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INT RODUCT ION
Liquid Chromatography (LC) is extensively used in peptide  

mapping for characterization of therapeutic proteins. Typically, 

peptide mapping methods employ column temperatures of  

40 °C or below. Under such conditions, broad and tailing LC  

peak shapes are observed for proline-rich peptides. Two  

tryptic peptides commonly found in the conserved region  

of monoclonal antibodies (mAbs), light chain peptide LT10  

(109-TVAAPSVFIFPPSDEQLK-126) and heavy chain peptide  

HT20 (226-THTCPPCPAPELLGGPSVFLFPPKPK-251), exhibit  

such undesirable peak profiles.1

In this application note, we demonstrate how to improve the LC peak 

shapes of proline-rich peptides. Improved LC/UV/MS chromatograms 

of a mAb tryptic digest were achieved by employing elevated 

column temperature (60 °C) with Waters® Peptide Separation 

Technology UPLC® C18 Columns on an ACQUITY UPLC® System with 

both TUV and SYNAPT™ MS detection systems. 

Retention Time (min)

A
U

0.0

1.0e-2

2.0e-2

3.0e-2

4.0e-2

5.0e-2

6.0e-2

7.0e-2

10

A
U

0.0

1.0e-2

2.0e-2

3.0e-2

4.0e-2

5.0e-2

6.0e-2

20 30 40 50 60 70 80

Proline-rich Peptides

1) UPLC-UV (214 nm) at 40 ˚C

2) UPLC-UV (214 nm) at 60 ˚C

Figure 1. Comparison of UPLC/UV chromatograms of a monoclonal antibody tryptic digest between 1) 40 °C and 2) 60 °C. As expected, 
peptides elute slightly earlier at 60 °C than at 40 °C and the retention order of some peptides was also changed.



EX PERIMENTAL
Sample preparation procedures were detailed in a previous docu-

ment.1 Briefly: the mAb was digested with trypsin, followed by DTT 

reduction and alkylation with iodoacetamide. The resulting digest 

was diluted to 1.5 pmol/µL with 95:5 water/acetonitrile containing 

0.02% trifluoroacetic acid (TFA) prior to LC analysis.

LC Conditions
LC system: Waters ACQUITY UPLC  

Column: Peptide Separation Technology  

 ACQUITY UPLC® BEH300 C18,  

 1.7 µm, 2.1 x 150 mm (P/N 186003687) 

Temperature: 40 °C or 60 °C 

Flow rate:  0.2 mL/min 

Mobile phase A: 0.02% TFA in water 

Mobile phase B: 0.018 % TFA in acetonitrile 

Gradient: 0 to 40% B over 90 min 

Detection:  UV (214 nm) and MSE  

Weak needle wash: 100% A, 600 uL 

Strong needle wash: 20% A/80% B, 300 µL  

Injection volume:   20 µL (30 pmol)

RESULTS AND DISCUSSION
Figure 1 compares the separation (UPLC/UV at 214 nm) of a mAb 

digest at typical and elevated column temperatures (40 and 60 °C). 

While excellent resolution of peptides in the digest was achieved 

at both column temperatures, the 40 °C separation exhibited two 

broad and tailing peaks between retention times of 60 to 70 min. 

This is consistent with our previous observations for this sample at 

40 °C using 0.1% formic acid as a modifier of mobile phases.1 By 

increasing the column temperature from 40 to 60 °C, the shape of 

these peaks was significantly improved. The components of the two 

peaks were identified to be proline-rich peptides by MSE (peptides 

LT10 and HT20 as shown in Figure 2).

Figure 2 directly compares the LC/MS extracted ion chromatograms 

(EIC) of peptides LT10 and HT20 under both temperature conditions. 

As column temperature increased from 40 to 60 °C, the peak 

widths of these two peptides were reduced by half and peak USP 

tailing factor reduced from 1.73 to 1.17 for LT10, and 1.45 to 1.2 

for HT20, respectively.  As expected, the temperature did not affect 

the peak shapes of other peptides although the retention time of 

peptides were reduced at higher column temperature (see Figure 

2); for example, the illustrated peak of a heavy chain N-terminal 
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1) UPLC/MS (EIC) at 40 ˚C

2) UPLC/MS (EIC) at 60 ˚C

Figure 2. Comparison of LC/MS (EIC) peak shapes of 
proline-rich peptides between 1) 40 °C and  
2) 60 °C. Temperature does not affect peak shapes of 
not proline-rich peptides, for example, the illustrated 
peak of heavy chain N-terminal peptide HT1.
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peptide HT1 (EVQLVESGGGLVQPGSLR) with same peak width  

(15 sec) at 4σ and a USP tailing factor of 1.07.

Similar chromatographic behavior in long proline-rich peptides with 

one or more proline-proline bonds has been reported.2-5 Griffiths, et al.,5 

reported using high temperature (65 °C) to achieve a symmetrical, quan-

tifiable elution of proline-rich peptide GTEAAGAMFLEAIPMSIPPEVK 

from a Lys-C digest of recombinant α1-antitrypsin. 

At 65 °C, we also obtained sharp and symmetrical peak shape for LT10 

and HT20 in the mAb tryptic digest (data not shown). Higher tempera-

ture further improves peak shape of these peptides.

CONCLUSIONS    
The results presented here demonstrate that elevated temperature 

(≥ 60 °C) combines with the Waters Peptide Separation Technology 

UPLC C18 Column, used on an ACQUITY UPLC System, to enable 

sharp, symmetrical peaks for proline-rich peptides from mAb 

digests. Such improvements to the chromatographic quality of a 

peptide map will improve the ability to quantify these peaks and 

interpret these regions of an antibody map.
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