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Study on the mass spectrometry interference correction scheme for
the analysis of trace cadmium in nickel-based superalloys by glow
discharge mass spectrometry
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2.NCS Testing Technology Co.,Ltd.,Beijing 100081,China

ABSTRACT: Fast flow-glow discharge high-resolution mass spectrometry(GDMS) has unique
advantages in trace analysis of nickel-based superalloys,but trace cadmium cannot be accurately
determined due to interference from oxide ions formed by the alloying element molybdenum. This
article comprehensively optimized instrument conditions such as fast flow-glow discharge current,
discharge gas flow rate, and pre sputtering time, examined the interference elimination scheme of
mass spectrometry in high-resolution mode, selected the optimal analytical isotope '*Cd, studied
the relationship between MoO" interference intensity and molybdenum content, and obtained the
MoO" and "*Cd interference correction equation from the fitted correction curve, with a correlation
coefficient of 0.999 4.The standard sample of nickel-based wrought superalloy with a Cd
certification value of less than 0.1pg/g and Mo content of 3% was used as a blank sample.The
content of ''*Cd was continuously measured 11 times to calculate 3SD and 10SD.The detection and
quantification limits for trace cadmium in nickel-based wrought superalloys were obtained to be
0.081pg/g and 0.27ug/g. The established calibration scheme was used to analyze the cadmium
content in the certified samples of nickel-based wrought superalloys.The corrected measurement
results were in good agreement with the certified values,with a relative standard
deviation(RSD,n=6)of less than 12%.It was applied to the analysis of cadmium content in three
actual samples of nickel-based superalloys with different molybdenum contents,and the results
showed good consistency with the reference values obtained from wet analysis.

KEY WORDS: Glow discharge mass spectrometry(GDMS); nickel-based superalloy; trace
cadmium; mass spectrometry interference correction
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SR, SEMUBAANER AR . WOGE SO (LIF) AT ICP-MS 4R, 43 3R B2 95 3L
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TCER IR (ICPMS) 1EW K& @ AHK M 7 i b K IEE AT BARER, 2T &8
TE. @RIEEA. &RHF LRI ED . SE R SEA R R IEE S E
BEMEER, 5N R SRR B R B UIAH O . SEI A I P AR A A 5 DU,
RN 3 8, BATTB T 7 SRR B 0 BB S A S 70 B T — AR R R AL AR, I
W N T (il (LC) -ICPMS SEBL 4 AL A A0 HT o 12285 B mT LA S 00 v Rl 1 43
PERRTERAVE T N AT = e hest, et i -5 an riR A Sk B S L. 2R )5,
I FH 7 55 98 P FH R R 1 Pt 55 R T S ST R B R R A 0 B . X 100 pL LR RE
i, BEANTRAFEEEERTZE 10 min N 5E . DU As(IID). As(V). MMA(V)F1 DMA(V) N
SHTX R, RAIA AL B B P A2 3 BUE A R R A 4L, S i i) B ik
96% LA b K Fiab e B 5 LC-ICPMS BXH, DUMEIE A R4 0.017-0.023 pg L™, ¥
REN 2.3-4.2%. MBI, TifA (DBS) B RIME /N (80uL). FEfhFaE HA T
TRAEII S (A CRETRAE 30 KD, NI T ERTIR G 5 B0 8 T M & TAL 21
$H, 454 LC-ICPMS 53l 7 DBS H L MEEA 3 H. DBS 1 AsB. As(Ill). DMA(V).
MMA(V)~ As(V)FIHEE H RN 0.09-0.15ug L ™!, K% E<11%. JRBAENE S T, B
U EC B = B A AFTRE A, B 1 DA DA AR A1, 30 B A I B AR A R A I AR T S
MMAI)H DMA(IID) . Ak, FATETE T — R BRI B RAF G & (USS) T E B Tikb 21
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A, FH B RS S R B R AR A B, AT MMA(IIL) A1 DMA(IID) 4R
tho Gid USS flizfifa, RFFMERSEN APS %4, JRFEAERESM T B3l 5 MR R
A I UEFEE S B LC-ICPMS #HATHIEA /00T X FHAFEAR, KEEFI 2 H BT [8]5) 51 <8 min
<18 min. 7 4°C 244K, 24 h SR MMA(IIN) AT DMA(II) ) [ 43 55 86% A1 67%,
FOAL G (T IURE V25 2 3l i HE 28% 11 67% .« 4 APS 5 LC-ICPMS BXH I, AsC As(ITT) s MMA(III)
DMA(V). MMA(V). DMA(IID)AT As(V)fifar R 0.03-0.10 ug L™, A5#E<10%. 28R
AR RIREE LA IR, B SN B AR IFREG B NSRAERE . AvP Al ST R AR
RITTEASAE B BB BCE J R NS AR, JRATT 8T T —Fh— b 202 B A (DSMD
- B4 YK (CE) -ICPMS R%t, T 7RI 51 2 T2 I OBEHE N B IR T 1
ZANAS BEACR A 3D FTENFR K B, UEM R SMHIEER S O/ E, B 3T B
i3, BRI, pH A R B HES AT . AL R 1 B BRI A HORE L NI TR Jl T
g RS, SCIELREC . oy AN E, DAVEBR ORI T, A0 V6532 B IR 2 By i e e it
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S AR R AR UGN RIRGURAPEH X 73« BATE DO BL T GORIRAE B R R
AR ALK LR, AR — DR AT DR R GO R AT . Bedh, BATE UK Si A2
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Exploring Novel Adsorbents: Nanocomposites and Metal-Organic
Frameworks for Dispersive Solid-Phase Extraction Coupled with
LC-MS/MS in Food and Biological Samples

Wei-Ting Jung, Hui-Ling Lee*
Department of Chemistry, Fu Jen Catholic University, New Taipei City 242, Taiwan

ABSTRACT: Recently, there has been significant interest in nanocomposites and metal-organic
frameworks (MOFs) for analytical sample preparation, owing to their exceptional chemical stability,
ultrahigh porosity, and customizable structure. A green strategy has been devised to incorporate
various materials, such as polydopamine, hydroxyapatite (Hap), PHF-1a, and copper sulfide (Cu-
S), aimed at enhancing functionality and properties for efficient extraction in food and biological
samples. In this study, novel sample pretreatment methods using polydopamine and Cu-S have been
developed for the rapid and efficient extraction and sensitive detection of azobenzene dye
compounds and 12 fluoroquinolones (FQs) in food samples, utilizing LC-MS/MS. Additionally,
Hap and PHF-1a were employed for dispersive solid-phase extraction, enabling the detection of six
steroid compounds and several tryptophan metabolites in human urine and serum. Various
optimization parameters, including sample pH, sorbent quantity, extraction time, and solvent
selection, were investigated to achieve optimal recoveries. The findings of this study are expected
to significantly advance the use of nanocomposites and MOFs in dispersive solid-phase extraction
techniques, thereby facilitating future routine analysis across a broad spectrum of applications.

KEY WORDS: metal-organic frameworks (MOFs), dispersive solid extraction, LC-MS/MS
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PR R T B 4 GC-MS m REN R EFIY

SEARE L2x, i, BARE Y, gk 12, BXOEHEE 12
1 MR, fh2z2EBe, WA, ABMT, 450001
2 IR, AN EIRE R, WEEA, M, 450001

LT AMRFEANPURABEEAR RS, A REE AL S (VOCs) 17041
HAPRNE T AWETTE SR A AR s 8070, SOnEM A B8R E, RENS K
MR SARRE D P VOCs & AR T8, BEJe BRI N B i- ik (GC-MS) %
4T o P2 2 B AN B R AN SR P A Tk s, I A P I S ORI R T
FTOArE 2. 2P BRSO T IR AR A A, FT DAA R G 2 BE R BT
o, Hw VOCs KLl s ErE o b TP B v 1 e EUER T AR MRS I AR, BEX e
THRO, ZITEARRAL R AR BN GC-MS ¥, Rl R U R E R m (E SRS 23
e ZITED M BB 42 VOCs, K AL S YIRS 45 FsgnE) 212 F, D% 5E H
22 MREAERNITENEY. N T BRAEZINER ATV, I8 A b fE A S
FHZ 16 fift VOCs FEATENA N, IESEIXEEAL S WIFE 40 70 Bl UR RS EAFAE « MR A
PR P R SR AR B, B PR A A IR TR 38, Je vt T & s afadsi b, AR
VIR T RREE N, IR B BAT ERER A A AR A T T TS 70 o 25N I 22 e B
TIHT RIS 1 X 7SR MR i R rh e A AN R A VOCs YR A RUX 7y o 43 E, ASHE
FUPTHR A B AR U E R SR R 2 ThRetE . m RBUZ SN 2T RE VOCs fIRE
J1, FESREEHI . ARHIE TN VOCs Wl 73 #7450 R I H ™ e 1) 2 52
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Novel Analytical Methods for Aristolochic Acids Analysis and
Associated Disease Risk Assessment
Wan Chan

Department of Chemistry, The Hong Kong University of Science and Technology, Clear Water
Bay, Kowloon, Hong Kong

ABSTRACT: Aristolochic acids (A As)-containing herbs are widely being used as herbal medicine.
Accumulating evidence also showed that AA is an emerging class of environmental pollutant,
released from the decay of unwanted parts of AA-containing herbs or AA-containing plants in the
environment. In view of the public health risk of exposure to carcinogenic and nephrotoxic AAs,
through both herbal medicinal products and environmental exposure routes, in July 2022 the World
Health Organization is calling for global action to fight against A As-associated cancers. In this talk,
we will introduce our development and application of various analytical methods for detecting AA
in herbal medicinal products and in environmental and food samples. Methods for early
identification of AA associated disease will also be discussed.

Email: chanwan@ust.hk
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Atmospheric Organic Compounds Measurement using online
Chemical Ionization Mass Spectrometry

Zhe Wang" ", Yi Chen"*, Penggang Zheng', Lirong Hui', Xin Feng'
1. Division of Environment and Sustainability, The Hong Kong University of Science and
Technology, Hong Kong SAR
2. Department of Chemistry, The Hong Kong University of Science and Technology, Hong Kong
SAR

ABSTRACT: The chemical ionization mass spectrometry (CIMS) is a powerful analytical
technique used to detect and characterize complex organic species in trace-levels in the atmosphere.
Soft-ionization techniques used in CIMS generally conserve the molecular information of the parent
species without significant fragmentation of the product ions, and the combination of selective
ionization capability with high sensitivity and mass resolution of time-of-flight MS enables the
online monitoring of thousands of organic compounds in real-time. This talk will present the
measurements of oxygenated organic molecules (OOMs) in the coastal and urban atmosphere using
a high-resolution CI-ToF-MS. Our analysis identified and characterized a thousand OOMs at the
molecular level, and investigated their formation pathways and atmospheric impacts. The results
revealed abundant anthropogenic low-volatility organic nitrogen species in the atmosphere and their
significant roles in the air quality of megacities. The findings can provide valuable insights for
understanding complex air pollution problems in China and effectively mitigating the urban air

pollution issues.

KEY WORDS: Chemical Ionization Mass Spectrometry, Atmospheric Chemistry, Volatile Organic
Compounds, Oxygenated Organic Molecules (OOMs), Air Pollution
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Application of data-independent acquisition on screening unknown
pesticides in tea leaves using high-resolution mass spectrometry

Hong-Jhang Chen*, Gui-Ru Xie, James Chang
Institute of Food Science and Technology, National Taiwan University, Taipei 10617, Taiwan

ABSTRACT: Pesticide management is a crucial issue for sustainable agriculture and food safety.

Triple-quadrupole tandem mass spectrometry (QqQ) can accurately quantity the residues of
pesticide ensure the food safety, but it cannot detect the unauthorized pesticides out of regulations.

Moreover, the metabolites of pesticides converted by microbial in soil or plant may still pose

environmental risk. Non-targeted analysis performed by high-resolution mass spectrometry (HRMS)
coupled with data-independent acquisition is a novel strategy for effectively monitoring pesticide

residues in food or the environment. A total of 845 pesticides could be simultaneously analyzed

using HRMS by the Canadian Food Inspection Agency, but the false-negative rate is 10%. In

addition, carbofuran has14% of false-positive rate in the validation experiment. To overcome the

excessive false-positive rate and reduce the false-negative rate, we proposed the traceable and

integrated pesticide screening (TIPS) to screen 900 pesticides, with the screening limit is 10 ppb, in

commercial tea leaves using HRMS. A total of 100 pesticides and metabolites were detected and

confirmed in 98 Asia tea samples, including three unauthorized pesticides. In addition, two “known

unknown” pesticide metabolites were identified using retrospective analysis. Our study provides a

novel strategy to effectively identify the pesticide of concern that pose risks. TIPS could be used as

complementary method for regulatory inspection to monitoring the application of pesticide in

environmental to assess soil pollution or organic farming, for the sound development of food and

agriculture.

KEY WORDS: Non-targeted analysis, high-resolution mass spectrometry, data-independent
acquisition, pesticide
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FHTFIERES R EIFEESLE GCMS TRETINEEM T

HEGE, skzih, B, B2, HUE
BUNIMYE K2 MRS ZA T 220t B AUREAL 2 AR R 2008 30 8 s =,
WL B 311121

R A R AP WE  REAR ST V2 N TR A= R AT H & A0, PR HEFRIR
FAEESL(DCM)FIBAAET S RIImAFb . R, BTFHEEHZRH KD, DCM #iE
TS e AT B 25 0GR . AU 2 H RTHET DCM Rl 1) = 2 F B, (HAUm B
(IR b B SE TCPF  REAR ) % 1), TE SR A i R gt 2728 DCM AR [BHifi, R =
DCM [1J#ERf € SAAFAE M EB . A SCRFHAER A RR, SEBL T HERERR 1 A K H
BRI EUE S AR IR SR I it 2 B (AHAR B U 7 25>98%, R>1.00), 6 T AX#%
SN DCM E & RTH, A 7 —MyRE )\ F IR IaEERE (D4, RN
TSR (DS) A+ IR /S EE AU (DO) I E AR THH GC-MS € &7 ik =N 55
g H NEIPE (RSD%) 7 02~1.8% [0, HIE RSD% fE 1.3~3.6% [H]; £ HFRTE
0.40~0.52 pug/L Z[d]; 7E 1.88~190 pg/L ¥ 2T I A AH G R EAE 0.998~0.999. &5 REH,
ZITEE G ER SR B AF, BT srafr ik mmrSEvE, AT TR E DCM HIHER: & & .

B HEMEESEE; UM G ORI s SERVERTHERE: RN ERER.
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T ICP-MS I #ERF AR AKFE PMas
ERITR KI5 RAHE 5 R R HT IT
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HEINAE B o B L () A AR AL AN Tl Bt —, Hbukbrp i, K A2 E (1) PMas 5
Geo SR, EHXT PMas 22 KRFEHEFT, ST NEAMMEREE PMas AHRHEF > . A TAEF
AN NEHEACREERR, XN 7T BT 7K PMos AMACRFE, 5T HUBR & 5 & 1R
W (ICP-MS) WHEAT 24 P& JEusm AT oM. SR B ESAEM T RA S, HAMESH
BBl PMys 1 4@ JC IR S ATTE 1.088%10° - 3.471x10° ng/m® 2 [8], JLrh &K FRANE 5 YLy
PR, 48 ALK, N 1.19x10° ng/m?, HUKCAN 48 Fe (2.45%10° ng/m®) Fl Mg (1.46x10?
ng/m*) o AHF TR T RANA S Bl PMo s (g Jm JC R TS R DUIRSR A 7S B R, vRE
HH b XN 25 T G i AR TG R A T e S

K HEmITEK;, DABRERE PMos; 15 RURHIE, &R XU
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BRI T BB R LC-MS/MS R v

R, BT
Fp L AO B2 B AR 7 o LA 5T B
AT e X 5 B [l PG % 2 5, 100193

REVERHE IR R E IR FERsEE (PET) MR R _HR Tl (PBT) %
LRAIEER IR, HAASRE A IHAr . S PHRRSE R RS, B AT e ek, &
BEAEH T e il RE AR ARV AR XU, 32 BERIUNM BN fa 9 1m & S R IS . SRIERIK
R Rl B — BRI EEY, REMEE S, PR &I T =4, BE
FEIEHAE 2-7, 781 1000Da LA T o WA REKR Y B4E PET KR PBT (KR,
F 5 MR RI RIRIRIC R D R ZE VAR SR, B AN B B 2R AE o X SR IR A v] RE M B3
MENER R a T, UM, B e f2ea. Fit, A LEE & R AR
RIRIRT T, AR AU, M I R T B

AHIEFE ARSI DAy e 1 S ASADLA), J S SRE BRI SR A I T v o LI ER 7 PR R AR
), AFE 3 FERR PET KD (2~4 TR, 3 FiERIR PBT KM (2~4 TR, 1 Fhzktk
PET (KW (2 A+ ). B, LR T IR ORI AL IR S AT b3 7. A
AR CEEGRD A=, HIREC iR inegE, & GRBIZERGRD wina ] RE K
RYSERUSRMR , FER IR B0, B2 RiEWEE C18 ¥Hkk: (& 6mL, ik
& 250 mg) EBFRiE EHIAIESL) 3 B, 1 mL BHEEBEN, IERAESXTEH 1 mL
LI ENL AT R, B B TR B - AR TS (LC-MS/MS) BN ER /T 7. R
F Agilent ZORBAX C8 (3.0x100 mm, 1.8 pm) ik BAFRMEY . WAk A K (&
0.1% AN 2 mM HRED, WahH B AHEE (5 0.1%H A 2 mM HERE), B RSN,
I A AN 20 mine SR ESI & FURAE 2 R (MRMD B R, R4k miig 5
IRBR AR AR . Seae st TR, UMW ERN 1.0 g ZEFHMAHEN 02 mL, H
BE (% 0.1%) fEHEH 20 mL I, ZERCCR . 2 AR 7 PR BRI SR A I R 257
762 ug/L LR, RN 10~500 pg/L (R2>0.99), 5 MK (50, 100, 200, 500.
1000 pg/kg) I[N ILE 70%~120% ] o

AHF TS TR R 7 BB R LC-MS/MS Kl 732, %R . R
WUE AU R R R BRI E R AT IR e RS, DA IR B A Rl e 4 %
LR

B MMM, RERCRY), HERETLEHE, LC-MS/MS

S IR
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7K 2 i R B 22 A WRURE 60 R TS A T B AR 5T
JHBLAE 23, SCFEME 23, XXk 23, AR 23
1. bBWREEERE:, K S4aEbE, LilE 201306
2. HEZKEREEFBE, dERT 100141
3. ANV K S 2 A A SR =, bR 100141

IKFE R . TR & iy, R Ak 24 B (10 BORE - T R 2 BT A R A
SO, R A SRR PR S B T A RO 2 — o B FUE KT 7K 7= b A AR 245 5% B 43
Prif FE R TSR BUR, KB — P 2 BERR AR RS (MWCNTs-SAL) # k), I
W AR R B AR A ), g ST — s RIGHRRE €3 - — B DU B AT/ 52 5 R 1 5 7 BT %
ICHGE T K= R 66 R Z55% B I Tk o SR % 5 R4S 8 - PRk A8 JE 1) 7 1k il 4615 5
MWCNTs-SAL ks, FEHHAE A siorl. M ZGVE N FREIUE ), BT AT R 3 2
RN CIEFRBGRIEAT 510 o SR FH i 80U i H PR ST 0 88, 22 RS I X
TR ZE IR/ S G S 5 T B R AR R s, B UCEChRE Hh 22 e 250 R
Fi B MWCNTS-SAL MITESEATRAE, T MWCNTs-SAL 5 i i Ab EUR A e 55 1 %
WU (AL RCR, 55 T MRS HO MWCNTs-SAL WL BRI . 4558 %1, 66
PR ZEE 0.5~50.0 pg/kg JOFE N2t RIF, MICRE>0.99, FHoiaHh RAE &R 58
0.5~1.0 pg/kg 1 1.0~2.0 pg/kg: fEAK . BRFE T, XTFE3E EOX IR B BT PERE S adE A7 s =]
WM, [FRERTLE 64.07 ~107.34 %G H N, H PATE A RS 2 B2 35 /N T 20.39% . 1% 757
0% POk, W R BARGE I R BRI E S, ATE K AR 255k B A I ) T AT
Tk

Oscillating clean-up column High throughput purification

Injecting of extract solution Placing on the column tube rack under vortex oscillation
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#F UPLC-EAD-MS/MS HARM EAD $ERE R BiE BRI B AT A
E Y B H =8 sn A28 F ik
R, FA, BW, E5 Bt B
e L M 22 B SR E I S0 7, Al B s I T8 e s, R M E I 2
BE R E R, ORISR 5 E TS E s s, ik, 2RI, 430062

Hih=FE (TAG) ZEHMMIEZR, & 95%Lh Fo H il = B8t fg 7 B4 K A1 sn 7
BOATURE T B HAE SRR . R =B E AR B IR BRI sn AL E, DLR
WU BRI B, RKORIGIN T H ik = Ee i a5 M RAE Bk . EAD (IS0 RE) & —
BB A B R, AT DA BRI AR R H ol =8 5 b a-hocs, A8 F TR0 H i = s
JEWITESE sn A7 B MRE R BOE+, O THRB 20 F IR 4G IR IE. ABFF0K UPLC-
EAD-MS/MS A M F T H it =Bgbs#E s (OPO. OOP F1 OOLn %) {14347, @it H i =g
FRAE AR B T EAD-MS/MS #FZEHLH K FRFAE sn A B S Wigs X 456 H b =B
Bl L HARAE sn AL B2 W 6, E57 T 11000 > EAD-MS/MS ) TAG RFAERE F Hidi J2E Al
HENVCHE RS, TR0 EAD A0 A H =85 sn A7 B AR RIS (i B 0 me A s
TH 5%, EAD-CFID). ¥ UPLC-EAD-MS/MS $3A N FH T ANl FH A 10 H i =18 o
BT, QAESEFFN . ZEAEFF . R AR TR 55, 455 EAD-CFID ¥ PE B 2h UL RL 7772,
MNAN 5 FH i e R 5 8 A E B 729 70 FhH i =8 sn AL E A9, e ) E IR i 2T
Mg ft 7B .

XA HIW =8, UPLC-EAD-MS/MS, £ & ik, Y
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R BURE i AL ERAA L5 BRSBTS QIR O b ) O T
HMABEHLHEL (COFs) M& @A HHEL (MOFs) HIig £tk KHRmM. mfazEik. 7L
Frlif, SEIEEALE . 5T ERRBBIESE, A SCEEK COFs fl MOFs 454, &itA i
T e R AR BT AL COFS/IMOFs 2 &4k (FesO,@TAPB-COF@ZIF-8) , LAAIfER
EAHZEEC (MSPE) I, # 73ET MSPE HARKIMBRSH#H % (B D o Z5KH,
Fes04@TAPB-COF@ZIF-8 X} BPs Z575 YW Il R 4 IR B2 e 77, 147720 BPs 2575 444
PR IBRAG, MY, HARME. @ ImATEI . R&ZIIERIN T 7858
A S XU (BPs) 575 AR 4T

Kl 1 COFs/MOFs & & #1RHi I AHAE X BPs 295 QM) i K.
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Determination of triazole fungicides in soybeans with cobalt-
enhanced lanthanide metal chloride anion magnetic deep eutectic
solvents in-situ dispersion extraction

Lingqi Shen!, Yu Wang', Bincheng Gong', Zuguang Li'*, Guohua Zhu?*
1. College of Chemical Engineering, Zhejiang University of Technology, 310014, Hangzhou;
2.School of Environment, Hangzhou Institute for Advanced Study, University of Chinese

Academy of Sciences, 310024, Hangzhou

ABSTRACT: Deep eutectic solvents (DESs) as functional liquid media have received increasing
attention in recent years.!" 2! In this work, we synthesized a series of magnetic deep eutectic solvents
(MDESs) with lanthanide metal chlorides as paramagnetic metal centers and developed a reversed-
phase dispersive liquid-liquid microextraction method (DLLME) based on the in-situ dispersion of
MDES:s for the extraction and preconcentration of triazole fungicides (TFs) from bean samples. The
dissolution of short chain carboxylic acids as hydrogen bond donors in n-hexane leads to the in-situ
dispersion of MDES, replacing the toxic dispersants of traditional DLLME species and shortening
the extraction time. Cobalt powder was added to encapsulate MDESs to enhance the magnetic
properties for the purpose of easy phase separation. Various parameters were optimized, including
volume of MDES, extraction time, amount of cobalt powder, and volume of elution solvent. Under
the optimal conditions, the detection limits (LODs) and quantification limits (LOQs) of the
technique varied between 0.097-0.13 ng-g™! and 0.32-0.43 ng-g’!, respectively. The range of spiked
recovery rates for the method at three concentration levels was 88.97-113.7%. To summarize, this
study represents the initial application of in-situ dispersed lanthanide metal chloride anion-MDESs
for analyzing bean samples and the proposed DLLME technique is rapid, straightforward, and
efficient.

KEY WORDS: Magnetic deep eutectic solvents; Reversed-phase dispersive liquid—liquid
microextraction; Lanthanum metal chlorides; Triazole fungicides
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Wheatgrass (Triticum aestivum) as an Efficient Phytoremediation
Plant for Aristolochic Acid-Contaminated Water and Arable Soil

Hong Ching Kwok, Wan Chan*
Department of Chemistry, The Hong Kong University of Science and Technology, Clear Water
Bay, Hong Kong

ABSTRACT: Dietary exposure to aristolochic acids (AAs) through AA-contaminated foods has
long been identified as one of the main causes of Balkan endemic nephropathy (BEN), which is a
slowly progressive renal fibrotic disease affecting numerous people living in the farming villages
along Danube River in the Balkan Peninsula. Recently, we discovered that the farmland soil and
groundwater in endemic areas were contaminated by AAs, released from the decay of Aristolochia
clematitis, increasing the risk of human exposure to this class of highly potent phytotoxins.
Therefore, it is vital to develop remediation methods for AA-tainted water and arable soil. In this
study, we investigated the efficiency of the phytoextraction of AAs from AA-polluted water and soil
by using some frequently used phytoremediation plants. From the experimental results, it indicated
that wheatgrass is greatly efficient in extracting AAs from both contaminated water and soil among
the selected plants and metabolizing A As to the less toxic aristolactams (ALs). Moreover, it showed
that an acidic environment, which is typical of endemic villages, increases both the phytoextraction
and plant metabolism efficiencies, underlining the applicability of the developed method for
affected areas.
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MIL-100(Fe) Porous Solid Phase Microextraction Probe for Benzoate
Analysis
Linhui Liu', Hongying Zhong? *

! Laboratory of Mass Spectrometry, College of Chemistry, Central China Normal University,
Wuhan, Hubei 430079, P. R. ChinaKey Laboratory of Pesticides and Chemical Biology, Ministry
of Education, P. R. China
2 State Key Laboratory for Conservation and Utilization of Subtropical Agro- Bioresources,
College of Life Science and Technology, Guangxi University, Center for Instrumental Analysis of
Guangxi University, Nanning, Guangxi 530004, P. R. China

ABSTRACT: Benzoates are small hydrophobic volatile esters that are widely used in the cosmetic
industry as raw materials for flavors and as preservatives. Benzoates are small hydrophobic
substances, and hydrophobic chemicals can be harmful in the human body above a certain
concentration limit, so the concentration of these benzoates should be lower than the safe range
when they are used in the human body.

MIL-100(Fe) is a mesoporous, environmentally friendly and water-stable material with a variety
of hydrophilic and hydrophobic centers, which has been widely studied as an adsorbent material. In
this paper, a rapid method for the detection of parabens in personal care products such as cosmetics
and perfumes was established. Uniform MIL-100(Fe) solid-phase microextraction fibers were
prepared by electrodeposition, and a SPME-GC-MS method was established for the qualitative and
quantitative analysis of the parabens.

KEY WORDS: MIL-100(Fe); Solid Phase Microextraction; GC-MS
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%W PPDQs I REAFEAE A MKy . N 7 4XIfT 1 f# PPDs/PPDQs FEFRIE 15 Yukh il A1 2 55 X
e, TR T ET 2 BT 6 KPS Rl 77 % . R RBRECH (LC-ESI-MS/MS)
T S B R N [F I,k — A P 2 I B O A I/ H 2 /AT IR TR BT 1% (SALDI-TOF MS)
ST ANEA B PPDs 5 PPDQs (fRIfE. Enl & . ARG & A, ~iX
PRBS BERR P B 0 AT RIS, Fedb . R KBS R34t 7 07 v S kAl

BRI N OE R S L ERSRATAEY); LC-ESI-MS/MS; SALDI-TOF MS; 75 YL 4iF
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Effect of Bacillus subtilis on corrosion evolution behaviors of
different aluminum alloys as a function of aging

Hailin Zhou', Hongying Zhong>*
!College of Life Science and Technology, Guangxi University, Center for Instrumental Analysis of
Guangxi University, Nanning, Guangxi, P. R. China, 530004
Laboratory of Mass Spectrometry, College of Chemistry, Central China Normal University,
Wuhan, Hubei, P.R. China, 430079

ABSTRACT: Aluminum and aluminum alloys are second only to steel as important metals in
industry and are widely used in many products including car parts, airplane components, and
building features. automotive parts and aircraft components. and one of the most widely used non-
ferrous metals'. Microbiologically influenced corrosion (MIC) is a major problem involved in
several industries. All materials in contact with the natural environment are affected by MIC to
varying degrees’. Microorganisms provide more complex biofilm environments and produce
different metabolites and corrosion products, and a key factor in understanding the control of the
rate and extent of corrosion in each environment is to identify the reactions that may occur within
the corrosive biofilm®. This study used DESI-MS imaging to explore the evolution of Bacillus
subtilis on the surface of aluminum alloys, with the attendant corrosion. To elucidate the relationship
between microbial colonisation, biofilm morphology, and corrosion characteristics.

KEY WORDS: Microbiologically influenced corrosion; Aluminum alloy; Bacillus subtilis
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JR P TR AEAZ AR 5T TR FH 2 e

BRAE, iR, BMNAY, WKIEEE, SR, REME ROOE, AlU4E, ERNEE, RIS
[ TR BT SRR SR, DU T i e =E A 9 %5, 621907

BB Tolk b St ok, AH SR 5 HORTE REVR S5 I 45 B 2L B FH 755K
BT AR S DEARRE 0 70 T3 A LM R A B S, SRR e SR it e e &=
T, R ERFEELHEAAE R, e 7 R HE T EEEH.

RSB ARAERZ AR ST AU S 7 T, A B LR AR 1 fEEAMREAL R
ST, B SO ZE KT E (MTE), MM SR (TIMS) S2L 7 ahir &, KFEE
A7 2 [mI N AR IR, ORI & T R R T Al i) R B TR E R (TIMS)
AT L2 BB, SR SR A A SR B AEAT 22 ERMTRRAL, FRAK T SR IR R I R i 3R i 1 4l
VR R BT RN RMRE, @0 T AN B EF BB eI Al 0 & = e p U = 10 7
o 23 TEMBIRBTER ITT I, A2 7 s  ICP-MS B 7RSIl &l %5
TRk AT BTl A R BUE R OGRS v, SEEL T Bl LaNiS F&JE/ A
S AR FOC RN E . 3. fEW RO R B 220 7T T, N Lt 55 5 1B 1% (ESI-MS)
WL TR SARAT R, 7R 17 05 B R IR 18 5 RO AR S Ik 25 T BE S ) R AL R 454
FHEAE ML S o 4 TEAZA RHH ZAS5 M R i T R 07 T, S8 R AT B [8]- KB F- 3 1% ( ToF-
SIMS) 7t T 8l&E & Je Wy R HAE L] G EocEm o S/ AT A, 5,
TERZBGERE T, 8 2R S i FBES S, 5e 73RS brs SEBVEhfIoh: [F) 47 3=
NS RS AT

FE EIRBEFE TAR S, @S T — RANEXREE 75 KBRS 2 #0732, IR 1 AR
HLL 2V RE AN, FSCHLERRE SN T 20k PR 65 45 RS 1) AR AL 1 i v S
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Precise and accurate determination of Pu isotope ratios by ICP-MS

Siqi Guo, Jiang Xu, Wei Wang, Yalong Wang, Ruiyang Xi, Lei Feng, Zhiming Li"
Northwest Institute of Nuclear Technology, Xi’an, China, 710024

Pu isotopes are of significant concern in several fields: the nuclear fuel cycle, spent fuel
disposal, nuclear contamination traceability study and nuclear standards development. ICP-MS is a
potentially high-precision technique for analyzing trace Pu isotope ratios, but few studies and
applications have been reported. This work focuses on developing an accurate and precise analytical
method for Pu isotope composition based on ICP-MS. An integrated analysis scheme is proposed.

¥

‘ Sample dissolving to make stock solution

TTICPMEMS
SSB method

Fig.1 Flow chart for obtaining high-quality Pu isotopic data.
To the best of our knowledge, this is the first report of measuring all Pu ratios using ICP-MS.

The results are as follows:

1. The measurements of 2**Pu/**’Pu are conducted by using the CRC in ICP-MS/MS. Accurate
isotope ratio measurement is obtained at ***U/***Pu<10?, and the RSD of ***Pu/**’Pu is around 3%.

2. The instrumental mass fractionation of U and Pu is studied by mixing IRMM290-F1 with
IRMM3636. It shows that U isotopes and Pu isotopes have similar mass discrimination effects in
MC-ICP-MS within the measuring uncertainty (0.005%). An external normalization method by
using U to correct Pu (just like using TI to correct Pb) is built.

3. The developed methods are applied to investigate the 2**Pu/?*°Pu, 2*°Pw/?*°Pu, **'Pw/**°Pu,
and ***Pu/**°Pu in ministerial standards PuSO4-4H,O (named S074). The RSDs % for *3Pu/**Pu,
240py/2%pu, 2'Pw/*°Pu and **?Pu/**Pu of S074 standard is 5%, 0.003%, 0.04% and 0.2%,
respectively. It is the method with the highest precision reported for measuring *°Pu/*°Pu. The
results are shown in Table 1.

Table 1 Pu isotopic composition of S074

Sample code 28py/B9py 20py/B9py 21py/B9py 22py2py
S074 7.9E-05 5.8045E-02 8.520E-04 1.45E-04

KEYWORDS: Nuclear forensics; MC-ICP-MS; Plutonium isotope composition
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¥#xz—, HiliT Ba5 Ra HAMUMALZEM, 78 Ra FERAT ARt H Ba fKF
Ra #HATHFFC. [Ftk, Ba [ [FA7 RIEAZRE . FREE AR S5 7 T #0EAT E B AU E . IE4ER,
BEE BS TE AR I H 25563, Ba R ZRIWES S T H L 0E. Hil, ®fEE Ba R R
ECARLI 5 — M A ] TIMS B(# MC-ICP-MS, SR 1HI R & o PR il ® 7 JLEa~/L T, =
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ZIRTE T B FET I SR [FAL e I UERR B . R, IX PR 7 VR AR S
A B AT AR ER, EALRT T EA B — B M B aifE, B ERRIIRT . SRS
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R LR, LA 2 Ao I & 7 v A7 LR B TP o6 25 BRI 52
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Z U2 I AT [ 26 LA RS IE R b Sl B 2 6D 7E 0.98~1.12 Ya 1 . th4h,
S FZ LI U E T CeFa TR Ce A ZH HH . Z TAERM: {4 FT-ICR-MS 1]
DA AE R 2 R A7 2 LUAE, A2 B e R s, HA T B I RE S alifb mir
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M #eiit (ELEMENT2) 23047 Pu 78 H B R A0 ED BEVEDTRR Y 25 (B 0 AT o 25 R K
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(1) AFRIER UOC ¥y AR UIX /3 Hr B, B TR BRI B e r= A= i A I 4 P 1
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W62 S R 35—l R A5 PR B 48 7R A1), 8 V2 LR T 7K -5 A A A i R A b sk 3=
AR TS o BILE AR /KA R DO TH = M TR 45 0 10 B(OH)s AT [ 1Y T 4 45 44 1)
B(OH)s I PR A TEASAFEAE . IS [F A7 28 /0 TAALER (1R, IR T X i K R Bl AR L T A A
AR FT, AN R R BL B(OH)s Al B(OH)s IR SAFAE, 3 [AIHC 2 sR AL 2
SR T B(OH); & 4 "B ifif B(OH)s & 4 B (145 1%, /K pH i@ id 520 B(OH); 1 B(OH)4
IR XS o b s S M EAL R 018 A2 SR, O B0 R IR A SR R IR AR AE S O F
AHEIE  BARFE I Ny, 2RI H 9B R T B(OH)s A1 B(OH)4 2 41M& LA B3O3(OH)4 - B303(OH)s™
B4Os(OH)4*+ BsOo(OH)4 %5 2 MR AR B T TEASAFAE B4 W R0 b0 2 18] A [F047 2% 0 1
T SWE Z AR A %, UL RS DL 2 SRR AR 25 7 T A A7 I B X 619 A
ER IR (B R 7 25 20 VA (T e H T AN BBk, PR R BEAS T 0 E) A7 25 TR BRI el I R R
W FE R S

AR ARSI DL R IR o A 5 2 M BO AL T K R ll- A&
W 3 A i A b FER RS2 2SR » I DA FEREEE 37 1 22 B RRAR B 1174 24 N (il =) oz
RO . REF TR, 24 3R/ R IR Bk B R O Al R AR VA VR 1 A
WoRIZEMENY 108 mg/L, {ERIRFEM PR AE AR, HA ) B(OH); Ml BOH)s & i€
MBI R E N2 BRI E 1, SR EZ L, B(OH)w B(OH)s+ B303(OH)4
B303(0OH)s*+ B4Os(OH)4*+ BsOs(OH)4 7S FIIEZSAFAE T /K -, HABATT R 2040 CREARXS &5 EkD
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Determination of trace lead in superalloys by isotope dilution
inductively coupled plasma mass spectrometry

SU Dandan! HU Jingyu'*>  YANG Guowu® QI Rong> Shen Xuejing'?
1.Central Iron and Steel Research Institute, Beijing 100081, China;
2.NCS Testing Technology Co.,Ltd.,Beijing 100081, China

ABSTRACT: Isotope dilution and inductively coupled plasma mass spectrometry (ICP-MS) can
be used for the accurate determination of ultra-low lead content in superalloys. Isotope dilution mass
spectrometry is a highly accurate and authoritative method that does not rely on certified reference
material calibration. The 2*’Pb/?®Pb in the natural isotope diluent and the standard isotope diluent
are 0.4218 and 5.4963, respectively. The standard isotope diluent is diluted step by step to the
required concentration, and the weight of the isotope diluent is calculated according to the optimal
dilution ratio of the isotope dilution method. The measured results are put into the formula to
calculate the Pb concentration in the sample. The matrix effect was solved by matrix matching
method, the instrument parameters were selected and optimized, and measured by ICP-MS isotope
method. The limit of detection (LOD) and limit of quantification (LOQ) were 0.9x10°% and
0.2x10%, respectively. According to the experimental method, the result of the determination of
the superalloy standard material is consistent with the certified value. The recovery rate of the actual
sample with 0.2x10% lead content is 98.7%, and the relative standard deviation is 2.1%. The
results are in good agreement with the reference values, and provide a method reference for the
determination of other elements by isotope dilution mass spectrometry.

KEY WORDS: isotope dilution; Inductively coupled plasma mass spectrometry (ICP-MS);
Superalloy; lead
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Identification of Xenobiotic Biotransformation Products by Mass
Spectrometry-Based Metabolomics Approaches and its Applications

Pao-Chi Liao
Department of Environmental and Occupational Health, College of Medicine, National Cheng
Kung University, Tainan 704, Taiwan

ABSTRACT: Ubiquitous xenobiotics exposed to humans and a potential threat to human health.
These xenobiotics undergo intricate and dynamic metabolic transformations within the human body,
presenting a challenge for the comprehensive identification and understanding of their impact on
health. Using the mass defect filtering (MDF) and reported multiple-group comparison approach’,
signals of biotransformation product candidates with narrow mass defect ranges and concentration-
dependent relationships were filtered, and their MS/MS data were also acquired. A high-resolution
mass spectrometry (HRMS)-based metabolomics strategy integrated with a novel metabolite
structure elucidation approach was proposed. FragAssembler® software subsequently assigned the
possible metabolic reactions, annotated the fragment ions corresponding to the mass differences of
biotransformation reactions, calling fragment signatures, and illustrated the moieties with
biotransformation reactions on the xenobiotics through the assembly of fragment signatures. The
feasibility of HRMS-based metabolomics strategy and FragAssembler were demonstrated by the
identification of the biotransformation products of di(2-ethylhexyl) phthalate (DEHP) and 4’-
Methoxy-a-pyrrolidinopentiophenone (4-MeO-a-PVP). A total of 24 and 13 biotransformation
product candidates of DEHP and 4-MeO-a-PVP could be calculated with at least one explainable
chemical structure. Compared to the biotransformation product in silico prediction software,
BioTransformer 3.0, the structure candidates of 9 of 13 identified biotransformation products of 4-
MeO-a-PVP were reduced, indicating that the proposed strategy could reduce the number of
possibilities and enhance the confidence of structural elucidation during xenobiotic
biotransformation product identification. The FragAssembler software and tutorial are freely

available at https://cosbi.ee.ncku.edu.tw/FragAssembler/. A few applications of such an approach

will be discussed.

KEY WORDS: Xenobiotic biotransformation, high-resolution mass spectrometry, metabolomics.
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Monitoring Disease Onset and Therapy Through Extracellular
Vesicles in Biofluids

W. Andy Tao"*
1. Departments of Chemistry and Biochemistry, Purdue University. USA

ABSTRACT: Circulating extracellular vesicles (EVs) have emerged as promising surrogates for
tissue biopsy, enabling non-invasive, real-time disease monitoring. In one study, we investigated
using urinary EV as a potential source for diagnosing Parkinson Disease (PD). We analyzed urine
samples from 138 individuals and found several proteins and phosphoproteins involved in PD
development that could serve as biomarkers for early detection. We used various techniques to
validate our findings, including machine learning and clinical correlation. In another study, we
introduced a quantitative proteomics strategy to monitor drug metabolic pathways by profiling
metabolic enzymes in plasma EVs upon drug exposure. Mass spectrometry (MS)-based
measurement revealed that changes in metabolic enzyme abundance in EVs paralleled those in
hepatic cells isolated from liver tissue. Coupling with multiplexed isotopic labeling, we temporally
quantified the change of 34 proteins involved in drug absorption, distribution, metabolism, and
excretion (ADME) pathways in response to drug treatment.

KEY WORDS: Proteomics; Phosphorylation; Extracellular vesicles; ADME; Mass spectrometry
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Proteomic Landscape of Alzheimer's Disease: Bridging Human
Specimens and Animal Models

Junmin Peng"*
1. Department of Structural Biology, Department of Developmental Neurobiology, St. Jude

Children's Research Hospital, Memphis, Tennessee, 38120, USA

ABSTRACT: We present both historical and recent advancements in Alzheimer's disease (AD)
proteomic research. Proteomic studies have not only reaffirmed the roles of amyloid and tau
pathways but have also unveiled new elements within extensive protein networks. These discoveries
stem from the analysis of hundreds of differentially expressed (DE) proteins that constitute the AD
brain proteome, featuring over 12,000 proteins/genes and thousands of posttranslational
modification (PTM) events. By comparing these findings in human brains with numerous AD mouse
models, we have identified consistent DE proteins and revealed gaps in the protein modules of these
animal models. Additionally, recent developments in spatial proteomics have shed light on the
molecular intricacies of AD progression. We propose the putative protective or detrimental functions
of select DE proteins, with a focus on prominent proteins within the "amyloidome" (all biomolecules
present in amyloid plaques), their impact on disease progression, and potential therapeutic

implications.
KEY WORDS: Proteomics, Alzheimer’s disease, amyloid, tau, biomarker
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Advancing Lipidomic Analyses via Innovation in Single-Cell MALDI
Mass Spectrometry Imaging (MSI) and Isobaric Tagging Approaches
Lingjun Li"*

1. School of Pharmacy and Department of Chemistry
University of Wisconsin-Madison, Madison, WI, USA

ABSTRACT: Accumulating evidence suggests that probing spatial distribution of biomolecules
within tissues at the single-cell level provides critical information to decipher molecular
heterogeneity and reveal individual cell dynamics. Here, we utilized trapped ion mobility separation
coupled with mass spectrometry imaging (MSI) to enable high throughput in situ profiling of single
cell (SC) lipidomes at subcellular resolution. Multimodal SC imaging, in which dual-polarity-mode
MSI was used to perform serial data acquisition runs on individual cells, significantly enhanced SC
lipidome coverage and sample analysis throughput. Subcellular resolution SC-MSI identified both
inter- and intra-cellular lipid heterogeneity; this heterogeneity was further explicated by Uniform
Manifold Approximation and Projection and machine learning-driven classifications. We
characterized SC lipidome alteration in response to stearoyl-CoA desaturase 1 (SCD1) inhibition
and revealed SC lipidome remodeling induced by pharmacological intervention. Furthermore, this
integrated multimodal SC-MSI technology also enabled identification of new layer-specific lipid
distribution patterns in mouse cerebellar cortex, facilitating lipidomic profiling in the brain regions
of a mouse model of Alzheimer’s disease.

In addition to spatial lipidomic analysis, quantifying lipids in complex biological systems remains
challenging due to highly diverse chemical structures. Here, we propose a diazobutanone-assisted
isobaric labeling strategy as a rapid and robust platform for multiplexed quantitative lipidomics
across a broad range of lipid classes, including various phospholipids and glycolipids. Our method
demonstrates excellent performance in terms of labeling efficiency, detection sensitivity,
quantitative accuracy, and broad applicability to various biological samples. Finally, we performed
a 6-plex quantification analysis of lipid extracts from lean and obese mouse livers. In total, we
identified and quantified 246 phospholipids in a high-throughput manner, revealing lipidomic
changes that may be associated with obesity in mice.

KEY WORDS: Lipidomics, Single-cell analysis, MALDI MS imaging, Isobaric labeling,
Quantitation.
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Mass Spectrometry-Based Chemical and Enzymatic Methods to
Comprehensively Analyze Protein Glycosylation

Senhan Xu, Haopeng Xiao, Suttipong Suttapitugsakul, Ronghu Wu"
School of Chemistry and Biochemistry, Petit Institute for Bioengineering and Bioscience, Georgia
Institute of Technology, Atlanta, Georgia 30332, USA

ABSTRACT: Protein glycosylation is ubiquitous in biological systems and essential for cell
survival. Aberrant protein glycosylation is directly related to human disease, including cancer and
infectious diseases, and glycoproteins contain a wealth of valuable information related to the
developmental and diseased statuses of cells. However, due to the low abundance of many
glycoproteins and the heterogeneity of glycans, it is extraordinarily challenging to comprehensively
analyze glycoproteins in complex biological samples. In our lab, we have developed chemical and
enzymatic methods to globally and site-specifically characterize protein glycosylation using mass
spectrometry (MS)-based glycoproteomics.' Glycoproteins located on the cell surface are especially
interesting because they regulate nearly every extracellular event. We specifically tagged surface
glycoproteins for their global and site-specific analysis. In combination with multiplexed
proteomics, we quantified the dynamics of surface glycoproteins and measured their half-lives.?
Furthermore, the new method allowed us to systematically investigate surface glycoprotein changes
in immune cells during infection. We found that surface glycoprotein changes in different cells were
dramatically different as a function of the infection time. Besides the known surface glycoproteins,
some new surface glycoproteins responding to the infection were identified.’> Additionally, protein
O-GlcNAcylation is the only type of glycosylation existing in the nuclei of human cells. However,
the distribution of O-GlcNAcylated proteins in different cellular compartments remains to be
explored, and the same is their dynamics in different compartments. We developed novel methods
to study this type of protein glycosylation and systematically studied the distributions and dynamics
of O-GlcNAcylated proteins in different cellular compartments.*> Global analysis of protein
glycosylation will aid in a better understanding of glycoprotein functions, cellular activities and the
molecular mechanisms of diseases, which will lead to the identification of glycoproteins as disease
biomarkers and drug targets.

KEY WORDS: Glycoproteomics, glycoprotein dynamics, mass spectrometry, surface
glycoproteins, protein O-GlcNAcylation
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Integrating ultrasensitive mass spectrometry and microfluidics to
study cellular heterogeneity and disease pathology

Ying Zhu'
Genentech Inc., 1 DNA Way, South San Francisco, CA 94080, United States

ABSTRACT: Mass spectrometry-based proteomics using bulk-scale and whole-tissue profiling can
provide exceptional measurement depth, but these approaches capture averaged information that
obscures single-cell or regional heterogeneity. With the advance of sensitive mass spectrometry,
there is a growing interest in developing single-cell spatial proteomics technologies. In this talk, I
will give a brief introduction to our effort of developing nanodroplet Processing in One-Pot for
Trace Samples (nanoPOTS) platform and coupling it with different cell isolation systems. I will
highlight the role of microfluidics in single-cell and spatial proteomics, as well as our effort to
improve proteome coverages and measurement throughput. Using the developed technologies in
our lab, we can quantitatively profile >1000 proteins from single cells and >3500 proteins from a
thin section of human pancreas tissue at a spatial resolution of 50 um, corresponding to ~10 human
cells. I will also share our current effort to improve the spatial resolution to the subcellular scale
using a laser ablation-based cell isolation method.

KEY WORDS: Single-cell proteomics; Spatial proteomics; Mass spectrometry; Microfluidics;
Laser ablation
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Bioanalytical Approaches toward Revealing Novel Functions of
Nucleic Acid-Binding Proteins

Yuxiang Sun, Hui Dai, Lin Li, Yinsheng Wang*
Department of Chemistry, University of California Riverside, Riverside, CA 92521-0403

ABSTRACT: Nucleic acid-binding proteins assume crucial roles in all aspects of nucleic acid
metabolism, including DNA replication, transcription and repair. In this presentation, I will
discuss our studies in using mass spectrometry-based quantitative proteomic approaches for
uncovering novel cellular proteins that can recognize guanine quadruplex DNA and modified
nucleosides in RNA. The functional characterizations of selected new nucleic acid-recognition
proteins, including their roles in long-range DNA looping and nucleotide repeat expansion diseases,
will also be presented. Through this presentation, I hope to illustrate that mass spectrometry-based
bioanalytical chemistry constitutes a powerful approach for revealing novel functions of nucleic

acid-binding proteins.

KEY WORDS: nucleic acid-binding proteins, guanine quadruplex, RNA modifications, nucleotide

repeat expansion, Huntington’s disease
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Developing Novel Mass Spectrometry Techniques for
Quantitative Single Cell Analyses

Zhibo Yang"”
1. Department of Chemistry and Biochemistry, University of Oklahoma, Norman,

Oklahoma, 73019, USA

ABSTRACT: Cell is the basic unit of life. Many diseases, such as cancer, are increasingly
understood as a process defined and propagated at the single cancer cell biology level. The
development of precision medicine will require the capability to administer drug treatments to
maximize the benefit to the individual patients. Cells are traditionally studied through population
analysis, and averaged results are obtained. Understanding individual cells is critical for advances
in many areas ranging from cell biology to clinical treatment. Due to its high sensitivity and broad
detection range, MS (mass spectrometry) has become a promising technique for single cell analysis.
We have developed a microscale sampling and ionization device, the Single-probe, that can be
coupled to a mass spectrometer to study live single cells. We were able to obtain metabolomics
profiles from single cells and quantify the amounts and concentrations of molecules (e.g., anticancer
drugs) and signaling molecules, nitric oxide (NO), in single cells.

KEY WORDS: single cell mass spectrometry; metabolomics; drug uptake; nitric oxide (NO).
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Development of an Energy-related Metabolism Profiling Platform
Utilizing Cyanopropyl LC-MS/MS

Wan-Rou Liao'?, Han-Min Chen?, Jiun-Tsai Lin?, Sung-Fang Chen""
1. Department of Chemistry, National Taiwan Normal University, Taipei, Taiwan
2. Energenesis Biomedical Co. Ltd, Taipei, Taiwan

ABSTRACT: The change of metabolic pathways is recognized as the key to disease discovery
prompting the development of high-performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS) based quantitative analytical platforms to explore the dynamic characteristics of
metabolites in organisms. In this study, the silica-based cyanopropyl (-CN) liquid chromatography
was developed and employed for the analysis of metabolites and has advantages in terms of a short
chromatographic time, satisfactory separation, and no need for the use of an organic solvent and
phosphate buffer. The separation was accomplished by adjusting the pH of a mobile phase system
including acetic acid, ammonium hydroxide, and citric acid, resulting in the separation of
nucleosides, nucleotides and glycolysis pathway, pentose phosphate pathway, and energy-related
metabolites within 10 min. The mass spectrometry was equipped with electrospray ionization
positive/negative polarity switching and scheduled multiple reactions monitoring (scheduled
MRMT™) was applied for the analysis of 51 metabolites simultaneously. The validation of the
method involved a comprehensive assessment of linearity, accuracy, precision, and matrix effect.
Currently, the platform has been applied to the quantification of metabolites of main pathway in
biological sources, including tissues, biofluids, and cells.
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Integrated Analysis of Clinical Proteomics Reveals Clinical
Significances in Renal Cancer

Yi-Ting Chen (ff&45)""*, Chien-Lun Chen (FZ44)% Jau-Song Yu (£2JkF2)

1. Department of Biomedical Sciences, Chang Gung University, 333, Taoyuan, Taiwan

2. Department of Urology, Linko Chang Gung Memorial Hospital, 333, Taoyuan, Taiwan

ABSTRACT: 30% of renal cancer patients are diagnosed at the metastatic stage with a poor
prognosis result. A systematic analysis of the molecular pathways dysregulated in kidney cancer
will be helpful to gain a better understanding and benefit for the development of novel methods for
disease management and potential targeted therapies. To discover potential biomarker candidates,
renal cell carcinoma (RCC) tissue and their adjacent-normal tissue specimens were compared based
on a proteomic experiment. Dysregulated proteins analyzed by MetaCore revealed the up-
regulation of glycolysis pathway and down regulation of multiple proteins involved in several
energy metabolism pathways. For biomarker verification, mass spectrometry-based targeted
proteomics were used to verify proteins with dysregulation or involved in the energy metabolism
pathways using RCC tissue and urine specimens. We built multiple-reaction monitoring mass
spectrometry (MRM-MS) methods for targeted measurement of proteins involved in oxidation
phosphorylation pathway, or additional dysregulated proteins in urine and tissue specimens of RCC
patients. Several RCC-associated proteins showed higher concentration in RCC urine samples than
control group. These urinary proteins may be useful to develop non-invasive markers for renal
cancer screening and diagnosis.

KEY WORDS: Renal Cancer, Proteomics, Biomarker, Targeted Proteomics.
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Unlocking Enigmatic Role of PR1 in Plant Biology by MS-Based
Peptidomics: Transitioning a Canonical Biomarker to an Essential
Cytokine Precursor for Plant Imnmunity
Yet-Ran Chen
Agricultural Biotechnology Research Center, Academia Sinica, Taipei, 115, Taiwan

ABSTRACT: Plants have developed various mechanisms to defend against pathogens, including
the maturation of cytokines to activate systemic immunity by proteolytic cleavage. However, the
role of proteases with caspase-like activity in regulating fundamental functions of innate immunity
in plants has been unclear. Through a sensitive and confident approach to global analysis of the plant
peptidome, we discovered CAPE9, a novel peptide cytokine derived from pathogenesis-related
protein 1 (PR1) induced by salicylic acid (SA) in Arabidopsis. Production of CAPE9 requires an
Enzyme Specific for CAPE (ESCAPE), a caspase-like protease that specifically targets the CNYD
domain, a conserved caspase-like substrate adjacent to the CAPE domain of PR1. We showed that
the production of CAPE is essential for plant immunity by treating with CAPE9 or locally
expressing PR1 without the CAPE domain in the prl mutant. We further characterized the CNYD
domain and identified a gene encode protein for ESCAPE, which exhibits caspase-like biochemistry
and requires cysteine protease activity to hydrolyze aspartic acid in the CNYD substrate. ESCAPE
can process PR1-eYFP to generate CAPE9-eYFP in vitro. Genetic studies demonstrated that
ESCAPE is involved in the specific recognition and processing of CNYD in plants and is essential
for the systemic eliciting of plant systemic acquired resistance (SAR) by the pathogen molecular
pattern flg22. As the role of PR1 in plant immunity has been elusive for half a century, our study
sheds light on the fundamental function of PR1 in regulating SAR and highlights the importance of
caspase-like proteases in the production of CAPE9 from PR1 in this mechanism.

KEY WORDS: Peptidomics, Plant Immunity, Pathogenesis-related Protein 1, Salicylic Acid.

REFERENCES.

1. Y. L. Chen, F. W. Lin, K. T. Cheng, C. H. Chang, S. C. Hung, T. Efferth, Y. R. Chen*, Nat.
Commun., 2023, 14, 4697.

2. Y. L. Chen, C.Y. Lee, K. T. Cheng, W. H. Chang, R. N. Huang, H. G. Nam and Y. R. Chen*,
Plant Cell, 2014, 26, 4135-4148.

3. W.H. Chang, C.Y. Lee, C. Y. Lin; M. C. Chen, W. S. Tzou and Y. R. Chen*, Anal. Chem., 2013,
85, 890-897.

yetran@gate.sincia.edu.tw, Tel.+886-2-27872050



71

Mapping Nanoscale-to-Single Cell Phosphoproteomic Landscape
by Chip-DIA
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10617, Taiwan.
*Department of Chemistry and Biochemistry, National Chung Cheng University, Chia-yi 621,
Taiwan
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Academia Sinica, Taipei 11529, Taiwan
Department of Chemistry, National Taiwan University, Taipei 10617, Taiwan
’Genome and Systems Biology Degree Program, Academia Sinica and National Taiwan
University, Taipei 10617, Taiwan

ABSTRACT: Mapping dynamic protein phosphorylation within trace samples deciphers cellular
heterogeneity in signaling events and network activations for better understanding biology and
disease mechanisms. We present a Chip-DIA strategy combining a microfluidic chip and data-
independent acquisition mass spectrometry (DIA-MS) for sensitive nanoscale-to-single cell
phosphoproteomic profiling. The integrated phosphoproteomic chip (iPhosChip) serves as a one-
stop station encompassing the cell capture/counting/imaging and entire sample operation in a
streamlined and multiplexed manner. Coupled with sample size-comparable DIA-MS, Chip-DIA
identified 1076+158 to 15869+1898 phosphopeptides from 1040 to 1013+4 cells and revealed the
first single-cell phosphoproteomic landscape of 193432 phosphopeptides. Notably, the sensitivity
and coverage enable the illumination of heterogeneous cytoskeleton remodeling and cytokeratin
signatures among third-generation EGFR therapy-resistant patient-derived lung cancer cells,
stratifying mixed-lineage adenocarcinoma-squamous cell carcinoma subtypes and identifying
alternative targeted therapy for late-stage patients. Chip-DIA advances nanoscale-to-single cell
phosphoproteomics to explore cellular heterogeneity and signaling pathways to guide therapeutic
vulnerability towards precision oncology.
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Functional lipidomics revealed early sulfatide depletion and its
sequela in Alzheimer’s disease

Xianlin Han
Barshop Institute for Longevity and Aging Studies
UT Health San Antonio, San Antonio TX USA

ABSTRACT: We and many other laboratories have previously revealed that brain sulfatide content
is specifically and dramatically reduced at the earliest clinically recognizable stages of Alzheimer’s
disease (AD) and in all AD mouse models examined by using lipidomics (e.g., PMID: 12358786;
PMID: 12501252; PMID: 18762354). Sulfatide, a class of sphingolipids, is a major lipid component
in the nervous system, predominantly present in the extracellular leaflet of myelin sheath, and
specifically synthesized by cerebroside sulfotransferase (CST) in oligodendrocytes in the brain. Our
recent studies using an adult-onset sulfatide-deficit mouse model have uncovered that brain sulfatide
reduction is sufficient to activate disease-associated microglia and astrocytes, leading to chronic
AD-like neuroinflammation and cognitive impairment (PMID: 34526055). We also demonstrated
that adult-onset sulfatide deficiency led to many other AD-like pathologies, including brain
ventricular enlargement, bladder enlargement, and marked metabolic disruption in a sex-dependent
manner using a functional lipidomics approach (PMID: 36613677; PMID: 37445661,
PMID: 37239102; PMID: 37478300; doi.org/10.1002/glia.24423). We believe CNS sulfatide
deficiency plays a crucial role in AD pathogenesis and functional lipidomics should allow us to
unravel the molecular mechanisms leading to AD-like pathologies.

KEY WORDS: Function lipidomics, Alzheimer’s disease, myelin lipids, sulfatide.

REFERENCES

1. S.Qiuy, J. P. Palavicini, J. Wang, N. S. Gonzalez, S. He, E. Dustin, C. Zou, L. Ding, A.
Bhattacharjee, C. E. van Skike, V. Galvan, J. L. Dupree, and X. Han, Mol. Neurodegener.
2021, 16, 64.

2. J. P. Palavicini, L. Ding, M. Pan, S. Qiu, H. Wang, Q. Shen, J. L. Dupree, and X. Han, Int. J.
Mol. Sci. 2023, 24, 233.

3. E. Dustin, A. R. McQuiston, K. Honke, J. P. Palavicini, X. Han, and J. L. Dupree, Glia 2023,
71, 2285-2303.

4. S.He,S. Qiu, M. Pan, J. P. Palavicini, H. Wang, X. Li, A. Bhattacharjee, S. Barannikov, K. F.
Bieniek, J. L. Dupree, and X. Han, Clin. Trans. Med. 2023, Doi:10.1002/ctm2.1332.



74

H T 40 R T SRR AL RUR BT ik

ity S A *
5 H KA R/AEWIE ST R G DA R S S E =, Bl AR LH 131 5,
20032

6 2 1 2 1 B 2 SRR IR R 1 BT, A B S R IR R ) S, RS
S5y 2 SN AEY)FIRE, ingiaaiE EAER (G955 S R AE AR iEiE 1]
21 i R TR 2 5 AT DAFH R X 204 i 3R R RN IR A, I 1T DA 3 A SRR (1) A= Wb 40
FZ5seks, HAT FDA U/ NG T2, 29 70%: & LA AR TH & A 0 9 SERR 1) . DRI,
o 44 2 T A 15 2 PR AN L B B S, H R T AR B RS K PR I [ A R, B
A8 43 BT A7 TR BRI R 3E[2,3] -

B, EFXT i R T R BRI REAL s AR B, FRATTR R T e 40 A 2 T AU RR R b
Hel, JEAR T A DURAH R T s R e e, PR ROBL /N T EREE TS A AR R
PRI R AT DAFE L0738 DA S8 i,  HLARM R 'S S B 90%. B, A4 61k
S A A MR T H T T E RS E . EEM AR IR 7T, FRAN
TRIE T 1A Foe RS 1) 200 P 9 T 0 2 IR e 2 S P (P B 4, 9626394 41 L 2 T 1 i 2
bk s, FRTEILH ORI T B0 m R B D Re i A R Tk A . FRATTIE— B IOAIE T BRI
EEREIN) L3242 (ROR2) MR (ENG/CD105) b #ia B2 ik FEK 382 FIK 2851 1wy [ i
Y, RIVEATIN TE AR WL S e f R S AR EAE A, 3 25 s )
FIRIBL T AT A AR AL T A AME R WL AE[4]

RegiE AW By WEARARC: DhREAL A

SR

1 Ferguson, ID ; Patifio-Escobar, B; Tuomivaara, ST ; et al. Nat Commun. 2022,13(1):4121.
2. Li, JF; Han, S ; Li, HJ; et al. Cell, 2020180(2):373-386

3. Jiang, QQ; Wang, H; Qiao, ZC; et al. Chem Sci, 2023,14(42):11727-11736.

4. Wang, T; Ma SY; Guang HJ; et al. Nat Comun, 2024, DOI:10.1038/s41467-024-47033-w

Email: luhaojie@fudan.edu.cn



75

#THRE 5 ] 1 O S A R R R A A A

Gl

HHR2ENER, LETIRPH 2005 5, 200438

AR, IREE IOl 2 T 2 /N U8F RG] T 12 50« TREEMR SN 2% R85
21 BRI BN (R 2 7 3 I OK B B B R 2 X VR BB 25 ) B [RIRE A T3 FH T o il 2 e
fEE T, BLAEAE S AR R . 20 g B T €l OR B I (R TS, R T
JoT T KA R A b R

W6 5 £ 1o 4 2 R B s R R, K0T T O R AR SR DN IR B 2% ST HORAE B 1 ol 4H 25
SYHT IR S AR A T RTRE. 2020 4R, FRATVAKRE TR TIR RS ) I EE AR AR AR K
(DIA) & R B AR 5T 505 DeepDIA, $eit 1 3k T35 AR08 0 48 FIIG R4 28 X 45 1)
TR A48 X AR TR SR TN K B 1 — R it B (MS/MS) A — AL PR BE I [E] (iRT), & eit 1
oI B A I H PR m R W A PR B A TR, T RT DA 422 H R 5 4 R L
B S 1E E I S4B eA R EHIEROCRER L (DDA) L4, MAILER
J A B Y DIA S0 B, HS e e 2 2IME O ZE T DDA @ EMS RN
xR

2023 4F, BATRH —FhFIIZE 1 Transformer A% (BERT) #1528 T MR AL KB — 2%
T ] AR R YO SH e o 1 PP T Wl R A A w5 57 DA o AT 8 S T 1 H AR IR B AN 5 T K
B i i, 5 S0 me i B AT LU AR SZARLEE, 0 T ok i B SR XA AL
ZE8, FIT H BRI BRI T K B 1) 4R 32 AR LA FE 22 {8 43 A 3364 FLR 174 . DeepFLR A A LA
THERS TO0IU B35 R AN DR B %, [ By 3 mT DI WA T H Az i S A 1R

i, BATEEH T DeepGP, —AN3ET Transformer FlEIFHZE LS (GNN) TR AIRE 2%
SIMEZE, R TOmipE k) MS/MS LR BF IS 18] o AT T8 I X DeepGP 7E G RO A I FE AR 24
R EMESRERRMENNR, B0UE 7 HAE X A AH A B 7 T A e . SEE— P, RATTIESE 73R
H DeepGP Tl it Bl v] LAFE SR Z 12 W7 B 7 B AT 42 T SEHUARITRE BY 0 X 43 FRATEIERT T
DeepGP 456 ¥ PR 28 ] LIS 25 52 s IR P e il o= 5

gR b, TR S ST v P O 2 A8 B 1 i AR S AR B s LT S R RIS T A s
ROR, A BN AR R A TR T 8 B i B b ae

R PUEEUERNT, RS EAA, BERER, BERER

e LB

1. Yang, Y. Liu, X.; Shen, C.; Lin, Y.; Yang, P.; Qiao, L. Nature Communications, 2020, 11: 146

2. Zong, Y.;Wang, Y.; Yang, Y.; Zhao, D.; Wang, X.; Shen, C.; Qiao L. Nature Communications,
2023, 14, 2269

3. Yang, Y. Yan, G.; Kong, S.; Wu, M.; Yang, P.; Cao, W.; Qiao, L. Nature Communications,
2021, 12: 6073

Email: liang_giao@fudan.edu.cn



76

RNA EFRZEBRKFE 547
IR, FoEWE, KA AR

A mARlEm e, b, 102206

B & R A BRI H T A 7 SR AT AL ) R R AR AR, AT A F
RNA e RS R A AU B E B R, SRR RE R, &
KKE . BERRAERNZEG, UKAYFRETTHHRESE T EERER-. Rl DNA
A R AR, 4 RNA B2 SRS A Rl fa i85, efaiEsRsa g
R SRR A, 23— i TR B A AR A AR T R R ERIE TR, R A
(Epitranscriptomics) %42, L& mRNA P 15 B R # B OHES) 7 X RNA AR A 43 #r
K. ik R (Mass spectrometry) 7E RNA 73 H H A I R $5E 6 Ok R EEL ME R, Rl
TEZ P HNSE . BIEr, LA B 5 A8 E A o nT el g At ss . SR, BT AT
T RNA (IR BCOFE R T NIE AR IR, EEXTSb i, AR5 A AR TS H ol
JUEALE RNA SRR 1) S AT 0 R I B AR, BdE s I CID/HCD 3 ]
SN, T BT S50 B T HIRHIE, DA B A AT R I R S N 25, Tl X g
WEFL, FRATHIE AT & miEE R RNA JUE T R %, SCIEMLE RNA K& HABM )R
T

> 88 ] : RNA Oligonucleotides, Collision-Induced Dissociation, Higher-energy Collisional
Dissociation, Fragmentation Behaviors, Cyanate Anion, Dehydrated Pyrophosphate Anion

S 3R

1. Sun, R. X., Zuo, M. Q., Zhang, J. S., Dong, M. Q. (2023). Charge-State-Dependent Collision-
Induced Dissociation Behaviors of RNA Oligonucleotides via High-Resolution Mass
Spectrometry. Journal of the American Society for Mass Spectrometry, 34(8), 1598-1608.

2. Zuo, M. Q., Song, G., Dong, M. Q., Sun, R. X. (2024). Effect of the terminal phosphate group
on negative-ion CID/HCD fragmentation behaviors of RN A oligonucleotides, Biorxiv preprint,
doi: https://doi.org/10.1101/2024.03.05.583607

3. Huang, T. Y., Kharlamova, A., Liu, J., & McLuckey, S. A. (2008). Ion trap collision-induced
dissociation of multiply deprotonated RNA: c/y-ions versus (aB)/w-ions. Journal of the
American Society for Mass Spectrometry, 19, 1832-1840.

Email: sunruixiang@nibs.ac.cn.



77

N TR iRt 3 S AT I 2 AR M

KRM ', #AE, e
L AERUR AR A AT BT O

L 1 S i R LS PR, RIS, SR e R A PSS S
J5£ A R ME CARRATT o WS 5 5 BB R B B N . BE SRR 7+ B 8UE SR A A5
()38 22 1) 2 T B8 BEWE R 1 BT REAS 5 I 25 2 RN 2R 1 28 00 7™ B PRI o IX AN 52 T 5 B
BEAMES Ry Fal e f ] Sk B2 T, S B 8 1 B0 HRRE I 04 A o0 R BT e LA
SEIR o X — I R A1) 24 S R R R S S B, DA RO R AR R 2 SR A R RIAE AR
FIadrae 1. REUARTHBRMESIE (limited charge reduction) [1] A Hifffa )5
W (CDMS)  [2]FF I B 751 AT AE — 7 0 BBl N A A A A0 23 B e i, (R3S 0 DASR it 5
MG Z 2 HRH DAX 2y SRR B 8 o 3808 b e Sl 5 B 2 I [ 2 20 9, U0 el ) s
SEMASHREEE 78 I T7 M AR R i e B 1 S B R L I R R HHE 5 .
PAVEE T POE B R AT R 7 — P o T 7k, mlad I Rk B R TR ORI 5 R AR
3o ERTRITE BBl A48 55 5 5 SE BRI A 28 i FRE 71— N EE R DL BBy R, TS
PR vy S o 1 56 B R I I RIS R a5 5 20 7% o R BT BRI AS 5 A0 3R, X e
Y HHE S AT A R A A A B 3RO v S R B A LA F e . RATT
X HESEAAL f 2 IR BT AN R A S AR RS T B A B R e, FRR R N T AR
HAHEAE B+

R ARRPERE, WEO: B BEORESY: EAMIE.

SE R

1. Q. Chen, R. Dai, X. Yao, L. Chaihu, W. Tong, Y. Huang, G. Wang, Anal. Chem., 2022, 94,
13869-13878.

2. T.P. Worner, J. Snijder, A. Bennett, M. Agbandje-McKenna, A. A. Makarov, A. J. R. Heck, Nat.
Methods, 2020, 17, 395-398.

Email: guanbo.wang@pku.edu.cn



78

Mass Spectrometry-based Metabolomics in Searching for Gut
Microbial Metabolic Products in the Protection against Obesity

Cheng-Chih Richard Hsu
Department of Chemistry, National Taiwan University, Taipei 10617, Taiwan

ABSTRACT: Gut microbiota has been largely found to be associated with obesity and the related
metabolic disorders. A number of gut bacteria, such as Bifidobacterium, Lactobacillus, Akkermansia,
and Clostridia have been found to play crucial roles in the protection against obesity. Here we show
that the Bifidobacterium could inhibit the high fat diet-induced obesity in C57BL/6 mice by
synthesizing compound X from an amino acid. Fecal metabolite extracts from germ-free mice
colonized with Bifidobacterium showed inhibitory effects on lipid accumulation in HepG2 cells,
and the level of compound X was elevated in the mouse feces. Furthermore, colonization of specific-
pathogen-free (SPF) mice with Bifidobacterium. longum. subsp. longum BCRCI12585 could
suppress body weight gain. Using isotope tracing and whole-genome analysis, we found that
compound X could be synthesized by Bifidobacterium using an amino acid as the precursor. Finally,
we found that both BCRC12585 colonization and compound X gavage could elevate bile acid
production and modulate the bile-acid targeted pathways, which may explain the mechanism
through which compound X protects against obesity.

In this lecture we will also highlight some of our research progress, including 1) metabolomic
insight into nematode-trapping fungi during Predator—Prey Interaction; 2) paper-based DART-MS
rapid quantification for microbial short-chain fatty acids; 3) molecular networking strategy for
microbial cholic acid derivatives; 4) automatic platform for bacterial peptidoglycan profiling.
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Low molecular weight fucoidan ameliorates radiation-induced skin
fibrosis by regulating tight junction and cytoskeletal pathways

Pang-Hung Hsu'"*
1. Department of Bioscience and Biotechnology, National Taiwan Ocean University, Keelung 202,

Taiwan

ABSTRACT: Radiotherapy commonly causes adverse skin reactions including erythema, scaling,
hair loss, ulcers, atrophy and fibrosis. This study explored the protective effects and mechanisms of
low molecular weight fucoidan (LMF), extracted from brown seaweed, against radiation-induced
skin fibrosis in a rat model. Rats were locally irradiated on the hindlimb with 40 Gy, with or without
topical application of 150 mg/ml LMF once daily for 90 days. LMF significantly improved
radiation-induced weight loss, skin damage, hindlimb contracture and hair follicle loss over 90 days.
Histology showed LMF also reduced epidermal/dermal thickening and inflammatory cell
infiltration induced by radiation. In addition, LMF treatment suppressed elevation of the fibrosis
markers TGF-B1 and collagen-I in irradiated skin tissues. To reveal the underlying molecular
mechanisms, quantitative proteomics analysis identified 4625 proteins in irradiated skin, with or
without LMF treatment. 233 proteins increased after radiation but decreased with LMF were further
analyzed by bioinformatics. Degranulation-related functions of neutrophils/macrophages were most
enhanced by radiation but suppressed by LMF. Additionally, 22 functions related to cell-to-cell
signaling, cellular assembly and movement were radiation-activated and LMF-inhibited. Four
interactive proteins - B-actin (Actb), ezrin (Ezr), moesin (Msn) and cell division cycle 42 (Cdc42) -
were central nodes in protein-protein interaction networks regulating the actin cytoskeleton and tight
junction pathways. These proteins were verified as responding simultaneously to fibrosis induction
by TGF-B1 in vitro, and reduction by LMF, suggesting their potential as multi-indicators in
irradiation-induced skin fibrosis and recovery after LMF treatment. In conclusion, topical LMF
ameliorated acute inflammation and chronic fibrosis in irradiated rat skin. The regulation of tight
junction and cytoskeletal pathways, mediated by Actb, Ezr, Msn and Cdc42, contributes importantly
to LMF’s anti-fibrotic effects. These proteins may serve as biomarkers and therapeutic targets in
radiation skin injury.

KEY WORDS: Fucoidan, Radiodermatitis, Skin fibrosis, Proteomics, Tight junctions.
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Discovery of biomarkers for equine doping control by label-free
proteomics

Hiu Wing Cheung”, Kin-Sing Wong", Ning Sum To, Jimmy C. L. Tam, Terence S. M. Wan,
Emmie N. M. Ho®
Racing Laboratory, The Hong Kong Jockey Club, Sha Tin Racecourse, Sha Tin, N. T., Hong
Kong, China

ABSTRACT: Doping control is key to maintaining the integrity of horseracing and equestrian
sports. It is challenging especially due to the rapid emergence of new prohibited substances and
prohibited practices that encompass a diverse variety of chemicals and processes, and often
necessitate the development and implementation of new detection methods'. Besides the
conventional direct testing of prohibited substances and their metabolites in biological samples such
as urine, blood and hair, the monitoring the biomarkers associated with the effects of prohibited
substances and practices may provide a complementary approach via indirect detection to enhance
doping control®. This holds the promise of efficiently controlling the use of different prohibited
substances and practices that produce a similar effect.

Among different OMICS approaches, our laboratory has applied label-free proteomics to
discover plasma protein biomarkers in Thoroughbred horses administered with different prohibited
substances, including krypton gas (an erythropoiesis-stimulating agent) and RAD140 (an anabolic
agent known as a selective androgen receptor modulator, SARM)*~. Tryptic peptides were obtained
from plasma samples collected before and after treatment and analysed by nano-flow ultra-high-
performance liquid chromatography-high resolution tandem mass spectrometry (nano-UHPLC-
MS/HRMS) using data-independent acquisition (DIA). Multivariate data analysis using orthogonal
projection on latent structure-discriminant analysis (OPLS-DA) was performed with the SIMCA
software. To enhance the detection of more proteins, various plasma fractionation approaches and
the use of narrow precursor mass ranges in DIA have been evaluated.

Multivariate data analyses have identified significant changes in a biomarkers profile comprising
transferrin receptor (TFR1) and several other proteins in plasma from horses having inhaled krypton.
Significant changes in clusterin (CLU) and some other proteins in plasma were observed from
horses having been administered RAD140. The trained models have allowed the prediction of
control and treated samples based on plasma proteome monitoring. Tandem fractionations of equine
plasma with octanoic acid precipitation followed by solid phase extraction with C4 cartridges
increased the number of proteins recovered and identified, including those initially with low
abundance. Twenty plasma proteins have been found to be associated with normal physiological
changes after intensive exercise, like racing. The consideration of confounding factors is essential
to validate the list of biomarkers for doping control.

Our laboratory has described the first use of label-free proteomics and has successfully identified
plasma protein biomarkers associated with the erythropoiesis-stimulating effect or the anabolic
effect in horses. This enhanced method has enabled a deeper profiling of the equine plasma
proteome. The results have laid a foundation for evaluating the applicability of monitoring plasma
protein biomarkers for the doping control of other prohibited substances and practices.

KEYWORDS: equine doping control, doping in sports, proteomics, biomarkers, DIA
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Progress in the Use of Liquid Microjunction-Surface Sampling Probe
(LMJ-SSP) Mass Spectrometry for Analysis of Biological Samples

Tak Wah Dominic Chan®”, Tin Yi Liut, Danna Hu?, Xiangfeng Chen?
1. Department of Chemistry, The Chinese University of Hong Kong, HKSAR, P.R. China
2. School of Pharmaceutical Sciences, Qilu University of Technology (Shandong Academy
of Sciences), Jinan, Shandong, P.R. China

ABSTRACT: Liquid microjunction-surface sampling probe (Imj-ssp) (also known as nanoDESI)
is a versatile ESl-based spray ionization method. It has been used as an effective
ion source for mass spectrometry imaging. The primary aim of this work is to develop a
high-throughput sampling platform based on the Imj-ssp analysis of an array of sample
spots for hydrogen-deuterium exchange mass spectrometry. A number of practical challenges
were encountered, including the protein oxidation during sample preparation and the loss
of deuterium labels during droplet evaporation. Unexpected protein oxidation was not
caused by solution-phase electrochemical reactions nor gas-phase corona discharges. Using the
Imj-ssp, the unexpected protein oxidation was attributed to the contact electrification® between the
aqueous droplet and the telfon substrate.? The loss of D-labels from the deuteriated proteins/peptides
upon droplet drying was monitored by a plot of the deuteriated level versus droplet drying time. It
was concluded that the loss of D-labels was caused by a progressive change in the droplet
composition. The percentage of H>O in the droplet is increased continuously through the dynamic
exchange of atmospheric water vapor (H-O) and the water molecules in the surface of the droplet
(D20 and Hz0).® From the time-resolved plots, it was also noticed that the deuteriated peptides
in millimeter droplet has a lower D-to-H exchange rate as compared to that in the bulk solution.
A model based on partial solvation of the deuteriated peptide at the liquid-air interface was proposed
to explain the retarded back-exchange. A novel sample preparation based on millimeter water-in-
oil droplet was developed to prevent protein oxidation and condensation of atmospheric water
vapor and yet retain the retardation of back-exchange property.* With the unique characteristics
of Imj-ssp, the digests of deuteriated protein in millimeter water-in-oil droplet could be analyzed
directly. This HDX platform was used to identify the differences between commercial and fresh
hemoglobin samples. The findings of this study correlate well with the corresponding
native mass spectrometry analysis of these samples after exhaustive sample purification
processes.

KEYWORDS: LMJ-SSP, Protein Oxidation, Millimeter water-in-oil droplet, HDX, Hemoglobin
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Development and validation of a novel workflow of integrated
nontargeted metabolomics and lipidomics for comparative analysis
of maternal and umbilical cord blood metabolome
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4Department of Paediatrics, The Chinese University of Hong Kong, Prince of Wales Hospital,
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¢ University Research Facility in Life Sciences, The Hong Kong Polytechnic University, Hong
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"Hong Kong Hub of Paediatric Excellence, The Chinese University of Hong Kong, Shatin, Hong
Kong SAR, China

ABSTRACT: Mass spectrometry (MS)-based nontargeted metabolomics has been extensively
employed as a powerful tool for holistic mechanistic investigation of biological events and for
research hypothesis generation. However, the coverage of the less abundant polar metabolites can
be severely compromised by the co-eluted highly abundant lipid species and other impurities.
Generally, to recover polar metabolites and non-polar lipids, two individual aliquots of biosample
and time-consuming clean-up processes are needed. In the present study, we proposed a novel high-
throughput pre-treatment strategy for integrated nontargeted metabolomics and lipidomics study
employing the enhanced matrix removal (EMR)-lipid sorbent in 96-well plate and UHPLC-HRMS.
Using the EMR-lipid sorbent, protein precipitation, metabolite extraction and lipid isolation can be
achieved in sequence with significantly reduced sample amount and less organic solvent used prior
to UHPLC-HRMS analysis. The workflow was developed and optimized using a metabolite cluster,
which covers the representative endogenous metabolites in human. Serum specimens from healthy
human subjects spiked with isotope-labelled internal standards were used for method validation.
Validation results demonstrate that the proposed method was satisfactory in terms of extraction
efficiency, accuracy, precision, repeatability and calibration linearity. The method was further
applied to the profiling of maternal and umbilical cord-blood serum metabolome leveraging three
different UHPLC columns, enabling the identification of ca. 1500 metabolites with ca. 550 shared
across maternal and cord-blood sera. Among them, the shared lipids mainly belong to
phosphatidylcholine (PC), sphingomyelin (SM) and lysophosphatidylcholine (LPC), while the
shared small metabolites mainly include carboxylic acids and derivatives, fatty acyls, and
organooxygen compounds. Compared with the conventional workflow, our new method largely
recapitulates the metabolite profile, and additionally revealed new mass spectral features. The large
number of shared metabolites implies the potential influence of maternal metabolic activities on
fetal metabolic programming. In sum, this novel strategy allows for more efficient sample
preparation with lower sample amount needed, more comprehensive MS data acquisition and
compound identification, and can be applied in preclinical and clinical research to gain valuable
insights into the metabolic changes in individuals.
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Data Storage and Retrieval with Amino Acid Sequences and Tandem
Mass Spectrometry Sequencing
Zhongping Yao*
Department of Applied Biology and Chemical Technology, The Hong Kong Polytechnic
University, Hong Kong, China

ABSTRACT: The exponential increasing of data requires new methods for data storage, and data
storage in molecules is an attractive solution for this. Herein, we report the use of amino acid
sequences for data storage, a new method that can offer high durability and high storage capacity
for data storage. In this method, by assigning amino acids to represent specific bit sequences, digital
data can be converted and stored into amino acid sequences, which can be sequenced by techniques
such as tandem mass spectrometry (MS/MS) for data retrieval. We have demonstrated the feasibility
of this method by successfully storing and retrieving a text file and a music file with 40 and 511 18-
mer synthetic peptides respectively.! More recently, we developed proteins that were de novo
designed and expressed via E. Coli for data storage, and retrieved data with tryptic digestion
followed by LC-MS/MS analysis. These methods for the first time couples data storage with
proteomics, and create new possibilities for these fields.

Storing data —»

1 - -
Raw data., | Encode (* Encoded data |_Translate ( Amino acid sequences |_SYNt1esize, (" peptides/proteins
r’é 001010101101101 | 1. ATFFFR  Express @»
“Decode | 010010111111110 J“ Convert | 2. TTEELR J*Sequencs

<—— Retrieving data

Figure 1. The process of data storage and retrieval using peptides and proteins
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Proteogenomic analysis reveals molecular biomarkers of TDP-43
mislocalization in FTD/ALS
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ABSTRACT: Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are adult-
onset neurodegenerative diseases genetically and pathologically linked to the mislocalization of a
RNA binding protein, TDP-43. Nuclear loss of TDP-43 leads to transcript mis-splicing and results
in the inclusion of cryptic exons, where the exons appear in the intronic regions. These non-
canonical insertions may severely alter cellular processes via early degradation of corresponding
mRNAs. We first demonstrated that TDP-43 pathology induces cryptic exons in an ALS/FTD risk
gene UNCI3A in the human brain . Importantly, we observed strong correlation of TDP-43
knockdown level and UNCI13A protein expression in proteomics study in the human induced
pluripotent stem cells (iPSC)-derived neurons using CRISPR-based gene editing [1, 2]. Yet, there is
no clear evidence showing the cryptic exons encoded de novo proteins in loss of function of TDP-
43. Herein, we show cryptic exons generate de novo proteins in both cellular models and disease
samples. Specifically, we coordinated transcriptomic and proteomic studies of TDP-43 knockdown
in iPSC-derived neurons to map peptides to precise cryptic exon coordinates using a fully automated
proteogenomic approach we developed [3]. Based on the cryptic exons encoded de novo proteins
identified in our iPSC models, we accurately matched these de novo proteins expressed in the human
brain tissue from ALS/FTD patients. Lastly, we developed a high throughput targeted proteomic
assay of two cryptic peptides on a triple quadrupole mass spectrometer in neat cerebrospinal fluid,
which can be used as a “off-the-shelf” approach in clinic. Inclusion of cryptic exons also influenced
the affected proteins’ interactomes, likely prompting a change in function. Our evidence of specific
cryptic exon translation downstream of TDP-43 dysfunction is critical to understanding the
pathophysiology of ALS/FTD and introduces advanced strategies for future biomarker development

[4].
KEY WORDS: Neurodegeneration, proteomics, cryptic exon, TDP-43
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Advancing top-down proteomics using capillary electrophoresis-mass
spectrometry

Dr. Liangliang Sun""
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ABSTRACT: The Human Proteoform Project aims to create a human proteoform atlas via mass
spectrometry (MS)-based top-down proteomics (TDP). [1] Proteoforms from the same gene can
have divergent biological functions. [2] The human proteoform atlas will be the foundation to
delineate the roles played by proteins in modulating cellular processes and disease progression. The
Sun group focuses on advancing TDP towards the human proteoform atlas using capillary
electrophoresis-mass spectrometry (CE-MS). We performed the first TDP study of a pair of isogenic
human nonmetastatic and metastatic colorectal cancer (CRC) cell lines (SW480 and SW620) using
CE-MS/MS. [3] We identified 23,622 proteoforms of over 2000 genes from the two cell lines,
representing nearly fivefold improvement in the number of proteoform identifications compared to
previous TDP datasets of human cancer cells. We revealed substantial transformation of CRC cells
in proteoforms after metastasis. We developed a CE-ion mobility spectrometry (IMS)-MS/MS
technique for online multi-dimensional separation of proteoforms for the first time and showed that
the technique could substantially improve the identification of large proteoforms (>30 kDa) in
complex samples. [4] In this talk, some of the most recent work about TDP of large proteins and
protein complexes using CE-MS will be introduced. Additionally, application of TDP

to better our understanding of nanoparticle protein corona and using nanoparticle protein corona as
a novel methodology for boosting proteome coverage from TDP will be discussed.

KEY WORDS: Human Proteoform Project, top-down proteomics, capillary electrophoresis-mass
spectrometry, nanoparticle protein corona
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Quantitative Phosphoproteomics and Multi-faceted Systems Biology
Approaches Reveal Brain Functional Clusters Involved in Aberrant
Bioenergetics and Synaptic Defects Following Primary Brain Injury

Zezong Gu'? *, Marcus Jackson', Shanyan Chen!, and Jiankun Cui'
1. Department of Pathology and Anatomical Sciences, University of Missouri School of Medicine,
Columbia, Missouri, 65212, USA
2. Harry S. Truman Memorial Veterans’ Hospital Research Service, Columbia, Missouri, 65201,
USA

ABSTRACT: Mild traumatic brain injury (mTBI) poses a significant public health concern due to
the increased risk of neurological consequences for progressive cognitive decline leading to
Alzheimer’s disease-related dementias (ADRD) including frontal-temporal dementia (FTD). The
goal of this study was to identify molecular networks for the impact of microtubule associated
protein tau (MAPT or Tau) and mTBI on cognition in mice overexpressing human Taup3oir, mutation
(e.g., rTg4510) manifested in FTD. Discrimination learning abilities were assessed in rTg4510 mice
6 weeks post-injury using the automated home-cage monitoring CognitionWall platform. By using
label-free quantitative timsTOF Pro mass spectrometry in the mode of DIA-PASEF, we identified
231 and 183 phosphoproteins upregulated and 253 and 366 downregulated in the brain of the mTBI
animals compared to sham controls, both in rTg4510 and non-carrier mice, respectively. Duplexed
cluster-gene enrichment analysis and ingenuity pathway analysis (IPA) revealed that mitochondrial
bioenergetic and synaptic signaling pathways were significantly affected among the functionally
related protein clusters in both non-carriers and rTg4510 mice. IPA’s machine learning algorithm
further detected genotype-distinct and cluster-specific differences in neurological functions.
Utilizing a weighted peptide co-expression network analysis (WpCNA), phosphorylation levels in
the phosphopeptide networks tied to associative learning and mossy-fiber pathways were inversely
related to learning and linked to synaptic dysfunction, cognitive decline, and dementia. Together,
these findings unveiled the relationship between ADRD genetic susceptibility, primary brain injury,
and cognitive decline, thus offering the pathways as potential therapeutic targets for precision-
medicine to alleviate the disease burden among those ADRD affected civilians and veterans.

KEY WORDS: mTBI; ADRD; Discrimination-learning index; Quantitative phosphoproteomics;
WpCNA.
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Multiplexed LC-MS/MS Analysis of Antibody Glycosylation and Its
Application in Infectious Disease Research
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1. Department of Biochemistry and Molecular Cell Biology, School of Medicine, College of
Medicine, Taipei Medical University, Taipei, Taiwan
2. Division of Pulmonary Medicine, Department of Internal Medicine, Wan Fang Hospital,
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3. Division of Nephrology, Department of Internal Medicine, Wan Fang Hospital, Taipei Medical
University, Taipei, Taiwan

ABSTRACT: Human antibody glycosylation is known to modulate pro-inflammatory and anti-
inflammatory responses. Mass spectrometry stands out as a sensitive and selective analytical tool
for deciphering the complex glycosylation patterns of human antibodies. In our recent work, a
workflow was developed that integrates affinity purification, on-bead digestion, and multiple
reaction monitoring detection using liquid chromatography-triple quadrupole tandem mass
spectrometry, allowing for the analysis of 95 glycopeptides from human IgG, IgA, and IgM'.
Following validation of the workflow's repeatability and its potential for relative quantification, the
methodology was applied to clinical plasma samples from dialysis patients who had received SARS-
CoV-2 vaccination and convalescents. Analysis of bulk antibody glycosylation profiles revealed
pro-inflammatory glycan signatures in both vaccinated and infected groups. Additionally,
vaccination induced increased antibody galactosylation and bisection, associated with anti-
inflammatory immune responses. Further examination of glycosylation profiles focused on receptor
binding domain (RBD)-specific antibodies purified from the same groups. While similar
glycosylation patterns were observed in antigen-specific antibodies, some differences were noted
compared to bulk antibodies. We also conducted an antibody-dependent cellular cytotoxicity
(ADCC) reporter assay, revealing a positive correlation between IgG afucosylation and normalized
ADCC activity, particularly in the infected group (r=0.80, p<0.001). Conversely, IgG
galactosylation and sialylation showed a negative correlation with normalized ADCC activity, a
relationship observed only in the vaccinated group. In conclusion, mass spectrometry is a valuable
tool for antibody glycosylation analysis, with potential applications across various biological and
clinical contexts for biomarker discovery.

KEY WORDS: liquid chromatography-mass spectrometry, human immunoglobulin, glycosylation,
SARS-CoV-2 infection, vaccination
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Identification of Aging Biomarkers and Novel Targets for Anti-Aging
Interventions

Haiteng Deng
MOE Key Laboratory of Bioinformatics, Center for Synthetic and Systematic Biology,
School of Life Sciences, Tsinghua University, Beijing 100084, China

ABSTRACT: Recent studies have demonstrated that aging is the causal factor leading to chronic
diseases among elderly population over the world, which warrants a great research effort to reduce
diseases burden as World’s elderly population grows at an unprecedented rate. The quest to slow
ageing and to increase healthspan has gradually become the research frontier in medicine and health.
Herein, I will discuss the applications of proteomic analysis for finding aging associated markers
and potential targets for anti-aging interventions.

We recently used comparative proteomics analysis to profile age-associated changes in proteome
in mouse organs. We found that aging causes organ-specific changes in proteome. Disruption of
redox homeostasis is the characteristic of liver aging while a decrease in peroxisome biogenesis is
specific to kidney aging. Nicotinamide mononucleotide (NMN) restores redox homeostasis via
the Sirt3—Nrf2 axis and protects aged mice from oxidative stress-induced liver injury. Serum
proteomics finds that aging persistently elevates inflammation factors, leading to organ damage and
aging-related diseases. Therefore, elimination of inflammation factors has been recognized as
targets for anti-aging intervention. On the other hand, senescent cells secrete senescence-associated
secretory phenotypes including GDF-15, IL-6 and TNF, which has been implicated that elimination
of senescent cells in organs potentially reprogram serum proteome. I will also discuss recent
advances in antiaging intervention in this presentation.
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Study of Copper-driven Self-assembly of Amino Acids by
Ion Mobility Mass Spectrometry
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ABSTRACT: Assembly is a prevalent natural process for biomolecules, enabling biomolecules to
form organized structures through specific molecular interactions.! Copper plays a vital role in
biological systems, and copper-induced biomolecular aggregation is the key for the copper toxicity.?
lon mobility mass spectrometry has emerged as a powerful technique for studying molecular
assembly,® and was employed to investigate assembly of amino acids in the presence of copper ion
in this project. Assemblies up to hepta-copper bound dodecamers of amino acids were detected
with the optimized electrospray ionization conditions. Measurements and comparison of the
collision cross sections values of the assemblies with different assembly degrees, together with their
dissociation patterns obtained by tandem mass spectrometry, revealed the assembly bases,
building blocks, and the assembly pathways. It was found that the assembly could enlarge the
differences between amino acids including isomers, suggesting a new strategy for isomeric
differentiation. Computational modeling was also utilized to elucidate the assembly structures,
pathways, and differentiations. The results of this work provided new insights into the molecular
assembly coordinated by metal ions.

KEY WORDS: Assembly, amino acids, copper, ion mobility, tandem mass spectrometry.
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Characterization of large protein assemblies
using native and charge-detection mass spectrometry
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ABSTRACT: Native mass spectrometry (MS) stands out as a promising technology for revealing
the stoichiometry, protein interactions, and topology of protein assemblies in structural biology. It
is commonly used to analyze mass ensembles comprising thousands to millions of ions, ideal for
studying uniform analytes like recombinant proteins. However, co-occurring stoichiometries, sub-
complexes, and modifications pose challenges in studies of more heterogeneous assemblies. To
address this issue, charge detection mass spectrometry (CDMS) offers a single-particle mass
analysis approach, eliminating the need for charge-state resolved mass spectra. Recent
advancements, exemplified by the commercially available UHMR Orbitrap™ mass analyzer
(Thermo Fisher Scientific), have enabled the determination of charges from individual ions. This
presentation shows examples of using both native MS and Orbitrap-based CDMS in analyzing large
protein assemblies ranging from hundreds of kilo Daltons to mega Daltons.

KEYWORDS: native mass spectrometry, charge-detection mass spectrometry, protein assemblies.
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Site-specific analysis of core and antenna fucosylation on serum
glycoproteins
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1. College of Life Sciences, Northwest University, Xi’an 710069, China P.R.

ABSTRACT: Fucosylation is an important structural feature of glycans and plays essential role in
the regulation of glycoprotein functions. Fucosylation can be classified into core- (CF) and antenna-
fucosylation (AF, also known as (sialyl-) Lewis) based on its location on N-glycans, and perform
distinct biological functions. In this study, core- and antenna- fucosylated N-glycans on human
serum glycoproteins that holding great clinical application values were systematically characterized
at site-specific level using StrucGP combined with recently developed fucosylation assignment
method. The results showed that fucosylation was widely distributed on serum glycoproteins, with
50% of fucosylated glycopeptides modified by AF N-glycans, 37% by CF N-glycans and 13% by
dual-fucosylated N-glycans. Interestingly, CF and AF N-glycans preferred to modify different
groups of serum glycoproteins with different tissue origins and were involved in distinctive
biological processes. Specifically, AF N-glycoproteins are mainly from liver and participated in
complement activation, blood coagulation, and endopeptidase activities, while CF N-glycoproteins
originate from diverse tissues and are mainly involved in cell adhesion and signaling transduction.

These data further enhanced our understanding of fucosylation on circulation glycoproteins.
KEY WORDS: Core fucosylation, Antenna fucosylation, Human serum, Glycoproteomics
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and N-glycoproteomics
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ABSTRACT: In plant biology, the study of protein post-translational modifications (PTMs), such
as N-glycosylation and phosphorylation, is essential for understanding cellular processes related to
protein folding and signaling pathways. These modifications play a critical role in how plants
respond to environmental changes. Current sequential enrichment methods for analyzing both
phosphorylation and N-glycosylation, however, are often tedious and inefficient, presenting a
significant bottleneck for research. This study introduces a novel, integrated approach termed
TIMAHAC, combining suspension trapping (S-Trap), immobilized metal affinity chromatography
(IMAC), and hydrophilic interaction chromatography (HILIC) to enable simultaneous analysis of
plant phosphoproteome and N-glycoproteome. TIMAHAC streamlines the enrichment process by
using a unified buffer system and a tandem pipette tip format, reducing the complexity and
experimental time traditionally required for sequential analyses. This method was applied to
examine the Arabidopsis phosphoproteome and N-glycoproteome in response to abscisic acid (ABA)
treatment, a hormone involved in plant stress response. The study successfully identified 1,954 N-
glycopeptides and 11,255 phosphopeptides, indicating the high throughput and applicability of
TIMAHAC to plant tissues. Notably, the analysis revealed distinct perturbation patterns triggered
by ABA, underscoring the unique regulatory roles of phosphorylation and N-glycosylation. This
suggests that TITHAMAC not only enhances the efficiency of the two PTMs analysis but also
provides valuable insights into the complex molecular mechanisms underpinning plant adaptation
to environmental stimuli, offering a significant advancement in the field of plant signaling networks

and regulatory biology.
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Conformational dynamics of SARS-CoV-2 variant RBDs and their
interactions with ACE2: Insights revealed by HDX-MS

Dong Zhang, Patrick Tsz-Fung Wong, Pui-Kin So, and Zhong-Ping Yao*
Department of Applied Biology and Chemical Technology, The Hong Kong Polytechnic
University, Hung Hom, Kowloon, Hong Kong Special Administrative Region, China

ABSTRACT: In this study, hydrogen/deuterium exchange mass spectrometry (HDX-MS) was used
to investigate and compare the conformational dynamics of the receptor binding domains (RBDs)
of SARS-CoV-2 wild type and Alpha, Beta, Zeta, Kappa, Delta, Omicron BA.1 variants, as well as
their bindings with the receptor, angiotensin-converting enzyme 2 (ACE2), in host cells, in order to
understand how SARS-CoV-2 variants-associated mutations affect the conformational dynamics of
SARS-CoV-2 RBDs and their interactions with ACE2. The HDX-MS results showed significantly
reduced deuterium uptakes in the interface loop (residues 495-502) for the variants possessing the
N501Y mutation, indicating that this functional important loop became more compact with the
mutation. Compared with the Kappa variant, Delta variant showed a more rigid structure in another
interface loop (residues 444-452), suggesting that the mutation at E478K could affect the flexibility
of the binding region. Collectively, along with the development of SARS-CoV-2 variants, the core
of RBD became more rigid, which consequently affected their receptor recognition. Upon binding
to ACE2, dramatically reduced HDX of the loops at residues 495-512 was observed for RBDs of
the Alpha and Delta variants, two variants with increased disease severity; the RBDs of all the
variants with N501Y substitution was found to induce the most dramatically decreased HDX of the
region with residues F28-S43 in ACE2, which might be associated with a newly formed n-7 stacking
between the Y501 of RBD and Y41 of ACE2 that stabilized the RBD-ACE2 complex. It was found
that the binding with Delta RBD caused an allosteric change of the loop (residues 557-565) locating
at the edge of ACE2, making the loop more rigid. Overall, this study provides new insights into the
evolution of SARS-CoV-2 variant RBDs and their interactions with ACE2.

This propose is supported by the General Research Fund of Hong Kong 15304022 and 15308923.

KEY WORDS: HDX-MS; conformational dynamics; SARS-CoV-2 variants; RBD; ACE2.
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Fig. 2 MALDI-TOF mass spectra of BSA peptides after Fig. 3 MALDI-TOF mass spectra of phosphopeFtides after
adsorption by (a)MTS9200@Fe,0,, (b)FPA9QCI Fe,0,,  adsorption by (a)MTS9200@Fe,0,, (b)FPASOCI@Fe,0,, (c)
(c) Fe,0, (*indicates BSA peptides) Fe,0, (¥indicates phosphopeptides)
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Nanometer Resolution Mass Spectro-Microtomography for In-depth
Anatomical Profiling of Single Cells

Han-Zhang Mou'? Jian-Bin Pan,'¥, Cong-Lin Zhao', Lei Xing'", Yu-Xiang Mo?, Bin Kang'",
Hong-Yuan Chen', Jing-Juan Xu!”
1. State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry and
Chemical Engineering, Nanjing University, Nanjing 210023 (China);
2. State Key Laboratory of Low-Dimensional Quantum Physics, Department of Physics, Tsinghua
University, Beijing 100084 (China).

ABSTRACT: Visually identifying the molecular changes in single cells is of great importance for
unraveling fundamental cellular functions as well as disease mechanisms'. Herein, we demonstrated
a unique mass spectro-microtomography with an optimal voxel resolution of ~300 x 300 x 25 nm?,
which enables three-dimensional tomography of chemical substances in single cells. This mass
imaging method allows for the distinguishment of abundant endogenous and exogenous molecules
in subcellular structures. Combined with statistical analysis, we demonstrated this method for spatial
metabolomics analysis of drug distribution and subsequent molecular damages caused by
intracellular drug action. More interestingly, thanks to the nano-precision ablation depth (~12 nm),
for the first time, we realized metabolomics profiling of cell membrane without the interference of
cytoplasm and improved the distinction of cancer cells from normal cells. Our current method holds
great potential to be a powerful tool for spatially resolved single-cell metabolomics analysis of
chemical components during complex biological processes.

KEY WORDS: cell membrane, mass spectro-microtomography, nanometer resolution imaging,
single cell.
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N-linked glycoproteome analysis reveals central glycosylated proteins
involved in response to wheat yellow mosaic virus in wheat

Jiagian Yang,'? Yingjie Zhao, ! Xia Wang, ' Jian Yang, ! Keqi Tang*,'? Jiagian Liu *,!
1. Ningbo University, Ningbo 315211, China
2. Zhenhai Institute of Mass Spectrometry, Ningbo 315211, China

ABSTRACT: Glycosylation is an important protein post-translational modification and is involved
in protein folding, stability and enzymatic activity, which plays a crucial role in regulating protein
function in plants. Here, we report for the first time on the changes of N-glycoproteome in wheat
response to wheat yellow mosaic virus (WYMV) infection. Quantitative analyses of N-linked
glycoproteome were performed in wheat without and with WYMYV infection by ZIC-HILIC
enrichment method combined with LC-MS/MS. Altogether 1160 N-glycopeptides and 971 N-
glycosylated sites corresponding to 734 N-glycoproteins were identifed, of which 64 N-
glycopeptides and 64 N-glycosylated sites in 60 N-glycoproteins were signifcantly differentially
expressed. Two conserved typical N glycosylation motifs N-X-T and N-X-S and a nontypical motifs
N-X-C were enriched in wheat. GO analysis showed that most differentially expressed proteins were
mainly enriched in metabolic process, catalytic activity and response to stress. KEGG analysis
indicated that two signifcantly changed glycoproteins were specifically related to plant-pathogen
interaction. Furthermore, we found that over-expression of TaACERK reduced WYMYV accumulation.
Glycosylation site mutation further suggested that N glycosylation of TaCERK could regulate wheat
resistance to WYMYV. This study provides a new insight for the regulation of protein N-glycosylation
in defense response of plant.
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Al-assisted mass spectrometry imaging with in situ image
segmentation for subcellular metabolomics analysis

Cong-Lin Zhao, Lei Xing,* Bin Kang,* Hong-Yuan Chen and Jing-Juan Xu*
State Key Laboratory of Analytical Chemistry for Life Science and Collaborative Innovation
Center of Chemistry for Life Sciences, School of Chemistry and Chemical Engineering, Nanjing
University. Nanjing 210023, China

ABSTRACT: Subcellular metabolomics analysis is crucial for understanding intracellular
heterogeneity and accurate drug—cell interactions. Unfortunately, the ultra-small size and complex
microenvironment inside the cell pose a great challenge to achieving this goal. To address this
challenge, we propose an artificial intelligence-assisted subcellular mass spectrometry imaging (Al-
SMSI) strategy with in situ image segmentation. Based on the nanometer-resolution MSI technique,
the protonated guanine and threonine ions were respectively employed as the nucleus and
cytoplasmic markers to complete image segmentation at the subcellular level, avoiding mutual
interference of signals from various compartments in the cell. With advanced Al models, the
metabolites within the different regions could be further integrated and profiled. Through this
method, we decrypted the distinct action mechanism of isomeric drugs, doxorubicin (DOX) and
epirubicin (EPI), only with a stereochemical inversion at C-4’. Within the cytoplasmic region,
fifteen specific metabolites were discovered as biomarkers for distinguishing the drug action
difference between DOX and EPI. Moreover, we identified that the downregulations of glutamate
and aspartate in the malate—aspartate shuttle pathway may contribute to the higher paratoxicity of
DOX. Our current AI-SMSI approach has promising applications for subcellular metabolomics
analysis and thus opens new opportunities to further explore drug—cell specific interactions for the
long-term pursuit of precision medicine.
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KEY WORDS: image segmentation, subcellular metabolomics analysis, artificial intelligence-
assisted subcellular mass spectrometry imaging (AI-SMSI), isomeric drugs.
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Probing Metabolic Flux Heterogeneity with Spatially-resolved
Isotope Tracing and Imaging Mass Spectrometry

Lin Wang
State Key Laboratory of Medical Molecular Biology, Institute of Basic Medical Sciences Chinese
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100005, China

ABSTRACT: Metabolite built-up can occur not only due to increased production, but also due to
decreased consumption. Thus, measurement of metabolite concentration tells only half the story.
Equally important is understanding pathway activity, which can be quantified in terms of metabolic
flux. Isotope tracing has helped determine the metabolic activities of major organs. However,
methods to probe the metabolic heterogeneity within organs are less developed. Here we couple
stable isotope-labelled nutrient infusion to MALDI-imaging mass spectrometry to quantitate
metabolic activity in mammalian tissues in a spatially resolved manner. In the murine kidney, we
observe distinct TCA substrate usage across kidney regions: glutamine and citrate are used
preferentially in the cortex and fatty acids in the medulla. In the brain, we observe spatial gradations
in carbon inputs to the TCA cycle and glutamate selectively under ketogenic diet: in carbohydrate-
rich diet, glucose predominates throughout; in ketogenic diet, 3-hydroxybutyrate contributes most
strongly in hippocampus and least in the midbrain. Brain nitrogen sources also vary spatially:
branched-chain amino acids contribute most in the midbrain, while ammonia contributes
preferentially in the thalamus. Thus, we built an efficient platform iso-imaging that can reveal the
spatial organization of tissue metabolic activity.
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LC-MS/MS Quantitation of Formaldehyde—Glutathione Conjugates
as Biomarkers of Formaldehyde Exposure and Exposure-Induced
Antioxidants: A New Look on an Old Topic
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Department of Chemistry, The Hong Kong University of Science and Technology, Clear
Water Bay, Kowloon, Hong Kong

ABSTRACT: Humans are continuously exposed to formaldehyde via both endogenous and
exogenous sources. Prolonged exposure to formaldehyde is associated with many human diseases,
such as lung cancer and leukemia. Developing biomarkers to measure formaldehyde exposure,
which could be used to predict the risk of associated diseases are crucial. As glutathione (GSH) is
well-known for its crucial role in the detoxification of a wide variety of xenobiotics, including
formaldehyde, we rigorously quantitated in this study the conjugates formed when formaldehyde
reacted with GSH using liquid chromatography coupled with tandem mass spectrometry (LC-
MS/MS) coupled with an isotope dilution method. The results showed for the first time that (S)-1-
(((R)-2-amino-3-(carboxymethylamino)-3-oxopropylthio)methyl)-5oxopyrrolidine-2-carboxylic

acid (PGF) and thioproline-glycine (SPro-Gly) are major metabolites in both nonenzymatic
reactions and formaldehyde-exposed human cells. In particular, over 35% of the formaldehyde from
external sources was found to convert to SProGly in the exposed cells. Interestingly, data showed
that these exposure-induced adducts exhibited good antioxidative properties, which can protect cells
from hydrogen peroxide mediated oxidative insult. It is anticipated that the findings of this study
could shed light on developing PGF and SPro-Gly as dietary supplements and on the development

of noninvasive methods to assess health risks associated with formaldehyde exposure.
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Identification of nucleic acid modifications by Tims TOF Flex
MALDI2 mass spectrometry

Xiaoyuan Hu', Hongying Zhong'~*
!College of life science and technology, Guangxi university, 530004, Nanning, China,
*Center for Instrumental Analysis, Guangxi university, 530004, Nanning, China

ABSTRACT: Chemical modifications in nucleic acids have profound influences on a plethora of
cellular processes!'. Nucleic acid molecules have a variety of chemical modifications and play an
important regulatory role in a variety of biological processes. Mass spectrometry (MS) is an
extremely sensitive and accurate tool for measuring the masses of biological
macromolecules!?. Here we propose a rapid detection method for the identification of nucleic acid
modifications. After the nucleic acid is extracted, the nucleotide is digested into a single nucleotide
by enzymatic hydrolysis. Then the nucleotides are dephosphorylated by alkaline phosphatase. Once
the nucleoside is homogeneously mixed with 3-HPA, nucleic acid modifications can be detected by
Tims TOF Flex MALDI2 mass. We believe that the development of this method will help
researchers study the function of nucleic acid modifications and identify unknown modifications.
Improvements in analytical methods can provide researchers with new opportunities to study
modification states and develop methods to alter the function of nucleic acids for the purpose of

treating diseases.
KEY WORDS: Nucleic acid modifications, MALDI2 mass, 3-HPA
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Lipidomics analysis of the egg during the embryonic development of
broilers

Xingchen Huang', Hongying Zhong > *
!College of life science and technology, Guangxi university, 530004, Nanning, China,
Center for Instrumental Analysis, Guangxi university, 530004, Nanning, China

The chicken of egg enriched with lipids'. Actually, the type and amount of lipids are dynamically
changing during chicken embryo development in order to meet the different stages of development?.
Therefore, combining the developmental cycle of the chicken embryo with the dynamic changes of
its content lipids and exploring the patterns between them can help reveal the role of lipids in the
growth and development of the chicken embryo®. In this study, we applied ultra-high performance
liquid chromatography/tandem mass spectrometry (UHPLC-MS/MS) to analyze the metabolic
changes of lipids in the egg contents of embryos (E)0, E1, E2, E3, E4, E5, E6 and E7. The results
showed that 1) 526 lipids were identified, and phosphatidylcholine accounted for the largest
proportion of all lipids; (2) E7 basically contained the lipid metabolites detected in EO-E6, but the
lipid species did not increase with the number of developmental days; (3) The most active lipid
transition during EO-E1 and the inhibited lipid transition during E1-E2 were PE(34:3) — PC(34:3);
(4) E3-E4 were the most complex stages of lipid species changes in EO-E7. The results of this study
may provide new insights into the embryonic nutrition of broiler chickens in terms of developmental
changes in yolk lipid metabolites, and may also provide new ideas for improving the health and

nutrition of pre-hatch broiler chickens.
KEY WORDS: chicken, embryos, lipidomics
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Characterization of Megadalton MALDI Ions with Linear Ion Trap
Mass Spectrometer
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ABSTRACT: Detecting megadalton matrix-assisted laser desorption/ionization (MALDI) ions
with linear ion trap mass spectrometer (LIT-MS) is a technical challenge. In this talk, we employ
MALDI LIT- MS to successfully analyze megadalton protein, polymer, and proteasome ions. A
homebuilt linear ion trap mass spectrometer (LIT-MS) equipped with a charge sensing particle
detector (CSPD) is used for high mass ion detection. We analyze high mass ions with mass-to charge
(m/z) ratios ranging from 100 kTh to 2 MTh, including thyroglobulin, alpha-2-macroglobulin,
immunoglobulins (e.g., IgG and IgM), polymer (200k ~ 2MTh), and 20S and 26S proteasomes.
Besides, it is also very challenging for ion trap mass spectrometry to detect megadalton ions at low
concentrations. By adopting high affinity carboxylated/oxidized detonation nanodiamonds
(0xDNDs) to enrich I[gM molecules and form antibody-nanodiamond conjugates, ~ 5 nM (5 pg/mL)
concentration has successfully reached which is better than that by the other techniques.

KEY WORDS: Linear Ion Trap, Charge-sensing particle detector, Megadalton MALDI ions,

Nanomolar concentrations
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Development of a calculation tool to effectively achieve the best
performance in linear MALDI-TOF mass spectrometry

Yi-Hong Cai, Ko-Keng Chang, Yi-Sheng Wang®
Genomics Research Center, Academia Sinica, 128 Academia Road, Section 2, Taipei 115, Taiwan.

ABSTRACT: Optimization of time-of-flight (TOF) mass spectrometry (MS) in practical
applications is generally a highly empirical process owing to lack of a scientific basis. As a
consequence, linear TOFMS has very limited applications due to low spectral quality. Therefore, a
reliable means to predict the optimal instrumental condition is highly attractive to improve the
performance of TOFMS and data quality for unresolved applications, especially those demanding
high-resolution MS. We have developed a comprehensive calculation method that reveals several
unknown facts in linear MALDI-TOFMS.'** Based on the result of big data analysis, the method
can precisely predict the flight-time spread of ions using various experimental conditions. We
recently developed a calculation tool that imbeds the fundamental principles used in the series of
works, including the flight-time topology analysis to assist the users to thoroughly analyze the
impact of every parameter on the extent of ion separation. The calculation tool can be used to rapidly
predict the optimal voltages and extraction delay for the highest mass resolving power (MRP) based
on the known instrument dimensions and mass range of interest. The calculation typically spends
seconds to find the suitable parameters that serve as the starting sets prior to fine adjustment. It can
also predict the optimal instrument dimensions to achieve the targeted MRP, offering reliable data
for early instrumentation purposes. Experimental validation was done by using a laboratory-made
instrument optimized for analysis in low-mass range. The result shows that the predicted parameters
were highly accurate in the low-mass range and reasonably well in the middle mass range. Practical
limitations in the instrument to achieve very high MRP will be discussed.

KEY WORDS: comprehensive calculation, linear TOFMS, flight-time spread, instrumental
conditions, experimental validation.
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Masked Reactivity of Hydrated Clusters of Monovalent Manganese
Ion: Water Insertion versus Nitrous Oxide Activation — A Density
Functional Theory Investigation

Zachary Lam, Wing Tung Tang, Ephrem G. Demissie, Chi-Kit Siu*
Department of Chemistry, City University of Hong Kong, Tat Chee Avenue, Kowloon Tong,
Hong Kong SAR, P. R. China

ABSTRACT: Previous mass spectrometric (MS) studies!® demonstrated that singly charged
hydration clusters of manganese ions [Mn(H>0),]" were, on one hand, highly reactive toward
intracluster water insertion®* but, on the other hand, inert toward nitrous oxide activation.’ This
contrast in reactivity has been rationalized by our recent theoretical investigation for the
interconversion between the pristine Mn(I) monovalent form as a monatomic ion in [Mn'(H,0),]"
and the oxidized Mn(1II) trivalent form as a hydride—hydroxide in [HMn"OH(H,0),-1]", as well as
their reactivity toward nitrous oxide activation.*’” Our theoretical interpretations are supported with
quantum chemical calculations based on density functional theory (DFT), performed systematically
for the cluster-size range of n =1 — 12. Our DFT results show that water insertion is kinetically and
thermodynamically favorable for n > 8, suggesting [HMn""OH(H20),-1]" is the predominant form,
as observed in previous MS experiments. While [Mn'(H>0),]* is capable of N>O reduction, the
process of which is highly exothermic, similar reactions are unfavorable with [HMn"OH(H,0),1]",
which can only form weakly bound adducts with N>O. This work demonstrates the masking effect
of water molecules over the high reactivity of the hydrated Mn(I) center and sheds light on the

potential roles of water in transition metal systems.

KEY WORDS: transition metal catalysis; small-molecule activation; oxidative addition; reductive

elimination; water evaporation
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LA-ICPMS for direct U/Th dating of millennium stalagmites
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ABSTRACT: Here we present a highly sensitive, direct U/Th dating approach for carbonates using
laser ablation inductively coupled plasma mass spectrometry (LA-ICPMS) with a detection
efficiency of 1-2%. Online addition of a well characterized **Th-*3U->¢U triple spike to the laser
generated aerosol, enabled to monitor and correct for mass discrimination and U/Th elemental
fractionation effects. With this approach, the **U/?*3U and #*°Th/?*®U activity ratios of a flowstone
sample in secular equilibrium could be accurately reproduced as unity with two-sigma uncertainties
+0.053 and + 0.050, respectively. This method was used for the determination of the formation ages
of individual layers in natural stalagmites ranging between 210 to 1 thousand years ago (ka).
Particularly, millennium stalagmites, as young as 1 ka, could be accurately dated with 2 standard
error of + 76 years. This developed micro-domain U-Th dating approach thus can be applicable for
diverse research areas, such as paleoclimatology, oceanography, geomagnetism, and archaeology.

KEY WORDS: LA-ICPMS, direct U/Th dating, **Th->*U->*U triple spike, millennium

stalagmites.
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Using Thermal Desorption Flame-Induced Atmospheric Pressure
Chemical Ionization Mass Spectrometry to Rapidly Characterize
Chemical Compounds on Surfaces and in Cosmetic Products

Sy-Chyi Cheng"" and Jentaie Shiea®
1. No. 100, Sec. 1, Guiren 13th Rd., Guiren Dist., Tainan, 711, Taiwan
2. No.70, Lien-hai Rd., Kaohsiung, 804, Taiwan

ABSTRACT: Flame-induced atmospheric pressure chemical ionization (FAPCI) utilizes a micro-
flame to produce metal ions and other charged species such as Li', Na*, Ag’, CHO", H;0", and
H30"(H20), for ion-molecule reactions with analytes. It has been demonstrated to interface gas
chromatography and mass spectrometry (MS) to characterize complex samples. In this work,
FAPCI/MS was combined with thermal desorption (TD) to characterize volatile and semi-volatile
compounds.

The TD-FAPCI consisted of a heating oven and an oxyacetylene or butane flame. A stainless steel
probe was used to scrape the solid surface for sampling. After that, the probe was inserted into to
the heated oven (250 °C) for thermal evaporation and subsequent FAPCI ionization. Additionally,
the micro-flame was also directed toward a TLC plate to desorb/ionize analyte spots on the surface.
A triplet quadrupole and a quadrupole time-of-flight mass analyzer were used to characterize the
analyte ions.

The use of TD-FAPCI/MS for the direct detection of preservatives such as methylisothiazolinone
and phenoxyethanol in various cosmetic products and pesticides on fruits and vegetables was
demonstrated. Samples such as plant extracts were also separated and then detected by TLC-
DFAPC/MS. In conclusion, FAPCI/MS is a sensitive, reproducible, quantitative, and rapid
technique. It can be used for high-throughput screening of cosmetics and fruits to ensure consumer’s
health and combined with TLC to characterize complicated samples.

KEY WORDS: Flame-Induced Atmospheric Pressure Chemical Ionization, thermal desorption,
thin layer chromatography
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A non-derivatized method for enantiomeric analysis of amino acids in
complex sample matrices by LC-MS

Xingcheng Gong', Yuelin Song?®*
"Modern Research Center for Traditional Chinese Medicine, School of Chinese Materia Medica,
Beijing University of Chinese Medicine, Beijing 100029, China
*Modern Research Center for Traditional Chinese Medicine, Beijing Research Institute of Chinese
Medicine, Beijing 100029, China

ABSTRACT: Due to the chiral environment present in living organisms, it was previously believed
that amino acids existed exclusively in the r-form within organisms. However, with advancements
in cutting-edge analytical methods, several p-amino acids have been discovered in higher animals.
The physiological and pathological significance clarified for several p-amino acids has attracted
much interest and attention in the development of new methods for chiral analysis of amino acids
with high specificity, sensitivity and throughput. Mass spectrometry characterized as high
specificity and sensitivity is a fit-for-purpose tool for achieve this goal. The discrimination of
enantiomers with identical mass-to-charge values and product ions is not achievable through a
simple MS method. Here a post-column injection LC—MS combining with mass spectrometric
kinetic strategy was applied for chiral recognition and enantiomeric excess determination of amino
acids in cell culture medium samples. This is the first time for chiral analysis of amino acids in real
matrices sample without any necessary derivatization reactions. Enantiomers of nine amino acids
were successfully differentiated and quantified using 1-Phe as a chiral reference and Cu®" as a metal
ion to form a trimeric complex ions [Cu'(A)(L-Phe),—H]". The results of enantiomeric excess for
nine amino acids were supported by a satisfactory coefficient (R*> > 0.95). Furthermore, the
stereometric configuration of binary complex of two 1-Phe and one Cu®" was determined using X-
ray diffraction. Density functional theory was applied to explain the enantio-selectivity of -Phe and
Cu?" for amino acids. This study proposed a simple and robust method for chiral analysis of amino
acids and advanced the understanding for chiral discrimination by forming trimeric cluster ions.

KEY WORDS: LC-MS, chiral recognition, enantiomeric excess, X-ray diffraction, density
functional theory
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Exploring spatial metabolic heterogeneity: utilizing high-resolution
metabolomics to illuminate differences in idiopathic pulmonary
fibrosis and silicosis
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Beijing 100730, China

ABSTRACT: Mapping the metabolic remodeling of lung fibrosis, as well as the precise and
comprehensive spatial metabolic profiles of its various functional regions, can fundamentally
improve our understanding of the mechanisms of lung fibrosis onset and progression, facilitating
the design of advanced therapeutic targets and strategies. Here, we present spatial metabolomics
and lipidomics based on matrix-assisted laser desorption ionization mass spectrometry imaging to
regionally visualize the metabolic heterogeneity and fibrotic metabolic reprogramming of various
regions of the lung in idiopathic pulmonary fibrosis (IPF) and silicosis samples. High spatial
resolution in mass spectrometry imaging facilitates the precise localization of metabolites in tissue
microregions, while the true distribution of target metabolites masked by neighboring low-
abundance metabolites can be prevented by high-resolution mass spectrometry. Metabolites in
different functional regions of the lung, including the bronchial, vascular, alveolar, and interstitial
regions, were accurately identified and localized utilizing data from spatial metabolomes with high
spatial and mass spectral resolution, revealing metabolic changes that could not be revealed by
traditional liquid-phase mass spectrometry-based metabolomics. Surprisingly, the expression levels
of the majority of tricarboxylic acid cycle metabolites, nucleotides, and phospholipids in IPF and
silicosis were opposite in the region of pulmonary fibrosis. Our high spatial and mass spectral
resolution approach provides a picture of metabolic variations between IPF and silicosis,
transforming our comprehension of lung fibrosis metabolism at the system level.
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Handwriting identification with mass spectrometry imaging

Xin Zhou!, Hongying Zhong"*
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ABSTRACT: The research of handwriting is commonly used in forensic examinations and in the
identification of neurological diseases such as Alzheimer's and Parkinson's disease’ . It is often
necessary to identify the authenticity of handwriting in forensic examinations, and the methods of
forgery include, but are not limited to, copying signatures and altering data®. Conventional optical
level observation has some limitations and new methods are urgently needed to solve. We use mass
spectrometry imaging to analyze the distribution of ink components in handwriting to identify
whether the handwriting has been altered or imitated. Experiments were performed using a Bruker
timsTOF Flex MALDI 2 mass spectrometer, scanning the files attached to the slides in negative
mode, setting the resolution to 20 um, and then using SCiLS Lab software to reconstruct the images
with different colors to indicate the ion intensity. Using the same pen were interval 0, 48, 96 hours
writing handwriting, ink has different degrees of aging, can be inferred from the different ionic
strength to write the successive time. When writing with different pens, although they look like the
same pen under optical microscopy, the differences in ink composition can be presented under mass
spectral imaging, and the distribution of the two inks can identify which parts are written by which
pen. The writing habits of different people can also be inferred under mass spectrometry imaging.
The force applied during writing varies from person to person, and the force affects the diffusion of
ink, and these differences can be observed in the mass spectrometry imaging results. Mass spectral
imaging can provide spatial distribution information, which can provide additional information such
as aging of the handwriting, writing time of overlapping handwriting, and ink diffusion information.

KEY WORDS: Handwriting, Mass spectrometric imaging, Forensic examinations
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Structure-independent Fragmentation Features of Electronic
Excitation Dissociation MS/MS for in-depth Glycosylation Analysis

Ruiging Li', Shuye Wu', Chaoshuang Xia®, Nafisa Tursumamat', Catherine E. Costello?,

Cheng Lin?, Juan Wei'"
'School of Pharmaceutical Sciences, Shanghai Jiao Tong University, Shanghai, 200240, China
“Center for Biomedical Mass Spectrometry, Boston University School of Medicine, Boston, MA
02118, United States

ABSTRACT: De novo glycan sequencing remains a major analytical challenge. Conventional
collision-based dissociation MS/MS techniques, including collision-induced dissociation (CID) and
higher-energy collisional dissociation (HCD), are slow-heating methods, which tend to break the
weakest bonds and often fail to provide sufficient glycan structural details for linkage and complete
topology characterization. Thus, multi-stage MS/MS (MS") and/or enzymatic approaches are
typically utilized to enhance in-depth glycan sequencing. Electronic Excitation dissociation (EED)
MS/MS has recently demonstrated superior efficiency in glycan structural characterization
compared to collision-based dissociation and low-energy electron dissociation methods. Our studies
on glycans of different structures, including high mannose, sialylated-, fucosylated- N-glycans, and
O- glycans, reveal that EED MS/MS provides informative structural details from all types of glycans
investigated with and w/o derivatizations. In particular, very similar and consistent fragmentation
patterns are observed, such as extensive Y-Z-'X ions triplets and abundant A, '*A, ®*A cross-
ring cleavages, which are of great benefit for the interpretation of linkage and complete topology.
The structure-independent fragmentation feature of EED MS/MS in glycan analysis also enhances
data annotation by software reducing ambiguities in structural assignment. In comparison to
released glycans, our initial EED MS/MS investigation on N-glycopeptides shows that very similar
glycan fragmentation patterns are observed in addition to fragments from the peptide backbone
containing the intact glycan; thus, both detailed glycan structure and glycosylation sites could be
obtained. Together with collision-based dissociation, EED MS/MS should supplement the toolbox
for in-depth glycosylation characterization, where the structural-independent fragmentation feature
significantly improves detailed glycan structural interpretation.

KEY WORDS: Glycan structure, electronic excitation dissociation, structure-independent
fragmentation pattern, site-specific glycan structural characterization
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K@i EVIREN, FeRfI®R, CulFfiER, Zn FALER

Email: guorui420@mail.ustc.edu.cn.



177

A model for calculating dead time and ion counter efficiency from
thermal ionization mass spectrometry calibration curves

Zhang Peng-fei, Li Zhi-ming*, Wang Wen-liang, Feng lei, Xu Jiang, Zhang Man-chao, Shen Xiao-
pan, Wang wei

ABSTRACT: Thermal ionization mass spectrometry (TIMS) is a widely used mass spectrometric
technique for trace/ultra-trace isotopic analysis. For accurate isotope ratio determination, the
detector dead time and ion counter efficiency have to be appropriately corrected for. Two methods
of pulse counting detector dead time calculation were evaluated on TIMS. Both methods were based
on the measurement of Sr isotope ratios in NIST standards and had similar performance in assessing
dead time for pulse-count detectors. In addition, one of the newly proposed methods in this
manuscript can be used to simultaneously determine the dead time and ion counter efficiency of the
pulse counting detector via the ratio measurement approach. The advantages of using this method
presented are firstly that both the detector dead time and the ion counter efficiency can be obtained
simultaneously and secondly that the sampling time can be spent entirely on the isotopes of interest.

KEY WORDS: Thermal ionization mass spectrometry; Isotope ratio; Dead time
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Multifunctional microfluidic chip platform for online enzymatic
hydrolysis and efficient sample preparation of single-cell proteomics

Xue Zhang, Yu Bai"
Beijing National Laboratory for Molecular Sciences, College of Chemistry and Molecular
Engineering, Peking University, Beijing 100871, China

ABSTRACT: Cellular heterogeneity is ubiquitous, and single-cell analysis can accurately elucidate
cell structure and function, revealing differences among cells and providing an important basis for
precision medicine. Single-cell proteomics provides a more accurate understanding of cellular
heterogeneity and reveal functional networks in biological processes. Despite the rapid development
of bottom-up single-cell proteomics research, the establishment of efficient and sensitive methods
for single-cell proteomic analysis still encounters significant challenges. Herein, we developed an
integrated microfluidic chip platform for single-cell proteomics, which enabled precise capture, cell
lysis, protein reduction, alkylation and digestion. Notably, we combined immobilized enzyme
reactors (IMERs) with microfluidic chips to achieve a highly efficient and fully online sample
preparation process. With data-independent acquisition (DIA) mode of mass spectrometry (MS),
deep profiling of 3358 and 2499 protein groups for individual Hela (n=4) and Jurkat (n=4) cells
were achieved, respectively. Furthermore, this microfluidic chip platform was utilized to analyze
differential expression in both proteomics and metabolomics of single Hela cells under the influence
of the anticancer drug, leading to 77 proteins and 67 metabolites with significant difference. Overall,
our platform provides an efficient, automated and integrated online pre-processing method for
single-cell proteomics studies while demonstrating the potential of single-cell research in tumor
chemotherapy and tumor drug resistance from both proteomic and metabolomic perspectives.

The research is financially supported by the National Natural Science Foundation of China
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China (Grant No. 2022YFC3400700).
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Development and Applications of Mass Spectrometry in Doping
Control

Terence See Ming WAN*, Emmie Ngai Man HO, Tony Hiu Wing CHEUNG, Wai Him KWOK,
April Sum Yee WONG and Jenny Ka Yan WONG
Racing Laboratory, The Hong Kong Jockey Club, Sha Tin Racecourse, Sha Tin, N. T., Hong

Kong, China

ABSTRACT: Since the late 1960s, mass spectrometry has been used extensively in doping control
testing for both human and equine sports.!  As the number and types of prohibited substances to
be regulated are both very large, and the biological matrices (mainly urine, blood and hair) in which
these substances are to be tested for are highly complex, mass spectrometry coupled with a
separation technique (such as gas chromatography or liquid chromatography) has been playing an
indispensable role in doping control testing worldwide due to its ability to provide selective,
accurate, sensitive and efficient detection of prohibited substances in biological samples for
regulatory purposes. Over the years, improved mass spectrometry techniques have continually
been developed and applied in doping control testing to cope with the challenges from new
prohibited substances and prohibited practices.?

In this presentation, I will use some recent examples, primarily in equine anti-doping, to
demonstrate the diversity of mass spectrometry techniques that have been developed and applied to
different aspects of doping control testing, including metabolism studies, initial testing procedures,
confirmatory analyses, and quantification methods for threshold substances. Some special
techniques used in hair analyses,® the control of peptides and proteins,* as well as transgenes
detection’ to control gene doping will also be discussed.

KEYWORDS: doping in sports, prohibited substances, hair analyses, proteins and peptides, gene
doping.
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Nitrilotriacetic acid-conjugated magnetic nanoparticle affinity probe-
based mass spectrometry for porphyrin profiling
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Liu,*" and Yu-Ju Chen,""
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“Institute of Translational Medicine, Faculty of Health Sciences, University of Macau, Taipa,
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Department of Chemistry, National Taiwan University, Taipei, Taiwan

ABSTRACT: Porphyrins are essential macromolecules in the human body for the biosynthesis of
heme, which is a vital prosthetic group for oxygen transport, electron shuttling, and the catalytic
synthesis of nitric oxide. Disruptions of one or more steps of the heme biosynthesis pathway could
result in an accumulation of intermediate porphyrins in the body. Furthermore, the detection of these
accumulated intermediate porphyrins in tissues and body fluid can serve as bio-indicators for
diagnosing a wide range of diseases, such as porphyria and cancer. As a conventional method for
porphyrin analysis, high-performance liquid chromatography (HPLC) with UV-visible absorption
and fluorescence detection have been commonly used. Nevertheless, the presence of overlapping
absorbance maxima and extinction coefficients, arising from significant interfering biological
metabolites, poses a challenge to the differential detection of porphyrin-related compounds.
Consequently, an analytical procedure including selective isolation, chromatographic separation,
and sensitive detection become crucial for accurate quantification of various porphyrins in
biological samples. In this study, we innovatively combined immobilized metal affinity
chromatography (IMAC) with the advantages of noble magnetic nanoparticles (MNP) to develop a
novel method for porphyrin analysis. Utilizing nitrilotriacetic acid (NTA)-conjugated MNP
(NTA@MNP), we achieved simultaneous purification and enrichment of porphyrins from the cell
matrix with minimal sample loss and high efficiency. The application of Fe**-activated NTA@MNP
facilitated the identification of porphyrins through matrix-assisted laser desorption/ionization-time
of flight (MALDI-TOF) mass spectrometry. To further refine the analysis, different species of
porphyrins were further enriched and separated from complex human lung cancer cell lines by
Liquid chromatography-electrospray ionization (LC-ESI)-ion mobility tandem mass spectrometry
(LC-MS/MS). In this novel platform, besides the common heme precursor protoporphyrin IX
(PPIX), another 12 putative endogenous porphyrin metabolites were observed from the PC9 cancer
cell line. This newly developed approach is a powerful tool for the detection of porphyrin
metabolomics in biological samples for the study of porphyrin-related diseases.

KEY WORDS: Porphyrins, nitrilotriacetic acid conjugated magnetic nanoparticle (NTA@MNP),
matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS)
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Comparative proteomic profiling of the interactome and substrates
of MEK1 and MEK2

Ying Wang', Ping Xiao'?, Liang Zhang'*"
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University of Hong Kong, 83 Tat Chee Avenue, Kowloon, Hong Kong, China.
*Key Laboratory of Biochip Technology, Biotech and Health Centre, Shenzhen Research Institute
of City University of Hong Kong, Shenzhen, 518057, China.

ABSTRACT: ERK signaling is a prominent pathway deregulated in cancer and is frequently
represented as a linear RAS-RAF-MEK-ERK signaling cascade '. Along this cascade, MEK1 and
MEK2 have a high degree of homology and identical substrate specificity 2. Although studies have
suggested that MEK1 and MEK?2 have nonredundant roles °, it remains unclear how MEK1 and
MEK?2 function distinctively in wider signaling networks. To address this, we developed the
proximity-based phospho-interactome (Prob-Phl) platform to dissect the interactome and substrates
of MEK1 and MEK2. We fused the MEK1 and MEK2 kinase with the engineered biotin ligase
BASU *. Upon biotin addition, BASU empowers the proximity labeling that captures stable and
transient interactors, including the substrate. To cross-validate the substrates of MEK1 and MEK?2
kinases, we used trametinib to block the activity of MEK1 and MEK2 kinases and serve as the
control. The biotinylated proteins were then captured and identified employing streptavidin pull-
down. After trypsin digest and phosphor-peptides enrichment, the total interactome and substrates
of MEK1 and MEK2 were analyzed by LC/MS/MS. Overall, a comprehensive analysis identified
182 proteins as potential interactors of MEK1, whereas 253 proteins were identified as potential
interactors of MEK2 using the Prob-Phl method. In addition, the phosphoproteome analysis
revealed a rich landscape, encompassing 2,845 phosphosites associated with MEK1, and 3,071
phosphosites associated with MEK?2. Analyses identified 70 and 150 phosphoproteins as candidate
substrates of MEK1 and MEK2, respectively. Notably, the Lysosome-associated membrane
glycoprotein 3 (LAMP3 or DC-LAMP) was validated as a unique interacting protein of MEK?2 but
not MEK 1. Functional validation revealed a novel MEK2-specific activity in regulating LAMP3-
induced lysosomal biogenesis. MEK2 through phosphorylated LAMP3 at the Thr201 site to
maintain the protein stability of LAMP1. Overall, our study delineated the distinct interactome and
substrates of MEK1 and MEK2. The robust performance of Prob-Phl could also be extended to

functionally dissect other kinases.
KEY WORDS: MEK1, MEK2, LAMP3, LAMPI1, proteomic
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Spatiotemporally resolved proteomics reveals that N-glycosylation
modulates protein homeostasis in AD
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ABSTRACT: N-glycosylation is one of most prominent post-translational modifications of proteins,
regulating the protein fold and quality control system. Convincing evidences have demonstrated
that aberrant N-glycosylation are associated with the progression of various diseases, including
cancer, viral infection, Alzheimer's disease (AD). However, the characterization of the N-
glycosylation in AD and the mechanism of its contribution to pathological alterations remain unclear.
Herein, we systematically resolved site-specific N-glycoprotein proteomics in samples from AD
model mice and clinical AD patients, confirming that dysregulated N-glycosylation was closely
involved in AD pathology. We determined the relationship between N-glycosylation levels and
endophenotype within AD in vitro, as evidenced by protein misfolding, aberrant protein aggregation
(including tau), and activation of endoplasmic reticulum stress and autophagy pathways were related
with downregulation of N-glycosylation. Additionally, proximity labeling proteomics further
revealed abnormalities in glycoprotein maturation and localization, demonstrating that maintenance
of appropriate levels of N-glycosylation was crucial for neuronal survival. Collectively, impaired
N-glycosylationwasa ‘driver’ ofabnormal protein aggregation in AD, which in turn contributes
to disease progression.

KEY WORDS: N-glycosylation, protein fold, endoplasmic reticulum stress, proximity labeling

proteomics
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UPLC-MS/MS metabolomics-based analysis of the efficacy and
molecular mechanism of inhalation of Artemisia argyi essential oil on
Improving sleep in insomnia mice

Ma Xiaoge', Cao Qianwen!, Liu Luyao!, Xu Xia® *
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Zhengzhou, Henan, 450001.

ABSTRACT: Aim: Artemisia argyi is widely used in bathing, moxibustion and fumigation!!!.
Artemisia argyi essential oil (AAEO) is also considered to be an important medicinal substance of
Artemisia argyi. Some literatures have reported that the extract of Artemisia argyi has a
neuroprotective effect’®. Recently, there are many reports on the use of various aromatic essential
oils for treatment of insomnial®!, but there are few reports on the efficacy of Artemisia argyi essential
oil in the treatment of insomnia. Based on this, our study established the mice model of insomnia
induced by p-chlorophenylalanine (PCPA), evaluated the efficacy of Artemisia argyi essential oil,
and further analyzed the molecular mechanism of Artemisia argyi essential oil in the treatment of
insomnia by using UPLC-MS/MS metabolomics.

Methods: Through behavioral open field test, sleep promotion test and relative content of
neurotransmitters in brain, the changes of mice in normal control group, insomnia model group and
administration group were compared so that evaluate whether AAEO has effect on insomnia mice.
In addition, we used network pharmacology and UPLC-MS/MS metabolomics to analyze the
changes of metabolic pathways in the brain to determine the action pathways of AAEO, and then
determined the specific targets by enzyme activity determination and molecular docking to explain
the mechanism.

Results: Inhalation of AAEO had a therapeutic effect on insomnia mice. General state observation
and behavioral results showed that AAEO could significantly improve the agitation and malaise of
insomnia mice. AAEO could increase the rate of falling asleep and shorten the sleep latency. After
UPLC-MS/MS analysis, it was found that inhalation of AAEO could significantly increase the
content of inhibitory neurotransmitters 5-HT and GABA related to sleep-wake in the brain of mice,
and significantly reduce the content of excitatory neurotransmitters DA and NE in the brain. After
7 days of inhalation of AAEOQ, the disorder of tryptophan, phenylalanine and tyrosine metabolic
pathways in the brain of mice was regulated to normal. In the serotonin pathway of tryptophan
metabolic pathway, components of AAEO could bind to the rate-limiting enzyme TPH2 of 5-HT
synthesis to increase the activity of the enzyme, so that reverse the levels of tryptophan, 5-HTP and
5-HT; On the other hand, AAEO could accelerate the conversion of phenylalanine metabolism to
the direction of phenyllactate production, down-regulate phenylalanine, and then restore the
downstream DA and NE callback to normal levels.

Conclusion: Inhalation of AAEO can improve insomnia symptoms induced by PCPA in mice.
Based on UPLC-MS/MS metabolomics analysis, we found this effect may be related to the
regulation of tryptophan, phenylalanine and tyrosine metabolic pathway disorders in the brain of
mice, up-regulation of 5-HT and GABA content, and down-regulation of DA and NE content.

KEY WORDS: UPLC-MS/MS metabolomics; Inhalation of Artemisia argyi essential oil (AAEO);

Insomnia; Tryptophan metabolism
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ToF-SIMS Single Cell Imaging and Its Application to Drug Discovery
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ABSTRACT: Many drugs exert their pharmacological functions by passing through cell membrane to
target intracellular biological molecules. Therefore, in situ investigation of recognitions and interactions
between drugs and intracellular targets is invaluable for drug discovery. With virtues of label-free, high
sensitivity and high spatial resolution, time-of-flight secondary ion mass spectrometry (ToF-SIMS)
imaging has emerged to be a powerful tool to visualize small molecular drugs at single cell level.'
However, direct in situ imaging of biological targets, such as proteins and DNA in single cells using
SIMS is still a great challenge, largely limiting application of SIMS imaging in this field. To this end, we
genetically incorporated fluorine-containing unnatural amino acids as a chemical tag into HMGBI1 via
genetic code expansion technique, enabling the co-localization of cisplatin-modified DNA and HMGBI1
in single cells by ToF-SIMS imaging.! We also developed a correlative optical and SIMS imaging (termed
COSIMSi?) strategy by optically labeling HMGB1 and DNA to investigate in situ the interactions
between cisplatin damaged DNA and HMGB1/Smad3 in single cells.> We revealed that the cisplatin
lesions at DNA enhanced the binding of non-specific DNA-binding protein HMGB1 but disrupted the
interactions of Smad3 with DNA.? This finding suggests that Smad3 and its related signaling pathway
are most likely involved in the intracellular response to cisplatin induced DNA damage. Recently, the
proposed COSIMSi strategy has been applied to visualize the distribution of newly synthesized
proteins/DNA/RNA in single cells.*

KEY WORDS: ToF-SIMS; single cell imaging; drug discovery; interaction between drugs and targets;
cisplatin.
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Single-sample global xenobiotic profiling
by LC-HRMS: Concept, technology, and potential application
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ABSTRACT: Xenobiotics is foreign chemical substance found within biological samples such as
drug and TCM metabolites in experimental animals, pesticides in food, toxic chemicals in patients
and performance-enhancing drugs in athletes and racing horses. LC-HRMS is the most important
analytical tool for detection and identification of xenobiotics, which can be categorized into targeted
and untargeted analysis. Most LC-MS methods currently used for evaluation of food safety, forensic
toxicology and other types of xenobiotic analyses are targeted analysis of known or suspected
xenobiotics. For detecting and identifying unknow xenobiotics, untargeted metabolomics can be
applied and often obtain excellent results. The analytical approach requires two groups of samples
(a test group and a control group and N > 3) and is well suited for various experimental studies.
However, it is not practical for certain types of xenobiotic analysis such as forensic examination and
drugs of abuse screening, which often deals with a single biological sample or multiple samples
from a single biological subject. To meet the needs, we are developing LC-HRMS based analytical
strategy and technology for single-sample global xenobiotic profiling (SSGXP). The primary
goals of SSGXP are to acquire accurate mass full-scan MS and true product ion spectral data for all
or most xenobiotics in a test biological sample and to find their MS and MS/MS spectral data in the
recorded LC-HRMS datasets regardless their elemental compositions, mass defects, isotope patterns
and fragmentations. To enable SSGXP to perform well, we improved the full-scan MS based
background subtraction (FMS-BS) algorithm and developed novel background subtraction-
mediated data-dependent acquisition (BS-DDA) technology. In this presentation, the new concept
and technology requirements of SSGXP are introduced and the principles and advantages of FMS-
BS and BS-DDA are reviewed. Examples of using FMS-BS for detecting and characterizing
unknown toxins, payload-containing components released from uncleavable ADCs, TCM
components and/or pesticides in biological samples are discussed to demonstrate its effectiveness.
Finally, the overall analytical strategy and potential applications of the single-sample global
xenobiotic profiling by LC-HRMS are proposed.

KEY WORDS: Background subtraction-mediated data-dependent acquisition (BS-DDA), full-scan
MS based background subtraction (FMS-BS), LC-HRMS, single-sample global xenobiotic profiling
(SSGXP), unknown xenobiotics.
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FELS 21T B4 & T M =i 2R 2 aY, £ 2 Ak S iErstE s, BAR.
PUREE ORI BRI E AT IR 28 E P, AW 7 R IS 5k &R s L, it py 3
RN LI 25 L B 5 (GEESI-MS) BUSMIBE AU ZH 5 B4 A RFAELHEY, SR LS5 28 B4 AH
FARW I S B . K 1E S i fe /N — ek H 514> BT (OPLS-DA) AL B AR 7R 2H 5 B4 4H,
iEESI-MS £0#, K P HAEAN=60)3E1TIX 5, $RHEAIAE B4 a2 AU, Mz
R Sk 5 B4 AR P2 BB R o BT (58 7715 S5 R ER, B TR AP AR A
JLPEEL 78285 AN, FEAFES T 1304.8 MNg, RAw e, S . SR (iE
R AR vE A A B R AT B PUAR B JS AT 0 M o PRZHREARIX 70 R G, Ui BH B4 ZH AN A
M A ARSI 22 57 . N T B2 R AR, DL OPLS-DA HEAYEE — 3 5y A8
A R (VIP)>1 Al t £ 58 (Student’s t-test) ] P<0.05 Ak 4615, k1S 2] 66 N2 57 5
To AWt REMN, KA EESI-MS, AR RIFEHLSF ELS 2 H B4 F&E 1A IIME
B, I B4 A SHRH A X 5y, RIS AT AR ALZ300 (k55 B4 A4 B RS 4 #r
777, NSRS B B4 RN ARBHE R b e fh i Bk .
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HS-SPME-GC-MS, UPLC-Q-TOF-MS 454 M58 % 5] kit B
& 2 Pk R B HI TR

SR H Y, BORL L, RIERE |, 2k 1
LR R B 2 K2 R 2 2 TR
2. BUAR A EE 25 500 %

TUt G 2o Wk X R L0, B AN RS A A 2 — . a2 pkiide, i,
K38 T N2, AE AR 25 AL A RO 43 () & AN 2 BEAE AP AE B 38 22 5% o 1) AR [
A P 22 SRS T Y » DI A il BT AR B T B S 2k R R A e A R K E
B, KBS B HS-SPME-GC-MS Al UPLC-Q-TOF-MS X} 35758 7= 5 -4 22 Bk vh i Jofi
Jiatﬁiﬁﬁi%ﬁ T GC-MS #dfi, Bt 454 NIST 17.0 Hod B AR 56 18 O AT R DAl LA
ERRICRGER, w163 FiERMENAY. £H5%F LC-MS i, I8 i3 77 M 28 X5 4k
GVAT AL, G562/ TR FE R BT G 22 bk B R B PR, SRS e 122 MR
MWALEY) . RIG, AL T 22 BA R R ALIE] ¥ OPLS-DA #5241, LA VIP 1§43, FC{H
A D-EE VAR AE, JE0fIEH 67 Fhig R M2 AR =R 46 PR R P2 RAREIY) -

B )5, TE Pubchem Z#5 FE HRAS 2 VLA CRIE V& M IIVE FBE AL, S NE STRING #¢
P2 ) S B 1 TR TELAE FH X 28 5 R AR o A5 0V B R R 22, B\ Dy L 7 24 BV P i
it 73 ML AR RIE BB AAFE R RAER, QR 1632 MNEREE S AR5, i i
PPI W25 4R a0, e b 18 /N EAT miE PRI FE R PR A A0 13 BT vl PR (R R R 1
gy. B, MRS CCRRRIENL. FEALARMA K D40 B FH ORI IE BTk £ 1 i

BFRREA IR 22 57 o BT R AL S BT @ S R R M BE AL T AR R AL AW . SCRF L
AR T . e, SREHE RGN Z SN, SRS &5 0e T HF 8
FERMERL ST AN 5 FR AR AR o VR 9 B i 2 Bk () ot s A 1 4B 4w . 1 SRS T R T HPL (1)
JREREE], FFR AR A R 2 f R S %
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A small-molecule (Azv) alleviates SARS-CoV-2-induced
inflammation by regulating NETosis

Yang Li', Ning Sheng', Kun Wang?, Yuhuan Li?, Jiandong Jiang"*", Jinlan Zhang'-"

1 State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of
Materia Medica, Chinese Academy of Medical Science and Peking Union Medical College,
100050, China
2 Institute of Medicinal Biotechnology, Chinese Academy of Medical Science and Peking Union
Medical College, 100050, China

ABSTRACT: Neutrophil extracellular traps (NETs) formation, known as NETosis, is a pivotal
immune system mechanism mediated by neutrophils that serves dual roles in both physiological and
pathological conditions. Assessing the ability to induce NETosis has been proposed as a clinical
biomarker indicating the severity of COVID-19 and long COVID. A small-molecule (Azv), a
nucleoside analog, has demonstrated efficacy in the treatment of SARS-CoV-2 infection and
potential for attenuating inflammation; however, the molecular mechanisms underlying its anti-
inflammatory effects remain insufficiently explored. Hematoxylin-eosin staining and mass
spectrometry-based proteomics analyses were performed on rhesus macaques (RMs) treated with
Azv to investigate the impact of Azv treatment on SARS-CoV-2 infection. Furthermore, validation
experiments using in vivo RM tissues and in vitro cells assessed the effect of Azv on NETosis. The
results demonstrated that Azv treatment not only suppressed viral replication by down-regulating
the COVID-19 pathway, but also effectively attenuated neutrophil infiltration and inhibited
inflammation-associated proteins such as protein S100. Furthermore, it exerted inhibitory effects on
inflammation-related pathways including leukocyte transendothelial migration, IL-17 signaling
pathway, and NETs formation. These findings underscored the potential of Azv treatment in
mitigating inflammation. In vivo and in vitro validation experiments confirmed the impact of Azv
on regulating NETs formation and inflammation. These findings indicated that Azv treatment can
modulate NETosis, alleviating inflammation and highlighting its therapeutic potential in diseases
associated with NETosis, particularly those involving co-infection with SARS-CoV-2.

KEY WORDS: SARS-CoV-2; Azv; Inflammation; NETosis
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#TF UHPLC-Q/TOF-MS B AR KIS A KM+ Hl =ERE b & H
SN RS

P, EE, ke
1 B2 R Bee AU st AT R 2 e 2B TEpl RAREG i VE Mot 5 D e Tl X B s

=, Jbst

VEST PR G Ay —Fh B 25 AR 2 TR v RN B P ol B Rt
NEIEAN e WS R o S PRl B £ EE ey H i =18, IRBEaE W & — 4
B2 AN ALK T B 2 e AL 7 A B 22 4 KR ) H it = R SEAL T5t, 5 2 R K
PEARC™ T BRI, T AL . GRS, H R BRE X IR A A A R I B AL
AT S HIERAL I 0T I3 o AN U B GRS T — b3 8 ven 50U £ £ BER DY AT RAT IS
() 57 3% CUHPLC-Q/TOF-MS ) 43 A (14 THT S AE AN 4 5 A5 FH DR vl o 1y H v = B A A 2% o 23
IR o HE T2 R S SRS N A HE S TR B R B AT A S, A E
B 107 FH M =BRAAARS . FE T UL B SR et A7 AR S P DR S b s A o) 751 o
FAH I = BEE 28 BTREAT 0T 0, LEEE B 116 MrHih =Ia S A 5o 120 M SRS AN g
{52 PEANA 58 B F ORI h AR H I = MR 2% BT, 38 B RS T A A A BT
AR NR AL AR B AE o B2 RN RAL 1 KAt b H i =8 S 2 o B UL A 11
AL A A PR i rh B AR BT, KB T 13 R ALK S FiRH AL O FR 5 . AT
TR ) A e Y 8 FH K S e e HL 73 o it i R E AR A

ReiE: ik, S HAKEH. S HM=8. UHPLC-Q/TOF-MS. Z5#)% &
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#F UHPLC-Q/TOF-MS HAK R Z — A LN T E
J& PRV BT SR A
IR, TRk ks
1P EE 2R 2 B SO RIS 22 25T 57, JE30 100050;

RO MR AR, B KISV AR S SR e . RO R
W ke SRR MR INRE A EREY), REERRT & ESEWR TR RN EE.
ANFEPE R AR B AR . ShASF RS AR . B, 7580t HoP 24 5 i A e
Joi e JRPEEAT A ] o ] PN A0 24 0 58 TR 20 B0 BT D 9 T i 5 35 5 43 BTV AN 40 1 HE
PH B R SEIL LR AR (1 7 BRI S 58, TRVEIRIER A EE R, H R AP 12 Fhok
TR B 1 o AR SR R R v R VRRE € R 1 v 2 R R v 0 R U 1) v R R PR A,
3. 1 —#hE T UHPLC-Q/TOF-MS £ AR K5 20 B L0 5343 M 77325 o i — 2 i o0 o 5
TR AT HEREAE R R R R B B R S5 R ISR I A TR T 8800 R £ L By I A TR
JAEE, FERAE TH KA. fEEA E, @57 73T UHPLC-Q/TOF-MS # KRR 4 —
B 4 MpoCH I EEYE CPYRAE. Fn &, EnTEMS TESMARED BT
J7i, REME AT — R TSI 4 B £ R O T B J 1k I HERR VAN . 2RISR T T R &
TEETR R, AT A B2 F R R AT R AL T A TR

R RO EE, kEFmEEN; BA&E; UHPLC-Q/TOF-MS; #jHHikl
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UHPLC-MS/MS Wl 58 N\ M3 AR FEBR BRHIIR T : HEFF R R IER R
H

SRS, R, g, T, ke
1o [ B2 2 2 e AL R Bl RS 25 5 25T 78 T R AR 2513 P 00 -5 B e R K B s =2
Jext
2. EEE SR AU AR B 2577 R b
3 AL ST AR B SRR S ML 5 R S =, ALt

4 J2E 2k H. BT (Eculizumab) 2 — R ] #MA SR (1 C5 RGBT B HiAA, & F T3 77 PNH.
aHUS %5 Z FMAA S50, 7 200 2 BL 521 RAF[1, 2] (H AT R5R T R R B, T i
FHVF LM, o, RIEBRAPUNAS B T, 4EREIRIT AR 0 2 i A 42 fB o 30 536
JG[3]e HIR, R BR R GTRMAE RI 2580 112 K (B 5 R240>60%) [3]. #fF
TR, TCIe NG UT IS ZIPN ) 2 A A S, AR P Bk B A S 3R 47 TDM sl
ety BERI[4]. B, AR T UHPLC-MS/MS 75 3K 5 B 1L T PR Bk B A
FHAT 7 522 5AE, R R TG R FRAT 1R A B 1T 5w 347 2 & 2 #, BI2E T skyline
AR e AR R BEAN PR T 8 R IR AR IR B, R0 I o 2 A S 0 Ik B kAT I i A
D, CARAA TN JOR B e — 1%, e 28 e R AE KB : LLIYGATNLADGVPSR; - H & e [
R ZARIC I BAE I bR (LLIYGATNLADGVPSR* (B3Cg, Nu))o FESLIE 87 2k it
JEHEA: 5-1000 pg/mL, FiE2EUIELE SRR AL . REEIHFE %R (% RSD) FEME (%
RE), AN $EHUEIWE . AR . FooE VEIRF & AR WRE e s A 7 VRS IR &
W CCHREZG80) 2020 B 19K FRATTEZ 7728 I PR A3 B A 2 BR B TR 7 (1) PNH
B WREBRBPUAIT PNH (A 257 REEE SR . FSIA %2R IIE, B
A3 S8 8 KRG VE 600mg 1K R BR BT, N5 5 s 4EFFIALE 24 70 28 1R IT R, BB i v 900mg
WK PER BT, 5 (R A5 9 F B Ik v 900mg M JERR BT . T A T 3 491 PNH B AE 1K
FERRFRPUIRIT I T WSS SR I IR L, 43N 250.6. 105.3 1 91.5ug/mL, 25 53 RECN 48%;
X0 e H — 5] BB 2 N GEFE I A IR BE AT R, BN Y AR S RECH 10%. LA 455
TE— BRI b T K ZEER FAPiAE PNH BB AR N5 T I AN GERr 1 3 52 10 2 S e, i
ANARIA) 22 AR o R T 254030 0 80, S HEFE IR e BR PR ey T R B AR A B
PRI S, FRATIIF R B 7 12 RE o9 R I PR L X 4K 2 Bk B e b AT 25 B 4 AL 75 22

. UHPLC-MS/MS; REERRSH, NI
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I IgG 52 BE0E ok v 188 B 20 A7 75 SR 0t e B LA i 3 s M 0 e Sy
H

JT, R, ER
L PR BRI S BT AL AR R = 5

I 80 T BIARS IFEA P A Fe S it 8 95 4D 7 M U S AR 3 119) SRS o IR S BREE 11 G
(IgG) R—BERGIFEMEE A, FWH 1gG PSR n] R ol S B B e
G g% e 77 AAE BB DR AS I U, A SN TR il 35078 (B 2 o T Fe bt RS = 2
wErl DAEnlE . R, SR ER R e RS AR 5 CRAR7, (Hil TR
AP EAR. B TRCRAR, G TR, UK EE B R BB 0 b e B MR IR A T 78 Bk
fik, DRI R T R R R e R R 1 SR T . B AR B A R EE T RE R — . B
PER . S w205, i 75 0 R ) 2% PR B BE S5 4 L il 2% T8 LRI AR R A RE, DA
B REZ IR FHERE 4> FAFIE o N T R ol W08, AHIE 7052 8 R 06 DR TH 2R B 141
SR, PR TRIAE SMRE. FkE. WS ZFoE K e fe oo K 2 B ER S 40K
PRE, BRI 20 10T v DAk 5 BERE K ' R0, e 28 B FH T it 5 ot o s U S5 1 PR 2
Mo sz el FR A, FIFE ST R0 A BM b & 4R 500 B AR 3 B Rl e LR B % (FT-ICR
MS) %EAHEE AT VE T SREL 1gG SEBEpE BRI =y R BB, sl 1gG M R AAB IR ) =il
BT o AHIF TN il 3k f 2R AT O R IS, R BbR A R R SORE IR A R A A
) 1gG FERLEL IR Z0pe 5l AL ELR > 1.5 %) AT F T WE I g dt e, o Mg 50 2E g 1)
WERI R L 93.6%, LB AHEAT 55.8 8 (IQR31.1-90.1) B, £ ERmk, Awfsisr
HIIME 1gG SE B IR Sl E M- & 5wz, B350 2. BHERST . 1097 7 RiEH. W
S Vs SRR HR AR B AR S TE R AL AR F B, AT IRAAM XS 1gG pEE
A5 I e I8 A R FE 0% 22 B A, 9l R B A IR 22 RN AR Bl 22 e R R A1 D I R 32
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1,8-Cineole ameliorated mice Staphylococcus aureus pneumonia by
modulation of tryptophane-kynurenine pathway based on
metabolomics
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Xia Xu'?"
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and School of Pharmaceutical Sciences, Zhengzhou University, Zhengzhou 450001, China
2. Zhengzhou Research Base, National Key Laboratory of Cotton Bio-breeding and Integrated
Utilization, Zhengzhou University, Zhengzhou, 450000, China

ABSTRACT: Research Purposes: Pneumonia is a common and frequent cause of respiratory
infections. Bacterial infection is one of the common causes of acute pneumonia. Staphylococcus
aureus, as a clinically important Gram-positive coccus with extreme pathogenicity and high lethality,
is one of the main causative agents of bacterial infection(1). 1,8-Cineole has been reported to have
a wide range of pharmacological activities such as antibacterial, analgesic, and anti-inflammatory.(2)
Research Experiments: In this study, metabolomic(3) analysis based on ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) was used to deeply investigate the
protective effect of 1,8-cineole against Staphylococcus aureus pneumonia and its molecular
mechanism at the metabolic level. The mice were randomly divided into control group, model group,
1,8-cineole group and levofloxacin group, and the mouse model of Staphylococcus aureus
pneumonia was established by nose-drop method, and the drug was administered by nebulization.
Research Results: Pharmacodynamic results showed that 1,8-cineole significantly reduced the lung
bacterial load and the levels of inflammatory factors TNF-a, IL-1f3, and IL-6, attenuated lung
inflammatory cell infiltration, restored alveolar structure, and attenuated lung pathological
symptoms in Staphylococcus aureus pneumoniae mice, compared with the untreated model group.
Metabolomics results showed that 22 metabolites in metabolic pathways such as tryptophan
metabolism, arginine and proline biosynthesis were significantly altered.

Research Conclusions: These results reveal the protective effect of 1,8-cineole on Staphylococcus
aureus pneumonia and its molecular mechanism, and provide a theoretical basis for the clinical
application of 1,8-cineole in the treatment of Staphylococcus aureus pneumonia.

KEY WORDS: 1,8-Cineole; Staphylococcus aureus pneumonia; Metabolomics; Tryptophan

metabolism; Arginine biosynthesis.
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F T Ao BE R T BOR B9 ML P AR KR 1 2 B 5 R B L 5 M
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B AT i R AE KR (GHD FE RN RIS EE M 2 RS ER, i
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% b0 R 8 KA PR AR DA 5 38012 vk R A S T A 5 B A AN B AR, PRI, AT R SOR ) 4
PERRERA, RUEPTAss il e £ HE AR S TSkl AR S &, FIFH GH WAL A & 21K 7 51 1)
ZE5t, SEBAMIET 22 kD-GH Al Total GH HIFI 2 &. KA TESE 1D Pk E%:
R AEY R R C GH Ui, AR IS HINAARC S PRI R S« 2 SIS
FMEMERCASLI BB A8, SRR KSR s . 2) Befi#: KA TCEP-
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A7 RS (PRMD 458 R A o B 404 o R FH Ll 26 1 3 D0 NAS [R9R B2 1) thGH AR s 1
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TR B R S5, 3% FAIMS HLJE, NCE #4757 7k, IR BEREN=ATE TEN
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Comprehensive Chemoproteomics Deciphers Non-Covalent Binding
Sites of Quercetin to Proteins and Its Biological Implications

Xiao TIAN', Qun Luo'* and Fuyi WANG"**
nstitute of Chemistry, Chinese Academy of Sciences, Beijing, 100190, P. R. China;
2 University of Chinese Academy of Sciences, Beijing, 10049, P. R. China.
E-mail: fuyi.wang@iccas.ac.cn

ABSTRACT: Many drugs, including synthetic small molecular drugs and native products, exert
their pharmacological functions by non-covalently binding to proteins. Therefore, the identification
of the binding targets and non-covalent binding sites of drugs to the targets is invaluable for drug
discovery, yet a great challenge. The conventional bottom-up proteomics identifies the protein
targets of drugs based on proteolytic peptides mass fingerprints (PMFs) and cannot preserve the
non-covalent binding sites of drugs to a protein. In the present work, we applied a chemoproteomic
approach that combines limited proteolysis (LiP) with mass spectrometry (MS)' to identify the non-
covalent binding sites of quercetin, a well-known bioactive component in many traditional Chinese
medicines, to proteins. Then, the conventional quantitative proteomics based on tandem-mass-tag
(TMT) labeling and mass spectrometry was utilized to study the quercetin bindings induced changes
in the expression levels of downstream proteins. We revealed that quercetin targeted heat shock
protein beta-1 (HSPB1), alpha-enolase (Enol) and Ras GTPase-activating-like protein (IQGAP1)
to reduce the expression level of the serine/threonine-protein kinase AKTI, regulating the
downstream signaling transductions, such as cell apoptosis and cell survival.

KEY WORDS: Chemoproteomics; quercetin; non-covalent binding; protein target.
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Millimeter Water-in-Oil Droplet as an Alternative Back Exchange
Prevention Strategy for Hydrogen/Deuterium Exchange Mass
Spectrometry of Peptide/Protein

Tin Yi Lui"
The Chinese University of Hong Kong, Hong Kong

ABSTRACT: Since the reliability of HDX-MS analysis considerably depends on the retention of
deuterium labels in the post-labelling workflow, D/H back exchange prevention strategies, including
decreasing pH, temperature, and exposure time to protic sources of the deuterated samples, are
widely adopted. Herein, an alternative and effective back exchange prevention strategy based on the
encapsulation of a millimeter droplet containing the deuterated peptide solution in a water-
immiscible organic solvent (““water-in-oil droplet”) is proposed. This method evolves from our
accidental observation of the decelerated back exchange kinetics in millimeter droplet as compared
to bulk solution. Based on this observation, we implemented the post-labelling workflows,
specifically the enzymatic digestion step, of HDX-MS in water-in-oil droplet and successfully
suppressed the undesirable back exchange.

Myoglobin (Mb) was chosen as the model entity in this study. H/D exchange of Mb was
initiated by incubating Mb in 96% D20. After a predefined H/D exchange duration, deuterated Mb
was digested with pepsin in either bulk solution or millimeter water-in-oil droplet. For bulk
digestion, the Mb/ pepsin mixture was kept in an Eppendorf tube for 2 mins in the presence of an
ice-water bath. For in-droplet digestion, 0.5 pL of the Mb/ pepsin mixture was submerged in a
cyclohexane reservoir for 2 mins. The Mb digest resulted from the two digestion approaches were
analyzed respectively by an FTICR mass spectrometer equipped with a homebuilt liquid
microjunction-surface sampling probe (LMJ-SSP) platform. Experiments were repeated using
different deuteration time points.

The deuterium level resulting from the two digestion approaches are compared, with a higher
deuterium level indicating a lower back exchange extent occurred during the 2-min digestion. In-
droplet digestion resulted in a higher deuterium level for all fragments, especially at the early
deuteration time points. Taking the segment 70-106 as an illustration, the deuterium levels obtained
from in-droplet digestion are 3.5 Da, 3.7 Da, 2.3 Da, 1.8 Da and 0.0 Da higher than that recorded
using bulk digestion for 30s, 2min, 10min, 50min and 3h labelling time points respectively. Since
deuterium labels uptake at the earlier time points normally have a faster back exchange kinetics,
recording a higher deuterium level for earlier time points implied that the in-droplet digestion
approach is more capable in providing instant protection. Once the deuterated sample solution is
added to the cyclohexane reservoir, the deceleration of back exchange is in action and hence the
fast-exchanging deuterium labels could be promptly preserved. In contrast, although the bulk
digestion is conducted in the presence of an ice-water bath, heat conduction takes time and therefore
delays the deceleration effect. At later labelling time points, the H/D exchange is approaching
equilibrium and more intermediate-exchanging backbone amide hydrogens are constituting the
plateau deuterium level. The similar deuterium level for the two approaches at the later time point
indicated their comparable effectiveness in preserving the intermediate exchanging backbone amide
hydrogens.

Our results proved that the water-in-oil droplet strategy exhibits a deuterium retention ability
superior to the temperature reduction method, particularly for the fast-exchanging deuterium labels.
The back exchange prevention effectiveness of water-in-oil droplet could be further enhanced if
used in combination with temperature reduction. Preliminary results showed that conducting the
digestion in a cooled water-in-oil droplet recovered a larger number of deuterium labels than using
either method alone.

For the first time, retarded HDX in millimeter droplet is demonstrated and applied as an
unconventional back exchange suppression strategy.
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Hydroxy fatty acids are a class of bioactive compounds in a variety of organisms. The
identification of hydroxy fatty acids in biological samples has still been a challenge because of their
low abundance, high structural similarity, and limited availability of authentic hydroxy fatty acid
standards. Here, we present a strategy for the annotation of saturated monohydroxyl fatty acids (OH-
FAs) based on the integration of chromatographic retention rules and MS2 fragmentation patterns.
Thirty-nine authentic OH-FA standards were used to investigate their retention behavior on a
reversed-phase stationary phase (C18) of liquid chromatography, and we found that their retention
simultaneously follows two kinds of “carbon number rules”. Using the “carbon number rules”, the
retention index (RI) of all OH-FAs that contain carbon numbers from 8 to 18 (C8—18) can be
predicted. Additionally, by studying the MS2 fragmentation of OH-FAs under collision-induced
dissociation, we found that the intensity ratio (IR) of the characteristic fragment ions (M + H]" - 63
and [M + H]" - 45) is closely related to the position of the hydroxyl group on the OH-FA structure,
which is helpful to further identify and confirm the OH-FA isomers. As a result, 97 of 107 potential
OH-FAs detected in honey, human serum, and rice seedling by chemical isotope labeling-assisted
liquid chromatography-mass spectrometry were annotated upon the RI matching and IR confirming.
Furthermore, in order to simplify the annotation process of OH-FAs, we constructed an OH-FA
library to facilitate the annotation of OH-FAs. Overall, this study provides a new and promising tool
for the in-depth annotation of OH-FA isomers.
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Ultrafast C—C and C-N bond formation reactions in water
microdroplets facilitated by the spontaneous generation of
carbocations

Ting Wang', Zheng Li', Hang Gao', Jun Hu**, Hong-Yuan Chen' and Jing-Juan Xu'*
1. State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry and
Chemical Engineering, Nanjing University, Nanjing 210023, P. R. China.
2. School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122 (China).

ABSTRACT: Carbocations are important electrophilic intermediates in organic chemistry, but their
formation typically requires harsh conditions such as extremely low pH, elevated temperature,
strong oxidants and/or expensive noble-metal catalysts." > Herein, we report the spontaneous
generation of highly reactive carbocations in water microdroplets by simply spraying a
diarylmethanol aqueous solution. The formation of transient carbocations as well as their ultrafast
in-droplet transformations through carbocation-involved C—C and C-N bond formation reactions
are directly characterized by mass spectrometry. The intriguing formation and stabilization of
carbocations are attributed to the super acidity of the positively charged water microdroplets as well
as the high electric fields at the water—air interfaces.® * Without the utilization of external acids as
catalysts, we believe that these microdroplet reactions would pose a new and sustainable way for

the construction of aryl-substituted compounds.

KEY WORDS: carbocation * water microdroplet ¢« C-C cross coupling * C-N cross coupling * mass
spectrometry
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One-pot extraction technique for simultaneous analysis of EV protein
and miRNA

Yufeng Liu', W. Andy Tao*", Yefei Zhu'-**
!School of Biological Science & Medical Engineering, Southeast University, Nanjing
210096, China.
*Department of BioChemistry, Purdue University, West Lafayette, IN 47907.
3Laboratory Medicine Center, The Second Affiliated Hospital of Nanjing Medical University,
Nanjing 210011, China.

ABSTRACT: The cargo of extracellular vesicles (EVs), encompassing proteins, nucleotides, and
various other molecules, has emerged as a powerful tool for the discovery of potential disease
biomarkers, crucial for diagnosis, monitoring, and therapeutic intervention. However, the intricate
relationship among these cargos remains enigmatic, potentially due to the limitations of current EV
cargo extraction methods, which often target a single cargo type. To address this challenge and
enhance our analytical capabilities with regards to EV cargo, we introduce a groundbreaking one-
step pipeline that facilitates the concurrent extraction of EV proteins and miRNAs. This innovative
strategy seamlessly integrates the advanced E Vtrap separation technique with solid-phase-enhanced
sample preparation (SP3), enabling a comprehensive analysis of urinary EV proteins and miRNAs.
In comparison to traditional methods, DIA MS and NGS results are displayed that our technology
boasts superior extraction efficiency and purity, while significantly reducing operational
complexities and time constraints. When applied to the detection of prostate cancer protein and
miRNA markers, our technique yielded impressive results, demonstrating its precision in capturing
key molecules and providing robust support for early prostate cancer diagnosis. This study not only
marks a significant technological advancement in the concurrent extraction of EV proteins and
miRNAs, but also serves as a valuable resource for tumor marker research and clinical applications.
With the widespread adoption and promotion of this technology, we anticipate significant strides in
cancer diagnosis. Ultimately, this innovation will pave the way for more precise and timely detection
and treatment programs, ultimately leading to improved patient outcomes.

KEY WORDS: Extracellular vesicles, Protein, MiRNA, Prostate cancer, Biomarker
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Preparation of affinity magnetic beads and its application in
proteomic analysis of plasma EVs

Gui-Yuan Zhang !, W. Andy. Tao 2", Ye-Fei Zhu '**
School of Biological Science & Medical Engineering, Southeast University, Nanjing 210096,
China;
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Nanjing 210011, China.

ABSTRACT: Extracellular vesicles (EVs) are nanoscale vesicles secreted by most cells, which are
composed of phospholipid bilayer structure, including exosome, microvesicles and apoptotic body,
carrying lipids, DNA, RNA, proteins and metabolites. Plasma-derived EVs are promising sources
of biomarkers. Currently, it is still a challenge to isolate EVs from a small amount of human plasma
for downstream proteomic analysis. The separation process is hindered by contamination with high-
abundance blood proteins and lipoprotein particles, which negatively affect proteomic analyses.
Moreover, although EVs immune-separation via magnetic beads often integrates with flow sorting
and Western blotting (WB), it lacks compatibility with nanoparticle tracking analysis (NTA) or
proteomic analysis. To address these issues, we have developed a functional magnetic bead, EVabcap
(Extracellular Vesicle Affinity-based Capture and Purification), enabling the rapid and efficient
separation of EVs from plasma. By optimizing the quantities of magnetic beads and plasma used,
we characterized the isolated EVs through WB, NTA, and transmission electron microscopy (TEM).
The results showed that we successfully separated EV from plasma. Subsequent proteomic analysis
of these EVs identified over 2000 proteins and 15000 peptides from using just 100pL of plasma,
and nearly 1000 proteins from trace samples (5uL). Additionally, this isolation method significantly
reduced contaminants, including plasma proteins and lipoproteins, compared to ultracentrifugation.
Finally, we applied this strategy to plasma samples of healthy people and Parkinson's disease, and
screened out potential biomarkers, which provided a promising guidance for clinical diagnosis.

KEY WORDS: Plasma; Extracellular vesicles; Affinity magnetic beads; Parkinson's disease
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3. X.Che, A. Nemchin, D. Liu, T. Long, C. Wang, M.D. Norman, K.H. Joy, R. Tartese, J. Head,
B. Jolliff, J.F. Snape, C.R.Neal, M.J. Whitehouse, C. Crow, G. Benedix, F. Jourdan, Z. Yang,
C.Yang, J. Liu, S. Xie, Z. Bao, R. Fan, D. Li, Z. Li, S.G. Webb, Science, 2021, 374, 887-890.

4. M. Humayun, A. Nemchin, B. Zanda, R.H. Hewins, M. Grange, A. Kennedy, Lorand, J.-P.
Gopel, C., C. Fieni, S. Pont, D. Deldicque, Nature, 2013, 503, 513-516.

5. D. Nakashima, N.T. Kita, T. Ushikubo, T. Noguchi, T. Nakamura, J.W. Valley, Earth Planet.
Sci. Lett., 2013, 379, 127-136.
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SRR, T, AP, Xy, W, R BRI, TREE, kiR, T, g

i, R, R, ESE, #BOoeYl, FTEE
1 A s s A 7 Be, dERT 100029

BFA 2 AL R B BN, R A R B 2 B A R B O s
FE 28 1) T3 152 A58 PR 3 K R ST PR FL 28 U (SO} 48 (R 2 R HEAT 20 A, LR AT s I fm s 2 %2
N250mm, (U EARFRR R, Ak BBt e AR TAEWHE] T —Fh SR R A B R v A,  FLRi s
i - 1% AT 90mm, BN AR TN, AR5 I8 A 8 A7 2 b o S5 A A 8 o 3R A B
Wit, HETS RS BT, BFER. REE. MR s, e, SR aEysil
R RGA . AERGEH—GIE. — 8RB TR, BTFEMESRTS M4, |
IERT5X 10 hPas & 75 A A B ARSI & 10 A ORE i SR B7 s R AT 22 H
PR, AT 2 BTG R 0~6A; B TFEHEBNE B RN, 51 HEEBK, RaEE kS
W, BN O FU PR e A i e PR LRGBS B R LR A R, - FEU R T Y D 0~6k V
Wy A s ek . B R IR AN FRVR A SO A R, RS A2 T B VG A 6~45amulf 75
By KIS H 3ANRT (VL S AR R A L A, A B T B v B 10V, 4s R 4 1)
A JEEFE/INT30 1 Vs HdE RAEE FH 24067 ADCEE R AR S8l . B K CHE S 45 5 MySQL
RS, A FHRS4A85IEAE WM S S AR H 4 Ry e ez i) o BEMLRE 0 R AR R A7 3% ELAE
BRI P ARG 2 i AT LA 3110.008%~0.023% I 7K F- o

R KR, AREFUESG BFEAER

Email: guodongfa@263.net
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PR 5 3 55 B T 2 B VA R 3R A Al 52 H B L

XNEME 1,2, %, B 1, X5t 1, XE— 1, =071, BHAE1
1. B R S P R E o R s, HUERRLE R, T EH K, B 430074
2. KIL K2

Ar fEN TAE SR K BB A2 5 7R (ICP) fEN— AN EENE PR ORI T RS
A FEAL R AR BT 7. ICP-MS BRI R mRBE. ZooRw S ER . 1%
UEE TR BRL | A 42 1 Y0 BBl 0 AR i VT FE/D SR AL, AR ICP-MS A% B ) — e it R ) 1
REFH o HAER vl IR 9. (1) Ar 2 THAH TG AEAL 22 2RI g - 511, 40Ca (40Ar).
56Fe (40Ar160). 41K (40Ar1H). 54Fe (40Ar14N). 54Cr (40Ar14N). 80Se (40Ar40Ar)
PLJ 37C1 (36Ar1HD; (2) AR ESHERMIESEITRLE Ar (15.8 eV) B Toik
BB . B, F (17.42eV). Cl (12.97eV) F1O (13.62eV); (3) BT Ar #FTREAETS
H, SkE A 02 A1 N2 BT A e = M FEAL 2= e . B, 328 (160160)
F130Si (14N160).

EFXA_E ICP-MS 7E 72K & 5 A0[RI 28 2H il 5 (A G 1) R, SRATT BB ot L B &
FETR (CP) BEHAKHEAE S B AN He (24.5 eV) 1E RN TAESRMMIE EFE T
&, I HSZELT 52 BI0OR BB %R (He-MC-MIP-MS). % H B2 5 8145 85 15 5 i
W2 (B O E I8 0.2~0.3 mbar, SRS S 7K. B HR B FESAFSCEL T/E MC-
ICP-MS [ i B R A 2 3 PR TARIRE T CRIJR ICP AS i K) FREA ) IE 5 TAERI%L
P RAE, AEAF T AR A1 5 7 A ENLEAT TR L o IR &5 B8 TR 458 A T
DABRAR A SO R IRE o A A R A 20 )3, T ELSE R T s i i B B, AT 42
FEARE SRR AR 20 5E RS BEFNAERR A . PR A He-MC-MIP-MS 2210 A A H
IR, Z AT IS, MIETE . R RS RE S5 B TRTh 2R sz . MERs 2
AN BEVE AL T I E (160180)+/(160160)+ LA & 160+/180+ 1 A1t fift 5, i 2% i %l &
(160180)+/(160160)+3LHL T XS H 6 180 MR &, MEME N 0.14% (2SD),
JE ARG ARFEN R TEE A (MAT253) HIE 45 RAE R Z2 U R FF— 3. £ B TAERE
fii b, FRATRA He-MC-MIP-MS *§ CH3CI H [ Cl [FIfz 23 AT 7T 5E, oA e K 5o
0.08% (2SD).

25 LPrik, K He- MC-MIP-MS 7E [R]7. 28 1 v b EE v I e b BLAT R B8 70 A2
WA, JeHRX TR ERERAE S BT RS 52 Ar T4 8 70 & [RAL 2 4L e -

BEWH: EZRERRHMCETITE : ORI R A & R AL 2 08T AT I b &
4 (T : 41927803)

TEEEE: XEM (19715, B, #HR, WA MEICRERLS:. LA-ICP-MS JuE
R A HTHIA . Fo- 189 )57 2 46 LA S Hh BRI S B AG A FH o

E-mail: yshliu@cug.edu.cn; yshliu@hotmail.com
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PR AN AR S o A BRI ) B B A
T

SR ERVEB S BT EE S s s, T E R OE L EY I ST, KiE, 116023
RN EE R s, T ERRER CE S T, KE, 116023

B ERMF . BUKEEARL R 2 R A BT B A Y BRI BE A A% L IR B 1y, i
PRI R LE AN T R b 2 PR S R A IS S AR E 5L AN T AR R OGHE . 3R
fIEE S BC A 705 A AR SE O A R s SR 200 2200 B A0 5 A2 705 B AN [7] 24547)
Bt IR E R AR H AT T 5 A 8 A5 PR AT DA vl o B s R R R 3R A B Ok )
SRR RV AL S5 P s AR A, 20 M B BT B IR 25 W) S AR AN 5 5 O K T 51 RS PR 45
AT T HUATI SRR Bk . FRATHEH TR 50-200nm 5 BB S AN B0 Lk BEVE U 3R
FTUE ZE S B 28 i ORI R RO S 1 R s SR I I B D -G e e Bk v B O R A1
IR AEFEAN B RR, SEBL “Wromd . BEuStE”, A ORBE SRRSO 1 AR AR R
FET NRIES G 5D BiaEErEA-EA . EE-Dr TSRS
S S AAL AR A T A AT R U S . EEEREAE: (D B JHAE S 50-200nm
SERD-ENRD KA S ANBOEAAR B ST R T RO ST T o0 B S ik HCD AH
SRR AR ETE 7-10 MRS, H PRI 1715 HE 55 88 AL R R o1 P S Y
frEs (2) Rl T PR SR BT R EEREEA-HA . &N AR
AL R AR K DXS R 20 W S B, SIEBL T S e 32 4 CD28-ilE PKC 0 . CDK - fifg
FIE R K S50 T IO A RS S A AL R rORS HE M (3) i & R IR M B AR i 2%
PTG E NI TR E R S1 5 T4EGPRM R CulnP2S6 SFEARSLAMEHIAL AU
oy R RAE . HRHT I TARSEIL T B B A0 B AR B O ROR R, T i
TR AT B AR S B FURIZHBERC AR S /N 5254 SR 25K S s AR AN 1 P AL S At
TR ER TR

R EARSIEEN, FAHLEN, Spk, SRR, RS

SE -

1.Z.Y. Liu, S. R. Yang, L. Q. Zhou, M. He, Y. Bai, S. Zhao, F. J. Wang, Nature Protocols, 2023, 18,
2600-2623.

2.Y.Bai, Z. Y. Liu, Y. Q. Li, H. Zhao, C. Lai, S. Zhao, K. X. Chen, C. Luo, X. M. Yang, F. J. Wang,
Journal of the American Chemical Society, 2023, 145, 11477-11481.

3. L. Q. Zhou, Z. Y. Liu, Y. J. Guo, S. W. Liu, H. Zhao, S. Zhao, C. L. Xiao, S. Feng, X. M. Yang,
F. J. Wang, Journal of the American Chemical Society, 2023, 145, 1285-1291.

4.7Z.Y. Liu, X. Chen, S. R. Yang, R. J. Tian, F. J. Wang, Current Opinion in Chemical Biology, 2023,
74, 102305.

50 B0, P, BRI, Py, WS, BES, e, hEREE s, 2023,
https://doi.org/10.1360/SSC-2023-0143
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6. P. Luo, Z. Y. Liu, C. Lai, Z. X. Jin, M. D. Wang, H. Zhao, Y. Liu, W. Q. Zhang, X. A. Wang, C.
L. Xiao, X. M. Yang, F. J. Wang, Journal of the American Chemical Society, 2024, DOI:
10.1021/jacs.4c00316.

Corresponding author email: wangfj@dicp.ac.cn



221

S R LR FT B FBEAT FT-ICR R4 B A R B A

e
HHEK¥, Ll

FEAE N — I E AV EE M FBL N T T W, AdaRles MEEL
SPAE U 5T RENE DR R A A TR TR XTI 2 T AR AT, R RERIH]
Tl AR B AR AR i 75 1 45 T BRI 45 B B o BRAMRE IRt IE 2 T 7 70 13 1 %
L, T8 RN R T B PR TR A A R B, o AR A S 3
ARBEE (flow tube) 1, ZARAT (AT (WU/7/)\BATEE) 2, BB 3, BT femlidE
TR ERL I A4 1 1 SR B S i 4 55 o BATESERBERFENE , AT, BT PR
— RAREAEI TR 1 RS IR S TR o AR 72 [ P T OO A R B A 4
17 ISR S Bait (FTICRD, SR 7 AR B, TR BRI T, WhIR v s, {
X EEAAS ] T IENL & R A, A A SOSE BRI 7E s 4 B AL BT Ay
TR 45 HIX L S MO, 25 X EETEH AL S S5 40 5 SR NE PR G &

SR

1. Wang, W. G.; Wang, Z. C.; Yin, S.; He, S. G.; Ge, M. F., Chin. J. Chem. Phys. 2007, 20,
412-418.

2. Rottgen, M. A.; Judai,K.; Antonietti, J.-M.; Heiz, U.; Rauschenbach, S.; Kern, K., Rev.
Sci. Instrum. 2006, 77, 013302-6.

3. March, R. E., Mass Spectrom. Rev. 2009, 28, 961-989.

4. Butcher, C. P. G.; Dinca, A.; Dyson, P.J.; Johnson, B. F. G.; Langridge-Smith, P. R. R.;
Mclndoe, J. S., Angew. Chem. Int. Ed. 2003, 42, 5752-5755.
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T3PS UUR S TRAT IR IR] — K T R 5

PRSP LRRER 12, WAEH 2, EER L bE !, T
VR S POE A AR O, P E R EERE OE G E BRI ST, T L % 457 5,
L7 KiE 116023
2 ERFEE R, R R IREE 19 %, JEET 100049

KATIS ] RS S (TOF-SIMS) PA S RS WAROK 2 8] 0 HE A AT m/z ks
DR, ORI K T B o B RE A IE & T4 255 B2 AR N 1 20 B N RS BR A fE
o R HRREA BTG m/z TR R e R ST, SR, %40 TOF-SIMS ¥ )5 2 7 %
257 B BT Re B A I 28 1 ke 5 P PRI BR 1, R ) G AR 2 o 7 e R B 5 3
JR B HRRRAR AR, A DA R R LE A 4 5 AR S BT TR R

A TAEWIE— G & A PR 2 I TR ) G PR (MR-TOF-SIMS) il T
1. 5441 TOF-SIMS L, MR-TOF-SIMS [ TG M 1~2 K9 R3] JL+2k, 43t 80
B AT IS, B HERE JikF] 87000. fH/H 10 keV O HUES (K45 A brAERE % MR-TOF-
SIMS FIPERE IR - 45 TR B, 78 22 Bl WAT IS, i 0 JERE Jumiili 3 7 30000922t 5 #1ZrH*
0ZrH,* BCCeH7 T CoHg 4% T B 40 2 . Zr &7 I S H i Sk BEAL T 1.2ppm.
115 RKAT S, B B LR IA 3 40% 0L L.

SR, BEA CATREIESE R, 20 UGS T 5 72 LR RAK 10°~10°, SEE T
FIRZAG. /AR K . 5 2 EERSCAI 2 2 AT IR [R] B 5 B R R R . AR
FHPRA B At DU BRI £ I 00 B8 8 ST, MR 22 RSO0 A1 o 2 R0 i) AL, (] I S0 300 v
REBEMEHFEER . 2REH, HMETESHREL 7 ms NFEE SR LM EK, 25
SHIEAI S, B FHREEIAT] 109 4/F5.0.2 ppb HZEFE M BG40 2 ms 5T & 46,
FRE 7 SAN>160, 5 P KATH S PERIA ] 34000, AT LA RUIX 73 CeH7 X PCCsHe 1
Tt H R BT XRE S T 715, BN T HEE SR T 0.2 ng #2JEY) HMTD
FIFREE, FFLL 0.1 s AR FREZ I HMTD F8h 2 ot 7 o

REEiE: B, ZIRET, maE HE

SO

1. Griffiths, J, ANAL CHEM. 2008, 80, 7194-7197.

Vickerman, J.C., Winograd, N. INT ] MASS SPECTROM. 2015, 377, 568-579

Ebata, S., Ishihara, M., Kumondai, K., Mibuka, R., Uchino, K., Yurimoto, H, ] Am Soc Mass

Spectrom, 2013, 24, 222-229

4. Jichun Jiang, Lei Hua, Yuanyuan Xie, Yixue Cao, Yuxuan Wen, Ping Chen*, Haiyang Li*, J
Am Soc Mass Spectrom, 2021, 32(5), 1196-1204.

2.
3.
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HAERIMHE BB SEIRR WA R R BT 5
M, IR, BEE. AR

R B AR ER TURE, RO A S LT TP

PRI R SRR B PARDRE A48 23 3t 73 B AR R AR R A E ik &R, AR
73 SR AR AR A AE SR BB BN o A SCHR R A 3 BRI 4 R B AT R 10 3
AN BRI A AL AZ A P T MR oA I S S S8 A 3 T ) S 9T et e
KRB A B M B B 1, SR RORI AR B R U e, S5 5
EADCRME B ARG AT (B FUEBOR, 8 — & FUE A SEEL T M TR IR
b ST AR LA I IR AR AR AL 22 By o SR RS BEXTI AR [ AN A TR
HOERTIMAERIT I 1 SEIBT T, B RS T INAE AN A Hh BURE) A7) RO 2
SR, LA R h B R iSRG R, i HA 22 SN LB B A 1 B . &5
RICRY], NG T SRR A B+ 5, HPIE AR IR ZE 5,
R 2 E S e T AN H I A AR TR, ol AR A A ROMAR R A, H
B R 2 5 ORI % I LB A7 AR BRI ZE 01 o

R JARIM A R IR AR FELRAG

e Z B E N

1. Zuoying Wen, Xiaofeng Tang, Christa Fittschen, Cuihong Zhang, and Tao Wang et al., Rev. Sci.
Instrum., 2020, 91, 043201.

2. Zuoying Wen, Xuejun Gu, Xiaofeng Tang, Xiangyu Li, and Yongqiang Pang et al., Talanta,
2022, 238, 123062.

3. Yue Zhang, Shaoxin Ye, Zuoying Wen, Lili Fu, and Tao Wang et al., Microchem. J., 2024, 199,
110093.

4. Zhen Yang, Zhenyu Li, Shaoxin Ye, Lan Ma, and Feng Zhao et al., J. Anal. Appl. Pyrolysis,
2024, 178, 106393.

5. Feng Zhao, Zuoying Wen, Xuejun Gu, Weijun Zhang, and Xiaofeng Tang, J. Aerosol Sci., 2024,
178, 106358.
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T B E XA REEBERARN S HBE &8 TR

E A, REE, Xk, P
T ERHEBEARIN BRI FTBE, | AR 518055;

Bl & BRI BED R A R N TR RERR (Artificial intelligence, AD IR fE, Rk jn] @i
S22 M S HOARAG LA K, 5 BT AH SR ORI Fe RS 7 Hr R BA 56 41 1Y)
R thRE 7y, B 2 PR B AR, Hrh B U B TR E AR AR DS BB DG B

PEHIRAVIF AT S R R S AE AR T, DL MRe R G 1R AR E AR
FES I AL, BT E 1 TR, SIS R b % S P D[R] A At R AN R A ] £
KWRAIHT, T BUERITE R, JFRBSH TR 7k, RN R R g iR s T Re s, &
foid Z 0 KL E AR TR ) 77 A, FRAR AR A ARG 2 R U R 7 VA H R ) 52
Wa, AN E 5 R AN E 1 o A8 2 MAS [RIAR A 5T, S B ) P A B P 6 55 5 7 Jo BELA
BREABE IR T HATHEERI, W R, RT3 R AR 45 ST
TR SRS VG A R, Ea A AR AR T IREETS S o i SO B R
BT R

A, :

1 EABTEEREE (£, ¥ (AL) REFMXFEE
REEW: AU, PGB, BRE Y, RS

e LB

1. Dole M, Mack LL, Hines RL, Mobley RC, Alice MB. Molecular beams of macroions. J] Chem
Phys, 1968, 49:2240-2492

2. Yamashita M, Fenn JB. Electrospray ion source. Another variation on the free-jet theme. J Phys
Chem, 1984, 88:4451-4459

3. skpugl, sk, hERREA B, 2014, 5680 - 686.
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Rl 7 Vol 3 R R M TR P B A AT i
M, A TN BRI, R A
PEALEHORBISLAT, BePl, P22, 710024

B HHE T RS (HR-GDMS), B [ RFE 5 B3 4T s Fe . AR AEA I PR |
TEANASVEE L ATEE ARSI 70 RFMUCER SRR AL TR T BUEHUR. SR RS
AR AL IR B 5T TG 2R 2 BT A AN T B AR o AR S 3 A 41 7 v o R O
N ER ISR S NI E 3 ISP L Tan = R S 2 B i I SN R =Y A Y1

TR RS E B TR B2 B, Sk, MRSE 2 %%, W& ZERH CAN &
I, SRR J I, RS AL T B R A 4 . AR AR Linux X
R, SR CAN B2k, M. RS232/485 ¥, HICEA 32G A EAHEAL, AR K
AT 0T R P IE I AL R SRS AL A .

15 B E W S B G BOR BB BT R T ARbRtERE I, QAR REBUE . R, F
FERBUE Fismfa et BRI R . TR, JREET E A, A S [
MRS R AR AT AT EEXT

KRB MOLBEE TR S IO B B SRR R T A

Corresponding author email: zhiming_1i218@sina.com
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SOUER AR AR THT R 18 R B T S B IR AT O

RAEM, Th/NEE, BRI, XRRE, RVL, 2%, S, Z=EeT
PHACZ AR A AT, Bevh, 6%, 710024

MEMAEHE (TIMS) BASBMAEMREt:, R . BRI SET 2 %8
FEMEA Li o F B U oG Bl S ISR . Bal, Wi B IR s S il 2 2 h
Thermofisher 2~ &) 4= ] Triton &%, Isotopx 2 F 4 /=[] Phoenix TIMS LA & Nu X #% /A A
A=) Nu TIMS.

HIBATE B BFAR T LB B i, DSl s BRI SR PERE TR bR, £ G ELAL T &2 5 TIMS
FEBTE BRSNS, PR TR ERER I R (DF-TIMS) Wi 7%, HEgk T
vk B R SCHE IR , IX LG B A SRR R B @R T . SURERTE T AR ik
THH I FOUAR ZE T E SR 2 R B A [F] I 22 Bl 12 v i) 7 45 280 M B v
I A BE A LB S SR BRI SR ) R T A B T HESh 4 R A5G 1) 1R 4k
Bl o

BEXF EIRSAN E AT IR I, SRR SIS 56 & A R TR TT R o B X B AR E B =
RORAR I Bk a8, SR T B O F AT @A S A (VRN T VAR IR TR TT R
BEXTE FOREGZETE S, o T SR E R A, TR TE R =R R IR
AL T SR EIRIRUE T R . BRI B TR FN 2 BB g N B, R T ERIIRE
B AR AR IS BT R TR R B A, WEAT T AR A LI T R AR
R R BELT I 8 A8 BT %o

GERRE, RO RN HBEE TR SRR AR . B E, AR R BEHIR TR
br5 E AN AR Y, HRIEE R RGEFEMEMFEERBUE G ITIER) TH
AT EAMX AR, BARWTR: FiE PR 479, FiEJuHE 2~350amu, JiEAHTEE > 17%,
T 2240 0.27, RGiASENE 9 ppry/30min, L RBUL 70N 1.8 ppm (A7 R I JE4%) A
4 ppb Ciiy PR JERR ), VERLHAR AT E R A8 VEH 0~50V, M <16 wVrms (4 FR),
10MQ =D, BT IHES RN AR 94%, HEMERE 0.6 cpm, X Sr. Nd B &b I & P9 RE 2%
B 9.3 ppm(*Sr/*®Sr) . 8.9 ppm ('Nd/'"Nd); #MEZE: 2.1 ppm(*’Sr/*Sr). 3.9 ppm
("Nd/'"Nd)

R PRI AEATTE (TIMS), AR, XCRME. JRLIEA M. B IEs.

Corresponding author email: zhiming_li@sina.com
I 5% H AU ATl (2021 YFF0700100) B
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TEHURE iy BB 2T O SR AR 5 LA
JIAME L B BOE ER L RIEE L Mo
LT B 2 K2 A i R BB AR P 2 %, YT 4 330004
2 JRAENE TR A MRLE 5 GO T MR s, YL & 330013

H20044F 3K, TG 75 B it TIAL B R T 78 5 5 0 e R AR i EAT B TS o T (R B AR R
W T T RE. B2, X RMFEDESI. DARTZA4 AU, — B REEN T HHL
FUEYIRE S BT . BINE S BFE AN R A M AE I S KRB ARAE, AR
VAHIDESI. DART% AR E#EHGHERBASAIEESEE .

AVRRR B T T J8 T 4 J8 S A B4 0 0% 23 W 5 T ORI 7 o A8, ) P E S 55 5 1 B
S5 PRI HLSTG S AT ) 2% PSR B A e 1 2 -, RN B 1 % B e S 50K 4T
KA FEFZ R o DUk A, R HmE 55 22 H 2 (EESD FIA LB REAL,
AL K H R S A AT B A, 7RV G I AT TR S T AR BRI 26 T /K R R R
PR IIBR AT 107° ng L, SAANEE L AT I TR0 s 20 [RIER, G207 V00 w6 AN [ SRR 1) 1458
FEGEEAT T RO 2R 0T, AR . IR I P L T A S B SR B AR ) B R
O G, ATAETC RS TRAL BRI TR T, S2BL 7 0 g . A N JpF) 4. PM2.5.
G WMl CEFEMTTSEITR S ER BRSO, S TR &M (s R
). AFTGREAS B W) FA) OKBS. BREES. 468, 458, RES®
M FEPIEL AT

ToHURE S EEBIAT 73 A b BT o BEELIROR o R R TEHLRE il ) B B 20 i B s e AR
SCRNCHR PR AZE AL TOH LR b B 5005 2041 7 T Rk g, A AR AR O IR B | SRS 25 B % 7 FH 22 491

R UM BERPUET, ARE, AT

SR

1 W, BR=2E, WEEE, sk, 201, REIE, BG5S ERA 4. 2008, 29 (5),
912-915.

2. Luo, M.; Hu, B.; Zhang, X.; Peng, D.; Chen, H.; Zhang, L.; Huan, Y. Anal. Chem. 2010, 82
(1), 282-289.

3. Liu, C.; Hu, B.; Shi, J.; Li, J.; Zhang, X.; Chen, H. J. Anal. At. Spectrom. 2011, 26 (10), 2045—
2051.

4. Wu, D,; Li, D.; Dong, L.; Li, G.; Wang, L.; Tang, Z.; Rahman, M. M.; Yang, S. J. Anal. At.
Spectrom. 2022, 37 (10), 2103-2110.

5. Jiaquan, X.; Faliang, L.; Fei, X.; Tenggao, Z.; Debo, W.; Konstantin, C.; Huanwen, C. Sci.
China Chem. 2020, 1497.
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MALDI-F1V B 15 23 3 o s A B R

BRI BREE, XSRS, AR, RMEE, BREIE, TR iR, T
TR P B S B IAT FE B
JINARAF A B AT PR 2 7]

IR 2 AR AR B T

RO 2 (MALDD SIS R P M s MR R B . bR T R A G5
TRATIN A R M A LASN, R S B Orbitrap 1 51K E 4 MALDI. Bi#iEid 58 = F &
RS MALDI & FYR45 &, R MALDI #5203 (R>100000) 53545, R T V% M
EXTE

A TAERHIRAE MALDI B 155 2 #F & 0PI B S 1B (RERE irds s &
SR S AT

FHHLBE T 25 BR T Orbitrap LASL, EAFFERFHLELZS 1B ° ELIT ISP [ 284 i e B 1
AR LR FNEBEE T 7 A S B, SR S8 SR FR A R AR 454 0, DLrp
e g5/ NI HARAE N BAS H AT KA B, AR B AT S 5 2 K%, Sl vh S0 38 s Ol
AR, RS B b DAASURE (R S R BRI [RISRAS B S R 20 2 o FRATIN B A5 vy 5 Ab 3 0%
HAT THEIE, AEAME B A B FAT (5 5 B PP B g A R, 45 31058 2 1 o i

2N

oo

fRSE MALDI Y1 TAEESRZA 10 Pa, Ff R AR E 96 FLARK. #OEKH 343 nm
P SREoE, AIAERIBE/AN T 1 ms 2 RKkebT A, EEASHEE . MALDI F=AE 18T
Wit PCB &l T 5l FE AN LEANT —RE TF9 . ERENRESETRGH, K
H—EZBE T 59 KG0HTE T4, XEFRELIEE T DDA Z 2455 A
JAME TS IEARS. BT S5EA R KA Rs), 8T NS T 55
HEARE, Sl mE SV FES, BEFHERIEATIE T .

AT W FIVE B N AT T AR, TIN5 T 0 ORI ZE RS o RS BRI HAR
K H B AR S S AR M B AT SR B, BN DOREARIN T o S LA 1 B A4 I TR P Ik 2]
0.015 - 0.02 mm.

H TSIl O 2 5E 5, i is ik B2 IR B 7x 108 Pa. SRA Ceon MR ZE . M
KKK PEG 5 CHCA F 2 & XA AT T 5230, e 2 #8150, 000.
B2 MRS S T2 B .

KA SERABMMOLETIBE (MALDDIR I, SAWIRIE, BuBTh, g, K
i

Email: dinglil @nbu.edu.cn, Tel 13918000957
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5V AR fin T 4% 5 T A E B L 1) A

%m 1%
HE R TRt AR, dbat

JREASCRITANTE 5% 5 15 05 1) E BUAR R 2dt 1 A AN EOR KD, O H T RH T A 5
FEMTRZ —o AR, JUTEER BTG SONIN®E & 50085 ) RV RE R IFACK, HeAR LJE T4
T M AR AT IR AR IR G o B B A SR AT R I EE R, A ZIU S AR AR K P B
[ REAT —ANE R AR o AR TR [ T 1 (SCORT ek 2 Jo v O A e 7 s 8, 20 H T AE
ASCES EAFAE (VI B 100 AL 6 AP At i Y ORORAE Jo 1 A5 PR 368 3o 3o ) A ) g e 1T 32 0T E 1Y
PR JE
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HAEINEO IR ST AT B B B vk
EENERERFFP B AsHEE

SRS, ZEREF, T
EE KPR, 100086, JLIT

R B (B F1 As (D JTER B ARSI SRS e bk e —, E=94 B
A As FERE A A B B R B S DR T 5 10— o IR T g (SIMS),
LT TR TR R, oA s 1 H e AR, AT TR 7 EE AR 200 um 11
KN, INTHRRI 23 BT HE T 7€ £

1EE K 3 AR SAER T H ISR T, BATIHE R T — & 72 R AMNEO GRS B A] &
W (VUVDI-TOF) 268 . XERE BTN PERET 1 ek, MR (A&
P, 10°L) FEfAS. FIH—G Nd-YAG BOGREHEME (801 &) Jerhgoads =4 mmm
Wotd i tE IR 1ok 280, DU IR AN A2 3 KN 125-130 nm (1) 538 VUV B0 . @it 70k
AR, ¥ VUV ORREEMER M L, 8 50505 77k % TOF i, wTLi#3 3]
P4 Ol g 1

FIFB AR =770, BAT A BIERSN T 5 AN B 4 & As R, 0¥
4585 TOF-SIMS 7 ERHT 1 . 7220 VUV BOEHEH#E XN 20x20 pm?, & — AN
WA A 10 4045t 45 SRS TOF-SIMS 7 vE—3, 1B VUV I& 75k B A frd
FEa/IN G D PR A

S5 RR I VUV BOLRAT/H B AT [R5 07 V548 SR M R A R A R S R 5%, T
BB IR .

REW: VUV BOLIG . EREER.

SR
1. F. Liu, H. Shi, K. Liang, J. Wang, T. Long, Z. Li, and Y. Mo, “TOF mass spectra of zircon M257
measured by VUV laser desorption ionization”, J. Atomic. Analytical Spectrom. 2022.

Email: jiangshanams@126.com.
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BREEAFE “YR-IC7 RGERWHAER A RS ER

POXE P, s, B
Lo i EBEEGE BRI ST 3 5 55 DU 20 o [ ¢ B s s, BRVE P22 710061
2. HIERY: ke SRR e ke, il 76T 810016

VRIS R BRI, BEABRBOROR 32 21 5¢yE, (HFRIE 1 B Bt DI 50%. 5
re SR BRI AT B s R, LA Rk o E AN R B A 26 R R E IR, B
J e K A BRI PR AT R ORIR . IEA% S LR AR O BB, SR, K R BRI PR 1) 2
JRICERAIE S LA A B ML I ANE BT, AR OKPR I T %807 PRI ED R TT R S AR Tt -

2012 AR, X5 70 e R S R 7 S R 1 e R IR AT R SR T AT AR AL SR E )
AL AR BRI T, BT I Btk B0 f o i DUty AR Sl BIE SR R DL K 1
H L AR SR AR KT RIS RGERIWETT, RN R IR R G R S
ABE S LR A s BRI R AR 2 RGP R AL . B S C iR & 4L AR
X ERIE B A Li A TR, S EE R, o Y- BRTE RN, ARG
X e BRI A TR, (HE TR A friE— 2DVl BE— 2D, 3R H/NASTRDREE “ PR
RYUE Li M B sl s S8, DOy LA 2 g R i) Li A B i E SR KICE V. 1
B URBLEOKSCRATE 2 AR R SV 3L 45

EE T, AR, R

e BN

1. LiZY, He MY, Li BY, et al. Multi-isotopic composition (Li and B isotopes) and hydrochemistry
characterization of the Lakko Co Li-rich salt lake in Tibet, China: Origin and hydrological
processes. Journal of Hydrology, 2024, 630: 130714.

2. Li YL, Miao WL, He MY, et al. Origin of lithium-rich salt lakes on the western Kunlun
Mountains of the Tibetan Plateau: Evidence from hydrogeochemistry and lithium isotopes. Ore
Geology Reviews, 2023, 155: 105356.

3. Zhou JD, Li BK, He MY, et al. Hydrochemical characteristics and sources of lithium in
carbonate-type salt lake in Tibet. Sustainability, 2023, 15(23): 16235. .

FEGIH : F R AR 4:(41991252, 42173023); BRI AA A HH 5 R R4
(2022)C) A3 + 5 2 DU 2t o [ X A S A S A O (SKLLQGPY2101) WA Bt i
EH RS BUNE (1979~) , B UK , WHLA, BIFEH, FfEeky:. E-

mail: hemy@ieecas.cn
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EH TSR = B K B s Em T R

gk
Lo i ERREA R N ER A 2P, RO SR R A 2 [ B sl =, M, i,
510640

SURFIRLER M — S o b8 S 2R AT AL BRIALRE , DLORIE R RS Ao U4, 45 20 e I &
iR W AT R G AR BCR B AR BB SR R, IRANEA F g &
G RGN sCiE . R M ARBEAT 70 Ay, oG SR BCR B A, oLk
FEAE) R U MRE b RO OR, B A HE N A B R BRI UR . A CAr P Ar SR =
i R A b B B hliE, EHER R BT A, 5SS A E 8
o B AT AN, ShZ IR BIBN, SE6 80 3 BRI s liE ~ =] . AT/
PRRSE AR M 5 BT R A B T e A, B0A 2 W8 IO AEN F1 A A R T R T2
AR GE . HIRE SR =R AR T [ ZE R, ML RGN R &AM, ki
SEG 2 RV AL PR B — MR T SR W R B B 28, § BB R gL E
JER M FahF 7730, FLREA ROk o P A2 B S0 % N TREITAN AR (s, e bl g F
TFA, PEmEAE 22, BT RS . AR AU S R A IR 1], T HLIE 75 E e 4R
JEAEIRT TR TR . T a2 d A EBE AR, EAR T %W Ber i (8 gz, AR
TR T

S EARYE VAP Ar EEFK, HEVERK—EA ML AP Ar EE SRR R
RNGE o v B BRI PLC 43 3(F Al o0, A4k A, S ABSE AT
&, Wit T EEH TRA RSN B S A i R GE, AT S SE AU I BRBO
H 4% PID P2 A5 D AE o S L _EALATL T S o A NS A T Hls 2 M H B Ji B AT 321
FFXSRE R VB AR BT R ETE D B ML S U B HLIE AT
RGAAE. ABRT TARRE . 2 A B3t T Sem M b 5t ARG 1T R E
R et fBE R B i, ORI T BRI B — B ab B 2%

TR 50 43 T AR 4 S50 75 SR I B AN [F) AL 5 (%) PLC, IR A 25 B 4 55 A L 25 i R
VT T i B AR S B 12 B o S i A I SR N AR AR TS H AR
METT R o ZIEHITT R TT EAMCE TR RS S, tha] BN TR I T Fahiz
PERE R R A BT S

KW b, FERATAEE, Az

SE MR

1 DR, AT, XISCH%. AL CArPArE SR, HhBR{ka:, 2015 (05) : 477-
484

2 DRAET. T —ARAr-ArsL i = i@ i 5 ok R s Do B R B N HbBR AL 220 52 BT Ar-Ar sk
= oNM. HhER{EEE, 2006 (02) : 133-140

3. XUBEHT, FMRE. PLCH ZhEH] KRG M CAPAr R A R EE R aitb i i, db
FORE2ER (A AR BL2ERR), 2012, 48 (06) : 879-885

4. 5KV, BRAET, FREESCEE. AP ANE FE H B RS R G LIRS, HhEk{k2%, 2020,
49 (05) : 509-515
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LA-ICP-MS HREN e RSP ERE TR

BRmez ', HIRA
Lo EHER S GRRBO, MBS RE S 7 S R X si i s, 2 430074

LA-ICP-MS H A f il 48 ] bR . ARAS AR B R R LR T R ISR dh
T 2 JCER W A BT B AR T R T OGRS, 3 BRI RE i R NS AR,
R ZE MRS R . Bl FEAEROCRRERE L& 880E . R HAA RIFHURI 52
P 9 o] A BEOREAT AR AL I BEAR 3T SRR A A EL, ARSI 5], R EE &
T LA-ICP-MS 7341, {H Pb Ml Zn S84 K A0 R W AR A BN e i, P B R 1 HLAERE
BRERFE S T IS

ABEFCEESL T —Fft (NHa)HPO4 VR 5 LiBO HRIE IS RIS, K E il (45 B A st
Wt % 28— PR S LA-ICP-MS U8 RERR S F o A R JO R o 7RI Rl 2 I 3] 2y
950°C~ Smin M F, SRHI(NHs):HPO, V& LiBO, %5 P J4 it 4% (I E RR 2h B 348 — 1 R 47
HAFERNEITTER Po Ml Zn SLHLE & 1 5 A% GE B I Bl b8 T 6 Pt 5 Pe-Au SHERAH L,
H A S N5, T SR IR AR A B IO, iR B s sk, S B
M G 1 BRI AE AT o GBI 100% 58V — i) g BAHE TR LIRS HET 1) LA-
ICP-MS 7 M5 3, AL AR KRR bl A AT T E 75 el € A ARTCERIREE . RIT R I 7
X 5 FEERR A A AR AE Y B AT I Bl R ARSI LA-ICP-MS Wi, 895K, KRZHUTKR
AIAERA FEIL T-£10%, RO T 10%. 273580, RIE . AR ERERELFE M K LA-ICP-
MS B Ao H o BAT ARG (8L FH T35t o

K LAICPMS: 240 Bkl TiBHE: RN TR

*Corresponding author. E-mail: zchu@vip.sina.com
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BABOLHKX U-Pb B 5 HE FALRAREY R BT 5T R

Mt . A%k, MW
R B 5 S ER FE A R, dEET, 100029

BR BT S AN R, &R 7 R E Y S B, MR SRR SR
WK EZ A0, [FIR A —FeE IR, (R4 e 5 A RIS IR. fida
B RS Skl R POIRBRACIH K. Gulsonand Jones (1992) 1 & IhFIH ID-
TIMS 315FdF Bushveld %5 & 548K %4 K1) Zaaiplaats F1ZR LS 7 BIEE JE 7 31
Belitung Island #55 FRIIE A U-Pb SE%, A EBNEGH B FARME T —Fgigz. H
s&, HT7E ID-TIMS U-Pb sLioid#Er, #A RS2V M (Gulson and Jones, 1992), ID-
TIMS #f1 U-Pb LA R Z 0 5RH, 150 T FREZ A XIEF5E (2007)
7E [ P4 B R A ID-TIMS 3R1538 E & K8 A A0 IR 2 — HI# R B Be 108 A U-Pb 4F
W, 1ZEE R 51 X BRARTE XA A U-Pb SR IEA—8, RWHY D mibFEESK A
WA ARG B K. Yuanetal. (2008) FIFHiZH AR IRIGFIR E W & AR G0 M8 A U-
Pb 4E#S 5 2 BF Ar-Ar AR EEA T,

ID-TIMS #4 U-Pb AR K AE R B A IR ME 58 2 il 1IX 2484 ID-TIMS BT 2
ZIRMARAR . EHR, BB MERES 7 SER kg . i Carretal. (20200 H
HBr REW e e A, HSARAEF K. BH%, EEX NG Yankee AIER
Iz RS AIX PR AEDR AY-4 34T 7. [FAIFERA HBr ¥f#i%, Tapster and Bright
(2020) XF5EE PG EGES Cornwall ) Cligga Head. %' # SPG 4 FIF [E VL FE KL Jian-1 4T
T ARG 41 ID-TIMS U-Pb 5€4E . Rizvanova and Kuznetsov (2020) M F ik £5 82 58 4 VA 145
A, AT W SPG I B 47 U-Pb SR 45, 1245 5 55 [ 5 25 J53 Ak 46 SRAE 1R 2550
Bl N FEA—%. Yangetal. (2022a) K HBr SRR, XS @& 2 RAKAS A RE T
7 ID-TIMS 2387, WER T 6 MRS X U-Pb ArvEYI . Rk, 540 AR i) it H i o3
AAFBIfRDE, NEGATEIXARAEDI T K] U-Pb SE0% @ (AL T R 1F

FHXT ID-TIMS 741 5, X U-Pb HAR B AFE a2 W78 2 A s RO . 505 1)
Iy PR A, (RIS 1S DL SR VA R B MERE . Yuanetal. (2011) M
AL Neptune MC-ICP-MS, 3R43 3 EW R 280 H 22 IR0 1841 U-Pb SEiT ke, JF
BHFR T EMIAMX U-Po BERMEDTR (AY-4). G AY-4 1V 0IX 5 M — SR o
BN Z N, AR E 1 2 0 SN IR AR RE 08 1HE 1T 8 A 06 U-Pb 8 4F (Li et al., 2021;
Mrif%s, 2021; Yang et al., 2022a) . WG [EIF, 3R [E 72 00128005 B TR . s
fifes WIEAYE IR BRI T AY-4 ¥SIEREAT TR CREE2REE, 2017; 3k
5, 20165 RIS, 2016, 2019; Deng et al., 2018a, b; Li et al., 2016; Yuan et al., 2008, 2011;
Zhang et al., 2014). MNIX—sSii, FEA S FAHAITES A HIX U-Pb & F 77200 & S B
WEF T, M T S PERITTER (Zhang et al., 2015, 2017a, b).

FEAMUIX 854 U-Pb SEE TAEZEAZ LLE AN i 10 4E. Carretal. (2017) FIFHE 718
EFUFAE T SHRIMP (X #sEMIR A1 U-Pb i F2 i B S RN, SRAFEINE A Yankee 5
Euriowie [ U-Pb 88, %45 R 5847 HHARH VEi A —3 . BN, ZEEdxsa
Elsemore 47 O AL ZE T, Won T8 AMXE RN ZME L. ok, R T4
i (SPG. Yankee. Jian) #OGHHIX U-Pb &4 435K H & A 91500, 385 612 Fl 614 1E 4
EIEFRHEXT U-Pb & 4F 45 SR 52 J5 , A AT T SR B SRR VT BC [ bRvBE A 7 ( Carr et al., 2023).
Neymark etal. (2018) MIHRIE | —FpA 75 B CRIF RS A A HEY i 3SR TTRC A 1 306 IR AL
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LA-ICP-MS U-Pb SE4FE 7%, 1% 714 ] NIST 612 bR, XH& Th & &84 BbsE T 2018
WIE, $RIGZE 4K Pb-Pb 4F#Y . R BZFE T Pb-Pb 4E Y 5 U-Pb E#Y—%, WA 3k43 U-Pb
FERS MBS B SIHEZ A 18 R 2 R R BRI SERR s A RE s AL 2K 01, SRIE AT
% FH Tera-Wasserburg S 3K 15 U-Pb AR08 o 1% 75 V%)t 5 45 b L5045 7 72 b P 0 2 A o 45
R 5 a5 NFHAh 75— 20 I8AE T 7 £ R AT 47 P (Neymark, 2018; Neymark et al., 2018; Moscati
and Neymark, 2020). CVH#41 U-Pb S IS HFRUEYI T H, AY-4. SPG. Jian-1. RG-114,
BB#7. 19GX. Tabba Tabba il SIL-1 #Ri& & /EAMIX U-Pb & F EAnEYI i, HALE G1F
NI RIE R o

B HE SRR (100~ 600 ppm), HAFFEHFMX HE AL e 1g 71, ANRANE
BRI IR X A 3% F B . Kendall-Langley et al. (2020) 14 XX 45 4330 HE 7]
FrgidtaT 72K, (R RA VR HE RIS = EHR ML 550 0E . Yang et al. (2023a) B IXE
SO A JE RIALERNETTE, A EA U-Pb Fr#EY (Rond-A. RG-114. BB#7.
19MP A1 19GX) #47 7 IFR-SHEOE HE R RE, N8 HE R =50 TR X R Bt 7 i
BETE T,

Email: yangyueheng@mail.iggcas.ac.cn.
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