al., 1973; Le-
savre & Miiller-Eberhard, 1978; Konno et al., 1978; Martin
et al., 1976; Gotze & Miiller-Eberhard, 1977; Davis et al.,
1978). Factor B and C3b, in the presence of magnesium ions,
form a reversible complex; this results in a conformational
alteration of factor B, which allows its cleavage by factor D
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FACTOR D

(Medicus et al., 1976; Vogt et al., 1975, 1974). This limited
proteolysis of factor B results in two fragments, Ba (molecular
weight 30000) and Bb (molecular weight 70000). The Bb
fragment, with C3b, forms the alternative pathway C3 and
C5 cleaving enzymes (C3 and CS convertases) C3bBb and
C3b,Bb, respectively (Miiller-Eberhard & Gétze, 1972; Fearon
et al., 1973; Medicus et al., 1976; Daha et al., 1976).

Factor D is inactivated by diisopropylphosphorofluoridate
(DFP)(at relatively high concentrations) and is therefore con-
sidered to be a serine protease (Fearon et al., 1974; Lesavre
& Miiller-Eberhard, 1978; Gotze, 1975). Covalent binding
of DFP to factor D has not, however, been described. Factor
D has an N-terminal isoleucine, as do many other serine pro-
teases (Volanakis et al., 1977). An arginyl-lysine peptide bond
in factor B is cleaved by factor D, which is also consistent with
the suggestion that factor D is a serine protease (Lesavre and
Miiller-Eberhard, personal communication). Hydrolysis of
synthetic ester substrates has been suggested in some reports
(Dieminger et al., 1976; Volanakis et al., 1977), while a lack
of activity has been reported by others (Lesavre & Miiller-
Eberhard, 1978). A zymogen form of factor D, which is
resistant to DFP, has been isolated from human plasma by
Fearon et al. (1974). The zymogen was activated by incuba-
tion with trypsin. The physiologic mechanism leading to ac-
tivation has not been defined. Other data have suggested that
only enzymatically active factor D is present in plasma (Le-
savre & Miiller-Eberhard, 1978). Factor D, unlike other
complement proteins, does not become physically incorporated
into the alternative pathway convertases (Lesavre & Miiller-
Eberhard, 1978).

We have previously shown that thrombin has factor D
functional activity in an assay system utilizing factor D de-
pleted serum and that factor D and thrombin share antigenic
determinants (Davis et al., 1978). We suggested, therefore,
that either factor D and thrombin were closely related pro-
teases or factor D might be a fragment of thrombin.

The present studies were undertaken to clarify the physico-
chemical characteristics of purified factor D and to begin to
precisely define its relationship with other plasma proteases
by determination of its amino acid sequence.

Experimental Procedures

Materials

Fresh frozen human plasma was obtained from American
Red Cross Blood Services, Northeast Region. CM-Sephadex
C-50, Sephadex G-75, and Sepharose 6B were purchased from
Pharmacia Fine Chemicals, Piscataway, NJ. Amicon posi-
tive-pressure ultrafiltration cells and PM10 ultrafiltration
membranes were purchased from Amicon Corp., Lexington,
MA. Heparin-Sepharose (Rosenberg & Damus, 1973) was
kindly provided by Dr. Robert Rosenberg. Agarose was ob-
tained from Marine Colloids, Rockland, ME. Acrylamide,
N,N"-methylenebis(acrylamide), and N,N,N’,N"-tetramethyl-
ethylenediamine were purchased from Eastman Kodak Co.,
Rochester, NY. Ampholines and sodium dodecyl sulfate were
purchased from Bio-Rad Laboratories, Richmond, CA. Mo-
lecular weight markers for sodium dodecy! sulfate—polyacryl-

! Abbreviations used: DFP, diisopropylphosphorofluoridate; NaDod-
SO,, sodium dodecy! sulfate; EDTA, disodium ethylenediaminetetra-
acetate; ACArgOMe, N-acetyl-L-arginine methyl ester hydrochloride;
BzArgOEt, N*-benzoyl-L-arginine ethyl ester hydrochloride; AcGly-
LysOMe, N*-acetylglycyl-L-lysine methyl ester acetate; AcTyrOEt, N-
acetyl-L-tyrosine ethyl ester; TsArgOMe, p-tosyl-L-arginine methyl ester
hydrochloride; BzArgPNA, N°-benzoyl-DL-arginine-p-nitroanilide hy-
drochloride; ZTyrONp, N-(carbobenzyloxy)-L-tyrosine p-nitrophenyl
ester; ZLysONp, N*-(carbobenzyloxy)-L-lysine p-nitrophenyl ester.
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amide gel electrophoresis were as follows: insulin, purchased
from Sigma Chemical Co., St. Louis, MO; BDH cross-linked
markers (molecular weight range 14 300-71 500), which were
obtained from BDH Chemicals Ltd., Pool BH124NN, Eng-
land.

N-Acetyl-L-arginine methyl ester hydrochloride (AcArg-
OMe) and N*-acetylglycyl-L-lysine methyl ester acetate (Ac-
GlyLysOMe) were purchased from Cyclochemical Division
of Travenol Laboratories, Inc., Los Angeles, CA. N-Acetyl-
L-tyrosine ethyl ester (AcTyrOEt) was obtained from Pierce
Chemical Co., Rockford, IL. p-Tosyl-L-arginine methyl ester
hydrochloride (TsArgOMe) was purchased from Mann Re-
search Laboratories, NY. N*-Benzoyl-DL-arginine-p-nitro-
anilide hydrochloride (BzArgPNA) and N*-benzoyl-L-arginine
ethyl ester hydrochloride (BzArgOEt) were from Aldrich
Chemical Co., Milwaukee, WI. N-(Carbobenzyloxy)-L-
tyrosine p-nitrophenyl ester (ZTyrONp) was purchased from
Nutritional Biochemical Corp., Cleveland, OH. N*-(Carbo-
benzyloxy)-L-lysine p-nitrophenyl ester (ZLysONp) was pur-
chased from Sigma. N-Benzoylphenylalanylvalylarginine-p-
nitroanilide hydrochloride (S2160), D-phenylalanyl-
piperazinylarginine-p-nitroanilide hydrochloride (S2238) and
N-benzoylisoleucylglutamylglycylarginine-p-nitroanilide hy-
drochloride (S2222) were products of Kabi Diagnostic,
Stockholm, Sweden. Bovine trypsin was from Sigma. Human
thrombin was a gift from Dr. John Fenton, II (New York State
Department of Health, Albany, NY). CIf and C15 were
kindly provided by Dr. Judith Andrews (Assimeh et al., 1974;
Taylor et al., 1977). Human factor X deficient plasma was
purchased from George King Bio-Medical, Inc., Overland
Park, KS.

Methods

Protein Purification. Factor B and cobra venom factor were
purified by published methods (Kerr & Porter, 1978; Ballow
& Cochrane, 1969). Factor D was isolated from 4 L of fresh
frozen human plasma by chromatography on a 2-L column
of CM-Sephadex C-50 equilibrated with 0.05 M sodium
phosphate, 0.01 M disodium ethylenediaminetetraacetate
(EDTA), and 0.2 M NaCl, pH 6.0. Factor D was eluted with
an 8-L linear concentration gradient to 2.0 M NaCl. Factor
D containing fractions were concentrated by positive-pressure
ultrafiltration and applied to an 8 X 90 ¢cm Sephadex G-75
column equilibrated in 0.05 M barbital, 0.3 M NaCl, and 0.01
M EDTA, pH 7.4. Final purification was obtained by further
gel filtration on a 2.5 X 190 cm Sephadex G-75 column.
When necessary, factor D preparations were further subjected
to chromatography on heparin-Sepharose equilibrated in 0.05
M imidazole hydrochloride and 0.0025 M CaCl,, pH 6.0.
Under these conditions, factor D binds to heparin—Sepharose
and, after being washed with 10 column volumes of starting
buffer, is eluted with a linear NaCl concentration gradient to
0.5 M. Protein concentration of isolated factor D was deter-
mined by the technique of Lowry et al. (1951).

Factor D Functional Assays. Factor D activity was moni-
tored during purification by the lysis of guinea pig erythrocytes
in the presence of factor D depleted serum in agarose gels
(Martin et al.,, 1976). Factor D depleted serum was prepared
by gel filtration of normal human serum on Sephadex G-75
(Martin et al., 1976). Functional activity of isolated factor
D was confirmed by demonstration of cleavage of isolated
factor B in the presence of cobra venom factor by crossed
immunoelectrophoresis. Quantitative factor D hemolytic ti-
trations were performed by incubation of 0.1-mL dilutions of
factor D containing samples with 107 C3b-coated sheep
erythrocytes (Lachmann & Hobart, 1978) for 30 min at 30
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Table I: Synthetic Substrates

N-acetyl-L-arginine methyl ester (AcArgOMe)

N%benzoyl-L-arginine ethyl ester (BzArgOEt)

N%acetylgly cyl-L-lysine methy! ester (AcGlyLysOMe)

N-acetyl-L-tyrosine ethyl ester (AcTyrOEt)

p-tosyl-L-arginine methyl ester hydrochloride (TsArgOMe)

N-(carbobenzyloxy)-L-tyrosine p-nitrophenyl ester (ZTyrONp)

N%-(carbobenzyloxy)-L-lysine p-nitrophenyl ester (ZLysONp)

N*-benzoyl-DL-arginine-p-nitroanilide hydrochloride (BzArgPNA)

N-benzoylisoleucylglutamylglycylarginine-p-nitroanilide
hydrochloride (S2222)

D-phenylalanylpiperazinylarginine-p-nitroanilide hydrochloride
(82238)

N-benzoylphenylalanylvalylarginine-p-nitroanilide (S2160)

°C, in the presence of excess purified factor B and partially
purified C3 nephritic factor (Fearon et al., 1973). Incubations
were performed in half isotonic barbital buffered saline con-
taining 2.5% dextrose, 0.1% gelatin, 0.5 mM MgCl,, and 0.15
mM CaCl,, pH 7.5. Alternative pathway convertase sites were
then developed by incubation for 60 min at 37 °C with 0.3
mL of rat serum diluted 1:20 in isotonic barbital buffered
saline containing 2.5% dextrose, 0.1% gelatin, and 0.04 M
EDTA. The average number of hemolytic sites per cell was
calculated from the extent of hemolysis as previously described
(Rapp & Borsos, 1970; Fearon et al., 1973).
Electrophoresis and Iscelectric Focusing. Twelve percent
NaDodSO,—polyacrylamide gel electrophoresis was performed
according to the method of Laemmli (1970). Agarose gel
electrophoresis was performed in 0.8% agarose 0.05 M barbital
buffer, pH 8.6, containing either 1.8 mM calcium lactate or
5 mM EDTA. Isoelectric focusing in thin-layer polyacryl-
amide gel was performed as previously described (Audeh et
al., 1968). Two percent ampholines in a ratio of three parts
pH 5-7, three parts pH 7-9, and one part pH 3-10 were
incorporated in 5% polyacrylamide gel with 0.2 M taurine.
Esterolytic Assays. Factor D was analyzed for the ability
to hydrolyze each of the synthetic substrates listed in Table
[. Hydrolysis of AcArgOMe, BzArgOEt, AcGlyLysOMe,
and AcTyrOEt was analyzed by the colorimetric method of
Roberts (1958). Each ester was used at a concentration of
0.01 Min 0.1 M Tris-HCl and 1 mM CaCl,, pH 8.2, Factor
D, trypsin, thrombin, C1t, and C15 were incubated with each
ester in a volume of 1.025 mL for 60 min at 37 °C. Hydrolysis
of TsArgOMe was determined by spectrophotometric assay
(Walsh, 1970). Assays with ZTyrONp and ZLysONp were
performed by spectrophotometric determination of released
p-nitrophenol (Andrews et al., 1978). ZTyrONp was used at
a concentration of 0.03 mM in a final volume of 1.0 mL in
0.05 M Tris—acetate and 0.1 M NaCl, pH 8.1. ZLysONp was
used at the same concentration and volume in 0.1 M acetate,
pH 6.0. The rate of hydrolysis was monitored on a Gilford
240N spectrophotometer with continuous recording on a Heath
SR-255B recorder. The release of p-nitrophenol was moni-
tored at 410 nm for ZTyrONp and at 340 nm for ZLysONp.
Hydrolysis of the nitroanilide substrates BzZArgPNA, $2222,
S2238, and S2160 was evaluated in 0.05 M Tris-HCI and
0.227 M NaCl, pH 8.3, at substrate concentrations of 0.05
mM for BzArgPNA, 0.1 mM for S2160 and S2238, and 1
mM for S2222. Assays were performed by spectrophotometric
determination at 410 nm of liberated p-nitroaniline during
incubation with enzyme at 23 °C in a Cary Model 118C
spectrophotometer (Varian Associates). All the described
esterolytic assays were performed with isolated factor D (and
control proteases) at a concentration of 0.5 mM. Assay for
factor X activity was performed by reconstitution of the Quick
prothrombin time of factor X deficient plasma.

DAVIS, ZALUT, ROSEN, AND ALPER

Amino Acid Analysis. Samples were hydrolyzed in 6 N
HCl at 110 °C for 24 h under vacuum (Moore & Stein, 1963).
Amino acids were identified on a Beckman 121 MB amino
acid analyzer equipped with a system AA integrator (Spec-
tro-Physics), which monitored at 570 and 400 nm at 0.1 OD
maximum sensitivity. A high-speed 60-min single-column
(AA10 resin) program was followed. No corrections were
made for destruction of threonine, serine, and tyrosine.
Tryptophan and cysteine were not determined.

Amino Acid Sequence Analysis. Amino-terminal sequence
analysis was performed by a three-stage manual Edman deg-
radation essentially as described by Schlessinger & Hay
(1977). Back-hydrolysis of thiazolinone amino acids was
carried out according to the procedure of Mendez & Lai
(1975) using 1% SnCl, in constant boiling HCI under vacuum
for 18-24 h at 150 °C. With these methods, the first nine
residues were determined with 10 nmol of isolated factor D.
The sequence was confirmed with two additional purified
factor D preparations.

Results

Factor D Purification. The purification procedure described
resulted in the isolation of 1-1,5 mg of factor D from 4 L of
starting plasma. Yields were thus 12-18%, assuming a normal
plasma concentration of 2 ug/mL (Lesavre & Miiller-Eber-
hard, 1978). Yields, as determined by hemolytic assay, ranged
from 15 to 20%; specific activity of purified factor D averaged
15000 effective hemolytic molecules per ug. The use of fresh
frozen plasma without prior dialysis together with only one
ion-exchange resin allowed the entire purification to be com-
pleted in 5-6 days. The use of more than one ion-exchange
column frequently resulted in apparent aggregation of purified
factor D as judged by isoelectric focusing. These preparations
did not focus but showed numerous bands of factor D activity
near the point of application on the polyacrylamide gel (data
not shown). Prolongation of the time required for purification
resulted in contamination by proteins (or protein fragments)
with molecular weights in the range of 10000-15000 (as
determined by 12% NaDodSO,—polyacrylamide gel electro-
phoresis). These low molecular weight contaminants were
removed by chromatography on heparin—Sepharose as de-
scribed under Methods. This final procedure was required with
approximately one in every five preparations.

Physicochemical Characteristics of Isolated Factor D.
When subjected to 12% NaDodSO,—polyacrylamide gel elec-
trophoresis, isolated factor D (20 ug) showed greater than 90%
of the Coomassie Brilliant Blue stainable protein within a
single band (Figure 1). Molecular weight, determined on 12%
NaDodSO,—polyacrylamide gel electrophoresis, was 25000,
both in the presence and in the absence of 2.5% mercapto-
ethanol. This molecular weight is in agreement with that
determined by amino acid analysis (see below). Factor D,
following NaDodSO, —polyacrylamide gel electrophoresis, was
weakly stained by periodic acid-Schiff’s reagent (Zacharius
et al., 1969), indicating the presence of a small amount of
carbohydrate. Purified factor D subjected to isoelectric fo-
cusing in polyacrylamide slab gel demonstrated two stainable
protein bands; a major band was present at pH 7.0 and a less
intensely staining band was present at pH 6.6. Each band had
factor D activity when the gel was overlayed with agarose gel
containing guinea pig erythrocytes and factor D depleted serum
(Figure 2) (Martin et al., 1976). Both bands of factor D
activity were also detected in normal human serum (Figure
2).

Figure 3 shows a total protein stain of purified factor D
compared with normal serum following agarose gel electro-



FACTOR D

FIGURE 1: Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
of human factor D. Twenty micrograms of factor D was applied to
the gel without reducing agent. Electrophoresis was performed in
12% polyacrylamide gel at 30 mA /gel. The anode was to the bottom.,

BASIC

pH 7.0

pH 6.5

NHS D
ACIDIC

FIGURE 2: Normal human serum and isolated factor D were subjected
to isoelectric focusing in 4% polyacrylamide gel with a pH range of
3-10. Following isoclectric focusing, the gel was overlayed with 0.8%
agarose gel, 1.7% guinea pig erythrocytes, and 5% factor D depleted
serum in barbital-buffered saline containing 5 mM MgCl, and 10
mM ethylenebis(oxyethylenenitrilo)tetraacetic acid, pH 7.3. Gels
were then incubated for 1-2 h at 37 °C until development of the factor
D dependent bands of lysis. The anode was to the bottom.

phoresis in the presence and absence of calcium. In Figure
4A, hemolytic activity of isolated factor D was plotted follow-
ing elution from fractionated agarose gels. As shown, factor
D hemolytic activity corresponds in electrophoretic mobility
to the stained protein bands shown in Figure 3. In the presence
of 1.8 mM calcium, isolated factor D is of v electrophoretic
mobility; while in the presence of 5 mM EDTA, it is of 8
mobility. Factor D, therefore, appears to bind calcium ions.
Normal human serum was also subjected to preparative aga-
rose gel electrophoresis (Figure 4B). As shown, in the presence
of calcium, factor D activity in serum has the same electro-
phoretic mobility as does isolated factor D. However, in the
presence of EDTA, factor D activity in serum is more anodal
than that of isolated factor D. Isolated factor D, when added
to factor D depleted serum, exhibited the same more anodal
electrophoretic mobility (data not shown) as did factor D in
serum.
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FIGURE 3: Agarose gel electrophoresis of normal human serum and
isolated factor D in 0.05 M barbital buffer, pH 8.6, containing either
1.8 mM calcium lactate or 5 mM EDTA. Gels were stained with
Coomassie Brilliant Blue. The anode was to the top.

Table II: Factor D Amino Acid Analysis®

residues/100 residues

residues/ this Volanakis

molecule study etal. (1977)
Asp 18-19 9.1 7.4
Thr 8 4.1 4.3
Ser 14-15 7.1 7.6
Glu 18 9.1 9.8
Pro 14 7.1 8.7
Gly 21 10.7 9.8
Ala 21 10.7 5.8
Val 16 8.1 6.8
Met 3 1.5 1.4
Ile 5 2.5 6.0
Leu 23 11.7 6.9
Tyr 4 2.0 1.1
Phe 1 0.5 2.0
Lys 7 3.6 7.1
His 8 4.1 7.0
Arg 16 8.1 55

@ Tryptophan and cysteine were not determined.

Esterolytic Activity of Factor D. Among the 11 synthetic
substrates tested (Table I), factor D was active only against
the coagulation factor X, nitroanilide substrate, S2222 (Aurell
et al., 1977). Factor D, at a concentration of 0.15 mM, hy-
drolyzed 670 mol of substrate per mol of factor D per min.
Since this small amount of hydrolysis could be due to minor
contamination of factor D with factor X,, isolated factor D
(20 ug) was tested for factor X, activity. No factor X or X,
activity could be detected. In addition, factor D (20 ug) did
not induce fibrinogen clotting in normal plasma when incu-
bated for as long as 24 h.

Amino Acid Analysis and N-Terminal Amino Acid Se-
quence. Amino acid analysis of isolated factor D is shown in
Table II, in comparison with that reported by Volanakis et
al. (1977). Several significant differences in amino acid con-
tent between the two analyses are apparent. The reasons for
these differences are not clear. Amino acid analysis has been
performed on three different factor D preparations, and no
significant differences were noted. Minimum molecular weight
calculated from the amino acid composition was 22 000.

The N-terminal amino acid sequence of factor D is shown
in Table III, in comparison with several other complement and
coagulation proteases. These data were obtained with 10 nmol
of starting material. Yields obtained at each step (in number
of nanomoles) following back-hydrolysis were 8, 8,9, 8, 5, 5,
6, 4, and 4. Background amino acids at each step included
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FIGURE 4: Agarose gel electrophoresis of isolated factor D (A) and
normal human serum (NHS) (B) in the presence and absence of
calcium. Conditions were the same as those described in the legend
of Figure 3. Following electrophoresis, gels were sliced into 2.5-mm
fractions, and protein was eluted by freezing and thawing. Eluates
were tested for factor D activity as described under Methods, and
the number of effective hemolytic molecules per cell (Z) was calculated.
Positions of the origin, transferrin, and albumin are indicated by
arrows. The anode was to the right.

Table II: Factor D Amino Terminal Sequence

_ 1 2 3 4 5 6 17 8 9 10
factor D [le-Leu-Gly-Gly-Arg-Glx-Ala%-Glx-Ala®
thrombin® He-Val-Glu-Gly-Ser-Asn-Ala - Glu-Ile - Gly
factor X, Ile-Val-Gly-Gly-Glu-Glu-Cys - Ly s-Asp-Gly
factor Xlad Ile-Val-Gly-Gly-Thr-Val
ClIr b chain®  Ile-Jle-Gly-Gly-Glu-Lys-Ala - Lys-Met-Gly
Cls b chain®  Ile-lle-Gly-Gly-Ser-Asp-Ala - Asp-Ile - Lys

@ Or serine. ? Elion et al. (1977). € Di Scipio et al. (1977).
@ Kurachi & Davie (1977). € Sim et al. (1977).

only those amino acids which are present in the largest quan-
tities in the protein (glycine, alanine, valine, aspartic acid,
glutamic acid, leucine, and proline). No greater than ! nmol
of any background amino acid was detected at any position.
Identical results have been obtained with three different factor
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D preparations. Residues 1-5 were unequivically identified.
It is theoretically possible that tryptophan could be present
at positions 3 and 4. This is highly unlikely since back-
hydrolysis of tryptophan produces approximately 70% glycine
and 30% alanine (Mendez & Lai, 1975); only glycine was
detected at each of these positions with no increase in alanine.
Positions 7 and 9 were determined as alanine, but alanine could
also be derived from serine at these positions, since back-
hydrolysis of the anilinothiazolinone of serine gives alanine.
Likewise, the glutamic acids at positions 6 and 8 could be
derived from glutamine. It is apparent from these data that
factor D, while not a fragment of thrombin, definitely is ho-
mologous with other plasma serine proteases.

Discussion

The purification procedure outlined here is similar in many
respects to previous methods of isolating factor D. The most
significant difference is the use of only one ion-exchange resin.
As presented under Results, fewer problems with aggregation
of factor D were encountered by using only the CM-Sephadex
and avoiding the use of further ion-exchange steps. In addition,
both yield and purity were improved by completing the puri-
fication as rapidly as possible. The yields obtained with the
purification procedure described here (1-2 mg/4 L of plasma)
are also roughly equivalent to yields obtained with previously
described methods. Volanakis et al. (1977) report that 0.646
mg were obtained from 2.8 L of plasma while Lesavre &
Miiller-Eberhard (1978) obtained 0.5 mg from 1.6 L. In
general, the physicochemical characteristics of factor D re-
ported here are similar to those from previous reports. The
fact that factor D is a glycoprotein as determined by positive
PAS staining has not been previously reported. In addition,
the isoelectric point which we have determined for both isolated
factor D and for factor D in serum is somewhat lower than
previous determinations have suggested (Martin et al., 1976;
Fearon & Austen, 1975). These differences are probably due
to methodological differences in pH determination of the iso-
focused gels.

Binding of calcium by factor D has not been noted previ-
ously. Earlier reports have commented upon the apparent
incompatibility of the isoelectric point of factor D with its
electrophoretic mobility (Martin et al, 1976; Gotze &
Miiller-Eberhard, 1977). Also, one previous study has pointed
out that isolated factor D differs in electrophoretic mobility
from factor D in serum (Konno et al., 1978). Our results
confirm this finding and also demonstrate that this difference
only occurs in the absence of calcium. As indicated by the
change in electrophoretic mobility, factor D binds calcium.
In other experiments (data not shown), MgCl, (5 mM) had
precisely the same effect upon the electrophoretic mobility of
isolated factor D as did calcium. In the absence of calcium
and magnesium, factor D in serum (or factor D added to D
depleted serum) probably binds to an as yet unidentified pro-
tein (Konno et al., 1978).

Factor D does not hydrolyze any of the seven synthetic ester
substrates tested, which confirms the previous results of Le-
savre & Miiller-Eberhard (1978) and differs from those of
Volanakis et al. (1977). However, among the four nitroanilides
evaluated, the factor X, substrate, N-benzoylisoleucyl-
glutamylglycylarginine-p-nitroanilide hydrochloride, was hy-
drolyzed, although at a very low initial rate. The hydrolysis
was not due to any identifiable contamination with coagulation
factor X, or thrombin. The sequence of amino acids sur-
rounding the arginyl-lysine bond in factor B, which is cleaved
by factor D, was recently reported to be Gln-Lys-Arg-Lys-
Ile-Val (Lesavre and Miiller-Eberhard, personal communica-
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tion). This sequence has a glutamine in the same relative
position as the glutamic acid in the S2222 substrate. This
structural similarity may be related to the stability of factor
D to hydrolyze this substrate, although there are obvious size
and charge differences between the two sequences. Resolution
of this problem will require the use of synthetic peptide sub-
strates which more closely mimic the sequence of factor B.

We have previously found that factor D and human 8/y
thrombin (but not & thrombin) cross-react immunochemically
by using antisera to both factor D and to prothrombin (Davis
et al.,, 1978). This finding, combined with the finding that
thrombin in high concentrations had factor D like activity,
prompted us to suggest the possibility that factor D might be
a thrombin fragment or that they might be closely related
proteases. Lesavre & Miiller-Eberhard (1978), using antise-
rum to factor D, found no cross-reaction between D and «
thrombin. Similar cross-reaction between thrombin and factor
X, has been previously reported (Fujikawa et al., 1974). The
amino acid sequence data reported here demonstrate that
factor D is not a fragment of thrombin. However, as shown
in Table III, factor D shows definite homology with the other
plasma proteases listed. On the basis of their analogous
functions in the classical and alternative pathways, C13 and
factor D might be expected to be highly homologous. Further
sequence data are required before the degree of homology
between these complement and coagulation proteases can be
determined.
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