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Abstract: Open experiments play crucial roles in developing undergraduate students’ practical

abilities, innovative thinking, and teamwork. This open experiment is designed to use ultra-high
performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS) in pro-
teomics, a frontier field, by quantitatively analyzing thyroid-cancer-tissue-slice samples. Vari-
ous reagents are first screened for further study by evaluating their abilities to extract proteins.
This approach aims to foster students’ hands-on abilities and their scientific-research thinking.
The liquid-chromatography method is subsequently optimized to enable deep-coverage of the
proteome, thereby enhancing students’ understanding of liquid chromatography and mass
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spectrometry. Paraffin-embedded thyroid-cancer-tissue slices are finally subjected to quantita-

tive proteomic analysis, resulting in the identification of 33 differentially expressed proteins,

thereby demonstrating their potential use in disease-typing applications. This open experiment

integrates theoretical and experimental knowledge gained through instrumental analysis, analyt-

ical chemistry, and biochemistry, thereby imparting scientific research thinking and innovative

spirit to undergraduates. It also provides students with opportunities to expand and solidify the-

oretical knowledge through hands-on instrumental operation and experiments, which helps to

build a systematic knowledge framework and develop a comprehensive understanding of rele-

vant fields. Moreover, it stimulates undergraduate interest in scientific research, cultivates in-

novative thinking, and fosters team cooperation.

Key words: liquid chromatography (LC); mass spectrometry ( MS); proteomics; label-free

quantification; experimental teaching

YR E B R R R IR A S ke
B4 B N MER M E UV H B M EZH
Bt S e R BE ARS S ER ERE A A S
[ SCERIRTT Bl 2R B A AN BT B M ik
2 oAk, FERCSE B IR R AR S — BB X e i
B Z BB RS AERTHL TR
SEYGURAR T AR A | B TEAT B A% 48 52 50 B0 1 24
W T2E A 2 [ BA, S S 5 R, B
FR2prE F S RS AL SE R A AT, LASE I
HIRP ML S BTBTRE T G 5%

8 e R0 A 0 - B B BT % 2 ( UHPLC-MS/
MS) G54 T WOAH (3% 11 = 85053 B B T 0 B 1) v A
N R R AR, (A5 O T & 4R R R 0 43
MrEfABERSE, W) ZNHTFEME S FER
CNGEL 71 2R N 4 S V1Pt vl o A
(1) EEELLE RN T B I, S22k A TG s i SRk, LT
VOR3-S S B PR R it AR 1 26 4 B %
T & A R ML 5 WA= W br 5 ke B
FPRRS L 7 S5 B B U 4R R Dbk
B2 /i (FFPE) BE S 7E IR IR B
HEMPFRME U PR A S AL Ak 2
HEFFH™E " TR & R E A
BRI RS, B R AT 4 SR ) A
HargEbE | ARSI By o BN [R) AR O A
SR HREGE J7 , 0 e 1 24 A0 350 5 2 TR AL RE

A, BT RO - B o i ke TR
R S e B R R, R et — 25 b T VRO 3 4y
B, 2K R R0 T T H R R M ( goi-
ter, G) FTH R BRFL LRI (papillary thyroid carci-
noma, T)FFPE & F ke e w50,

A URAR IS 3 o U SR (s A o ke
Ji 52 \UHPLC-MS/MS 4347 Ji 38 | ¥ AH €8 33%- 5T 35 1
T E f# A UHPLC-MS/MS 74 i B2 27 4538 1) 197 i
LGSR, M TFHRTEE Rl R SR R A
HITRALET A URAR S50 38 43 5 SO A €15 5T 5 K
FRASASE Y 2 1 B 2R i o B 8 1 B R s 0
MraEngs . KA it ibss Aot =1 T
FEHIRAS Rl A7 — L , X R A B T2 AR T2 Bl
ARG ZR | 18458 X A S 43 ek A1 3 ) 3 AR
P&, [RIEF, w] DA 2% A T 4 T b 3 2 BT 2 L
AT AE A Py (%) 107 2 T S 2 A R
BESR ., WA R SEEHRAE ALSS AT SR ARSE
PR 2 A PR N TR, FH 280 S B ey, DA B R 221 b
PR RN AP IR R AT Uk S AR5
TR 1 4R

1 LI EH

1.1 5 KT S5HE
Ultimate 3000 RPLC @& 80 A 6% R 4 . Q
Exactive HF-X & 4 #% i 3% 1Y ¥ 1) H Thermo

SIRARST 2, SR, B3k KRR , 2522 s B, TR SR - 28 T O (- BB OB B v A PR IR A U0 B R

HERAHT. (435 ,2025,43(3) :275-282.

LI Yilan, YUAN Huiming, CAO Jingtian, ZHENG Yidi, LI Lan, GAO Peifeng. Open experiment: quantitative proteomics analysis of

thyroid-cancer tissue slices using ultra-high performance liquid chromatography-tandem mass spectrometry. Chinese Journal of

Chromatography,2025,43(3) .275-282.



i, G TIPS - T i OB (- ER R BT V6 1Y

FFIR IR 4L 400 1 2R 1 S 4L 5 Bt - 277 -

Fisher/: w] ; scientz-1ID 21 g 8 7 i i AL 04 1 3 2
Y/ /NN

+ e R BR AN (SDS, =98.5%) JKZE (urea,
=99%) EhWR K ( GuHCL, =99%) . =& %k 2 it Ji
(TCEP, =98.5%) JHLZ BEHE (TAA, =99%) kR
S (=99.5%) HR(FA, =96%) Wifeth 2% rhigs
W (1xPBS) ¥ T Sigma-Aldrich 2 & , 5 5 H i
(i 9% ) g F Promega /A &), {0 3% 4l 2 5 W H
Merck A&,
1.2 EAREAHRTLE
121 s a e

1 Hela 40 il 43 1 55 % F 200 pL Y 40 g/L
SDS .6 mol/L 52 .8 mol/L JR £ 1§ 1 xPBS 2 1
W BRI T K b I 4 R AR A
YRR S R, S AR 5 s FFL5 s ok, R
PefE, BRHE] 1 min, BE5 40 W 78 F FHAS [R) 20 fif 24
firf VR TR A LS, P PR T2 25 8 K 38 SV TR
PR3k 3 WKk, RGeS ] A 28 S5 g, B R A TR
7£ 16 000 g T 5.0 20 min, R UTFE A, Uk
A5 V5V B 20 DA e B BB R T R
122 HARAHGHLE

PR A O A LR S 10 mmol/L (1)
TCEP,IRAJJ57E 95 C M 10 min fii 8 1 Fi AR IR
. WEERIE, AL E H 20 mmol/L [y
TAA 75 % e REG S 30 min, SR BCEE T8 i 4 B
F14) 25 11 I3 2 i 00 Ak B 3k 5 AR 1 T LA o Ak
U BRI R R R o T R
10000 Da AYJEME [, 7F 16000 g F &> 40 min,
FH1200 wL 8 mol/L JRZ Fl 50 mmol/L i ik & 84 %
WA TG VDR RS 3 YR Fe Rl AN AR T A R A L
1200 A JBEHE [ 1, 75 37 C R KU 16 h, 7E 16 000
g T .0 40 min (RIS ARAS 20 A9 kB, T 30 pL 50
mmol/ L Bk R & 1 W Ve IR B W U, 1250 J5 5 ik
BtBIt, TR 0.1% (v/v) FA KB E 55
HAET-80 C, i UHPLC-MS/MS 43 #7, LA b &4H
SCIGIE R 3 AT,
1.3 ARV FHEmALIE

FFER J e R0 FE R 2L S otR 8 ( TINIMO ) A8 3
FFPE H iR T K% R R 2= s 55 Z B e, #F
i 2 B R B 2 B (R BE B AR iR 2020 5
057 ) . BFYIARERELT 50 mL BebRr in A —H
IR WOIR AL, 2 15 min, F53 59 JEK 2
fist 70% (v/v) SBEKEEI . 56% (v/v) LK

BAR AL IR, B IR 10 min, DL 5E A7 4 1 )
HAY) RS K G, ZJ5, H 60 wL 1Y 40
g/L SDS # MU F it , - 58 il o 4 A it ik 3
1.4 UHPLC-MS/MS 4#f

TBhA A MM 0.1% (v/v) FA 19 2% (v/v)
G, B M 0. 1% (v/v) FA 18 80% (v/v)
B KB W, ¥ KB B FE T Acclaim PePMap
RSLC C18 a4 (250 mmx75 pm, 2 pm) #4715
2 W 300 nl/min,

1.4.1  JRAE 15 % 30 A8 4 E Al

T3 — o SRR B VB BT[] 50 min, O ~ 30
min, 5% B~30%B; 30~35 min, 30% B~50%B; 35
~38 min, 50% B~95%B; 38~43 min, 95%B; 43~
44 min, 95% B~5% B; 44~50 min, 5% B,

D5k 2o SRR BE VBB ] 85 min, O ~ 60
min, 5% B~30%B; 60~70 min, 30% B~50%B; 70
~71 min, 50%B~95%B; 71~75 min, 95%B; 75~
76 min, 95% B~5%B; 76~85 min, 5% B,

D5k = SRR B VR BB ) 130 min, 0~ 5
min, 5% B~8%B; 5~105 min, 8% B~30%B; 105~
120 min, 30% B ~50% B; 120 ~ 121 min, 50% B ~
90% B; 121~125 min, 90% B; 125~ 126 min, 90%
B~5%B; 126~130 min, 5% B,

142 JFEREEMH

76 1F 85 7 B0H Ot ( DDA) B2 R R 8 8 die
— Y I R AR TR LN 350 ~2 000 Da, 43 HE N
60 000, [ B4 25 75 (AGC) {5 Ky 3x10°, ] KBS T
AR EBEE R 30 ms, BFE-Flid 27% Y6l E g
TR R AT +2~ +7 T AARREL, 4900
T ATE 15000 43 HE T i#47, AGC B E ol 5%
10*, /3B 1 g m/z 1.6, SASHEBR I A B A 45 s,
1.5 HESH

F| i Proteome Discoverer ( PD) #& 4 ( Bi A<
2.4) SR BT R ARG, SRAH 2021 42 H 2 H
1£ uniprot J&E H R 2% 19 TR B 2R S R 3 1T T
B, — 2R B RN R S B Y T A 4 )
4 1.0x107°( 10 ppm) F12.0x107°(20 ppm) , X&
TR EE U R R SRR ), e 22 Ao 2 TRV A5
FHEE BT N-R i (1 S e Ak (+42. 015 0 Da) A1 H i
FIRIAA (+15.994 9 Da) 15 B A Al A8 &1, 2 B
AR R BE R (+71.037 1 Da) B8 0 [E 2 B 1,
Pl Bk B AR 1 B 4 € i FHPE#E (FDR) < 1%, 7
JH MaxQuant K1) (BiUAS 1. 6. 5. 0) X 5 i % 5 10 44



- 278 - 1,

i F43

AT M E o, 9645 PD B
,f%?#—iio

2 ZERETe

21 EARERAENEL

Pl HeLa 41 g S it , 5 28 AN ) 28 11 o 4 BB
FIGT A 0T B B R B 5, 43 il >Rk 40 g/L
SDS .6 mol/L £ .8 mol/L JR % . 1xPBS Z& ik
PEHURH [F] 5 HeLa 40 i b (9 28 1 5T, T R B T8
S48 Bl %) B 1 T 2R o AR BB 5k S8 B 1 B AL
PR AR R % ST i A ) K B E AR R 4E 3
W REHTE T A2 PD M h A IFK &R, 15 2R
TR AN B R e g R, wE 1R,
40 g/L SDS ¥ W 4 B (1) 2 1 Jo7 46 o e de i, 1%
PBS 2z i 412 B 28 11 0T 46 0 B0 B ik, A AR
L, SDS ¥k 114 85 11 JoT 46 8 B0 = i 32. 3%, hAh,
40 g/L SDS ¥ $2 WU RAF T %08 (B 1 B e
F) HAth 3 AR EGRT ) 64. 4% ~ 82. 2%, 5 HiAth 3
PR BURA A L, 40 /L SDS & ik fE 2 ph % 5 775
MEAT, i FE A RIS (GO) 40 el il 43 #r &

a
25000 - 4845
i3]

= 4386
3 4125
= 4000 -

£ 3662
=
s
33000 -

£

=
Z

2000
PBS GuHCl Urea SDS

E1 AEEARRIKFLEIN (o) EARBES
(b)EBRMFR
Fig.1 (a) Numbers and (b) Venn diagram of
identified proteins under different pro-
tein extraction buffers
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Fig. 6 Repeatability of the proteins quantified
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a. goiter (G) ; b. thyroid papillary carcinoma TINOMO (T).
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