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Glycosyl hydrolase contributes to the pathogenicity of Streptococcus
Suis type 2

FAN Jingyan*, ZHANG Jinpeng®, CAO Jiangdong, JIANG Hexiang, DENG Simin, YANG Yang",
SONG Houhui"

Key Laboratory of Applied Technology on Green-Eco-Healthy Animal Husbandry of Zhejiang Province, Zhejiang
Provincial Engineering Research Center for Animal Health Diagnostics & Advanced Technology, Zhejiang
International Science and Technology Cooperation Base for Veterinary Medicine and Health Management, The Belt
and Road International Joint Laboratory for One Health and Food Safety, China-Australia Joint Laboratory for
Animal Health Big Data Analytics, College of Animal Science and Technology, College of Veterinary Medicine,
Zhejiang A&F University, Hangzhou 311300, Zhejiang, China

Abstract: [Background] Streptococcus suis serotype 2 (SS2) is a significant zoonotic pathogen
responsible for severe infections in pigs and humans, resulting in pneumonia, septic shock, and
even death. [Objective] Despite the diverse virulence factors identified, the underlying
pathogenic mechanism of SS2 remains unclear. Therefore, it is urgent to search for new
virulence factors or virulence-related genes for elucidating the pathogenic mechanism.
[Methods|] An insertion mutant with significantly attenuated pathogenicity in Galleria
mellonella larvae was selected from the Tn917 transposon insertion mutant library of SS2, and
its mutated gene was identified as BOHOI RS10315, which encoded a glycosyl hydrolase
(GhA). An isogenic deletion mutant of ghA (AghA) and its complementary strain (CAghA) were
constructed, and the growth and pathogenicity of the mutants were determined to reveal the
pathogenic role of ghA. [Results] Compared with the wild type, AghA displayed a growth
defect, a 25% decrease in mortality of Galleria mellonella larvae within 24 h, a reduction of
about 50% in adhesion to epithelial cells, a decrease of about 35% in survival in whole blood,
and increases of about 100% and 200% in phagocytosis by phagocytes at 10:1 and 50:1
infection ratios, respectively. [Conclusion] The glycosyl hydrolase GhA promotes the growth
and participates in the pathogenic process of SS2 by promoting the adhesion, improving the
survival in blood, and resisting phagocytosis.

Keywords: Streptococcus suis; pathogenicity; virulence gene; glycosyl hydrolase

& 5 B T (Streptococcus suis) & — i E 1)
N& BRI, AR, A
R AR L O PR AR R AE S, AT N, &
55 BK # (Streptococeus sp.) P EETEIK T RELE S
Tk, HRIPERT-U, AR AR £ 1 L5
RI(ZE /D 29 Fiydr, sEEEERTA 2 7Y (Streptococcus
suis serotype 2, SS2)& X4 A1 S0 P A 5 HL i
PPt Mg RC . At FNEEN, CW
T 1 NG BR TR 3k T o] . Horr, rh

e T 2 WM R %, RiTF8055 AT,
It B F- M R T 2 BT, a3t
DAL A S EFE PO AR E A BN E BRAL ),
JUHAEE, AIABTEC) T SS2 MUt
FHOCHESE, AHAk AL T 288 J1 I (virulence
factors, VF), {35 %% 4% BR & 7% I 2 (suilysin,
SIy)81 | 3& B £ M (capsular polysaccharide,
CPS) ') i1 ¥4 % i % 4t (arginine deiminase
system, ADS)!-121%5 | RSN, & BE BRI RO EL
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LA AN TR BT, AR S PR 5T A B K T P T 1 o
JTHAFFEE S AE IR A, DAt — 20 i) BH & S AL
TR IH 3 b B BEEOK il B — 2R AP T
TR TR AR, BT LIS . SRR S
R RE , AR LD REAREE , WY 3 2
55 BC 3.2.1.-1P, RUERERLK i i HAT LRl AY
Pra s FE YA S, (HENTZ 0 B 75
FRRIERAR, R KR ZAEED, A,
ZAREER T WK R B I AL, o AE A0 TR Y B
e kb Rk EAEN, W, MR BE BRI
(Streptococcus pneumoni ae) A 3k /K f filg CHIP
AT T il R B BR TR B U,

FETHII SS2 BE A4 A SRR B i 145
B, BRI T HiEEJIHHSCEER BO9HO1_RS10315,
It BT R A B i (arabinosidase), J& T-hl LK ff
fitf(glycosyl hydrolase) ik , B Hetir 44 A ghAlS161
BTG, ARUFFEHE ghA JE [N 12K #kAghA
S M CAghA, I3 44 N AP Bows 1 5 i
— LN HZ 5 EUE R

1 MHETE
1.1 #&

PREEERTA SC19 M 2005 47 TR [ U )11 45
FEHEBR AN 2 R TP BT 43 B LT 2 SRR
R gy, e pEER N AR B A ), ORAFAE
15 CCHYBEGIR S . OB 4 1R B R A7
o /NRERZE VELNIE Raw264.7, HEE DS
FTEMRH AR A A . AME A Hep-2, A
S FE RS
1.2 EFHFE

Ji%i .0 #% W& (brain-heart infusion, BHI)#% ##
H, Pl YT AR MOA R Fl s DMEM 4 % 5%
B, FEBCCH R B PR AW

3 EERFIFLEE
JEA I, T EBCN U= AR Y AR AR

AIRAFE; MR ARBOAR &, Omega 24
Fl; RNA $2HGL5 &, Promega /4] ; PCR i
70 R IR SRR 3, T A A L R Ry
BB 20K, B TAY TR(EE) R A R
Al g1, BRI A YR R A A PR A F
PBS ZZ WP, VLA ILIEA YR AR A A PR A o

PCR 1%, Bio-Rad A wl; 4 H BRI,
Bio-Tek /A Al ; e W is%, Nikon A H],
1.4 EREKEHRFE 4 EEBE

H T[] 5 2 PR 2 IR S e i H
FISEDR ghA SIS B RN T kb ik A A 1S LA
i R 4 $ B0 S PR U SC19 LR AT R Bipi
181 1511 AghA-P1/AghA-P2  FIAGhA-P5/AghA-P6
(& DAy 1 ghA JEF(B9HO1 RS10315)/Y I
AR 7K 29 500—1 000 bp A9 R EE H B, B
J5 5519 AghA-P3/AghA-P4 (R 1)4 3 (T 1L 3=
ik & (spectinomycin-resistance gene and copper-
induced yoeBVp, SCIY)@l &, AL N
0.25 mmol/L [ Z K (J¥41: GNWGTWVEE), >k
A REAES A SS2 B A itk SC19, f#i
100 pg/mL A0 2 2R 0 e Hr Bl Ak . RS
fd FH 51 ) AghA-P1/AghA-P7 Fi1AghA-P8/AghA-P6
(F DFFRY S ghA FEDRI LT e R
TR A T I LK BE SR 0.25 mmol/L BIZAK,
H R b i BRI As iy ) s bk, B i
WEE 0.5 mmol/L i 5w 22 0 e 75 3 JCIR Bl 2k
PR, FEPEATIEIN4E PCR %S, DL SC19 7
HMBNL, S AghA-P1/AghA-P6 (3 1)
WY HE H I SER ghA, FH00 5 ghA SEE FIFRTT
Wl B R B, INAZREESH 0.25 mmol/L Y
ZIK, R AREAIESA ghA TRk, IS
¥ ghAout-F/ghAout-R 1£47 PCR it ghA [a]%h
¥k PCR JZ WK Z : 2xPhanta Max Master Mix
25uL, . FUHESI#(FE 1) (10 umol/L)4% 2 uL,
DNA #47(50 ng/uL) 2 uL, ddH,O 19 uL. PCR
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N2 . 95°C 3 min; 95°C 15s, 56°C 15s,
72 °C 2 min, 30 MG ; 72 °C 5 min,
gt — B0 ghA S R e 2 B A (] 4Rk
i RNA $HG ) G4 vl B A 3R B B ik
1) RNA, JFf i 00 % s i) & 4 vl W1 6 i 47
RNA Wi%E 5% L 2H DNA £ 1AK & : RNase-free
ddH,0 10 puL, 4xgDNA wiper Mix 4 L, RNA $54
(500 ng/uL) 2 puL; JWi5cfF: 42 °C 2 min, 5% 5%
K% . 5xHiScript III gRT SuperMix 4 uL, FEHZH
DNA EBRVE 16 pL; [ 2514 :37 °C 15 min,
85 °C 5 5. LAiHE A FI ) cDNA NAEHR, 4351
i FH 21 % 10310-F/10310-R . ghA-F/ghA-R FlI
10320-F/10320-R (& 1)1 5% PCR (reverse
transcription PCR, RT-PCR)43 T, i i ghA Je H:
BRI RSB OL. RT-PCR [N IAF
2xPhanta Max Master Mix 12.5 pL, I, T#5]
¥)(10 pmol/L)%% 1 pL, cDNA #Hz(50 ng/uL)
1 uL, ddH,0 9.5 pL, PCR S )i 4544 : 95 °C 3 min;
95°C 15s, 56°C 155, 72 °C 2 min, 30 PME#H;

72 °C 5 min,
1.5 KUEHEL) BN I8

SR FH R i W 40y o R L ARG SS2 B A
PR BRI AR R MR AR N BOR RE 1 TR
Pk SC19 ., Btk AghA FlEI %MK CAghA Bi 3R 2
ODsoo N 0.6 ZE47 (%) 2.5%x10° CFU/mL), F4: 3
ERIK VRS 2 W THEE R 2 7.5%10" CFU/mL Fl
1.5x10° CFU/mL . #EHAFELE 0.4-05 g Fl
0.5-0.6 g Z M4, R4 8 ek, A
RS 20 uL AR, WiE AN
1.5x10° CFU F1 3x10° CFU, [ i3 S 45 0 A=
FRERIKAE A BAPERT BR . 7RI YL S5 12 h Al 24 h X
4y A TS 2R A T I
1.6 HKZrNE

J T ERE GhA XA AR 5, #1471
R A K T B, A AR A A 4 i 4R
L E 600 nm [ AE R 7 o PEEBOR ) T
PREY B TRTELE T 5% MG 2F S 9 BHI KR4t rh
37 °C. 160 r/min 35320, 5% 2 KGR FE

x1 AARERANSY

Table I Primers used in this study

Primer Sequence (5'—3') Target gene

AghA-P1 TTATCCCGAATATAGTGCCAGAG Left arm of ghA
AghA-P2 CATGTATTCACGAACTGAAAATGTGATAAAATAGTAACAAATTG

AghA-P3 TTTATCACATTTTCAGTTCGTGAATACATGTTATAATAAC The SCIY cassette
AghA-P4 TATCAGGAGATTATTTGTAAAATATAACGCCCAATT

AghA-P8 TTTATCACATTTTCAAATAATCTCCTGATACTTCAT Right arm of ghA
AghA-P7 TATCAGGAGATTATTTGAAAATGTGATAAAATAGTAACAAATTGT Left arm of ghA
AghA-P5 GCGTTATATTTTACAAATAATCTCCTGATACTTCAT Right arm of ghA
AghA-P6 ACTCGTTAAGTTGACAGGTAAGAA

ghAout-F ACCTCAACAGGTACTAAAGAAGG A fragment containing ghA
ghAout-R CTAGACCTGTTTGTCCTAATCTTTG

10310-R TTAGTTAAAACCATAAATTCTTTTCGCG Upstream gene of ghA
10310-F ATGGAGAGAAAGATGACCTTACT

ghA-R TCAGGAAAGTTGCTTTTGATATTTTC The ghA gene of S suis
ghA-F ATGAAGTATCAGGAGATTATTAATCGT

10320-R TTATTTCATGATTACAAACTTCATCATTGG Downstream gene of ghA
10320-F ATGAAAGAATGGATTGCCAAAC
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FHTEER) S SRR S R BHI KRS rh 55
F X F ] ODe0o=0.6 2247 (£ 2.5%10% CFU/mL),
TR EL AN TR B 8 mL Hrfif 5%M6 28 1% 1Y BHI
BrgR S PR T R S PTG ODeoo 174 0.01,
REBF 1 h #5497 1 IR ODeoo M 5E o AN, 1 f1 22
PR YL 0 LR I B X A P I T2
1.7 B 5e

KON b R 4 Hep-2 AR 45 7 8 5%
SS2 MWFA R . B R A R]RIMER G 2k B A T 20,
R SC19 . BRI PE AghA Flllal ik CAghA H4
FEZE ODgoo N 0.6 /24 (2 2.5x10° CFU/mL), Fifi
J5 M1 PBS BE# 2 Ik, % T DMEM 40 d% 5%
b, i IR Y 52 B0 (multiplicity of infection,
MOI) (407# :40M1)=10:1 J&Y¢ Hep-2 4L, 7F
37°C, 5% CO W& 2h 5, F PBS Pk 21X,
FALIMAKTE ddHO (K T4 Z4f#% 30 min,
FEAT WA TIR 21 5 EA TN B AR B IR T4
1.8 MR HRKE

KB4 MARTT GhA SHNETE ML P AETE
RE MR 3 IEL 100 pL K5 5% = RHEUE K
H 3] ODg00=0.6 /= 45 (%) 2.5%10° CFU/mL)HY SS2
P AR bR LB R R R D RN PR (R TR R
5x107 CFU/mL) A NE] &4 900 uL 5 it 5
SIMAJCE EP &, 37 °CiFH, 40+ 0.5h
12 h JFH 100 pL AE ol #EA TS BERG RS, IRATTE
BRI S 5% G 2R I /) BHI [ A% 37 3
37 cCHE SR, EATIE BT, iR
R R AE 42 I ARG . TR (%)= T )5
CFU/S & HI CFU)*100,
1.9 EEKINE

KRN E VA Raw264.7 JBYLfi
RIPRGE SS2 B AE M | AR RN (BRI 1 T AT Wi BE
JIPU KRR SC19. Bk Hk AghA Filal b ik
CAghA 55372 ODei=0.6 Z-47 (£ 2.5%10° CFU/mL),
Bifij5 Fl PBS #5060 2 Ik, BT DMEM 41

Mo FR e rh | $22 B8 MOT (40T : 40 i2)=10:1 F1 50:1
43RG Raw264.7 4. 1£ 37 °C. 5% CO»
WFE 2 h )5, PBS Uk 2 Ik, BALIMA S Lk
F£ 100 pg/mL Amp ) DMEM 41 g 5 55 5
37 °C, 5% CO, £ 60 min AFEME AN I
PBS YU 2 Wk, BEFLINAGE & K ddH.0 (VK
)24 30 min, Fo4rRFTIR ST J5 2617 40 P
RBEURACTEL

2 ERE540

2.1 GhA FIUEEIKE R KIEIEL 5
Bt

FEET ghA BIELR R AghA B H: IRk
CAghA, Jfi ik PCR i#E4 T T 5 K- sk
ERYRIE . R L, ghA 58T IEH
R RR AN RIS, I BLASRE RS (E 1A);
R FKF b, ghA FEBE R IE R 5%, [l
ANEHSRIE R, FFH ghA A RER A [ b 2 R 52
Mo H | W R O sk (] 1B). B, i
HF AT BRAGhA. CAghA F1 SC19 1 A i 41
ARG, TR FRAGhA, CAghA Fil SC19
X KM R4y R SO R B, 2 AN TR R Y
R 2 4y R Y 3 B0 v Bl 2R MR AGhA T A7 i
5B ARE SC19 FIE Mk CAghA A HTC i 3%
PEZESE . 2 PRI R IR A R 12 h e, 6k
FRRAGhA 11 R I R 4 R SOHE 248 A% T B A= bk
FIEAMAE, (TR, B AR AR A R i
FE 12 h ORI AR TE e —5; 2 P s
KUEUE L) 24 h J5, 5P AR AR RN () B
¥R 100%, AT EFA KRR EIAMR , B Ak
AghA fi K il 5 40y By 24 h BT R R B 25%,
o 1 Rl R B (] 2)0
2.2 GhA &5REIKENEK

W3 XTEERAGhA. CAghA Fl SC19 Ay #fE %
[RYLEIEE, ghA SR I AR X R BRI B A8
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A BOHO1 RS10310 ghd  B9HO1 RS10320 B B9HO1 RS10310  ghd  BOHOI RS10320

bp Marker1 2 3 4 5 6 7 8 9 1011 12 bp bpMarkerl 2 3 4 5 6 7 8 9 10 11 12 bp

1 EREHKRAE4MERY PCR (A)F1 RT-PCR (B)I&IE  A: 1-4: 5|4 10310-F/10310-R ¥ 4% ghA
U 5-8: 54 ghA-F/ghA-R #7141 ghA; 9-12: 5[4 10320-F/10320-R 414 () ghA FliEsEA ., 1.
5819, DISPARE SC19 B%EIN 4] DNA Jy PCR 5t 2. 6 I 10, LAk HRAGhA BIZEN 4] DNA i PCR
it 3. 7. 11, LLEHME CAGhA fIFEIH 41 DNA HHAE: 4. 8. 12: BIMERIBE. B: BRI A931 4
K 2 DR AR 4 R A4 AR I TR PR 1) cDNA Dl , X Rk SC19. AghA. CAghA HEATHE SR 50T
Figure 1 PCR (A) and RT-PCR (B) verification of AghA and CAghA. A: 1-4: The amplification of the
upstream gene of ghA using the primer pair 10310-F/10310-R. 5-8: The amplification of ghA using the
primer pair ghA-F/ghA-R. 9—12: The amplification of the downstream gene of ghA using the primer pair
10320-F/10320-R. 1, 5, and 9: The genomic DNA of S. suis SC19 was used as the template for PCR; 2, 6, and
10: The genomic DNA of AghA was used as the template for PCR; 3, 7, and 11: The genomic DNA of CAghA

was used as the template for PCR; 4, 8, and 12: The negative control. B: Same primers were used as above,
and the cDNA of strain SC19, AghA, and CAghA were used as templates.

A 1.5x10° CFU 5 3x106 CFU
00— v 00— ¥ —SCI19
-=-Aghd
= 80r oo = e s ey = 801 -a- CAghA
5 : & -v- Physiological saline
£ 60F e 2 60f  foomeemee- '
i ~SCI9 Z :
g A0 a. Aght g 40+ :
& o eChspd & 20} ;
-¥- Physiological saline Lsis s S G
0 6 12 18 24 0 6 12 18 24
Hour post infection Hour post infection

B2 HREMR. EAMEFMEFERBAEIEGRRFEIKE A UHE 1.5x10°CFU/H, 0.4-0.5¢/H; B:
B 3x10° CFU/H, 0.5-0.6 g/H.

Figure 2 Galleria mellonella larvae infection assays of AghA, CAghA, and SC19 strains. A: Low dose
1.5x10% CFU/larvae, 0.4-0.5 g/larvae; B: High dose 3x10° CFU/larvae, 0.5-0.6 g/larvae.

WRGEW . SR, WARAERKIZ RS, SRtk 2.3 GhA SZ2NJEEEEKE AY L 57 40 BaZL M
AghA FEXTECAE K WIM AE K WS TR AERE BB

SC19 FlEI %Mk CAghA, 1 H - 5 11 A0 B vk S M RRAghA. CAghA F1 SC19 % Hep-2
T EF A Bk SC19 FEIAMA CAghA (1 3).  4IIEAYEEI R & B, AghA ZRAEIRXS Hep-2 %
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A

10 11 12

3 BR&kHR. EAMARIEFEMBEKHESUE  A: SCI9 F [QRETERF LI, B: AghA Hi:
R OE S ML R . C: CAghA S22 [RPL IR A MASAE R . D: MR KIhZR.

Figure 3

Cell morphology and growth characterizations of AghA, CAghA, and SC19 strains. A:

Morphological analysis by Gram staining of SC19. B: Morphological analysis by Gram staining of AghA. C:
Morphological analysis by Gram staining of CAghA. D: Growth curve. *: P<0.05; **: P<0.01; ***: P<0.001.

MR SC19 FRKZ) 50% (K 4), BrIPkaghA
FiMRE 11 B R R, [ Al LI &bk CAghA 1)
ZHIBE I AR T B R AR B T —E i IR
2.4 GhA ZIIEHETKEAY MR 7S RE
fi FHER #RAGhA , [ELEME CAghA FITEF A= Bk
SC19 i A1HE 4 M AG IR . i SA s, W%
H 0.5h 5, Wbk SC19 Fl CAghA 784 4= IfiL 4>
KT 25 10%F1 30%, A2, AghA TR T4y

30%; ¥ E 2 h J5, WPk SC19 A1 CAghA TEH4 4
MA K T2 50%, MAghA {UIEKZ) 15%
(K1 5B), J245 CAghATE 0.5 h FIETE R & T SC19,
EPE IR GHRREER, JFHAE 2 h EAF
TR R, MAGhATE 0.5 h 755 R %, 7
HLAE 2 h A R S 25K T [ R R A
Zi b, BURERAGhA I IV A7 RE ) B 2 BEAIR,
%k ghA SRS, IRAE TG RE AR 80 TR .
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Figure 4 Adhesion assay of AghA, CAghA, and
SC19 strains. *: P<0.05; **: P<0.01.

2.5 GhA FZNIREEEKE A TG

i 3 /0N BB 4 A v 3k 6 A g Ak Ak
AghA . [El 4 CAghA FTHEFA= Bk SC19 BYPL A IERE
J1. U 6 Fias, 7 MOI A 10:1 B, B2 Bk AghA
) e S5 A R ] PR S 2 T 5 E MO
R 50:1 B, BRRARAGhA [R5 [ FE A A Ak
IR B E T 25 1, MR FE A SC19

>

150

0.5h
*ok wEE
7 '

s § B B

SC19 AghA CAghA

1 swine blood (%)

&5 Rtk BRI ERNMREERE
SS2 W ERIESE A I 2 h IUAETE 45 53 .

FEME CAghA, BKFEAGhA X Raw264.7 Fi I
B S R, AR G AR
3 it

FEHEBRI R — R B N B R,
2R A ER I R TR i F 2 S R
Ve —RMdb A, TERZEEG T, BTEHA
AR B E b 5 B R, mERR AT R IR
JElE e SRy, I BT DOl i A i f
F2a NJE, SR MUAE FURK IR 5, S 2 = 1Y
FeT- %M, SS2 (1 EE 7 K P Bl TR AR R Rl A o
FERIBAE, N IR ARG bR A, 7E Mk
B, REUYEMN S SRS, Fi,
Ak 2k F-HB 195 ) R BEE A DGR A X T gk
— T SS2 MEUR AL T2

LT F G AR DL R0 25 48 i T, O S K
fift g 7E i 7K A & W) 7 14 il (carbohydrate-active
enzymes, CAZy) %48 5 rh g 40l 430 113 4S50,
LR ghA it —Fh BT R FOBE G, B A B
BRI TP SIRE AN E A . TERTIH S,

B

200 kk 2h *
=
S 150+
=}
k=
il
2
w
=
wn

i E 5§ B

SC19 AghA CAghA

ME  A: SS2 WHARIER M 0.5 h AIFFIE4E R B:

Figure 5 Whole blood killing assay of AghA, CAghA, and SC19 strains. A: The survival results of SS2
strains in swine blood for 0.5 h; B: The survival results of SS2 strains in swine blood for 2 h. *: P<0.05; **:

P<0.01; ***: P<0.001.
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Figure 6 Macrophage phagocytosis assay of AghA, CAghA, and SC19 strains. A: Results of macrophage
phagocytosis assay of SS2 strains at 10:1 infection ratio; B: Results of macrophage phagocytosis assay of
SS2 strains at 50:1 infection ratio. *: P<0.05; **: P<0.01; ***: P<(0.001.
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