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ABSTRACT: The complement component C5 is one of a family of structurally related plasma proteins that
includes components C3 and C4. Activation of C5 is the initial step in the formation of the membrane attack
complex of complement. Analysis of the solution structure of C5 and comparisons with similar analyses
of the structures of C3 and C4 are reported here. Neutron solution scattering gave an M, for C5 of 201 000,
which demonstrates that C5 is monomeric in solution. The radius of gyration Rg of C5 at infinite contrast
is 4.87 nm and corresponds to an elongated structure. The longest length of C5 was determined to be at
least 15-16 nm from three calculations on the basis of the Rg, the scattering intensity at zero angle 1(0),
and the indirect transformation of the scattering curve into real space. Comparison of the Rg and contrast
variation data and indirect transformations of the scattering curves for C3, C4, and C5 show that these
have very similar structures. Comparisons of the C5 scattering curve with Debye small-sphere models
previously employed for C4 and C3 show that good curve fits could be obtained. Unlike previous studies
that have suggested significant differences, these experiments indicate that, while C5 differs from C3 and
C4 in its activation and inactivation pathways, significant structural homology exists between the native

proteins, as might be predicted from their high (and similar) sequence homology.

Complement, a multicomponent cascade system found in
plasma, plays a major role in the humoral immune system
(Reid, 1986). Activation of the early components of the
classical and alternative pathways by proteolytic cleavages
generates C5 convertase activity. The convertases activate C5
to form C5b and C5a. The generation of C5b is the initial
step in the formation of the membrane attack complex, which
is assembled from the complement components C6, C7, C8,
and C9 in association with CSb. Insertion of the complex into
membranes leads to the formation of transmembrane channels
in the target cell and ultimately to cell death due to osmotic
imbalance.

The primary sequences of the complement components C3,
C4, and C5 show significant homologies (Belt et al., 1984; de
Bruijn & Fey, 1985; Wetsel et al., 1987, 1988). C5, like C3,
is composed of two disulfide-linked polypeptide chains & and
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B. In contrast, C4 has three chains, «, 8, and y. Activation
of C5 is brought about by cleavage of the peptide bond between
residues 74 and 75 of the « chain, releasing C5a (Nilsson et
al., 1975). C5a is the most potent of the three anaphylatoxins
C3a, Cda, and C5a formed by the complement cascade.
Despite the sequence homology, the genes for C3, C4, and C5
are found on different chromosomes (Carroll et al., 1984;
Whitehead et al., 1982; Wetsel et al., 1988). While not as
abundant as C3 and C4, C5 at 0.15 mg/mL is still one of the
more abundant complement components in plasma. C3 and
C4, but not C5, have a highly reactive internal g-cysteinyl-
v-glutamyl thiolester bond in a region of high sequence hom-
ology. During activation, this enables C3b and C4b to form
covalent bonds to target surfaces (Law et al., 1980). Since
there is no thiolester bond in C5, C5b is unable to form a
covalent bond to a surface. Thus, C5b in the presence of C6
forms a fluid-phase C5b6 bimolecular complex, and this in
association with C7 expresses a membrane-binding site (Po-
dack et al., 1978).

In this study, comparisons between the solution structures
of C3, C4, and C35 are made. Electron microscopy of C5
depicts a multilobal, irregular ultrastructure of dimensions of
10.4 nm X 14.0 nm X 16.8 nm (DiScipio et al., 1983); different
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dimensions have, however, been reported for C3 and C4 (Smith
et al., 1982, 1984; Dahlbick et al., 1983). Limited solution
scattering data on C3, C4, and C5 suggested that despite their
sequence homologies they had dissimilar Rg values (Osterberg
et al., 1984, 1988). In this study, extensive neutron scattering
experiments on the external and internal structure of C5 are
critically compared with similar studies on C3 and C4 (Perkins
& Sim, 1986; Perkins et al., 1990). Together, the neutron data
show that C3, C4, and C5 are more homologous in their
physical structures than previously believed.

MATERIALS AND METHODS

(a) Sample Preparations. C5 was prepared from 3.5 L of
human plasma from normal, healthy donors essentially as
described in Harrison and Lachmann (1986), with the fol-
lowing modifications. Plasma was taken from donors over a
period of 2 weeks prior to C5 preparation, EDTA and benz-
amidine were added to final concentrations of 5 mM, and the
plasmas were stored frozen at -70 °C until required. After
passage though lysine-Sepharose, the plasma pool was dialyzed
[by using a Pellicon ultrafiltration cassette (Millipore)
equipped with a 5 ft2, 10000 nominal molecular weight limit,
polysulfone membrane] against 5 mM sodium potassium
phosphate, 5 mM EDTA, 5 mM benzamidine, and 50 mM
NaCl, pH 7.0, and loaded onto a 10-L DEAE-Sephacel col-
umn equilibrated in the same buffer. The protein was eluted
with a gradient (25 L each side) to 300 mM NaCl, and CS5,
eluting early in the gradient, was detected by double diffusion
in agarose against a rabbit anti-human CS5 antiserum. CS5-
containing fractions were pooled, concentrated to 150 mL,
dialyzed against 20 mM sodium potassium phosphate, 10 mM
EDTA, 5 mM benzamidine, and 300 mM NaCl, pH 7.0, and
gel-filtered on Sepharose CL-6B (Pharmacia; 6-L column).
C5-containing fractions were detected as described above,
pooled, and dialyzed against 20 mM sodium potassium
phosphate and 100 mM KCI, pH 7.0, before being loaded onto
a hydroxylapatite column (Bio-Rad HTP; 600 mL bed volume,
30 X 5.5 cm column) equilibrated in the same buffer. C5 was
eluted with a gradient (2.5 L each side) to 2.0 M KCIl. An-
tigenic analysis showed that the small amount of C3 that was
contained in the DEAE-Sephacel C5 pool and which co-
chromatographed with C5 on Sepharose CL-6B was not eluted
from hydroxylapatite by KCl. SDS-PAGE analysis showed
the CS to be greater than 95% pure and to have the anticipated
two-chain structure. The CS pool from hydroxylapatite was
concentrated to approximately 10 mg/mL and dialyzed against
PBS/5 mM sodium azide. Initial neutron scattering studies
were performed on freshly prepared CS. Prior to analysis,
these were dialyzed against buffer A (see below), filtered
through a 0.2-um filter (ACRO LC13; Gelman Sciences) into
3.0- or 4.8-mL sterile evacuated glass vials (Mallinckrodt
Diagnostica Holland B.V., Petten, Holland) and held at 4 °C.
Subsequent studies were performed on CS that had been stored
frozen at =70 °C in 1-mL (10 mg) aliquots. These samples
were prepared for scattering studies by gel filtration on Se-
pharose 6B in 12 mM sodium phosphate, 200 mM NaCl, and
1 mM EDTA, pH 7.0. The peak fraction(s) only were re-
concentrated to about 10 mg/mL and then dialyzed against
the same buffer before (ACRO LC13) filtration and storage
as described above. Samples were reanalyzed by SDS-PAGE
subsequent to solution scattering studies, and no differences
pre- and postscattering were detected.

Four different buffers were used in neutron data collection:
A (200 mM NacCl, 12 mM sodium phosphate, | mM EDTA,
pH 7.0); B (50 mM NacCl, 12 mM sodium phosphate, | mM
EDTA, pH 7.0); C (3.1 mM diethylbarbituric acid, 0.9 mM

Perkins et al.

sodium barbitone, 145 mM NaCl, 0.83 mM MgCl,, or 0.25
mM CaCl,, 20 uM ZnSO,); D (buffer C diluted 1 in 4, except
for ZnSO,, which remained at 20 uM). Buffer A was pre-
dominantly used, and dialyses were performed as in Perkins
et al. (1990). The composition is calculated from the full
1654-residue sequence of human C5 (Wetsel et al., 1988; R.
A. Wetsel, unpublished results). All four putative carbohy-
drate binding sites at Asn-705, -875, -1079, and -1593 in the
human sequence (following the mouse sequence numbering;
Wetsel et al., 1987) are occupied with biantennary complex
type oligosaccharides, giving a 4.5% oligosaccharide content
by mass. DiScipio et al. (1983) reported this content to be
2.7% by mass. The absorption coefficient 43%'°™ for human
CS5 has been estimated as 10.8 (DiScipio et al., 1983) or 10.2
(Osterberg et al., 1988), and their mean is used here. Cal-
culation of the absorption coefficient (Perkins, 1986) gives
10.9, in good agreement with DiScipio et al. (1983).

(b) Neutron Scattering Measurements. Neutron experi-
ments were performed on instrument D17 at the Institut
Laue-Langevin, Grenoble, in five independent sessions.
Guinier data were obtained by using a sample-to-detector
distance of 3.45-3.46 m and wavelengths A of 1.30-1.60 nm,
giving a Q range of 0.0053-0.049 nm™! (where Q = 4 sin 6/A
and 20 is the scattering angle). Data at larger Q were obtained
with a sample-to-detector distance of 1.40 m, a main beam-
detector axis angle of 0° or 20°, and wavlengths of 0.99-1.00
nm, giving a Q range of 0.23-3.36 nm™!. Data reduction
followed standard procedures (Ghosh, 1981; Perkins et al.,
1990). Linear regressions of the match point and Stuhrmann
graphs were analyzed by microcomputer using the statistics
program MINITAB (version 6.1). The molecular modeling of
the C5 neutron curves utilized the methods in Perkins and
Weiss (1983), Perkins and Sim (1986), and Perkins et al.
(1990).

The use of the indirect transformation procedure (ITP)
method (Glatter, 1982) enables the neutron scattering curves
I(Q) to be transformed into real space P(r). This calculation
requires measurement of the whole scattering curve to large
Q, ca. 4 nm™, and offers an alternative calculation of the radius
of gyration R and the length L for C5. While 20-25 splines
should be used to fit the 75 experimental data points of Figure
4a, only 10 splines were used here because of the limited
counting statistics at large Q. The maximum length (which
can be up to 50% larger than the expected length L) was
specified as 20 nm on the basis of the L calculations from the
Guinier R analyses; control calculations on the basis of
maximum lengths of 17 nm gave similar results. The number
of points used to define P(r) in real space was 101.

RESULTS AND DiscussioN

(a) Neutron Scattering Data on C5. Neutron contrast
variation experiments were performed on human C5 at con-
centrations between 1.8 and 7.9 mg/mL in 0%, 70%, 80%, and
100% 2H,0 buffers. Linear Guinier analyses were successfully
obtained (Figure 1a), from which the intensity /(0) and the
radius of gyration Rg were derived in a suitable QRg range
of 0.6-1.5. Linear cross-sectional analyses to obtain {/(Q)-
Qlp-o and Rys values were obtained in the QRys range
0.7-1.4 (Figure 1b). Buffers A-D were used (Materials and
Methods) with ionic strengths of 0.22, 0.07, 0.15, or 0.04 M.
The two higher salt buffers A and C did not yield data that
differed significantly from the average. In the two lower salt
buffers, C5 showed evidence of aggregation, so these data were
not considered further. In the higher salt buffers, while the
I(0)/c (c is the concentration) and Rg values exhibit minor
decreases with concentration (results not shown), this was not
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FIGURE 1: Neutron Guinier plots of human complement C5 in 100%
2H,0 buffers: (a) Guinier plots and (b) cross-sectional Guinier plots
of a dilution series for C5. The vertical displacements of the curves
reflect sample concentrations at 5.4, 3.9, and 1.9 mg/mL in (a) and
3.9 and 1.9 mg/mL in (b). The Rg fits and QR values are reported
by using an Rg value of 4.8 nm (Q range of 0.12-0.30 nm™') and those
for QRxs with an Ryg value of 2.34 nm (Q range of 0.31-0.58 nm™).
A slight decrease of the Rg with concentration is observable in (a)
and in other percent 2H,0 buffers, but was not significant in terms
of the error of the Rg_¢ determination in Table I.
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FIGURE 2: Stuhrmann analyses of the contrast variation experiments
for human C5. The Rg? and Rys? data are plotted against the
reciprocal solvent—solute contrast difference Ap~!. The symbols
correspond to the four buffers used (Materials and Methods) as follows:
A, @;B,0;C, A; D, A, The regressed line based on the Rg? values
gives an Rc of 4.87 £ 0.03 nm and a slope « of (13 @ 8) X 10, For
the Ryg? data, Rc is 2.35 £ 0.03 nm and « is (13 £ 4) X 1075,

significant, so all the R data are given in Figure 2.
Molecular masses M, were determined from the 7(0)/c data
for the samples in 0% 2H,0 in high-salt buffers. The mean
of four measurements is 201 000 £ 9000, which is within error
of 194000 calculated from the human CS5 sequence (Materials
and Methods). This shows that the absorption coefficient of
10.5 used to derive concentrations is satisfactory and that C5
is monomeric in solution. A plot of [I1(0)/ctT,]!/? against
volume percent 2H,0 gives the neutron match point (¢ is the
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Table I. Summary of Guinier Analyses for C5, C4, and C3 of

Complement?

C4, C4u, C3, C3u,
Cs C4(a+b) C3(a+b)
X-rays
R (nm) 53%0.1 53£0.1 52%0.1
Rys (nm) 23£0.1 25%£0.1 26 £0.1
neutrons
Rg.c (nm) 4.9+ 0.1 4.9 £ 0.1 51 0.1
Rys.c (nm) 24 £0.1 22£0.1 24 £0.1
ag (X107%) 138 2410 30+ 10
ays (X107%) 134 20£ 10 10 £ 10

9The data for C4 and C3 are taken from Perkins et al. (1990) and
Perkins and Sim (1986), and mean values are shown.

sample thickness; T, is the sample transmission). An excellent
straight line was obtained, which give a match point of 40.9
+ 0.4% 2H,0 by linear regression analyses of 33 values in 4
contrasts. The corresponding cross-sectional plot of [[/(Q)-
Qlgo/ctT,]'/? against percent 2H,O yielded a match point
of 41.5 = 0.4% 2H,0. Both of these are in reasonable
agreement with the match point of 40.6% 2H,O predicted
(Perkins, 1986) from the human C5 sequence. They support
the validity of the R; and Rxg analyses in Figure 2.

To characterize the shape of C5 and its internal structure,
the contrast dependence of the structural data was analyzed
by using Stuhrmann plots of Rg? and Rxs? against the re-
ciprocal solvent—solute contrast difference Ap~! (Figure 2).
The radii of gyration at infinite contrast Rg_¢ and Ryg ¢ were
found to be 4.87 and 2.35 nm. The elongation ratio Rgc/Rg
was calculated as 1.61 (where R, is the R of the shere of the
same dry volume as C5: 248 nm?). This is significantly larger
than the value of 1.28 £ 0.10 found in a survey of many
globular proteins by X-ray scattering (Perkins, 1988b) and
shows that C5 is elongated in shape with one triaxial dimension
that is longer than the other two. The radial inhomogeneity
of scattering density « is positive at 13 X 107 in both
Stuhrmann plots. This is evidence that C5 has the spatial
distribution of amino acids that is typical of soluble globular
proteins.

The dimensions of C5 can be calculated from the R; and
Ry data and also from the I(0) and [I(Q)(Q],.; data (Perkins
et al., 1990). By use of the data in 100% “H,O, the length
L of the longest axis of C5 (assuming an elliptical cylinder)
was determined as 14.9 £ 0.5 nm from the R; and Ryg data.
From the ratio 71(0)/[1(Q)Q] g, L is found to be 15.7 £ 1.1
nm.

X-ray scattering curves for C5 were obtained by using the
synchrotron radiation source at Daresbury (Perkins et al.,
1990). In Guinier analyses, the final R; and Rxg values were
based on Q ranges of 0.18-0.30 and 0.31-0.60 nm™, respec-
tively, which are slightly more restricted than those of Figure
1. Only those spectra that could be analyzed by the criteria
of linear Guinier plots were used. These resulted in data that
were fully consistent within error with those from neutron
scattering (Table I).

(b) Comparisons of CS with C3 and C4 of Complement.
Scattering data analyses relating to the presumed homology
between C3, C4, and C5 are presented in Table I. The present
X-ray and neutron data on C5 are compared with data pre-
viously obtained for C3 and C4 and their fragments (Perkins
& Sim, 1986; Perkins et al., 1990). C3u and C4u correspond
to C3 and C4 with hydrolyzed thiolester bonds, while C3(a+b)
and C4(a+b) correspond to activated C3 and C4 in which the
two fragments continue to be associated. By both X-ray and
neutron scattering, the Rg and Rxg values of C3, C3u, C3-
(a+b), C4, C4u, C4(a+b), and C5 were found to be the same
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FIGURE 3: Indirect transformation into real space of the CS and C3u
neutron scattering curves in 100% 2H,0 buffer. (a) The experimental
neutron curve of C5 (@) is shown. The continuous line is a polynomial
function generated by the ITP program. That for the C3u scattering
curve is very similar and is not shown. (b) The intraparticle distance
distribution function P(r) for C5 (—) and C3u (---) is shown after
normalization for concentration. These were calculated from the curve
fits in (a). The P(r) curves for C5 and C3u are seen to be very similar.
For CS5, a Rg of 4.89 nm was calculated over the range of —8.0 <
Aot < 0.0, where A, is the Lagrange stabilization parameter used
in ITP. For C3u, ISG is 4.77 nm over a similar range of Aqy.

within error (Table I). The Rg values from X-ray scattering
correspond to measurements in a positive solute—solvent con-
trast difference. They are higher than the neutron Rg ¢ values
at the infinite contrast condition, thus corroborating the
positive Stuhrmann « values obtained from the neutron
analyses. It is concluded that C3, C4, and CS are closely
similar in their overall shapes in solution, as judged from the
scattering curve analyses out to Q@ = 0.6 nm™'. All three
proteins show similar, positive values for « (Table I). From
the sequences, the ratios of hydrophilic to hydrophobic residues
[defined in Perkins (1986)] are similar at 50:50, 47:53, and
49:51 in that order. The similarity of the « values is thus
consistent with compositional data.

(¢) Large-Angle Curve Analyses of C5. Indirect transfor-
mation of the neutron curves /(Q) into real space P(r) using
ITP (Materials and Methods) was carried out for C5, C4, C4u,
and C3u to assess further the structural homologies between
C3, C4, and C5. The data on C4 and C4u originated from
Perkins et al. (1990). This calculation utilizes the whole
scattering curve in the Q range from 0.2 to 3.4 nm™!. The
above Rg and Ryg data were based on the smaller Q range
out to 0.6 nm~!. Sufficient spectra for comparisons were
obtained in three sessions. At large Q, the /(Q) and P(r)
curves for C5, C4, C4u, and C3u were all similar, as illustrated
for C5 and C3u in Figure 3. This agreement confirmed the
structural homologies in solution to a nominal structural
resolution of 1.7 nm. In Figure 3b, the maximum length of
C5 and C3u was determined to be at least 15 nm and could
be 18 nm from the value of », where P(r) diminishes to zero
intensity. This is compatible wiith the L of 14.9-15.7 nm
determined from the Rg analyses for C5. The Rg from in-
direct transformation was determined (Glatter, 1982) as 4.89
nm. This is in good agreement with the mean value of 4.82
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Table II: Comparisons of Electron Microscopy Studies on C3, C4,
and CS with the Debye Solution Scattering Model

triaxial dimensions
(nm) reference

cobra venom factor? 8.2 X137 Smith et al. (1982)
Cédb 9X% 17 Dahlbick et al. (1983)
C3b, Cdb 6.5 X 75X 125 Smith et al. (1984)
C5 10.4 X 14.0 X 16.8 DiScipio et al. (1983)
solution scattering

model?
C3,C4,C5 C3¢,Céc 2X8x18 Perkins et al. (1990)

C3dg, C4d 2X4 X9

9The cobra venom factor is a structural analogue of C3c. The re-
ported standard deviations are 1.1 to 1.3 nm. ®See Figure 4 for the
possible arrangement of the two domains.

6

In 1(Q)

O J 1 1
0.0 0.4 0.8 1.2 1.6

Q (nm~ 1)

FIGURE 4; Comparison of the neutron scattering curve of CS in 2H,O
with Debye scattering curve simulations. The experimental data (@)
are compared with the calculated Debye scattering curve (—) by using
the possible two-domain model for C4 and C4u from Perkins et al.
(1990). This sphere model gives a reasonable curve fit and is shown
as the inset in the upper right corner. The precise arrangement of
the two domains as shown should not be overinterpreted. The Rg
of the model is 4.97 nm, in good agreement with the values of 4.82
and 4.89 nm from the Guinier and ITP analyses of the data in 100%
H,0 (see text).

= 0.10 nm for 16 Ry values from the Guinier analyses in 100%
2H,0 buffers (cf. the Stuhrmann plot of Figure 2a).

A second description of the neutron curve for Q out to 1.6
nm™! is obtained by computer models using Debye spheres.
To test whether C5 and C4 are similar in structure, the ex-
perimental scattering curve for C5 was compared with the
simulation from the C4 and C4u model (Perkins et al., 1990).
The model is constructed from two distinct domains (Table
IT) which correspond to C4d and C4c and which are set at an
angle to each other. Their dimensions are given in Table II;
the length of 18 nm is slightly longer than the three calcula-
tions of 15-16 nm above but is compatible with the anticipated
precision of the model. Several neutron scattering curves for
C5 in 100% ?H,0 were measured out to 1.6 nm™! (cf. Figure
2b). The reasonable agreement in Figure 4 makes it likely
that CS5 also has a substructure with at least two domains as
found for C3 and C4, even though this structure is not revealed
in physiological inactivation events.

CONCLUSIONS

The scattering data from this study on CS5 can be correlated
with those on the homologous complement components C3 and
C4 (Perkins & Sim, 1986; Perkins et al., 1990). The data of
Table I show that C5 is very similar in structure to C3, C3u,
C3(a+b), C4, C4u and C4(a+b). Comparisons of the full
scattering curves out to a structural resolution of 2 nm (Q =
3.6 nm™!) show that these three glycoproteins are structurally
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closely homologous. This is fully consistent with the complete
sequences that have been recently published for C3, C4, and
C5 (de Bruijn & Fey, 1985; Belt et al., 1984; Wetsel et al.,
1987, 1988). The comparisons of the C3, C4, and CS se-
quences show that these can be readily aligned, and the lo-
cation of cysteinyl residues and the hydropathy plots for C3,
C4, and C5 are very similar (Nonaka et al., 1985; Wetsel et
al., 1987).

This result is in contrast to previous electron microscopy
studies on these complement components, as summarized in
Table IT (Smith et al., 1982, 1984; Dahlbick et al., 1983). It
was reported that C3, C4, and CS possess globular structures
which could be subdivided into at least two and at most four
or five domains and with dimensions that differ by several
nanometers. Calculation of the volume of the C3b and C4b
images is comparable with values of 241 to 244 nm3 calculated
from their sequences, while that of C5 gives a volume that is
5 times larger than the sequence volume of 250 nm®. At least
one of the dimensions of CS may be overestimated. These
differences are most likely to result from the nonphysiological
conditions of the measurements and perhaps magnification
errors. In relation to the limited scattering data reported by
Osterberg et al. (1984, 1988) on C3, C4, and CS, their Rg
values of C3u, C4u, and C5 were found to be similar at 5.0-5.3
nm, in agreement with our data. However, their Rg values
for C3 and C4 were as low as 4.25 nm, and their « values for
C3, C4, and CS5 varied between —100 X 107% and 55 X 1075,
These differences are best explained by the limited data that
were available in these studies. For example, the range of the
Rg data in Figure 2 shows that repeated measurements of the
scattering curves, preferably in different buffers and protein
concentrations, are necessary for a safer interpretation of the
experiments.

Structural information on the three small homologous
anaphylatoxins C3a, C4a, and CSa has been obtained by using
protein crystallography, model building, and proton NMR
(Huber et al., 1980; Greer, 1985, 1986; Nettesheim et al.,
1988; Zuiderweg et al., 1988, 1989). The model building
showed that C3a, C4a, and C5a all have conserved interior
residues but very different external surfaces. The crystal
structure of C3a has also proved to be a good model for the
secondary structure of C3a and CS5a in solution by NMR
except at the N- and C-terminal ends of the structure. Our
results extend the above observations of structural homologies.

C5 is the component upon which the membrane attack
complex of complement is assembled. Since this complex is
inserted into membranes, the degree to which the C5 structure
is hydrophobic becomes relevant. Al Salihi et al. (1982, 1988)
interpreted observations of the behavior of C5 on phenyl-Se-
pharose chromatography and the effects of trypsin digestion
as evidence for hydrophobic surface regions on CS. Futher-
more, DiScipio et al. (1983) suggested that the aggregation
of C5b seen on activation of C5 was the result of the exposure
of hydrophobic sites; the observation of such aggregates is
supported by our preliminary neutron studies on C5b. It
should, however, be noted that activation of C5 in the absence
of Cé6 is nonphysiological and that neither C5b nor C5b6 binds
to membranes. The ternary complex with C7 is required
before membrane binding occurs, and it is likely that the
membrane binding site of the complex lies on C7. The contrast
variation data on C5 show that this has a similar internal
structure to those of C3 and C4 (Table I) with hydrophilic
residues found on average furthest from the core, as indeed
found for globular proteins (Perkins, 1988a,b). This is to be
expected since all three are water soluble and have similar
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ratios of hydrophobic and hydrophilic residues. The scattering
data thus limit the extent to which the surface of CS can be
considered hydrophobic and, in contrast to deductions made
from other biochemical investigations, rule out any significant
region of surface hydrophobicity.
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Stereochemistry of Leukotriene B, Metabolites Formed by the Reductase Pathway
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ABSTRACT: Leukotriene B, (LTB,), a potent proinflammatory agent, is a major metabolite of arachidonic
acid in polymorphonuclear leukocytes (PMNL). When porcine PMNL were incubated with LTB, and the
products purified by reversed-phase high-pressure liquid chromatography (HPLC), we previously identified
two metabolites: 10,11-dihydro-LTB, and 10,11-dihydro-12-ox0-LTB, [Powell, W. S., & Gravelle, F. (1989)
J. Biol. Chem. 264, 5364-5369]. Further analysis of the reaction products by normal-phase HPLC has
now revealed the presence of a third major metabolite of LTB,. This product is not formed in detectable
amounts in the first 5 min of the reaction but accounts for about 20-30% of the reaction products after
60 min, when LTB, has been completely metabolized. The mass spectrum and gas chromatographic properties
of the new metabolite are identical with those of 10,11-dihydro-LTB,, suggesting that it is a stereoisomer
of this compound. This product was identified as 10,11-dihydro-12-epi-LTB, [i.e., 5(S),12(R)-di-
hydroxy-6,8,14-eicosatrienoic acid] by comparison of its chromatographic properties with those of the authentic
chemically synthesized compound. Both 10,11-dihydro-LTB, and 10,11-dihydro-12-oxo-LTB, were en-
zymatically converted to 10,11-dihydro-12-epi-LTB, by porcine PMNL, the former compound being the
better substrate. The reaction was reversible, since both 10,11-dihydro-12-epi-LTB, and 10,11-dihydro-
12-0x0-LTB, could be converted to 10,11-dihydro-LTB,. When dihydro metabolites of LTB, labeled with
tritium in the 12-position were incubated with porcine PMNL, only about 15% of the tritium was retained
in the 12-position of the product, suggesting that epimerization due to replacement of the 12-hydroxyl group
itself was unlikely. Our results would be consistent with an epimerase-catalyzed reacton in which 10,11-
dihydro-12-0x0-LTB, is an intermediate. This would explain the lack of stereospecificity in the reduction
of 10,11-dihydro-12-oxo-LTB, as well as the partial retention of tritium in the 12-position after epimerization.
Alternatively, it is possible that the reactions could be catalyzed by a combination of stereospecific 12-hydroxy
dehydrogenases and 12-keto reductases. These results indicate that the stereochemistry of 12-hydroxy
eicosanoids can be reversed by PMNL, which could have important implications for their biological activities.

Leukotriene B, (LTB,) is a potent mediator of inflammation
which is synthesized primarily by polymorphonuclear leuko-
cytes (PMNL)! (Borgeat & Samuelsson, 1979). It promotes
the adhesion of leukocytes to the vascular endothelium, fol-
lowed by diapedesis (Dahlén et al., 1981), and plays an im-
portant role in attracting PMNL to inflammatory sites (Higgs
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et al., 1981). LTB, is metabolized by three pathways initiated
by 20-hydroxylation (Lindgren et al., 1981; Powell, 1984),
19-hydroxylation (Maas et al., 1982; Powell, 1987), and re-
duction to dihydro metabolites (Powell, 1987). The major
route of metabolism of LTB, in human PMNL is the LTB,
20-hydroxylase pathway (Lindgren et al., 1981; Powell, 1984),
resulting in the formation of 20-hydroxy-LTB, and subse-
quently 20-0x0-LTB, and w-carboxy-LTB, (Soberman et al.,

! Abbreviations: LT, leukotriene, 12-HETE, 12-hydroxy-5,8,10,14-
eicosatetraenoic acid; RP-HPLC, reversed-phase high-pressure liquid
chromatography; NP-HPLC, normal-phase high-pressure liquid chro-
matography; ODS, octadecylsilyl; GC-MS, gas chromatography-mass
spectrometry; PMNL, polymorphonuclear leukocytes.
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