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The effect of adding glycerol to the mobile phase on the chromatographic separation of
peptides has been investigated using a continuous flow fast atom bombardment (CFFAB)
interface coupled with commercial packed microcolumns (25 ern x 320 !Lm i.d.). In a com
parative study using a UV detector, it was found that chromatographic peak broadening
progressively increased with increasing percentage of glycerol in the mobile phase. In the
liquid chromatographic FAB mass spectrometric analysis, this effect is compounded by the
dynamic mixing of the column effluent on the probe. Improvements of 25-155% in the overall
separation efficiencies were obtained by introducing the matrix independently to the probe
tip via a coaxial arrangement. Application of this coaxial CFFAB is demonstrated by the
analysis of peptide mixtures and tryptic digests. (J Am Soc Mass Spectrom 1990, 1, 312-319)

O
ver the past decade, numerous liquid chro
matography combined with mass spectrome
try (LClMS) interfaces using conventional (4.6

mm i.d.) and microbore (1.0-2.0 mm i.d.) columns
have been developed, and the literature up to the end
of 1985 has been reviewed in detail [1-5]. In view of
the practical limits imposed by the vacuum system of
the mass spectrometer, a maximum liquid flow rate of
approximately 10 ILL/min can generally be tolerated by
most instruments that use a differential pumping sys
tem incorporating diffusion or turbomolecular pumps
[6]. However, higher flow rates (i.e., 2 mLfmin) can be
interfaced with a mass spectrometer by using, for ex
ample, an atmospheric pressure source equipped with
a heated pneumatic nebulizer and a cryopump system
[7]. In situations where the molecular weight of an
alytes eluting from the HPLC column is sought, the
relative success of the analysis depends not only on
the efficiency of the pumping system but also on the
ability to ionize the polar and labile molecules without
excessive fragmentation. In this respect, the choice of
the ionization technique used and the extent of inter
nal energy imparted to the analyte also play an impor-
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tant role in observing the parent molecular species,
This is especially true for the analysis of thermolabile
biomolecules such as peptides.

Among the different direct liquid introduction
methods investigated thus far, continuous flow fast
atom bombardment (CFFAB) [8] and frit FAB [9] have
engendered substantial interest as viable LC/M5 inter
faces for the analysis of polar and nonvolatile com
pounds of high molecular weight. This is due in part
to the advent of efficient and reliable packed micro
columns «400 /Lm i.d.) operating at low flow rates
«10 /LL/min). The combination of these microcolumns
with "soft" ionization techniques such as FAB permits
not only the sensitive detection (typically <10 ng) of
the various protonated molecular ions, but also ex
ploitation of the inherent advantages of microcolumns,
namely, high plate numbers (>50,000 theoretical plates
per meter), high mass sensitivity «10 pmol per injec
tion), and lower optimum flow rates [10]. Numerous
applications using such interfaces have been reported
for the analysis of peptide mixtures [11, 12], perme
thylated oligosaccharides [13], and enzymatic digests
of proteins [14-19].

The efficient desorption/ionization of the analyte
with the CFFAB interface requires that the aqueous
effluent emerging at the end of the probe contain a
significant proportion of a suitable FAB matrix (usually
5% glycerol). This can be achieved by dissolving the
matrix in the mobile phase with [20) or without [19]
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splitting the column effluent flow, or by adding the
matrix by means of a postcolumn arrangement [21].
The main limitation or the former system is that the
addition of the matrix into the LC solvents will change
the polarity and viscosity of the mobile phase, which
can affect the chromatographic separation. The gradi
ent operation often required to obtain high efficiency
separations for a given multicomponent analysis is lim
ited by the solubility of the matrix used to promote the
ionization. For example, a 5% glycerol solution can be
dissolved only in an aqueous mobile phase containing
a maximum of approximately 60% acetonitrile. There
fore, separations requiring a higher content of this par
ticular solvent will not be possible. On the other hand,
postcolumn addition of the matrix can lead to chro
matographic peak broadening, particularly with micro
bore LC columns [21J.

These inconveniences can be avoided by delivering
the matrix to the FAB probe tip independently and
allowing it to mix with the LC effluent only at the
FAB probe tip. Independent matrix delivery can be
achieved by using a coaxial (concentric) capillary ar
rangement [22-251. Briefly, this arrangement consists
of hvO coa~ial capillaries: the inner ~ne being used
to deliver the microcolumn effluent while the annu
lar space between the inner and outer fused-silica cap
illari~s is used to deliver the FAB matrix. Since this
system permits mixing of the two effluents only at the
orobe tip, the extent of chromatocranhic oeak broad
~ning is L thereby minimized. In addition, not only can
the two flow rates be adjusted independently, but also
the matrix composition can be varied without having
to modify the chromatographic conditions. This sys
tem is ideally suited for use with open tubular liquid
chromatography (OTLC) with column inner diameters
of 10 p'm or less and nanoscale packed capillary LC
columns (nanoscale with regard to mobile-phase flow
rates and sample injection volumes) with column in
ner diameters of 50 p'm or less [26J, both of which
require a make-up flow for FAB desorption/ionization.
This coaxial CFFAB interface has also proved to be veri
useful for the coupling of capillary zone electrophore
sis (CZE) with sector mass spectrometry, which of
fers a high-resolution separation systen-l WiU-l selectiv
ity complementary to that of LC [25, 27J.

To date, the majority of applications of the
LC/CFFAB interface have introduced the FAB matrix in
the mobile phase. No report thus far has investigated
the effects of the FAB matrix on the chromatographic
separation. The intent of this work is to compare the
effect of adding FAB matrix components (such as glyc
erol) to the mobile phase of chromatographic systems
by employing commercial packed microcolumns (320
p'm i.d.) with independent delivery of matrix by means
of a coaxial arrangement. This effect is studied for dif
ferent percentages of glycerol in the LC solvents using
only UV detection not connected to the mass spectrom
eter. Such comparisons are made here for the analysis
of synthetic peptide mixtures and tryptic digests. A

preliminary account of part of this work has been pre
sented previously [28].

Experimental

Chemicaie

All peptides used in this study were purchased from
Sigma Chemical Co. (St. Louis, MO) and used with
Ottl further purification. The TPCK trypsin was ob
tained from Worthington Biochemical Co. (Freehold,
NTt Hiah-oerformance liauid chromatozraohlc zrade
a~~tonit;il~, methanol (Blm Chemical;;' P~oIe,~Eng
land), and distilled and deionized (18 Mohm) water
(Milli-Q water systems, Millipore Inc., Bedford, MA)
were used in the preparation of the samples and mo
bile phases. All mobile-phase solvents contained 0.1%
trifluoroacetic acid (TFA) (Fisher Scientific, Raleigh,
NC) and were filtered (0.45 pm) and degassed prior
to use.

Tryptic Digests

Approximately 0.5 mg of the protein was dissolved in
0.5 mL of a solution of NH4HC03 (0.2 M). A solu
tion of 0.5 ml, of TPCK trypsin (0.4 mg/100 mL in 0.1
roM HO) was added, and the solution was heated to
37°C for 1 h. The tryptic digestion was stopped by
freeze-drying the sample and redissolving it in 1 mL
of H20-O.l% TFA.

Mass Spectrometry

Ail mass spectra were acquired with a VG Analytical
ZAB-EQ tandem hybrid mass spectrometer of BEqQ
configuration equipped with a VG 11-250} data sys
tem. The signals recorded in the conventional mass
spectral analyses were detected at the double focus
point of the instrument. The mass spectrometer was
equipped with an 8-keV Xe beam (Ion Tech FAB gun, 1
rnA discharge current; Ion Tech, Middlesex, England),
a standard VG CF-FAB source heated at 30-60 aC, and
a CFFAB probe using a semihemispherical tip. Con
ventional FAB mass spectra were obtained at an accel
erating voltage of 8 keY with a static resolution (10%
valley definition) of approximately 1500, scanning the
range 1600-300 Da with a cycle time of 5-10 s. Owing
to fluctuation of the source pressure in experiments us
ing flow rates of 3-4 ILL/min, the mass assignment was
subject to slight variation from scan to scan; however,
the precision on these measurements was reliable to
the nearest ± 0.5 Da.

Liquid Chromatographic Analysis with
UV Detection

The change in chromatographic efficiency of a com
mercial Aiitech 25 cm x 320 /Lm i.d. 5-/Lm spherical
Rosil C18 (Eke, Belgium) column, extended by a trans
fer line of 75-cm fused-silica capillary of 25 /-lm i.d.
(150 p'm o.d.), with different mobile-phase composi-
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Figure 1. Schematic representation of
the LCiMS interface using a 320 /Lmi.d.
C,Rcolumn (see text for description).
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tions was studied by using an ISCO /lLC UV detec
tor set at 214 nm (Isco Inc., Lincoln, NE) equipped
with a microcell of 0.06 ""L internal volume. Solvents
were delivered with a Brownlee syringe pump (Ap
plied Biosystems, Santa Clara, CAl.

Liquid Chromatography Combined with
Continuous Flow Fast Atom Bombardment Mass
Spectrometry Interface

The LClCFFAB/M5 interface used in the present study
is depicted schematically in Figure 1. This system uses
a commercial 320 ""m i.d, C18 packed microcolumn
identical to that described above except that the trans
fer line now terminates at the end of the FAB probe.
The coaxial arrangement, which is a modification of
the original interface of de Wit et al. [22], uses a sheath
fused-silica capillary (200 ""m i.d., 350 /-1m o.d.) to de
liver a solution of glycerol-water (1:3) at a flow rate of
1 ""Llmin by using a Brownlee syringe pump (Applied
Biosystems). The inner and outer capillaries were cou
pled together using a 1/16-in. stainless steel tee, and
both terminated at the end of the CFFAB probe tip. In
experiments in which the FAB matrix was incorporated
in the mobile phase, the sheath capillary and the inde
pendent matrix delivery system were removed. Injec
tions were made with a Valco CW4 injector with a 0.1
""L loop. A column flow rate of 3 ""L/min was obtained
by splitting the effluent from a Brownlee syringe pump
operating at 0.2 mUmin by using a stainless steel tee
and a fused-silica capillary restrictor.

Results and Discussion

For purposes of clarity and to differentiate the factors
contributing to the overall efficiency of the LCIMS anal
ysis, the effect of glycerol on the chromatographic sep
aration and its possible influence on postcolumn peak
broadening are addressed separately in the following
discussion.

Effect of Glycerol on Chromatographic Separation

In the early development of the LC/FABfMS interface,
it was noted that the addition of a FAB matrix to the

mobile phase could have some adverse effect on the
chromatographic performance of analytical columns
[21]. However, no systematic study of this effect has
been documented thus far. In consideration of the
popularity of CFFAB for the characterization of syn
thetic peptides and proteolytic fragments of proteins
(for which water-acetonitrile solvent systems with gra
dient elution is the preferred approach), we decided to
undertake a study of the effect of varying percentages
of glycerol on the retention characteristics of one of the
tryptic digests (glucagon) used in the present work,
together with simple synthetic peptide mixtures. This
study employed a 320 ""m i.d, packed LC column cou
pled with a transfer line (75 cmx25 p.m i.d.) (Figure
1). The column effluent was introduced into a UV de
tector microcell via the transfer line. To maintain a
constant concentration of glycerol during gradient elu
tion, the matrix was added to both the aqueous and
organic components. Because glycerol is not miscible
with pure acetonitrile, only 60% acetonitrile could be
used with a 10% glycerol solution. The mobile-phase
system consisted of an aqueous solvent A (0.1% TFA,
0-10% glycerol in 100-90% water) and an organic sol
vent B (0.1% TFA, 40% aqueous solution containing
0-25% glycerol in 60% acetonitrile).

The mobile-phase solvents contained increasing
percentages of glycerol (0, 1, 2, 5, and 10%). Starting
with glycerol absent from the mobile phase, replicate
injections of the glucagon tryptic digest and the pep
tide mixtures were made for each mobile-phase com
position with the UV detector set to 214 nm. After each
series of analyses, the mobile-phase reservoirs were
replaced and the entire chromatographic system was
equilibrated for an hour before the next series of injec
tions.

Small changes in the retention times were observed
upon variation of the mobile-phase content of glycerol
for any given peptide mixture. These variations were
typically less than 2 min over the practical range of the
addition of 0-5% glycerol. It was noted that the reten
tion time and k I first decreased from 0 to 2% glycerol
and then progressively increased as the glycerol con
tent increased toward 10%.

More important variations were observed in peak
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0.6

0.8-r---------------, An examination of Figure 2a and b indicates that
the peak widths at half height for all peptides pro
gressively increased with higher glycerol concentra
tion. This effect can be translated into an apparent loss
of the column separation efficiency, which was, how
ever, regained when the mobile phase was returned to
0% glycerol. Not all compounds were equally affected
by such modification of the mobile-phase composition,
but, in general, this variation was most significant from
oto 5% glycerol. A comparison of the peak broadening
between analyses done at 0 and 5% glycerol typically
showed an enlargement ranging from 2% to 19% in
the peak width at half height . The width of the peak
corresponding to eledoisin-related peptide P3 was less
affected by the variation of glycerol over the range
studied than, for example, the variation observed for
Leu-enkephalin and glucagon tryptic fragment T3 . This
suggests that the effect of the matrix is likely to be de
pendent on the polarity of the analyte. Peak asymme
try calculations were also performed (data not shown)
and showed a similar trend, the peaks becoming more
asymmetrical, because of tailing, with the addition of
glycerol.

Th is behavior can be rationalized by considering
glycerol at lower concentrations to be acting simply as
an alcohol, increasing the polarity of the mobile phase
as well as changing its selectivity, and giving rise to
the observed retention characteristics . As the percent
age of glycerol is increased toward 10%, not only are
the chemical properties of the mobile phase changed,
but also, more important, its physical properties are
modified. The viscosity of the mobile phase increases
upon going from 0 to 10% glycerol. This increase is
reflected in a gradual rise in the column back pressure
and results in a reduction of the chromatographic sep
aration efficiency. The situation is complicated by the
fact that strongly associating solvent mixtures, such as
water-acetonitrile and water-methanol, show anoma
lous variations in viscosity with composition [29], and
this could also contribute to the observed variation in
the retention characteristics.
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Figu~ 2. Influence of glycerol on the column peak width broad
ening (measured at half-height) in the le/UV analysis. (a) Analy
sis of a mixture containing approximately 70 ng of each peptide.
Unear gradient from 15% B to 100% B in 40 min (solvent A: 0.1%
TFA, 0-10% glycerol in 100-90 % water; solvent B: 0.1% TFA, 40%
aqueous solution containing 0-25 % glycerol in 60% acetonitrile).
Injection of 0.1 III at a flow rate of 3 ilL/min. (P1, VQAAIDY
ING; P2, YGGFl; P3, KFlGLM). (b) Analysis of a tryptic digest
of 106 pmol of glucagon. Linear gradient from 5% B 10 100%
B in 20 min (1'2, fragment 13-17, YLDSR; TI, fragment 19-29,
AQDFVQWLMNT; 14, fragment 18-29 , RAQDFVQWLMNT).

widths for all the peptide mixtures studied. This is
shown graphically in Figure 2a and b, which repre
sent the half-height peak width variations as a func
tion of the percentage of glycerol for a mixture of three
synthetic peptides and the peptide fragments from a
glucagon tr yptic digest, respectively. The identification
of individual components was obtained by comparing
the elution profile with the LCIMS analysis performed
on the same samples (described in the following sec
tion). The tryptic digestion of glucagon yields at least
four peptides, fragments TI , Tz, T3, and T4, in their
respective order of elution. Tryptic fragment Tt is not
included in Figure 2b, because the intensity of the cor
responding UV absorption signal was so weak that no
reliable peak width measurement could be made over
the entire range of glycerol addition.

Effect of Glycerol as a Mobile Phase Additive
in Liquid Chromatog"raphy Combined with Mass
Spectrometry Analysis

In consideration of the overall lCIMS analysis, the
influence of glycerol on the separation, as discussed
above, must be put -in perspective with other factors,
such as extra length of transfer line and memory ef
fects of the CFFAB probe tip, that may also contribute
to peak broadening. For an early-eluting component
(k ' = 1) on a packed micro column 25 cm x320 f.Lm
i.d. (5 J.Lm particle size), the corresponding column
peak volume is typically 0.8 J.LL [30]. The addition of
a transfer line with a void volume of 1.5 f.LL (75 ern
long x25 f.Lm i.d.) will contribute to a volume disper
sion of 0.04 f.LL (0.17 ilL if a 50-/-Lm i.d, transfer line
is used) (30). Since the variance of the observed peak
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Figure 3. LClCFIFAB anal yses of a peptide mixture (decap ep
tide. Lcu-enkephalin, and eledoisin-related peptide) on a 320
/llll Ld . C18 column. Injection of 0.1 "L at a flow rate of
3 I'Limin. (a) Linear gradient from 15% B to 100% B in 40
min (ACN-glycerol - waler-TFA; A: 0/5/95/0.1; B: 60/5/35/0.1). (b)
Coaxial LOMS separation using a Iinear gradient from 15% B to
65% B in 40 min (A: 0/01100/0.1; D: 100/0/0/0.1).
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ening due to the addition of the FAB matrix to the sol
vents (Figure 2) compared to the corresponding vari
ation observed with the mass spectrometer will allow
separation of the relative contributions of the two peak
broadening effects .

Figure 3 illustrates the extracted ion chromatograms
of the protonated molecular ions of the analysis of
three synthetic peptides using glycerol mixed in the
mobile phase (Figure 3a) with that of the coaxial ar
rangement where the matrix is introduced and mixed
with the LC effluent only at the probe tip (Figure 3b).
The first separation, which uses glycerol mixed in the
mobile phases, was obtained by using a linear gradi
ent varying from 15% to 60% acetonitrile-water (5%
glycerol and 0.1% TFA present in both solvents) in 40
min for a O.l-IlL injection of 60-70 ng of each pep
tide. It should be mentioned that retention times of
each p eptide in LCiMS analysis were within ± 1.5 min
of those observed using the UV detector (see previ
ous section). This variation is attributed to the slightly
different flow rates obtained in the two experiments
and emphasizes the difficulty in having reproducible
and accu rate low flow rates . Nonetheless, compa rison

corresponds to the summation of both the column and
transfer line variance, we can thus calculate the ratio
of the observed peak volume to the separation column
volume. For the above example, the observed peak vol
ume would be 0.2% larger than the actual separation
column peak volume (2% if a 50-porn i.d. transfer line
was used). Similar increases are to be expected when
considering peak widths. Therefore, the effect of peak
broadening due to the transfer line is minimal when
capillary transfer lines of small inner diameter (SO /lm
Ld, or less) are used with the 320-/l m i.d. LC columns
and is not likely to account for a large variation of the
observed peak width .

More important contributions to the increased peak
width involve the influence of wetting and dynamic
mixing of the column effluent at the tip of the FAB
probe. Although the use of a hemispherical probe tip
is reported to reduce the peak broadening over the
use of a flat-faced probe tip, diffusion-related mem
ory effects are still likely to occur [31]. In flow injec
tion experiments with amino acids, it was determined
that the observed peak width is influenced by the con
centration of the analyte. For example, O.l-t~L injec
tions of 7, 70, and 700 nglp.L solutions of domoic acid
(0.7, 7, and 70 ng injected onto the column) gave peak
widths a t half height of 6, 8, and 16 s, respectively,
using a 3-/lLimin flow rate in a 75-cm long 50-pm i.d.
transfer line. For an ideal injection system free of effi
ciency losses through bad connections, Q O.l-J.LL sam
pie plug should elute with a peak width at half height
of less than 3 s. This is obviously not the case here,
and the situation is further exacerbated with samples
of higher concentration. Similar effects were observed
previously on the flow injection analysis of substance P
[8]. These results alone indicate that not only is LCiMS
peak broadening dependent on the actual column peak
volume, but also it is affected to a greater extent by
the amount of analyte and by how the analyte is dis
tributed on the probe tip at a given time. Since the
ion desorption efficiency is related to the area of sam
ple surface directly exposed to the FAB beam and the
requirement of keeping a "wet" probe tip , the actual
Einsteinian diffusion of the analyte from the bulk of
the drop of FAB matrix to the surface of the drop and
the dynamic mixing occurring in the drop of FAB ma
trix on the FAB probe tip will be partly responsible for
the observed peak broadening.

In the LCICFFAB/MS analysis, this "memory effect"
will be superimposed upon the chromatographic peak
broadening resulting from the addition of glycerol to
the mobile phase. The combined effect will then pro
duce a broader peak width at half height than expected
from the column peak volume alone . The overall effect
of glycerol on the LCIMS separation was evaluated by
repeating the analysis of the two peptide mixtures us
ing the arrangement described in the previous section
with the UV detector but with the transfer line now ter
minating at th e end of the CFFAB probe. It sho uld be
noted that the extent of chromatographic peak broad-
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Figure 4. Sele cted ion chromatograms corresponding 10 Ihe
LClCFIFAB analysis of glucagon tryptic digest (106 pmol) us
ing (a) 5% glycerol in mobile phase. Linea r gradient from 5
to 100% D in 20 min (ACt...r-glycerot-water-TFA; A: 0/5195/0. 1;
B:60/5/351011). (b ) Coaxial LCIMS separation using a linear gradi
ent from 5% B to 65% B in 20 min (A: 010/100/0.1; B: 100/0/0/0.1).

broadening aris ing from the introduction of the glyc
erol in the solvents, which is then compounded by the
radial diffusion of the analyte at the probe tip.

The difference in flow dynamics at the tip of the
FAB probe between the two experimental configura
tions probably accounts for a significant amount of
the observed decrease (5-121% for glucagon tryptic di
gest and 25-90% for the peptide mixture) in chromato
graphic peak width that occurs upon going from the
precolumn addition of glycerol to the coaxial configu
ration. As discussed earlier, we think that diffusion of
the analyte from the bulk of the homogeneous matrix
droplet is responsible for the observed peak broad
ening in the precolumn matrix addition configuration.
In contrast, the coaxial interface yields a heterogenous
flow stream, where the LC effluent is constrained to
the center of the flow stream and actively transported
to the surface of the FAB droplet where ion desorption
occurs.

Although the preceding discussions have focused
on the changes In chromatographic peaks in terms of

between peak widths observed in the LCIMS experi
ment (Figure 3a) and those reported in Figure 2 for the
UV detector with the SiUlle mobile-phase composition
should still be valid in evaluating the peak-broadening
effects discussed above. From duplicate analyses, the
mean peak widths at half height for the first three elut
ing peptides from the precolumn matrix addition con
figuration (Figure 3a) are 0.87, 1.00, and 1.12 min, re
spectively. These values are approximately a factor of 2
larger than those reported in Figure 2a. As discussed
for the flow injection analysis, the observed increase
in peak width in the LCIMS experiment compared to
that in the LCruv analysis is attributed primarily to
the sample diffusion at the probe tip (i.e ., the mem
ory effect).

On the other hand, when the same analysis is per
formed with the coaxial LC/MS interface, the chro
matographic peak widths at half height are smaller
(Figure 3b) than with the precolumn matrix addition.
For the same three peptides, the peak widths at half
height are now 0.45, 0.68, and 0.90 min and corre
spond to an increase of a factor of only 0.5, compared
with the LC/UV experiment without glycerol in the
mobile phase. Therefore, upon going from the LCIMS
coaxial interface to the LCIMS precolumn matrix ad
dition configu ration, the peak width at half height of
these synthetic peptides increases by 25-90%.

The LCIMS analysis of the glucagon tryptic digest
(Figure 4) showed even more pronounced peak broad
ening when glycerol was incorporated in the mobile
phase (Figure 4a) as opposed to the coaxial mode of in
troduction (Figure 4b). It should be emphasized again
that the variation of retention time obs erved between
the two types of analysis of Figure 4 is due mainly
to fluctuations in flow rate arising from the difficulties
in obtaining accurate flow rate measurement using a
pressure-controlled split system.

Comparison of the different ion chromatograms of
Figure 4a and b and also of replicate injections obtained
under the same gradient elution indicate that the cor
responding peak widths increase by 121 and 76% for
the tryptic fragments 13-17 and 18-29 (T2 and T4, re
spectively, of Figure 2b). The peak width of the tryp
tic fragment 19-29 is marginally affected (5% increase
from Figure 4a and 4b) in going from one system to the
other. This behavior is consistent with that observed in
the LCIUV analysis (Figure 2b), where this tryptic frag
ment showed an increase of only 5% of its peak width
when the mobile-phase content of glycerol was varied
from 0 to 5%. The other two peptides showed increases
of 19-20% over the same mobile-phase composition.
Therefore, the observed peak width can increase by as
much as a factor of 2 between the two LCIMS config
urations. From both the LClUV and LC/MS studies, it
appears that the extent of this broadening varies with
the nature of the analyte, although the underlying rea
sons for this observation are unknown at present . The
fact that the peak enlargement is more pronounced in
the LCIMS study is due mainly to chromatographic
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Figure 5. LClCFFAB analysis of bo vine
gro wth hormone releasing factor 1-29 tryptic
digest (41 pmo1) using (a) 5% glycerol in
mobile phase. linear gradient from 0% B to
100% B in 20 min (ACN-glycerol-water-TFA;
A: 0/5/95/0.1; B: 60/5/35/0.1). (b ) Coa xial LO
MS separation using a linear gradient from 0%
B to 100% B in 20 min (A: 0/0 /100/0 .1; B: 100/
010/0 .1) 'with selected mass spectra (single
scan) corresponding to different tryptic frag 
ments. ("indicates matrix peak s .)
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peak width, the resultant effect of th is is directly re
flected by the chromatographic separation efficiency.
In the conventional formula for the calculation of the
number of theoretical plates, the number of plates is
inversely proportional to the square of the half-height
peak width for a given retention time. It can be de
duced that an increase in peak width of 20%, such
as in the case of the LClUV experimen t, will lead to
a decrease in separation efficiency by a factor of 1.4.
However, this effect is more important for the LCIMS
experiment where an increase in peak width of a fac
tor of 2 as noted between the two types of interface
involves a factor of 4 loss of separation efficiency.

The fact that peak broadening is reduced in the
coaxial configuration offers a potential advantage in
sens itivity over the LCIMS configuration. Previous
studies [23] indicated that lower detection limits can
be achieved with this interface . Although the present
work did not focus on establishing detection limits for
both LC /MS configurations, it can be appreciated from

Figures 3 and 4 that better signal-to-noise (SIN) ra
tios are obtained when using the coaxial interface. On
replicate injections of the different peptide mixtures of
Figures 3 and 4, it was found that the SIN ratio of the
coaxial interface was generally better by a factor of 2
compared to the other LC/MS configuration.

The advantages of this interface are further demon
strated in Figure 5 for the LC/MS analysis of tryptic
fragments of bovine growth hormone-releasing factor,
a peptide containing 29 amino acid res idues . The anal
ysis performed with glycerol in the mobile phase is
illustrated in Figu re 5a for a linear gradient of 0-60%
acetonitrile-water (5% glycerol and 0.1% TFA in both
solvents) and can be compared to the analysis obtained
from the coaxial interface (Figure 5b) using a 0-100%
gradient of acetonitrile-water (0.1% TFA). As observed
in Figure Sa, owing to the relatively wide composi
tional change (0-60% organic solvent) combined with
the relatively low concentration of glycerol, a stable
matrix surface on the probe tip was not maintained
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throughout the entire gradient profile . This caused
ion source pressure fluctuations, which affect the ion
source high voltage and caused erratic signal intensi
ties in the tryptic fragment' s ion chromatograms. In
contrast, the coaxial CFFAB configuration gave good
SIN ratios for all the peptides as indicated by the qual
ity of the selected ion traces and their corresponding
mass spectra (Figure Sb). The stability of the ion cur
rent also allows better definition of a consistent back
ground spectrum, which in turn permits extraction of
a mass spectrum of each peptide exempt of matrix con
tribution.

Conclusions
The use of packed fused-silica capillary columns in
conjunction with a coaxial CFFAB interface has been
shown to be an effective technique for the analysis
of peptide mixtures by mass spectrometry. This ar
rangement offers several advantages over the use of
a glycerol matrix in the mobile phase. The indepen
dent delivery of the FAB matrix to the probe tip sig
nificantly decreases the chromatographic peak broad
ening and tailing found when the matrix is added to
the mobile phase. In addition, the coaxial interface fur
th er improved sep aration efficiency by reducing peak
broadening attributed to diffusional " memory effects,"
owing to the improved flow dynamics of the analyte
at th e prob e tip . F-or the peptide mixtu res analyzed
in this investigation, including those originating from
tryptic digestion, it was observed that the use of a
coaxial arrangement reduces the observed peak width
by 5-155% with respect to a similar gradient elution
system containing a 5% glycerol solution. The extent
of the overall peak broadening, however, depends un
th e nature of the compound. A direct advantage of the
narrower peak shape in coaxial CFFAB is that a higher
flux of analyte reaches the probe tip over a given time.

In addition to minimizing chromatographic peak
broadening, this interface also allows variation of the
matrix composition and concentration without com
promising the separation andlor requiring a reopti
mization of the chromatographic conditions.

References
1. Games, D. E. A dv . Chromatogr. 1983, 21, 1.
2. Edmonds. C. G. ; McOoskey, J. A.; Edmonds, V. A. Biomed.

Mass Spectrom . 19S3, 10, zrr.

3. Vestal, M. L. Science 1984, 19, 275 .
4. Bruins, A. P. J. Chromatogr. 1985, 323, 99.
5. N iesse n, W. M . A. Chnm-oJltogroph itll986. 21. 277.
6. Arpino, P. J.; Cuiochon, G.; Krien, P.; Devant, G . J. Chro

matogr . 1979. 185, 529.
7. Covey, R. R.; Lee, E. D.; Bruins, A. P.; Henion, J. D. Anal.

Chern. 1986, 58, 1451a .
8. Caprioli, R. M .; Fan. T.; Cottrell, J. S . Anal. Chern. 1986, 58,

2949.
9. Ito . Y.; Takeuchi , T .; Ishii. D. ; Goto, M . ] . Ch romatogr. 1985,

346, 161.
10. Verzele, M .; Dewaele, c.. De Weerdt, M . LC-GC 19l18, 6, 966.
11 . Ito, Yo; Takeuchi, T. ; Is hi i, D .; GOIO, M .; Mizun o, T . J. Chro

matogr. 1986. 358. 201.
12. Ashcroft, A . E. Org. Mass Spec/ rom. 1987,22,754.
13. Boulenguer, P.; Leroy, U. ; Alonzo, J. M. ; Montreuil, J.; Ri

cart , G .; Colbert, c.; Duquet, D. ; Dewaele, c.; Fournet, B.
Anal. Biochem. 1988. 168. 164.

14. Caprioli, R. M. ; Moore. W. T.; Fan, T. Rapid Commun. Mass
Specirom. 1987, I, 15.

15. Hutchison, D . W. ; Woolfitt, A. R.; Ashcroft, A. E. Org . Mass
Spec/rom. 1987, 22, 394.

16. Ash croft, A . E.; Chapman, J. R.; Cottrell, J. 5 . ]. Chromatogr.
1987, 394, 15.

17. Caprioli, R. M . Biomed. Environ. Mass Spectrom. 1988, 16, 35.
is. Caprioli, R. M .; DaGue, B.; Wilson. K. I. Chromatogr . Sci.

1988, 26, 640 .
19. Caprioli , R. M.; Mo ore, W. T.; DaGue, B.; Martin, M . t.

Chromatogr. 1988. 443. 355.
20. Ca prioll, R. rvl.; De Gue, B.i Fan, T.; Moore, W. T. Biochem.

Biophys. Res . Com mun. 1987, 146, 291.
21. Games, D. E.; Pleasance,S.; Ramsey. E. D.; McDowell, M.

A . Biomed. Env iron. Mass Spec/rom . 1988, 15, 179.
22 . de Wit, ]. S . M. ; Deterding, L. J.; Moseley, M . A. ; Tomer,

K. B.; Jorgenson , J. W . Rapid Commun. Mass Spec/rom. 1988 ,
2, 100.

23. Moseley, M. A. ; Deterding. L. J.; de Wit, J. S. M .; Tomer, K.
B.; Kenned y. R. T. ; Bragg. N .; Jorgenson, J. W . A,wI . Chem.
1989, 61, 1577.

24. Deterding. L. J.; r-.1osele y, 1'.1. A.; Tomer, K. B.; Jorgenson,
J. W. Ana l. Chern. 1989, 61, 2504 .

25. Mosel ey, M. A .; Deterding. L. J.; Tomer, K. B.; Jorgenson,
J. W. J. Chromatogr. 1989, 408, 197.

26. Jorgenson, J. W.; Guthrie, E.].]. Chromaiogr . 1983, 255.335.
27. Moseley, M. A. ; Deterding, L. J.; Tomer, K. B.; Jor genson,

J. W. Rapid Commun. Mass Spec/rom. 1989, 3, 87.
28 . Deterding , L. J.; Jorgenson, J. W.; Moseley, M . A.; Plea

sance, 5 .; Thibault, P.; Tomer, K. B. Proceedings of the 37th
ASMS Conference, Miami Beach, FL, 1989; P 1006.

29. Abb ot, S. R.; Achcncr, P.; Berg, ]. R.; Stephenson, R. L. J.
Chromat ogr. 1976, 126, 421.

30 . Saito, M.; Hibi , K.; Ishii, D.; Takeuchi, T . In Illtroduc/ion to
M icroscale High Periormance Liquid Chromatog raphy, Ishii, D.,
Ed .; VCH : New York, 1988; p 26.

31 . Plea sance, S . PhD Dis sertation, 1988, Uni versity College,
Cardiff, U.K.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


