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variety of viruses. As a porcine intestinal pathogenic coronavirus, the interaction between porcine
epidemic diarrhea virus (PEDV) and host metabolic system has not been reported. Studies have
shown that angiotensin-converting enzyme 2 (ACE2) is involved in the regulation of glucose
metabolism in the pathophysiological state of the body and plays a role in anti-PEDV infection. In
order to explore the regulatory effect of PEDV infection on intestinal glucose metabolism in piglets
and the possible role of ACEZ2, the relationship between ACEZ2, PEDV infection and intestinal
glucose metabolism in piglets was clarified. In this experiment, healthy and PED piglets were used as
the research objects. By collecting blood, duodenum, jejunum and ileum tissue samples were isolated
and intercepted for the following experiments: 1) The expression of PEDV M gene and N gene and
protein in each segment of small intestine was detected. 2) Detection of glucose and lactic acid in
blood; western blot was used to detect the expression of glucose transporter SGLL'T-1 and GLUT-2
protein. 3) RT-qPCR was used to detect the gene transcription of key enzymes in glycolysis and
TCA cycle pathway in each intestinal segment; 4) ELISA and Western blot were used to analyze the
content of Angl-7, Angll and the protein expression of ACE2 and MasR in each intestinal segment ;
5) Spearman method was used to analyze the correlation between ACE2 and PEDV infection and
glucose metabolism-related enzyme expression changes. The results showed that : 1) There was M
gene expression in the jejunum tissue of diarrhea piglets, and a positive band appeared at about
552 bp. PEDV-N protein was expressed in duodenum, jejunum and ileum of piglets, with the highest
expression in jejunum (P<C0.01). 2) Compared with the normal healthy group, the contents of
glucose (P<C0.05) and lactic acid (P<C0.01) in the blood of PEDV-infected piglets were
significantly or extremely significantly increased; the protein expressions of SGLT-1 and GLUT-2 in
duodenum and jejunum were significantly or extremely significantly up-regulated (P<C0.05 &. P<C
0.01). 3) The results demonstrated that the transcriptional levels of key glycolytic enzymes (HK2,
PFK, PKM, and LDHA) were markedly elevated (P<C0.01) in the small intestinal tissues of
PEDV-infected piglets, whereas those of key TCA cycle enzymes (CS, OGDH, and IDH) were
significantly suppressed (P<C0.05 & P<C0.01). ; 4) In the small intestinal tissues of PEDV -infected
piglets, the protein expressions of ACE2 and MasR were significantly down-regulated (P<Z0.01). In
conjunction with these changes, the level of Angl-7 was markedly decreased (P<C0.01), whereas
that of Angll was considerably increased (P<C0.01); 5) PEDV infection was positively correlated
with SGLT-1, GLUT-2, HK2, PKM and PFK in the small intestine of piglets, and negatively
correlated with ACE2-Angl-7-MasR axis. The results suggest that PEDV infection in intestinal
tissues activates glycolysis and suppresses the TCA cycle, concomitant with a weakened ACE2-
mediated ACE2-Angl-7-MasR pathway. This metabolic rewiring manifests as a Warburg effect,
characterized by increased glucose uptake and lactate production. Furthermore, this PEDV-induced
remodeling of intestinal glucose metabolism is negatively correlated with ACE2 expression.
Keywords: angiotensin converting enzymeZ2; porcine epidemic diarrhea virus; Warburg effect;
glucose transporters
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Table 1 Prime sequences of PEDV-M and PEDV-N gene

1.2.2.2 5198t 429 NCBI GenBank H1A TG 1)
PEDV-M PEDV-N 3 A 7 41, i JH 51 9 15 11 51 A%
Premier 5% 11 FIRFEH 519 (WL 1), Mg ot R}
AR AT R B A AR

2 ps 2N IREs 19751 (53" 7 )

Gene Accession No. Primer sequence (5'-3") Product/bp

PEDV-M AF353511. 1 F: TTCCCGTTGATGAGGTGAT 552
R: AAGCATTGACTGAACGACC

PEDV-N AF353511.1 F: CTATGCTCAGATCGCCAGT 275

R: GTAGATGGCCTCTTCATGCT

1.2.2.3 MEHFZEF M PCRY" 1Y K By I 5 I i
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A LM 1:1 500, MasR B9 RS BA5 H oA 1:15 000,
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Table2 Target gene and reference primer sequences

K 2 HR 145 (53" 7= /bp
Gene Accession number Primer sequence (5'-3") Product
LB G 2 NM_001122987. 1 F: GAGGAGGATGAAGGTGGAAATG 277
HKzZ R: CTGGACGATGTGGTCAAAGAG

4 ) 2 3 i XM_021099115. 1 F: CTCAGCATCTTCTCACCCATC 162
PEM R: GTAGCCAAACACCTCCACTT

6 -1 ik SR W VL XM_021071510. 1 F: ACGAGAAGTGCCACGAATAC 189
PFK R: GGAGGAGTACAGGTTGTAGAGA

LR B S NM_001172363. 2 F: CCTGTATGGAGCGGAGTAAATG 93
LDHA R: CGCTTTCCAGTGTTCCTTATCT

Fr R & il NM_214276. 1 F: CAGAAGGAAGTCGGCAAAGA 75
cs R: CCGTCCTGAGTTGAGTGTATTC

SRR I A XM_003135497. 4 F: GGAACCGTGTGGCTCTAAA 117
IDH R: AGTGGATGACGTTGGCATAG

Fi 15— T 1 XM_021079062. 1 F: CCGGAAGCCGTTAATCATCT 190
OGDH R: GGTGAGGTCGTAGTACACTTTG

il % - 3 - NM_001113445. 1 F: GGTCCTGGACACTGACTACTA 64
GAPDH

R: GGTGACTGGGAACTGCTTTAT

ST ARG 8 43 A A 3L 06 2 AR 1 DL M A
B (Tds) K FR . *, P<0.05 KR 2 5 0 & 5+,
P<0. 01 F#/R 255 W 8.3 ;2R GraphPad Prism 10. 0
B2 k.
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TH ) A R AR A
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B SR AE T 248 I o 3 R R (P<<0..05) , 1M 7E 25 i Al
[ f b A @ 2 E O (P<<0.01) . EaRZ5HRFEH,
PEDV Jg& YL 175 5o I A 18 72 Ab T 3005 IR A 5 FOOC i
il % 5% AT K



1666 FoWmoB OBE ¥ W 57 %

A B c
M1 2 3
E
£
9o
1500 bp W§§§§§
A300eP 552 bp +AHE S

300 bp
700 bp
600 bp
500 bp
400 bp

300 bp

PEDV-N mRNA level

200 bp
ERE RE
100 bp Le {5 EH2
g g F

=

+D

A R RS A5/ i VR PEDV -M B R PCR %58 (ML 1 500 DNA RS 43 F ST brofe s 1. RIS A48 /N RE 5 2. 1E
AR/ RE 5 3. BHEEXTIR) s B. PEDV-NE& FAE /Ny g 93 A1 3k 5 C. PEDV-N & PFE /N i 3 A ek (o, P<<0. 01,
5 HAB R B 22 R R )

A. PCR identification of PEDV-M gene in small intestine tissue samples of healthy and PED piglets (M. 1 500 DNA marker;
1. PED piglet small intestine samples; 2. Small intestine samples of normal piglets; 3. Positive control) ; B. Distribution and
expression of PEDV-N protein in small intestine; C. Distribution and expression of PEDV-N gene in small intestine (**. P<C
0. 01, very significantly different compared with other intestinal segments)

E1l PEDVHMEERENGIHHRIENT

Fig. 1 Identification of PEDV and its expression distribution in the small intestine

R3 FHEOETHEESIABRSE (xts:)

Table3 Contents of glucose and lactic acid in plasma of piglets (x=s;)

Sred A B & it/ (mgedL ) FL2 & it/ (mmoLeL ')
Group Glucose content Lactate concentration
X EZH CON group 71.33%+3.28 4.68+0.18
PEDV 4] PEDV group 87.67+4.33 8.91+0.13"

* P<C0.05, 5%t B A b 22 7 3 5% P<<0. 01,5 %F ME 4 AH HL 22 S b i 3%
*. P<<0. 05, significantly different compared with the control group; **. P<Z0. 01, very significantly different compared with the

control group

2.5 PEDV BEEXFRHE/NFHALAS TCABIRIEX
mEEERNZE

5 RNE 4 s, 5 A RRAF R AH L, PED A7 58 19
i 18 AL 21 FE R R A Il (CS) 5 s e+ 48 b e
25 AR A 7R S i ARl e 2 R 9 (P<<0.01) 5
i B 1% = 1R R B (OGDH) Fl 53 #7 1 1R I & Wi
(IDH) R % 5K P76+ 48 W 25 i F Il Jigg vh 3
i i 3 R (P<<0.05 & P<<0.01)., Lik4h
R, PEDV B a4l T TCA IR AE
2.6 FHREGRAADRASHEASRESER
2.6.1 AFHE/NGHH LT Angll Al Angl-7 &% & (1 6
W 2 Angll fll Angl-7 J& RAS % 4t i) # 2 A%
o KSR LR A, 5 RRAF R A LG, PED 4144
+ 38 M A B AR LR Ang1-7 B R

F AR (P<C0.01) , i Angll (9 & 2 35 8 3% T+ &
(P<<0.01). #£7%:PEDV E Y F 5 Ang 11/Angl-7
J A o

2.6.2 i 4t ACE2 Al MasR # 11 % 35 B9 16
25 GRS PR . SR EAT A L,
PEDV J& e S 80145 + 38 Wi . =5 Iy A [l iy 20 40
ACE2 #il MasR & 1 19 £ 5 B 8 % T W (P<
0.01),

24 Ang 1A Angl-7 (€ 25 5, & 8] PEDV

Y 5516 T ACE2 4 5 19 ACE2-Angl-7-MasR i#
B, S Angll EEHEH LR,
2.7 PEDV B #$ 5 5 & ACE2-Angl-7-MasR &
B EARECZEARBERXEBEARIENE
K5

K H Spearman 3% Xf 11 54 /N B 4% Bt 4 41
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A. GLUT-2 and SGLT-1 protein electrophoresis map; B. GLUT-2 protein expression changes; C. SGLT-1 protein expression

changes; *. P<C0. 05, significantly different compared with the control group; **. P<C0. 01, very significantly different compared

with the control group
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Fig. 2 The protein expression levels of GLUT-2 and SGLT-1 in the small intestine of piglets
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Fig. 3 Changes in gene transcription of glycolytic enzymes
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Fig. 4 Changes in gene transcription of TCA cycle-related enzymes
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Table4 Changes of Angll and Angl-7 contents in small intestine (x=s;)
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A. ACE2 and MasR protein electrophoresis map; B. ACE2 protein expression changes; C. MasR protein expression changes;
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Fig. 5 Changes of ACE2 and MasR protein expression in small intestine of piglets
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Fig. 6 Correlation analysis of PEDV, ACE2 and glucose metabolism-related proteins in the small intestine of piglets (color

images are provided in supplementary materials of OSID)
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