provide an exceptionally important mod-
el for the study of the biology and bio-
chemistry of chemotactic peptide recep-
tor-mediated functions in mammalian
cells. Although the occupancy of N-for-
mylated peptide receptors induces one
receptor-coupled process, it fails to in-
duce another that is thought to be initi-
ated by the same mechanism. The reason
for this discrepancy is unknown. It is
possible that the coupling processes that
link this receptor with the effector mech-
anisms for the two different biological
functions are discrete, with the trans-
ducer for secretion intact while the one
for chemotaxis is nonfunctional. Alter-
natively, the number of receptors avail-
able may be insufficient for chemotaxis,
but sufficient for secretion. In studies of
chemotactic factor receptors on chem-
otactically responsive cells, the esti-
mates have ranged from 2000 to 250,000
receptors per cell. Equine PMN’s con-
tain < 1000 receptors per cell. Although
these cells clearly have enough N-for-
mylated peptide receptors to initiate se-
cretion, they may not have a sufficient
number to sense a gradient across their
surfaces. Chemotaxis, unlike secretion,
may require an asymmetric distribution
of chemoattractant binding sites on the
cell surface for directional movement. It
is also possible that secretion and
chemotaxis induced by the N-formylated
peptides are initiated by similar but inde-
pendent receptors.

In any case, the transduction signals
resulting from the binding of the N-for-
mylated oligopeptides to their receptors
differ for chemotaxis and secretion in
equine PMN’s—the former signal being
ineffective while the latter signal is oper-
ative. It should now be possible, by com-
paring equine and human PMN’s, to sep-
arate the biochemical events following
N-formylated oligopeptide receptor oc-
cupancy that result in secretion alone
and those that result in both secretion
and chemotaxis.

RALPH SNYDERMAN

. MARILYN C. PIKE
Laboratory of Immune Effector
Function, Howard Hughes Medical
Institute, and Division of Rheumatic
and Genetic Diseases, Departments of
Medicine and Microbiology-
Immunology, Duke University Medical
Center, Durham, North Carolina 27710
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Ion Pairing Techniques: Compatibility with On-Line

Liquid Chromatography—Mass Spectrometry

Abstract. The mass spectrometric properties of a series of model ion pairs were
examined. In the cases studied it was possible to vaporize the ion pair consituents
and to produce spectra corresponding to those of the unpaired materials. These find-
ings offer a convenient means for derivatizing certain ionic compounds and demon-
strate the feasibility of analyzing ionic species by on-line liquid chromatography-

mass spectrometry.

The direct analysis of ionic species by
conventional mass spectrometric (MS)
techniques [that is, electron impact ion-
ization (EI) or chemical ionization (CI)]
is difficult if not impossible, and chem-
ical derivatization is usually required for
these types of compounds. This require-
ment complicates the analysis of large
and important classes of compounds,
particularly those of biological and phar-
maceutical origin that are ionic in char-
acter.

With high-performance liquid chro-
matography (HPLC), ionic compounds
are being successfully analyzed by
ion pairing techniques (/), but there is
limited information on the MS character-
istics of the resultant neutral derivatives.
The direct combination of reversed
phase HPLC and MS has recently been

0036-8075/80/0725-0495$00.50/0 Copyright © 1980 AAAS

accomplished (2), and we report here our
findings regarding the MS properties of
model ion pairs that demonstrate both
the compatibility of on-line LC-MS with
ion pairing techniques and the potential
for using ion pair derivatives for the di-

_ rect MS analysis of ionic compounds.

As a model system for this study, we
chose ion pairs formed from n-alkyl sul-
fates and sulfonates (counterions) and
primary amines (solutes). This system is
relatively general and is routinely ap-
plied to the HPLC analysis of biological
and pharmaceutical materials. To be
ideally compatible with MS analysis,
both constituents of the ion pair should
be volatilized under normal MS oper-
ating conditions and should provide
spectra indicative of or consistent with
the structure of the unpaired materials.
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The data presented here indicate that
these requirements are met.

In the first part of this study we exam-
ined the MS properties of a series of n-
alkyl sodium sulfate and sulfonate salts
(counterion salts) by EI-MS (70 eV) with
the direct inlet probe. The sulfates (Cs,
C;, Cg, Cy, Ci2, and Cyy) produced
spectra at probe temperatures = 200°C
corresponding to n-alkenes arising from
the elimination of NaHSO,. The spec-
trum obtained from n-octyl sodium sul-
fate (Fig. 1A) is typical. No molecular
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C | CH3(CH2);0803 NHaCHchyHQ
119 CH»

Fig. 1. The EI-MS (70 eV) spectra obtained
from (A) neat n-octyl sodium sulfate, (B) neat
PCMA, and (C) the ion pair formed from n-
octylsulfate and PCMA (PCMA related ions
are marked in bold lines); MW, molecular
weight.
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ion of the salt was observed in any case,
and the [M-HSO,Na]* ion was invariably
the highest mass detected. In contrast to

these results, no spectra were obtained

from a series of sodium sulfonates (Cs,
C;, Cs, and Cy) at probe temperatures
up to 300°C.

Solute spectra were obtained under
similar conditions. The spectrum of
PCMA  (l-phenylcyclopropanemethyl-
amine) (Fig. 1B) is typical.

Next we examined by EI-MS a series
of ion pairs formed between the solutes
and counterions. Ion pairs were extract-
ed from an acidic phosphate buffer into
methylene chloride and were admitted to
the MS by the direct inlet probe. In-
troduction of the sulfate ion pairs into
the MS at probe temperatures = 200°C
resulted in spectra that contained ions in-
dicative of both the solute and counter-
ion. Each spectrum contained all the ma-
jor ions associated with the respective
anions and cations, and these were pres-
ent in approximately the same relative
intensities as in the spectra of the un-
paired materials. The spectrum obtained
from the n-octylsulfate-PCMA ion pair
(Fig. 1C) is typical. Ions at a mass-to-
charge ratio (m/z) of 41, 56, 69, 84, and
112 are indicative of the counterion,
whereas those at m/z 30, 51, 65, 77, 91,
103, 119, 130, and 147 are indicative of
the solute. Thus, given the spectrum or
identity of the counterion, one can read-
ily discern the spectrum of the solute.

In a similar manner spectra were ob-
tained from sulfonate ion pairs at probe
temperatures < 100°C. These spectra al-
so contained ions characteristic of both
the anionic and cationic components and
were very similar to the spectra from the
sulfate ion pairs. This result is significant
in that without the utilization of the ion
pairing technique we had been unable to
observe any ions from the sulfonate so-
dium salts, and it demonstrates that ion
pair derivatization can be used as a
means of increasing the volatility of cer-
tain ionic compounds. This form of de-
rivatization may be applicable to a wide
variety of analytical problems. No higher
mass ions indicative of an intact ion pair
were observed with either the sulfates or
the sulfonates.

In the final part of this study we exam-
ined the model ion pairs under CI-MS
(reagent gas, isobutane) conditions. As
expected, the CI spectra were much sim-
pler than the corresponding EI spectra.
Typical results are shown in Figs. 2 and
3. Introduction of either the sulfate or
sulfonate ion pairs into the MS yielded
[M + H]" and [M + H-NH;]* ions from
each amine solute (m/z 148 and 131, re-

spectively, for the examples in Figs. 2
and 3). The spectra obtained from the
counterion portions of the sulfate ion
pairs contained the protonated alkene
ion and one or more less intense hydro-
carbon fragments (m/z 113 and 71, re-
spectively, for the example in Fig. 2). In
contrast, however, the spectra obtained
from the counterion portions of the sul-
fonate ion pairs contained only a single
ion that corresponded to the protonated
sulfonic acid of the salt (m/z 195 for the
example in Fig. 3). In neither case did we
observe higher mass ions indicative of an
intact ion pair, even under milder ioniza-
tion conditions with NH; used as the CI
reagent gas.

The observation of recognizable frag-
ment ions originating from both the an-
ion and cation, including the sulfate (m/z
48, 64, and 80, Fig. 1C) (3) and sulfonate
portions (m/z 195, Fig. 3) suggests that
both moieties of the ion pair are vol-
atilized. It seems doubtful that the ion
pair is volatilized intact. It is more likely
that thermal decomposition of the ion
pair precedes ionization in a manner
analogous to that of alkyl ammonium
halides (4), ionic dyes (5), or salts of or-
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Fig. 2. The CI-MS (isobutane) spectra ob-
tained from the ion pair formed from n-octyl-
sulfate and PCMA.
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Fig. 3. The CI-MS (isobutane) spectra ob-
tained from the ion pair formed from n-octyl-
sulfonate and PCMA.
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ganic acids (6), where a proton transfer
from a counterion or a reagent mixed
with the salt leads to the formation of a
neutral compound which can then be va-
porized. However, although the exact
mechanistic details need further study,
this technique can be directly applied to
specific analytical problems.

Our results demonstrate the compati-
bility of a model ion pairing system with
MS analysis and its compatibility with
on-line LCMS. This technique provides
a convenient method for both the separa-
tion and MS analysis of ionic com-
pounds. Moreover, the data demonstrate
the ability to convert ionic compounds
into a volatile form by ion pair deriva-
tization. Significantly, the resulting
spectra correspond to those of the un-
paired material and contain no mass in-
crement as is usually the case with ordi-
nary derivatization schemes. The ion
pairing technique should be readily
adaptable to the analysis of many sulfate
and sulfonate surfactants and eventually
should be extendable to other classes of
ionic compounds.

Since the completion of these experi-
ments, we have evaluated the on-line
LCMS analysis of ion pairs. A system
consisting of a continuous extraction in-
terface and moving belt inlet to the MS,
as described in (2), was used. The result-
ing spectra (both EI and CI) were identi-
cal to those shown here, and no detri-
mental effects on the operation of the MS
were observed (7).

D. P. KirBY
PAauL Vouros
B. L. KARGER*
Institute of Chemical Analysis,
Northeastern University,
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Human Hepatocellular Carcinoma Cell Lines Secrete the

Major Plasma Proteins and Hepatitis B Surface Antigen

Abstract. Analysis of the cell culture fluid from two new human hepatoma-derived
cell lines reveals that 17 of the major human plasma proteins are synthesized and
secreted by these cells. One of these cell lines, Hep 3B, also produces the two major
polypeptides of the hepatitis B virus surface antigen. When Hep 3B is injected into
athymic mice, metastatic hepatocellular carcinomas appear. These cell lines provide
experimental models for investigation of plasma protein biosynthesis and the rela-
tion of the hepatitis B virus genome to tumorigenicity.

Plasma protein synthesis, a special-
ized function of liver parenchymal cells,
has been studied in vitro in liver slices
from experimental animals (/), in sus-
pension and in primary cultures of isolat-
ed hepatocytes (2-6), and in hepatoma-
derived cell lines (7-9). From these in-
vestigations, general principles for the
control of some of these liver-specific
functions in rodents have been derived.
However, no experimental system for
the investigation of plasma protein syn-
thesis in the human has been described.

We have isolated two human cell lines
(Hep G2 and Hep 3B) from liver
biopsies of two children with primary
hepatoblastoma and hepatocellular car-

Table 1. Identification of plasma proteins in
tissue culture medium of human hepatoma
cell lines by the Ouchterlony double-diffusion
technique.

Reaction with
antiserum*
Human protein B
Hep Hep PLC/
G2 3B PRF/S

a-Fetoprotein
Albumin
as-Macroglobulin
a;-Antitrypsin
a,-Antichymotrypsin
Transferrin
Haptoglobin
Ceruloplasmin
Plasminogen
Gce-globulin
Complement C3
Complement C4

C'3 activator
a;-Acid glycoprotein
Fibrinogen
a,-HS-glycoprotein
B-Lipoprotein
Retinol-binding protein

P+ ++ 1+ 1+ +

+

T T e
I

*Indicates line of identity with either normal human
plasma or human placental cord serum. Negative
controls include culture fluid from human fibroblasts
and mouse cells. Samples taken from confluent
flasks, which contained the same culture fluid
throughout the growth cycle of the culture (7 to 14
days), were concentrated tenfold by use of Minicon-
B15 concentrators (Amicon, Lexington, Mass.). No
reactivity was noted with antibody to prealbumin
and hemopexin. All antibodies were purchased from
Cappel Laboratories (Cochranville, Pa.) or Calbio-
chem-Behring (San Diego, Calif.). The amounts of
albumin and a-fetoprotein produced by cultures ini-
tiated with 10° Hep 3B cells and grown for 2 weeks
without medium change (1.1 X 107, final cell num-
ber) are 300 and 500 ug, respectively (10).
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cinoma (10). We found that 17 of the ma-
jor plasma proteins are secreted into cell
culture medium. A previously described
(11) hepatoma cell line (PLC/PRF/5) pro-
duces seven of the same human plasma
proteins. The Hep 3B and PLC/PRF/5
cell lines synthesize hepatitis B virus
surface antigen (HBsAg) (10, 11); the
Hep G2 line does not synthesize HBsAg.
We found that the two major poly-
peptides of HBsAg are synthesized by
Hep 3B and PLC/PRF/S. Hepatitis B vi-
rus (HBV) has been epidemiologically
implicated as a probable causative agent
of the majority of hepatocellular carcino-
mas (/2). We now report that Hep 3B
and PLC/PRF/S form tumors when in-
jected into nude mice. These cell lines
thus provide an excellent model for the
investigation of human plasma protein
synthesis and the hepatitis B virus-host
cell relationship.

The Hep G2 and Hep 3B cell lines
were initially derived from tissue minces
of hepatoma biopsies placed on feeder
layers of the irradiated mouse cell line
STO (13) in William’s E medium (Gibco)
supplemented with 10 percent fetal bo-
vine serum. This method of isolation
promotes the growth of cells that have
fastidious requirements while preventing
fibroblastic overgrowth. After an initial
period of apparent cell proliferation,
growth was restricted to single colonies
that were maintained in flasks for several
months. Cells from flasks containing
single large colonies were dissociated by
trypsinization (0.25 percent trypsin, 0.1
percent EDTA in phosphate-buffered sa-
line) and transferred to new feeder lay-
ers, eventually producing proliferating
cell lines that have now been serially
passaged more than 50 times. Sublines of
both Hep G2 and Hep 3B have been se-
lected for feeder independence. These
cell lines resemble liver parenchymal
cells morphologically and are chromo-
somally abnormal: Hep G2, X = 55 (50 to
56); Hep 3B, X = 60, with a sub-
tetraploid population, X = 82. Both cell
lines contain distinctive rearrangements
of chromosome 1.

When Hep 3B was injected under the
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