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Abstract

This Application Note describes the separation of a trypsin-digested protein sample,
using the Agilent 1290 Infinity LC System with Agilent ZORBAX Eclipse Plus C18,

150 mm x 2.1 mm, 1.8 pm particles column. Peak capacity variation with change in
flow rate and time for various gradients were evaluated. Increase in flow rate from
0.2mL/min to 1.2mL/min effectively improved the peak capacity value to double and
increase in gradient time from bminutes to 50 minutes enhanced a 3.4 fold improve-
ment in peak capacity value. The unique design of the Agilent 1290 Infinity LC System
tolerates 1200 bar column back pressure, allowing higher flow rates, and reducing the

run time.

Introduction

Peptide mapping is one of the important steps in QA/QC analysis of protein biolog-

ics in the biopharmaceutical industry. A significant challenge is the chromatograph-
ic separation of complex protein digests for the characterization of proteins. In addi-
tion to the large number of peptide fragments, side reactions such as oxidation can

happen during enzymatic protein digestion, making the sample more challenging for
an efficient separation. Adequate separation for peptide mapping using high perfor-
mance liquid chromatography (HPLC) with 5-um columns, often requires long run
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times. Ultra high performance liquid
chromatography (UHPLC) separation
using sub-2-pm particles improves res-
olution per time and sensitivity, short-
ens run times and makes peptide map-
ping less challenging. The power range
of the Agilent 1290 Infinity LC System
(max pressure versus flow) overcomes
the challenge of increased back pres-
sure caused by smaller particle
columns, which often restricts the use
of higher flow rates.

Experimental

System Configuration

An Agilent 1290 Infinity LC System with
the following configuration was used
for the study.

* Agilent 1290 Infinity Binary Pump
with integrated vacuum degasser
(G4220A)

Agilent 1290 Infinity Autosampler
(G4226A)

Parameter

Column

Column oven
Mobile phase A
Mobile phase B

Flow rate

Needle wash

Injection volume

Details

Agilent ZORBAX Eclipse Plus C18, 150 mm x 2.1 mm, 1.8 pm.
(p/n 959759-902)

50 °C
0.1% Trifluoroacetic acid in water
0.08% Trifluoroacetic acid in acetonitrile

Variable (0.2 mL/min, 0.4 mL/min, 0.6 mL/min, 0.8 mL/min, 1.0 mL/min,
1.2 mL/min)

Flush port activated for 3 sec using mobile phase B

4 L ( Autosampler thermostat was maintained at 5 °C)

Detection 214/4 nm; Reference 400/60 nm
Peak width > 0.062 s response time (0.003 min)
Data acquisition rate 80 Hz

Post run time 2 min

Table 1

LC method details.

%B Time (min)

0to 50 Variable (5, 10, 15, 20, 25, 30, 35, 40, 45, 50) -gradient elution
50 to 75 For 5 minutes-column rinsing

75 For 5 minutes-column rinsing

3 For 5 minutes-column reconditioning
Table 2

Gradient used for the study.

Agilent 1290 Infinity Thermostatted

ten diff t dient (elution ti tri-
Column Compartment (61316C) en different gradient (elution time) tri

als and each gradient was tried with six
different flow rates resulting in 60 dif-
ferent gradients. The average peak
widths for five peptides were calculated
for each gradient, and these values

were used for the calculation of peak
capacity for each gradient.

Agilent 1290 Infinity Diode Array

Detector (G4212A) Results and disucussion

Representative chromatograms of the
BSA digest and standard mix using a
single method are as shown in Figure 1.

LC Method parameters are tabulated in
Table 1 and the gradient used for the
study was tabulated in Table 2.

P
Trypsin was added in an enzyme/sub- g
strate ratio of 1/20 and the mixture £ 3
was incubated overnight at 37 °C. Prior :% £ 2
to injection, the sample solution was = 2 5 52 Sampleldetails Molwi IS ynunyms
o= N ) i > z 2 £ & |Peakl GLY-TYR 238.2
acidified with mobile phase A in the e z 2 2% [Peak2 VALTYR-VAL 3795
ratio 3‘] A peptlde standard mix from | § < g § :_ Peak3 TYR-GLY-GLY-PHE-MET 573.7 Mithiﬁnﬁine .
. . . . o ~ = 2 x enkephalin acetate
Aldrich which contains five pure stan- 1507 E < I & |Peak4 TYR-GLY-GLY-PHE-LEU 5556 Leucine enkephalin
1 1 o e & Peak5 ASP-ARG-YAL-TYR-ILE- 1046.2 Angiotension |
dard peptides was used to calculate the ]
. . .. | HIS-PRO-PHE Acetate
peak capacity. The individual compo- 100
nents of the standard mix were 1) GLY- 2
TYR, 2) VAL-TYR-VAL, 3) methionoine g ]
. . 0-
enkephalin acetate, 4) leucine 50 |
enkephalin and 5) angiotensin Il I A I ' | Il l n I l
acetate. The standard sample was 0
diluted with mobile phase A to a level 50 75 10.0 125 150 175 200 22.5 25.0 275 30.0 325 35.0 37.5
where the individual peak heights were Minutes
almost matching with that of peaks in
Figure 1

the tryptic digested BSA. Both the sam-

ple and standard mix were injected in Representative chromatograms of the BSA digest (black trace) and standard mix (blue trace).

Individual components of the standard mix are included in the inserted table.
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Figure 2

Peak capacity (P) increment with changes in flow rate. Run time is constant.

Peak capacity change with flow

rate
Increasing peak capacity (P) while
maintaining the column length can be

achieved by varying the flow rate, gradi-

ent slope or a combination of both.
Increasing the flow rate from
0.2 mL/min to 1.2 mL/min leads to an

increase of twice the peak capacity val-

ues (from approximately 116 to 227) for
a 5-min gradient. The equation used for
peak capacity was P= 1+ (gradient
time/average of b peak widths). The
observed pressure increment was from
approximately 366 bar to 1050 bar. The
results are as shown in Figure 2. The
data underline the advantages of the
large pressure range of the Agilent
1290 Infinity LC System.
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Figure 3

Peak capacity increment with change in gradient time. Observed peak capacity values (P) are marked. A constant (0.2 mL/min) flow rate was used.
(continued)



25 A P=348
T T 17T ‘ T T 17T ‘ T T 17T ‘ T T 17T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T 17T ‘ T T 17T ‘ T T 17T ‘ T T 17T ‘ T T 17T ‘
5.0 15 10.0 12.5 15.0 17.5 20.0 22.5 25.0 275 30.0 325 35.0
50
P=360
2 \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
£ 5.0 75 10.0 12.5 15.0 17.5 20.0 22.5 25.0 275 30.0 325 35.0 375 40.0
50
P=383
0
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘
5 10 15 20 25 30 35 40 45
50
P=398
0
T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T 1
5 10 15 20 25 30 35 40 45 50
Minutes
Figure 3

Peak capacity increment with change in gradient time. Observed peak capacity values (P) are marked. A constant (0.2 mL/min) flow rate was used.



Peak capacity change with Average peak width using 4 o peak width

gradient time Flow Gradient time
A change in the gradient time has the % i 40 3 50 25 20 15 10 5

) ’ 02 3977 3828 360.0 3479 3221 2966 2674 2298  183.8 116.0
largest impact on peak capacity 04 4916 4724 4487 4281 3988 3708 3336 2054 2423 1645
increase. Figure 3 demonstrates that 06 5382 5125 491.6 4736 4404 4099 3784 3355 2787 197.3
peak capacity values increased 3.5 0.8 552.3 5225 4999 478.0 453.9 426.4 3935 348.7 295.4 208.3

1 5382 5309 4957 4825 4610 4339  396.1 354.3 3014 220.7

times, when the gradient time changed
1.2 567.1 5185 4856 461.0 4448 4240 396.1 351.4 301.4 227.4

from 5 minutes to 50 minutes, and the

flow rate was held constant.
Table 3

Optimizing both flow rate and gradient Tabulated peak capacity values for all gradient trials calculated using complete gradient run time.

time leads to the highest peak capaci-
ties for an intended run time. For each

gradient time there exists an optimum Average peak width using 4 o peak width

flow rate that provides the highest peak  gjow Gradient time

capacity. The observgd peak capacity 50 15 10 35 30 25 20 15 10 5
values calculated using the complete 02 2714 2627 2494 2436 2290 2145 1975 1748 1451 99.8
gradient run time for all experiments 04 3209 3100 297.1 2863 2702 2552 2342 2127 1811 1323
are shown in Table 3. In another 06 3431 3289 3184 3098 2916 2756 2594 2356  203.0 153.4

08 3470 3307 3195 3084 2964 2827 2657 2411 2116 1501
: Hes 1 3349 3331 3139 3085 2983 2850 2649 2424 2134 1663
calculated using the retention time (RT) ;3505 3598 3049 2926 2856 2762 2628 2386 2116 1696
window between the first and the last

approach, peak capacity values were

eluting peaks as tabulated in Table 4. Table 4
This method is more realistic because it Tabulated peak capacity values for all gradient trials calculated using retention time window between
gives the peak capacity for the part of first and last eluting peak.
the gradient that is really used for the
separation.
Behavior of the peak capacity Peak capacity calculated using
for diff di ith Gradient Gradient Complete gradient RT window between first and

or different gra lents wit time Flow volume run time last eluting peak
same gradient volume . 50 0.2 10 2977 7714
Gradient volume for a 50-min gradient 25 04 10 370.8 255.2
at a flow rate of 0.2 mL/min will be 10 1 10 301.4 213.4
equal to a 25-min gradient at a flow rate 950 0.4 20 491.6 320.9
of 0.4 mL/min. Peak capacity values for 2 08 2 426.4 282.7
diff di . ith th 20 1 20 396.1 262.8

i e.rent gradient times with the same 50 06 30 5382 343 1
gradient volume were compared and 30 1 30 461.1 298.3
tabulated in Table 5. These results 25 12 30 424.0 276.2
demonstrate the behavior of peak 50 0.8 40 552.3 347.0
capacity values when varying the run 40 ! 40 495.7 313.9
time without changing selectivity by

Table 5

mamtammg the Sam? g_radllent volume. Tabulated peak capacity values for different gradients with same gradient volume calculated in two
Figure 4 shows the similarity of two different approaches.

chromatograms with the same gradient
volume.
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Figure 4

Examples of two chromatograms with same gradient volume.

Upper trace: 10 min gradient with 1 mL/min flow rate. Lower trace: 25-min gradient with 0.4 mL/min flow rate. (*calculated using total gradient run time,
#calculated using RT window).

Conclusions

This Application Note uses the exam-
ple of a tryptic BSA digest to demon-
strate that optimizing flow rate and gra-
dient time increases peak capacity to
the level required for a given analysis
and sample. However, this optimization
needs a UHPLC system that offers the
appropriate power range, for example, a
high flow range at high pressures. The
Agilent 1290 Infinity LC System offers
an exceptional power range, separating
complex samples. The use of 1.8 pm
columns provides enhanced peak
shapes. The optical design of the
Agilent 1290 Infinity Diode Array
Detector provides rapid and sensitive
data acquisition.
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