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Abstract: Lysine (K) is widely used in the design of lysine-targeted crosslinkers, structural

elucidation of protein complexes, and analysis of protein-protein interactions. In “shotgun”
proteomics, which is based on liquid chromatography-tandem mass spectrometry ( LC-MS/
MS) , proteins from complex samples are enzymatically digested, generating thousands of pep-
tides and presenting significant challenges for the direct analysis of K-containing peptides. In
view of the lack of effective methods for the enrichment of K-containing peptides, this work de-
veloped a method which based on a hydrophobic-tag-labeling reagent C10-S-S-NHS and re-
versed-phase chromatography (termed as HYTARP) to achieve the efficient enrichment and
identification of K-containing peptides from complex samples. The C10-S-S-NHS synthesized in
this work successfully labeled standard peptides containing various numbers of K and the labe-
ling efficiency achieved up to 96% for HeLa cell protein tryptic digests. By investigating the
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retention behavior of these labeled peptides in C18 RP column, we found that most K-labeled
peptides were eluted once when acetonitrile percentage reached 57. 6% (v/v). Further optimi-
zation of the elution gradient enabled the efficient separation and enrichment of the K-labeled
peptides in HeLa digests via a stepwise elution gradient. The K-labeled peptides accounted for
90% in the enriched peptides, representing an improvement of 35% compared with the number
of peptides without the enrichment. The dynamic range of proteins quantified from the enriched
K-containing peptides spans 5-6 orders of magnitude, and realized the detection of low-abun-
dance proteins in the complex sample. In summary, the HYTARP strategy offers a straightfor-
ward and effective approach for reducing sample complexity and improving the identification
coverage of K-containing peptides and low-abundance proteins.

Key words: hydrophobic tagging; enrichment; liquid chromatography-tandem mass spectrome-

try (LC-MS/MS) ; lysine-containing peptides
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N5 04714-50 41 i B8 7S R A [ 35 B Cole-
Parmer A A, FHF I B 1000 B 19 42 00 < i
1 A 3% [E BioTek A Fl, H T nanoRPLC-ESI-
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b, HoAb b2 SRS FIR g, FrA bRifE 2 ik
W A SRR R A BR A
1.2 #Ri2iX#F C10-S-S-NHS HI& B
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T B 3-(2-mkhE AR IR (2 g, 9.3 mmol) Al
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NHS (¥R & (AR ,0. 72 g, IR 46%)
1.3 ZAfaEEsE

A 10% FBS 1 1% % %= /85 % % 1) MEM
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THVEAIML 3 K,
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(v/v) T 0 R0 4R 00 AN e 2 R R (50
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TR
1.5 BHkEBRARE
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~51 min, 22%B~35%B; 51 ~54 min, 35% B~95%
B; 54~60 min, 95%B) , WiZHEHR 2. 1 kV, &+
TR 320 T, fEIEE TN, R DDA
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50 ms, PEFEAEMMAMN+T B]+7 1R FIKEL, I
K FH HCD #5556 ek 47 i 24 il 42 BB £ 124 30,
OT R4 MS® il , 47 ¥R R 15000, AGC N

Amino labeling

NH,
“Y\VZ \—~ ® w
ﬂM w

—_— %

NH,
NH

NH,
g B Y

Tryptic digests

1\\*
LC-MS/MS
-

Intensity

e %” LR
2.
w

e NHe*® S0
o0 S(-ﬂ{*/@/d()

(R
A®
{

5.0x10*, M.LT.i% K 30 ms, 30 & HEB 7 11 E] N
20 s,
1.9 HUESH

H BT s SO ( + .raw) SRR A T Mascot
(WA 2.3.2) # K 5] % () Proteome Discoverer
(PD) (RRA 2. 1. 1. 21) B4 T Z B 50 P4
B dE A A Uniprot 36 2809 A\ 5 8 54k
P (3L 20360 MEA L) . KRS HIEN
T BRE RS AR, &2 i 2 AN TR A
SEAE R 21 e 2R 1 340 S be B Ak, AT AR B A K A
JIRBE N AR i I , 85 2R A S8 AL FIEE 5 N R
Uit i) S EAY, ; — ZBE B85 BT & AR 25 R 10x107°
(10 ppm) , —ZLHE A8 1 19 i 22 4 0. 02 Da,
0 3% 4 R AR A BRI R B R B PE RN R T 1%
HH B E 2D — MRk B . R Max-
LFQ &k454 MaxQuant( version 1. 6.5.0) {82 5|
FHTEARWN TR CE 700, M E &M PD
PRFE—2,

2 GRS

2.1 ET HYTARP KEHE&ERE

S5T HYTARP 0% w5 4255 K 22 JIRAYG i R 1 ]
1 ft7n, SR IR ] C10-S-S-NHS %o g 25 11 il it
KB K S5 [t 21T s K 36 C10 %
FEERIFRIC, R RRBE N Ko 5 A i 2 3t 2 9ihs
ic, SRR AREIE X ARIC S KB AT 40 8, th T
C10 Bi/KEEML A, B ff IKBLZE C18 A L PR B 4%
FRICHTR B A 5, 38 5 0 1k S A €8 3 1) 0 B A

& SEBUNE K KRB R R PP e 5 Pl i AR

LA o
—_—

Gradient
elution

i,
Disulfide bond

NH % ??\IH
reduction

eed

i a5 50 NH 5 5a_gPo
mlz %'\4{\/@/@ . “.‘4{*/_@_/8‘6-

B 1 ET HYTARP REEME K SN EERETRE
Fig. 1 Workflow of lysine-containing peptide enrichment using the hydrophobic tagging
and reversed-phase chromatographic separation (HYTARP) strategy
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Fric b 2 4~ F1 3 4~ C10 £% (m/z 1350.2, & 3d;
m/z 1720. 1,18 3f,+Na %) , &8 C10-S-S-NHS i
T DA A50h T R B N R St VKA B 1) ) ph

0
CyoHzSH
N s /\/[L 104121
XS oH —

=

0 (0]
S /\)J\ »

OH ———— Hy,C;y~ S 0—N
O/

B 2 #RiZiLH C10-S-S-NHS HIA K
Fig. 2 Synthesis of 2,5-dioxopyrrolidin-1-yl-3-( decyldisulfanyl ) propanoate ( C10-S-S-NHS)
EDC: N-(3-dimethylaminopropyl)-N'-ethylcarbo.
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Fig. 3 MALDI/TOF MS profiles of standard peptides before and after C10-S-S-NHS labeling
a, b. peptide of LA-10 (sequence; LVVSTQTALA) before (a, m/z 1024. 8) and after (b, m/z 1284. 5) labeling; c, d. peptide of MK-

7 (sequence; MIFVGIK) before (¢, m/z 807.7) and after (d, m/z 1350.2, Na*) labeling; e, f. peptide of KK-9 ( sequence: KSLSL-
SPGK) before (e, m/z 916.7) and after (f, m/z 1720.1, Na*) labeling.
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Fig. 5

(a) RP separation chromatogram of HeLa digests after C10-S-S-NHS labeling, (b) number of peptides

labeled by zero, one, two or more C10 chains (stacked bar chart) and percentage of peptides contai-

ning K (line chart) in each fraction

Separation gradient: 0—15 min, 60% B; 15-25 min, 60% B-70% B; 25-55 min, 70% B-80% B; 55-70 min, 80% B-95% B; 70-80 min,
95% B (mobile phase A: 2% (v/v) acetonitrile aqueous solution containing 0. 1% trifluoroacetic acid (TFA) ; mobile phase B: 80% (v/
v) acetonitrile aqueous solution containing 0. 1% TFA) ; C18 column:; 250 mmx4. 6 mm, 5 pm; flow rate: 1 mL/min; detection wave-

length: 214 nm.
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Fig. 6

(a) Number of peptides labeled by zero, one, two or more C10 chains (stacked bar chart) and percentage of

peptides containing K (line chart) in each fraction, (b) Venn diagram of K-containing peptides identified in
each fraction, (c) sequence logo of enriched K-containing peptides, (d) dynamic range of all quantified HeLa
cell proteins ( blue circles) and K-containing proteins labeled by C10 (red circles)

iBAQ: intensity based absolute quantification.
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