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Abstract: Proteomics technology is being increasingly used in the development of novel thera-

peutic peptides and protein drugs, and also in the intensive search for clinical biomacromole-
cule diagnostic biomarkers. Ultra-performance liquid chromatography-mass spectrometry
(UPLC-MS) is a rapid method to analyze peptides and proteins in low abundance. However,
the nonspecific adsorption properties of peptides may lead to the loss or interference of the ana-
lytes throughout the analytical process. This unique nonspecific adsorption property is the main
reason for the false negative and false positive results obtained through quantification, as well
as for the poor precision, accuracy, linear range, and sensitivity, all of which impose
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significant challenges in the development of analytical methods.

Accordingly, a general strategy was established to evaluate and reduce the negative impact of
the nonspecific adsorption of peptides on UPLC-MS analysis. In this study, bovine serum albu-
min ( BSA) was used as a model protein to explore the correlation between the physicochemi-
cal properties of 50 peptides obtained by the enzymatic digestion of BSA, as well as the degree
of nonspecific adsorption. First, these peptides were classified into four categories according to
their response and the degree of adsorption in the pretreatment containers and LC system.
Next, the factors influencing the adsorption of 12 Class I peptides, which were highly respon-
sive and susceptible to adsorption, were systematically studied in terms of several aspects, in-
cluding . (1) time-dependent adsorption on centrifuge tubes of three kinds ( Protein-LoBind pol-
ypropylene tube and two types of polypropylene tubes); (2) time-dependent adsorption on
sample vials of three kinds ( Protein-LoBind polypropylene vial, polypropylene vial, and glass
vial) ; (3) carryovers on chromatographic columns with six different stationary phases ( Polar
C,, Cortecs C,;", PFP, BEH C,, CSH C,, and BEH C,) ; (4) carryovers at different chroma-
tographic gradients (2% B-30%B, 2% B-40% B, 2% B-50% B, and 2% B-60% B within 3 min) ,
flow rates (0.2, 0.3, and 0.4 mL/min) , and column temperatures (30, 40, 50, and 60 C);
and (5) carryovers using different washing needle solutions (0.2% formic acid in 10% acetoni-
trile and 0. 2% formic acid in 90% acetonitrile).

The results showed that parameters such as the HPLC index and amino acid length of pep-
tides were significantly correlated with their degree of adsorption (p<0.05), However, the
above parameters can only explain the adsorption degree of 30% of the peptides. The use of the
modified polypropylene material resulted in higher recovery (recovery rate>80% within 24 h) of
the peptide solution during storage or pretreatment. During protein/peptide pretreatment and
storage, good overall recoveries (recovery rate>80% within 24 h) were obtained using centri-
fuge tubes and sample vials made of the modified polypropylene material. Analysis and optimi-
zation of the LC conditions revealed that the use of the C, chromatographic column, a high flow
rate (0.4 mL/min ), slow gradient (2% B-50% B within 3 min), and strong needle solution
(0.2% formic acid in 90% acetonitrile) could minimize the carryover. However, the effect of
the column temperature on the carryover varied considerably from peptide to peptide, and
hence, requires further analysis for specific peptides. The combined optimization of the above
experimental conditions resulted in minimal ( approximately 1/150) or no adsorption of the
Class II peptides that were susceptible to adsorption in the analytical process.

In this study, a workflow was designed to standardize the procedures for evaluating and re-
ducing peptide adsorption. Detailed data were collected to elucidate the key risk factors and
corresponding general mechanism of nonspecific adsorption throughout the analysis. Thus, this
study serves as a reference for the development of analytical methods for peptides and proteins
with different physicochemical properties. In future work, the risk factors should be assessed
during the development and validation of protein-based macromolecular analysis methods. In
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conclusion, it is important to implement adequate and appropriate measures to ensure risk

elimination or minimization.

Key words: ultra-performance liquid chromatography-mass spectrometry ( UPLC-MS); pro-

teomics; nonspecific adsorption; quantification; carryover; peptides

I AR 3 o 2 A BORAE IR B 1 o 28 A
IRIT 25 B B e L R R T B K o HE b s
PIRRA K g H 25 )2 i Y e O Y
S AWOREEE: 7/l NG s i o 5 37 N - R R =R O
DR S g = Diie e (1N o = T S
F B 4H 245 R ( bottom up proteomics ) & A WF5%
T BT 8 R 5 A BRI R A T M i
TR R L R A A AT T R LB Y
B 1 Bt ARG HE BR A | 22 IR A A e Sk O 42 o
el LA Ty A i 380 0 b Rk 3 T e 2B W R, 3 T 3K
SrHT AR AR ) F R BT, 4 TR
SR I A KU ™ Bl oe 8 11 2424 1 52 10
WERE R F i, RIS R 4 b fdie K B i 60 2k ik
BA IR AT RE S SO PH P s B B PR A R A e R
RS Y 22 B 1 07 B O v, IR B A IR A S I R
XA T A AT I Atk T B RIORS %5 R 34 BT R
Mo AR P A B VA YR 114 W R S 2 TR k| 3
LA PREf Ze i AR et , A T B0 R AR
BT USRI EE

O A — S 5 7E 4 7K 7 b fif R 3 b 0 Bt 4 7
Sy, SR H RO AR B HL ] AR ELAVE AT SR
$£/0 Eeltink % 3L T4 F 3 J1 288580, 20 T
S U £ e v 1 = 9 NE NN I R
FHANAE W[5 52 A E A JR P, Kristensen %512 fF 5
TR L 2SR O BB - 22 IR RRE Y S e, 21
pmoL/L FRIA AL R £h SR N A H 766 1 h
J& BB ICRAAT 10% ~20% A BF5% 3 i 78
V0 S A LR | PR B s YA 2 T ) g
R 4 751) B8 9] 2 U 2 R AR S5 T 1k 0D 3
B SRS SR Xt — 2 R B 2 R/
R AR TS, (XA R 45 H AT R ok i 22 ik
W2 B A 2 1) R AR, A A 2 o 38 FH A i e I BRSO
w

BT IR ] 8, A B 5 BE B AR TS R
(BSA) VE MIRLER [ 5T, AL 5 10 IR B AE 2
TRIKAE RGP 22 IR < A ZRRAMEAR, B
Jeil o R R ROV M k- 4 BF T % ( UPLC-
HRMS) B , 78 i W2 IRERAE 24005 Lk 2 ik

ALROARRR I B RR E (Y SRIBe P . AR5 TR R R0
0 T = H DU AR T 52 33 (UPLC-QQQ-MS/MS ) #
SERT 5 IR O PR B S e JBE ) SFA D1, DR it il 5
Z BT e s A BRI B, B R B Y
il 5 AEAEAEAA X KB I R B 2L, LK 8 AN T (2
TR AREXT IR Bk B B2 IR, de 4 22 IR A
At e A A e O R T 2R SR

1 SLIE#EH

1.1 5 Gl 54

BSA ARHfE S (S0 =96%) | B J B I AR
LT | 55 2 R ik ME K25 1 A 5€ [ Sigma-Aldrich
va] AR I A 55 E Progema 28 A ; ik IR S B
M5 A 75 1E Merck 23wl ; F R WA A € [E Ther-
mo Fisher 23 w5 JT A7 52 56 FH 7K 327 2 88 27K ( Milli-
pore, 3EH) ,

i R A5 70T B i ROBURE 3 - 2 B ©AT
I 1) S 1 16 FH A ( Synapt XS, Waters, 3¢ [ ) ; i
RO AR €8 3% = IO A AT BT 35 42 (6500 plus, AB
Sciex, 3E[H ) ; Unifi #4E4 4 (Waters, 32 )

Hfar P BRI | KV RE X 3 o A BRI
HH 2= % M ¥k . https: / www. genscript. com. cn/
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Table 1 Ion pair information and MRM parameters for Class II peptides after enzymatic

digestion of bovine serum albumin (BSA) hydrolysis

Number Peptide [M+H]* Ql (m/z) Q3 (m/z) Declustering potential/’V  Collision energy/eV
P1 DAFLGSFLYEYSR 1567.743 784.38 1121.53 49.9 35.4
P2 GLVLIAFSQYLQQCPFDEHVK 2492.264 831.43 383.24 47.8 35.9
P3 ECCHGDLLECADDR 1749.662 583.89 765.28 58.7 28.0
P4 TVMENFVAFVDK 1399.693 700.35 1199.58 53.6 29.3
P5 LFTFHADICTLPDTEK 1907.921 636.65 589.28 56.4 30.6
P6 DDPHACYSTVFDK 1554.653 518.89 609.32 61.6 24.9
P7 MPCTEDYLSLILNR 1724.835 862.92 715.45 46.5 47.3
P8 LVNELTEFAK 1163.631 582.32 951.48 58.8 27.5
P9 SLHTLFGDELCK 1419.694 473.90 721.32 63.6 22.7
P10 VPQVSTPTLVEVSR 1511.843 756.43 900.52 51.1 42.1
P11 HLVDEPQNLIK 1305.716 653.36 1055.57 55.7 35.0
P12 LGEYGFQNALIVR 1479.795 740.40 1017.58 51.8 43.3
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b. Optimization procedures
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Fig. 1 (a)Grading strategy of peptides (b) nonspecific
adsorption factor examination and optimization
process
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B2 MEBEEFEFEREFRPHE 24 h FHEKZE
Fig. 2 Peptides recoveries after 24 h storage in different sample containers
Recoveries of Class Il peptide solutions at three levels (50, 500, 5000 ng/mL) stored in different centrifuge tubes ( Fig. 2a) and sam-

ple vials (Fig. 2b) after 24 h.

PP-LB(LB) : lowbind polypropylene tubes or vials; PP-A(A) and PP-B(B) : polypropylene tubes from company A and B; PP. poly-
propylene vials; Glass/G: glass vials; Average: average recovery, % ; SD: standard deviation; Min; minimum; Count: the number of

peptides solutions with recoveries less than 80%.
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Fig. 3 Trends of the recovery of low concentrations
of peptide P7 solutions in different sample
containers (n=3)
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Fig. 4 (a) Gradient program for column carryover
evaluation and (b) typical chromatogram
for the carryover peptides
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