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Summary Lipopolysaccharide-stimulated human monocytes secrete a

10 kD peptide (MONAP) of high neutrophil, not however monocyte

or eosinophil stimulating activity. By reversed phase HPLC MONAP
could be distinguished from Interleukin 1. Analytic isoelectro-
focusing of pure MONAP (single line upon sodiumdodecylsulfate po-
lyacrylamide gel electrophoresis, single peak after RP-18-HPLC),
obtained by size exclusion HPLC followed by two different reversed
phase HPLC steps revealed charge heterogeneity giving major com-
ponents with isoelectric points at 4.7, 4.9, 6.4 and 6.9, all of
which exhibited chemotactic activity.  ©'1988 acadenic press, Tnc.

Human IL-1- as well as ETAF-preparations have been shown to eli-
cit chemotactic as well as secretory responses of human neutro-
phils in vitro (1-4). Recently, however, it has been reported
that recombinant human IL-1 lacks chemotactic activity for human
neutrophils in vitro (5,6), raising the question whether monocyte
derived IL-1 and ETAF-preparations may contain a yet unrecognized

chemotaxin.

Abbreviations: IL-1, Interleukin 1, ETAF; epidermal cell derived
thymocyte activating factor, PMNL; polymorphonuclear leukocyte,
HPLC; high performance liquid chromatography, MONAP; monocyte
derived neutrophil activating peptide, BSA; bovine serum albumine,
PBS; Dulbecco's phosphate buffered saline, LPS; lipopolysaccharide,
TFA; trifluorcacetic acid, HPLC; high performance liquid chromato-
graphy, SDS-PAGE; sodium dodecylsulfate-polyacrylamide gel elec-
trophoresis, pl; isoelectric point, IEF; isoelectrofocusing, kD;
kilo Dalton.
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Moreover, Yoshimura et al. (7) by size exclusion~-HPLC were able
to separate PMNL- stimulating activity from murine thymocyte co-
stimulating (IL-1) activity present in monocyte supernatants in-
dicating a novel chemotactic cytokine. We have purified this neu-
trophil activating peptide (MONAP) to apparent homogeneity and

we detected a 10 kD polypeptide which is a potent neutrophil ac-

tivator and lacks IL-1 activity (8).

In the present report we are able to show that this newly disco-

vered chemotaxin consists of different charged species.

MATERIALS AND METHODS

Monocyte purification: Human monocytes were purified as previously
described (9) by receptor mediated reversible attachment to human
fibronectin coated plastic surface according to Freundlich and
Avdalovie (10).

Neutrophil isolation: Polymorphonuclear leukocytes were isolated
from the pellet after Ficoll gradient centrifugation as described
under "monocyte purification" using a modification of a previously
described method (8,11).

MONAP assays: PMNL stimulating activity was investigated by three
different methods: PMNL-chemotactic activity in samples was as-
sayed using a modification of the "endogenous component chemotac-
tic assay" method (12) using R-glucuronidase as marker enzyme
(8,13). Release of azurophilic granule enzymes was performed as
previously described using B-glucuronidase or myeloperoxidase as
marker enzymes (8,15).

MONAP-production: Purified human blood monocytes were allowed to
adhere to tissue culture flasks (Falco%) in medium 199 containing
Earles salts and 20 mM HEPES (1-2 x 10" cells/ml).

Thereafter LPS (Salmonella minnesota RE 595, Calbiochem, Marburg,
FRG) was added and cultures maintained at 370 C in a humidified
atmosphere containing 5 % CO..

Media were collected after a“24 - 40 h incubation and stored be-
low ~70° C until further processing.

MONAP-purification: Acidified (pH 3-4) culture media were concen-
trated on an Amicon YM-5 membrane and applied directly to a TSK-
2000~SW-HPLC-column (LKB, Bromma, Sweden), equilibrated with 0.1 %
(v/v) TFA. Chromatography was performed with 0.1 % TFA using a
flow rate of 1 ml/min, and fractions of 0.5 ml were collected.
Samples from each fraction were taken for biological assays (che-
motaxis, enzyme release and occasionally IL-1-assay).

Biological active fractions were pooled, lyophilized and after
solubilization of the residue in 0.1 % TFA applied to a 300 %
reversed phase (RP-8)-HPLC-column (Zorbax PEP-RP1, Dupont).
Peptides were eluted by a gradient of acetonitrile in 0.1 % TFA
and fractions were taken manually. Samples from each fraction were
tested in bio-assays.

Fractions with PMNL-stimulating activity of the wide pore RP-8-
HPLC-separation were further purified by RP-18-reversed phase
HPLC (Nucleosil 5,u, Merck, Darmstadt, FRG) using an acetoni-
trile/0.1 % TFA gradient and monitoring the effluent absorption
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at 215 nm. Fractions were collected manually and aliquots tested
after lyophilisation for inherent biological activity.

SDS-PAGE: Sodium dodecylsulfate polyacrylamide gel electrophore-
sis (SDS-PAGE) for peptides was performed as described by Swank
and Munkres (17) under non-reducing conditions (8).

Proteins were visualized by silver staining (Amersham, Braunschweig,
FRG).

Isoelectrofocusing: Isoelectrofocusing was performed using commer-
cial available IEF-precotes (range: pH 3 - 10, Serva, Heidelberg,
FRG). IP's were determined by calibration with samples of known

pI (Pharmacia, Uppsala). Proteins were visualized by a combina-
tion of Coomassie Blue staining followed by silver staining or
silver staining (Amersham, Braunschweig, FRG) alone.

In some experiments IEF-analyses were performed in duplicate:

One lane was stained with Coomassie Blue and silver, and subse-
quently in the second lane the whole gel-area was sliced and ex-
tracted with 30 ,ul acetonitrile containing 0.1 % TFA over night

at 4° c. Extracés were thereafter lyophilized in the presence

of 0.1 % BSA and residues solubilized in PBS/0.1 % BSA before
testing in the chemotaxis assay at 1:50 and 1:500 dilution.

RESULTS AND DISCUSSION
In the past a number of observations dealing with peptide-like
neutrophil-chemoattractants secreted by human monocytes or macro-
phages have been reported (1,7, 18-22). The molweight of these
isolates has been found to vary from 9.5 to 12 kD as determined

by gel-filtration (%, 7,8,18,22).

The monocyte derived neutrophil activating peptide (MONAP) we
recently purified to apparent homogeneity binds to an anion-ex-
changer (8) indicating the presence of an predominantly acidic
form of this chemotaxin. In that study we used ion-exchange HPLC
for purification of MONAP, which principally makes it possible

to enrich a single charged species as it has been found for IL-1
(23,24). In the present study we asked for a possible charge he~
terogeneity, therefore purification of MONAP was attempted by an
alternative chromatographic procedure avoiding ion-exchange-steps

during isolation of this chemotaxin.

Subsequently performed size-exclusion-HPLC followed by wide pore
RP-8-HPLC and narrow pore RP-18-HPLC resulted in virtually pure

MONAP which eluted in a single, at 215 nm absorbing sharp peak
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Figure 1. Reversed phase (RP-18)- narrow pore HPLC of TSK-2000-
HPLC and RP-8 wide pore HPLC purified MONAP. The effluent was
monitored at 215 nm (—). An 5/ul-aliquot of fractions number
25 to 41 was tested for myeloperoxidase-release by human PMN
(shaded area). Note association of peak biological activity
with a single, sharp peak absorbing at 215 nm.
The arrow indicates the elution position of peak interleukin-
l-activity.

(Figure 1) and gave a single line on SDS-PAGE at 10 kD under non
reducing conditions (not shown). This material has been applied
to ultrathinlayer isoelectrofocusing precotes. The lower part of
Figure 2 shows a typical result of an apparent homogeneous MONAP-
preparation (in m.w. by SDS-PAGE as well as RP-18-HPLC). As demon-
strated by several silver stained lines, MONAP seems to exist in
different isoelectric species. Analytical IEF typically reveals
intense bands corresponding to pI's at 4.7, 4.9, 6.4 and 6.9. In
addition, several weak lines could be detected, especially in the
area pl = 7.0-7.5. Some MONAP preparations, however, contained
additionally major lines with pI = 6.7 and 5.4 (not shown). In

order to verify that the bands obtained were not the result of
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Figure 2. Analytical IEF of purified MONAP. 5 ,ug of HPLC-
purified MONAP was applied to two adjacent lanes of an IEF gel
(pH 3.5-10) by means of an applicator template. Proteins of
known pl were applied to separate lanes in order to calibrate
the pH gradient of the gel. After focusing, lanes bearing
standard proteins and one of the lanes bearing MONAP were
fixed, prestained with Coomassie Brilliant Blue followed by
staining with silver (see materials and methods) (lower part
of this figure).
The remaining gel slice bearing MONAP was sliced, extracted and
the extract assayed for chemotactic activity at two different
concentrations (1:50 and 1:500 of the initial extracts). Chemo-
tactic indices of the 1:500 dilutions are shown in the upper
part of this figure.
The arrow indicates a staining artifact resulting from scoring
of the gel surface by the applicator template.
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contaminating impurities we performed a number of duplicate IEFs,
whereby one lane was stained with silver and the second lane
sliced into 24 sections, which were extracted and tested for
inherent chemotactic activity. In the upper part of figure 2 the
pattern of chemotactic activity, extractable from the IEF-gel,

is demonstrated in a typical experiment.
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These data show that chemotactic activity apparently is present
in all sections corresponding to intense silver stained bands.
However, also moderate stained bands, especially in the neutral

pH-area, represent chemotactic components.

Our results are in agreement with a recent report, where upon

tube gel isoelectrofocusing of crude leukocytic pyrogen chemotac-
tic activity eluted as a broad peak between pH 4 and 5.5 as well
as a second one near pH 6.8 (1). In addition, an alveolar macro-
phage derived chemotactic peptide eluted upon tube gel isoelec-
trofocusing between pH 4.5 and 5.5 (18). It is likely that the
material used in both reports contained MONAP as a contaminating
chemotaxin. In a more recent study, Yoshimura et al. partially
characterized a mononuclear cell derived chemotaxin, which appears
to be identical with the chemotaxin we recently purified to appa-
rent homogeneity. In their report (7) an IP, determined upon chro-
matofocusing, was found near 8-8.5, which is different from the

IP reported by others as well as data we obtained with highly

purified material by analytical IEF (Figure 2).

The reasons for these discrepancies are presently unclear but

may be related to technical causes. In a study on the molecular
nature of IL-1 Auron et al. recently demonstrated that in gene-
ral pI's determined by flat-bed isoelectrofocusing technique tend
to be more acidic than those derived from chromatofocusing (25).
The key question in consideration of these isoelectric focusing
results is whether the heterogeneity of MONAP we observe arises
from multiple-gene products, multiple-acidic carbohydrate moie~-

ties or from deamidation reactions.

Deamidation of asparagin and glutamin residues is commonly obser-
ved in proteins (27) and leads to characteristic series of increa-

singly acidic species on IEF gels possibly with retention of bio-
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logic activity. This has been discussed by several authors for
IL-1 (23,24,26). In this case the most basic (non-deamidated)

form can be considered to be the original biosynthesis product.

It is possible, that deamidation reactions in part may be respon-
sible for the charge heterogeneity of MONAP, because data obtained
from amino acid sequence analysis indicate the presence of glu-

tamine and asparagine residues (27).

In addition to this, acidic carbohydrate-moities may similarily
result in acidic components. However, it is not clear yet whether
MONAP is glycosylated. Studies to investigate this, are now in

progress.

On the other hand it appears to be unlikely, that MONAP-prepara-
tions contain multiple gene products - as has been seen for IL-1
(28) - because amino acid sequence analysis of a single lot of
MONAP, which demonstrated charge heterogeneity upon IEF-analy-
sis, reveals a constant sequence of a single peptide backbone (H.

Gregory, unpublished results).
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