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Abstract

The chemotactic activity of human C5a des Arg is enhanced
significantly by an anionic polypeptide (cochemotaxin) in normal
human serum and plasma. We have found that the cochemotaxin
attaches to the oligosaccharide chain of native C5a des Arg to
form a complex with potent chemotactic activity for human poly-
morphonuclear leukocytes. Although capable of enhancing the
chemotactic activity of native C5a des Arg, the cochemotaxin
had no effect on the chemotactic activity of either deglycosylated
C5a des Arg, native C5a, or N-formyl-methionyl-leucyl-phenyl-
alanine. Of the known components of the oligosaccharide chain,
only sialic acid prevented enhancement by the cochemotaxin of
the chemotactic activity exhibited by native C5a des Arg. Sialic
acid also prevented the formation of C5a des Arg-cochemotaxin
complexes, detected by acid polyacrylamide gel electrophoresis,
molecular sieve chromatography on polyacrylamide gels, and
sucrose density gradient ultracentrifugation.

Introduction

Activation of the complement system in human serum results
in the generation of chemotactic activity for human polymor-
phonuclear leukocytes (PMN)' (1). This activity is attributable
primarily to the complement C5-derived peptides, C5a and C5a
des Arg (1-5). Highly purified human C5a exhibits anaphylatoxin
activity (6) and is a potent chemotactic factor for PMN (2-5).
In human serum, however, C5a is converted rapidly by the nat-
urally occurring enzyme, carboxypeptidase N, to the less active,
but more stable peptide, C5a des Arg (6, 7). Highly purified
human C5a des Arg almost completely lacks anaphylatoxin ac-
tivity (6) and is 10-20-fold less potent than C5a as a chemoat-
tractant for PMN (2-5). We reported previously that nonchem-
otactic concentrations of human C5a des Arg become chemo-
tactically active, however, when assayed in the presence of a
naturally occurring anionic polypeptide, the C5a des Arg coche-
motaxin (4, 5). The profile of chemotactic activity exhibited by
mixtures of C5a des Arg and its cochemotaxin very closely re-
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sembles that exhibited by either dilutions of activated serum or
highly purified COa. Thus, C5a des Arg and its cochemotaxin
probably account for most of the chemotactic activity that is
generated in human serum after limited complement activation.

The mechanism by which the cochemotaxin augments the
chemotactic activity of C5a des Arg is unknown. It is possible,
however, that the anionic cochemotaxin binds to C5a des Arg
(a cationic peptide) to form a "complex" with potent chemotactic
activity. Indirect evidence of such a complex was provided by
Beebe et al. (8), who isolated from zymosan-activated human
serum an anionic, C5-derived chemotactic factor with an ap-
parent molecular weight of 65,000. Treatment of this factor with
reducing agents resulted in loss of chemotactic activity. Addi-
tional evidence that C5a des Arg and its cochemotaxin might
form a physical complex was provided by Kreutzer et al. (9),
who demonstrated by basic polyacrylamide gel electrophoresis
(PAGE) a previously unrecognized anionic "fragment" of C5
that was formed in whole human serum as a consequence of
complement activation.

A mechanism was described recently whereby the biologic
activities ofhuman C5-derived peptides can be modulated. Ger-
ard and Hugh (10) found that when the single oligosaccharide
chain of C5a des Arg was removed by glycosidases, leaving a
single glucosamine residue attached to asparagine-64, the peptide
regained anaphylatoxin activity. Deglycosylated C5a des Arg
(C5a des Arg-CHO) contracted the guinea pig ileum and en-
hanced vascular permeability in guinea pig skin. Gerard et al.
( 11) subsequently demonstrated that human C5a des Arg-CHO
was significantly more active than native C5a des Arg with respect
to its ability to promote PMN chemotaxis. Native C5a and de-
glycosylated C5a (COa-CHO), on the other hand, behaved iden-
tically. These findings suggest that the oligosaccharide moiety
does not influence the biologic activities ofhuman COa, but acts
as a negative modulator ofthe biologic activities ofC5a des Arg.

In this report, studies are described in which we examined
effects ofthe cochemotaxin on the chemotactic activities ofnative
C5a des Arg and C5a des Arg-CHO. We have confirmed that
C5a des Arg-CHO is significantly more potent than native C5a
des Arg as a chemoattractant for PMN, and present evidence
that the cochemotaxin does, in fact, form a physical complex
with native C5a des Arg, possibly by attaching to a sialic acid
residue on the oligosaccharide portion of the molecule.

Methods

Preparation ofC5-derived peptides and the cochemotaxin. C5a was iso-
lated from yeast-activated human serum containing the carboxypeptidase
N inhibitor, 2-mercaptomethyl-3-guanidinoethylthiopropanoic acid
(Calbiochem-Behring Corp., La Jolla, CA), using a minor modification
of the method described by Hugh et al. (12). Final purification of C5a
was accomplished by immunoabsorption chromatography on a column
of Sepharose 4B (Pharmacia Fine Chemicals, Piscataway, NJ) to which
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a monoclonal antibody raised against human C5a was linked convalently.
C5a was deglycosylated enzymatically and C5a-CHO was purified by gel
filtration as described by Gerard and Hugh (10). Amino sugar analysis
revealed that C5a-CHO contained -1 mol of glucosamine linked to
asparagine-64 per mole of peptide (13). The polypeptide chain of C5a-
CHO was judged to be intact by criteria described previously (10, 1 1).
C5a des Arg and C5a des Arg-CHO were prepared by treating the re-
spective C5a preparations (15 ug/ml) with insoluble carboxypeptidase B
(Worthington Biochemical Corp., Freehold, NJ), as described previously
(3, 5). Based on assays for anaphylatoxin activity, residual native C5a,
if any, could not account for >0.04% of the total protein in the C5a des
Arg preparations (3, 5). Porcine C5a was generously provided by Dr.
Tony Hugh (Scripps Clinic and Research Foundation, La Jolla, CA).
Porcine C5a des Arg was prepared by treating porcine C5a with insoluble
carboxypeptidase B.

Human C5a was radiolabeled with Na'25I (Amersham Corp., Ar-
lington Heights, IL) by the solid-phase lactoperoxidase-glucose oxidase
method (Enzymobead; Bio-Rad Laboratories, Richmond, CA), as de-
scribed previously (14, 15). Free Na125I and "altered" radiolabeled C5a
were separated from antigenically reactive '25I-C5a by immunoabsorption
chromatography on a column of rabbit anti-C5a IgG-Sepharose 4B.
Native '25I-C5a was eluted with 0.2 M glycine-HCI (pH 2.3) and im-
mediately neutralized with 1.0 M K2HPO4. The specific activity of 125I-
C5a was - 2.6 X 106 cpm/Mug protein. Radiolabeled C5a was judged to
have retained its native character because >90% was bound by an excess
of rabbit anti-human C5a Ig in a solid-phase radioimmunoassay (15)
and was >85% bound by PMN (16). Furthermore, labeled and unlabeled
C5a were equally active with respect to their ability to induce PMN
chemotaxis. Radiolabeled C5a des Arg was prepared by incubating 125I-
C5a with insoluble carboxypeptidase B (3, 5).

The CSa des Arg cochemotaxin was prepared as described previously
(5). Briefly, heat-inactivated (56°C for 30 min) serum was subjected to
stepwise fractionation with saturated ammonium sulfate (35 and 70%,
vol/vol), and the resulting 70% pellet subjected to chromatography on
Sephadex G-75 (Pharmacia Fine Chemicals). Active fractions were pooled
and chromatographed on a 1.5 X 30 cm column of DEAE-Sephacel
(Pharmacia Fine Chemicals). Final purification was accomplished by
high performance liquid chromatography on a Spherogel SW-3000 pro-
tein analysis column (Beckman Instruments, Inc., Palo Alto, CA).

The purified cochemotaxin was radioiodinated by the solid-phase
lactoperoxidase-glucose oxidase method (14), and was separated from
free Nal25I by elution from a 1.0 X 30 cm column of Sephadex G-10
(Pharmacia Fine Chemicals) with phosphate (10 mM)-buffered 140mM
NaCI (pH 7.4). The specific activity of the cochemotaxin was -4.7 X 10'
cpm/ug protein. As was the case with C5a, radioiodination did not alter
the biologic activity of the cochemotaxin. For some experiments, purified
cochemotaxin (1.0 Mg) and purified native C5a des Arg (10 ug) were
treated with 2 U of solid-phase neuraminidase from Clostridium per-
fringens (Sigma Chemical Co., St. Louis, MO) in phosphate (10 mM)-
buffered 140 mM NaCI (pH 6.5) for 30 min at room temperature (17).

C5-derived chemotactic activity was generated in fresh human serum
by adding zymosan (1.0 mg/ml) (ICN Nutritional Biochemicals Div.,
International Chemical and Nuclear Corp., Cleveland, OH) (4, 5). After
15 min of incubation at 37°C, the zymosan-serum suspension was cen-
trifuged at 3000 g for 10 min, and the particle-free supernatant used as
a source of C5-derived chemotactic peptides.

Preparation of leukocyte suspensions. Leukocyte suspensions con-
taining 97-99% PMN were prepared from heparinized (10 U/ml) venous
blood by centrifugation on Hypaque/Ficoll gradients, dextran sedimen-
tation, and hypotonic lysis of erythrocytes (18). Cells were washed once
with 140mM NaCl, and finally suspended in phosphate (10 mM)-buffered
140 mM NaCl (pH 7.4) supplemented with 0.6 mM CaC12, 1.0 mM
MgCl2 and 20 mg/ml bovine serum albumin (Gibco, Grand Island, NY).
PMN chemotaxis. Directed migration (chemotaxis) of PMN was

measured using a minor modification (19) of the leading front method
of Zigmond and Hirsch (20). Stimulated random motility in response
to albumin-containing buffer (21) and total migration in response to
chemoattractants are reported as the distance (Am/35 min) that the lead-

ing front of cells migrated into 3.0-ym pore-diameter cellulose nitrate
filters (Sartorius Filters, Inc., Hayward, CA) separating the upper, or cell
compartments, from the lower, or stimulus compartments, of modified
Boyden chambers (Nucleopore Corp., Pleasanton, CA). Chemotaxis (net
migration) was calculated by subtracting stimulated random motility
from total migration. Duplicate chambers were used in each experiment
and 10 fields were examined in each filter.

In some experiments, the method described by Maderazo and Wo-
ronick (22) was used to assess the migratory behavior of the entire pop-
ulation of PMN. Leukotactic indices, which reflect the mean distance
travelled by all cells, were determined by counting the number of cells
on the surfaces of the micropore filters and at various depths (10-.sm
intervals) in the filters using an image analyzer (Optomax Inc., Hollis,
NJ) interfaced with an Apple II computer (Apple Computer, Inc., Cu-
pertino, CA).

PAGE. Electrophoresis was performed in 7.5% polyacrylamide tube
gels using a buffer containing 0.188 M glycine and 0.188 M acetic acid
(pH 3.6). Gels were run at 3 mA/tube for 2 h, after which they were
removed and sliced in 2-mm sections.

Sucrose density gradient centrifugation. Peptides were diluted in 1.0
ml of 10 mM Hepes buffer (pH 7.4) containing 1.0 mM EDTA (Sigma
Chemical Co.), and layered onto 12 ml of a linear gradient of sucrose
(2.5-20%, wt/vol) in polyallomer tubes (9/16'; Beckman Instruments,
Inc.) (23). Layered samples were centrifuged in a rotor (model Ti 40;
Beckman Instruments, Inc.) at 180,000 g for 18 h at 40C. Fractions (0.5
ml) were collected by puncturing the bottom of each tube using a frac-
tionator (Beckman Instruments, Inc.). Egg white lysozyme (Sigma
Chemical Co.), fatty-acid-free human albumin (Sigma Chemical Co.)
and purified human IgG F(ab')2 fragments were used as standards. The
migration of standard proteins (alone and in combination) was deter-
mined by measuring ultraviolet absorbance at 280 nm.

Other materials. Bio-Gel P-150 was from Bio-Rad Laboratories. N-
acetyl-d-glucosamine, mannose, galactose, and sialic acid were from
Sigma Chemical Co. The synthetic chemotactic peptide, N-formyl-
methionyl-leucyl-phenylalanine (FMLP), was from Peninsula Labora-
tories, Inc. (Belmont, CA).

Results

Chemotactic activities of OSa, C5a des Arg, and CSa des Arg-
CHO. Highly purified human COa, at a concentration of 1.0 ng/
ml, significantly enhanced directed migration of human PMN
(Table I). In contrast, C5a des Arg did not exhibit chemotactic

Table I. Chemotactic Activities ofC5a,
Native C5a des Arg, and CSa des Arg-CHO

Stimulus PMN Migration*

ng/ml ym/3S min

Buffer 84.7±2.2
C5a 1.0 104.6±2.0*
Native C5a des Arg 1.0 84.1±1.6

5.0 87.4±2.7
10 92.6±1.8§
20 105.6±4.1*

C5a des Arg-CHO 0.5 83.0±2.3
1.0 92.7±2.6§
5.0 102.4±2.5t
10 112.1±2.0t
20 122.0±2.6t

* Results represent mean values (±SE) obtained in three experiments
using PMN from different donors.

t P vs. buffer alone <0.01 (t test).
§ P vs. buffer alone <0.05 (t test).
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activity at concentrations <10 ng/ml (Table I). At a concentra-
tion of 20 ng/ml, C5a des Arg was as potent as 1.0 ng/ml C5a.
CSa des Arg-CHO, on the other hand, exhibited significant che-
motactic activity at a concentration of 1.0 ng/ml, and at a con-
centration of 5.0 ng/ml, exhibited the same chemotactic potency
as 20 ng/ml C5a des Arg and 1.0 ng/ml C5a (Table I). thus,
based on results using the leading front assay. C5a des Arg-CHO
appeared to be fourfold more active than native C5a des Arg,
but fivefold less active than C5a. Virtually identical results were
obtained when chemotaxis was measured by the method of
Maderazo and Woronick (22). Leukotactic indices for buffer
alone, native C5a des Arg (5.0 and 20 ng/ml), and C5a des Arg-
CHO (5.0 and 20 ng/ml) were 8.0, 8.2, 14.2, 13.1, and 20.6,
respectively (average of two experiments).

The chemotactic activity of native C5 des Arg was enhanced
significantly, and in a concentration-dependent fashion, by the
purified cochemotaxin (Fig. 1). Whereas 5.0 ng/ml C5a des Arg
alone did not stimulate directed migration of PMN, the same
concentration of C5a des Arg exhibited significant chemotactic
activity in the presence ofthe cochemotaxin. The cochemotaxin
by itself was not chemotactic, nor did it enhance the chemotactic
activity exhibited by 0.5 ng/ml C5a des Arg-CHO (Fig. 1). Sim-
ilarly, the cochemotaxin did not influence the chemotactic ac-
tivity exhibited by either 5.0 ng/ml C5a des Arg-CHO or sub-
optimal concentrations of CSa and FMLP (data not shown).

Interactions between the cochemotaxin and C5a des Arg. To
determine whether the cochemotaxin interacts with components
of the oligosaccharide chain of C5a des Arg, the chemotactic
activity expressed by mixtures ofthe two polypeptides was mea-
sured in the presence and absence of various monosaccharides.
Of the monosaccharides that are known to be components of
the oligosaccharide chain (13), only sialic acid proved to be ca-
pable of preventing enhancement by the cochemotaxin of the
chemotactic activity exhibited by 5.0 ng/ml C5a des Arg (Table
II). In contrast, sialic acid did not influence directed migration
of PMN toward chemotactic concentrations of either C5a (1.0
ng/ml), C5a des Arg (20 ng/ml), or FMLP (1O-8 M) (Table III).
To determine whether the negative charge of sialic acid con-
tributed to its effects, experiments were performed with the
polyanion heparin. Heparin (up to 5.0 U/ml), however, failed
to influence the chemotactic activity exhibited by mixtures of
native C5a des Arg and cochemotaxin (Table III).

Evidence was found in two ways that the sialic acid residue
involved in the C5a des Arg-cochemotaxin interaction most
likely is located on C5a des Arg. First, treatment of the coche-
motaxin with neuraminidase had no effect on its ability to en-

30 r

20~

10 -z

Figure 1. Effects of purified
cochemotaxin on the chemo-
tactic activities of native C5a
des Arg (5.0 ng/ml) (solid cir-

j ; cle) and deglycosylated CSa des
Arg (0.5 ng/ml) (open circle).
The cochemotaxin alone (open
triangle) did not exhibit che-
motactic activity. Results repre-
sent net PMN migration (total
migration minus migration in
response to buffer alone), and

----- are mean values (±SE) from
5.0 10 15 three experiments using PMN
hemotaxin (ng/ml) from different donors.

Table II. Effects of Various Sugars on the Chemotactic
Activity ofNative C5a des Arg plus the Cochemotaxin

Stimulus PMN migration*

Am/3S min

Buffer 85.1±1.5
C5a des Arg (5.0 ng/ml) 86.9±2.2
C5a des Arg (5.0 ng/ml)

+ cochemotaxin (10 ng/ml) 109.7±3.5t
+ N-acetyl-D-glucosamine (5.0 mM) 108.6±4.7t
+ galactose (5.0 mM) 108.7±4.4t
+ mannose (5.0 mM) 108.0±2.9t
+ sialic acid (5.0 mM) 88.8±2.1

* Results represent mean values (±SE) obtained in three experiments
using PMN from different donors.
t P vs. buffer alone <0.01 (t test).

hance the chemotactic activity of native C5a des Arg (Table III).
Second, treatment with neuraminidase enhanced the chemo-
tactic activity of native C5a des Arg. Whereas 5.0 ng/ml native
C5a des Arg was devoid ofchemotactic activity, 5.0 ng/ml neur-
aminidase-treated CSa des Arg caused net PMN migration (26.5
,um/35 min, n = 2). Furthermore, the cochemotaxin (10 ng/ml)
did not affect the chemotactic activity of neuraminidase-treated
CSa des Arg (1.0-5.0 ng/ml) (not shown).

Effects of sialic acid on the chemotactic activity exhibited
by mixtures of CSa des Arg and the cochemotaxin were con-
centration-dependent (Fig. 2). Significant inhibition was observed
with 2.0 mM sialic acid (P < 0.01, t test), while complete inhi-
bition occurred at concentrations between 3.0 and 5.0 mM.

To determine whether there was a true physical interaction
between the two polypeptides, highly purified 1251-C5a des Arg
was subjected to 7.5% PAGE under acidic conditions in the

Table III. Effects ofSialic Acid, Heparin, and Neuraminidase-
treated Cochemotaxin on the Chemotactic Activities ofC5a,
C5a des Arg, and FMLP

Net PMN
Stimulus migration*

,sm/3S min

C5a (1.0 ng/ml) 37.1±1.7
+ sialic acid (5.0 mM) 37.4±2.3

C5a des Arg (20 ng/ml) 35.8±2.2
+ sialic acid (5.0 mM) 37.2±2.7

FMLP (10-1 M) 48.3±2.4
+ sialic acid (5.0 mM) 48.5±1.9

C5a des Arg (5.0 ng/ml)
+ cochemotaxin (10 ng/ml) 36.0±1.6

+ heparin (5 U/ml) 36.1±2.7
CSa des Arg (5.0 ng/ml)

+ neuraminidase-treated
cochemotaxin (10 ng/ml) 33.9±2.6

* Net PMN migration was calculated by subtracting stimulated ran-
dom motility from total migration. Results represent mean values
(±SE) obtained in three experiments.
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presence and absence of cochemotaxin. As reported previously
(3), '25I-C5a des Arg migrated readily into acid gels (Fig. 3 A).
Radioactivity was detected in a sharp, symmetric peak, which
indicated the absence of contaminating proteins. Migration of
'25I-C5a des Arg into acid gels was significantly retarded, however,
when it was electrophoresed in the presence of cochemotaxin
(Fig. 3 B). This effect was reversed by adding 5.0 mM sialic acid
to the mixture of '25I-COa des Arg plus cochemotaxin (Fig. 3 B).
Sialic acid (5.0 mM) had no effect on the migration of 1251-C0a
des Arg alone (not shown).

To confirm the results obtained using acid PAGE, molecular
sieve chromatography was performed on Bio-Gel P-150. [125I]_
CSa des Arg was applied to a 1.0 X 20-cm column of the poly-
acrylamide gel and eluted with Hanks' balanced salt solution
(pH 7.4). Fractions (0.4 ml) were collected and radioactivity was
measured by counting gamma emissions. Radiolabeled CSa des
Arg eluted as a symmetric peak with an apparent molecular
weight of -11,000 (Fig. 4 A). When a mixture of radiolabeled
CSa des Arg and cochemotaxin was chromatographed under
identical conditions, the peak of radioactivity eluted with an
apparent molecular weight of 85,000 (Fig. 4 A). Again, this effect
of the cochemotaxin was prevented by 5.0 mM sialic acid (not
shown).

Identical experiments were performed using either unlabeled
native CSa des Arg or unlabeled CSa des Arg-CHO and radio-
labeled cochemotaxin. Chromatography of purified 1251I-coche-
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u
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Fraction Number

Figure 4. Elution profiles of
radioactivity after molecu-
lar sieve chromatography

1251 -CS. d.. Ar of: (A) 125I-C5a des Arg (5.0
ng) with (open triangle) and
without (open circle) coche-
motaxin (10 ng); and (B)
251I-cochemotaxin (10 ng)
with (solid triangle) and
without (solid circle) unla-
beled C5a des Arg (5.0 ng).
Chromatography was per-

hemotoxin formed on a 1.0 X 20-cm
column of Bio-Gel P-150,
and radioactivity measured
in 0.4-ml fractions eluted
with Hanks' balanced salt
solution.

motaxin alone yielded a symmetric peak of radioactivity that
eluted with an apparent molecular weight of -60,000 (Fig. 4
B). As expected, none of the fractions from this peak contained
chemotactic activity for PMN (not shown). Identical results were
obtained when '25I-cochemotaxin was chromatographed in the
presence ofC5a des Arg-CHO. However, when a mixture of 12511
cochemotaxin plus native C5a des Arg was chromatographed
under identical conditions, the peak of radioactivity eluted with
an apparent molecular weight of- 85,000 (Fig. 4 B). The fraction
from this peak that contained the greatest amount ofradioactivity
also contained significant chemotactic activity for PMN
(95.1±2.0 tm/35 min vs. 80.4±2.1 ,um/35 min for buffer alone).
Identical results were obtained when mixtures of '251I-cochemo-
taxin and CSa des Arg were chromatographed using both low
(50 mM NaCl) and high (200 mM NaCl) ionic strength buffers
(not shown).

That native C5a des Arg forms a physical complex with the
cochemotaxin was confirmed further by sucrose density gradient
ultracentrifugation. As Fig. 5 shows, native '25I-C5a des Arg alone
migrated into sucrose gradients with an apparent molecular
weight of 14,200+1,600. When a mixture of '251-C5a des Arg
and cochemotaxin was analyzed under identical conditions, a
peak of radioactivity was detected with an apparent molecular
weight of 85,300±3,000. Identical results were obtained when
'25I-C5a des Arg was mixed with neuraminidase-treated coche-
motaxin.

Albumin

3.0 r

B

10

Distance Migrated (mm

Figure 3. Acid PAGE of: (A)
125I-COa des Arg alone (7.0 ng)
(open circle); (B) '25I-C5a des
Arg (7.0 ng) plus cochemotaxin
(30 ng) (open triangle), and
125I-C5a des Arg (7.0 ng) plus
cochemotaxin (30 ng) and 5.0

M mM sialic acid (solid circle).
20 Radioactivity was measured in

2-mm sections of sliced gels.

b
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Figure 5. Analysis of the in-
y/\\ teraction between C5a des

Arg and cochemotaxin by
sucrose density gradient ul-
tracentrifugation. '25I-C5a
des Arg (5.0 ng) alone (open
circle); '251-C5a des Arg (5.0

5.0 10 ng) plus cochemotaxin (10
iucrose (w t /vol) ng) (open triangle).
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Experiments were performed using molecular sieve chro-
matography to determine whether zymosan-treated human
serum (ZTS) contains high molecular weight, C5-derived che-
motactic activity (i.e., complexes of C5a des Arg and cochemo-
taxin). We (4, 5, 19), and others (24, 25), have demonstrated
previously that the bulk ofC5-derived chemotactic activity elutes
after chromatography ofZTS on Sephadex G-75 in a single peak
with an apparent molecular weight of - 15-20,000. We have
concluded that fractions in this peak contain a mixture of C5a
des Arg and cochemotaxin, and have postulated that the coche-
motaxin elutes with a lower apparent molecular weight than
expected because it binds to Sephadex (4, 5). ZTS (0.2 ml) was
applied to a 1.0 X 20-cm column of Bio-Gel P-150 and was
eluted with Hanks' balanced salt solution. Fractions (0.4 ml)
were collected and assayed for the presence of chemotactic ac-
tivity. As Fig. 6 shows when fractions were assayed at a concen-
tration of 2.5% chemotactic activity was detected in a single
peak which eluted with an apparent molecular weight of 85,000.
Chemotactic activity in these fractions resisted heating at 56°C
for 30 min, but was abolished by treatment with antibodies to
human C5 (not shown). It should be noted, however, that when
column fractions were tested at a concentration of 25%, C5-
derived chemotactic activity (presumably C5a des Arg alone)
also was detected in a peak eluting with an estimated molecular
weight of 13,000 (not shown).

Effects ofhuman cochemotaxin, porcine serum, and rabbit
serum on the chemotactic activities ofporcine COa, porcine C5a
des Arg, and human C5a des Arg. It has been reported previously
that porcine CSa and CSa des Arg are chemotactic for human
PMN (1 1). In contrast to human CSa, however, porcine CSa is
devoid ofcarbohydrate (1 1). Thus, it was of interest to determine
the effect of the cochemotaxin on the chemotactic activities of
suboptimal concentrations of porcine C5a and CSa des Arg. As
Table IV shows, the purified cochemotaxin enhanced the che-
motactic activity of native human CSa des Arg but had no effect
on the chemotactic activity ofeither porcine CSa or porcine COa
des Arg. Furthermore, porcine serum failed to enhance the che-
motactic activity of native human C5a des Arg (Table IV), which
indicated that, in contrast to human serum, porcine serum does
not contain cochemotaxin-like activity. These results support
our findings using human C5a des Arg-CHO (Fig. 1) and provide
further evidence that the cochemotaxin interacts with the oli-
gosaccharide portion of native human C5a des Arg.
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Figure 6. Elution profile of chemotactic activity after molecular sieve
chromatography of ZTS on Bio-Gel P-150. Chromatography of ZTS
(0.2 ml) was performed on a 1.0 x 20-cm column of Bio-Gel P-l 50,
and fractions (0.4 ml) were tested at a concentration of 2.5% (vol/vol)
for chemotactic activity.

Table IV. Effects ofHuman Cochemotaxin, Porcine Serum,
and Rabbit Serum on the Chemotactic Activities ofPorcine C5a,
Porcine C5a des Arg, and Human C5a des Arg

PMN migration*

No 10 ng/ml
Stimulus cochemotaxin cochemotaxin

Am/3S min pm!35 min

Buffer 83.8±2.2
Porcine C5a (0.5 ng/ml) 97.3±2.8§ 96.3±3.1§
Porcine C5a des Arg (5.0 ng/ml) 83.7±2.3 83.9±3.2

(10 ng/ml) 90.7±3.2 89.9±3.7
Native human C5a des Arg

(5.0 ng/ml) 84.3±1.8 108.1±2.1"
+ porcine serum (10 ul) 84.4±1.9
+ rabbit serum (10 ul) 106.1±2.8"1

* Results represent mean values (±SE) obtained in three experiments
using PMN from different donors.
t Neither porcine nor rabbit serum (heated at 560C for 30 min) exhib-
ited chemokinetic activity.
§ P vs. buffer alone <0.025 (t test).
II P vs. buffer alone <0.01 (t test).

Finally, experiments were performed to determine whether
rabbit serum was capable of enhancing the chemotactic activity
ofhuman C5a des Arg (i.e., contained cochemotaxin-like activ-
ity). Jose et al. (26) reported that human CSa and C5a des Arg
were similar with respect to their ability to induce PMN-depen-
dent inflammation when injected intradermally in rabbits. These
authors prepared C5a des Arg by incubating human C5a with
rabbit serum (as a source of carboxypeptidase N). The mixture
of C5a des Arg plus rabbit serum was then injected into rabbit
skin and its ability to increase vascular permeability compared
with that of purified human C5a. One possible explanation for
these results was that rabbit serum augmented the biologic ac-
tivity of native human C5a des Arg. Consequently, it was of
interest to determine whether rabbit serum exhibited cochemo-
taxin-like activity. As Table IV shows, rabbit serum, at a con-
centration that by itself did not induce PMN-directed migration,
was capable of enhancing the chemotactic activity of a subop-
timal concentration of native human C5a des Arg.

Discussion

As Table I shows, highly purified C5a des Arg-CHO was signif-
icantly more potent than native C5a des Arg as a chemoattractant
for human PMN. These observations are similar to those re-
ported previously by Gerard et al. (1 1), and support the sugges-
tion that the oligosaccharide chain acts as a negative modulator
of the chemotactic activity of native C5a des Arg.

As we reported previously (5), the chemotactic activity of
native C5a des Arg was enhanced significantly, and in a con-
centration-dependent fashion, by purified cochemotaxin (Fig.
1). The cochemotaxin, however, had no effects at all on the
chemotactic activity exhibited by either suboptimal concentra-
tions ofC5a des Arg-CHO (Fig. 1) or suboptimal concentrations
of C5a and FMLP (not shown). The cochemotaxin also failed
to enhance the chemotactic activity ofporcine C5a des Arg (Table
IV), a polypeptide devoid of carbohydrate (1 1).
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In light of these findings, we considered the possibility that
the cochemotaxin interacts directly with the oligosaccharide
chain of native C5a des Arg. Indeed, we already had some evi-
dence (albeit indirect) that the cochemotaxin interacts with sugar
moieties. We reported previously that the apparent molecular
weight of the cochemotaxin, as determined by SDS PAGE
(60,000), differed substantially from that estimated by molecular
sieve chromatography on Sephadex G-75 (20-30,000) (4, 5).
Moreover, we demonstrated that the elution profile ofcochemo-
taxin activity observed after Sephadex G-75 chromatography of
heat-inactivated human serum was similar to the elution profile
of low molecular weight, C5-derived chemotactic activity ob-
served when zymosan-activated serum was chromatographed
under identical conditions (4, 5). It seemed likely, therefore,.that
binding of the cochemotaxin to Sephadex (agarose) gels ac-
counted for its retarded elution and, consequently, for its coe-
lution with low molecular weight C5-derived peptides (predom-
inantly OSa des Arg). Such binding was not observed with
polyacrylamide gels. The purified cochemotaxin eluted from
columns of Bio-Gel P- 150 with an apparent molecular weight
of 60,000 (5).

Evidence that the cochemotaxin interacts with the oligosac-
charide chain of native C5a des Arg was obtained in several
ways. First, of the known components of the oligosaccharide
chain (13), only sialic acid was capable of preventing enhance-
ment by the cochemotaxin ofthe chemotactic activity exhibited
by suboptimal concentrations of native C5a des Arg (Table II).
This effect of sialic acid was concentration-dependent (Fig. 2)
and speQific. Sialic acid did not influence PMN migration toward
chemotactic concentrations ofeither native C5a, native C5a des
Arg alone, or FMLP (Table III).

It is unlikely that the effect ofsialic acid was due to its negative
charge. The polyanion, heparin (0.5-5.0 U/ml), failed to influ-
ence the chemotactic activity exhibited by mixtures of native
C5a des Arg and its cochemotaxin (Table III). Furthermore,
both native and neuroaminidase-treated cochemotaxin were
equipotent with respect to their ability to enhance the chemo-
tactic activity of native C5a des Arg (Table III). Native coche-
motaxin, however, had no effect on the chemotactic activity of
neuraminidase-treated C5a des Arg. Interestingly, treatment of
native C5a des Arg with neuraminidase enhanced its chemotactic
activity for PMN. These findings suggested, therefore, that the
cochemotaxin formed a physical complex with native C5a des
Arg by attaching to a siliac acid residue on the oligosaccharide
chain, rather than by an electrostatic interaction. Additional
support for this suggestion came from studies using acid PAGE,
molecular sieve chromatography, and centrifugation on sucrose
density gradients.

Electrophoretic migration of radiolabeled C5a des Arg into
acid polyacrylamide gels was retarded significantly by the coche-
motaxin (Fig. 3). Interestingly, this effect of the cochemotaxin
was reversed by adding 5.0 mM sialic acid to the mixture before
electrophoresis. It should be noted, however, that while these
results suggested that the cochemotaxin interacts with native
C5a des Arg, it could not be concluded that such an interaction
leads to the formation of a physical complex between the two
polypeptides. Evidence of this was obtained from experiments
using molecular sieve chromatography and centrifugation on

sucrose density gradients.
When examined by chromatography on polyacrylamide gels,

125I-C5a des Arg eluted with an apparent molecular weight of
-11,000 (Fig. 4 A). Chromatography of 125I-C5a des Arg plus

unlabeled cochemotaxin, however, yielded a peak ofradioactivity
that eluted with an apparent molecular weight of 85,000. As in
the experiments using PAGE, the effect ofthe cochemotaxin on
the elution profile of radiolabeled C5a des Arg was prevented
by sialic acid. To confirm these results, similar experiments were
performed with '25M-labeled cochemotaxin and either unlabeled
native C5a des Arg or unlabeled C5a des Arg-CHO. When ra-
diolabeled cochemotaxin was chromatographed either alone or
in combination with C5a des Arg-CHO, all of the radioactivity
eluted with an apparent molecular weight of 60,000 (Fig. 4 B).
In contrast, when a mixture of '25I-cochemotaxin plus unlabeled
native C5a des Arg was chromatographed under identical con-
ditions, a single peak of radioactivity (containing chemotactic
activity) eluted with an apparent molecular weight of 85,000.
These results suggest further that the cochemotaxin does form
a biologically active, physical complex with C5a des Arg, possibly
by interacting with sialic acid residues on the oligosaccharide
chain of the molecule. Electrostatic forces do not appear to play
a major role in the formation of the complex, because 1251-co-
chemotaxin plus C5a des Arg eluted with the same apparent
molecular weight when chromatographed under conditions of
low and high ionic strength. Further evidence that C5a des Arg
and the cochemotaxin form a true physical complex was obtained
using sucrose density gradient ultracentrifugation (Fig. 5). Mix-
tures of '251-C5a des Arg and cochemotaxin exhibited an apparent
molecular weight of 85,300±3,000, while '25I-C5a des Arg alone
migrated with an apparent molecular weight of 14,200±1,600.
These results indicate that the cochemotaxin forms a physical
complex with C5a des Arg, with a molar ratio of cochemotaxin
toC5adesArgof-1:2.

It should be emphasized that although attachment of the
cochemotaxin to C5a des Arg appears to be saccharide specific,
it may not be protein specific. Indeed, in preliminary experi-
ments, high concentrations (>100 ng/ml) of the sialylated gly-
coprotein, orosomucoid, prevented enhancement by the coche-
motaxin of the chemotactic activity exhibited by mixtures of
suboptimal concentrations ofC5a des Arg and the cochemotaxin
(data not shown). It is possible, therefore, that the cochemotaxin
attaches to a number of circulating and cell surface glycoproteins.

The data presented here may explain, in part, the finding
reported by Beebe et al. (8) that zymosan-activated serum con-
tains an anionic, C5-derived chemotactic factor with an apparent
molecular weight of 65,000. It is possible that this factor is a
complex of one molecule of CSa des Arg plus its cochemotaxin.
Further evidence that this might be the case was obtained in
experiments in which we isolated C5-derived chemotactic activity
after molecular sieve chromatography ofZTS on Bio-Gel P- 150.
The bulk of chemotactic activity, which was heat (56°C for 30
min)-stable and inhibited by antibodies to human C5, eluted
with an apparent molecular weight of 80-85,000 (Fig. 6). The
elution profile of chemotactic activity observed after chroma-
tography of ZTS on Bio-Gel P- 150 was similar to the elution
profile of chemotactic activity and radioactivity observed when
'251-cochemotaxin and C5a des Arg were chromatographed under
identical conditions (Fig. 4 B). These data may also explain the
finding reported by Jose et al. (26), that native human C5a des
Arg (plus rabbit serum) resembled human C5a with respect to
its ability to increase vascular permeability when injected into
rabbit skin. It is likely that the biologic activity of human C5a
des Arg was enhanced by the cochemotaxin-like activity present
in rabbit serum. This finding suggests that the cochemotaxin
may play a role in modulating inflammation in vivo.
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In summary, we confirmed that C5a des Arg-CHO is sig-
nificantly more potent than native C5a des Arg as a chemoat-
tractant for human PMN. In addition, we found that the coche-
motaxin does not influence the chemotactic activity of C5a des
Arg-CHO. Finally, we found that the cochemotaxin forms of
physical complex with native C5a des Arg, possibly by attaching
to a sialic acid residue on the oligosaccharide portion of the
molecule. It is intriguing to speculate that the cochemotaxin
enhances the chemotactic activity of native C5a des Arg by
masking the oligosaccharide chain in such a fashion as to make
the molecule resemble C5a des Arg-CHO.
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