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Identification of mitochondria-related biomarkers in influenza viral pneumonia
and potential mechanism of Yinqiao Anti-infective Powder
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Abstract: Objective To identify mitochondrial related biomarkers of influenza virus pneumonia and potential therapeutic mechanisms
of Yingiao Anti-infective Powder (#R7#H ##l, YQAIP). Methods Four gene expression datasets from IVP mice (GSE63786,
GSE37572, GSE43302, and GSE97555) were analyzed by using machine learning algorithms [random forest (RF) model, support vector
machines (SVM), eXtreme gradient boosting (XGBoost), generalized linear model (GLM)] to identify IVP and mitochondria-related
biomarkers. YQAIP active components were acquired from TCMSP database, PubMed, CNKI and other databases. Conducted molecular
docking to study the interaction between [VP-related mitochondria genes and bioactive ingredients of YQAIP. The mice were randomly
divided into control group, model group, YQAIP low, medium, and high doses (15, 30, 60 g raw medicinal herbs/kg) group, and oseltamivir
group. The lung index and survival protection experiments were conducted on influenza virus infected mice, and the HE pathology, lung

index, survival status, inflammatory factor levels, viral load, and the expression levels of key mitochondrial genes were examined in [IVP
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mice. Results Seven mitochondria-related genes (Lacth, Cmpk2, Pnptl, Mthfd2, Mrpl21, Mrpl45, and Timm23) were identified as
biomarkers associated with IVP infection. A total of 1 093 bioactive ingredients of YQAIP showed strong binding affinity (<—5.0 kcal/mol)

to biomarkers Lactb, Pnptl, and Mthfd2. Y QAIP can effectively improve the inflammatory and pathological changes in the lung tissue of

IVP mice, prolong survival time, inhibit lung index and pneumonia factor levels, reduce lung viral load, and inhibit the expression of key
mitochondrial genes Pnptl, Mthfd?2, and Lactb. Conclusion Seven mitochondria-related genes (Lacth, Cmpk2, Pnptl, Mthfd2, Mrpl21,
Mrpl45, and Timm23) can be used as therapeutic potential targets for IVP. YQAIP may be effective treatments for IVP by targeting

mitochondrial genes.

Key words: Yingiao Anti-infective Powder; influenza viral pneumonia; mitochondrial gene; biomarker; machine learning

Vi B BE P 48 (influenza viral pneumonia,
IVP )5 —fift 1 A 35t J&5 7 (influenza A virus, IAV)
YL SRR JE, 2 S BUMEE S RERERT
BB B GERFPET R0, IVP KGR YT SR
M TR G2 Canfdt FRE B2 iR ) bl
BT (WA Pl T 1AV BRI PR
ER PR R BT e, FECYPUR S
T 25 T B () 2 AN RS ONB, T R 2 2
Wz FTIRYT IVPHL,

R #E L (Yingiao Anti-infective Powder,
YQAIP) J&—wrh 255377, M. s AH 7.
FIDIEEE SeE MR RS S ANk
MR, P25 19 Bl AT T AR 288
JNE L BIRG REE BAR. TTER . SARAE. FITT.
FEBE. R, BRIE. JEIE. JEBR. AT AnBE. AR
FE . AU EERUEIR IR B TRIT P IE s
JER AR 2 i 48 1581, 20 7 L3R4S 1 5O BH L)
(EFI5: Z12019111180871), {HILIGIT VP HIfE
FHAL 1 R ) B

BORLAR I A AT U IR RTER AL 1o Zebi A AN
FA Rt R, &S 5 A0 ARG 5L T
Y M5 T DA S 241 i A A ) B 1) s i 10T,
B, BORAARTEIS I JORE Th R B, &R
RE A OCBRE R T R, ZRRidk DNA TE il &% 56 R e
SN BT BEFLR I, ARR D) RefERG S
T B A DG B DA OC o TAV A Wi sl 14 2
2 (polymerase basic protein2, PB2) & HA T £k
g, B S5L KKK ERES EB
(mitochondrial antiviral-signalling protein, MAVS)
WA BAEH 2 5 58 R S 42 i 5 02181, JAV
PB1 4l ¥4 Bha (1 F2 (PBI1-F2) ] Ll £k ki
PR 41 ) AL 40 (translocase of outer mitochondrial
membrane 40, Tom40) J#iE iz B2 kifAd, LI
AR (4EHR) S EEBEE 1 (retinoic acid
induces gene protein I, RIG-1) 15 518 M AAZ F 1R

455 H R M B SZ R H 3 (nucleotide-
binding oligomerization domain-like receptor protein
3, NLRP3) RAE/MARIBEIEIY. SR1, %0847
A7AE — S R A R ) 1) R, G B R Ak A G S R T
IVP i B P RSB, DL S s i 5 52 25 AN
PR 9 S5 N T R ) 8 2 R T BE ) 5

AWE Bt — TR A AEY . HEALREEA
5 B BRI BT A= W00 e b 5 DA B gt o A )
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2 SN F T 2P R k)RR AIE B R RS
R AEYE B A BN I LE R A bR 5
AT DL B A TN TUs AR 97 HR) e i1,
BN, 725 RIS 7 ST e 2 1 Bk [l
HLAR M (random forest, RF) AL, 7 Fm] &AL
(support vector machines, SVM) A& F14; 2 [\ )9
(least absolute shrinkage and selection operator ,
LASSO) 73t 1 -T2 Hri B AR AAR SR AR A
PAIRBIVEAE B L M s B 081

AL 4 A TVP AH G 1 J 8] i B ol 4R
(GSE63786+ GSE37572. GSE43302. GSE97555),
A AL 27 3 S50 00 A 2R e ik D Rk K dfs
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HOMM AT 19 WReP 2541 %: E7AT 10 g AT
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B2, 2= AR RS E, Wk 1.
P B B AL R 25 TN 1 000 mL Bk
o, NG K E 2R TH T2 5 em &b, EKFR
M 30min, FIRK (240 CHEA) Bk, FFENK
(60 CHA) TIAEFBME 30 min. WHEZGR, 4ks:

IGERAK W 15 min, & 3F 2 IRE WA,
UM AR 22 300 mL (2545 EIKFE 0.7 g/mL), 4 C
TRAF% o RIS B W3 57 25 B R 2
A (5 20230206); BE R IE B 2 IKHIZ
HIRAR (5 M1050),

F1 ROYSHEARPANEREREEERSHE
Table 1 Origin and active ingredients quantity of traditional Chinese medicine composed of YQAIP
o 3 KT 3R R
e e
HAj  Aj% Paeonia lactiflora Pall. fIiR 173|383+ T Schizonepeta tenuifolia Briq. it 45 145
WA VA Mentha haplocalyx Briq. 1250543 164 |58 F5M Platycodon grandiflorum (Jacq.) A. DC. 4R 102
TR FEAR Atractylodes lancea (Thunb.) DC. AR 2% 48 | %R %M Forsythia suspensa (Thunb.) Vahl ff) 55 149
et 58 Bupleurum chinense DC. (¥R 346 | WK R Ephedra sinica Stapf 2% 321
N I Ligusticum chuanxiong Hort. 4325 171 | #0#8  EEATSH Peucedanum praeruptorum Dunn IR 100
Bi B Saposhnikovia divaricate (Turcz.) Schischk. FIAR 151 | JE¥&  JE¥F Notopterygium incisum Ting ex H. T. Chang [FJiRZE 180
% HHTR%E Poria cocos (Schw.) Wolf ) #% 33 | FHEK  THRR Cimicifuga foetida L. fIHRZE 179
R ¥7°E Pueraria lobate (Willd.) Ohwid 14§ 18 | %18k 1B} Anemarrhena asphodeloides Bge. [IiRZ% 79
%% ] #P Pogostemon cablin (Blanco) Benth. [y 357> 89 |EAE WMERIET MM, WERES (CaS0s2H0) & E 96.0% 1
GHA  B% Lonicera japonica Thunb. £ 236
1.2 RXF. mEA;Y Cinterferon-y, IFN-y) Rl & ( EdgREReAEYHL

TG RIS (RIPA, A [E Exon “E¥)
FARATD; P Pnptl (L5 37838). Hi Mthfd2 (it
5 27411-1) Ak H 2 [H Signalway Antibody
LLC.; ¥t Lactb itk (k5 A13145-1) W H H e
Hrks RV R A BR A R s B iR H vl 1 i
(reduced glyceraldehyde-phosphate dehydrogenase,
GAPDH) #ifk (b5 KC-5G4, m[E ) A=A
~l) . FAwm M LM (polyvinylidene fluoride
PVDF) Ji£ (3£[E Millipore Corporation). H ik
W #E (A/FM/1/ATHINL, FM1) o E50 W R 2
Hil O A, JELAE 9d KUK AR 4E4L 48 h, H
Reed-Muench V£ 5E /N B FM1 2 3 8058 7 =
(LDso) =1X1073°, JfiEEfEf H AT 47 T-80 Cuk
Farh . MEYE BALB/c /MR, SPF 4%, &liE 13~15
g, WH T REEFLBH O (REAKIES
440072000122745) . SEIFFE (T ARG L5
VI BB, FRE T R 25 K AR I 2 51 2
feifE (HEAESCS 20230328002),

1.3 48

ELx800 BEHCATINI{ (3£ [E Bio-Tek A F]); il
JEIRBEA T-a (tumor necrosis factor-a, TNF-a). [
A/ Z-1p Cinterleukin-1p, IL-1B) My F &

AREMRAFD; PrimeScriptTM 55 1 £ cDNA & ik
& CHAS Takara A7)); A2 506k Blh & CR
HRE MRS S IA PR 2.
14 EMERFWRMH

O P B dlE B W R 3R IE 25 5 H s B (Gene
Expression Omnibus, GEO) #(# % Chttp://www.
ncbi.nlm.nih.gov/geo/) N %K. HLE8 5 > LR A
R 0 (R=4.03). HLEMEELP KT L EitRK A
HBE 2588 G 2 B W 45 T LT R & (TCMIP,
http://www.tcmip.cn/TCMIP/index.php/home/login/login.
html ) F1 PubChem %Y #% £ ( http://pubchem.
ncbi.nlm.nih.gov/); Pymol 2.3 #fF; Autodock vina
1.1 8 o ki R 2 2 (MitoCarta 3.0 database,
https://www.broadinstitute.org/mitocarta/mitocarta30-
inventory-mammalian-mitochondrial-proteins-and-
pathways). & HECAAFEEAEHH 8 4F Ligplot+
v22 . B H B4 KM B4 BE (PDB ., httpsy/
www.resb.org/)o 3 FXHEK A AutoDock Vina 1.0,
2 HE
21 ZRAERETEH

M MitoCarta 3.0 #f FE AR 1 1 140 HU/NER
LR AR G HE RO, A2 8080 P9 149 2R 1A



FE B 202428 $£55% B 3W  Chinese Traditional and Herbal Drugs 2024 February Vol. 55 No. 3 - 885

DIREARTE, WA T ohifk g, ik
RIS AN R ANAT O AL NGRS £ E AN -y AN

(AW
22 BURFIFIEMIE IVP BERILRIRE
RIREY

M GEO H4f FE 3RS 4 A IVP ARG RIA
WA HE 4 (GSE63786. GSE37572. GSE43302.
GSE97555) . GSE63786 1 Jy 4 #r 17 Ml ik 4 ,
GSE37572. GSE43302 F1 GSE97555 1EAUIELE.
HAREMH R A “sva” F “limma” HEATRIEN
i R A “limma” Z3#r 410 2 57 3R 048 5L (A
( differentially expressed genes, DEGs) [ |log)fold
change (FC)| =0.5, P<0.05].

4 FpHLES 2 21 E YL [RF. SCHREMIEMNL (support
vector machines, SVM ). 74347 2Bk B 14 o 5L 7Y
(eXtreme gradient boosting, XGBoost). | X £k {445
74 (generalize linear model, GLM) ] 3£ GSE63786
BT 5. {EH “DALEX” R £ 1 fERF BR 2L
Koy Bk 4 MER, ZeRBRER AT, JEET
MRS DU R . TR MR B 3, JF
IERRRFAMERLIIHT 10 A5 SRR AR B AT 1
— B FRY, £ “root-mean-square” Jj 2% 37 T
W IVP KA B 2 EIRAY . i vk St 20 AT e
B HIZ WG . FESMBES F IHIES (GSE37572,
GSE43302 1 GSE97555) whiuiE. [Ef, fH
“pROC” R BAFEXF top 10 F RIHEAT WA
2.3 HFRESH

M TCMSP Chttps://www.tcmsp-e.com/)~ PubMed
( https://pubmed.ncbi.nlm.nih.gov/ ) ' [H %1 M
(https://www.cnki.net/) s FE 4 22 AR¥ B U2 Bk
YIS TR 3 R B R kLA R S R B
H O 8 Dy FE I 25048 15, A\ PDB #idfa 2 H 3
HE AT 3D 4544 (PDB #%30). FIf AutoDock
Vina BAFBEAT 731X HAE AN, B BT b AR 2 )
5 B- N L % B OIR 22 R BRI B ( serine beta-
lactamase-like protein, Lactb, PDB: 7V1Y; LA 13.91.
10.98. 15.60 nm AHULEI G T) ST IREE
FRALEE 1 (polynucleotide phosphorylase 1, Pnptl;
PDB: 3UIK; PL0.5261. -2.2255. -0.401 0nm N
WG R B ) R D A R AR 2
(methylenetetrahydrofolate dehydrogenase 2, Mthfd2,
PDB: 6S4E; Ll 9.8575. 1.9399. 0.1860nm N+
DRI R T ). M AutoDockTools (v1.5.6) il &

EAFRAY T [ PyMOL (v2.3) BT
P E231, A ] Ligplot-+v2.2 2041 5 5 B A i AR
HAERRY,
24 THYIKE M EARSD

BN RBENL D ARt A . BRI . AR A B
4. WEMhFA (10 mgke), F4 10 R. &id&
BESCES,  RAT /N RO ER RN ) S KT 52 ) &
120 g A 2/kg, FARFHME RN IR A E A 3
g/(kg-d), 10 f57)HE (30 g/kg) W E N/ R IR
B, wHE 3 AFEAERTE (15 gke). F
FE (30 ghkg) mAE (60 g/kg). X HRALAIARHY
H/NER ig 281K, R 251RF 20 mL/kg.
2.5 FHtEEEINE

BRI A, HoAth 520 /) BRBRIFE f ¥k o SR Gt ek
57 A/EM/1/47 (FM1, HIN1) 15LDs [R57 & . R
4h g, HANRIF ig a2, TR 1K, FF8i4d,
HAEBGIE 5 5 RIBIFUEIE/ N, HUSEEIBREAEAT
=5 YU AN RNy w 1) s P e = AT E =58

Pt = i 5 4 o
2.6 HFRIPIE

RS HR AL Ah,  FoAth 5% 200N BROBRIZE J5 0 S i e it
SR EE A/FM/1/47 (FM1, HIN1) 5LDso FFI& . &
Jedh g, SANRITUEigh2h, BR1IK, #5824
do ME/NFICTEN, 15d WAEEELL 15d 3t
2.7 FheHERIBT (L AYAE T

HY “2.57 T 20/ BRUGZE 2R, H Ml e 7E 10%
R Sk, BRTEA S, VIR S pm BIV) I
F 3 ARE AL (hematoxylin and eosin, HE) 4t ,
BE ML B ) X3k, 430 F Ol 2% BB R
100 £ o WAL LR BEVE 43 LA 0~3 e & 07 il
(i
2.8 FliZALRAAE B F BN ZE

HY “2.57 Ties-2H/N BRI ZH 2344 1 1 10 Eflin A
PBS ZErfiR, AT . K LE R 3 000
r/min &0 15 min, Y& _FIE W i85 Bio-Tek ELx800
Pt B ARG A 58 450 nm AR R IEE (4D I 5E fifi 4.
21 TNF-o. IL-1BA0 IFN-yHI/K . #RAE B 38 4%
PR S B AT .
2.9 EAPEE PCR N EMMLALHEXERE BRI

U “25” g4 /R4, 1/ Prime
ScriptTM 25 1 & cDNA & G &K 2 RNA %
S cDNA JREEFE R A/FM/1/47THINT 357
B[R, HB¥27% Liao S525HGE . Prpt] « LacthMthfd2
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51981t NCBI Primer-BLAST it Pnptl 5140,
1E[H: 5-CACTATGGAGTAGCGCAGGG-3’, [ [f]:
5"-CTGCAGTGTCACCTGACTGTA-3’; Lactb 5|4,
1E [ : 5°-TCCTATGTGAAAAGGAACTAAGAGA-
3, JXH: 5-GAACTCCTCAGTCATTCCTCCT-3’;
Mthfd2 519, 1EH: 5°-TTATCATAGTGATGGAGA-
GCAGTT-3’, X[il: 5°-GGCCTGTGATCTCTCAG-
TGT-3’; WZ S-actin 1E[A]: 5°>-ACAGAGCCTCGCC-
TTTGC-3’, JX[A]: 5’-GATATCATCATCCATGGTG-
AGCTGG-3’. MRIEIRHEMRIEEA (2780 2
PCR 7*¥)RIEKF . FEFEMXKIERE (relative
expression, RQ) 5HXIMZHEE RIMrHEL )y 1.
2.10 Western blotting 7> #rffiH 4R L hi (AHH X EH
BIFRiE

W “2.57 15125 2H /)N 5% it 25 23 P TS S e 8 U i 2%
/Eiﬂm*z (RIPA) 334k, F -+ = he HE bR e - 58 4 I It

ez s Lk (sodium dodecyl sulfate-polyacrylamide

gel electrophoresis, SDS-PAGE) FF & 2% il 241,
B, BLIRNE BIEWR. 4 C. 12 000X g &0
53 5 min. 3Bid 10% SDS-PAGE 43 B & [ 5 £
(50 pg), FHKH4# S PVDF K L. KR IEE
HEEH 1~2min, 47 AP Poptl (11 200D $iT
Lactb (1 : 500). $it Mthfd2 (1 : 300) 13T GAPDH
(1:5000) Pifh, 5. {4 R R INGR &
HAT G E o K AH X A K bR AR
GAPDH. i Tﬁﬁﬁ/ﬁmﬂx 73 Mk A4 (GelPro5.0, Media
Cybernetics, Bethesda, [ THHE A XK F
B kAT B4k
211 Hitaih

ST A PASW (JRAS 18.0: IBM SPSS,
EED #HTg T Hr. HH Wilcoxon K% %402
[F) 2 Rl R IE 7K 1 22 e - AT G vt o dfr . fEFH PRI R
J7 75t (ANOVA) AT Z A L, #4T LSD
5 LA R ) Z 5. GraphPad Prism #(f4 (kA
5.00 HT2E.
3 &R
31 ETFHE
ISE

M-S (GSE63786) 14 36 A IVP Al 42 4
X HE /N BRI ZH 2 mRNA FIkBE . $218 P,g;<<0.05
| logoFCl >0.5 Wﬁﬁ’%zﬁiﬁﬂﬁéﬁ%ﬂ IVP 412 [a] )
DEGs SRR I RE . 7EXT IVP (LR 4K
KA1 DEGs #HATER G TG, JRiik th 190 M JEIE

SRZMERAXEERIRNS

A IVP 2R AR A 5¢ 22 5 2 [H] (mitochondria-
related differential genes, MRDGs), HH1 125 'F
AR 65 A S (B D

® 65 LI
30

125 TR Mithfd2
= :
° |Cmpk2
@ ¢ ml’.,
PR ] ,qu
[
v ) f‘api Gatm
20
o ° ’ i Significant
=) : ’ ° ~ i
| ® i $ %
) ‘ o 0790 o o i
Labpl e

: Y {ldnib]
° . Coxsh Spe®e °

%
3
o
10 ¢ »
ey * ® g
Acsin]‘Aldf 4
¢ I Aldhla7

log,FC

Bl ZRFiExEFRERALE
Fig. 1 Volcano plot of mitochondrial related differentially
expressed genes

N T G N BRAR BB R R YE ], ST
T4 ANET P S EVERAA, & 190 4
MRDGs 1E AR @A SR s B Y . 72
GSE63786 ##ii4E F#H1T RF. SVM. XGB Fl GLM
B AT . W1 2 BirvR, GLM R BB ff e e 22 1)
B, PO AARRIIREARKRZE (K 2-A. B),
I H 4 R Carea under curve, AUC) /N T
0.7 (|8 2-D). SVM BRIy R fe i AR Y, [A]
NHEA R/NIREARTRZ, AUC1EA 1.000 (& 2-
D). #Jri M RF. SVM Al XGB #A! i $% 30 M
H BRI UE S i — B (] 2-C). FESRIIE
Erf, RILIVP A9 R Lacth Mot i ERIATE 2
(cytidine monophosphate kinase 2, Cmpk2) Pnptl .
Mthfd2. LKA RZEEREE 21 (mitochondrial
ribosomal protein 21, Mrpl21). Mrpld5 LRtk
fEEHF N 23 (translatase of inner mitochondrial
membrane 23, Timm23) FKiL/KFH 0, 5xHEZHAH
S AR (B 3-A~C). MjEHTH
ZHEPAERFE I ZE (receiver operating characteristic
curve, ROC) Z3#fr, AN Bk 7 ORI (112
Wiz X (B 3-D~F). ROC {HI#HE 0.5~1.0. i%
EERSET 1, SRS THBRAER . fEIRIESR Y, 3
KREHH K AUC {H¥IKT 0.9, ROC fHILHEH
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A —XGB=—RF ~SVM ~ GLM
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Mrpll
Cox18
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P
o
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=
)

o
=3
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Gldc »
Ucpl +

Type ¢
Oxc)t/ga .
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RMSE

B E3XGBES RF E4SVME GLM

b
ol

GLM ®
0 025 0.50 0.75 1.00
| 52
D
1.0
0.8 -
0.6
#
e
B 04
] — RF: 1.000
02 — SVM: 1.000
—— XGB: 1.000
o GLM: 0.504
1 I 1 1 1 I
0 02 04 06 08 10
1t

A: FEARR RARLED AT E: B: HEASRENFETVE (SRR E R TTD; C: 72 RF. GLM Al SVM B b, M4 HES J5 2 77 iR % (RMSE)D

WA BB, D: RF. GLM 1 SVM £ ROC 4k,

A: Cumulative residual distribution plot of the sample; B: Box plot of sample residuals (red dots represent the root mean square of residuals); C: In RF,
GLM, and SVM models, the importance of variables lost based on the root mean square error (RMSE) after permutation; D: ROC curves of RF, GLM,

and SVM models.

2 HERFIRE MR

Fig.2 Construction and evaluation of machine learning models

0.920~1.000 (& 3-D~F). &5 REW, 7£ 3 MK
AR, X 7 AN OSBRI R B R FE R
32 TR EFZEGATT IVP Al RERVERIRRTE
HLH

A2 TCMSP. PubMed. [ %01 X 55 5
J, MARSE N B L0 1 831 FE PR Ry (GR
Do R SFXHESHT, BT 7 B IVP AH R RIZRRL

AR AR B R TN AR I B R T IVP W 7EAL
#l. k3T 3 MEA 3D EA R RS E AR
(Lactb. Pnptl F1 Mthfd2) BEAT4>FXF 85041, I
THEAGH GRS S 3 MR E L R4S
Hrfite 1 093 /NMERH T HIUA W03 1 i 70 X o ik
Lactb Pnptl 1 Mthfd2 BA RF 455268 7
(<-5.0kcal/mol, 1kcal=4.2k)). £ 25|27 ALK
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B % =3 [Vp FE e Hk 0
§ 10 o 10 - - 10 2 "y
<‘.‘.R/l »
5 5 5
b
’ S 2 g 83 g 283 2 ¢ 22 g 82 29 22
g EEEE E S E 2 E & E E S 2 EE £ E
s s = £ o = = = & o = = = Z
D GSE37572 ROC #hi £k E GSE43302 ROC HiiZk F GSE97555 ROC ik
1.0 - ; 1.0 + - = - 1.0 -
7 1 Cmpk2 (AUC = 1.000)" 1 Cmpk2 (AUC = 1.000
08 Cmpk2 (AUC = 1.000) 08 R AOE 1 5o 08 ST T
4 Lactb (AUC = 1.000) Mrpl21 (AUC = 1.000) Mrpl21 (AUC= 0.920)
;-@—j 0.6 Mrpl21 (AUC = 1.000; 06 Mrpl45 (AUC ="1.000) 06 Mrpl45 (AUC = 0.955)
=7 Mrpl45 (AUG~ = 1.000 ’ Mthfd2 (AUC-= 1.000) : Mthfd2 (AUC = 1.000)
B Mthfd2 (AUC = 1.000) ‘ Pnptl (AUC” = 1.000) Pnptl (AUC = 1.000)
04 Pnptl (AUC = 1.000) 04 Timm23 (AUC = 1.000) 04 - Timm23 (AUC = 1.000)
B Timm23 (AUC = 1.000) . reference line : reference line
reference line P y
0.2 4 024 0.2 -
0 - 0 0
0 02 04 06 08 1.0 0 02 04 06 08 10 0 02 04 06 08 10
1R 15 1Rk

A~C: 8T Wilcoxon I T7%, 3 MRIEE IVP AN IR 2 8] 7 ARSI 197 5 %3E: D~F: WS Lactb. Cmpk2 Pnptl . Mthfd2.

Mrpl21. Mrpl45 Fl Timm23 3R ROC #hiZk; SxHR41ILE: *P<<0.05

“P<0.01 "P<0.001.

A—C: Using the Wilcoxon test method, differential expression of seven key genes was observed between the IVP group and the control group in three

validation sets; D—F: Verify the ROC curves of Lactb, Cmpk2, Pnptl, Mthfd2, MrpI21, Mrpl45, and Timm23 genes in the validation set; *P < 0.05

*P<0.01 *P<0.001 vs control group.
3 I&IEE GSE37572. GSE43302 1 GSE97555 R ki E RIS BTN E A9 & EANLEIE
Fig. 3 Identification and validation of diagnostic value of key genes in validation sets GSE37572, GSE43302 and GSE97555
F2 RAMBHEMERS S 3 MERIKRXRER D FIHEER (HEHE<-9.5 keal'mol ™)
Table 2 Docking status of active ingredients in YQAIP with three key genes of mitochondria (binding energy <-9.5
kcal-mol ™)
‘ ‘ G ‘ \ et
TEE R ®E - sl ER TEE R KE sl ER
(kcal'mol™) (kcal'mol™")

&M% (protohypericin) %5 CxoHis0s  Mihfd2  —104 TYHHR A2 CuHx0x Lacth 9.8
WA TN (gallotannin) HA7  CioiHeoOso -10.3 TR (flavoplatycoside)  #5#  CarH3Ou6 9.7
KD ZE (pedunculagin) 7% CHuOx -10.2 FEHERH D2 (polygalacinD2)  #5ff  CesHin032 9.5
TF4#¥ % (eugeniin) A2 CaiHz0026 -10.1 TEYEAZAEHE (amentoflavone) — SHYE CsoHisOw  Paptl  -114
B (glycerite) A2 CreHs2046 -10.0 BETHR H*j  CioHeoOs0 -10.6
HPKH (neocimiside) FHEE CaaHagOo -9.9 TTHSER A2 CaiH3002 -10.5
LJRAEAFIE (markogenin) 4l C27HusO4 -9.8 SHACNER (ochnaflavone) — £HYE C30HisO10 -10.5
AL (bicuculline) A7 CaoHisNOs -9.8 ERME A MR CooHuOrs 105
Jf1cE % (procyanidin) HAj CsHasOns -9.7 R D R CsHoOx -10.4
2461 (linarin) JER  CsHnOu -9.7 SHME (hypericin) B CyoHieOs -9.9
Ba# R (kryptoxanthin) GHUE  CaoHssO -9.7 SEHH R E (saikosaponin E)  E#1  CaHesOn 9.8
FHRREE Cacerinol) FHIE C30HaOs -9.7 BB TIATH (galloylpaconifiorine) 1747 C30H32015 -9.7
BEXFT A Csuspensaside A) ¥ CaoH34015 -9.5 BRI F (forsythoside F) % C34HaOro 9.6
22 2 B LB (smilagenone) &1 C27H4203 -9.5 HHEEE B B C34HaOr 9.5
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G E R (<-9.0kcal/moD) MI/NrFA46EW, & KM, HAkIE Asp286. Thrd86. Gly488. Phe287.
1% Lactb Pnptl FI Mthfd2 RILHEEI4EEE  Ser527. Lys394. Val528. Ser493. Thr325. His222
77, XEETTREEVELEN IVP 067 ARIESCERIR A1 SerdS3 25 T 2B TAEHH DT T 14 M2
i, WEYINEE A HHAERT-5.5keal/mol, #MZ (I 4-A. B). B XGRS Prptl W45 &0
&AL T ARG TR 20, Lactb-eugenin, PrptI-F W, 1le418. Lys456. Argl92. Asn215. Asn416 Fll
TEAZRCE TR Mihfd2-]R & 4k R B SN ARE Aspd206 MRERIRIES 5 T 7 MEREK (B
3 E—9.8. —11.4 fI—-10.4 kcal/mol. 3 NREHFRE  4-C. D). JEELMEF Mehfd2 2 [RIA EAERH K
MRS A (RAELS AR WK 4 Fn. B, RIE Lys88. Val274 Al 11276 5 54 22 Wk ik
Eugenin Fl Lacth WS GRS GRS TEEEA, JER BT 4 AR (B 4-E. F.

@—e Ligand bond e N . . . X
®—e Non-ligand bond < Non-ligand bond residues involved in hydrophobic contact(s)

®- @ Hydrogen bondand its length @ Corresponding atoms involved in hydrophobic contact(s)

¥ Amentoflavone

. 4 Non-ligand bond residues involved in hydrophobic contact(s)
@@ igand bond . . . .
® —®@Non-ligand bond ® Corresponding atoms involved in hydrophobic contact(s)

@®- - ® Hydrogen bond and its length

Protohypericin
WL

N
:_\ )

.

@—® Ligand bond
@ —® Non-ligand bond
@- --® Hydrogen bond and its length

S Non-ligand bond residues involved in hydrophobic contact(s)

A: eugenin 5 Lacth 45415 (PDBID: 7vly); B: Lacthb &5 eugenin FIAHEAEM; C: amentoflavone 55 Pnpt! (PDBID:3ulk) HIZEGHE;
D: Pnptl 55 amentoflavone WIAHEAEF; E: FR&ZHES Minfd2 14561550 (PDBID: 6sde); F: Mihfd2 5IR&E 2R MWAHEAER; ST
INAREL (SR,

A: Binding mode of eugenin and Lactb (PDB ID: 7vly); B: Interaction between Lactb and eugenin; C: Binding mode of amentoflavone with Pnpt! (PDB
ID: 3ulk); D: Interaction between Pnptl and amentoflavone; E: Binding mode of original hypericin with Mthfd2 (PDB ID: 6s4e); F: Interaction between

Mthfd2 and proto hypericin; The hydrogen bond is displayed as a dashed line (green).

4  Lacth< Mthfd2« Pnptl F0;EMER 5> Z BIB9HBE/ER
Fig. 4 Interactions between Lactb, Mthfd2, Pnptl and active ingredients
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3.3 SREBMESEXT IVP /R BGERIR G RS0

N T VAR I A O TVP /N EIIEITVEH
AW FCHAT T IR SR A AR E R 7T . B
ZIN BRI H B A, 4 SR Rl ) A R PR A
PR, SCRERR, RIAH I (B 5, 20t
Fimd. AHEEZ T, 3N FIERMIG# RS E, X
B AR B T A FERRE S (B 5-AL B). 5
RUHMLL, SMGERP . SRR A R e h 34
NI AR B OR AR W R (P<<0.01.
0.001) (B 5-C. D)o AEAERY LI R I, AU
BRI AN RAEIE RN 50%, H1. EiEdAEE
KN A AEI T8], SRR 2 A bE 22 57 B 2% (P<<0.05.
0.01. 0.001) (I 5-E. F). 455RFM, MK
A LA R TAV 51 (1 547
34 SREMMEBEX IVP NRABELMEETF=E
apAl

AR B 5 T 14 i 308 4 i R e A 1) A i 45 45
55 Z2 PR 9 A0 M Rl 1R BE A WA BE DDA O o TL-1B
IFN-y 1 TNF-o /2 2 S 1 B2 1) S B 2 Al R 1
W 6 FiT o, AR 2H /N BRI 2 29 TL- 1B IFN -y Al TNF-
o ACFRER I AR, SR E AR R
HIE 4 AP K 1 TL-1B IFN-y A TNF-o 3 FE 433 .
3.5 SRMNGEEXT IVP /NRAER LR RECE
B k7K TR0

WK 7 fos, BB/ LR Lactb Pnptl
A Mthfd2 mRNA FE HREKFREE N, MR
SRR BB (60 g/kg) AT 5] Lactb Prptl
A1 Mihfd2 mRNA M HRERE (K 7-A~C) (P<
0.01. 0.001).
4 it

AHEFAE 4 FiLEss 21775 (RF. SVM,
GLM I XGB) X} GEO ##i FEf) 4 A~/INER TVP %
PRSI T 5 IVP R AH I 1 ZRohr R S b Ik
o FRIH Lactb Cmpk2 Pnptl Mthfd2 Mrpl21.
Mrpl45 F1 Timm23 7 D8RR, EATATRETE IVP
(3t Je R R A SCRRE T, JERE I 9 TVP B TEYR
g

Lactb #&— M2 5 K RBE G 50 8004 i
FIR7), Lacth RITEREIR] 25 (B JE BRETHEAR R RIE, 5
MW T Tk 22 S0 IR [v B R S R 1 e dk, O BBz K
) B2 A T LR AR IR AU 2. Lacth WI 55 2o b ik
ROS /=5, =B§fRIET (adenosine triphosphate,
ATP) FKPHEMFIZ R AL PRI, 53 DNA

i SRR T Re R AG A/ P 5T R 2 PR A
S A T2 [, Lacth 5 S %K +-«B
(nuclear factor-kB, NF-xB) {5 ‘5 #EEiE NF-«xB /-
TR AR SR,

Cmpk2 7&— T ERARAZ B IR IMEFEY . Cmpk2 K
HE mtDNA 5 00k 12 5 T NLRP3 S0 71 J5 7 8
A mtDNA B M Z B2, A —FhZki A
HH, Cmpk2 {E5%#J9# (dengue virus, DENV)
TSI LRI AR b 22 G HE B3, 71 BRI AL A g
A AR b, ZR AR Ml R T 7 S 2 1 DX B 4 i
&, I AT RE R R R TR S g% I AL H AR

Mrp 1A/ 288 WFEAT 1 /N K 39S iFHE
Hl. #3 Mrp 5 Z PSR, QLI5S0 5
ARG MZFEARAEIA W TN 1205 Mirp 8 40
PRTH PR AN 223 R B8R B 11 175 3 iR 40 e 07 1 A0
HEBEBO, At — FRRER A N “E A, AR
R T EATEAR N SRR RE 7T, Wi x4
JAR A B BeEAH BAR R . VR 2 il S5y
21 i I R ) i = DR A B FH SRR a2 5 1) 7).

Mihfd2 & —Fh-5 M BRABER I 2R A A g8
Mthfd2 2 5 WM BR B R AR DY S0 B 5 R 11 38,
NYERF RIS J AN SG e SR A B A, AT S
Ag B WL B -3- 22 ( phosphatidylinositol-3-
hydroxykinase, PI3K) /2 [ B (protein kinase B,
Ak 5 SEEEOE, ZE AR H s R
KEEMERB, Mihfd2 /'3 1) Akt 5 57 F 0] LA
A RO MR ANE 5T, SCRER ERER G40
) E 3B R G5

Timm FER S — M8 EE, )& Tk EORS
) Timm K, HoABT& B A5 s i 314
FAREL, Timm23 0] LAFH IR Bk AT AR I 2 4R, I3
FHEAUES AR, X5 A BE AR R B A
Wha e A ocul,

Pnptl 5e—F 1 BT RERT T HIZPEZIRSMI
i, 773 mRNA FFEMEE. Prpel B Rk 1G58 1
A T,

X T ANERAR RIS 5 TR K
A, IG5 AMRETET, SRS SR
St REVIMDS, Bk, X 7 AR IR A]
fese TVP IR OB R R R £ VR T #E A

AW TEAEAR A VAL T AREISCEE BON TVP YR YT
Y BN R AR SR S TR () s, A 43 42
FEAR R 18 1 45 78 RRICEE BV E T Bobr A O A
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804 L "
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404 T
g
204
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-

& LAl
~+YQAIP 30 g kg!
= YQAIP 159 kg™
-+ YQAIP 60 g kg

A: HE ZLEME/NRIGALHRIEN (X100); B: FREETS; C: a4 D: WEEE; B fAE%R; F: AGFNE; SERAIE: "P<0.05

"P<<0.01

*P<<0.001.

A: HE staining observation of pathological changes in mouse lung tissue (x 100); B: Pathological score; C: Lung index; D: Virus load; E: Survival rate; F:

Survival time; “P < 0.05

P <0.01

E 5

**P <0.001 vs model group.

SRAMF T IVP NRIBEAR A RIRIE (n = 10)

Fig. 5 Effect of Yinqiao Xidu Powder on lung injury of IVP mice (n» = 10)
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B 6 RAMMBFEI IVP MREEZEL TNF-a (A)s IL-1p (B)s IFN-y (C) KTFRIEM (x+s,n=10)
Fig. 6 Effect of YQAIP on levels of TNF-a (A), IL-1p (B) and IFN-y (C) in lung tissue of IVP mice (x+s,n=10)

A
GAPDH S S 1.0 1
w O
Pnptl s . . _& | ® SR
® 0.6 1 .« Wi
= i
- £ ® YQAIP 60 g kgt
Mthfd2 :3 gﬂ%
sk FEE dokok sk
C e — . T
Lactb Mihfd2 Lactb
papicy IAV-C AIPYQ 60 g kg™
B
2.0 -
15
) o X
iﬂ% 1.0 R
& A YQAIP 60 g kgt
E o5 Q gkg
p
Z o
E

Pnptl Mthfd2 Lactb

B 7 SREAMEH IVP NRATALLRAEREE mRNA (A) FIEB (B) RiZKFHENME (x+s,n=6)
Fig. 7 Effect of YQAIP on mRNA (A) and protein (B) expression levels of mitochondria-related genes in lung tissue of IVP

mice (X+s,n=6)
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FE B 202428 $£55% B 3W  Chinese Traditional and Herbal Drugs 2024 February Vol. 55 No. 3

* 893«

KHEEFED Lactb. Pnpt] F Mthfd2 B A rh2 S 555
4s 4377 (=9.5~-10.9 keal/mol) . 4RI #5155
HR 1093 FRIE LRI T LA IHIX 3 AN ZRRLA
FFERIFRIE VP /ANRBTZHZ A 3 ALk fk £ A
Lactb. Pnptl R Mthfd2 mRNA F1& /KPS
W, TR IS R AT R 3 kLR L R R ik

IKF
5 “%ig

AHE T A AEE B AL A 2 S RS E T

7 R 5 IVP FIZRAAAH R A VbR 5. T8I AR N

U S5 F A BEEOR T S ORI T

AR T TR, RS2k R AEIER si 55 .

YR AE R T Lactb . Prpt] R0 Mthfd2, 875 50

Ri. R T. ANEEE YR, FEN T

PUIVP VEF T R IEVE A 3 AN BRI BB ] Lactd

Pnpt] F1 Mthfd2 15 IVP /MR SRk, T

U B REAN ) XM s Rk, X AT e e RN R

HUGATT IVP B AENLHZ

RBHE AN B RS EAE

S0k

[1] Yang M R, Wang Y, Yue Y M, et al. Traditional Chinese
medicines as effective agents against influenza virus-
induced pneumonia [J]. Biomed Pharmacother, 2022, 153:
113523.

[2] WangJN, Wang X, Yu S L, et al. A retrospective analysis
of three antiviral regimens of peramivir in the treatment of
severe influenza A with primary viral pneumonia [J]. Can
Respir J, 2019, 2019: 3859230.

[3] AgutH, Fillet A M, Huraux J M. Antiviral chemotherapy:
Mechanisms of action, evaluation of activity, resistance
and future developments [J]. Pathologie Biologie, 1993,
41(8 Pt 2): 770-776.

[4] Guo R, Zhao M F, Liu H, et al. Uncovering the
pharmacological mechanisms of Xijiao Dihuang
Decoction combined with Yingiao Powder in treating
influenza viral pneumonia by an integrative pharmacology
strategy [J]. Biomed Pharmacother, 2021, 141: 111676.

[5] Tao Z G, Yang Y X, Shi W N, et al. Complementary and
alternative medicine is expected to make greater
contribution in controlling the prevalence of influenza [J].
Biosci Trends, 2013, 7(5): 253-256.

[6] & F, EUF, MEEES, 55 AFBE LIRS A
DR ILE B MIER A BRI 35 40 2 RS TR R 52
1], A A PR A A 2 Ak, 2016, 36(9): 1119-1123.

[7]1 Nabeshima S, Kashiwagi K, Ajisaka K, et al. A

randomized, controlled trial comparing traditional herbal

(8]

(9]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

medicine and neuraminidase inhibitors in the treatment of
seasonal influenza [J]. J Infect Chemother, 2012, 18(4):
534-543.

Li J J, Zhang K, Bao J M, et al. Potential mechanism of
action of Jing Fang Bai Du San in the treatment of COVID-
19 using docking and network pharmacology [J]. Int J Med
Sci, 2022, 19(2): 213-224.

Dong T, Chen X Y, Xu H C, et al. Mitochondrial
metabolism mediated macrophage polarization in chronic
lung diseases [J]. Pharmacol Ther, 2022, 239: 108208.
Grochowska J, Czerwinska J, Borowski L S, et al.
Mitochondrial RNA, a new trigger of the innate immune
system [J]. Wiley Interdiscip Rev RNA, 2022, 13(3): 1690.
Marchi S, Guilbaud E, Tait S W G, et al. Mitochondrial
control of inflammation [J]. Nat Rev Immunol, 2023, 23(3):
159-173.

Graef K M, Vreede F T, Lau Y F, et al. The PB2 subunit of
the influenza virus RNA polymerase affects virulence by
interacting with the mitochondrial antiviral signaling
protein and inhibiting expression of beta interferon [J]. J
Virol, 2010, 84(17): 8433-8445.

Hour M J, Huang S H, Chang C Y, ef al. Baicalein, ethyl
acetate, and chloroform extracts of Scutellaria baicalensis
inhibit the neuraminidase activity of pandemic 2009 HIN1
and seasonal influenza A viruses [J]. Evid Based
Complement Alternat Med, 2013, 2013: 750803.
Yoshizumi T, Ichinohe T, Sasaki O, et al. Influenza A virus
protein PB1-F2 translocates into mitochondria via Tom40
channels and impairs innate immunity [J]. Nat Commun,
2014, 5: 4713.

Whittaker P A. What is the relevance of bioinformatics to
pharmacology? [J]. Trends Pharmacol Sci, 2003, 24(8):
434-439.

Terkelsen T, Krogh A, Papaleo E. CAncer bioMarker
Prediction Pipeline (CAMPP)—A standardized framework
for the analysis of quantitative biological data [J]. PLoS
Comput Biol, 2020, 16(3): e1007665.

RPN, BASHE, BRAHNG, 5. B TAEYME BRI B
o8 R G I IR IR Sz b 25 T (0], P B2, 2023,
54(15): 4948-4957.

Zhang J, Huang C, Liu Z H, et al. Screening of potential
biomarkers in the peripheral serum for steroid-induced
osteonecrosis of the femoral head based on WGCNA and
machine learning algorithms [J]. Dis Markers, 2022, 2022:
2639470.

Rath S, Sharma R, Gupta R, et al. MitoCarta3.0: An
updated mitochondrial proteome now with sub-organelle
localization and pathway annotations [J]. Nucleic Acids
Res, 2021, 49(D1): D1541-D1547.



- 894+

FE B 202428 $£55% B 3W  Chinese Traditional and Herbal Drugs 2024 February Vol. 55 No. 3

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

Pan X, Jin X, Wang J, et al. Placenta inflammation is
closely associated with gestational diabetes mellitus [J].
Am J Transl Res, 2021, 13(5): 4068-4079.

RuJ L, Li P, Wang J N, et al. TCMSP: A database of
systems pharmacology for drug discovery from herbal
medicines [J]. J Cheminform, 2014, 6: 13.

Trott O, Olson A J. AutoDock Vina: Improving the speed
and accuracy of docking with a new scoring function,
efficient optimization, and multithreading [J]. J Comput
Chem, 2010, 31(2): 455-461.

Sanner M F. Python: A programming language for software
integration and development [J]. J Mol Graph Model,
1999, 17(1): 57-61.

Wallace A C, Laskowski R A, Thornton J M. LIGPLOT: A
program to generate schematic diagrams of protein-ligand
interactions [J]. Protein Eng, 1995, 8(2): 127-134.

Liao S H, Li Y, Lai Y N, et al. Ribavirin attenuates the
respiratory immune responses to influenza viral infection
in mice [J]. Arch Virol, 2017, 162(6): 1661-1669.
Eleftheriou P, Amanatidou D, Petrou A, et al. In silico
evaluation of the effectivity of approved protease
inhibitors against the main protease of the novel SARS-
CoV-2 virus [J]. Molecules, 2020, 25(11): 2529.

LiHT, Dong DY, Liu Q, et al. Overexpression of LACTB, a
mitochondrial protein that inhibits proliferation and invasion
in glioma cells [J]. Oncol Res, 2019, 27(4): 423-429.

Zeng K X, Chen X X, Hu X X, ef al. LACTB, a novel
epigenetic silenced tumor suppressor, inhibits colorectal
cancer progression by attenuating MDM2-mediated p53
ubiquitination and degradation [J].
37(41): 5534-5551.

Keckesova Z, Donaher J L, De Cock J, et al. LACTB is a
tumour suppressor that modulates lipid metabolism and
cell state [J]. Nature, 2017, 543(7647): 681-686.

E, Zunino B, Dhayade S, er al.
NF-kB-
dependent anti-tumour activity under caspase deficiency
[J]. Nat Cell Biol, 2017, 19(9): 1116-1129.

Xu Y J, Johansson M, Karlsson A. Human UMP-CMP
kinase 2, a novel nucleoside monophosphate kinase
localized in mitochondria [J]. J Biol Chem, 2008, 283(3):
1563-1571.

Zhong Z Y, Liang S, Sanchez-Lopez E, et al. New

Oncogene, 2018,

Giampazolias

Mitochondrial ~ permeabilization  engages

(33]

[34]

[35]

(36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

mitochondrial DNA  synthesis enables NLRP3
inflammasome activation [J]. Nature, 2018, 560(7717):
198-203.

Lai JH, Lin Y L, Hsieh S L. Pharmacological intervention
for dengue virus infection [J]. Biochem Pharmacol, 2017,
129: 14-25.

Chatel-Chaix L, Cortese M, Romero-Brey 1, et al. Dengue
virus perturbs mitochondrial morphodynamics to dampen
innate immune responses [J]. Cell Host Microbe, 2016,
20(3): 342-356.

Ye H S, Zhang N. Identification of the upregulation of
MRPL13 as a novel prognostic marker associated with
overall survival time and immunotherapy response in
breast cancer [J]. Comput Math Methods Med, 2021, 2021:
1498924,

Yu D D, Liu C, Guo L. Mitochondrial metabolism and
cancer metastasis [J]. Ann Transl Med, 2020, 8(14): 904.
Fan Y, Sanyal S, Bruzzone R. Breaking bad: How viruses
subvert the cell cycle [J]. Front Cell Infect Microbiol,
2018, 8: 396.

Shin M, Momb J, Appling D R. Human mitochondrial
MTHFD2 is a dual
methylenetetrahydrofolate dehydrogenase/methenyltetra-
hydrofolate cyclohydrolase [J]. Cancer Metab,2017, 5: 11.
Huang J, Qin Y Y, Lin C F, et al. MTHFD2 facilitates
breast cancer cell proliferation via the AKT signaling
pathway [J]. Exp Ther Med, 2021, 22(1): 703.

Roesch K, Hynds P J, Varga R, et al. The calcium-binding

redox  cofactor-specific

aspartate/glutamate carriers, citrin and aralarl, are new
substrates for the DDP1/TIMM8a-TIMM13 complex [J].
Hum Mol Genet, 2004, 13(18): 2101-2111.

Zhou S T, Han Y Y, Yang R H, ef al. TIMMI13 as a
prognostic biomarker and associated with immune
infiltration in skin cutaneous melanoma (SKCM) [J]. Front
Surg, 2022, 9: 990749.

Sarkar D, Park E S, Barber G N, et al. Activation of double-
stranded RNA dependent protein kinase, a new pathway by
which polynucleotide
(hPNPase(old-35)) induces apoptosis [J].
2007, 67(17): 7948-7953.

Dani C, Mechti N, Piechaczyk M, et al. Increased rate of

human phosphorylase

Cancer Res,

degradation of c-myc mRNA in interferon-treated Daudi
cells [J]. Proc Natl Acad Sci USA, 1985, 82: 4896-4899.
[riEm4t  &E]



