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3.RILZFRRRARAEANT LEER BT I IAEFL TS, KX 430070

WE BRI RS R G0 H B AR5, B TCFLEEER B (Streptococcus agalactiae) HRETE AN
LS AEIE I DL B WA B A AR AR 22 R Ge . bt T L S IR AT A2 B W 4 L P ) A LR o JC L 3K AT
HNO16 5 RAW264.7 2L &, SR B P 41 78 RNA J5G #4777 st A1) (RNA-seq) . Gene Ontology (GO) J Kyoto
encyclopedia of genes and genomes(KEGG ) & £ #T ; TARSMEE HNO16 5 %0 A £ [ AR s 200 At 0 75, S SRR P 4
P RNA, J1-F H] quantitative real-time PCR(qPCR) %iE B AR & (155 2 5ip \f0sA «cylB .cylD .cylE neuA .cpsBF
ofD)FEIRNEW . BEH R, SA PR AR L, FEI RS 1 2154025 R R R FE I (DEG) , Hirf 896 4~ [ M3 [A], 319
ATFWEER . GO &EELR /R, DEG A5 THIRe AW B AL 4 3 RE P R w4 . KEGG g4
SRR, W AR I EEON ABC ¥ is IR BB UORBR AR SRR . 72 DEG i, i vt 21 JCFL 8 K 14 5
FIMARIE 27 A AL4E fhsA (+8.65) (sip(+6.28) cylD(+4.93) Fl ¢fb(—4.65) %5 , 31 H] J qPCR B 3E RNA -seq 4%
R AR B RS DN 2 A A W 20 P A A TR 8 KT A IR B bR R TR Y A KT 5 ) BRI
YU AEARL o PRI AR, JCFLAE Bk A 7E 4 VR A I A L LA N B IR T O FLEE K R A = 1%

SERL T T LAE BR T A BE 12 A AR O T AR U A B AU B RE 0, O ELBE i T B AR G Sk

R F kK
KR CABERRE; /D BUE WA RAW264.7 5 JLPNAERG ; WA

HESHES S943 XHARIRE A

Jo FL#% BR B (Streptococcus agalactiae) , 8% FR
A B A EEERTE (group B Streprococcus, GBS ) , & —Ff
22 [RBA PR TR, B T2 i 1E 0 A5 FL 5
Yy AT Wi Sh P L K a2 EFLAEER AR
UG N, W25 R IR A 0 0 HE B R iy ™
YL, JF HLAE 5 o I i B B, AR oK M 2 R
SN % N~ 1 K Y D 1) B 158 N (o
S I ERONIE Sl v R: 32 A RE L R N s
FEW AL HE - 24 MY (transcellular) | 25 4 il (paracellu-
lar) FIERE AR D (Trojan horse) o Herp FRig AR S
BIL ] 2 T 7L e 3ok T ) P e B g 10 1 2400 L 2R .
i 5 B2 B S R X M 22 R 820

TETC L5 PR R ), 1 32 e R 407 A
IOL Ak R -4 5 Wk 0 L v P 4 i 3] g
7, ATHBR AR B IR . e 5 I 20, 40 4

Wk HI . 2024-04-11

XEHFS 1000-2421(2024)06-0307-09

TEATEWRAR, o B (AO8 n e B R Ve 3R B, O A
PUR K % ek SR P R T, DA BE AN B
AT EF N ACRREREER R (Streptococcus pyogenes)
TE AT WGk 240 B v 1) A A 120 B T g v R 1 — A
T A AT SR Y e 0 M A A
1 25 W 45 B (Listeria monocytogenes) 2 il A% % £ i
VAL B 240 B I 3 2 AR, RS i — 2D A 4 2 B R T 3
MR b Y L MR O A B ST G , JOFLAE Rk A AE S
TE LW 0 i A 716 — i I IR] , IR 2 1 2200 XL
7y Z 4t CovS/CovR SR L W40 AL 9 193 45 2% 4,
R T AN AT A L A7 SRS AR, JCFLEE BRI
JHL A A AL R R SE 4B T Rt b L
Sk BRTE TE FL W A0 M A A6 BILAR 0 B JC L B R
PRl AR AN B AL 2 OC E 2E

A FE LA/ B g 4 ] RAW 264.7 S A, )

He 4T B IS R I A LI S BRI H (N'T2021008) 3 BRAL A 7l 3 AR Ak 2R L35 (CARS-46)
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FH AR 5 26 502 T LB BR TR 7 1 0 40 6 J P9 A7
R A e R RGA R O P AR FAC
W 40 R 6 A /0 BRI W 4 B 435 2R, B A A A A G L
R TR 1) 0% 200 L PN A7 300 WL B R 2k AR
1 #MRIERIE
1.1 EHRFILH AR

ToFLEEBR T HNOL6 AR T 2010 4E7E T M 43 15
B &2 AR ik HIEH AP 9 & L5 = Gen-
Bank 34 g , % 55 K CP011325.1, JoFL 4% BR i
THB A/ [ R85 52 35 F 28 “CHRE % . /N BB W41 i
RAW264.7 i 28 % B /e 52 55 2 F % 1026 i 2R 1035 19
DMEM }; 3523 37 °C 5% COMEARAE
1.2 K7

THB B: 7230 A 75 & = BHE 1 E Y H AR A R
AT DMEM 853535 i 2F I35 A7 55 3% -4 R W
H Gibco 2~ &l ; Percoll 141 M4 B5 W W H GE Health-
care /> H) 5 % 53E 305 & (PrimeScript™ RT Kit)
H TaKaRa 2\ w] 5 5% 0] 2¢O @ i PCR A I 357 &
(SYBR premix Ex Taq™ Kit) 8 H dt 5t %R A 1 #
ARA PR 55w i 5135 th Ao R A 4
ARARAFER(FED,

®1 BMEER

Table 1 Primer information

5144475 #5153 AR
Primer name Sequence 5'to 3' Target
gene
cfb-F TAGCTTAGTTATCCCAAATCCC )
cfb-R TAAAGACTTCATTGCGTGCC ke
cpsB-F GTTTCGACATCACATAGAAG 5B
psB-R GTATAGTACAATTCTCCACC
cylB-F GGGCTGCAGGTATTATCGAA
cylB-R ATTTCCACCAAAAGCAAACG B
cylD-F CGTCGTGCCCAACTT
cylD-R CACCAGCTCTATCATCAGTAA ib
cylE-F CCAGGAAGTTACCCGATTGAG
cylE-R GCCAGGAGGAGAATAGGAAATC OlE
JbsA-F AGATCGCATAGCACAGCA oA
JbsA-R AAAGTAGCGTTGGGCATT
neuA-F ATCGTCGCCAAGATTTACAACC
neuA-R CTAATGTTACACCACCTTGGGAAT reud
sip-F GGGGCTGCTACAGTTCTT )
sip-R AGGGCAAGCTGTTAGTCAA b
16S-F CGACGATACATAGCCGACCT
16S rRNA
16S-R CCGTCACTTGGTAGATTTTCC

1.3 BHRAHRHE

W I FLAE BR P HINO16 3% 3% Z 0 5k K0, PBS
TR 2 3 5 8 & T DMEM }; 32 %5, L MOI=10 [i]
RAW264.7 4i i FL AR Hom A B, 1 500 r/min B 0>
5 min fifi 7520 & 55 4 i 78 4 42k, T 37 °C.5% CO, 5%
PRBEE Lh, WEE, BLAERE, MASEER
(5 pg/mL) -85 2 (100 pg/mL) B H DMEM £ ##
FEE 1 h LUK MIAMNE , 5 H PBS W& UE 238 , A
K28 TR E IR ZU% 20 min, B2 T B0 ol
1) 40 B e A R Tk e 24, BT P A R L B e R
TR U AR T AT L AR R R 6 000 r/min £5.0
10 min AR TRAR o o) BUAE S5 240 VAT I A TG 200 JE A L AR
WAE R TCAL B, [FIAE 254 NI 2 hs , B35 6 000
r/min .0 10 min IR F A, T —80 CIR A7 .
1.4 HREANF

AR S Hr R BUR RNA , ] Nanodrop 2000
XoF 4 RINA B B2 040 B2 R4 7 A6 0, Bt i W o v
VKA RNA 528 . BR rRNA, UELRNA 173 55
i mRNA, Bl J5 85 2610 15 21 19 mRNA F BEfb 15N
B, R FHBEDLS |9 I 5 s 5 2R —4E cDNA . TEHE
1745 — &k 4 e, ANTP 3R 7 & ] dUTP 48 %
dTTP, {ff cDNA % — 4 Pl B & A/U/C/G. 3
B cDNA 2544 R B PR i, A End Repair Mix #b
BV R v B AR 3R S I 1A A RS, T
Y FI B . fE PCRY 4 HT, F UNG B cDNA
55 R A, DT SCE TR AL cDNA B — 4k
25 K50 B k& 1 SC % P38 i Truseq SBS Kit (300 cy-
cles) (Tllumina) —ACI ¥ 5 2E4 7007
1.5 FFHIEE

FIH Trimmomatic #F, K Br$k)7 5] AL &
BB 9 KK B 3 e A, 45 31 e T e )0 8
FIH] Rockhopper #7457 45 J5 45 21 1Y e ot 122 00 )5
JP 1 L HNOL6 B iR LR 41 (CP011325.1) S k1T
FEXT A0 2 5 510 o7 380 L R 4
1.6 ERRIEHH

& H RPKM (reads per kilobase of transcript per
million reads mapped ) 15 3E F R ik 7 . FlH edgeR
i 1% 22 S ¢ 35 3 (A (differentially expressed gene,
DEG) , i 1% 5 #E H |log, (fold change) | =1 Fl P<<
0.05, fft FH# 4 Goatools (https: //github. com/tang-
haibao/GOatools) # 4T GO & 4 43 #7 ; 1 J§ KOBAS
(http://kobas. cbi. pku. edu. cn/kobas3/? t=1) # 17
KEGG PATHWAY & 443 H7 , P<<0.05 WAy &
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EEE. LRSI 945 0.5 plL, SYBR premix ExTaq'™ Kit 10

1.7 BOHEXERRZEARESN

0 2 15 2] 19 DEG 5 8 71 7 %48 %2 VEDB
(http://www.mgc.ac.cn/VFs) # 47 LT, i % 5 JC
FLEEBRE T A G DEG.,
1.8 FIaFEREEMAMEELE

(1) B #1 Percoll ¥ ¥ ( L 10 mL & B Ky 4] ) .
34% Percoll % ¥ : 3.4 mL Percoll, 5.59 mL dH,O .
1 mL HBSS (10X ) 1 25 pl. Heparin (10* U/mL) ;
51% Percoll ¥ ¥ : 5.1 mL Percoll. 3.89 mL dH,O.
1 mL HBSS (10X ) i1 25 pl. Heparin (10* U/mL) ;
(2) 4% 34 % Percoll-51% Percoll 42 : 7] 15 mL &
DA 4 mL 34% B Percoll ¥ ¥ , SR Jm 715 T
JEFBLEE A 4 mL 51% Percoll I , 11 &2 AN E 1k
S (3) B B AR Sk S, BT JT BT % 1 mm® 1Y
TR e, K 2 2R B A% 21 100 pm 40 575 9 v, 5
ml 73 5 2% 16 ZE AL R P TR A SRR R % 1 o R e 2%
A DMEM #5358, fiff B 48 i 38 2 100 pm 4
Ji 3 8 A% 5 (4) KF B0 L 4 °C 1500 r/min &5 0 30
min (7 3« B 0o AL 104 Jon sk 5 R sl 8 32 359 1 0 0) 5
(5) W HE 3~4 mIL &b T 34% Percoll-51% Percoll FL1a
MY A0AE, e A 15 mL B0 A 6 mL & iR 40
) DMEM K5 32 2 1R 21 5 4 °C 1500 r/min 5 .0» 10
min; T 1 (6) A& A 2% FBS ) DMEM }; 5
BE TN, T i BRI RO R A B R R
12 FLANMEIHR , 28 °C 5% COLTE IR FE , 15 R ACE 4
LI BE 2 J5 6 [55% J2k V7 A0 L 0855 35 W, 3 Jim A
DMEM #5723, 28 CIEFR1F M 5 (7) ToFLAEBR A 5 57
FIHWE B0 EH BT TS A 2% FBSHY
DMEM H7 ;5 (8) L MOT=10 4 4il 1% £ Fh T % 4} 11 5
AR BEAT L, 1500 r/min B0 5 min J5 F 28 “C 5%
COMEEIGTFRMNIEFE Lhe WE G, B RIGFREE,
AT HRE (5 pg/mL)-# %5 % (100 pg/mL) WHL K
DMEM K 72 560 5 1 h DLA KA1, SR )5 PBS
TR 238, A K 25 85 F7K 20 min 24 40, B
JiL P9 4B o (9) B Trizol 325 42 BUAH I RNA, 28 %
s A eDNA JE 77T —20 CokHTF H
1.9 ZIHEHXEEZEPCR

25 5 IR B b #E 17 qPCR (quantitative real-
time PCR) % ik o H & % 5% i | & (Prime-
Seript TM RT Kit) #E 17 J % 5% , SYBR premix Ex
Taq"™ Kit #f 17 % J& & & PCR, W & 5L A 2l 16S
rRNA, qPCR R £ (20 pl) : AR cDNA 2 pl,

pl,ddH,O 7 plo KRR : 95 CHIAEYE 5 min; 95 °C
AR 30 s, 60 ‘CIB 2k 30 s, 72 “CHEAH 30 s, 40 MEFF .
RIS A 3UR, AT TR 27 22k

2 FHRE5HMH

2.1 RAW264.7 Bl N 77iE 40 = 4

S RAW264.7 M f5 | HUCRL A W 7 B TR AR, 11
B NfAEMNE. 45REn, FlBAEFT,
RAW264.7 240 2 N F# 1% 4 W & & 3.05X 10
CFU/mL,#F A% K 16.31% . Ui ICFLEEEKk H fE %
B RAW264.7 0 fat5 A, HBE WS 76 I N A7 16 O O +F
T
22 ERRFEEMIGE

2t Truseq SBS Kit(300cycles ) F- & ¥, H: 3R 15
T 36.82 G il sk A AR Q20 #5385 9920, A
Q30=>90% , & WA % s 41 I 7 ot 1 3 -, T T )5 22
ST (£ 2).,

Ro WEEREANE

Table 2 Transcriptome data of bacteria

415 Group SEE /G Jﬁ?"’?ﬁ%/%
Total data Clean rate
HAE 1 Interaction 1 6.43 99.18
B A 2 Interaction 2 7.09 99.18
B 4 3 Interaction 3 8.43 99.27
JeAbBE 1 Untreated 1 4.59 98.65
JCAbBE 2 Untreated 2 5.51 98.64
JeAbFE 3 Untreated 3 4.77 98.63

K HIDESeq 70 M & 8, TE HAE AR JC AL B2 2
], 3314 1 215 DEG. AR T IeAL B4, FAR4
T 896 LN Rk i 3 A, 319 M EE K Rk i
BETMHELD,

23 EREFEMgEIFRSEESW

DEG B JEPEELE] 194 GO 4 H , 43 B2 A4 itk
2 (biological process)925(47.37% ) A2 /3 (cellu-
lar component) 3 & (15.79% ) #1432l fig (molecular
function)72(36.84%) (K1 2) .

Xt B DEG #E 17 GO & 80 #r , DLk As Hok 1e
MBI R . GO BEL R /R, DEG FEETTE
A= Wy ERE | 045 A0 2R 1 B A 72 (cellular protein
metabolic process, GO:0044267) 4 i fok i ¢ 15 i 72
(cellular amide metabolic process, GO: 0043603) . fit
¥ = W A i ## (amide biosynthetic process, GO
0043604 ) \ R A4 72 (peptide metabolic process,



310

LS N AN S o ¢

943 %

o M FEMEFEHL Pearson correlation: 0.805 3
O i KEK Up-regulated genes (896)
.'Fﬂﬁﬁitg Down-regulated genes (319) °

ARSI B 35 B OEUE) 1g(rpkm+1) of Int

TeALBEZHHE P ) 3 1k i
lg(rpkm+1) of Unt

Bl =RERBSE
Fig.1 Scatter-plot of DEGs

0006518) Fi1 % H # ¥ (translation, GO:

GO:

Cellular process

Metabolic process

Response to stimulus
Growth

Biological regulation
Localization

Locomotion

Multi-organism process
Developmental process
Cellular anatomical entity
Intracellular
Protein-containing complex
Catalytic activity

Binding

Structural molecule activity
Transporter activity
Molecular function regulator
Translation regulator activity
Transcription regulator activity

GO B GO terms

0006412) (K 3) .

£ 1166 %% DEG 1 # 2| KEGG ¥l % , 70 J& T
115/ i, He i 3 4 Bl e 22 i i A2 4 9l
AR 848 (metabolism ) | 181 155 B AL R (genetic in-
formation processing) Fll ¥ 355 {5 &, 4k # (environmen-
tal information processing ) % i (€1 4)

KEEG & %47 iR , &5 BRI DEG 27%
ABC iz fii T. 5 (ABC transporters, ko02010) \#Z B A&
(ribosome, ko03010) 1 # {4 J& 1 (quorum sensing,
k002024 ) 241 s {35 P4 6 4 (181 5A) 5 T 35 F IR Y
DEG 3= 2 WEEE A /B A5 B (glycolysis/ gluconeogen-
esis, ko00010) | 2 ZL #¥ 4L i} (galactose metabolism),
ko00052) 1 N B fig 1% i#f (pyruvate metabolism,
ko00620 ) 553 i it 2 1 = 4R (81 5B)

264

Biologal process

265

Cellular
component

Molecular
function

| 1
100 200

%= Number of genes

E2 =RERMGOER
Fig.2 GO annotations of DEGs

24 FNHEHXDEGEELM

PR GEAE B W 20 B PN A T 9 18] T L 6 3K A
BE A O HE R Y 3k K P B 4 vh DEG 5 #¢
77 e DR BCHE P HEAT X, O e 15 2 27 A To LAk Bk
W3 A DEG, Horh 22 5 D iR 3R 5k, 54 5
KR 2R3k (K 6) . X2 DEG A 43 A LA 84K
2% (1) # &K (toxin) , 4 : cy/E ( +3.53) | cylK
( +3.43) . epsX ( +3.33) | neuA ( +2.92) | cylF
(+2.80) . tig/ropA ( +2.68) . cylB( +2.26) . cpsB
(+2.20) .¢fo(—4.65) .eno(=3.68) . gapdh(—2.44)
psaA (=1.21) 1 cba(—1.18) ; (2) Zi Bff (adherence ) ,
A FE : fosA (+8.65) \fbsB(+7.08) .sip(+6.28) | pa-

vA (+5.77) Fl cylX ( +5.69) 5 (3) & [ f§ (prote-
ase) , B4 : cylA(+3.87) Fll acpC(+3.58) ; (4) ik
(enzyme) , £ : atrA (+4.35) Fl cylG(+3.34) 5 (5) 2
¥ 36 P BT L (immunoreactive antigen) , £ 4§ : cyl]
(+4.24) M eyl (+3.92) 5 (6) HL 47 M (antiphagocyto-
sis) : cppA (+5.50) 5 (7) N # 2 (endotoxin) : cylD
(+4.93) ; (8) % % ik i (immune evasion) : cylZ
(+4.32),

WeAh e 22 S RaB I A vh | LX) 3] 18 ST e
BRI, G cpsCepsK . groEL | groEL |
neuB, rmlA. wf., galU, rfbD. rmlB. hy/B 1
rmlC(23).
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Bandhifion . —H (B 7TA) o a2 E U W20 A 1 TEFL
Strucur 2%3&535&?%‘5332%? ) HERRE L3k 8 ALY log, (fold change) 7351

ibosome biogenesis .

e Ribosome 2 +8.45, +8.02, +5.86, +7.93, +5.20, +6.45,
e S T 3.7 HI-3.18, LA LR 5/ B AN I B A
3 420 hoapefbetiofeince 5 e ;

[;Ji Peptide biosynthe ‘Org;me]]e :g}; 'ﬂJ\( [E-I 7B ) o
g! Non—membrune-bo[ljnded Qtr)gzmellei o 100 A
© ntrace uflg:?rr(l)rozzreme . Grou 1 I
Intracellular non-membmlnel-boJrlldled orguneﬁe . *BP ’ 3 -Lq- -LB
Genq expression e °CC - o . .
vl - ME R ETLRERRIA HNOL6 Bk /1 L e

Cytosolic large ribosomal subunit -
Cellular protein-containing complex assembly

Cellular protein metabolic process °
Cellular amide metabolic process °
Amide biosynthetic process i e T
60 80 100
Bk

Number of genes
BP: A= WiEFE Biological process; CC : 41 i 2H 7 Cellgular compo-
nent; MF : 73T fE Molecular function.
B3 =REENGOEESM
Fig.3 GO enrichment analysis of DEGs
25 EEWIE
Yo 4E 138 DEG #5984~ 14 (sip fbsA . cylB .
cylD \cylE neuA .cpsBF cfb) 5 S/ N BRAGAR 4
JfL R 2 A AR A0 B AT 0 B R GR IR . qP-
CREGINEE S Bon , 72 RAW264.7 PIAF-T 1Y o 7L e Bk
W, Bk 8 A3 A 1 log, (fold change) 43 %) A
+8.44, +7.64, +7.51, +6.14, +5.99, +5.58.
+4.08 F1-2.69, H Rk Ak #a 3 5 5 s 4 I 45 L

Signal transduction
Membrane transport
Cell motility

Transport and catabolism| 2

Cellular community-prokaryotes

Transcription|| 4

Folding,sorting and degradation
Replication and repair

Translation

Environmental adaptation| 1

Endocrine system| 1

Metabolism of terpenoids and polyketides
Biosynthesis of other secondary metabolites
Metabolism of other amino acids
Xenobiotics biodegradation and metabolism
Glycan biosynthesis and metabolism

Lipid metabolism

Energy metabolism

Nucleotide metabolism

KEGGIER: KEGG terms

Metabolism of cofactors and vitamins
Amino acid metabolism|
Carbohydrate metabolism

Global and overview maps

M RAW264.7 2L 5, R4 w9 A G, WA L P9 41
FHEHURNA Jf 47 RNA-Seq., i i 22 53 ik 3 K
G302 IR TC LA BK T TE I W 40 PR PN 3% 40 1) o
PR A B L R Rk AL, i — 2 GO FTKEGG 2
e & R Hr g R, DEG F= 27 AH 5C 18 6
FVEE S XGRS TR P ER T B I
¥F B (Haemophilus parasuisi) Fl 2 3% P [ AT H
(Pasteurella multocida) W55 o it e S — 30, %
FH A B P9 A 355 D] o D 7 22 450 1 8 3 8 R TR A
ARSI AR R ABC ig f ik, & vl DL
Ik B RE R 0 0T A A/ R A AR R A
FIRE ST — 2 S5 A LA Bk T4 T fi il o g 2
B RA 3 g ke I T A0 SR U5 LA K3 i 7% Ak ) PR B
%t

AN, AT K DEG 5 3L BE BR i 75 11 IR 14

mA
87 HB
mC
35 b
B E
69
[E
I 01
1 AL 1 ]
0 50 100 200 400 600
FLPH B Number of genes

processes; E: 115 B AL H Environmental information processing.

A: AR R 2 Metabolism; B: &)1 R4 Organismal systems; C: g% {7 B 4L # Genetic information processing; D: ZH i 7 Cellular

B4 =REFRMWKEGGER
Fig.4 KEGG annotations of DEGs
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Raliogies S Pyruvate metabolism- ()
g Riboflavin metabolism - - é
2 Quorum sensing - . C“: HIF-1 signaling pathway-
§ Protein export- é ) .
;L* Folate biosynthesis. « s %‘ Glycolysis/Gluconeogenesis: ® e
)§ Fatty acid metabolism -« i gg é Galactose metabolism- ° i Eg
Z Fatty acid biosynthesis- o e Z @ 50

ABC transporters - ° Arginine biosynthesis-
10 20 30 40 50 6 8 10
FLPR % E Number of genes FEPCR Number of genes

A: A KEGG i@ #% Up-related pathways; B: Y KEGG il # Down-related pathways.
5 £REFMNKEGGEEL
Fig.5 KEGG enrichment analysis of DEGs

[ 1 ] fbsd 4.0
——— osp i
[+ . 1 K '
e pavA 3.00
S ol o
L [ 1 cppA '
[ [ ] cyiD 2.00
htrA/degP
oG l 1.50
eylZ 1.00
mamEn et
L] evll
cylA
T acpC
cylE
aEEmEn ok
T sk
1 1] neud
cylF
- tig/ropA
e By
cpsB
EDEDEE -
psad
N D A pir/gapA
GREDED A eno
[ [ ] ofb

oo g ?
El 6 FHSIMHXDEGREESH
Fig.6 Clustering analysis of virulence-related DEGs

P PEVEAT LT, BB T 27 8 I E DEG, Hivr,
i 1B 3 1 B 3 B A b 7 53 it 28.4 ku IR 43 F
CAMP A+, CAMP — EL 0\ o J& — i 8 22 (1 B0
T M8 ol R 4l fk i CAMP i, & S 805%
s/NRSZ BIBE TS H T, X CAMP ZOm ML Y
P A A 455 LA IR M B 6% 76 1 R LR R AL L LA
Kew 55 WE L T I LB 2 2 1 A 255 DA T A2 22E 4
MR 20 I DAY R SRk I 1E O FLAE R A
HEA A A B BE (1 h) , JEFLBEER B AN 23 57
R CAMP S 24 20 A, 45 LATE 240 g v v Ak — Bt
BF AT, DA R AR B 7 T8 5K S B ot fi 5 e, E A e AiX
MRS, TELRILEEERE T, neuA 5 neuB  neuC .

neuD — 7] i i M Y TR it o PGV TR Y R 605 e S P ML
AT TC L% 3K T S B 22 W % T ) R VR TR L B T
PPl AMAE AR A48 o C3b 7E 40 B R T UL . X Fh
0] e 08 5 S 20 A R b PR 4 A R AR R
W, 308 1T B 5 JC LA BR BRT 7 A T 1A P A7 T S 2022
FATHEM , newA 19 5 2 LR FRIKJE T FLEE R R AE
58 44t A 0B 7 B [RD P A W VR A 4 2R . I, 7R
TERN (Y 27 4~ 85 1 FE D AL 54 Fh T AH DGR, 43
S fbsA | fbsB sip . pavA Fl cylX. HH  FbsA F %
B i DI 2R B, 1 FbsB 8 ik B & AR AR 40
T A 5 252 T sk 6 2R R R G R DR A (3 3
Fik I AT REAE T 40 TR 5 1 40 R I [
R S B PR 7 R B A (= F rp R R GA , A= 4 i
Ja R AT T M . BR DEG H A3 S A e 3£ R A1,
FATAEAE 22 R F B T A s LU X 21 T 18 A4 55 7 5
A, Hd A 94055 S (cpsCrepsK) , EATTE TIEME
SO B IRAE T, T R cps 25 DRI 37 44 i 110 SIE I 2 M 2
JCFLEEER B A E B & NP G0 i
cps FEFE MR M T 1R R ARk
(Acps) , Acps TEX AE UG il A rh R IE 1 B 7 (10 B i
RS T FEARBIGE o, 3X 94 cps H DN BLAR 4
iR B 2E RPN B RATHENE B T E
AF TA] 450, Jo LA 3K TR i R SR A5 S 58 4 b cps P
R FRIB Ao IL, FEJe 2Lt oE v, T LA in 2
A T8 A5 AR ARSI, AT B o4 T 5% 4 b e 90 TG L %
BRTATE B A0 B P9 A7 05 0 1) e SR A K CF Y A2 Ak
T

AW iE i RNA-Seq, U120 fa 78 180/ BUE 1
A A TCFLAE IR TR s 4 iy A2 Ak, R B I 4
JieL B PN s g 5 el 3 e FLBE KA Y 1 215 S BE P Y 3R
ik XEEDEG I & R T — 2 50 W6 UG
1 GO KR M KEGG i 12, X L3R 12 5 o 3L Ak 2K e
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Table 3 Virulence-related non-DEGs

A Gene 254550 og, (fo) P{H P-value IjBE Function A Type
cpsC 0.041 6 9.87E-09 Capsular polysaccharide biosynthesis protein cpsC Antiphagocytosis
cpsD 1.1414 0.086 9 CpsD autokinase Antiphagocytosis
cpsE 1.8312 0.359 8 Glycosyl transferase CpsE Antiphagocytosis
cpsF 1.854 4 0.316 1 Polysaccharide biosynthesis protein CpsF Antiphagocytosis
cpsG 1.626 0 0.909 2 Polysaccharide biosynthesis protein CpsG Immune evasion
cpsH 1.249 2 0.203 4 Capsular polysaccharide synthesis protein CpsH Antiphagocytosis
cpsI 1.928 1 0.2129 Capsular polysaccharide biosythesis protein Cpsl Antiphagocytosis
cpsJ 1.864 1 0.329 8 Capsular polysaccharide biosynthesis protein CpsJ Immune evasion
cpsK 1.4338 0.551 4 Capsular polysaccharide biosynthesis protein CpsK Immune evasion

groEL 0.883 5 0.005 6 Chaperonin GroEL Adherence
neul3 1.779 2 0.502 9 Sialic acid synthase Immune evasion
rmlA 0.097 1 2.51E-08 Glucose-1-phosphate thymidyl transferase Antiphagocytosis
tuf 1.4487 0.548 7 Translation elongation factor Tu Adherence invasion
galU 1.7515 0.567 9 Glucose-1-phosphate uridylyltransferase Immune evasion
rfbD 1.1390 0.080 7 dTDP-4-dehydrorhamnose reductase Immune evasion
rmlB —0.1554 9.54E-11 dTDP-D-glucose 4,6-dehydratase Immune evasion
hylB —0.024 4 2.05E-09 Hyaluronate lyase Enzyme
rmlC —0.649 4 4.09E-16 DTDP-4-keto-6-deoxyglucose-3, 5-epimerase Antiphagocytosis
¥ Note:log, (fc) :log, (fold change).
A B
—~ 10 —_
1 = qRT-PCR
=1 RNA-seq
m )
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EBE 2S
KE 9 2% 0
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sip  fbsA cylD neud cylB cvIE cpsB cfb sip fbsA cylD neud cylB cylE cpsB cfb
H:AH Gene FH Gene
A: RAW264.7 N A7IE Al 18 Survival bacteria in RAW264.7; B: % Ak £ 5 AR B Wi 21 i N 7715 48 7 Survival bacteria in primary culture mac-

rophages of tilapia.

|
o

7 EENERBIRAKTE
Fig.7 Relative expression levels of virulence genes
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Transcriptome analysis of Streptococcus agalactiae
surviving in mouse macrophages
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1.College of Fisheries ,Huazhong Agricultural University, Wuhan 430070, China;
2.Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou 510542, China;
3.Engineering Research Center of Green Development for Conventional Aquatic
Biological Industry in the Yangtze River Economic Belt, Wuhan 430070, China

Abstract Macrophage is an essential component of the innate immune system. However, Streprococ-
cus agalactiae has the ability to survive within macrophage , allowing it to infiltrate the central nervous sys-
tem. To elucidate the mechanisms underlying the survival of S. agalactiae within macrophages, we investi-
gated the genome-wide transcriptional changes of S. agalactiae following phagocytosis by RAW264.7 and
explored the metabolic pathways and genes associated with the intracellular survival of S. agalactiae. The
S. agalactiae strain HNO16 was co-incubated with RAW264.7 and the intracellular bacteria were subjected
to transcriptome sequencing (RNA-seq) , gene ontology (GO), and Kyoto encyclopedia of genes and ge-
nomes (KEGG) enrichment analysis. Additionlly, HNO16 was incubated with primary tilapia macrophages
in vitro and RNA from the intracellular bacteria were extracted. Quantitative real-time PCR (qPCR) was
used to verify the expression of the target genes. The results showed that a total of 1 215 differentially ex-
pressed genes (DEGs) , including 869 up-regulated genes and 319 down-regulated genes, were screened ,
compared with the untreated group. DEGs were significantly enriched in all three Go terms : molecular func-
tion, biological process, and cellular component. KEGG enrichment analysis showed that the main en-
riched pathways were ABC transporter, ribosome, quorum sensing, and glycolysis/gluconeogenesis.
Among the DEGs, 27 virulence-related genes were screened, including fbsA ( +8.65) , sip (+6.28),
cylD (+4.93), and ¢fb (—4.65). qPCR was used to validate the RNA-seq results, and the agreement be-
tween two datasets demonstrated the reliability of the RNA-seq analysis. The transcript levels of surviving
bacteria in primary macrophages of tilapia were similar to those in mouse macrophages. Based on these find-
ings, it was hypothesized that the noxious environment within macrophage enhanced the signaling mecha-
nisms, energy transport capacity, and metabolic capacity of secondary metabolites produced by macro-
phages, as well as the expression levels of virulence-related genes of S. agalactiae.

Keywords Streptococcus agalactiae ; mouse leukemia cells of monocyte macrophage RAW264. 75 in-

tracellular survival ; secondary metabolite
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