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ABSTRACT
Computer simulation was used to optimize the separation of a tryptic digest of recombinant
human growth hormone using reversedphase high-performance
liquid chromatography
in a gradient mode. DryLab G/plus software modelled the retention behavior of the
complex tryptic digest mixture as a function of gradient conditions, based on data from two experimental gradient runs. The theoretical
optimum separation conditions were rapidly obtained and reproduced experimentally.
Resolution did not simply increase as gradient
steepness was decreased, rather, an intermediate
gradient time provided maximum sample resolution.
The simulation
results also
indicate that the method is reasonably
rugged, with little change in the separation
expected for different high-performance
liquid
chromatography
systems, and changes in the separation
can be compensated
by a change in the gradient steepness. Computer simulation can also be useful to quickly reoptimize conditions for a new column, if it fails to provide the same separation.

INTRODUCTION

Peptide mapping by reversed-phase high-performance liquid chromatography (RP-HPLC) has
become an important method for the characterization of recombinant DNA-derived proteins [l-4].
In this procedure, the protein is cleaved by a proteolytic enzyme, such as trypsin, to a number of peptides which are then separated by RP-HPLC. It has
been shown in a variety of studies [5,6] that amino
acid substitutions result in a substantial shift in the
retention time of a given peptide. The map has been
used to detect mistranslation events that result in
the substitution of norleucine for methionine and to
detect degradative processes such as deamidation,
oxidation, and proteolysis [6,7]. Thus, reversedphase peptide mapping is used for both the characterization of a novel protein product [8] as well as in
0
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quality control for the release of different production lots [2]. For these applications, it is important
that the map is optimized so that the analyst is able
to detect amino acid substitutions with a high probability [9].
The identification of minor new peptides is complicated by the fact that protein digests typically
comprise a large number of “primary” peptides,
plus a significant number of other reaction products
present at lower concentrations. It is not unusual to
see 50-100 distinct peaks in the final tryptic map
chromatogram. The presence of lower level peptides can be related either to fragmentation of the
enzyme during the digestion or to secondary cleavages of the primary peptides. The resolution of the
primary peptides in such mixtures is usually a major
consideration, but other peaks in the chromatogram are often of interest. For instance, the sep-
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aration of protein digests can be used to detect the
presence of protein variants [3] usually at levels of
0.5 to 5%.
The complexity of protein digests and the variety
of separation conditions
that can be developed for
HPLC in a gradient mode complicates
the development of an optimized separation. A further problem is caused by changes in elution order that can
occur with different gradient slopes, so that a longer
gradient may give worse rather than improved resolution. A large number of experimental
runs may be
required before an acceptable chromatogram
is obtained and during this time changes in column performance are common. The result is a considerable
expenditure
of time, materials
and sample, with
possible uncertainty
in the final results. It is therefore rare that a final HPLC procedure
has been
“optimized”
with respect to the goals of the separation (resolution,
run time, etc.). The possibility
that peaks of potential interest remain unresolved
(and undetected)
is also a concern.
An alternative
to this traditional
approach
to
HPLC method development
for reversed-phase gradient elution is the use of computer simulation [IO].
With this technique the data from two or three experimental runs are entered into a personal computer (PC), and separation can then be predicted as a
function of gradient conditions.
Further iterations
via computer simulation
are used to eventually arrive at an optimized separation,
while minimizing
the problems of trial-and-error
experimentation.
Computer simulation
has been applied previously for the HPLC separation
of both peptides [lo]
and proteins [1 l-141 with the primary objective of
resolving the major components
of the sample. In
the present study we have shown that the optimization of the tryptic map of recombinant
DNA-derived human growth hormone (rhGH) is a complex
task and that computer simulation
can greatly aid
this process. Another commonly encountered
problem is a change in the separation when different operators or equipment are involved in a quality control program. This study explores the use of computer simulation
to correct for changes in mobile
phase composition,
column-to-column
variations
and alterations
in dwell volume. Computer simulation can also be used to readily reoptimize the separation for a given peptide, a feature which is particularly useful in the characterization
of a protein
variant.
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EXPERIMENTAL

Equipment und materials
HPLC separations
were carried out on an HP
1090 with autosampler
(Hewlett-Packard,
Palo Alto, CA, USA) and a diode array detector; the dwell
volume was determined
equal to 2.3 ml [15]. All
solvents were of HPLC grade.
Procedure
Gradient
separations
were carried out using
0.1% trifluoroacetic
acid (TFA)-water
as solvent A
and 0.08% TFA--acetonitrile
as solvent B at a flowrate of 1.0 ml/min. The column temperature
was
40°C and 100 ,nl of I .O mg/ml sample was injected.
Two 15 x 0.46 cm I.D., 5-pm Nucleosil C, a columns
with 100-A pores (Alltech, Deerfield, IL, USA)
from different manufacturing
lots were used.
Sumple
Tryptic digestion. A sample of rhGH (Genentechj
South San Fransisco, CA, USA) was exchanged into 100 mM sodium acetate-10 mM Trisl
mM calcium chloride, pH 8.3 with a final concentration
of
approximately
1 mg/ml. Samples were incubated at
37°C for a total of 4 h with the addition of trypsin
(I:100 ratio by weight of trypsin to substrate) at
time I = 0 and t = 2 h. The digest was stopped by
the addition of phosphoric acid to a final pH of 2--3.
The sample was stored at 228°C.
Digestion of rhGH by trypsin results in the release of 21 peptides. These peptides are sequentially
numbered from the N-terminus
(Tl) through to the
C-terminus
(T2 1).

The computer
simulation
software used in the
present study is DryLab G/plus from LC Resources
(Walnut Creek, CA, USA). It requires an IBMcompatible
PC with 640K of RAM memory; a
math coprocessor was used for fast computation.
RESULTS AND DISCUSSION

Previous work [lo, 161 has shown that the separation of protein digests by reversed-phase
gradient elution can be quite sensitive to gradient conditions. In this study the least resolved pair of peaks
in a given separation will be defined as a “critical
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gradient separation
is a difference in dwell volume
(V,) (the volume from the gradient mixer to the
column inlet). The effect of a change in dwell volume is usually to shift all peaks in the chromatogram to higher or lower retention
times, in some
cases with a change in relative retention. This can
lead to two kinds of problems: (a) loss in resolution
for early-eluting
peaks and (b) confusion as to the
identity of various peaks in the chromatogram.
Computer simulation can be used to evaluate system-to-system
reproducibility,
as illustrated in Fig.
9. The chromatogram
labeled “Vu = 2.3 ml” corresponds to our optimized separation (Fig. 7) carried
out on the present HPLC system (HP 1090 with
autosampler,
VD = 2.3 ml). Other HPLC systems
can often have dwell volumes as large as 10 ml [23],
depending
on the system components.
Fig. 9 also
shows a computer simulation for a system having a
much larger dwell volume (Vn = 10 ml). The data
of Fig. 9 demonstrate
that an increase in Vu results
in the later elution (by 2-8 min) of all peaks. and
peaks l--4 are more spread out for VD = 10 ml.
However the relative retention of peaks 5-22 is unchanged, and the resolution
of critical peak-pairs
(S/10, lljl2,
14/15) remains the same. These predictions are confirmed in the experimental
runs on
two different HPLC systems, where the dwell volumes have been adjusted to match those of Fig. 9
(data not shown).
Optimization of the separation qf a specijc peptide
Computer
simulation
lends itself to a variety of
other separation goals, such as maximizing the resolution of a given peak in the chromatogram
for
subsequent
preparative
isolation.
Computer
simulation can be used to explore such possibilities,
as
illustrated by peak 11 of the rhGH digest. The separation of Fig. 5 and 7 has been optimized in terms
of a maximum resolution
for the poorest-resolved
peak pair in the sample. As a result, the resolution
of peak 11 is R, = 1.3. If peak 11 is the only component of interest, however, its separation
from adjacent peaks can be considerably
improved. In this
case it is useful to generate a partial resolution mup,
where the resolution
of peak 11 from adjacent
peaks is plotted VS. gradient time (Fig. 10, above).
The latter map shows that a resolution of R, = 2.2
can be achieved for peak 11 in a run time of only 25
min. The predicted separation
in Fig. 10, (below)
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Fig. 9. A simulation of the effect of equipment dwell volume ( VD)
on the optimized separation
(as shown in Fig. 7) of the rhGH
tryptic digest.

shows that it is possible to greatly improve the separation of peak 11 when other components
of the
sample can be ignored. Advance knowledge of the
appearance of the chromatogram
by computer simulation will also greatly aid in the isolation of the
correct peak(s) in a preparative
run.
CONCLUSIONS

Computer simulation
was used to optimize gradient conditions
for the RP-HPLC separation of a
tryptic digest of human growth hormone. Twenty
two major bands were resolved almost to baseline
(R, = 1.3) in a run time of 53 min. The effort required for method development
was relatively minor: four experimental
runs plus a few hours of
computer time.
Changes in separation due to a change in column
or HPLC equipment were also studied via computer simulation.
It was found possible to correct for
column-to-column
differences so as to maintain acceptable separation. Even less time was required for
reoptimization
because the validity of the computer
simulation
had already been established. Similarly,
computer simulation indicated that the present separation should be consistent when using different
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Fig. 10. The optimized separation of peak 11 of the rhGH tryptic
digest sample. The partial resolution map for peak 11 is shown
above and the predicted separation
for G60% B in 25 min is
shown below. Other conditions as in Fig. 1.

HPLC systems. This was verified experimentally.
Computer simulation can also be used to optimize
the separation of a single sample component, prior
to its isolation or purification from other peaks in
the chromatogram.
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