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Metabolomics Study of Serum from Pneumonia Patients Based on
UPLC-HRMS Technology Combined with Automated Chemometric
Data Analysis
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Abstract: Serum samples from patients with pneumonia and healthy controls were subjected to cen-
trifugation, lyophilization, and reconstitution, followed by filtration of the supernatants. Ultra-high-
performance liquid chromatography—high-resolution mass spectrometry (UHPLC-HRMS), combined
with the automatic untargeted data analysis strategy AntDAS developed by the research team, was ad-
opted for compound information extraction, alignment, screening of differential components, and
compound identification. A total of 35 differential metabolites belonging to eight categories, includ-
ing amino acids and their derivatives, lipids, cholines, carnitines, indoles, sphingosines, bile
acids, and purines, were screened and identified. Based on these differential metabolites, four
classical chemometric-based diagnostic discrimination models were evaluated: Fisher discriminant
analysis (Fisher) , k-means clustering(K-means), partial least squares discriminant analysis (PLS—
DA), and support vector machine(SVM). Among these models, PLS—-DA demonstrated satisfactory
goodness-of-fit and predictive capability, accurately discriminating patients with pneumonia from
healthy control group, with a model accuracy of 94. 08%. These findings provide a potential new
strategy for the precise diagnosis of pneumonia.
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1.1 ;5 iKH

{028 . Waters ACQUITY UPLC—AB SCIEX TripleTOF™ 5600 plus MS 78 /& R IBUFH 18, 1% — v 20 P o i
(S R0 W) FISE [ SCIEX 20 w) ) 5 CV200 HL25 8R4 A (b5 S RHCAIR 24 7) ) 5 B 3l ie
TRE 2 (RIBEZGMPREEES] )5 Legend Micro 17 RS ELMIL, —80 “CUKA (FEBR K /REHE 7)) .
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a)); ZBK MBS IR R A H]) o
1.2 HEERKE

TS T T ) LB FEASRIE T3 B ml i B 1A XA A RERRE TR, SEPeHEZE bt St (1o 2
HS: NWYLL202573), Prf &R EZE A . FET 12 000 r/min 5.0 10 min, B EER S
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1.3 HFARFTAE

B -80 “CUKA A LT HEAR 40 AN (R 41 204, fFRA120 1), B IR FESEWRER 100 pL
BTEOER, IMA300 pL LM, #HE30 s 58 T-80 CIKA R EILIEE I 1 h, F4 °CF 15000 t/min
B0 15 min, WRE EiEWRE TEOEY, BOET 2 hG A 200 pL ZH5-/KER (1 2 1), W30 s )G
TE4 "C'F 15 000 r/min £5.0 15 min, WEHR TGS U8 B TP A ER AN RHE 1) i e R

M 20 A ifi S UL FEAS H A B 100 WL AR A, FEIIANHEE, 7E4 °CF 12 000 r/min .0 10
min, FREFTEEHIFES(QC) . HFES R A S MFEA RIS 14~ QC FRAR . FEARSECH 481, AUFE
40 ILTEREAS 5 84 QCFEAR
1.4 UH/FKH

EEA R S @il Waters ACQUITY™ Premier BEH C,,(2. I mmx100 mm, 1.7 |J,m) ;
FEfL: 40 °C; BEFEE: 2 pl; JE: 0.2 mL/min; JBIHA A0, 1% P ER-/K, BH0. 1%HR-ZH5. #6
FEPRBEFEE © 0~7 min, 98%~19% A; 7~17 min, 19%~16% A; 17~25 min, 16%~10% A; 25~40 min,
10%~0% A; 40~45 min, 0% A; 45~48 min, 0%~98% A,
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B, S HEBRE R 6 55 MS/MS Rl ¥ HE 2 AR L aliRe, IRt ERiEEER: 10~20 V, SR
FERER . 40~60 V; 4 MST ARSI 6 000 intensity/s B, B H shPHR3) MS/MS AR, H 244
3R 1K 51) 40 000~60 000 intensity/s 452 -

1.5 HiEAIE
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Sl o EAE oL, @A E T RS WA IR, i T B A A W RS S [ 5 5 = O R
(http: //prime. psc. riken. jp/compms/msdial/main. htmL) ZE{ L SPCECEEE , /0 HT MLIE FEAS HH AR 0
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1 AR R A BE (A) R 92 8 25 (B) L7 FE A () L AR 5 s i e (TIC) , bl P BT DL i ot 3 & AL 24
B, TIC R A AT A TR i K . % AntDAS-LCMS B ARt GA% R BEAT AL, 3R48 T
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Fig. 1 Total ion chromatogram for serum samples from healthy individuals (A ) and individuals with pneumonia(B)
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60007 A RT(min)| _m/z Height | Ion type | Ton Num
7.957 [312.326 0] 451.9316 [ [M+H|*
8.016 [312.3256] 364.6752 | [M+H]"
12.216 [312.319 1] 477.336 0 | [M+H]J*
15.021 [312.318 6] 211.762 3 [[M+2+H]*
15.604 [312.325 8[3.869 4x107 [M+H]*
16.743 [312.318 6] 182.518 5 [[M+2+HF]
17.552 [312.325 5[ 980.714 3 | [M+H]*
19.285 [312.325 5] 855.3752 | [M+H]*
20.262 [312.325 6| 287.4678 M+HJ*
21.013 [312.326 3[5.955 6x10°] [M+H]*
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Fig. 2 Detailed diagram of EIC peak extraction with AntDAS: EIC peak extraction results(A); local magnification
of the EIC peak(B, C)

2.2 WEITEFESH

FI 5 2250 KT (ANOV A) Xt ELFEMHE AP0 EIC W T 04T, Tt 25 AR . AN 501 B A5 KT
WEH0.05, HipfH(p-value) <0.05; MG MAERE, BAREEZER BTN Y R4 K 2HH
PUREZR B AT A B 04 0 . BRI RE AR T 43 b (One group) A1 80%, ikt 11 502 ANFEAS R 20 59 ) 77 4
ZESI EIC U, B Jo 25 T 22 Sk EIC WEREA T 32 50 43 1 (PCA) FZ IR 2R 40 BT (HCA) , 25 R 3 By
Ro HCAZMATE R (B 3A) o, Ml s i fa BEAH I TS FEASR SR L, &35, PCA X R
(3B, PIAFEAEIX Sy, HAFEAR 5 IR SE7E 95% ) B 5 XM . PCA Ao B 5
— E T I TTEREE 4 29. 2%, 55 E A M TTEREE A 13. 7%, F R XA B0 Rt stk i
40%.
2.3 MFZERKEHEISH

EFEEFRERT, DIFSER A8 AntDAS-DDA Bb & mlid #2 (814) . £ AntDAS DDA fi#hir
WAL EICUHEM m/z 77.039 2, 91.0554, 95.0489., 107.0456., 119.050 7, 136.0743. 165.053 9,
182.080 745, & 4A K QCHEALE m/z 182. 080 7 FHJ EIC 1RENLE SR . AntDAS BEMS SCHLIE N ZLR% F 1)
FEHER S8, A0 5 IR N R R A S AL &, IR L B — TS g 1 (MS1)
ALBEAL TSR BHVE S e 4520, BRI AR i) T B Sk S S @ i mhtE . Kl4ach
AntDAS AP — RIS S E , AL AP IR R S0 7R R 28 TR . B14D 2 m/z 182. 080 7
B RS RS R (MS/MS) , %3 T35 EBIE M m/z 136. 074 3H1165. 061 4 RF 3T, HE4CH
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MS #)F—3, FW AntDAS BES I i it b S ) MS R MS/MS i &1 . [ 4B 25 Hy 1 &
BB A 2. 247 5 min, m/z>k182. 080 7 (RN 2RI R, T ULA- 2571 EIC A RS0 O 57 B ) — 3%,
oS b 42 s e, RWITRER E [ —ME G, A58 4C I 4D B9 5% B S brifl i T 0
MR YR VL B AL B i 2 25 58 Sy LT 2% (Tyrosine ), MS1. MS/MS FUTHELEE 4354 0. 994 4. 0.919 2,
R B AT B
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Fig. 3 HCAC(A) and PCA(B) analysis results of serum samples
DZ(Blue): healthy person; FY(Red): patients with pneumonia(DZ(#i{6,) . {HEEARE; FY(ZL) . MiREH)
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Lod  MF:0.994 4 182.080 7 1.0d Precusor ion:m/z 182.080 7 MF:0.919 2
91.0554
0.5 165.053 9 0.5 119.050 7136.074 3
77.039 20950489 ' 115 > (1 ¥
136.075 0 . 3.043 0147.039
al I 147.043 5 166.056 8 i | [107.045 %é,-%l 4182.080 7
"136.075 7 182.047 5 77.039 0 |107.050 121. 661(27 045185.055 0182.081 2
05 MS! spectrum from library 165.054 7 05 .
el HOOC . R 95.0500 136.076 0HOOG
1.0 L0 orossg 020 \l
’ . NH, : 182.081 5 T MS/MS spectrum from library NI [g o
s Name: Tyrosine OH s Precusor ion: m/z 182.081 2 Name: Tyrosine H
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E4  AntDAS LAY S E TR B QCREATEm/z 182. 080 7 FHY EICTRERZE R (A) ; L& faitigriith2k(B); 2L
TAYH MS1Hm/z 182. 080 7 MS/MS I PEECZE R (CL D)
Fig. 4  An example of the compound identification process by AntDAS: EIC extraction results for the QC sample at m/z 182. 080 7
(A); chromatographic elution profiles of the ions(B); matched results based on the constructed MS1 spectrum and MS/MS spec-
tra of m/z 182.080 7(C, D)

B ZE A MS1 B MS/MS BT i A5 BV e NG = Bs PR A Tk e, FE3E T A
TAEARE, JEE HICERR RS 22 7R 35 AN (LR 1), RIS Rm2s . mImess . W
FEEZE . MRS . FRIMR R HATAEY . W R AR 8 28, WM RE , AR L HATEY
%, H1A, HEE31.43%, HKOHIEZL(64) . HIBZE(5SA), HEAREZSRES 283 A 44, 7R
WFoE USRS DEFELEE 0. 65 9 S BIE, DURLEE=0. 65 AL YA LI BRIE RSy, IR TFiZBI AR
R AU R A B4y 5 ARDEIC A e W AV E AL 2 i WS i BN 278, A2 5 5 Bebn i i ik 5 12 I A
I3

KA AR
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A1 AntDAS H5E Y 35 42257
Table 1 The 35 significant difference metabolites identified by AntDAS

No. t,/min mlz Adduct ion MatchD Formula Compound CAS No. Classification
1.227 104.1055 [M]® 0.8006 C,H,NO Choline (A7) 62-49-7 Choline (IHFHZE )
2 6.555 288.2889 [M+H]® 0.9182 C H,NO, C17-Sphinganine 32164-02-6 Sphingoid base
(D-7R B B C17 %) (B2 REA)
3 7.115 300.2888 [M+H]* 0.9827 C,H,NO, Sphingosine ( D-# 2 ) 123-78-4 Sphingoid base
(B EBER)
4 12.964 284.2942 [M-H,0+ 0.9914 C_,H_NO 1-Desoxymethylsphinganine(1-JJi4AH 3t 1219484~ Sphingoid base
H]* R EEm17 : 0) 98-6 (BB
5 6.205 318.3002 [M+H]* 0.6716 C H,NO, Phytosphingosine (§/15) 554-62-1 Sphingoid base
(B EBER)
6 3.051 146.0592 [M+H]™ 0.5929 C,H,NO 3-Formylindole ( 3-15| W H i ) 487-89-8 Indole (F5[HE2)
7 4.736 176.0701 [M+H]" 0.9951 C,H,NNO, 3-Indoleacetic acid (3-M5|Wk 2,1k ) 87-51-4 Indole(15[IE2)
8 1.235 130.0484 [M+H]" 0.9724  C,H,NO, L-Pyroglutamic acid (L-fE 4+ 2R ) 98-79-3  Amino acids(ZIEMH)
9 1.251 162.1118 [M+H]® 0.8205 C,HNO, L-Carnitine ( i€ P B,) 541-15-1 Amino acids(ZEMRFS)
10 1.266 118.0850 [M+H]* 0.9781 CH, NO, Betaine (F{{3E58) 107-43-7  Amino acids (2 F3EH2E)
11 1.336 116.0697 [M+H]* 0.9987  C,HNO, L-Proline(L-ifi 2 ) 147-85-3  Amino acids (ZIEFRS)
12 1.555 118.0850 [M+H]* 0.6868 C,H,NO, 5-Aminovaleric acid (5-ZH: AR ) 660-88-8  Amino acids(ZHEMIS)
13 1.555 182.0807 [M+H]* 0.9517 C,H,NO, Tyrosine (L-/# 54 60-18-4  Amino acids(ZFEMRZE)
14 1.122 147.1120 [M+H]* 0.7447 CH,N,0, Lysine (L-#i 52 56-87-1  Amino acids (ZIERZE)
15 1.573 132.1013 [M+H]* 0.9786 C/H,,NO, L-Isoleucine (L-5# 52 & R ) 73-32-5  Amino acids(ZIERZE)
16 1.573 294.1539 [M+H]" 0.7431 C,H,NO, N-Fructosyl isoleucine CGRHMi 57552 H2) 87304-79-8 Amino acids(ZHEFRSS)
17 2.555 166.0860 [M+H]" 0.9441 C,H,NO, Phenylalanine (PN 2 ) 62056-68-2 Amino acids(ZFERZHS)
18 2.660 245.1862 [M+H]" 0.7119 C,H,,N,0, Isoleu(:ylleucine([‘-ﬁ%mﬂﬁ-L-%’i{iM) 26462-22-6 Amino acids( Z K82 )
19 8.023 400.3465 [M+H]" 0.9562 C,H,CINO, Palmitoyl-DL-carnitine chloride 6865-14-1  Carnitine( FIFHIS)
(=) - Pt Y B S AL
20 5.817 316.2487 [M+H]" 0.5884 C,,H;;NO, De(:an()yl-L-carnitine(ZE]?'}EFﬁﬁl@ﬁ%m@g‘) 3992-45-8 Carnitine ( IS )
21 6.571 344.2783 [M+H]* 0.7706 [C,H,NO,]" DL-Lauroylcamitine( ] HEBEZEREATR)  7023/3/2 Carnitine( &%)
22 7.694 424.3416 [M+H]® 0.9054 C,H,NO, Linoleyl carnitine AN EEAHH)  36816-10-1  Carnitine (PITHZE )
23 1.555 204.1221  [M]"  0.9799  C.H,NO, Acetylcarnitine ( Z B P B 14992-62-2  Carnitine( RIBEE )
24 1.565 136.0751 [M+H]" 0.3824  CJH.N, Adenine (RIS ) 73-24-5 Purine (EEF$ )
25 1.565 137.0479 [M+H]" 0.9009 C,HN,0 Hypoxanthine (X # IE% ) 68-94-0 Purine (IF142%)
26 1.555 169.0345 [M+H]" 0.7111 CH,N,0, Uric acid (JRIR) 69-93-2 Purine (B4 2)
27 2.289 181.0251 [M+Nal" 0.8576 C,HN,O, Allantoin (JREEZ) 97-59-6 Purine (142 )
28 7.803 520.3394 [M+H]" 0.9943 C,H NO.P LPC 18 : 2(1-WihEE-2-5%E-SN-Hilh  22252-07-9 Lipid (J52%)
3-ImEIR)
29 7.957 478.2922 [M+H]" 0.9254 C,H,NO,P LPE 18 : 20 MBEAKHE B 18 : 2) 85046-18-0 Lipid(J5%)
30 11.416 305.2477 [M+H]" 0.6875 C,H,0, Arachidonic acid (£ TU 1R ) 506-32-1 Lipid(J52%)
31 10.837 326.3047 [M+H]" 0.8211 C,H,NO,  N-Oleoylethanolamine (Bt L BEfE) — 111-58-0 Lipid(J52%)
32 11.672 282.2790 [M+H]" 0.5210 C,H,NO Oleamide (VRN ) 301-02-0 Lipid (J52%)
33 11.672 313.2739 [M-H,0+ 0.9219 C,H,0, 2, 3-Dihydroxypropyl hexadecanoate ~ 26657-96-5 Lipid(J§2%)
H] CH-m SRR R )
34 5.600 450.3208 [M+H]® 0.8782 C,,H,;NO;  Glycochenodeoxycholic acid(H &R 640-79-9 Bile acid(JH{TRZS)
SUIBR)
35 6.378 158.1534 [M+H]* 0.9132  C,H,0, Hyocholic acid #/IHFR ) 547-75-1  Bile acid (JHTRZS)

MR 35 T 22 S 1k AT O AN = BE AT P& 73 (ULIEL 5) o SRR, il 52 2R fid RRE AL UL 775 R A
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Fig. 5 Cluster heatmap analysis of metabolites differing between serum samples based on AntDAS
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Table 2 Results of confusion matrix for pneumonia diagnosis model constructed using different algorithms

Discrimination Prediction sample Real sample Average accuracy rate/%
model Healthy population accuracy rate/% Patients with pneumonia accuracy rate/%
Fisher fe B AE 75. 65 24.35 72.23
Jili % KB 31.20 68. 80
K-means [ PN 92.98 7.03 89.71
il 4¢ 7B 13.58 86. 43
PLS-DA fe B AE 88. 59 11.41 94. 08
Jili 5 KB 0.43 99. 57
SVM i PN 86. 33 13.68 88. 16
il 4¢ 7 10. 03 89.98
A)
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