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Abstract: Hundreds of endogenous peptides were released from milk proteins within the

human mammary gland and some of them possess a variety of bioactive functions. Thus, it is
important to investigate human milk endogenous peptides for infant health. Peptidomics based
on liquid chromatography-tandem mass spectrometry ( LC-MS/MS) has been used to investigate
human milk endogenous peptides. Extraction of endogenous peptides from human milk is an
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essential and key procedure for analyzing human milk peptides using LC-MS/MS. This study
aimed to compare methods for extracting endogenous peptides from human milk using LC-MS/
MS. Ultrafiltration methods including that not involving denaturation ( UF 1), that involving
heat denaturation ( UF 2), and that involving chemical denaturation ( UF 3), precipitation
methods using trichloroacetic acid (PCPN 1) and alcohol (PCPN 2), and an enrichment meth-
od using highly ordered mesoporous carbon (OMC) were used to extract endogenous peptides
from human milk. Extracted endogenous peptides were then analyzed using LC-MS/MS. The
samples extracted using UF 1 and UF 2 comprised 1 161+8 and 1 017+91 endogenous peptides,
respectively. More than 70% peptide sequences in each sample extracted using UF 1 and UF 2
overlapped. The results revealed that endogenous peptides extracted using UF 1 and UF 2
showed similar characteristics. UF 1 yielded the highest number of peptides, whereas UF 3
extracted the least number of peptides at 366+18. The number of endogenous peptides extracted
using PCPN 1 and PCPN 2 were 779+69 and 876+55, respectively. However, their characteris-
tics were quite different, and only about 50% peptide sequences overlapped. The number of
peptides extracted using OMC (549+151) was not remarkable compared with that using other
methods. However, the isoelectric point (pI) and grand average of hydropathicity ( GRAVY) of
the peptides extracted using OMC were different from those extracted using other methods.
This method presented no selectivity for the endogenous peptides with different pI and GRAVY
and may be used to extract unique peptides from human milk. A total of 205 peptides were com-
monly identified in the samples using each of the six methods. The percent of shared peptides
across the six samples ranged from 13% to 23%. The number of unique peptides in the samples
extracted using UF 1 and UF 2 (226 and 228, respectively) were the highest among those ex-
tracted using the six methods. The results showed that all six methods could be used to extract
endogenous peptides from these high-abundance precursor proteins. A total of 21, 38, and 19
peptides were extracted from lactotransferrin using UF 2, UF 3, and OMC, respectively, and
the coverage rates of these peptides in lactotransferrin were 14%, 16%, and 19%, respectively.
These three methods could extract the endogenous peptides from lactotransferrin in human
milk, but PCPN 1 that has been commonly used in previous studies could not. The peptides
from B-casein, polymeric immunoglobulin receptor, osteopontia, a4 -casein, x-casein, and bile
salt-activated lipase were identified in all samples extracted using the six methods. Moreover,
these precursor proteins contributed 88% peptides in the samples extracted using the six meth-
ods. In conclusion, UF 1 and UF 2 were efficient procedures for extracting endogenous peptides
from human milk. In addition, UF 2 could extract peptides from lactotransferrin, which is the
optimum choice for extracting endogenous peptides from human milk. Additionally, the OMC
enrichment method can be used to enrich and extract specific endogenous peptides from human
milk. This study systematically compared the sample preparation methods commonly used in
human milk endogenous peptidomics in recent years. The results provide strong support for uni-
form and standardized sample preparation methods. An ultrafiltration method without denatur-
ation, which is more advantageous than the currently commonly used trichloroacetic acid pre-
cipitation method, was also established to prepare human milk endogenous peptide samples. In
combination with OMC, this method can help in a more comprehensive and in-depth under-
standing of the endogenous peptidome of human milk.

Key words: liquid chromatography (LC) ; tandem mass spectrometry ( MS/MS) ; endogenous
peptides; human milk; extraction method
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Table 1 Methods of the extracting endogenous
peptides from human milk

No. Method
UF 1 10 kDa ultrafiltration
UF 2 heat denaturation, 10 kDa ultrafiltration
UF 3 chemical denaturation, 10 kDa ultrafiltration
PCPN 1 trichloroacetic acid precipitation
PCPN 2 alcohol precipitation
OMC highly ordered mesoporous carbon enrichment




- 466 - Ll

Tk 5539 4

1.2.1 #E&E

AV B 200 WL AFLH R B TFKFRE S AR
a5y, PR 2% Wang %7 1907 ¥k, BL 200
L AFLH 28 PR RE 5 RRIR A 34] M BRI AE K
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0.5 mL 0. 1% (v/v) TFA K& % f# )5 A SPE
M, L 1.5 mL 80% (v/v) ACN/0.1% (v/v)
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1.4 LC-MS/MS &#f

MRS HIARE G L 0. 1% (v/v) F R K 75 W 15 il

Il R E R 0.2 o/L BIRTR, FRER N 8

pL, ERE] 15 em BYIE 4 H7AE (94228 180 pm,
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B S B Xealibur 5T, BASRE G EAT 3
WG 53 HT
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Tl FH 2R (FDR) <1% , %1 5 1 25 5 Score > 20 fY
KB R A BB AT 047

2 ZERE5{TE

2.1 LC-MS/MS 43t PR Bk B9 Bl i E

B NFLRE S 0 28 55 1 Fn s 0 i A #L s
7 LC-MS/MS 4347, I8 1 S 7EAH ) 3 H7 2% 4F T AN )
75 1 il £ i N LN TR K ) e g @ % 1], UF 1, UF
2 UF 3 5 OMC il & P4 d i 6 35 1 7E 10 ~ 100
min (R[] P X578 20 A, 1A RE 8 7 I OMC 2% 1l
RS TR IRBE MR 587z . 42 PCPN 1 il PCPN
2 AR 0T 3 A B RE A R g Rk 25 ), o
PCPN 1 il 4 HRE i 04 24 TP 7E 10~ 70 min,
VLI IZAE & T SR KPR K3 £ s PCPN 2 v il £ 1 F
i B I AR FE 50~ 100 min, PEBTZAE S TP
KRB Z
22 ARAFAEHEHOANIINERREBEERR

BARE G 3 OPATSE S, 76 3 IR 45 R
Hh Al 2 S A I R A IR B 3 TR &G R 4 ]



TR A AR 9 5 VR R 1R OB (35 - R R

BT A FLIN TR K B4 5 - 467 -

80 -
60 -

40

Relative abundance / %

20 4

80
60

40 4

Relative abundance / %

20 4

80
60 -

40 4

Relative abundance / %

20 4

0 20 40 60 80 100 120
t/ min

100

PCPN 1

80 -

Relative abundance / %

N

3

=}

[

-

5

=)

4

[}

=

5

~

£ g0 OMC
8 1

g 4

5 60

5 1

..:% i
540

= 1

= 20 4

2 7

07”7"‘|"‘\"‘\"'\" T
0 20 40 60 80 100 120

t/ min

B 1 AREAZEHEHAILRERKE LC-MS/MS Hi &L FE

Fig. 1 Base peak chromatograms of human milk endogenous peptides extracted using different methods
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(RSD) e T i £ i Fe M. UF 1 35l 1
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£ BORE AL TR BRBEE 2 FE B IR 31. 82% , Hifth
4 By v A& B RE S E A L LR I, O 38. 48% ~
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Table 2 Numbers of human milk endogenous peptides and precursor proteins identified using LC-MS/MS
in samples extracted using different methods (n=3)

Peptide Protein
Method Number RSD/% Number Percent Number RSD/% Number Percent
overlapped overlapped/% overlapped overlapped/%
UF 1 11618 0.65 795 51.49 27+1 2.17 22 68.75
UF 2 1017+91 8.98 573 38.48 26+2 7.91 16 42.11
UF 3 366+18 4.89 222 42.37 11£2 21.65 7 46.67
PCPN 1 779+69 8.84 484 44.00 15£2 13.58 11 52.38
PCPN 2 876+55 6.29 542 44.28 18+3 14.70 13 59.09
OMC 549+151 27.55 280 31.82 143 21.12 8 44.44
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bR H #2300, BB OMC ¥ & 48 N IR AR B X pI %A
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Fig. 2 Characteristics of endogenous human milk
peptides extracted using different methods
a. number of amino acids of endogenous peptides; b. pI of
endogenous peptides; c. GRAVY of endogenous peptides.
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Fig. 4 Venn diagrams of human milk endogenous peptides
in samples extracted using ( a) ultrafiltration
methods and (b) precipitation methods
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Fig. 5 Top 10 precursor proteins releasing abundant human milk endogenous peptides
in samples extracted using different methods



. 470 - @

i 539 &

VR A BIF ST R P = 46 & TR T U v A B 5 Hi 3 1)
S e 28 SR A T 3 R VR T 3Lk 2R Y P IR T K
B2 W 5 W L, UF 2 UF 3 Hl OMC ¥ il %
PR it r ) 2 38 LR AR 1 R0 PN DR K, 430310 Sy
21,38 Fl1 19 2%, M A 3 Ffr o7 72k il & A0 ot A A )
FIEFFLRE M TERR . UEBHAS [RIRE & il £ 7k
AR EOR T AL R R AR B B R

6 JER T TS 2 21 1) N IR AR ZE R R B A % L
(7 15 5 B- W A VRO IR IR B B 2 | IKB A
G-I B T R A I, X S G- R 145 K B
P GEAK PSR RR AR SE Y S BRI 2 R A
B P TR B H A £ (R A 0 5 R A X AR
Ut B G2 BR B 1 A2 AR B 1R TB0 P UR JO FH) DX Sl A X 358

UF 1 UF2

Beta-casein

Polymeric immunoglobulin receptor
Osteopontin

Alpha-S1-casein

Kappa-casein

Bile salt-activated lipase

Clusterin

Butyrophilin subfamily 1 member A1l
Lactotransferrin

Perilipin-2

Serum albumin

Complement C4-A
Beta-1,4-galactosyltransferase 1
Mucin-1

Histone H2B type 1-O

Histone H2B type 2-F

b, AR IR ARAE B B R o, - AR
(78 25 5 &8  UF 1 UF 2 A1 PCPN 1 7R £ (9 RE
i P TR R AE PR B R o, - I AR P T SR
it 70%, UF 2 UF 3 Fil OMC %= il 4 B9 RE S oo il
FRIE TR AN IR IRAEFL R B 1 B e
53900 14% 16% F119% , v B IR T Lk & [ A P R
JRAS S AR SR AG I 2] 1), i S DA b 3 il 4% i A
TR EHE, OMC 756l 4 B RE A ORI T -
it 2R KB AR H e 2 ok 84 4%, B (B a6 Rt i
154 55% 5 IZFE S E— 2 B 6 kiR TR
I H2B1-O B Ry PR AK, 8 B0 6 % 0 41%, LA
SR AN R A Tk B e R S
KA, TR DT IE B BB A 38 B A8 ik

UF 3 PCPN 1

PCPN 2 OMC

100%

80%

60%

40%

20%

0%

6 NEKESFEEERELMERE

Fig. 6 Percent of coverage of human milk endogenous peptides in precursor proteins
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